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r i ' f i ’o d  u g e r o  i

In a military cemetery in Bawalpiridi, in the 
Punjab Province of India, there is a stone to the memory of 
a British Sergeant leilled in 1880 whilst fighting the "Wild 
Wazirs". We have been fighting them ever since* In fact, 

by 1935 there had been so many official campaigns that the 
Indian General Service Medal, referred to as "Mvergreen MveIT, 

had to be re-designed as it had been given so often.

In 193V matters in Waziristan again came to boiling 
point when the Waziris made a savage and determined attack on 

a column of our troops on the march in the Khaisor# Plain. 
Prom then on, until and after September, 1939, the fighting 
was dignified by the title of "Campaign”. at that time the 
chief trouble maker was the faqir of Ipi, Ipi being a small 
village in Waziristan. Ipi gathered around him renegades 
and malcontents; in short, any able-bodied Wazir who had 
some time and ammunition to spare. lime and again these 
bands became big enough to be a threat to security, for 
example by attacking isolated posts, sometimes with the aid 
of crude village-made cannon, firing solid shot. When such 
bands grew too large to be handled in comfort by the 
Waziristan Militia, Military forces had to be employed. Ihe
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method of using such forces followed a standard and effective 

pattern, namely an excursion in strength against the enemy, 
using pack animals.and going across country to whatever area 

happened to he the headquarters of the hand at the time. Phis 
taking of war into the enemy territory generally proved 
sufficient to break up a concentration of "badmashes” for a 

time.

In early July, 1938, Ipi had again become powerful 

in men, money, and to some extent in material. He had 
established his headquarters in a remote part of Waziristan, 
at Eharre near Wuzgai on the borders of Afghanistan. He 
represented a serious threat to security: accordingly a
larger military force than usual was detailed to break up the 
concentration. fhe method was that a column of troops (here­
after referred to as "Razool") numbering about 4,000 strong, 
moved out from the main fortress of Bazmak; simultaneously 
a column about 3,000 strong moved out from the more northerly 
camp of Damdil. (Phis column will be referred to hereafter 
as "Damcol”). Phese two columns met at Gardai Camp and 
marched in concert against Ipi. Phis move was noteworthy 
for two things. firstly, it was through country only rarely 
traversed by military forces; the country itself was very 
difficult to fight in, although not more so than certain other 

parts of Waziristan: and secondly, it had been decided to



try out atebrin on this column as a method of mass prophylaxis 
against malaria, one company of one infantry battalion acting 
as a control by taking quinine instead of atebrin.

Phe move, which was against opposition throughout, and 

which will be described in detail later in the book, proved to 
be very trying, even for the highly experienced and thoroughly 
fit British and Indian soldiers of the military column. Phe 
column attained its objective however, routing Ipi1s "lashkar” 
in a bitter little engagement. Sporadic resistance was 
encountered during the whole of the return march also.

It is necessary here to enlarge more fully on the 

conditions of such columns on the move in Waziristan. Phe roads 
are very few in number, and practically every move against 
trouble-makers is across country of a type perfectly designed 
for defensive purposes; there is on reoord in my experience 
a case when two fanatical tribesmen, tactically sited, held up
4,000 men for over two hours. Panks and aeroplanes are sur­
prisingly ineffective in a support role.

Each body of troops must travel self-contained, horse, 

foot, and guns. Phe only possible method of transportation is 

by pack animals, horses, mules and camels, which carry every­
thing - food, water, ammunition, guns and wounded. Hazmak



Column on the move generally had about 3,000 animals in the 
paok train, which took about 3̂ - hours to pass a given point. 
Obviously the kit that oould be carried was minimal. In 

the case of officers it was limited to 5 lbs., which was 

carried on the officerfs own charger. There could be no 
question of taking mosquito nets or tents. The routes 
generally lay along valleys, 3,000 to 5,000 feet high, along 
which the main body of the column would move - usually along 
a dry river bed* The only possible method of movement was 
by each battalion leap-frogging through the one ahead to 
seize and to hold the high points on each flank, and so permit 
the movement through of the main body. As the head of the 
column moved forward the tail folded in on itself by the 
flanking battalions falling back into the valleys from the 
high hill3, ready to take up the same role again when required. 
It follows, therefore, that the infantry responsible for the 
aafe movement of the troops would cover much more ground than 
the main body of the force, and in the course of the day would 
be called upon several times to clear opposition from the 
heights or the flanks. The mountain gunners also had a very

trying time; their claim was that they marched at an average 
pace of five miles per hour. Movement was slow, laborious, 
and a severe physical strain, particularly as the temperature 
rarely was below 90 degrees in the shade, and water was



strictly rationed.

At night the column always formed a square, generally 
on the site of an older camp with low stone walls still stand­
ing. Space inside such camping sites was always riddled with 
what would now he called "slit trenches", and at night the 
whole force would require, to go to ground in these as some 
method of protection against sniping, which usually continued 
throughout the night. The country traversed was always 
malarious, and no anti-malaria precautions were possible.

During the column under discussion, that in July, 
1938, against Ipi's Headquarters at Xharre, the march, which 
was against opposition throughout, was made under unusually 
trying conditions. As has already been said, the opposition 
continued on the return journey. In fact, a final sortie 
by the enemy was actually made upon my battalion within one 
mile of Bazmak Portress as the troops closed up to go through 
the gates.

On the 21st July, 1938, three days after the column 
had returned to Bazmak and Darndil, a soldier was admitted with 
malaria; he later developed haemoglobinuria. Phis was the 
first of six. such cases, all of whom fell ill with malaria and 
haemoglobinuria within a period of ten weeks following the 

Kharre Column. It should be noted here that these patients



developed this condition whilst on a new regime for the treat­
ment of malaria. The standard treatment at that time had 

been to give quinine sufficient to control the temperature, 
to continue with atebrin 0.3 grammes daily for seven days, to 
follow with three days rest, and then to give plasmoquine 0.02 
grammes daily for five days. The latter dosage applies to 
Indian troops. The hospital accommodation available was not 

sufficient to handle all patients requiring treatment for 
malaria at that time, and accordingly it had been decided to 
modify the course as follows: namely, to give quinine as
before, to give atebrin in the same dosage but only for five 
days, then to follow with only one day’s rest prior to giving 
the plasmoquine course, which remained unchanged in dosage and 
in duration of administration. furthermore, on the completion 
of the atebrin course, providing the patients were fit enough, 
each individual was transferred to convalesce in a barracks 
closely adjoining the hospital, set aside temporarily for that 
purpose. It functioned, therefore, as a convalescent camp. 
Such patients remained under medical care during that time and 

reported twice daily in the hospital, where they were given 
their plasmoquine. These points are all discussed in detail 
in the body of the book.

It is seen, therefore, that the onset of the disease 

in the six patients who developed haemoglobinuria while being
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treated for malaria was related, chronologically at least, to 
a very trying march through country very rarely traversed; 
to the use of atebrin for mass prophylaxis during and 
immediately after the Kharre Column; to the introduction of 
the modified method of treating malaria; and to the discharge 
of patients following the atebrin course, the plasmoquine course 
being given to them as out-patients.

The above is a brief resume of a disease never seen 
before or 3ince in Razmak, or for that matter in Waziristan 
itself. (We exclude one doubtful case previously reported 
and one very doubtful case previously reported. These will 
be discussed in detail later.)

Close consideration of these cases led us to the 
conclusion that the men were suffering from haemoglobinuria 
malaria, i.e. blaekwater fever.

How it has been truly said of blaekwater fever that 
in certain parts of the World at least it is no clinical 
rarity but is one of the serious medical problems of the 
tropics, a disease feared by all European residents in areas 
where blaekwater fever is endemic. A disease which has a 
mortality of twenty per cent is a disease to be feared.

Unfortunately, as Sir Hickard Christopher has said
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  "those whose work is directed to the more scientific

investigations of tropical diseases are hampered hy multitu­
dinous but inconclusive literature .....  the putting forward
of theories as to the causation of blaekwater fever is a 
function inversely proportionate to the knowledge of the facts 
which are known about the disease ....."

Similarly, the late Warrington Yorke, in a review of
the literature on blaekwater fever, stated "....  Although
during recent years a considerable number of papers dealing 
with blaekwater fever have been published, very few of them 
are of scientific value and our state of ignorance regarding 
this important disease is almost as great as it was ten to 
fifteen years ago *•••

..... Broadly speaking, recent communications on
blaekwater fever can be grouped into the four following classes 
viz
(1) Papers of an essentially clinical nature.

Such papers appear unnecessary. They are, in the 
majority of instances, the efforts of those who have but 
recently visited the tropics - usually as a result of the war - 
and whose interest has been aroused by this most impressive 
disease. Such authors are simply repeating what has been 
written over and over again during the past twenty years.
(2) Papers mainly concerned with the endemicity of the disease

These papers almost invariably fail to be of value
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because the information they contain is deficient in one or 
more essentials.
(3) Papers dealing mainly with the treatment of the disease.

Such papers are, in the main, without any value and 

the claims made are quite unjustifiable.
(4) Pajo ers dealing with the pathology of the disease.

A relatively small proportion of the total papers.”

She author then deals with the last group of papers
in detail.

And again, the late Professor J.W.W. Stephens 
considered that ” ..... a complete and accurate epitome on 
blaekwater fever cannot be written until a conflicting mass 
of statements in the literature is harmonised by more 
precise observations, by the use of modern methods of investi­
gation, and by a much more rigorous use of the critical 
faculty than has hitherto obtained .....”

These are the opinions of men who had studied 
blaekwater fever for many years. It behoves me, therefore, 
to justify this addition to the multitudinous literature on 
blaekwater fever. My reasons are two-fold.

firstly, I have attempted to harmonise the conflict­
ing mass of statements in the literature, especially in view



of the recent work on the question of an alternative circu­
lation through the kidney. Secondly, there is put on record 
what may be termed an "outbreak” of blaekwater fever in 
Waziristan - a country previously thought to be free from 
this disease.

The plan followed in this work is as follows

We are considering the problem of six individuals 

who developed haemoglobinuria while undergoing treatment for 
malaria; as the title implies, I regard the disease in each 
ease as blaekwater fever. This diagnosis may not be 
acceptable to others, hence the somewhat full discussion on 
the problem. Chapters I and II give details of the circum­
stances surrounding the onset of infection and give detailed 
clinical notes. Chapter III deals with other causes of 
haemoglobinuria which require to be considered in the 
differential diagnosis of our patients. Chapters IV and V 
discuss in detail the laboratory findings and their signifi­
cance in haemoglobinuria in general, and in intra-vascular 
haemoglobinurias in particular. These paragraphs stress the 
fact that the laboratory findings in blaekwater fever do not 
differ in any essential respect from those in other haemolyses. 
I say this because for too long blaekwater fever has been 
regarded as something "rich and strange" and it is only now
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being brought into line with other haemoglobinurias. Ihe 
three succeeding Chapters, VI, VII and VIII, deal, respective­

ly with the possible parts played by quinine, by atebrin, 
and by plasmoquine in the production of haemoglobinuria in 
general, and in the production of haemoglobinuria in the 
cases under consideration.

As already stated, in my opinion the diagnosis in 

each of the patients was blaekwater fever. In Chapters Ik 
and X this diagnosis and the disease itself are discussed in 
detail. The subject matter is brought to a close in 
Chapter XI where a summary is given.

An appendix is added, giving clinical and other 
details more fully than in Chapter II. To lessen the heavy 
clerical work references are given grouped at the end of the 
book and not after each chapter. Certain of these have been 

read only as abstracts and as quoted by other workers.
These, however, are given in full to facilitate reference 
purposes. This is not normal procedure but has been done 
deliberately, to give as full a list of references as possible, 
for the convenience of anyone interested.

lastly, I should like to place on record my grateful 
thanks to some of the many people to whom I am indebted.
Among them I particularly include Sir Kickard Christophers,
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Sir M.H.Scott, Mister P.J.Shute, Doctor J.Prueta, the 
Librarians of the British Medical Association, the Boyal 
Society of Medicine and St.. i’homas1 Hospital. I would also 

place on record ray thanks for the help I have obtained from 
writings of such workers as H.H. Pairley, J.W. kie^d, H.Boy, 
B.J. Maegraith, u.B. Boss, J.A. Sint on, the late Professor 
J.W.W. Stephens, and the late Professor Warrington Yorke, 

whose papers are all of much value and much help to any 
student of the problem of blaekwater fever.

a t • ... * - ’ . * *• *
rV„



QmERAL IHFORMATIOH*

TOPOGRAPHY OP WAZIRISTAW* WITH A DESCRIPTIOH Ok 
RAZMAK PORTRESS

Probably the best short description of Waziristan is 
that found in the Encyclopedia Britannica (1929). I have 
been given permission by the authorities concerned to quote 
their work fully.

"Waziristan is a mountain tract in the Horth-West 
Frontier Province of India within the British sphere of 
influence, the boundaries with Afghanistan having been demar­
cated in 1894. Only a portion, consisting of the Toohi 
Valley, with an area of 700 square miles and a population in 
1903 of 25,000, is directly administered. northern Waziris­
tan has an area of about 2,300 square miles, and South 
Waziristan has an area of about 2,700 square miles*

The Tochi and the Oomal Rivers enclose the central 
dominating range from north-East to South-West, geologically 
connected with the great limestone ranges of the Suleiman 
Hills to the South and dominated by the great peaks of 
Shuidar (Sheikh Haidar) and Pirghal, both of them between
11,000 and 12,000 feet above the sea* From these peaks
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Westwards a view is obtained across the great slopes and 
cedar woods of Blrmal and Shawal (lying thousands of feet 
below) to the long serrated ranges of the central watershed 
which shuts off the plains of Ghazni• So the East several 
lines of drainage strike away for the Indus and are, as 
usual, the main avenues of approach to the interior of the 
country. They are the Khaisora and the Shakdu on the Worth, 
which, uniting, Join the Pochi South of Bannu; and the 
Pank £am on the South. The two former lead from the 
frontiers of Pakistan to Razmak and to Makin, which is near 
Razmak and which is of some local importance, situated on 
the slopes of Shuidar; the latter valley leads to Kaniguram, 
the laziri capital and the centre of a considerable iron 
trade. Kaniguram lies at the foot of the Pirghal mountain.

Phe Waziri tribes are the largest on the Frontier, 
but their standard of civilisation is very low. They are a 
race of robbers and murderers, and the Waziri name is 
execrated even by the neighbouring Mahomeddan tribes, who 
seem inclined to deny to the Waziris the title of belonging 
to the Faith. Their physique is said to be excellent.

Except on a few of the highest hills, which are 
well wooded, the Waziri country is a mass of rooks and stones, 
bearing a poor growth of grass and thinly sprinkled with dark 
evergreen bushes. Progress in every direction is obstructed
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by precipices or by toilsome stony ascents, and knowledge 
of the topography comes only as a result of long aoquaintance. 
She broken ground and tortuous ravines, by making crime easy 
and protection against attack difficult, have fostered 
violence amongst the people and developed in them an extra­
ordinary faculty of prudence and alertness. She Waziri has 
developed into a raider and a highwayman* She blood feud 
is a national institution. (Here I may quote my translation 
of an old Pushtu saying:- “If you wait a hundred years then 
take your revenge your friends will say, 'What was the 
hurry?1”)

Plate Ho. I, page 4, showing a picture of Bazmak 
Portress from a small supporting post on a Horth-JBastern 
hill, gives some indication of the nature of the country; 
the Waziris, who number 48,000 fighting men altogether, are 
divided into two main sections - the Darwesh Khel, about 
30*000 (referred to as Wazirs) and the Mahsuds, 18,000.
Shere are smaller sections and attached tribes who number
18,000 more.

She Darwesh Khel are the more settled and civilised 
of the two and inhabit the lower hills bordering upon Kohat 
and the ground lying on both sides of the Kurram Biver between 
Thai on the Worth and the Sochi Valley on the South.

She Mahsuds, who inhabit the tract of country lying
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between the Toe hi Valley on the North and the Oomal Elver 
on the South have earned for themselves an evil name as the 
most eonflrmed raiders on the borders* The Mahsud country, 
especially that part within reach of British posts, is more 
difficult even than Tirah."

Such is the opinion of the Encyclopedia Britannioa* 
The following few notes are largely my own*

The position originally was that Wasiristan was a 
"no man's land" where the Waziris could gather together 
uncontrolled and form large bands in the hills, then descend 
to raid the Plains* British expeditions were needed against 
various factions of the Wasiris in 1852, 1859, 1860, 1880,
1881, 1894, 1897, and 1902* Finally it was decided to 
"Sandemanise" the country, but the Pathan is much more demo- 
oratio and much less subject to the influence of his maliks 
than is the Baluchi to the authority of his chiefs* Lord 
Curzon finally reversed the policy and retired to the Indus, 
leaving two corps of tribal militia to replace the British 
troops. During the first World war the Mahsuds gave constant 
trouble, however, and during the third Afghanistan war sections 
of the militia went over to the enemy. A reversion of the 
previous policy, that is "The Forward Policy" was, therefore, 
decided upon and was first put into operation in the early 
1920's* A small military cantonment, Bannu in the North of



Waziristan, was made the military base and rail-head, and 
the last link with civilisation* This cantonment was linked 
to the outside World by a good road through to Kohat in the 
Rorth-West frontier Province, and by a two-foot-gauge railway 
running ninety miles last across desolate country to link 
with the standard gauge lines at Mari Indus on the Indus 
River, "the Father of all the Rivers". The train which runs 
on this line normally covered the ninety miles in eight hours 
or so, except when it was attacked. The Journey in it in 
hot weather was very trying, and the train well deserved its 
title of the wheat btroke express”. A branch of this line 
runs due South from laki Marwat junction - the junction being 
one little building which is periodically burned down by the 
Waziris - to Manftai, a small and unimportant secondary rail­
head.

In the Rorth-West Frontier Province the maintenance 
of law and order among the several Pa than tribes is the 
responsibility of the Constabulary of the Province. Their 
powers extend to and include Bannu but immediately outside the 
limits of Bannu is a barbed wire fence and a large notice 
marking the beginning of what was officially known as "tribal 
territory". In other words, Bannu on the Plains stood in 
relation to the hills of Waziristan, with their passes leading 
into Afghanistan, in exactly the same position as stands



Peshawar to the much better-known Khyber Pass.
8.

In the periods between the official campaigns the 
individual responsible for the conduct of affairs in Waziris­
tan was the Resident, an Officer of the Indian Civil Service, 
responsible to the Governor of the Horth-West Frontier 
Province. Phe Resident had his own staff of political 
officers and worked independently of, though in dose co­
operation with, the military authorities. Po enable his 
orders to be enforced and for the carrying out of routine 
security duties the Resident had under his charge two corps 
of tribal militia, the Poohi Scouts and the South Waziristan 
Scouts. Phese two forces were military in training and 
were officered by Officers from the Indian Army. Raoh of 
the Scout forces operated from a large Headquarters, with 
smaller detachments at outlying forts. Ho praise can be too 
great for these men and their officers. Phey were continuous­
ly in danger. For example, in 1939 Colonel Campbell,
Resident at that time, was ambushed and wounded in four places 
on the way to hand over his command. Phe Scouts were highly 
mobile and could live on very little. Phey knew the country 
intimately and they aimed to check trouble at the source, to 
keep the Resident fully in touch with the internal state of 
affairs, and to prevent the Waziris carrying out such acts as 
the blowing up of bridges carrying the few roads. Pheir
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title of "Scouts” fitted their role. Pheir weapons were 
light, they had no artillery, and their hitting power was 
limited. But behind them stood the Army, slow and cumber­
some to move but carrying tremendous hitting power. Phe 
principle of the "Forward Policy" was to establish military 
strong points at strategic sites throughout Waziristan, and 
so enable force readily to be brought to bear on any group 
of malcontents threatening the security of the peoples of the 
Plains. Even then, sometimes, instances would occur such 
as that at Bannu in 1939, when a gang got through the wire 
one night and burned the Bazaar, killing many Hindu shop­
keepers.

Our role in Waziristan, therefore, was to protect 
the people of the more Settled areas neighbouring the country. 
Even with a force ten times that which we had there could have
been no possibility of imposing upon the Waziris the obedience 
to authority found in any civilised country. Among the 
Waziris themeelves the law of Waziristan was still the law of 
the jungle. Each village was a fortified post, with armed 
men always on duty in the watch towers at each corner of the 
village walls. It is little wonder then that these people, 
near animal in many ways, scratching a bare sustenance from 
the poor soil, looked with hostility upon us, who barred their 
way to what they regarded as their legitimate prey, the rich



10.
Hindu banias of the Bazaars, where "the valley sheep are 
fatter".

Phe main Army concentration of foroe was at Razmak 
Fortress, occupied first in 19SB by a force under the command 
of Sir John Maffey. Bazmak is high in the hills, seventy 
two miles South West from Bannu and connected to it by a 
mountain road which could very easily be out at any time by 
the blowing of bridges and by snowfalls. Razmak is discussed 
more fully later in this Chapter. Another smaller force was 
permanently stationed at Wana to the South of Razmak. Phe 
strength of the Wana garrison usually numbered about a brigade, 
with ancillary troops. Still smaller concentrations of 
military force were also to be found in camps such as Mirali, 
Damdil and Razani. Such camps were usually placed on inter­
mediate points along the military roads, since places like 
Razmak could only be kept supplied with necessary stores by 
large road oenvoys, usually about seventy vehicles in each 
convoy moving up once weekly or fortnightly. During such 
moves the whole seventy two miles of road to Razmak from the 
base at Bannu had to be guarded by military forces. Except 
in times of serious trouble the total military force available 
in Waziristan was usually not more than one Division in 
strength, as against a potential Waziri force of close on 
30,000, all of them experienced fighters, since in Waziristan,
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among themselves, it was a oase of "the quick and the dead". 
All of them were fighting in their own country - country 
perfectly suited to guerilla warfare; all had a wide 
knowledge of the country and all were capable of marching 
incredible distances; a Waziri in a hurry thinks nothing of 
marching forty miles or more in twenty four hours and can 
keep up this pace for days on end. Furthermore they were 
clever enough always to avoid, when possible, any trial of 
strength with the Army which, therefore, rarely got an oppor­
tunity to make the most of its far heavier equipment and 
strength. Phe odds were always heavily in favour of the 
tribesmen, but one great factor which operated in our favour 
was the character of the pathan, especially the Waziri.
Among his own people he is constitutionally incapable of 
submitting to any form of discipline or command, although he 
makes an excellent soldier when properly trained in the Army.
He is intensely proud and jealous and consequently Ipi was 
rather like Prince Charles Stuart, trying to make an efficient 
force out of groups of Highland clans, all bitterly distrustful 
of each other. Anything that operated in favour of Ipi always 
brought him large bands of recruits. For example, once when 
an aiicraft flew over a group one day and circled, apparently 
to bomb, Ipi told his men to stand fast and he would turn the 
bombs into paper. He knew of our purpose always to give
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warning before bombing by scattering leaflets, and be gambled 
on this. That instance alone brought him many supporters. 
Fortunately, however, these people could not be relied upon 
for more than a very few weeks. Ipi was in the position of 
any other dictator. Unless he could produce loot, and of 
course unless he could keep clear of any engagement with our 
military forces, his supporters soon quarrelled among them­
selves and dribbled back home. This factor was potent in 
preventing the Fakir of Ipi and other such trouble-makers 
ever from utilising to any important extent the potential 
force available to them in Waziristan. The force which might 
have been used against us was frittered away by the Waziris 
in feuds, with tribe against tribe, khel against khel, 
district against district, village against village, and man 
against man. These blood feuds are an important part of the 
code of the Pathan, and failure of any individual to carry 
out his part in a blood feud would lead to his immediate 
expulsion from the village. Feuds would go on for many years 
and were sometimes prosecuted with appalling ferocity, leading 
to the wiping out of every living thing in a family; men, 
women, children, and even the animals. In the lesser feuds 
killing is limited to males, including male children over the 
age of twelve, the women and the younger children being spared. 
The physique of the Pathan is generally described as excellent. 
This is not correct. The land is barren, and even with



financial help given by the occupying authoritea the people 
live in a chronic state of malnutrition. Among the common 
disorders may be listed malaria, veneraal disease, tubercu­
losis, macrocytic anaemia, and helminthiasis. As I was one 
of the medical officers qualified to speak Pushtu I saw much 
of the tribesmen and do not consider that their physical 
condition was really good. There are no health services, 
although a few Pathan doctors and a few missionary physicians 
are to be found in Bannu, Kaniguram and in one or two other 
places. By far the greater number of tribesmen have no 
medical help available except what is given by the Missions 
and by a few military medical officers, who were attached to 
the Political Department. The tribes still employ largely 
the methods of treatment of their fathers, a subject which 
deserves a volume in itself; everyone, without exception, 
wears amulets strapped to their arms, each amulet containing 
an incantation ”specific” against some disease. It is very 
common to find a tribesman wearing a whole collection of 
such amulets to protect himself against the ”evil eye”, 
against malaria, and against many of the commoner ailments.

This chronic state of poverty and ignorance explains 
much of the character of the tribesman and of his hatred of 
the troops who barred his way to the easy loot and to the rich 
lands of the Plains-people. An example of the Waziris at 
large is now shown by the incidents in Kashmir.
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Mews has now come to this country that the Pakistan 

Government, lacking both men and money, had reverted to the 
policy of holding the line of the Indus, and in an operation 
well called "OPKRATIOM CURZON” they have succeeded in extri­
cating their troops from Razmak and other camps.

Life inside these camps, when we held them, was 
very monotonous. necessarily the troops could not move 
outside the confines of the camp except when on road protec­
tion and other military duties. Going out on any military 
task was in fact generally regarded as a welcome break in 
the monotony. Between these military tasks the camp was in 
fact a prison. In times of trouble snipers were always in 
the areas around such camps and any injudicious move out of 
cover would certainly draw fire. For example, shots were 
fired into Razmak camp almost daily for one period of three 
months in 1938.

In 1936 a road building scheme was put into opera­
tion to complete strategic roads which would link all the 
important areas. This was difficult and costly, two 
Divisions of troops being needed to protect the workmen. 
Fortunately, by 1937 this work had been completed just at the 
time the tribesmen attacked out troops in the Khaisora Valley. 
It was from then on the situation deteriorated and increasing 
use had to be made of the military forces. This trouble
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continued throughout 1938 and 1939, the main trouble being 
in the country lying between Razmak and the borders of 
Afghanistan.



A more detailed description of Razmak may be of 
importance. The plates Mo. I, page 4 and Mo. II, page 5, 
show scenes of the country in whieh Razmak Fortress lay, 
plate II, page 5,being a view of the interior of Razmak.
A large scale plan of the camp is also given (plate III, 
page 17).

Razmak is a camp less than one mile square. It 
lies on the Razmak semi-pl6in which measures roughly eight 
miles by three miles beginning at Razmak Warai and finishing 
at Tauda China. The valley slopes from Worth-East to South- 
West, the Worth-East end being 7,700 feet high and the South- 
West end about 5,800 feet. Excepting at the Worth-East end, 
and excepting a narrow gap at the Southern end, the plateau is 
surrounded by mountains rising to a height of eight to ten 
thousand feet. Razmak Camp itself is sited towards the South- 
East end of the valley at a distance of about one mile from 
the hills at the eastern wall. It is sited on a tongue of 
land between two large algids (nullahs), namely the Tauda 
China algid on the East, running under the Eastern mountain 
wall, and the Kabutar algid on the West. These two algids 
converge about half a mile below the camp at the South-West 
and continue as the Tauda China algid. At certain times of
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tiie year they carry a heavy volume of water due to heavy rain 
and to melting snow.

The hills surrounding Razmak have a covering of small 
shrubs. These range in type from conifers on the higher hills 
to the scrub of holly oak on the lower hills and in the plains 
immediately around Razmak. This scrub is thick in places and 
often has to be cleared to give a field of fire since it 
affords excellent cover for the enemy whilst not being so 
closely spaced as to impede progress.

The climate of Razmak is temperate, with cold wet 
Winters and heavy snowfall and rainfall, a dry Spring and wgrm 
Summer, with frequent thundershowers. Details of snowfall, 
rainfall, and temperature for 1938 are given on plate IV, 
page 19.

The soil itself is very thinly spread over outcrops 
of reddish stone, and owing to the destruction of grass and 
bushes by the continuous grazing of large herds of goats and 
cattle belonging to the Pathans there is much erosion. Such 
small amount of cultivation as there is must be protected by 
small stone-faced banks to prevent the soil and the crops from 
being completely washed away by the heavy rains and thunder­
showers.
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Razmak Plain itself has been denuded of trees and 
also, to a large extent, of bushes by the wasteful and improvi 
dent habits of the local inhabitants, who cut down any living 
bush or tree as grazing for their animals, as well as for fire 
wood. Uever, by any chance, do they plant any young trees 
in their place. Even if they did plant young trees such 
would be destroyed by the large herds of starving animals.
Phe result is that except in the late Spring and early Summer,
when there is a certain amount of new growth of grass, which
lends a greenish tinge to the hills and the plains, the actual 
Rasmak Plain is bare, stony, end uninviting, and for most of 
the year is nothing but a desert of parched yellow grass.
She Gamp itself measures roughly f square miles in area. It 
is lozenge-shaped, having a long axis of about one mile and a 
short axis of about half a mile* It is built on two levels, 
one being 500 feet above the other - that is the upper camp
and the lower camp. It is surrounded by a wall with barbed
wire outside which are various picquet posts dotted on the 
commanding sites around the camp. Phe walls are manned day 
and night, therefore the men are exposed to night ohills etc. 
inti-malaria precautions were not regarded as necessary, and 
in any case the wearing of veils etc. would have been highly 
dangerous against an enemy of such skill as the Waziri.

Phe normal strength in the camp was six battalions
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of infantry, including one British battalion, a complete 
regiment of mountain gunners, one company of Engineers, a 
field ambulance, a hospital, animal transport companies and 
other ancillary troops. In addition to its serving soldiers 
each unit had on its strength a large number of followers, 
including sweepers, cooks, washermen and craftsmen of all 
descriptions. Phe actual military force, including attached 
personnel, usually numbered about 7,000; each battalion of 
Indian infantry served three years on a frontier tour, very 
often in one camp; British infantry served only one year.

A small bazaar of some twenty shops was permitted 
inside the camp, the majority of the shopkeepers being Hindus. 
Phese people were allowed to live inside Razmak and made up 
the bulk.of the non-military personnel, among whom were also 
included the staff of the post office, the Garrison Engineer 
etc. Phe Resident also occupied the Residency inside the 
camp for several months in the year. His Pathan staff and any 
trusted Pathan on business to see him were housed in the 
Pehsils (the rest houses), one Pehsil each, at opposite ends 
of the camp of course, for Mahsuds and for Wazirs respectively. 
Phere could be no question of these two sections of Waziris 
sharing the same building; they were always at daggers drawn, 
with many feuds among them.

A large military medical staff controlled the
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sanitation and health of the camp, including all civilian 
personnel. Phe civilians were completely under military 
control and as a result the general standard of sanitation of 
the camp was very much higher than any similar installation 
inside India. For example, no civilian could he employed 
or even be resident inside the camp until he had passed a 
physical examination, which included, among other things, the 
testing of his stools for intestinal parasites. Phis high 
standard inside the camp was largely offset, however, by two 
medical problems immediately hut side, namely the coolie camp 
and the Wazir Serai.

Phe coolie camp, whieh is to be seen in plate I, 
page 4, and in the plan of Razmak Camp, plate III, page 17, 
was about 500 yards from Razmak Camp. It housed 600 coolies 
who were employed inside Razmak during the day, but for medical 
reasons and for reasons of security were housed outside the 
camp, which they always left before the closing of the gates 
at sundown. Phe standard of health^among these coolies was 
very low, although the standard of sanitation of their camp 
was kept at a relatively safe level by a military medical 
officer detailed for the purpose.

Phe Wazir Serai, also seen in plate I, page 4, was 
owned by a leading Wazir, Hoor Mohd. It was a fortified 
camp about 1,000 yards from Razmak Camp and served as a
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hotel for Pathans; there was always much coming and going 
of Pathans to Razmak on business of various descriptions, 
and since none other than a few trusted Pathans could be 
allowed inside Razmak during the hours of darkness Hoor 
Mohd was allowed to maintain his Serai for the convenience 
of Pathans. This camp, such a short distance from Razmak 
itself, was a continual source of worry from the medical 
point of view, and presumably also from the point of view of 
security. There seems little doubt that Hoor Mohd's Serai 
represented a serious menace in more ways than one. It 
probably served as a useful clearing house for the relaying 
to the recalcitrant tribesmen information about troop or 
convoy movements, gathered from loose talk inside Ragmak 
Camp itself.

Razmak Gamp itself was well supplied with water, and 
there was no shortage of breeding places for mosquitoes in the 
broken ground, with many little nullahs both inside and outside 
the camp. Mosquito breeding was strictly controlled inside the 
camp but little could be done to control breeding outside. 
Consequently there was no shortage of mosquitoes, including 
many malaria-carrying types, inside Razmak itself. It was 
thought, however, that climatic conditions in the area, about
6,500 feet high, were such that malaria could not be transmitted, 
although there was no lack of mosquitoes. Records appear to
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justify this opinion. The British battalions proved 
particularly useful as controls in that none of the 
reinforcements coming from England and arriving in the cold 
weather ever developed malaria in Razmak in the hot weather 
unless they had gone out on duty down into the malarious 
country at a lower level. Those people who did not leave 
Razmak during their tour of duty did not develop fresh 
malaria. This freedom from malaria was not due to any 
lack of gametocyte carriers. Many hundreds of cases of 
chronic malaria were always to be found among the popula­
tion of the coolie camp, Uoor Mohd's Serai, and even among 
certain of the personnel inside Razmak Camp itself. The 
distance from Razmak Camp to both the coolie camp and the 
Serai were well within the ordinary flying range of the 
Anopheline mosquito.

On humanitarian grounds the military authorities 
and the Resident permitted the treatment of civilians 
suffering from malaria, but in view of the numbers involved 
the only treatment possible was grains 30 of quinine daily 
for seven days, and plasmoquine 0.02 grammes daily for seven 
days.

It is to be regretted that the local conditions 
were such, and certain of our equipment was such, that a full 
investigation was not carried out to ascertain why Razmak
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was free from malaria. Chopra (1956) states that "for 
the completion of the life cycle of the parasite inside the 
mosquito a mean temperature of 60°P. is necessary for sixteen 
days, and, therefore, elevation with consequent low tempera­
ture limits the prevalence of the disease”. He quotes 
Kashmir as an example where,at an elevation of 6,000 to
9,000 feet, A.maculopennis, A.fuliginoais, and A.willmori 
are present in abundance, but no malaria exists. Neve 
(1941), who spent fifty four years as a medical missionary 
in Kashmir, states that •••• "although there are indigenous 
Anophelines of the malaria-carrying variety to be found, 
malaria is unknown in the valley of Kashmir at a height of 
5,200 feet, although this disease is common in places at a 
lower level down the Jhelum road ....” Wenyon (1926) states 
that ...”at a temperature of 18°C. - 25°C. P.vivax requires 
about seventeen days (to develop in Anophelines) and 
P.falciparum about nineteen days. At lower temperatures 
P.falciparum ceases to develop." Morgan (1947) can speak 
with authority on the malaria of Waziristan. He was for 
some years political medical officer in South Waziristan, and 
he moved over much of the country. He states that in South 
Waziristan Political Headquarters at ladha, at a height of
5,500 feet, he did not find any fresh malaria, although just 
below Ladha, in the Waziri town of Kaniguram, height 4,300 
feet, malaria was rife, and Sararogha, at 3,500 feet, a few



£6.
miles from Razmak, is the worst place in South Waziristan, 
with a spleen rate of ninety per cent. Morgan comes to the 
conclusion that it can he safely said that in Waziristan
6,000 feet and above is a safe height as regards malaria 
transmission, and probably somewhat lower may be fairly safe, 
for example at Ladha* On the other hand, the Malaria 
Institute of India (1947) stated that although it is generally 
thought that malaria transmission in the Himalayas region 
ceases at a height of 5,000 feet, yet in the A.superpictus 
area of Baluchistan transmission is encountered at a height 
of 6,500 feet. The Directorate of Malariology General Head­
quarters India (1947) considers malaria can be transmitted up 
to an altitude of 7,000 feet in certain areas of Baluchistan. 
This country borders Waziristan to the South and is closely 
similar, both in physical features and in climate. There are, 
of course, many instances on record of malaria transmission at 
a height even above those quoted for Baluchistan. Por example, 
Garnham (1945) records an isolated epidemic at 8,500 feet in 
Kenya due to A.gambiae. Repeated tests carried out in Razmak 
showed the presence of important malaria carriers, a.atephensi 
and A.oulicifacies to be the varieties of Anophelines most 
commonly present. Chopra (1936) states that A.foneatus is 
commonly found in areas where blackwater fever is endemic. 
Whatever the correctness or otherwise of this statement, this 
variety was never encountered in Razmak. Ramakrishnan (1947)
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states that the commonest malaria-carrying mosquitoes of 
Waziristan are A.stephensi, A.oulicifacies and A.superpiotus.

As may be gathered from the data, plate IV, the 
climate of Razmak is such that in June and July the mean 
temperature is high enough to allow of the completion of the 
life cycle of the parasite in the mosquito, and there is no 
lack of malaria-carrying varieties of mosquitoes nor of 
chronically infected individuals. The fact remains, however, 
that in spite of transmission being theoretically possible 
fresh malaria did not occur in Razmak Camp. It is necessary 
to stress this point since one of the problems which will 
require consideration is the question of where the individuals 
who showed haemoglobihuria had contracted malaria.
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At first sight this diary, and the accompanying 
large-scale map (plate Y, page 29) appear to he redundant* 
Such an assumption is incorrect* We are attempting to 
establish the cause of lysis of red cells which ocourred in 
six individuals, and malaria must rank high as a possible 
cause or contributory factor; therefore, since Kazmak was 
non-malarious we must look elsewhere for the source of the 
malaria* Hence this diary, which is also of use in that it 
shows the severe physical strain to which the men were sub­
jected over a period within days or weeks of the onset of 
the haemoglobinuria: these questions of source of parasite,
and of severe physical strain will be seen to be of importance 
when we come to discuss in detail the problem of blaokwater 
fever: this is done in Chapters IX and X*

In this expurgated record supplied by Waziristan 
District Headquarters, matters of purely military importance 
have not been included* fhe large scale 1 inch to a mile map 
(plate Vt page 29) gives a plan of the country traversed and 
our route is shown on it. fhe contours of the map give height 
at all stages of the journey but, of course, cannot give any 
idea of the appalling nature of the country from the military 
point of view - a country perfectly designed for guerilla 
fighting*
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The operation took place during the 9th/l8th July,
1938, in the Too hi area in close proximity to Afghanistan. The 
object was to break up a lashkar of Ipi's. The diary in detail 
is given below.

9th July: Razcol moved out from Razmak along the central
Waziristan road North-Nast to Gardai, a temporary camp. This 
was a fairly easy march of eighteen miles on a good road with 
practically no opposition. At G-ardai Razo01 was joined by 
Damool which had moved up that morning from the North, also along 
the central Waziristan road.

The combined force, known as "Waztrike", harboured 
overnight at Gardai. There was little to report during the 
night but in the aarly morning, as the Force moved out, the 
rear-guard had some little difficulty in extricating itself from 
the enemy who were following up closely.

10th July: "Waztrike", with its rear-guard slightly engaged,
moved out along the valley to Mami Rogha (Map Ref. 904422), 
another temporary camping site at a height of 5,500 feet - a 
spleen test once done in this area showed 14$. On the map the 
actual distance appears only about eight miles from Gardai to 
Mami Rogha, but the move w^s very difficult. The enemy 
stubbornly contested the high flanking hills the whole way along; 
this meant that the troops had to take and retake high
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surrounding features; water was strictly rationed; the 
temperature wss high - in the region of 104°F. - and there 
was no shade. The move took about nine hours to complete 
and at the end of it we met with resistance inside Mami Rogha 
Camp itself. The troops suffered from exhaustion on this 
part of the move but we had a quiet night with relatively 
little except fairly heavy enemy sniping.

11th July: Moved from Mami Rogha Camp to Degan camping ground
(Map Ref: 905577). Degan was another crude camping site, 
unfortunately near a village containing hostile elements and 
containing inhabitants riddled with malaria. Anopheline 
mosquitoes were present in large numbers, Degan being sited 
at 3,500 feet on the South bank of the Toehi River. This 
march from Mami Rogha to Degan was a long one and very tiring, 
but fortunately opposition was relatively light and unco­
ordinated, and we were able to make harbour in good shape.
Heavy sniping continued throughout the night in spite of much 
counter-fire, and undoubtedly much of the enemy firing came 
from the nearby village. The troops had very little sleep.

12th July: The next move, out from Degan, was likely to be
very trying, probably with heavy enemy opposition, consequently 
the Force spent the whole of the 12th July resting at Degan 
Camp. The night of the 12th was a repetition of the previous 
one.
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From the point of view of health Degan Camp was by 

far the worst of the halts. It was at 3,500 feet, with 
Anopheline mosquitoes breeding everywhere and no preoautions 
possible against malaria; but military considerations were an 
over-riding factor, and no alternative halt was possible.

13th July: A very appropriate date. The move was made from
Degan to a point, Wuzgal, ten miles North-West as the crow 
flies. Wuzgai (Map Ref: 810645) lay at a height of 5,000 
to 6,000 feet.

This was the most trying day as yet. The route 
lay along the Duga Khulla Nullah, practically a dry river 
bed with a poor surface for marching. There was a tendency 
to slip back two paces for every pace forward. The animals 
also felt the strain. There was much heat exhaustion on the 
march but fortunately water was readily available. The heat 
was severe and the physical strain was much increased by the 
heavy opposition encountered. This opposition was carried 
on even in Wuzgai Camp itself, two of the Force - one a 
British officer - being shot dead at close range by a well- 
concealed sniper who opened fire some time after we had taken 
up positions. Sniping continued throughout the night. The 
only bright feature of the day was the linking-up with 
sixteen platoons of the Tochi Scouts, who materially assisted 
our move up the Duga Khulla Nullah. These fast moving
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Scouts were of great help during the ensuing two days.

14th July: The sick and the wounded were temporarily left at
Wuzgai, with two companies of British Infantry detached to 
protect them, and the remainder of the Force, together with 
the Scouts, moved up as light as possible towards its object­
ive, Kharre, in the Riji Zawar area (Map Ref: 7873) where Ipi 
and his gang had their Headquarters. This was also a very 
hard dpy, with resistance and. bitter fighting all day and all 
along the route, particularly at Barmand (Map Ref: 7968), 
Bazoma Narai (Map Ref: 7970) and Riji 2awar (Map Ref: 7972). 
These were all at heights between 5,500 and 7,000 feet. 
Fortunately we were able to inflict relatively heavy losses 
upon the enemy in some of the bitterest fighting seen for 
some time. It was not possible, unfortunately, to follow up 
our advantage as the enemy trickled through the border into 
Afghanistan. Ipi himself probably escaped in that direction.

The Commandant of the Tochi Scouts has been good 
enough to permit an extract being made from his records. This 
gives a picture of the engagement from the point of view of 
the Soouts, showing the demands made upon them. It reads:-

w14th July: The Scouts were split into two detachments of
eight platoons each. On our arrival at Bazoma Narai we 
found it important to seize ground to the North of the Narai
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to proteot Wastrike and Hazool Headquarters. This was done 
by one platoon, which stayed in this position all day until 
retired by me at 20.00 hrs. Heavy fighting was going on on 
Razcol's left flank, with the Gurkhas trying to push through 
from Barmand to Kund Sar via Mazdak Punga. On arrival of 
the So outs at Mazdak Punga we found the Gurkhas only a little 
way advanced along the Kund Sar ridge. We thereupon 
attacked on the east of the Gurkhas through a wooded ravine 
and captured a hil below Kund Sar. We then gave further 
support to the Gurkhas in the attack on Kund Sar and after­
wards arranged a withdrawal from this foul country to the 
Southern slopes of Mazdak Punga. There we found it necessary 
to leave eight platoons of Scouts to help the troops hold 
that position for the night. We then returned back to the 
Bazoma Narai, where we received orders to occupy the Southern 
perimeter of the night camp at Barmand "

The military report then continues and gives detailed 
notes of the return march to Wuzgai, to Began, to iMami Hogha, 
and to Gardai. The routes used were the same as those going 
out; only one night was spent at Began on the return journey.

19th Jnly: Bamcol returned to Bamdil and Razcol to Razmak.

The only points of note on the return were that the 
heat was very trying and that there was little opposition
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practioally the whole way through* 2he enemy had taken 
an unusually heavy beating and was licking his wounds* He 
did make one spurt towards the end; with tenacity that must 
be admired he crossed the high hills and laid an ambush for 
the troops as they entered Razmak, thus spoiling what was 
meant to be a triumphant return.

In the Column from Razmak the casualties inflloted
by the enemy numbered fifty, including the dead, and the aiok
casualties direotly from the Column numbered 169; this
figure does not include approximately 100 oases of malaria 
occurring in the Rasmak Column 4,000 strong*
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DRUG PROPHYLAXIS AGAIUST MALARIA USflD DURIRG 
AFTER THE ZHARRE COLUMN.

Although atehrin had been In use slnoe 1930, the 
cost prevented it being freely tested in mass prophylaxis.
By 1938, however, a few reports had appeared, all of whioh 
spoke favourably of the drug in this connection. Ihe move 
down from Razmak to Kharre provided an opportunity for the 
testing of atebrin prophylaxis in the field. literature 
then available showed that the method of obtaining the best
results from atebrin used with this end in view had not been 
fully worked out; earlier reports had suggested that atebrin 
did have a definite prophylactic value when given during and 
fee some days after infection, but the optimum dosage had not 
been fully established; at that time, of course, the 
question of an exo-erythrocytic phase in the life cycle of 
the parasite had not assumed that importance it is now accorded.

In this attempt to test the efficiency of atebrin in 
the field it was decided that during the Column the troops of 
Razool would be given atebrin daily during and for seven days 
after the Column. At the end of each day's march each 
was made to take 0.1 grammes of atebrin by mouth. This 
dosage was continued daily throughout the ten days of the 
Column and was carried on for seven days after the men had
returned to Razmak. jSach man, therefore, who had gone on
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the Column received a total of 1*7 grammes of atebrin in 
seventeen days, beginning on the first day of the Column and 
finishing seven days after the Column returned to camp.
It may be safely presumed that a very high proportion of the 
men did swallow the drug in the dosage mentioned. Discipline 
in the Indian Army was very high and the administration of the 
drug was carried out under the supervision of the officers of
the units. ^he number of men who failed to take the whole 
oourse must have been negligible. This point was particular­
ly gone into very shortly after the completion of the seventeen 
days course.

It should be stressed here that Damool, the body of 
troops from Damdil Camp, who had supported Razool throughout 
the moye did not receive any prophylactic atebrin. It was 
hoped that they might serve as a control, and a further con­
trol was supplied in Razool itself, in which one company of 
the 7th Rajput Regiment, one of the infantry battalions taking 
part, was placed on quinine bisulphate, five grains daily on 
eaoh day of the march and for seven days thereafter.

It is now realised, of course, that the daily dosage 
given was satisfactory but the drug was not given over a long 
enough period of time; the significance of a possible exo- 
erythrocytic phase of the parasite in man had not been realised, 
and furthermore the few previous reports had suggested that the



method we used should have been quite effective* More 
correct information was published in 1939 by Field whose 
work was a contribution of great value and who stressed the 
proper method of use of atebrin for prophylaxis, namely by 
low dosage maintained throughout the period at risk, and for 
some time thereafter. Field claimed that in the use of 
atebrin for mass prophylaxis protection seems to be related 
not only to dosage but also to the duration of administra­
tion, that is small doses continued well into the incubation 
period were more effective than large doses given at the time 
of exposure. Field, therefore, considered the action of the 
atebrin to be probably schizonticidal and the effect one of 
medico-curative prophylaxis. He further stated, however, 
prophylactic atebrin appears merely to prolong the incubation 
period to a point about three weeks after the withdrawal, a 
series of findings which has been partly confirmed by subse­
quent work, ^he dosage in use at that time was 0.4 grammes 
weekly, given in two successive doses of 0.£ grammes, Fairley 
(1945) carrying out further investigations confirmed that the 
effect of atebrin was probably medico-curative. He consider­
ed that with a daily ingestion of 0.1 grammes of atebrin the 
peak concentration of this drug in the blood is reached 
between the twenty-fifth and twenty-eighth day, that is after 
a total of 2.5 grammes of atebrin had been ingested, by which 
time there was usually a blood concentration of 21.9
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microgrammes per litre of blood. Fairley found that with 
m.t. malaria 0.1 grammes daily of atebrin virtually abolished 
reorudescenoes, whereas with b.t. malaria 0.1 grammes daily 
of atebrin merely suppressed the disease, overt vivax malaria 
developing with great regularity a few weeks after suppressive 
atebrin had been stopped. Fairley oonoludes that (1) a 
force of men can be employed for many months in hyperendemio 
areas of malaria without significant malaria casualties;
(2) there should be no deaths from malaria, no blaokwater 
fever, and no malaria carriers in the force; and (3) after 
cessation of atebrin suppressive treatment the residual 
problem would be exclusively that of benign tertian malaria.

From the information now available, e.g. the work 
of Fairley quoted above, it is realised that the course of 
atebrin given during the Column in July, 1938, was too short 
in duration though sufficient in daily dosage. The Column 
was of ten days duration; no one developed fresh malaria
during the Column itself, as, of course, in the absence of
any modifying factors malaria contracted during the Column
would have been expected to become overt in the early days
following the return of the troops to Bazmak, that is during 
late July and during August, 1938. A complicating factor, 
however, had been introduced by our use of atebrin for mass 
prophylaxis. Admittedly the course of atebrin given was 
insufficient by present-day standards, but it was sufficiently



close in total dosage and in length of time to modify the 
resultant malaria in two ways. Firstly, in my opinion, the 
amount of atebrin was sufficient to suppress completely, or 
at least for a period of several months, attacks of malaria 
in some at least of the individuals affected during the march. 
This is particularly applicable to m.t. malaria. In certain 
other individuals who had beoome infected, especially those 
infected with P.vivax, the interval before which the disease 
became overt probably would be extended to a period of weeks 
instead of days, as is usual in uncomplicated oases. In 
other words, the most likely results to be expected from our 
attempted mass prophylaxis were a considerable reduction in 
the instance of m.t. malaria, and a prolonging of the incu­
bation period in those individuals who had contracted b.t. 
malaria. Figure 1, page 41, illustrates our findings, 
showing, as it does, admissions for malaria to the Razmak 
Combined Military Hospital in 1938. Figures for 1939 and 
1940 are given for comparison.
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The information given in these tables may he 
accepted as correct. Prom May, 1938 to December, 1940, 
that is during the whole of the period reported upon, medical 
admissions to Razmak Hospital were under my care, and each 
diagnosis of malaria was counter-cheoked by one of the labora­
tory staff. In spite of this, however, it is very difficult 
to estimate the true significance of the data given above. 
Several factors serve to lessen the value of the figures; for 
example the data are based on the monthly admissions to the 
Combined Military Hospital at Razmak. This hospital served 
a total population of 9,000, made up of 7,000 of the Razmak 
Garrison and a total of about 2,000 from the many little out­
lying posts, auoh as Thai Port. This means that the figures 
of malaria admissions for July, August, and September, 1938, 
cannot be taken as an indication only of the malaria from the 
4,000 men of the Kharre Column. Furthermore, it is unwise 
to compare too closely the figures for 1939 with those of 1938. 
The total population at risk was practically the same, namely 
9,000, but the composition was different, because in late 
1938 and 1939 no less than three battalions completed their 
tour of duty on the Frontier and were replaced by three fresh 
battalions from the Plains, including one British battalion.. 
This introduces a fallacy which is even more strikingly shown 
by the figures for 1940, put in largely to illustrate this 
point. In 1940 the population was still the same, that is
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about 9,000, but again there had been a change of three 
battalions, and the three new battalions were from State 
Forces, loaned to free the regular Indian forces for 
overseas expeditions. These soldiers of the State Forces 
were heavily infected with malaria, which acoounts for the 
steep rise of the figures for this disease in 1940, and 
accounts also for the stopping of the analysis of malaria 
oases into "fresh" and "relapsed" categories, since this 
could not be easily done because of the lack of medical 
records of the State Force units. One other faotor to be 
quoted is that the Razmak Combined Military Hospital did not 
treat the Damool troops, except in a few special and diffi­
cult cases. Damdil Camp had its own Camp Hospital where 
conditions such as malaria received treatment.

It is considered therefore that the factors enter­
ing into discussion are so varied that from the data given 
alone very little definite information can be obtained of the 
incidence and type of fresh malaria among troops as a result 
of the Kharre Column. This was realised at the time, and 
with a view to obtaining information a scrutiny was made of 
the records of all individuals admitted to Razmak C.I.M. 
Hospital from the 18th July 1938, to the 30th September 19^8. 
This period of time was to permit of inclusion of individuals 
with a prolonged incubation period due to atebrin.
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In my opinion these reoords showed that the

incidence of fresh malaria from the Kharre Column totalled
108 men. Colonel Warburton (now General), at that time
commanding Bazool Field Ambulance, estimated the figure to be
about 100, which is sufficiently close agreement with my
figure. The details are:-

Total at risk during Kharre Column - 9th/18th July - 4,000
Admissions to Razmak Hospital with malaria, 18.7.1938 
to 30.9.1938 - 230 fresh benign tertian and
39 fresh malignant malaria: Total fresh oases - 269

From a scrutiny of the reoords loss from the 
Kharre Column amounted to 104 fresh benign tertian and four 
fresh malignant - a total of 108 oases from the 269 admitted 
altogether.

One illustrative case is that of Captain R., the 
officer in sub-charge of the Razool Field Ambulance at the 
time of the Kharre Column. He had lived and served in India
practically all his life and he claimed that he had never had
malaria; he was most careful to take his daily dose of 0.1 
grammes of atebrin during and for seven days after the Column, 
yet on the tenth day after the Column had returned to camp, 
i.e. on the 21st July, 1938, three days after stopping the 
atebrin he was admitted to hospital with severe benign tertian 
malaria. His blood films showed only rings, and the spleen 
was not palpable. Some of these 108 men did not show overt
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malaria until some weeks after the return to Razmak of the 
Column on the 18th July, 1938. Reoessarily, however, these 
108 individuals were infected during the ten days from the 
9th to 18th July. Shis gives then the malarial incidence in 
the Kharre Column to be over 980 per thousand per annum#

In the reports on the results obtained when atebrin 
was used as a prophylactic among the forces engaged in the 
Solomons, Rew Britain, and Borneo, Fairley (1946a) shows that 
the incidence never rose above forty seven per thousand per 
annum, and generally was in the region of twenty per thousand 
per annum. Shis author later in the same article states that 
from past experience without the use of atebrin at least ninety 
per cent of the force would have acquired malaria. Our inci­
dence of over 900 per thousand per annum is, therefore, very 
high - almost twenty times the incidence reported later among 
the fighting troops on daily atebrin in jungle areas, and is 
very near to the figure of ninety per cent suggested by 
Fairley to be expected among unprotected troops fighting in 
malarious areas. Therefore, the mass use of atebrin for 
prophylaxis on the Kharre Column failed to prevent a heavy 
incidence of malaria among the men at risk.

The next question to be considered is whether this 
atebrin modified the disease or the incidence of the disease 
in any way. As mentioned above two controls were available,
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namely Damcol, of over 3,000 men, who were not given atebrin, 
and secondly a Company of Rajput Infantry in Razool, who 
were given quinine daily instead of atebrin. Neither of 
these controls prove to be of any value. In the control 
group in Razool itself numbering 150 men, the incidence of 
malaria among these men did not differ significantly from 
the incidence of malaria in the main body of the troops, i.e. 
the body who took atebrin; and the numbers used in this 
control (ISO men) were too small for it to have any value.

The other control, i.e. the incidence of malaria in 
Damcol, also proved valueless because immediately on the 
completion of the Kharre Column Damcol moved back to its camp 
at Damdil, where it remained. This camp was near a malarious 
area at 3,500 feet, and it would not have been possible to 
have worked out the incidence of malaria from the Column as 
distinct from that acquired in the camp itself immediately 
afterwards.

From these controls, therefore, we cannot come to 
any conclusion as to the value or otherwise of the atebrin 
course in reducing the incidence of malaria in Razool.

Two other ways in which the atebrin course may 
conceivably have affected the incidence are that the period 
of incubation of benign tertian cases may conceivably have
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been prolonged to some degree and the incidence of malign 
tertian malaria may have been reduced, since this is the 
action usually found as a result of the use of prophylactic 
atebrin. No answer can be given to the first suggestion, 
namely that the atebrin may have prolonged the incubation 
period of the fresh malaria. .All the documents available 
gave insufficient information to allow of any definite 
statement being made on this point. The last point is 
whether or not the incidence of malign tertian malaria was 
affected by the drug. (Quartan malaria and mixed malaria 
incidence were so low that they need not be considered.)

-All records of malarial incidence available for 
Waziristan and for Razmak showed that P.falciparum was never 
responsible for less than thirty three per cent of all 
malaria admissions, and sometimes the figure rose to fifty 
per cent, but our figures for malign tertian malaria in July 
1938 and August 1938 are striking exceptions to this previous 
infallible finding, because in these months the incidence of 
malign tertian malaria fell to 6$ and to 4.4fo respectively 
of the total; that is, there occurred during these months 
a very marked reduction in the incidence of malign tertian 
malaria, although the incidence of benign tertian malaria was 
within normal limits for that period of the year. Further­
more, if the figures for 1939 be compared it is seen that 
there was no such fall in the incidence of fresh malignant



malaria in July 1939 and in .August 1939, such as had occurred 
in July 1938 and August 1938. For example, in July 1939 the 
incidence of fresh malignant malaria was sixty two per 
thousand per year, i.e. thirty six per cent of all the combin­
ed benign tertian plus malign tertian figures. This figure of 
sixty two per thousand compares strikingly with the July 1938 
incidence of seven per thousand. Similarly, in August 1939 
the incidence of fresh malignant malaria was eighty four per 
thousand per annum, which was also thirty six per oent of the 
combined malign tertian and benign tertian figures, and this 
similarly compares strikingly with the August 1938 incidence 
of malign tertian malaria, namely eight per thousand per 
annum. There is a strong probability, therefore, that the 
atebrin course given from the 9th July to 25th July, 1938, 
resulted in a much reduced incidence of fresh malignant malaria 
both for July 1938 and for August, 1938. Reoords extending 
back to 1930 had never shown such a drop in the percentage 
incidence of malign tertian malaria.
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SUMMARY CHAPTER I.

In this Chapter a description is given of Waziristan
in general and of Razmak Portress in particular. This
description is necessary in that Razmak Portress, at a height
of 6,500 feet, was held to he in a malaria-free area. A

Column of troops operated from this fortress against the
Pakir of Ipi in the Kharre area during the period 9th to
18th July, 1938; a diary of the move shows that it was a
severe physical strain on the men; this Column was supported
by a slightly smaller Column from Damdil Camp. Por the
first time in the military forces in India an attempt was
then made to use atebrin for mass prophylaxis among troops.
Only Razool was given the drug, administered in daily doses of
0.1 grammes during the Column, and for seven days after their
return to camp. It is held that this seventeen days course 
of atebrin completely failed to lower the incidence of benign
tertian malaria resulting from infection during the Column, 
the total infection rate being 980 per thousand per annum.
96.3$ of the cases admitted were found to be infected with 
benign tertian malaria. No information is available for 
comparative figures from Damcol, and no information is avail­
able as to whether the giving of atebrin lengthened the incuba­
tion period of the malaria. Data available, however, suggest 
that the atebrin course materially reduced the incidence of



malignant malaria in July and August, 1936. These figures 
are in keeping with the results obtained later by other 
workers*
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c H A P I B R  IX

P'Rfr.TiTMTNA"RY UISOUSSIOH OH THE SIX CASiSS OP BLACKWATSR PjaJViSR
 ------ W O rW  TIT S a M E  'Pf T93B

EXPLANATORY NOTE OH SHE TREATiXSNT OP MALARIA CASUALTIES 
RX3ULIIHG PROM THE KHARRE c6IuMH:

This has been sketchily dealt with in the previous 
chapter, but since the slight modification in standard treat­
ment which ooourred at this period must be considered as a 
possible contributory factor in the causation of the attacks 
of haemoglobinuria, a fuller note on this point is given below#

The operative movements of any troops in the lower 
valleys of Waziristan at any time during the malarial season 
always produced a crop of malarial casualties. The degree to 
which any Porce was affected depended upon the area in whioh 
the troops had been required to fight# The medical informa­
tion whioh was available about the country through whioh the 
Kharre troops would move was necessarily incomplete but did 
suggest that we should expect heavy malarial casualties.
We did not expect any marked reduction in malarial casualties 
from the use of atebrin whioh we were proposing to use as mass 
prophylaxis because our knowledge of the value of this drug 
and its method of use in prophylaxis were still insuffioient 
for us to estimate the effect of this drug.
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Any increased number of casualties bad always 

strained the resouroes of Razmak Hospital, especially during 
the months of July, August and September, when malaria was 
rife; accordingly, northern Command Headquarters at 
Rawalpindi authorised two modifications in the routine method 
of treatment of malaria at that time standardised throughout 
the Army in India. These two modifications were, the use 
of a Convalescent Depot, and secondly a reduction in the 
length of the atebrin course, with a reduction also in the 
length of the rest period between the finishing of the 
atebrin and the beginning of the plasmoquine treatment#

These two modifications in treatment came into 
operation immediately preceding the Kharre Column in 1938 at 
the beginning of July. Their adoption, therefore, is 
chronologically related to the "outbreak” of haemoglobinuria 
during malaria treatment; since these changes in treatment 
must be taken into aocount on the question of aetiology, a 
short note is given on each of the changes.

CONVALESCENT DEPOT.
The setting up of the Convalescent Depot followed an 

accepted pattern. Part of the troops' barrack accommodation 
in Tigris lines lying 200 yards from the hospital were taken 
over temporarily from the occupying infantry battalion by the 
hospital authorities (see Razmak plan, plate IIlfp#17).
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The barrack accommodation consisted of brick huts whioh 
were of a standard type, oool, comfortable and weatherproof, 
quite satisfactory for the accommodation of convalescent 
patients in the warm weather of Summer, and early Autumn*
The arrangement was that each patient suffering from malaria, 
and any other suitable type of case, was transferred to the 
Convalescent Depot from the Hospital proper as soon as he 
had become ambulant and fit to look after himself* In the 
case of patients suffering from malaria this was generally 
taken to mean that the patient would be able to move from the 
Hospital to the Gonvalescent Depot on the completion of the 
atebrin course, by whioh time he would have been, normally 
speaking, about five days free from fever. The full course 
of malarial treatment at that time lasted approximately 
seventeen days. This meant, therefore, that each patient 
spent not more than seven days in the Hospital instead of 
seventeen days. While in the Convalescent Depot the patient 
still remained a medical responsibility and still required 
treatment. To ensure continuity of treatment and of medical 
supervision, patients were required to walk morning and 
evening from their huts 200 yards to the Hospital, where 
the duty medical officer interviewed each man and made sure 
that each individual on the malaria course received and 
swallowed the plasmoquine tablet, plasmoquine being given 
twice daily. Apart from this exertion which was within
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the capabilities of the patients sent to the Convalescent 
Depot such patients were not allowed to do anything else 
other than rest, and they were completely struck off all 
military duties* Had they been allowed to go back to their 
unit lines to oomplete the course they would undoubtedly 
have been caught up for some fatigue or other* On the 
completion of the plasmoquine course each patient was then 
allowed to return to his own unit, but remained off duty 
for one more week.

Ho person was transferred to the Convalescent Depot 
unless he appeared fit for it.

MO Dig 101 f I OH IH IHE STANDARD COURSE OR fRRa fMEH T *
She second step in the easing of the strain on the 

hospital was by a modification of the standard malaria course 
as already indicated above. In 1934 the Director of Medical 
Services in India had ordered the adoption as a standard fonn 
of treatment of malaria a course as follows:- Quinine 
grains 30 daily to be given as long as thought necessary, 
followed by seven days of htebrin 0*3 grammes daily, followed 
by three day3 rest, followed by plasmoquine five days, 0*02 
grammes daily. fhis course had proved much superior to 
preceding courses and remained as a standard from 1934. Some 
workers, however, felt that it was over-safe and could be
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modified slightly without danger. fhis modification was
decided upon as a necessary bptt purely temporary measure to 
ease the situation in Waziristan in 1938. The modified 
course was: Quinine as before, followed by five days of 
atebrin 0,3 grammes daily, followed by one day's rest, 
followed by plasmoquine as before, i.e. five days 0.02 
grammes daily. fhis meant, therefore, that eaoh individ­
ual's period of time of treatment was shortened by three days 
at least. In a station like Razmak, where a figure of 
500 malaria casualties a month was not uncommon, this would 
represent 1,500 man days saved per month, a great help to 
an overworked military force and to an over-strained hospital.

Is mentioned above, these two modifications in treat­
ment had just been put into operation before the return of 
the Column from Kharre, and all malaria casualties resulting 
from that Column received this shortened course of treatment 
and, where possible, spent only a portion of their period of 
treatment actually in the hospital itself, the remainder of 
the period being spent in the Convalescent Depot.

Such was the position during the period when six of
the patients under treatment for malaria developed haemo- 
globinuria duiing the course of that treatment.

On pages 57 to 81 a resume is given of each case,



together with the summary of all treatment and haematolo 
gioal and blochemioal findings* The full oase reports 
are given in the Appendix (pages to7 ) •
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57.
RESUME OF CASE RECORD - UP. 1.

(detailed Case Report, see Appendix, pages 7Jw*u?)

No. 1662, LASCAR MOHD HUSSAIN.
27th Animal Transport Company - Royal Indian Army Service

Corps, Razmak.
Aged 35 years.
Service: 8 years.

Plate No. VI, page 63 , summarises the treatment and the
laboratory findings.

21/7/1938: Admitted to Combined Indian Military Hospital, 
Razmak, from unit lines in Razmak three days 
after the Kharre Column had finished. He com­
plained of fever with rigors of two days dura­
tion: patient*s previous history included two
attacks of malaria, one being fresh benign 
tertian malaria (July, 1936) and one clinical 
malaria relapse (August 1936) - both thoroughly 
treated by the standard treatment - seven days 
atebrin, five days plasmoquine.
Also a history of attacks of bronchitis, 1931, 
1934, 1935. One attack of broncho-pneumonia 
(February, 1938).
Physical examination showed thickening of the
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I V pleurae both aides. Nil else abnoxmal.

Blood films showed ring forms and gametooytes 
of P.vivax.
Patient was put on quinine, grains 30 daily 
until temperature settled, which it did on the 
second day.
Atebrin course then given for five days at 0.3 
grammes daily.
By that time (27/7/38) patient appeared fit 
enough to be transferred to the Convalescent 
Depot to complete his treatment. He had one 
day's rest from treatment then began his plasmo­
quine course, 0.01 grammes twice daily, the 
treatment being given morning and evening at 
visits to the hospital 200 yards away from the 
Convalescent Depot.

2/8/1838: At 13.00 hrs on 2/8/38, after he had received
his ninth and second-last plasmoquine dose of 
0.01 grammes the patient informed the medical 
officer that he had been passing red urine for 
the previous two days, and that he felt ill, with 
weakness, vomiting and fever. Plasmoquine 
stopped; re-admitted to hospital and found to 
have a temperature of 100°F«, with blood pressure 
of 85/50. No cyanosis, and no abdominal pain;
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marked pallor; blood film negative for malaria 
parasites; spleen and liver not palpable.
A diagnosis was made of blackwater fever - although 
blackwater fever had not previously been reported 
in Waziristan.
It was decided that intense alkalinisation was not 
indicated; on this day the treatment given 
essentially consisted of quantities of alkalies 
together with bland fluids given by the mouth, 
supplemented by rectal infusions, the total 
quantity of fluid ingested being balanoed as far 
as possible against the urine output. This was 
our aim throughout the whole of the patient's 
illness. Other treatment given included measures 
to improve the blood picture, e.g. Campolon 4 ccs; 
hot applications were kept to the kidney areas 
throughout the whole of the patient's stay in 
hospital. The rise in temperature - undoubtedly 
due to haemolysis - was wrongly interpreted at 
that time to be due to persistent malaria, and 
0.3 grammes of atebrin musonate was given intra­
muscularly. This was repeated on the two 
succeeding days.

3/8/1938: On the next day (3/8/38) there was no Improvement
- the plasma was red and the urine was a deep rose
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colour. A transfusion of 500 cos. fresh blood
failed to produce any obvious immediate improvement 
and slight jaundice was noticed on this day for the 
first time.

4/8/1938: By 4/8/38, i.e. the third day after re-admission to 
hospital and probably about the fifth day following 
the beginning of haemoglobinuria, the patient's 
condition was bad. He had become doubly incontinent, 
with marked jaundice; the amount of urine voided 
did not appear to be much; it stained the bed sheets 
red; the red cell count showed no change from the 
previous day, and in view of the fact that he had 
received a transfusion this suggested there had been 
a further lysis, which must have included some of the 
transfused cells.

On the afternoon of 4/8/38 patient showed signs 
of broncho-pneumonia (right lung)•

5/8/1938: The next day the broncho-pneumonic condition had
spread to the base of the left lung, and jaundice 
was severe in degree. The blood urea level was 
rising; at 18.00 hours oatheterisation yielded 10 ccs. 
of pink mucoid slimy urine; this urine contained many 
oasts and much amorphous pink-stained debris.



6/8/1938:

7/8/1938:

n

8/8/1938:

By the seventeenth day (6/8/38) from the onset 
of the illness, i.e. the sixth day after the onset 
of haemoglobinuria, the patient's red cell count 
had fallen markedly; the plasma was pink in 
oolour and the very small amount of urine passed 
on the bedsheets had stained them red in colour. 
Severe oliguria was present - the patient had 
probably voided only a few oos. in the previous 
twelve hours. Another blood transfusion (500 oos.) 
was given* Other treatment included a GampoIon 
injection and fluids by mouth and rectum. The 
blood urea level by this time was rising rapidly.

The next day (7/8/38) his condition was serious; no 
reaction to blood transfusion; red cell count 
unchanged; antivenene again tried in view of the 
obvious repeated phases of lysis.

By 8/8/38 the patient was dangerously ill with 
widespread involvement of the chest from pneumonia; 
rapidly-falling red cell count, with a rosy-red 
plasma; cathoterisation yielded only 2 ccs. of deep 
red urine; the blood urea was 200 mgms. per 100 ccs. 
blood. On this day the rectal infusions were dis­
continued and the patient was given two pints of 
mixed glucose-normal saline solution intravenously.



9/8/1938: On the next day the patient died*

She post-mortem examination showed extensive 
plugging kidney tubules, which were severely damaged* 
The liver was also severely damaged*

3IM14ARY.

This patient had several intravasoular haemolyses 
over a period of nine days. He developed the 
dreaded complication of kidney damage which resulted 
in anuria and death. A significant finding was 
that normal transfused red cells apparently were 
destroyed equally with the patient's own cells*
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RESUME OF CASE RECORD - P i T I M  UQ, 2«
(detailed Case Report - Appendix, pages74£to7SS )

Mo. 18886. SEPOY DOST MOHP. 
g/7 RAJPUT BEGBfiKNT, RAZMAK.
Aged 22 years.
Service: 3 years.
Plate VII, page 67, summarises the treatment and the laboratory 
findings.

29/7/1938: Admitted to Combined Indian Military Hospital,
Razmak, with complaint of fever and rigors daily 
for three days.
The patient's previous history included an attack 
of fresh benign tertian malaria (July, 1937). This 
had been treated by the seven days atebrin, three 
days rest, five days plasmoquine course.
The only abnormality detected on admission was the 
presence of ring forms of P.vivax in the blood 
fil4s. Diagnosis was made of "fresh benign tertian 
malaria".
Patient was given quinine, grains 30, for one day 
and then was started on a five day course of atebrin 
0.3 grammes daily, which was completed on 3/8/1938.



4/8/1938: transferred to the Convalescent Depot to complete 
his treatment* He began there with one day's 
rest from treatment and then:

5/8/1938: Started a five days plasmoquine course 0*02 grammes 
daily, finishing on 9/8/38*

10/8/1938: Discharged to Unit for further convalescence of one 
week*

11/8/1938: Re-admitted to hospital in the morning* Stated 
that he had been passing red urine since the 
previous night and had marked weakness and 
vomiting. temperature on admission 102°^.: 
pulse fast and soft: no cyanosis and no jaundice:
patient fainted during medical examination: the
spleen was not palpable and blood films did not 
show any malaria parasites; the blood picture 
showed severe anaemia; plasma rosy red; urine 
Burgpndy-^ooloured with absorption bands of oxy- 

9 haemoglobin and methaemalbumen. Case diagnosed 
as blackwater fever.
treatment was simple and symptomatic - hot packs 
to the kidney areas, much fluid by mouth, including 
sodium bicarbonate and sodium citrate solution*
Iron tonics and marmite were also given from this 
day on until patient was discharged.



15/8/1938:

18/8/1938:

18/9/1938:

66*

In the succeeding four days (from 11/8/38 to 
15/8/38) the patient's urine slowly cleared and 
the initially high van den Bergh reaction fell 
practically to normal and the plasma cleared in 
colour*

By 18/8/38 the plasma was normal in colour and the 
only abrnomality in the urine was a heavy content 
of granular casts and masses of blood pigment mixed 
and free, the red cell count was still low.

Discharged as cured with no abnormal findings* Bed 
cell count six millions per cub.mm*

SUMMARY.
the condition seemed to have been a single intra- 
vascular haemolysis, or a very small number of 
haemolytic phases, the blood pigment taking some 
days to clear from the plasma and the urine.
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RE5UI AS Off CASE RECORD - PAPISMS? HO. 3*

(detailed Case Report - Appendix, pages 756 to *7Air)

Ho. 11577. I/M. QURSARAU SINGH.
IHDIAN FIELD AMBULaNCS, RA2MAK.

Aged 23 years.
Service: 3̂- years.

Plate VIII, page 71, summarises the treatment and the 
laboratory findings.

1/8/1938: Admitted to Combined Indian Military Hospital,
Razmak; complained of fever with rigors during the 
whole of the previous day.
Previous history (confirmed by Army reoords) showed 
that the patient had never had any illness in the 
Army except hepatitis. He said that previous to 
joining the Army he had never had malaria.
Blood films showed P.vivax rings; spleen not 
palpable.
Diagnosis - fresh benign tertian malaria.
Phe patient was given quinine for one day and was 
then started on the modified atebrin course - 
atebrin 0.3 grammes daily for five days. Phis 
treatment finished 6/8/38.

7/8/1938: Pransferred to the Convalescent Depot to complete
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treatment. Given one day's rest then began 
plasmoquine course, 0*02 grammes daily.

12/8/1938: On the twelfth day, after the second-last dose of 
plasmoquine, the patient was found to be severely 
jaundiced. He complained of passing "blood in the 
urine". His temperature was 101°F.; pulse fast; 
no cyanosis; no malaria parasites in the blood; 
liver and spleen not palpable; the red cell count 
found to be 2^ million cells per ou.mm. with the 
plasma rose-coloured and the urine red due to blood 
pigment, confirmed by spectroscopic examination. 
Treatment as previous cases, namely hot packs to 
the loins, balanced fluid intake made up largely 
of glucose and alkaline solutions, given orally, 
with Campolon to stimulate blood regeneration, 
intivenene given twice although with little hope of 
it helping the patient.

13/8/1938 to In these succeeding six days the patient showed
18/8/1938:

a remarkable series of haemolytio crises as evidenced 
by the varying colours of the urine specimens passed. 
(Details are given on plate VIII, page 71.)

19/8/1938: By 19/8/38 no further colouration was detected in 
the urine which slowly also cleared of casts and
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20/8/1938:

17/9/1938:

7/10/1938:

blood pigment masses.

Urine normal in appearance and content , and 
concentrating function of kidney also apparently 
normal (Pishberg's test). Gamp61on injections 
continued*

Bed cell regeneration slow* After 36 oos*
Campolon the blood count was very little ohanged* 
Campolon continued*

Total 52 ccs* Campolon given. Blood picture 
and kidney function apparently normal* Patient 
discharged*

SUMMARY.
A aeries of haemolytic crises - at least eight 

in number - over six days. Bo permanent impair­
ment of kidney function* She slow regeneration 
of red cells is not an uncommon finding in the 
Indian, who has to face so many demands on the 
haematopoeic system, due to chronic malaria, 
dysentery, ete*
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RESUME OP CASE RECORD - PATI KMT BO. 4.

(detailed Case Report - Appendix, pages 747 ta77*f*)
Bo. P. 11, WATER CARRIER CHURU RAM.
3/17 DOGRAS - from THAI PORT.
Aged 35 years.
Service: 12 years.

Plate Bo. IX, page 76, summarises the treatment and the 
laboratory findings.

This patient was on the Kharre Column with Damool - not 
Rasool - and therefore did not receive any prophylactic 
atebrin. On the return of Damcol to Damdil from Xharre 
this patient, in a two-company detachment of the 3/17 Dogras 
moved straight through to Thai Port without halting at 
Damdil. Thai Port was a small isolated strongpoint covering 
a vulnerable part of the Razmak-Bannu Road. like Razmak, it 
was regarded as non-malarious. Quite often, and at the time 
that this incident took place, movement forward to Razmak from 
Thai was safer than movement back to the base at Bannu. All 
sick were evacuated, therefore, forward to Razmak instead of 
going baok to Bannu. This evacuation of sick and casualties 
could only take place when the road was "open" to Razmak e not 
more than once weekly or once fortnightly at that time.

28/7/1938: Patient felt ill in Thai Port with rigors and fever.



29/7/1938

29/7/1938
1/8/1938:

2/8/1938:

8/8/1938:

73.

Stated that he never had any disease resembling 
malaria* Medical records showed that he had not 
had any illness during his twelve years of Army 
service*

Reported to the Medical Officer in the Port and was 
given such treatment as was available* Diagnosis 
of malaria was not made.

to Kept in the Port awaiting transport to Razmak*
Had two rigors on alternate days. Clinically at 
that time the condition seems undoubtedly to have 
been malaria.

Transferred to Combined Indian Military Hospital, 
Razmak*
Much underweight (99 lbs.). Blood films showed 
P.vivax rings and trophozoites. Spleen not 
palpable•
Diagnosis - fresh benign tertian malaria*
Given quinine for one day and then fciven a five- 
days course of atebrin, 0*3 grammes daily, finishing 
on 7/8/38.

Transferred to the Convalescent Depot to complete 
treatment. Given one day's rest from treatment, 
then started on plasmoquine 0*02 grammes daily, as



74.

11/8/1938:

14/8/1938

14/8/1938
16/8/1938

an out-patient from the Convalescent Depot.

(i.e. after two days plasmoquine 0.04 grammes 
total) Was found to be jaundiced and was re-admitted 
to hospital. This jaundice persisted without any 
change in degree for several days, but the urine 
remained normal until 14/8/38. There was marked 
tenderness of the liver and the spleen during this 
time and the patient also had a low-grade fever.
The condition strongly resembled blackwater fever, 
sine black water, and the patient was treated as 
a definite oase of the disease, i.e. hot packs to 
the loins, careful balancing of fluid loss and 
intake as far as possible with alkaline solutions.

For the first time since re-admission four days 
previously the patient voided a specimen of red 
urine. The plasma was found to be pink-stained, 
due to blood-pigment; the red cell content was
2,350,000 per cu. mm.

to On these three days the urine gave indications 
of four moderately severe phases of intra-vascular 
haemolysis with an indirect positive van den Bergh 
reaction. The urine showed absorption bands of 
oxyhaemoglobin and methaemoglobin, with oasts and



16/8/1938:

20/o/l938:

18/9/1938:

3/10/1938:

75.
passes of amorphous and granular blood pigment. 
Injections of Campolon began on this day, with 
continuation of the routine measures.

Red cell count still low and icteric tinge still 
present. The last haemolytic phase occurred, at
22.00 hours. From then on the urine was normal 
in colour, although it did not become olear of 
oasts and blood pigment until 20/8/38,

Urine olear of blood-pigment masses and casts; 
hrinary function normal as measured by Fishberg 
test. loteric tinge and abdominal tenderness gone. 
Hot packs and alkaline mixture discontinued; 
Campolon injections continued.

Since 14/8/38 the patient had received 40 ccs. 
intramuscularly of Campolon; blood picture almost 
noimal now; Campolon stopped. Ferr. et ammon. 
citrate begun.

Sent on leave as cured - weight 114 lbs.

SUMMARY.
A series of haemolytic crises - the first few 

not severe enough to produce haemoglobinuria, but 
the last four did.





HE SUMS OF CASS RECORD - PATIENT HO. 5.
(detailed Case Report - Appendix, pages 77^# to 7J| )

Mo. 5949. SSPOY DPMI. 
z/vt DOGRAS, THAI FORT.
Aged 26 years.
Service - 7 years.

Plate No. X, page 82, summarises the treatment and laboratory 
findings.

With CHURU HAM (Case No. 4) this patient was on the Kharre 
Column with Damool, not Razcol, and therefore did not receive 
any prophylactic atebrin. Also like CHURU RAM, Selpoy DUNI 
was in the two-company detachment of the 17th Dogras that 
went straight to Thai Fort for duty without halting at Damdil 
Camp. Details of Thai Fort are given on page 72.

25/9/1938:i.e. eight weeks after the Kharre Column, Sepoy 
DUNI fell ill in Thai Fort with fever and rigors.
No previous history of any illness like malaria 
during his seven years service in the Army. (This 
was confirmed by his Army record sheet.) Patient 
also stated that he had never had malaria in civil 
life. He was detained in the Fort sick quarters 
until he could be transferred to Razmak for treat­
ment. He was kept waiting only two days.
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27/9/1938:

1/10/1936:

6/10/19S8:

Transferred to Combined Indian Military Hospital, 
Razmak.
His condition clinically was malaria, and the 
blood films showed ring forms, P.vivax* Spleen 
not palpable. Diagnosis - Fresh benign tertian 
malaria.
The patient was underweight, 119 lbs. (5 ft* 4 ins) 
and had a haemoglobin level of 90$* He was a 
vegetarian.
The only other abnormalities found were mild 
bronchitis and pharyngitis.
Heavy doses of Ferr. et ammon. citrate begun at 
once and continued throughout the stay of the 
patient in hospital. The malarial attack was 
difficult to control. Quinine, grains 30 daily, 
was given for four days before the symptoms abated 
and the fever settled.

Atebrin course given 0.1 grammes three times daily 
for five days. Atebrin finished 5/10/38.

Patient due to be transferred to the Convalescent 
Depot to complete his remainder of treatment as 
an out-patient, but his general condition was 
unsatisfactory, although he showed nil definitely 
abnormal. He was retained in hospital to complete
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the plasmoquine course. Given one day.'a rest.

7/l0/l938 to Patient had completed 3̂ - days of the five
10/10/193*
(Noon) days plasmoquine course (i.e. he had had 0.07

grammes of plasmoquine) when he complained of his 
urine heing "high coloured”. He would not admit 
that it was pink or red. He was not markedly 
jaundiced. fhe patient had been in bed throughout 
his stay in hospital.

10/l0/l938: Passed urine containing bile :
(IE.00 hrs)Examination showed fast pulse with a rising 

temperature, 100.5°P. at 18.00 hrs. Jaundice 
present; no cyanosis; no abdominal pain; spleen 
one finger enlarged. Blood count not estimated, 
plasma not examined. Blood films negative for 

7 malaria parasites, bindings strongly in favour of 
mild intra-vascular haemolysis without frank 
haemoglobinuria. Plasmoquine stopped.

Il/l0/l938: At 06.00 hours patient passed Burgundy-coloured 
urine; jaundice with conjunctivas orange in 
colour. fhe liver area was tender; marked fall 
of the red blood cells to E million per cu.mm. with 
reticulocytes 15$; plasma red in colour; the 
urine showed absorption bands oxyhaemoglobin and 
methaemoglobin with a few hyaline and granular casts.
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Obviously another and more serious haemolytio 
crisis had occurred at some time during the night# 
During this day the urine varied, red-orange-red- 
orange, suggesting other lyses. The output of 
urine was small in amount each time.
Diagnosis - blackwater fever, with repeated lyses, 
with oliguria and danger of anuria.
Treatment: as previously, namely hot packs to
the kidney areas (also tried hot retention enemas)# 
Fluid intake and urine output records kept.
Glucose alkaline £ pint every hour by mouth. Also 
given injections of Campolon and antivenene#

12/10/1938: In the previous twenty four hours the fluid intake 
was 100 ozs., the output only 14 ozs. Jaundice 
unchanged; liver less tender; plasma light red; 
urine port-wine first sample; throughout the day 
the colour of the urine again suggested repeated 
haemolyses.
Treatment as before including Campolon and 
antivenene.

13/10/1938: Fluid intake 66 ozs., output 20 ozs. in the
previous twenty four hours. Jaundice slightly 
less; liver tenderness less marked; plasma pink 
colour; first specimen urine red in colour, fading
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through pink in succeeding specimens until 16*00 
hours, when the urine became yellow* Thereafter 
no obvious pigment staining of the urine* Treatment 
as before, including Campolon 4 cos.

14/l0/38: Fluid intake 60 ozs., output 33 ozs* Jaundice
unchanged; no liver tenderness; plasma and urine 
colour normal; oasts and haemoglobin masses in the 
urinary deposit.

15/10/1938: Improvement continuing; no haemoglobinuria; 
Campolon 4 ocs* given.

17/10/1938: Urine clear of casts and pigment masses; function 
not tested. Began marmite 1 oz. daily - continued 
until the patient was discharged - jaundice fading*

4/ll/l938: Some subjective improvement; no jaundice; red 
cell count 3j million cells per ou.mm*

27/11/1938: Patient very fit; red cell count 4.9 million.
14/12/1938: Discharged as cured. Weight 127 lbs. Red cell 

count 5.1 million. Blood pressure 120/80.
SUMMARY.

Patient suffered from a series of at least six 
haemolytic crises in four days. The first lysis 
was not sufficient to produce haemoglobinuria. No 
residual kidney abnormality.
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RRSUME OF CASS RECORD - PA PIER P HO. 6«
(detailed Case Report - Appendix, pages 7^2 t o 7 M  )

SEPOY PARA CHAHD.
3/17 DOGRAS, DAMDIL CAMP.
Aged 23 years.
Service 5 years.
Plate Ho. XI, page 88, summarises the treatment and the 
laboratory findings.

It is to be stressed that this patient was from the 
same Regiment as the two previous oases ~ Water Carrier 
CHURU RAM and Sepoy DUNI. Unlike them, however, Sepoy PARA
CHARD did not go forward to Phal Fort after the Kharre 
Column. With the remainder of the battalion he returned 
from Kharre to Damdil Camp, where he continued to serve until 
he became ill.

It has been said in the early part of this chapter 
that no malarious oases from Damdil Camp were evacuated to 
Raimak Hospital, being treated in the Camp itself. Phis is 
true. Phis particular patient, PARA CHAUD, was evacuated to 
Raimak, however, because he was supposed to be suffering from 
fever - cause unknown. Clinically it was quite unlike
malaria and required full laboratory investigations, which 
could not be done at Damdil Camp.
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The patient had never had malaria in the Aimy and 

claimed that he had never had it in civil life* The patient 
was found to be suffering from malaria, however* Occasionally 
fresh malaria would develop amongst troops in Damdil which was 
in a mildly malarious area. Phis introduced the probability 
that PARA CHARD contracted his malaria at Damdil Camp, not 
during the Kharre Column. Phe detailed history of the illness 
is:
27/9/1938: Eight weeks after the finish of the Kharre Column,

Sepoy PARA CHARD was admitted to the temporary camp 
hospital at Damdil with a complaint of rigors, fever
and shivering during the previous seven days.
Plate Ro. XI, page 88, shows the course of his 
illness after admission. Clinically the condition 
did not resemble malaria, the fever being high and 
continued. It was decided, therefore, to evacuate 
the patient forward to Razmhk for fuller investi­
gation. Phis was done.

5/l0/i938: Pransferred to Razmak Hospital, by which time he
had been ill for fourteen days with fever of 
unknown origin. On admission to Razmak Hospital
the patient was free from fever. He was much 
underweight (99 lbs., 5 ft. 2 ins.). His red cell 
picture and his haemoglobin were both normal; his 
blood pressure was 110/75. Phe spleen was
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enlarged two fingers and the blood films showed 
sexual and asexual forms of P.vivax. Nil else 
to report.
Diagnosis - benign tertian malaria (?)fresh.
Began Ferr. et ammon.citrate 90 grains daily.
This was continued until the discharge of the 
patient.
NO QUlNINiS GIVEN.

5/10/1938 to itebrin course given 0.1 grammes three times 
9/10/1938

daily for five days.

10/l0/l938: Patient was due to be transferred to Convalescent 
Depot but his general condition was sub-standard* 
Therefore he was retained in hospital to complete 
the plasmoquine course as a bed patient. Given 
one day's rest.

Il/l0/l938: In these three days the patient completed the 
to 13/lo/l938:

first three days of his plasmoquine course, takiAg
in all 0.06 grammes of plasmoquine, apparently
without harm.

14/10/1938: Before the morning dose of plasmoquine was given 
the patient complained of weakness. Did not 
report any change of the colour of his urine. 
Plasmoquine stopped.
Re-examined 11.00 hrs. Pulse fast; no jaundice;
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no cyanosis; no abdominal pain; spleen not 
palpable; blood pressure 110/70. Blood films 
negative for malaria parasites; blood oount 
little changed; red blood cells 5 million; 
haemoglobin 90$; reticulooytes 2.5$. Plasma 
faintly tinged with pink, with faint absorption 
bands of haemoglobin; methaemoglobin bands not 
seen.
12.00 hrs. urine red in colour with absorption 
bands both oxyhaemoglobin and methaemoglobin; 
thereafter specimens normal in colour until 21.00 
hrs. when urine was again red in colour; marked 
oliguria. Thereafter all specimens normal in 
colour. Pigment masses and casts present in the 
urine until 17/10/38. Treatment as before, i.e. 
hot packs to the loins; fluid output and intake 
chart; glucose-alkali and soda water alternately 
each hour, Campolon 4 ccs. daily and antivenene 
4 ccs. daily.

V^10/l938: Patient felt improved. Pulse 88 per min. No
jaundice; fluid intake 133 ozs., output 100 ozs. 
Blood films negative; plasma not examined. No 
biochemical tests carried out. Urine normal in 
colour since the previous day.



17/10/1938

85/10/1938

11/11/1938

87.
Patient felt much improved; T.P.R. normal* 
urine free from casta and haemoglobin masses* 
ill treatment stopped except the iron tonio* 
Patient had received 16 ccs* Campolon and 40 oca*
antivenene*

Still felt weak, but blood picture satisfactory* 
Bed blood count 5,300,000 per cu*mm* Haemoglobin 
108$; blood pressure 115/78.

Pit for duty. Weight 110J- lbs.

SUMMARY.
This patient's urine was coloured red on two 

occasions only, namely, 12.00 hrs. and 21.00 hrs. 
on 14/10/38. Lysis was mild in degree and in its 
effeot on the red oell count. There was marked 
polyuria immediately after the attacks.
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QQUsiDaRiiiojj op the u m i m s  RECORDED IB PAGES 57 TO 88 
i.e. THE PIHDIHOS IB THE SIX  PATIENTS WHO PEVELOPED

^OCTATBR f e v e r  i n  razmak ib T&gS

On pages 57 to 87 a summary is given of each of the 
six patients who developed hlaokwater fever in Waziristan in 
1938. The full case reports of each case are to be found in
the Appendix, pages 73h- to'7## • Certain of the findings will 
be considered in Chapters III and IV. Other points requiring 
consideration are dealt with below.

Preliminary consideration must be given to factors 
which enter into all diseases in natives of India, namely 
race, religion, etc.

Briefly, to recapitulate, in the period July to 
September, 1938, there were admitted to hospital in Bazmak 
large numbers of individuals suffering from malaria. Six of 
these individuals - all natives of India - suffering from 
malaria, during treatment for that malaria developed haemo­
globinuria. One was a follower and the other five were 
soldiers. The highest rank amongst them was lance-naik (lance 
Corporal). Pour of the patients were in their twenties, two 
*ere aged 35. One was a Sikh, two were Mussulmans, and three 
*ere Hindus. All of these patients had been in the Kharre 
Colima, three with Bazcol and three with Damco!. It is to be
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noted here that on the Kharre Column Razcol consisted of one 
battalion Ghurkas, one battalion British Infantry, one 
battalion Bajputs, and one battalion of the Frontier Force 
Rifles. Also a high proportion of the officer class were 
Europeans. The composition of Damool was equally mixed, 
except that there was no British Infantry battalion.

With this in mind we must consider more fully -

(1) R A G 3 S :-
The tern "race11 here also includes the sub-divisions 

by religion, since these two are often intimately co-related 
in India. The question of race is an important one from the 
point of view of diet, previous exposure to possibility of 
blackwater fever etc. Bone of the six patients were Euro­
peans; their composition is given above. In the large number 
of men at risk the laws of chance are such that no significance 
can be placed on this combination of cases, and this question 
of race will, therefore, not be further discussed.

(2) DIET:
One patient was a vegetarian, the others were meat 

eaters. This is not significant.

(8) A3B;-
Four of the men were in their twenties, and two were 

aged 35. This age distribution also is not significant.
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(4) PHYSIQUE:-
All patients were under-weight - four markedly so, 

but it is doubtful if this also is of any significance, as 
a very large number of equally sub-standard individuals, e.g. 
followers, had, and later did have, the same course of treat­
ment without ill effects. Therefore this factpr, per se. 
could not have played an all-important part.

(5) RAHK:-
It is admitted that all the men were private soldiers 

except one Lance-Corporal. .Again, this cannot be regarded as 
significant in any way. Such a distribution iw well within 
the limits of chance.

One other factor of major importance is the question 
of the drugs themselves and the control of their administration. 
In 1938, at the time of the occurrence of this "outbreak", the 
attitude of the -Army Medical Service towards atebrin and 
plasmoquine was that they were highly expensive drugs with 
powerful side-effects. The most stringent control was enforced 
in the administration of these drugs. All plasmoquine and 
atebrin in use in Razmak Hospital was stored in air-tight 
coloured bottles and kept in locked poison cupboards in my 
office. Tablets were administered to patients by a sub- 
oaaistant surgeon, who made sure that eaoh man swallowed his
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tablet. ^ register was kept of every individual receiving 
treatment. This register was checked frequently to ensure 
that there was no mis-use of drugs. The quinine solution 
was also checked frequently to ensure that it had not been 
diluted. These elementary details of hospital routine are 
recorded hereto forestall any criticism that the patients did 
not receive the drugs, or that they may have received an 
over-dosage. 3ach patient received the treatment recorded 
in his case sheet.

The next point in the discussion of the drugs used 
is a possibility of an increased toxicity. This will be 
discussed more fully in the chapter dealing with the various 
drugs, i.e. Chapters VI, VII and VIII. It is merely to be 
noted here that at no time was theye any obvious sign of 
colour change or deterioration in the atebrin and plasmoquine 
tablets, and the incidence of toxic effects was not higher 
during the period July-Sept ember than at any other time.

The atebrin used in the six oases came from three 
separate batches of the drug. The plasmoquine used came from 
two separate batches. One of the patients (No. 3) received 
0.04 grammes plasmoquine from one batch and 0.05 grammes from 
the second. Some tests were carried out with the last batch 
of each drug to attempt to detect any clinical sign of



93.

increased toxicity. These tests will be mentioned in a 
later chapter. They all gave negative results. The agent 
in India to the makers (Bayer & Company) was then approached 
and arrangements were being concluded for a conference on the 
question of oarrying out tests in their laboratories in 
Germany. By this time (1939) the clouds of war were gather­
ing and the tests had to be abandoned.

It is pointed out that one patient (Ho. 6) did not 
receive quinine.

DISCUSSION ON SYMPTOMS kND SIGNS.
In any discussion on intra-vascular haemolysea oertain 

of the signs are so important that they require to be dealt 
with in full. Such include the blood picture, including 
blood pigment, van den Bergh reaction, blood urea, etc., 
character of the attack or attacks of intra-vascular haemolysis, 
jaundice, and abnormalities of urine output and contents.
These are discussed in Chapters IV and V. Colic and cyanosis 
are discussed in Chapters VI to VIII.

Some information may be obtained from a consideration 
at this point of the findings on physical examination of our 
patients at the time of the intra-vascular haemolysea.
Consider first, temperature. With the exception of Case No. 6f 
who suffered only in very mild degree, each patient at the
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time, or in close relation to their lytic phase* developed 
intermittent pyrexia. Ihe degree of temperature rise bore 
a rough direct relationship to the degree of haemolysis.
Repeated haemolyses showed repeated rises in temperature.
In our treatment of the first patient the common mistake 
was made of presuming that the rises in temperature were 
caused by persistent malaria, which, if present, also could 
have been regarded as a part factor in the production of 
the acaompanying lysis; we were never able however to 
find any parasite in the blood films taken from the patient 
at the time of haemoglobinuria, and it is now realised that 
the temperature rises were due to haemolysis, not malaria.
Our mistake - as it undoubtedly was - led to the first patient 
being given 0.3 grammes intramuscularly of atebrin musonate 
daily on each of the first three days following the re-admission 
of the patient to hospital. fhis treatment failed to influence 
the fever. It is not thought that this treatment played any 
part in the fatal issue of this case. It was then realised 
that the fever was one effect of the haemolysis, and accordingly 
no anti-malarial drugs were administered to any of the remain­
ing patients after they had developed signs of intra-vasaular 
haemolysis,

1IVER:- was not enlarged in any patient, and was tender at the 
onset of haemoglobinuria in only one case (Patient Ro. 4)«



SPT.TiThTM:- at the onset of black water was enlarged in two 
oases, (Nos. 5 and 6), and was tender in one oase (No* 4)* 
These abnormalities rapidly disappeared.

TRjSATMENT USED IN TifiS BLACKWATER îaVER Ca SHS:-
The treatments recommended for blackwater fever are 

like the theories about its causation - they are numerous and 
generally of little value. If, as is usual at the time of 
the onset of blackwater, there is not present malaria severe 
enough to require administration of anti-malarial drugs, then 
there is no specific treatment for the black water. The 
condition is an intra-vascular haemolysis which does not 
differ, basically, in symptomatology and pathology from other 
intra*vascular haemolyses, e.g. incompatible transfusion.

The two most important problems arising with intra- 
vascular haemolyses are, firstly, anaemia; and secondly, 
changes in the kidney and its functions. Anaemia may be of 
such degree as directly to kill a patient. Anything up to 
four-fifths of the red cells may be destroyed within twenty 
four hours in a severe attack of lysis or in repeated attacks 
and secondly as regards the kidney changes these are of prime 
importance since it is estimated that in blackwater fever 
fifty per cent of thg deaths, i.e. about ten per cent of 
those attacked, are related to kidney damage.

Consider the anaemia. In a disease in which the



red cell count can fall rapidly and readily to values as 
low as or even lower than one million cells per ou.mra., the 
anaemia itself may be sufficient to kill the patient. This 
grave red cell loss must be made good, even at the risk of 
precipitating a further haemolysis, even although - as some 
workers suggest - the transfused cells from the donors are 
sometimes destroyed rapidly by the recipient patient. The 
problem of what happens to the red cell and its contents 
in blackwater fever haemolysis is a fundamental one. It 
requires to be studied in detail, and this will be done in 
Chapter IV. All that need be said here is thfct transfusion 
is not without risk, and should not be lightly undertaken, 
but in certain oases with severe anaemia, where the patient's 
life is in danger, risks must be taken and blood must be 
given.

The next question is that of changes in the kidney and 
in its functions. The problem here is two-fold, namely, 
treatment aimed at preventing kidney lesions, and treatment 
of established lesions of the kidney. In view of recent 
work, particularly the series of papers by Trueta and others, 
summarised in Chapter V, these two problems are not necessarily 
the same thing and, as with the problem of anaemia, can only be 
dealt with rationally following upon a consideration of the 
physiology and pathology of the kidney; these functions of 
the kidney are discussed in Chapter V.



SUMMARY. GHAPT5R II.

By 1938 the Army course of treatment for the usual 
type of malaria attack had become standardised to seven days 
atebrin 0.3 grammes daily, three days rest, five days 
plasmoquine 0.02 grammes daily. Due to press of circum­
stances two modifications of this were introduced in 
Waairistan in July 1938; these were, firstly a cutting- 
down of the atebrin to a five days course, with a cutting- 
down also of the rest period to one day instead of three; 
and secondly the establishing of a temporary convalescent 
depot to which all suitable patients were transferred to 
complete their treatment after they had been five days 
afebrile. This meant that the malaria patients generally 
received the whole of the plasmoquine oourse as out-patients. 
The convalescent depot was under medical command and was only 
two hundred yards from the hospital. These temporary 
modifications came into operation at the beginning of July 
1938 and were in use at the time the six individuals developed 
haemoglobinuria while undergoing treatment for malaria.

Pages 57 to 87 give summaries of the case records of 
each of the six individuals.

Perusal of the summaries shows:
(P) Only two of the six patients gave a history of having 

suffered from malaria previous to July 1938, namely
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Case No. 1 who had had benign tertian malaria in July 1936 
and olinical malaria in August 1936 both attacks being treated 
by the seven days atebrin, three days rest, five days plasmo­
quine course; and Case No. 2 who had had benign tertian 
malaria in July 1937, also treated by the seven days atebrin, 
three days rest, five days plasmoquine course.

In this connection it is to be remembered that Army 
medical documentation at that time was very carefully main­
tained. It is certain that none of the patients had had 
any malaria during the whole of their Army service, other 
than that recorded above.

In four of the patients, therefore, the attack of 
malaria following the Kharre move was apparently their first; 
certainly in all the four it was the first attack any of them 
had had sinoe joining the Army. Only in Case No. 6 was the 
spleen enlarged, and that was after fourteen days of untreated 
malaria.

(2) Prophylactic atebrin had been given to three only of the six 
men; the other three were with the Damdil Column on the Kharre 
move and therefore were not among those given prophylactic 
atebrin.

(&) Three of the men first showed overt malaria in Bazmak and two
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in Thai Fort, both of which places were non-malarious 
areas; it is reasonably certain that these five had been 
infected during the Kharre Column; one patient. Case No.6, 
developed malaria in Damdil Camp after the move and it is 
admittedly possible that he was infected in Damdil whioh 
was mildly malarious.

(4) In all six patients the diagnosis was "fresh benign tertian 
malaria". The diagnosis was made by me and the blood-slide 
findings were confirmed by a member of the laboratory staff. 
After the development of haemoglobinuria the original 
slides were again examined; no trace was found of a mixed 
infection. These original slides were available fortunate­
ly because at that time all malaria slides were being kept 
until each patient had completed his treatment.

(5) Five of the patients received quinine; all received a 
full five day course of atebrin; and all were still 
receiving plasmoquine at the time of onset of the haemo­
globinuria* excepting case No. 2.

(6) Four of the six patients, the first four, had been trans­
ferred to the Convalescent Depot after completion of the 
atebrin course and were receiving plasmoquine as out­
patients at the time they developed haemoglobinuria. The 
remaining two patients were bed-patients in hospital at 
the onset of the black water.
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(7) In each patient the number of attacks of lysis was 

multiple excepting Case No. 6, who had two attacks.

(8) Only one patient was given blood transfusions; he 
received two; the subsequent course strongly suggested 
that at least a large number, if not the whole of the 
transfused normal red cells were also destroyed in phases 
of lysis following each transfusion.

(9) One patient developed anuria from whioh he died.

An analysis was made of various faotors which may 
have been of importance, e.g. race, religion, age, rank, 
dietary habits, etc. Nil significant was found. The dis­
tribution of these various factors was such as might be found 
in any chance selection from the population at risk.

The next factor considered was that of the drugs used. 
The first point was whether the dosages reported in the case- 
sheets were what the patients actually received; it was shown 
that every precaution had been taken and that the drug dosages 
were almost certainly as stated. The seoond point was whether 
there may have been increased batch toxicity of any one drug. 
This was shown to be very unlikely.

Two other questions raised in this chapter were 
temperature and anaemia.
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In each case the temperature was raised with each 

attack of lysis. At first this was thought to be a recurrence 
of the malaria but after the first case had failed to respond 
to anti-malaria therapy it was realised that the temperature 
was due to the haemolysis. All blood films taken at the onset 
of lysis in each individual were negative for malaria.

The question of treatment of anaemia was briefly dealt 
with. Transfusion should not be lightly undertaken but may be 
required to save life in certain cases.

Other important problems, e.g. kidney involvement, were 
left for fuller discussion in later chapters.
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C H A P T E R  III* 
IHTRAVA SOULAR HAEMOLYSES

102 •

This work is concentrated round the problem of 
intra-vasoular haemolysis whioh developed in Razmak in 1938 
in sis of a large number of patients undergoing treatment for 
malaria* The impression has been given in the preoeding 
ohapters that the diagnosis was blackwater fever in each of 
the six patients. There are many and varied other causes of 
intra-vasoular haemolysis and of conditions closely simulating 
intra-vascular haemolysis; it is necessary therefore to 
consider at this stage whether the diagnosis of blackwater 
fever is the likely one or whether some other condition more 
adequately explains the "outbreak”. This consideration of 
other likely conditions may also be of value in that it may 
throw light on the problem of intra-vascular haemolysis in 
general•

So far the only definite finding reported in the six 
oases has been that of haemoglobinuria, which of course may be 
produced by diseases other than those causing intra-vascular 
haemolysis. French (1936) gives a list of causes of haemo­
globinuria as follows:

1* Oral administration of substances such as potassium
Chlorate, ether, phenjdhydrazine, turpentine, pyro- 
gallic acid, naphthol carbolic acid and various other
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acids, glycerine, carbon tetrachloride, sulphonal and 
allied substances, tannin, saponin, strychnine, 
urotropine, impure aspirin and possibly quinine.

£• Inhalation of certain gasec, e.g. carbon monoxide,
naphtha vapour, arseniuretted and other hydrogens, etc.

3. Incompatible blood transfusions (this should also include
high-titre plasma transfusions).

4. Intravenous injections of noxmal horse serum and of other
sera suoh as anti-tetanic serum, etc.

5. Poisons from snakes, toads, spiders.

6. Bioin, abrin, cortin, phthallin, etc.

7* Poisonous mushrooms, toadstools* truffles.

8. Frost-bite and extreme exposure to cold.

9. Severe burns.

10. Large internal extravasations.

11. In a few cases of pregnancy associated with toxaemic
symptoms.

12. Certain functional disorders of the vasomotor system, e.g.
Raynaud*s disease, factitious urticuria, and angioneurot­
ic oedema •



13. long-sustained physical exertion and fatigue.

14. Microbial toxaemia* e.g. malaria, less commonly syphilis,
typhoid, anthrax and yellow fever.

15. Henooh*s purpura.

16. Certain cases of nephritis.

17. Paroxysmal haemoglobinuria.

The above list is incomplete and unsystematic. A 

better approach to the problem is given in Whitby and Britton 
(1946) in a discussion on the larger problem of haemolytic 
anaemias which these authors regard as a group where the 
essential pathological process is an excessive intra-vascular 
destruction of red blood corpuscles. It should be noted that 
haemoglobinuria may be a symptom of almost any haemolytic 
anaemia. fhe classification of Whitby and Britton is on a 
causal basis; a modified version of it is given below.

CAUSES Off HAiaHOLYflO

A. foxio, infective, or poisonous factors; (exogenous)
1. Infections: malaria, streptococcal and staphylococcal

infections, C.welohii, oroya fever.
2. Poisons: lead, phenylhydrazine, sulpha drugs,

sulphones, benzedrine, potassium chlorate
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arsenicals, toluyldiamine and allied drugs, 
potassium, saponin, ricin, snake venom.

3. Allergy: favismus, Baghdad Spring Ahaemia, drug
idiosynoracies.

B. Due to haemolysins (endogenous)
1. Incompatible blood transfusions; (also to be included in 

this group are the reactions with high-titre 
plasma transfusions where the rdd cells of 
the recipient may be lysed.

2. Rhesus-faotor incompatibility.
3. Paroxysmal haemoglobinurias; a. syphilitic type

b. march haemoglobinuria.
c. paralytic myoglobinuria.

4. Acquired haemolytic icterus (acquired acholuric jaundice).

C. Due -possibly to an anomaly of the erythron, congenital or 
acquired.
1. Haemolytic icterus (congenital).
2. Sickle-cell anaemia (African anaemia).
3. Mediterranean anaemia (Cooley*s anaemia).
4. nocturnal haemoglobinuria.
5. Physical factors affecting the erythron, e.g. severe hurns. 

unknown origin.
1. Acute idiopathic haemolytic anaemia. (Lederer*s anaemia) 

Subacute or chronic idiopathic haemolytic anaemia.



3. Symptomatic haemolytic anaemia
106

This classification is a great improvement on the one given by 
French although this too is incomplete; it is well to remember 
that, as recently pointed out by loutit and Mollison (1946), 
there are many cases of anaemia apparently haemolytio in 
character which do not come into any of the above categories.

Certain of the above causes of haemoglobinuria must 
enter into the differential diagnosis of the six Rasunak cases 
and will be considered in detail therefore. To facilitate 
reference this discussion will follow the order given above, 
although it is not the order of importance as likely causes in 
our cases.

Firstly:
■A* Toxic infective and poisonous factors:

1. Infections: Obviously malaria is the most important 
of this class. It will be discussed 
separately in Chapter IX. Other diseases 
listed above are also capable of produc­
ing haemolytio anaemia, for example the 
haemoglobinuria sometimes found in gas 
gangrene and in certain cases with coccal 
infection.

There was no trace of any infection 
other than malaria in the cases under
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8. Poisons.

fa':.

consideration, and accordingly the other 
infections do not require to he consider­
ed further.
Phis is an unsatisfactory group; the 
list given above is very incomplete; 
there are many toxio substances which 
have not been mentioned. Pbr example, 
there is no mention of the anti-malarial 
drugs although they are so important 
that Chapters VI, VII and VIII have been 
devoted to them. Another criticism of 
this portion is that it classifies 
together poisons which produce their 
effects in different ways; some produce 
anaemia by toxio effects on bone-marrow 
function; some drugs such as phenyl- 
hydrazine appear to have a direct 
destructive action on the red corpuscle; 
certain others act in some way or another 
to render the red cell more susceptible to 
ordinary destructive processes, well seen 
in chronic lead poisoning in which the 
abnormal red cells are destroyed in large 
numbers by the ordinary processes.



Phis question of poisons as a
possible oause of the haemoglobinuria
in our patients is one that had to be
very oarefully investigated. In India 
the great mass of the population is
very ignorant, with a touching faith in 
the effioaoy of drugs; furthermore there 
is no real control of the sale of any 
drug, no matter how dangerous; and, 
again, haemolytic drugs, e.g. the 
anthelmintics are freely used in every­
day medical practice. Consequently in 
any case of haemoglobinuria developing 
in a patient in India, the possibility 
of self-medication must be seriously 
considered. Sintcn (1936) gives a
striking example of this. Phis possi­
bility was always in our mind. Fortun­
ately in Raamak the few traders allowed 
to live in the Camp were under military 
rule; and one instruction rigorously 
enforced upon them was our control over 
everything sold by these merchants.
Phey were not permitted to sell any drug 
with any toxic properties. In 1938 I



was in medical charge of the bazaar 
shops, and am certain that our patients, 
no matter how anxious, could not have 
obtained any dangerous drug from the 
bazaar; the only other source of haemo- 
lytio drugs was the hospital itself. A 

description has already been given of the 
care taken to prevent unauthorised use 
of atebrin and plasmoquine and the same 
remarks apply to all other drugs with 
toxio properties, especially the sulpha 
group of drugs and the anthelmintic drugs 
which were in such demand in the open 
market. Both the sulpha group and the 
anthelmintic drugs were classed as 
poisons and were guarded as such. With 
such controls in operation it is reason­
able to presume that the only drugs taken 
by the six patients were the drugs 
recorded in the case sheets. The com­
pounds particularly important as regards 
haemolysis are quinine, plasmoquine and 
to a lesser extent atebrin; these are 
discussed in Chapters VI - VIII.

Phis mention of quinine opportunely
leads to the next section, namely
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Zm Allergy: fhe first two types of allergy mentioned as
capable of producing haemoglobinuria are 
favism (fabism) and Baghdad Spring Anaemia. 
The most important, drug idiosyncrasy, is 
left to the last. Neither favism nor 
Baghdad anaemia played any part in the 
production of disease in the six Razmak 
cases and it need only be said that both of 
these conditions are examples of a haemolytic 
anaemia due to acquired sensitivity to 
certain vegetables and pollens; In Baghdad 
anaemia the antigen is Verbena hybrida; and 
in favismus, which is fairly widespread on 
the Mediterranean littoral and in America 
the afflicted individual is sensitive to 
Vicia fava the bean plant; severe reactions 
have been reported even from inhalation of 
the pollen of the flower; some cases have 
proved fatal, with jaundice and with haemo­
globinuria. It i.s proper here to ask 
whether favismus may reasonably be consider­
ed as a possible alternative diagnosis in the 
much-discussed oases quoted by Hippocrates, 
fhe last of the alletgic conditions, and by 
far the most important, is that of drug
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allergy. Allergy in general and drug 
allergy in particular will enter repeatedly
into our discussions on the likely causes of 
the haemoglobinuria in the six Raamak patients. 
This is a suitable place, therefore, for a 
short preliminary discussion on the subject of 
drug idiosyncrasy; the particular type of 
drug hypersensitiveness to be discussed is 
allergy to sulpha drugs which is chosen because 
of the importance of this group and because 
this allergy is typical of drug allergies in 
general. It has already been pointed out that 
there is no suspicion that these drugs played 
any part in the causing of the disease in the 
Raamak cases.

Whitby and Britton, above, olassify sulpha 
drugs under section 2, that is "poisons”. 
Undoubtedly these drugs do have toxic side- 
effects bprt the important and dangerous 
reactions, e.g. haemoglobinuria, are manifesta­
tions of drug hypersensitiveness and are there­
fore discussed here.

In any discussion on drug hypersensitivity 
it is to be kept in mind, as Zinsser et alia 
(1944) have pointed out, drug idiosyncrasies
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are truly immunological forms of hypersensi­
tiveness in that "••••• antigenic compounds 
specifically oriented by non-antigenic groups 
may be formed in the body by combinations of 
the extraneous material with body protein".
That is, the drug acts as a haptene.

Work on the sulpha drugs began following 
the introduction of prontosil by Domagk in 
February 1935. Almost immediately Trefouel 
et alia (1935) showed that the active 
principle was para-amino-benzene-sulphonamide; 
this was supported by Colebrooke et alia 
(1936). Since that time over three thousand 
new compounds have been produced from the 
parent molecule of sulphonamide. Of all these 
only a very few have been successfully utilis­
ed in treatment.

Five derivatives will be considered here, 
namely: sulphanilamide, sulphapyridine,
sulphathiazole, sulphadiazine and sulphaguani- 
dine; there are newer compounds of importance 
but information on them is insufficient to 
allow of discussion. In all these active 
compounds the effective nitrogen or nitro or 
amino or isubstituted amino group is in the



para position in the benzene ring. It is 
necessary to mention the chemical make-up 
since this furnishes an example of the 
remarkable way in which minor modifications 
in the molecule may markedly influence drug 
reactions. The five graphic formulae are 
given on plate R'o. XII, page 114. All of 
these substances are foreign to the body and 
are chemical poisons; the body therefore 
attempts detoxification; one stage of this 
process is acetylation. This has a bearing 
on one of the earliest recorded toxic effects 
of sulpha drug administration, namely haema- 
turia which sometimes is followed by anuria; 
sulphapyridine and sulphathiazole are espec­
ially dangerous in this respect whereas 
sulphanilamide practically never shows this 
particular side-effect. The effect is a 
true toxic one and should more properly be 
discussed under section 2 above, but is dealt 
with here for comparison with other similar 
complications which are truly allergic in 
origin, e.g. haemoglobinuria which also may 
be followed by anuria. The explanation of 
the haematuria and the occasional related
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anuria is that in the process of aoetylation 
crystalline compounds are formed, e.g. 
acetylsulphapyridine crystals, which have a low 
solubility in aqueous solutions; the excretion 
of the sulpha drugs is chiefly by way of the 
kidneys, by glomerular filtration with about 
seventy per cent re-absorption in the kidney 
tubules. During the passage of the solution 
from the glomeruli to the pelves the acetyl 
compounds crystallise out, causing haematuria 
from damage to the tissues and sometimes causing 
anuvia from mechanical blockage of the urinary 
passages. These toxic effects are by no means 
uncommon; Klumpf and Weilerstein (1940) mention
an incidence of six per cent of such effects 
due to precipitation of orystals in patients 
treated with sulphapyridine and sulphathiazole; 
this incidence is similar to that reported by 
long et alia (1940); in a large series of cases 
they found haematuria in eight per cent of 
patients taking sulphapyridine and in two and a 
half per cent of patients taking sulphathiazole. 
These authors did mention also that anuriq in 
sulphai drug administration may be due to a true 
toxic injury to the tubules of the kidney.
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Tragerman and Goto (1940) also quote one of 
five fatal oases of sulpha poisoning in which 
the post-mortem findings supported the suggest­
ion of long et alia.

Although the crystals are precipitated in 
the tubules the danger of anuria appears to 
arise from plugging of the renal pelves and 
the ureters by concretions. Anuria, azotaemia, 
and even death may follow this plugging which is 
a mechanical process; at autopsy the kidneys 
show extreme dilatation of the capsules and 
tubules. It is important to note these typical 
post-mortem findings which are markedly dis­
similar to those found in patients dying with 
anuria following haemolytic reaotions due to 
sulpha drugs, or to any other cause of haemoly­
sis. Another true toxic change due to sulpha 
drugs is the formation of intracorpuscular 
methaemoglobin the occurrence of which is 
directly related to the level of the particular 
compound in the blood. With a blood level 
of four milligrammes per cent most patients 
will show cyanosis; Harris and Michel (1939) 
reported a series of 476 patients of whom fifty 
eight per cent showed methaemoglobinaemia and
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eight per cent showed sniphaemoglobineemia.
The two complications mentioned above, 

haematuria with oooasional anuria and methaemo- 
globinaemia, are due to simple poisoning; they 
are not allergic reactions and more properly 
belong to the section on poisons. They have 
been placed here as a comparison with those 
other effects of sulpha drug administration which 
more closely concern us, namely those due to 
idiosyncrasy to the group, or to any one of the 
group. Hypersensitivity reactions shown by 
affected individuals following ingestion of the 
offending sulpha drug include drug fever, skin 
reaotions, agranulocytosis, and haemolytio 
anaemia. This last effect is the important one 
from our point of view; it is not a rare finding 
and strangely the drug usually implicated is 
sulphanilamide. Figures quoted by long et alia
(1940) are;

NOl of oases.1000 297 271
Complication Drug. Sulphanilamide. Sulphapyridine. Sulpha­

thiazole.
Drug fever 10$ 4$ 10$
Aoute agranulocy­

tosis 0.1$ 0.3$ ?
•Acute haemolytio
anaemia (lst-5th day) 1.8$ 0.6$ ?
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Bennet and Ware (1941) reported twenty one oases 
of aoute haemolytic anaemia in 522 oases treated 
with sulphanilamide; this is a much higher 
incidence than the averages found in several large 
series of cases. This haemolytio anaemia should 
not he confused with the anaemia caused by the 
depressant effect of the drug on the bone marrow.

Schnitker (1942) sums up the problem by say­
ing that the haemolytic anaemia must be due to an 
idiosynorqsy, to a peculiar susceptibility. Points 
in favour of this are: the condition practically
invariably develops within a few days after 
commencement of drug administration; the haemo­
lysis whioh sets in tends to continue its course 
even after the blood and tissues are free of 
sulphanilamide; the condition usually recurs if 
another course of the drug is begun; and in 
certain of the cases reported the dosage sufficient 
to produce haemolysis has been remarkably small, 
e.g. Pe and Xonar (1940) reported a case where one 
gram of prontosil apparently caused a rapid fall 
in haemoglobin, with methaemoglobinuria and death. 
In certain of the patients this haemolytic process 
may be severe, with a large number of red cells 
haemolysed; haemoglobinuria may occur, with



119.
large quantities of methaemoglobin in the urine.
In a few oases this may progress to anuria and to 
death. Grilligan and Kapnick (1941) olaim to 
have found strikingly increased fragility of the 
r*d corpuscles during very acute phases of the 
haemolysis. In this connection Fox and Ottenburg 
(1941) have shown that the blood serum after acute 
haemolysis contains more methaemoglobin than was 
present in the remaining intact red blood oor- 
pusoles, suggesting that it was the methaemoglobin- 
containing cells which had lysed. This isolated 
finding calls to mind the suggestion by Thomson 
(1924a) that the lfbrassynoorpuscles of malignant 
tertian malaria can act as an antigen. The 
plasma also shows oxyhaemoglobin and methaemalbum- 
in in such cases of haemolytic anaemia of any 
marked degree.

In those patients with haemoglobinuria in whom 
the condition progresses to death the post-mortem 
changes in the kidneys are the same as those in 
other haemoglobinuriast e.g. blackwater fever; 
these changes are very different from those 
reported above as being found in individuals 
dying of anuria following blockage of the urinary
channels. It was to establish this important
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difference that sulpha drug sensitivity has been 
so fully discussed.

Haemolytic anaemia due to haemolysins (endogenous)
1. Incompatible blood transfusions.

The general problem of auto-agglutination has
been discussed by lubinski and G-oldbloom (1946)
in their report on a boy with acute haemolytic
anaemia associated with auto-agglutination over
a thermal amplitude of 0  37 degrees Centigrade.
These authors consider that agglutination may be
subdivided into:
a. luto-agglutinins active only at refrigerator 

temperature; these occur in many normal 
sera.

b. iuto-agglutinins active only at room tempera­
ture; usually found in diseased individuals, 
but may be found in normal individuals.

c. luto-agglutinins active only at body tempera­
ture; this last type appears to be confined 
to a very small group of individuals who show 
haemolytic anaemia; the authors found only 
four cases in the literature in which auto- 
agglutination had been clearly shown to be
active at 37°Centigrade. They add one



121.

further case. Obviously this condition 
is one of the greatest rarity and is of no 
practical importance.

There are other conditions however which are 
associated with naturally-occurring agglutinins 
and which are of much practical importance, is 
is known, following a normal compatible trans­
fusion the donor*s cells are only slowly destroyed 
by the recipient at a rate approximately that of 
the destruction of the patient*s own cells, that is 
about one per cent daily; there is therefore no 
sign of increased blood destruction following a 
compatible transfusion, in which the essential 
condition is that the donor's oorpuscles should be 
inagglutinable by the recipient's serum; there is 
oertainly a possibility of agglutination of the 
reoipient's corpuscles by the donor1 a serum; in 
actual practice the chances of the latter reaction 
are almost negligible because of the dilution of 
the donor's plasma by the much greater volume of 
that of the recipient, and because of the great 
disproportion that exists between the tfolume of the 
injected plasma and the volume of the recipient's 
red cells. Very occasionally however a severe 
reaction can occur from this cause, e.g. Hubert et
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alia (1942) from experiments with exceptionally 
high-titre incompatible agglutinins point out that 
the injection even of plasma containing such will 
cause intra-vascular agglutination and haemolysis 
of the recipient's cells. This would especially 
be true of course if a rapid massive transfusion 
from an incompatible high-titre donor is made into 
an exsanguinated recipient with a greatly reduced 
blood volume. This is academic from our point of 
view; the important thing is the reaction follow­
ing upon an incompatible transfusion. The sequence 
of events in such cases has thrown light on other 
intra-vascular haemolyses. When incompatible 
blood is transfused the majority of the donor's 
cells are usually eliminated within a few hours. 
There are also changes in the titre of the agglutin­
ins in the patient's serum; firstly there is a 
reduction for one-two days after transfusion, 
suggested by Mollison (1943) to be due to absorp­
tion by the incompatible red cells; this is 
followed by a rapid increase which reaches its 
highest level ten to twenty days after transfusion. 
Mollison records an unusual and striking example of 
this. A patient showed a reaction after the first 
five ccs. of a transfusion; she was thought to be



neurotia and was given omnopon and five hundred 
more cos.of incompatible blood within an hour and 
a half; ahe then had a rigor but was given another 
five hundred ocs. within three hours. The patient 
failed to develop either jaundice or urine changes* 
Iiater she was found to have an anti-A titre of 
262,000* Haemagglutinins therefore exhibit the 
features of true antibodies.

Agglutination is progressively more rapid and 
complete as the temperature is lowered to 0°C.
Like other agglutinins they are found in the 
globulin fraction of the serum and are present in 
low titre in the body fluids rich in protein, e.g. 
milk and lymph. As with true antibody reactions 
the administration of even a small amount of 
incompatible blood, even ten ccs. may precipitate 
severe symptoms with development of khat Whitby 
and Britton termed "haemolytic shock". The most 
important feature of the problem is that the 
terminal stages of those surviving the immediate 
reaction are sometimes characterised by renal 
failure. This finding of renal failure is common 
to many similar haemolyses, e.g. blackwater fever, 
and is considered in detail in Chapter V. In 
passing, the remarks of Whitby and Britton (1946)
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may be quoted; they state that a widely-held 
opinion is that the kidney damage is due to 
arterial spasm and ischaemia, this view being 
Bupported on clinical grounds by the striking 
early symptoms of lumbar pain before pigpient 
deposition. They think that the spasm is due to 
release of depressor substances from broken-down 
red blood corpuscles; this depressor substance 
is also thought to cause dilatation of the 
capillary bed and a sharp fall in blood pressure. 
This point of view is in line with the suggestion 
that the kidney changes in crush injuries are 
caused by liberation of a toxic substance from the 
damaged tissues. This question of ischaemia is 
dealt with in Chapter V.

B. 2. Rhesus factor incompatibility.
landsteiner and Wiener (1940) were the first to 
identify this Rhesus factor. It was identified 
during investigations of unusual reactions in 
certain persons after multiple transfusions, and 
of unusual reactions in pregnant women, and in 
women recently delivered. This agglutinin is now 
recognised to be the cause of the erythroplastio 
anaemia of infants in the neo-natal period, when 
the infant is Rhesus positive and the mother is
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Rhesus negative. Roughly fifteen per cent of 
the population is Rhesus negative; administration 
to these individuals of blood containing Rhesus 
factor, or in the case of females the production 
of a child whose blood is Rhesus positive, will 
lead in about ten per cent of such cases to the 
production of anti-Rhesus antibody, and thereafter 
any further administration of Rhesus positive 
blood will cause intra-vascular haemolysis similar 
to that seen in incompatible transfusions.

This condition of Rhesus sensitiveness played 
no part in the production of the haemoglobinuria 
in our cases since none had previously had a blood 
transfusion and all were males. We need consider 
this condition no further.

B* 3. Paroxysmal haemoglobinuria s.
This is a heterogeneous group of conditions classed 
together only on the basis of the paroxysmal 
nature of the haemoglobinuria.

It is necessary to discuss these seriatim, 
firstly to consider whether our oases of haemo­
globinuria may conceivably have been the result 
of any one of the group, and secondly to obtain 
information on the problem of intra-vascular 
haemolysis.
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a. Syphilitic paroxysmal haemoglobinuria:

In a small proportion of individuals with 
established syphilis, congenital or 
acquired, cooling of the blood to 0°0. for 
ten minutes followed by warming of it to 
37°C. for a short time causes lysis of a 
certain proportion of the red cells.
Lonath and Landsteiner (1904) and Eason 
(1906) showed that the condition was due to 
an autohaemolysis in the blood of the 
patient. Haemoglobinuria may result in suoh 
affected individuals following exposure to 
tfold. The presence of this haemolysis oan 
be illustrated therefore in vitro and in 
vivo.

The in vitro test, known as the Donath- 
Landsteiner reaction, was made in all our 
oases and was negative in each case. Sero­
logical reactions for syphilis were also 
negative in each case.

This condition of syphilitic paroxysmal 
haemoglobinuria therefore did not cause the 
haemoglobinuria seen in the six Razmak cases.

b. .March haemoglobinuria (exertion haemoglobinuria)
This is said to be a rare condition in which 
increased haemolysis and, more rarely,



haemoglobinuria may follow exhausting 
exercise in the upright position. The 
condition was first described by Pleisober 
in 1881. The maintenance of the upright 
posture seems to play a definite part in 
the production of signs and symptoms; as 
long ago as 1914 Porges and Strisower 
claimed to have produced haemoglobinuria by 
exercising the patient for a few minutes in 
a lordotic position. Witts (1936) also 
stated that lordosis may be a contributory 
factor. Similarly Gilligan and Blumgart
(1941) stated that if a man marches wearing 
a plaster oast to keep him from straighten­
ing he does not develop symptoms.

Other workers who claim to have proved 
that the erect posture is necessary for the 
production of haemolysis are Palmer and 
Mitchell (1943) and Lowbury and Blakeley 
(1948). The condition has been described 
at the beginning of this paragraph as a rare 
one but actually there is a remarkable 
difference of opinion on this point.
Palmer and Mitchell (1943) found only four 
oases among 75,000 admissions to Canadian
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Military Hospitals but Feigl (1916) claimed 
to have found haemoglobinuria in seventy 
per oent of twenty-six people who had marched 
about twenty-two miles, and Grilligan et alia 
(1943) found haemoglobinaemia in ten out of 
twenty-two men after a short cross-country 
run, and in eighteen out of twenty-two after 
a long cross-country run.

The answer probably is that mild haemo­
globinaemia is possibly not an excessively 
rare finding in individuals after really 
strenuous exercise but it is very rarely so 
great in amount as to lead to haemoglobinuria. 
One interesting feature from the point of 
view of certain other causes of haemoglobin­
uria, particularly blackwater fever, is the 
suggestion by Witts (1936) that in march 
haemoglobinuria the lysis is a local one, in 
the renal vessels; Whitby and Britton (1946) 
supported this suggestion on the grounds that 
the patients do not show haemoglobinaemia.
This suggestion of a local haemolysis in the 
kidneys is exactly that brought forward by 
certain workers to explain the haemolysis of 
blackwater fever. The theory of Witts is



129.

not accepted by the majority of workers and 
there are apparently authentic reports in 
literature of the finding of blood pigments 
in excess in the plasma, which would 
support the theory that the haemolysis is 
intra-vascular, e.g. lowDury and Blakeley 
(1948) claim to have demonstrated oxyhaemo- 
globinaemia in their case.

There is nothing to support the 
suggestion that this condition played any 
part in the causation of the haemoglobinuria 
shown by our six oases; admittedly these 
six men had undergone considerable strain in 
July 1938 but there was a time interval of 
days and even weeks between that strain and 
the developing of the black water. The only 
justification for this rather full consider­
ation of an obscure condition is that it may 
throw light on the processes at work in other 
intra-vascular haemolyses. The close 
relationship of this disease with exertion 
has led to the theory that the pigment may be 
from breakdown of muscle such as occurs in 
the rare condition of paralytic myoglobinuria 
and in the relatively common condition of
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crushed kidney. There is no evidence 
however to support this; muscle pigment 
has never been found in the blood or urine 
and Lowbury and Blakeley (1948) aspirated 
a small amount of fluid from a muscle of 
one such patient during and after exercise 
and found nil abnormal. i'urther they 
exercised an arm with the circulation out 
off and blood from the arm after exercise 
showed nil abnormal. One other suggestion 
which has a bearing on other haemolyses is 
that brought forward by Porges and Strisower 
(1914) that the haemolysis is a result of 
the contraction of the splenic vein, which 
would occur particularly in the lordotio 
position. Certainly the factor of posture 
appears as important as exercise, for 
example the patient quoted by lowbury and 
Blakeley (1948) developed severe haemoglobin- 
uria after pulling upon a rope whereas 
vigorous swimming and "cycling11 on the back 
with the hands beliind the buttocks failed to 
produce any haemoglobinuria• These authors 
suggest that the explanation of orthostatic
albuminuria may be somewhat akin to the
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explanation of maroh haemoglobinuria • In 
this connection the British Medical Journal 
(1942) suggested that stasis with consequent 
haemolysis occurs in some organs when 
exercise is taken in the erect posture.

The aetiology of this condition is not 
yet established; the above suggestions are 
speculative and have been recorded only as 
a possible contribution to the solving of 
the problem of the renal lesion common to so 
many conditions with widely-differing 
aetiologies, e.g. crush syndrome, cholera,etc.

•Paralytic myoglobinuria.
This is an excessively rare condition. Only 
five cases have been reported in literature. 
This disease certainly need not be consider­
ed in the differential diagnosis of our six 
cases. There are two reasons why it is 
discussed here. The first reason is that 
given for other discussions in this chapter, 
namely that possibly a consideration of this 
condition may conceivably throw light on the 
obscure processes of intra-vascular haemolysis. 
The second reason is that a study of this 
condition is imperative in view of the



relatively recent establishing of the so- 
called "Crush syndrome", a condition 
regrettably common in the earlier years of 
the war and one of much importance. It 
requires some consideration in this para­
graph also.

It should be said here that neither crush 
syndrome nor paralytic myoglooinuria are 
considered in.the differential diagnosis of 
the Razmak cases; our discussion of these 
two conditions is meant to be a step towards 
obtaining a broad general background to the
many problems of intra-vascular haemolysis 
and those other conditions which are capable 
of producing renal lesions identical with 
the lesions found in certain individuals 
after intra-vascular haemolysis.

A condition which throws some light on 
the problem of paralytic myoglobinuria is 
that of equine myoglobinuria, a condition of 
horses which is characterised by rapid 
pathological changes in certain voluntary 
muscles and by discolouration of the urine 
with myoglobin. This disease attacks 
healthy horses which have been rested for a
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few days on full working diet; the onset 
of the condition occurs when the horse is 
taken out for the first time after the period 
of rest; there is hardening of certain 
muscles with loss of muscular power and the 
passing of coffee-coloured urine. There are 
two theories ah to causation; the first is 
that the condition is a compensatory reduc­
tion of excessive number of red cells with 
the reduction taking place in the capillaries 
of the affected muscles. The second theory 
is that during the period of rest, muscle 
glycogen is deposited in excess; when the 
horse is exercised there may occur accumula­
tion of sarcolactic acid with secondary 
degeneration of muscle and liberation of 
muscle pigment. another condition, found 
this time in man, which resembles paralytic 
myoglobinuria is that called "Haffkrankheit", 
a disease found in the German town of Kdnigs 
berg; it has been traced to the eating of 
fish which have been poisoned by trade 
effluents discharged locally; the affected 
individuals show myoglobinuria with post­
mortem changes similar to those seen in
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equina myoglobinuria. Those two conditions 
provide us, therefore, with different 
aetiologies giving the same clinical picture, 
one disease being a metabolic disorder of 
some description and the other a true poison­
ing* With these possibilities in mind we 
may now discuss the excessively rare condition 
of paralytic myoglobinuria. The muscles 
affected in this condition are the striped 
muscles as was the case in the qquine disease. 
Voluntary muscle contains two pigments, namely 
oytoohrome and myoglobin (muscle haemoglobin, 
myoohrome). This myoglobin has a different 
absorption band from that of haemoglobin and 
it is myoglobin which is found in the blood 
and urine of patients suffering from this 
rare disease. This pigment myoglobin is the 
muscle respiratory pigment with functions 
resembling those of haemoglobin. One import­
ant practical point is the statement by Yuile 
and Clark (1941) that due to the smaller size 
of the molecule of myoglobin, it is cleared 
from the blood much more rapidly than is haemo­
globin and consequently neither myoglobin nor 
its breakdown products occur in the blood.
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Bywaters and Bible (1943) state that there
are on record only seven cases of this
excessively rare condition and they add one
more to the literature. Their list includes
the oases reported hy Meyer-Betz (1910-1911)
who reported male aet. 13, Paul (1923-1924)
reported one female aet. 24, Gunther (1924)
reported one case male aet. 54, Hittmair
(1925) reported one case female aet. 41,
Debre et alia (1934) reported one female
aet. 3, Huber et alia (1938) report one case
male aet. 4, Millikan (1939) reported one 
oase adult male.

Certain of these references have not been 
seen by me.

Shortly afterwards louw and Ifielsen (1944) 
reported another case in a boy of ten years; 
they claimed that the history went back four 
generations, always in males.

Death may occur with uraemia; in the 
fatal case reported by Bywaters and Dible, 1 

post-mortem examination showed patchy degen­
eration of the pectoralis major muscle and 
also severely-damaged second convoluted 
tubules in the kidneys. The microscopic 
picture in the kidneys was identical with that
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found in crush syndrome kidneys. It is 
sufficient to close this discussion with the 
note that this disease has provided us with 
an example of a condition where pigment 
olosely related to haemoglobin is released 
in quantity in the body and is excreted 
through the kidneys, in which lesions may 
afterwards be found which are indistinguish­
able from those found in certain intra- 
vascular haemolyses.

Paralytic myoglobinuria therefore is a 
naturally-occurring example of processes now 
so well-known in "crush syndrome” which
advantageously may be considered at this
point. In 1941, when grave and extensive
crush injuries were common among air-raid
casualties, Bywatera and Beall (1941)
reported four cases of crush injuries with
secondary renal impairment. This report was
soon followed by other similar papers. It
was seen that the condition in such cases
followed a fairly uniform course in which,
following upon a severe injury generally of
a crushing nature with much muscular contusion,
secondary shock develops with a fall in blood
pressure and haemoconcentration; when this
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is treated the patient rallies, only to 
succumb some days later with anuria. When 
they reported this syndrome Bywaters and Beall 
then thought it to he an entity previously not 
reported; one suggestion was that this 
syndrome had not been seen in pre-war indus­
trial and traffic accidents of crushing nature 
possibly because the patients died of secondary 
shook without getting aotive resuscitation, or 
that early amputation of extensively injured 
limbs had prevented the development of this 
condition.

In 1942 Bywaters and Bible stated that 
kidney lesions similar to those seen in "crush 
kidney" are found in such unrelated conditions 
as incompatible transfusion, blackwater fever, 
etc.

It was incorrect to presume that this was 
a newly-discovered entity. Although nothing 
had appeared in Unglish literature this syndrome 
had been fully reported during the first World 
war; its significance escaped notice then; in 
1935 Minami again drew attention to the syndrome 
and gave the credit for the first work to
Hackradt (1917); I have not seen this last



which is in the form of a thesis.
The important aspect of this problem is the 

question of the cause or causes of the renal 
lesion. In this condition there is present 
a pigment, closely allied to haemoglobin, 
circulating in the body and being rapidly 
excreted in the kidneys; the kidney lesion 
which is found in this condition is indis­
tinguishable from that of blackwater fever 
and many other conditions; substances toxic 
to the body are set free at the site of 
injury. This resemblance of the kidney 
lesion to that of blackwater fever and other 
haemolyses requires that this condition of 
crush kidney be considered in some detail. 
This will be done in the portion on kidney 
changes, Chapter V.

Acquired haemolytic icterus (acholuric jaundice).
This is the most common of the haemolytie 
conditions in this country (England). The 
division of the disease into congenital and 
acquired types was first made by Widal et 
alia (1908). The teaching was that in both 
types of the disease the destruction of the
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cells takes place in the reticulo-endothelial 
system, particularly the spleen. Recent
work by loutit and Mollison (1946) suggests 
that while this view is oorreot in the cases 
of the congenital disease there is evidence 
that the acquired type is due to a haemolysin; 
this accounts for its being considered in this 
portion.

loutit and Mollison concluded from their 
experiments that in the acquired type of the 
disease the red blood corpuscles are sensitised 
in the patient by an antibody; when normal 
rad cells are transfused into such patients
they too are eliminated at once. Admittedly 
an argument against the view of the above 
authors is their finding that when red cells 
from the patients are transfused into normal 
individuals these cells show normal survival 
time although in theory they are sensitiaed.
To explain this, the authors question the 
validity of the widely-held conception that 
sensitised red cells are destroyed when normal 
complement is present. The authors suggest 
that the process of sensitisation may be a 
reversible one in vivo. Their hypothesis that



in acquired acholuric jaundice the haemolysis 
is intra-vascular is supported by the finding 
of methaemalbumin in the plasma of such 
patients. This finding, together with that 
of destruction of normal red cells in the 
patients does suggest that the causative 
agent is a haemolysin. This disease is a 
most unlikely cause of the Razmak cases of 
haemoglobinuria; it is not profitable or 
necessary to discuss this disease further.

Anaemias due possibly to an anomaly of the ergthron,
oongenital or acquired.

1. Congenital haemolytio icterus (acholuric jaundice) 
Discussion of this condition conveniently 
follows the discussion, immediately above, 
on the acquired type of this disease.

It is generally accepted that in the 
congenital type that the cause is an inborn 
defect of the red cells, shown by their 
behaviour in saline solutions. Unlike the 
cells from the acquired type of disease these 
abnormal cells are rapidly destroyed when 
transfused into a normal individual. And 
red cells from a normal individual do not show 
abnoxmal destruction rates when transfused



into a patient with this condition. Until
very recently it was held that destruction
of these abnormal cells takes place in the
retioulo-endothelial system of the patient
and consequently there is no sign of increased
intra-vascular haemolysis. A tew isolated
findings by some workers suggest this may not
be correct, e.g. the work of Josephs (1938).
Such work is as yet unsupported.

This oondition played no part in the
causation of our cases; it need not be 
considered further as the fragility in saline
of the red cells in all our cases was normal.

Siokle-cell anaemia.
This is due to an inborn abnormality of the 
red cell, characterised by development of 
sickling when the red cell is examined under 
the microscope. The condition was at one 
time thought to be confined to negroes but has 

sy now been reported in whites and in animals.
The abnormal red cells are readily destroyed 
by the normal processes of the body; this 
may rarely be so severe as to produce haemo- 
globihuria, first reported by Evans,R.W.
(1945). Robert son and Findlay (1947)



confirmed this with a report of twelve 
fatal oases. I have never heard of a case 
of this disease occurring in India and an 
examination of the red blood corpuscles of 
the Bazmak oases showed that these cells 
did not have any tendency towards siokling.

Mediterranean anaemia.
This anaemia of infancy and childhood shows 
as part of the picture an abnormal appearance 
of the red blood cells. The cause is a 
congenital anomaly of the erythron. It is 
akin to sickle-cell anaemia and need not be 
considered further.

Nocturnal haemoglobinuria (Marohiafava-Mioheli Disease) 
In the classification of Whitby and Britton 
(1946) this disease is placed among the 
paroxysmal haemoglobinurias due to a haemoly- 
sin. The essential abnormality would appear 
to be in the red cell however and accordingly 
the disease is considered under this sub­
division.

The fragility of the red cell is not 
abnormal. The disease was first reported by
Marchiafava and Kazari in 1911. Patients



143.

suffering from this disease show paroxysms 
of haemoglobifcuria usually preoipitated by 
sleep, whether this sleep be taken by day or 
by night. The cause is that the red cells 
are unusually susceptible to slight changes 
in the blood pH; and it has been suggested 
that the reduced pulmonary ventilation 
during sleep may sufficiently depress the 
pH value of the blood as to cause haemolysis
in susceptible persons; blood pigment is 
present in the urine passed following sleep.
The heamolysis is intra-vascular, therefore 
the problem is not simply one of destruction 
of abnonaal red cells by the reticulo­
endothelial system. The finding that blood 
transfusion has an inhibitory effect on the 
haemolysis has led Josephs (1938) to suggest 
that this effect of transfusion is due to the 
presence of a naturally-occurring antihaemolytic 
factor in the normal transfused blood. A full 
report of the condition is given by Scott et 
alia (1938).

This rare disease is another example of
the difficulty in analysing the factors
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responsible for haemolysis in haemolytic 
anaemias.

We oan safely assume that this rare 
disease need not enter into the differential 
diagnosis of our oases.

C. 5. Physical factors*
This includes severe burns, frost-bite, etc* 
Whitby and Britton (1946) class these with 
the poisons but other workers consider that 
the haemoglobinuria with seoondary renal 
damage is the result of direct injury to the 
red cell at the site of injury, e.g. Brown 
(1944) reported alterations in the saline 
fragility of the red cells in burns cases.
Shu et alia (1943) investigated eleven cases 
of haemoglobinuria occurring in forty 
individuals suffering from severe burns. In 
seven of the eleven there was increased red­
cell fragility to hypotonic saline. In some 
of these oases blood films showed poikilo- 
cytosis and spherocytosis. The authors 
further showed that injection of heated blood 
into an animal of the same species caused 
haemoglobinuria•

This cause of haemoglobinuria is noted
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here merely to illustrate the complexity of 
the problem.

D, Haemolytic anaemias of unknown origin.
Acute idiopathic haemolytic anaemia (lederer*8 anaemia)* 

Mackintosh and Cleland (1902) were the first 
to describe this entity, later re-discovered 
by Lederer (1925). This is another of the 
rare haemolytic diseases and the cause has 
not yet been identified. There is some 
evidence to suggest that a haemolysin may be 
a factor; a leucooytosis is always present 
however, suggesting an infective factor. 
Transfusion is remarkably successful in 
curing such cases.

Our patients did not show a clinical 
picture in any way resembling that of patients 
with lederer's disease.

There are other diseases and conditions in which haemo­
globinuria may occur as a rare and incidental symptom; these 
need only be enumerated as none of them had any part in the 
causation of the disease in our patients. They include: 
Raynaud's disease, angioneurotic oedema, internal haemorrhage, 
specific fevers, e.g. typhus, pernicious anaemia, etc.

One interesting point in the last of the list, i.e.
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pernicious anaemia is the suggestion by loutit (1946) that 
one factor in the disease may be faulty protoplasm in the red 
cells*

SUMMARY.

This chapter has been devoted to a consideration of 
some of the many causes of haemolysis* Mention has also been 
made of certain other conditions, e.g. orush syndrome, in 
which there sometimes is found a renal picture identical witth 
that found in certain of the individuals suffering from any 
one of the haemolyses.

The first of the aims of this chapter was a consid­
eration of the more likely possible causes of the haemoglobin­
uria which came upon the six individuals whose case-sheeta 
have been summarised in Chapter II. This discussion of
possible causes is very incomplete. Five of the most likely
factors have not been mentioned, namely malaria, blackwater 
fever, quinine, atebrin and plasraoquine. This is because 
these are so important that a chapter has been devoted to the 
study of each of them.

The conditions which have been considered in this 
ohapt er include:



Exogenous Factors:
This includes infections:

e.g. malaria, oroya fever, etc.; the only 
infection which may have played a part is 
malaria which will be discussed in Chapter IX. 

and poisons:
here the most important and most likely factors 
are quinine, atebrin and plasmoquine which will 
be discussed in Chapters VI, VII and VIII 
respectively.
One other very likely possibility was that of 

self-medication; from the facts it is submitted 
that this could not have happened, 

and allergy:
the only important one of the possibilities 
under this heading was that of drug idiosyncrasy 
which was considered in a little detail because 
of the importance of this in general and in 
particular; sulpha-drug hypersensitivity was 
taken to illustrate the discussion. From this 
it was learned that drug allergy may cause 
haemoglobinuria and it was learned that the 
kidney lesion which may result is identical with 
that seen in other haemoglobinurias, but is very 
different from the kidney lesion seen with that
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anuria, found sometimes with sulpha drugs, 
whioh is due to mechanical blocking of the 
urinary passages by acetylated derivatives of 
the sulpha drugs.

Sulpha drug allergy, like other drug 
allergies, shows all the findings of true 
antigen-antibody reactions.

E* Endogenous Factors;
Shis includes A. Haemolysins: this includes:
1. Incompatible blood transfusions.

Excluding the rare oases of auto-agglutinins, 
the haemolyses found in blood transfusions are 
due either to the giving of incompatible blood 
or to the giving of Rhesus blood to a patient 
sensitised to Rhesus factor either by pregnanoy 
or by a previous transfusion. neither of these 
causes of haemolysis need be considered in the 
differential diagnosis of the Razmak oasesf all 
of whom were males and none of whom had ever 
had a blood transfusion previous to the onset 
of the black urine.

8. Paroxysmal haemoglobinurias.
Grouped together in this class are syphilitic 
paroxysmal haemoglobinuria, march haemoglobinuria,
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and paralytic haemoglobinuria; none of these 
need be considered in the differential diagno­
sis of the six cases under review; in these 
six oases the serological reactions for the 
syphilis were negative, the Donath-landsteiner 
reactions were all negative; and in no case 
was there any immediately-preceding severe 
physical exertion.

One point of interest was that in the 
causing of march haemoglobinuria posture is as 
important a factor as is exertion; this is in 
favour of the theory that the haemolysis is in 
the renal vessels. This last suggestion is 
not generally accepted but is recorded for 
disoussion with a similar theory of blackwater 
fever causation, which will be considered in 
Chapter IX.

Paralytic myoglobinuria was of importance 
in that, while excessively rare, it is a 
naturally-occurring example of the processes 
at work in the "crush syndrome". This 
condition of crush syndrome was therefore dis­
cussed at this stage; this was done not because 
it played any part in the production of the 
haemoglobinuria in the Razmak cases but because



a study of the processes at work in this 
condition shows that the picture does not 
differ fundamentally from that seen in the 
intra-vascular haemolyses, excepting that in 
crush syndrome the pigment set free is myoglobin 
not haemoglobin. The character of the kidney 
lesion is identical in both types of lesion in 
spite of the differences in the freed pigment; 
this may be a point of much importance when 
consideration is given to the part played, if 
any, by free haemoglobin in the production of 
the kidney lesions in haemoglobinurias.

Acquired haemolytic icterus:
This was considered under the heading of 
haemolysins because of recent work which 
suggests that the cause of this condition is a 
circulating haemolysin as distinct from the red 
cell abnormality which is the cause of the 
haemolysis in the congenital type of acholuric 
jaundice.

Acquired haemolytic icterus does not enter 
into the differential diagnosis of our cases; 
it is quoted as one more example of the com­
plexity of the factors entering into the
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causation of the naturally-occurring haemolytic 
anaemias.

B» Haemolysis due to an anomaly of the erythron.
In this class are included:
The congenital type of acholuric jaundice, 
sickle-cell anaemia, Mediterranean anaemia, and 
nocturnal haemoglobinuria; in all of these 
there is apparently a congenital anomaly of the 
red blood corpuscle.

Physical factors such as severe burns were 
also included here, the suggestion being that 
the haemolysis following such physical effects 
is due to a destruction of the damaged red 
cells*

Hone of the conditions which are classified 
above need be considered in the differential 
diagnosis of the Razmak oases.

3* HaemolvtiQ anaemias of unknown origin.
The most important of this heterogeneous group is 

lederer*s anaemia; the cause of it is unknown.

Haemoglobinuria may also occur in such varied 
conditions as Raynaud*s disease, angioneurotic oedema, in 
fevers such as typhus, in pernicious anaemia, and in many
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other conditions. In all such cases however the haemoglobin­
uria is a rare symptom occurring incidentally in the course 
of the particular disease.

This draws to a close Chapter III which consists of
a very brief and incomplete review of the more important of 
the many causes of haemolytic anaemia. Mention has also
been made of certain other conditions which can produce a
renal lesion like to that seen in the haemoglobinurias.

Much of the ohapter may appear to have very little 
bearing on the subject of this work, namely that series of 
six oases of haemoglobinuria which ooourred in Waairistan in 
1938. In the course of Chapter III the reasons for this 
short general review have already been given. The two most 
important of those reasons are:

1. The diagnosis of the six oases was said to be
blackwater fever; there are many other causes of 
haemoglobinuria, however, especially in the Tropics; 
it is necessary, therefore, to consider in greater 
or lesser detail the more likely of other, alterna­
tive diagnoses. This has been begun in this 
chapter where several likely alternative diagnoses 
were discussed. Hone of these was thought to have 
been a likely cause of the haemoglobinuria and 
therefore with the coming to an end of this chapter
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the diagnosis stands as haemolysis, intra-vascular,
? blackwater fever.

£• It is proposed to discuss in detail in later chapters the 
pathological changes, particularly the kidney changes, that 
are found in intravasoular haemolysea and to discuss these 
changes as found in the six Bazmak oases. A few preliminary 
remarks in this connection have been made in this chapter.
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CHAPTER IV.
The Laboratory bindings in Intravasoular haemolysis.

Chapter III was devoted to a consideration of the 
more important of the many causes of haemolytio anaemia.
Prom this consideration it was seen that conditions markedly 
dissimilar in aetiology produce clinical pictures very 
similar to each other; e.g. the jaundice and anaemia of 
congenital acholuric jaundice and of chronic malignant 
malaria may he very similar clinically, although in the one 
case the haemolysis is intra-vascular and in the other it is 
mainly in the reticulo-endothelial system.

This question of the site of the haemolysis is the 
first of the problems which confronts us with the Razmak 
oases; we have said that the diagnosis is haemolysis, intra­
vaaoular, ? blackwater fever, but have still to show the 
grounds on which the statement is made that the haemolysis 
was in point of fact intra-vascular and not elsewhere. To 
establish the site of the haemolysis it is necessary to discuss 
in detail the laboratory findings in the six Waziristan cases.

This chapter will deal with the blood pigments and 
oella. The next chapter will deal with the kidney changes 
and the urinary changes.

All the laboratory investigations discussed in the
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succeeding pages were carried out in the District Laboratory, 
Waziristan, by Major T.C. Puri, the Deputy Assistant 
Director of Pathology at that time.

Firstly let us consider the blood pigments,beginning 
with a brief account of the physiology.

Without a free continuous supply of oxygen to the 
tissues the body would not survive for more than a very few 
minutes. This oarriage of oxygen is the function of haemo­
globin. The study of the blood pigments is therefore the 
study of haemoglobin and its derivatives.

The haei&oglobin molecule is a conjugated protein, a 
porphyrin-iron portion (haem) plus a protein of the hi stone 
class (globin). This protein globin has about fifteen 
amino-aeids and forms about one-third of the total plasma 
protein. Keilin (1944) states that in haemoglobin the 
protein portion is linked both to the porphyrin and to the 
iron. The globin forms about ninety-six per cent of the 
haemoglobin molecule. Whitby and Britton (1946) picture the 
molecule as composed of a small but relatively heavy porphyrin- 
iron portion floated by the large protein fraction.

The iron in the haemoglobin molecule forms 0.336$ of 
the whole; since the atomic weight of iron is 56 then, even if 
each haemoglobin molecule contains one atom of iron (see Haem,
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plate XIV , page 164, the molecular weight of haemoglobin
must be at least about 16,700. But haemoglobin behaves
generally as though it has four atoms of iron in it, there­
fore it must be a compound molecule with a molecular weight
roughly 68,000; this compound molecule is easily broken 
down.

Human blood is estimated to contain roughly fifteen 
grammes of haemoglobin per 100 oubic centimetres of blood, 
which means that the total iron in the body which is engaged 
in the transport of oxygen is roughly about four grammes.
The iron in the haemoglobin molecule is held by nitrogen 
atoms, partly by extra valencies (see foimula for haem, 
plate XIV). The synthesis of haemoglobin outside the body 
was first carried out by Fischer (1929) who did so by first 
synthesising haematin and then combining this with globin; 
haematin is the pigment portion of haemoglobin; it is a 
porphyrin-iron compound. The synthesis of haemoglobin by 
the body is not yet fully understood. Whitby and Britton
(1946) suggest that it is formed in the bone marrow, apparent­
ly within the red cells, from porphyrin precursor substances. 
These porphyrins are derivatives of a parent skeleton porphin 
the graphic formula for whihh is given in plate Ho. XIII,
Page 160, This substance porphin is made up of four 
nitrogen-containing pyrrole groups linked together by four
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methinyl links (CH-) to form a stable ring. The presence 
of these methinyl links adds certain specific properties 
to the compound.

Substitutions may be carried out at positions 1 to 
8 as shown in the abbreviated formula for porphin,plate 
Ho. XIII, page 160* For example, see the abbreviated 
graphic formula for protoporphyrin III, plate Ho. XIII, 
page 160. It is these substances so derived which are given 
the name "Porphyrins”. flhe porphyrins possess to a marked 
degree the property of combining with metals and proteins. It 
is this property which accounts for porphyrins being found in 
practically all forms of plant and animal life, their function 
being that of respiratory pigments. Among such compounds in 
nature are: haemoglobin, haemochromogen, cytochrome, proto­
porphyrin, coproporphyrin, and uroporphyrin.

One set of substitutions in the porphin molecule which 
has a bearing on our subject is that substitution in which 
two hydrogen atoms in each of the four pyrrole groups are 
replaced by four methyl groups and four ethyl groups to form 
aetio-porphyrins. With these substitutions there are four 
such possible combinations; an example of one such is given 
on plate Ho. XIII, page 160. Fach of these four aetio- 
porphyrins is potentially capable of giving rise to a series 
°f porphyrin derivatives. In nature, however, only two of
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the possible four are found to occur; these give rise to a 
aeries derived from aetioporphyrins I and III*

Series I are tetramethyl porphyrins with the methyl 
groups in positions 1, 3, 5, 7.

Series III are tetramethyl porphyrins with the methyl 
groups in positions 1, 3,5, 8.

Compounds derived from series III are the important ones. They 
include haemoglobin and its derivatives. Compounds derived 
from series I are found in quantity only in certain pathologi­
cal conditions. Intereonversion from one series to the other 
does not occur in vivo; breakdown of haemoglobin oannot 
produce a series I porphyrin.

In nature the porphyrins seemingly are synthesised 
from simple substances.

During the formation of porphyrin III in the process 
of synthesis of haemoglobin some porphyrin I is also formed as 
a side product and is excreted in the urine, faeoes, and bile, 
as ooproporphyrin I.

Coproporphyrins, mentioned above, are also derivatives 
of series I and III. The formula for ooproporphyrin I is 
given in plate XIII, page 160. An important practical point 
is that the ooproporphyrin normally excreted in the bile and 
faeces is almost entirely ooproporphyrin I. normally the
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urine excretes 20-50 micrograms daily of ooproporphyrin; this 
is a mixture of approximately equal parts of series I and 
series III. The amounts of porphyrin ingested with the food 
and the amount produced by bacterial activity in the intestines 
cannot account for the total output of ooproporphyrin I, which 
supports the suggestion that ooproporphyrin I in small amounts 
is a by-product of normal erythropoeisis and its measurement 
may be used therefore as an index of erythropoetio activity.

Porphyrin III, unlike porphyrin I, does not change 
before excretion; it is passed out as porphyrin III, and in

e

exoess only if there is some toxic action on the blood. It 
does not form a stage in the degradation of haemoglobin. When 
haemoglobin is destroyed as part of normal metabolism no free 
porphyrin is found, therefore Whitby and Britton (1946) suggest 
that when porphyrin III is being excreted its excretion is due 
to a blocking of a stage in the production of haemoglobin, 
and not to destruction of haemoglobin. Ooproporphyrin III, 
corresponding to porphyrin III, is said to be found being 
excreted as a degradation product of certain abnormal blood 
pigments; there are two such pigments of much importance, 
namely methaemalbumin and methaemoglobin. It is held that 
onee haemoglobin has been oxidised to these, then the normal 
conversion of the pigment to biliruoin does not take place 
aud is replaced by degradation to ooproporphyrin III.
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There are three abnormal conditions which are 
characterised by the finding of increase of coproporphyrins in 
the urine; these are:
1. Congenital porphyry: a rare inborn defect of metabolism.
2. Acute idiopathic porphyry: need not be discussed here.
3. Porphyrinuria due to drugs and to toxins: causes include

liver abnormalities, pellagra, 
sulphonal group poisons, alcohol, 
and metals.

Mone of these adds anything of value to the discussion.

The most important of the series III porphyrins is 
protoporphyrin 111, formula plate XIII. When this substance 
is treated with a ferrous salt it forms haem, the pignent 
portion of haemoglobin. And haem plus globin forms haemo­
globin. Haem, formula plate XIV, is therefore an iron- 
containing pigment, a porphyrin-iron compound with the iron 
partly held by extra valencies. Haem is a constituent of
other respiratory compounds, and it is also capable of uniting 
with proteins and nitrogenous substances to form haemochromo- 
gens. Best and Taylor (19^3) summarise the various substances 
as follows:
(Pyrrole nucleus) 4 » porphyrin compound.
Porphyrins plus metals s metallo-porphyrins.
Protoporphyrin plus ferrous iron » haem.
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Haem plus various nitrogenous substances * haemochromogens

of various respiratory pigments, e.g. 
cytochrome.

Haem plus globin m haemoglobin.
Haem plus denatured globin s haemochromogen of haemoglobin. 
Oxidised haem (ferric iron) plus denatured globin

as oathaemoglobin.
Oxidised haem (ferric iron) plus globin s met haemoglobin.

These various relationships are shown on plates Nos.
XV and XVI, pages 170 and 171 .

Keilin (1944) summarises the types of compounds which 
proteins may form with haem; these are:
a. haemochromogens - usually formed by denatured protein

linked to iron.
b. haemalbumin - native albumin linked only to the

porphyrin of haem. 
o* haemoglobin - in which the protein is bound both to

the iron and to the porphyrin of the haem.

The above is a brief and incomplete discussion of the 
substances which may play a part in the metabolism of haemo­
globin. Certain of the substances are of practical importance 
in that quantitative and qualitative changes of them may aid 
^agnosia in blood dyscrasias; this will be seen later in the 
obapter.
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Free circulating extra-corpuscular haemglobin does 
not occur in the blood except in minute quantity; when 
present in amounts above this minute normal amount, the 
pigaent is treated by the body as a foreign substance. 
Plasmolysis accounts for the minute normal amount in the 
blood and the value is increased by trauma when blood is 
taken for testing. Fairley and Bromfield (1934a) suggest
0.12$ red cell solution as the upper limit of normal; in a 
series of fifty three oases these authors drew blood without 
special precautions against trauma and found the plasma in 
forty six patients free of any trace of haemoglobin when 
examined with a spectroscope. This figure of Pairley and 
Bromfield is in close agreement with that of Barratt and 
Yorke (1909) who gave the upper limit of normality for 
haemoglobin in the plasma to be from 0.1/£ to 0.15̂ > red cell 
solution.

The function of haemoglobin is to carry oxygen to 
the tissues. It does so by forming a loose union with the 
oxygen, i.e. oxyhaemoglobin. In this oxyhaemoglobin the 
oxygen is very loosely held in combination with iron in the 
ferrous state. The combination is certainly according to 
bhe law of definite proportions, i.e. 
haemoglobin 4 4- 4 00 ^ haemoglobin 4 08*
SLood pigments normally present therefore in venous blood
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are oxyhaemoglobin and reduced haemoglobin. Both of these 
are"active" haemoglobin, fully capable of carrying oxygen 
to the tissues. Other related compounds which are found 
in minute amounts in normal individuals and other compounds 
found in abnormal conditions, are "inactive compounds",
i.e. incapable of carrying oxygen to the tissues. Of these 
"inactive" compounds some are "potential" carriers of oxygen 
in that they can be re-transformed into haemoglobin and 
oxyhaemoglobin, e.g. methaemoglobin. Others of them 
cannot be re-transformed or can only be so with great 
difficulty, e.g. sulphaemoglobin.

In oxyhaemoglobin, the loose combination of haemo­
globin with oxygen, the iron is in the ferrous state (Fe+-f-) 
and the oxygen is readily available. In the other oxide 
of haemoglobin found in the body, i.e. methaemoglobin the 
imion of the pigment with the oxygen is a stable one, a true 
oxide being formed with one atom of oxygen to one atom of 
iron and with the oxygen not available; the iron is in the 
brivalent state. This pigment, methaemoglobin, is of great 
importance in certain pathological conditions; it is also 
found in traces in the normal body; e.g. Peters and Van 
Slyke (1931) suggested that methaemoglobin is constantly 
being formed in the blood of normal persons, and Marshall
(1932) supported this; the last-named thought that a minute
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amount of methaemoglobin exists in equilibrium with 
haemoglobin in normal blood. More recently Gibson and 
Harrison (1947) have supported Marshall's suggestion and say 
that in normal blood the equation haemoglobin methaemo­
globin is very far to the left. They think that in normal 
persons the reduction of the methaemoglobin depends on certain 
enzymes in the red blood corpuscles. It is of interest here 
to note that in the last five years there have been reported 
two series of cases with individuals suffering from familial 
idiopathic methaemoglobinaemia. In both the latest two 
series the patients were Irish; the series were that of Deeny 
et alia (1943) and of Gibson and Harrison (1947 ). As already 
mentioned the last named authors think that this rare condition 
arises from an inability of the enzyme systems in the red cell 
to reduce the methaemoglobin to haemoglobin, and they suggest 
that the rapid removal of methaemoglobin from the blood whioh 
occurs after administration of methylene blue is probably due 
to the catalytic action of the dye.

If this disease were our only contact with methaemo­
globin then the above short mention of this pigment would 
suffice, but this is not so; methaemoglobin requires full 
consideration bec'ause it is commonly found in large amounts in 
the body in many pathological conditions, especially after 
administration of the newer chemotherapeutic agents, e.g. 
Plasmoquine. It is convenient however to postpone this



167.

fuller discussion on methaemoglobin to somewhat later in the 
chapter, and to continue at this point with a discussion on 
the normal physiological processes connected with the metabolism 
of blood pigments.

So far our discussion has been limited to a consider­
ation of those substances which may play a part in the synthesis 
of haemoglobin. It is now proposed to discuss processes 
involved in the degradation of haemoglobin in the normal body.

It is again stressed that the function of haemoglobin 
is to provide freeiy-available oxygen to the tissues. To do 
so it needs transport; this is supplied by the red blood 
corpuscle which forms about forty-five per cent by volume of 
normal blood. So far we have no satisfactory explanation of 
the fundamental problem of how the red cell carries the haemo­
globin. The amount of haemoglobin in each red cell is too 
great for the answer to be one of simple solution. One
suggestion is that the haemoglobin is adsorbed to the stroma 
of the red cell. Discussion on this point will be deferred 
to the section dealing with the red cell. Only a few 
relevant notes will be given here.

In the course of its duty the red cell takes a 
tremendous thrashing; its life is a short one, probably not 
Nore than one hundred days. It is not a living cell of



168

course. Technically there are three ways in which the cell 
may he destroyed as it becomes effete, namely: destruction
by the cells of the reticulo-endothelial system; destruction 
by haemolysins; and destruction intra-vascularly by the 
simple mechanical factors of wear and tear* Until lately the 
view was widely held that the destruction of effete red cells 
was a matter for the macrophages of the reticulo«endothelial 
system, the spleen being particularly implicated* This view 
may require modification. Best and Taylor (1943), for 
example, basing their views on the work of Rouse, consider 
that the disintegration of the red cells takes place in the 
blood stream as a result of ”fair wear and tearTT. In other 
words the function of the spleen and the other parts of the 
reticulo-endothelial system is that of a graveyard instead of 
a slaughter-house* Other workers do not agree, e*g. Maegraith 
et alia (1943) have isolated from normal animal tissue a lytic 
substance which is normally inhibited by factors present in 
the serum and in washings from the tissues* Those authors 
suggested that the rate of haemolysis normally occurring in an 
animal may be a function of the balance between tissue lytic 
agent and its inhibitor* We cannot proceed further along 
this interesting by-path in this chapter. It can only be said
that at present there is no clear-cut proof for any one of the 
three possible methods of destruction of the red cell in the 
formal individual.
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It is again stressed here that normally the 

degradation of haemoglobin does not cause free porphyrin to 
be produced. The normal urine contains only a trace of 
ooproporphyrin and at least half of that trace is copropor­
phyrin I. .And, furthermore, the ooproporphyrin found normally 
in the bile and faeces is almost entirely ooproporphyrin I.

Degradation of haemoglobin is carried out by the 
cells of the reticulo-endothelial system, especially the 
bone-marrow. The process is not yet fully elucidated; the 
principles are as follows. It is suggested that firstly on 
the downward path of haemoglobin the porphin ring, plate 
jJg. XIII, page 160, is opened by oxidation at one of the 
methinyl linkages while still retaining its iron and protein 
(see "verdohaemochromogen", plate iio» XIY, page 164). The 
degradation continues with the removal of the protein and a 
re-arrangement v»ith loes of iron, the iron being conserved 
in the reticulo-endothelial system as haemosiderin which is 
mainly ferric hydroxide in organic combination. The resultant 
product following upon this re-arrangement with loss of iron 
is most probably biliverdin, see plate Uo. XIV, page 164#
Biliverdin then undergoes reduction to become bilirubin, plate 
Ho. XIV, page 164. Bilirubin is, of course, the major bile 
Pignent. This suggested method of breakdown differs from 
that generally held, where the first process is thought to be
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hydrolysis; this, if correct, would yield haein by the 
splitting-off of the protein. The hydrolysis would then 
continue and so produce bilirubin from haem. iixperimental 
work is in favour of the first and is against the simple 
second explanation; for example, conversion of haematin into 
bilirubin is said not to take place in vivo; Rimington 
(1939) states that injections of haematin cause an increased 
faecal porphyrin level, also seen to a lesser extent in the 
urine. These findings are not a feature of normal haemo­
globin breakdown. Apropos of this it has been noted that 
substances which produce methaemoglobinaemia on administration, 
e.g. the sulpha group of drugs, also cause increased porphyrin 
excretion; this last is also a finding in the breakdown of 
methaemalbumin, a compound similar to methaemoglobin. This 
means that there is an alternative route of breakdown, via 
the porphyrins, which is applicable to the abnormal oxidised 
pigments. The existence of this alternative route may 
explain the small quantities of series III pigment excreted 
by normal individuals. Another point in favour of an alterna­
tive breakdown via haem is that the intravenous injection into 
man and monkeys of haematin produces methaemalbumin.

let us continue our study of the pigments found in the 
faeces and urine as the result of the normal breakdown of 
haemoglobin. A simple diagrammatic representation of the
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processes is given on plate Ho. XVII, page 179 . Here we 
have reached the stage where the degradation of haemoglobin 
has been completed; the resulting compound is recognised to be 
bilirubin, the formula for which is given on plate Ho. XIV, 
page 164. This formula shows bilirubin to be a chain-type 
pigment, that is an opened porphyrin ring allied to porphyrin, 
plate Ho. XIII, page 160. This bilirubin is mainly a waste
product, manufactured by the intra-cellular activity of the 
reticulo-endothelial system. After the compound has been 
produced in the reticulo-endothelial system it is passed into 
the b^ood-stream for excretion. One gram of haemoglobin 
yields about forty milligrams of bilirubin. The exoretion of 
the bilirubin is practically all by the large bowel via the 
liver, hence its name of "bile pigment”. Obviously any 
condition which for any reason causes haemolysis necessarily 
causes increased production of bile pigment.

The daily destruction of effete red cells is consider­
able. Best and Taylor (1943) suggest a figure of ten million 
red cells destroyed every second. This means that the pro­
duction and excretion of bilirubin is quite a considerable 
problem. normally the blood level of bilirubin is about a 
Maximum of 1.2 mgrns. per 100 ccs. serum though the level may be 
considerably increased in sallow individuals. This bilirubin, 
together with a small amount of biliverdin, is excreted by the
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secretory cells of the liver. The pigments then pass via
the bile to the intestines, being accompanied by the bile
salts sodium glycocholate and sodium taurocholate; the bile
salts are true products of the liver cells whereas the bile
pigments are not, hence the excretion of the salts and the
pigments do not necessarily parallel each other. Their
association is largely fortuitous. liven though the function
of the liver cells as regards bile pigment is largely excretory,
some type of change does occur in the pigments; e.g. before
bilirubin passes through the barrier of the liver cells it
oannot link with diazo reagent except with the assistance of
alcohol; but after its passage through the liver cells,
bilirubin is able to form this linkage without alcohol. Various
explanations have been suggested. One explanation is that
the change is 'in the physical state of the bilirubin, the 
suggestion being that the passage through the liver cells 
oaanges the bilirubin from a colloidal to a crystallisable state. 
Shrlich demonstrated this in 1884 but it was forgotten tntil
re-discovered by van den Bergh (1904) who was the first to put 
the finding to practical use by the introduction of the test 
which bears his name. In this test he utilised the character­
istic reaction of bilirubin with Hhrlich's diazo reagent, and 
showed that the reaction may be "direct", that is without the 
assistance of alcohol, or it may be "indirect"; in the latter 
the reaction occurs only in the presence of alcohol. This
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test, therefore, shows whether the bilirubin has passed 
the barrier of the liver cells or not. It therefore should 
enable a distinction to be made between a high bilirubin 
frlood level due to over-production, as in haemolysis, and 
that due to a damming-back of the bilirubin into the circu­
lation because of a failure of excretion. A high bilirubin 
blood level, no matter its origin, produces jaundice, which 
is simply a staining of the tissues by bile pigment. In the 
first type of high bilirubin blood level, that due to over­
production, the reaction to the test is indirect since the 
pigment has not passed the liver barrier; the resultant 
jaundice is therefore called "retention jaundice". In the 
second type the reaction to the test is direct, since the 
pigment has passed through the liver cells and has been re­
absorbed into the circulation. The resultant jaundice is 
called "resorptive jaundice", or regurgitant jaundice. There 
is another important practical difference between the two 
types of case. When the bile pigment is thrown back into 
the circulation due to failure of excretion, the cholesterol 
and bile-salts are thrown back with it; it is the bile-salts 
which are responsible for so many of the phenomena generally 
thought to be allied to jaundice, e.g. the itching and the 
bradycardia. In jaundice due to over-production of pigment 
these distressing features will not be present as there is no 
increase of bile salts in the blood, hence the term "dissociated
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jaundice” •

The van den Bergh test is also used quantitatively; 
the value arbitrarily chosen is 0*5 mgaas. bilirubin per 
100 cos. plasma; this value of 0.5 mgms. per cent is one 
unit. The quantitative use of the test led to the interest­
ing and important discovery that not only do the two states 
of the pigment differ in their reaction to diazo, but that 
the kidney has a different renal threshold for eaoh. In 
patients with resorptive jaundice bile begins to appear in 
the urine when the quantitative van den Bergh level in the 
plasma has reached eight units or more. The bilirubin 
arising from over-production has a muoh higher renal thresh­
old. Boyd (1944) goes so far as to suggest that true 
unchanged bilirubin never passes the renal threshold.

It is necessary at this point to consider the 
question of jaundice in more detail. The yellow colouration 
of the tissues is from the yellow bilirubin; biliverdin is 
green. It has already been pointed out that jaundice may be 
the result of over-production of bile pigment or the result 
°f a failure in excretion. Clinically jaundice is not fully 
established until about twenty-four hours after the serum has 
reached the critical level; this time lag is the time 
required for the staining of the tissues. In many cases of 
haemolytic jaundice the reaction is biphasic, i.e. gives
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both types of reaction. This is generally explained by the 
suggestion that the liver cells have become involved in the 
disease process and are allowing to regurgitate back into the 
circulation a small amount of changed bilirubin which is then 
found to be present in addition to the excess of unchanged 
bilirubin. In such cases the hyperbilirubinaemia is 
accompanied by pleocholia with bilious vomiting and dark-brown 
stools, all indicating the efforts made by the reticulo­
endothelial system to cope with the over-production of 
bilirubin.

Another, and simpler, quantitative test is the
"icterus index" introduced by Meulengraoht (1920). In this
test the standard is a 1/10,000 solution of potassium
diohromate; the result of the test is expressed as a simple 
figure, which is the number of times that the serum required
to be diluted to produce a colour matching the diohromate 
standard. In practice it has been found that normal serum 
will match with not more than a six-fold dilution; with 
latent jaundice the dilution lies between six-fold and fifteen­
fold, i.e. gives icterus index values of between six and fifteen 
With overt jaundice the dilution factor is any value above 
fifteen. This test depends on colour matching and is therefore 
of no value in intra-vascular haemolyses during the active 
Phases.
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The practical applications of the above remarks 
will be made evident when we come to discuss the laboratory 
findings in intra-vascular and other haemolyses. In the 
meantime we must continue our observations on the excretion 
of bilirubin, illustrated in plate Ho. XVII» page 179.

Bilirubin, accompanied by a small amount of bili­
verdin, passes from the gall-bladder into the gastro­
intestinal tract. The pigments pass unchanged as far as 
the large bowel where they undergo reduction by bacterial 
action and produce a colourless chromogen called urobilino­
gen (or stereooilinogen). further chemical changes cause 
the stercobilinogen to be changed into the brown pigment 
stercobilin (or urobilin), see plate Ho. XIV, page 164.
Both stercobilinogen and stercobilin are found in the faeces, 
the brown colour of which is due to stercobilin. The darken­
ing which the faeces show on standing in air is probably the 
result of a change to stercobilin of any stercobilinogen 
which may be present.

The story is not yet finished; on its way down the 
large intestine, part of the bile pigment is re-absorbed and 
passes back to the liver via the portal circulation, probably 
as urobilinogen. Much the greater part of this reabsorbed 
Pigment is again taken up by the liver cells and is passed out
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with the bile as urobilinogen or, after oxidation, aa 
bilirubin againJ In normal individuals, a small amount of 
the urobilinogen, which had been re-absorbed from the large 
intestine, escapes exoretion by the liver and is excreted aa
urobilinogen by the kidney. A change of the urobilinogen to
urobilin takes place after the urine has been voided. Bili­
rubin itself does not noimally appear in the urine, the colour 
of which is due to other pignents. In normal individuals the 
urobilinogen found in the urine amounts only to a trace. It 
ia again stressed that bilirubin is essentially an intermediate 
product and doea not normally appear in the urine or the 
faeces. Whitby and Britton (1946) atate that the total normal
daily output of urobilinogen in the urine amounts to not more
than 2.0 mgms. generally excreted in spurt3 two to three hours 
after meals. In the faeces the 24-hourly output of pigments, 
stereobilinogen and stercobilin, may reach 280 mgms. Any 

significant increase of serum bilirubin, e.g. after haemolysis, 
keeps the liver fully occupied in trying to clear the heavy 
concentration of blood bilirubin; as a result, when urobilino­
gen appears, having been absorbed from the intestine, it ia
ignored by the liver and passes in increased concentration to 
the kidneys whence it is voided in the urine; the finding of 
increased urinary urobilinogen is to be expected in suoh oases. 
Qo. the other hand, even when bilirubin is in excess in the



serum, as long as the liver cells are healthy no bilirubin 
will appear in the urine; as already explained, this is 
because the renal threshold is very high for that state of 
bilirubin which ha3 not passed through the liver cells. 
Consequently haemolysis must be very severe before even a 
trace of bilirubin appears in the urine, unless there is 
present a secondary change in the liver cells. In obstructive 
jaundice, however, bilirubin is a common finding in the urine 
since this type of bilirubin is freely passed out through the 
kidney at low concentrations. In the latter type of case 
bile salts will almost certainly also be found in the urine. 
Many cases of intra-vasoular haemolysis show a biphasio 
reaction and show bilirubin present in the urine. In such 
cases there is probably accompanying liver damage; the 
bilirubin which gives the direct reaction with diazo and 
which escapes through the kidney is that portion which has 
been allowed to regurgitate through damaged liver cells.
Rich (1930) suggests liver anoxaemia to be the cause of the 
liver damage; Hills (194:6) suggests that the cause is a 
flooding of the liver with pigaent. Whatever the explana­
tion, the biphasic reaction, with secondary bilirubinuria is 
quite commonly to be found in haemolyses.

This ends the short discussion on the physiological



processes taking part in the metabolism.of haemoglobin.

It is now possible to proceed to the consideration 
of the findings in certain pathological conditions and 
processes.

It must not be forgotten that the main object of 
this investigation is the study of six oases of haemoglobin- 
uria which were seen in Waziristan in 1938. So far all that 
we are entitled to presume is that there had been a destruction 
of red cells so severe as to cause haemoglobinuria. It is 
meet, therefore, now to turn our attention to those changes in 
blood-pigment metabolism which are found in patients suffering 
from increased red cell destruction. Generally speaking, in 
such cases, the departures from the findings in normal metabolic 
processes are both quantitative and qualitative.

Consider first the qualitative changes; these are 
important, since the most striking finding in patients with 
increased blood destruction is the appearance in the blood of 
a pigment methaemalbumin which has not been mentioned in the 
findings in a normal metabolism of haemoglobin. Another 
abnormal pigment sometimes found in individuals showing intra- 
vascular haemolysis is methaemoglobin; this pignent is also 
usually found after the ingestion of certain drugs, e.g. the 
sulpha drugs. It is convenient to consider these two
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abnormal pignents together, especially since they so 
closely resemble one another. There has already been 
mention of methaemoglobin, see page 165, and plate Ho. XVI, 
page 171. This pigment is an oxide of haemoglobin, with 
the iron in the trivalent state. We have seen that it is 
found in minute amount in the blood of normal individuals 
and is found in significant quantity in certain pathological 
conditions; it is especially to be found in the blood after 
the ingestion of certain poisons, e.g. coal tar derivatives. 
Met haemoglobin imparts a dark-brown colour to the plasma and 
to the urine when present therein. It has physical proper­
ties closely similar to those of methaemalbumin; this 
accounts for the fact that the identification of the latter 
pignent is a relatively recent occurrence. Previous to 
this identification, methaemalbumin had always been mistaken­
ly identified as methaemoglobin. The cardinal difference 
between the two pigments is that methaemoglobin is essentially 
an intracorpuscular pigment, appearing only transitorily and 
rarely free, in the plasma, whereas methaemalbumin is extra­
cellular in origin; it is never found inside the red cell.
One other important difference is that methaemalbumin is 
never excreted by the kidney; so far as is known it under­
goes degradation in the body, possibly in the liver, with 
coproporphyrin III as one of the products. Methaemoglobin,



on the other hand, is readily excreted by the kidney

Methaemoglobin has been known for a long time, e.g. 
it is reported that Hoppe-Seyler (1865) found that methaemo­
globin can be spontaneously formed from haemoglobin; all that 
is necessary is haemoglobin in the presence of an oxidising 
agent. Fairley and Bromfiela (1937) found that when a 
concentrated solution of haemoglobin is incubated with plasma 
for forty-eight hours mathaemalbumin results. But when a 
solution of oxyhaemoglobin is incubated for forty-eight hours 
in the absence of plasma then methaemoglobin results. Again, 
they found that if well-washed red cells are incubated for 
four days at 40°C* it is possible to produce intraoorpusoular 
methaemoglobin. The important point of these findings is 
that plasma or serum has the power of producing methaemalbumin 
directly or indirectly from extra-oorpusoular haemoglobin. 
Another important finding by Hairley and Bromfield is that 
methaemalbumin can be formed from methaemoglobin.

van den Bergh and Kngelkes (1922) claimed that there 
are two types of methaemoglobinaemiaf namely haemolytic 
methaemoglobinaemia and intracorpuscular methaemoglobinaemia; 
the latter more properly should be termed methaemoglobincyth- 
aemia. By "haemolytic methaemoglobin" the authors meant the 
presence in the plasma of this pigment; it has already been
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said that such a finding is rare, having been reported in a 
very few cases of anaerobic sepsis and eclampsia. This class 
is of no practical importance and need not be further consider­
ed. The other class is of much importance, namely methaemo- 
globinoythaemia. This is found in two pathological conditions; 
the first is the excessively rare condition of idiopathic 
enterogenous cyanosis, already discussed on pagetfefc ; it is
of no importance. The other cause is the important one, 
namely methaemoglobincythaemia due to toxins. Many of the 
newer chemotherapeutic substances have the property of producing
methaemoglobincythaemia, e.g. plasmoquine. Drugs capable of 
producing this pignent in the red cells are also capable of 
producing sulphaemoglobincythaemia. The former condition is 
much less serious than the latter, because methaemoglobin, 
although "inactive" (see page 165) is a potential oxygen 
carrier in that it reverts to haemoglobin in a few days; this 
recovery to active pigment is markedly accelerated by the 
administration of methylene blue. Sulphaemoglobin cannot be 
broken up in this manner, In sulphaemoglobincythaemia the 
skin is leaden-coloured, whereas in methaemoglobincythaemia 
the skin is dark brown. The former condition need not enter 
further into our summary.

In methaemoglobincythaemia, as the name indicates, 
the pigment is intra-corpuscular, which is in marked
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contradistinction to methaemalbuminaemia. The generally- 
accepted explanation of the occurrence of methaemoglobin- 
oythaemia with administration of certain drugs is that auoh 
drugs are mild oxidising agents. It is advantageous to 
consider this problem further, taking as a typioal and 
possibly relevant example the methaemoglobincythaemia which 
results from the taking of plasmoquine. Fischer and Weise 
(1927) were among the first to investigate this side-effect 
of plasmoquine administration. They consider that the 
condition can generally be recognised to be present when the 
blood concentration reaches 2-g$, and it certainly can be 
detected when the concentration in the blood reaches four 
per cent. The authors reported that plasmoquine dosages 
of 0.05 grams intra-muscularly daily produced methaemoglobin- 
oythaemia on the fifth to sixth day and that this remained 
for five to six days. Daily doses of 0.1 grams intra­
muscularly produced methaemoglobincythaemia on the third to 
fourth day, with the condition persisting for seven to fourteen 
days. These are dosages much in excess of the present-day
therapeutic doses. Of'much more importance to us is the 
finding of Fischer and Weise that doses of 0.02 grams 
plasmoquine daily did not produce methaemoglobincythaemia 
except after long-continued administration, namely about 
the seventeenth day; with such a dosage the changes in the 
blood were so small as to be un-noticeable. The importance
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of this finding will become manifest later. The findings 
of Fischer and Weise have recently received support from 
Dimson and MoMartin (1946) who failed to find methaemoglobin­
cythaemia in fifty patients who had each received a total 
dosage of 0.1 grams of plasmoquine. The latter also failed 
to find methaemoglobin in the laked cells of patients whom 
the authors diagnosed as suffering from "plasmoquine haemo- 
globinuria"; more probably those patients were actually 
sufferers from true blackwater fever. One practical point 
to be mentioned here is that if haemolysis should occur in 
a patient with methaemoglobincythaemia then it seems reason­
able to presume that there is a period when methaemoglobin 
is free and present in the plasma, even although this period 
may be very short because of removal of the pigment by the 
kidney and because of its conversion into methaemalbumin.
Some workers do not agree.

In patients showing methaemoglobincythaemia from 
toxins the degree of change of haemoglobin into methaemoglobin 
varies in each cell. There is no uniform standard of change; 
this accouhts for the occasional reports that, when haemolysis 
does occur in persons suffering from methaemoglobincythaemia, 
the cells lysed first and in greatest number are those with a 
heavy methaemoglobin content. Admittedly it is conceivable 
that such cells are less able to resist haemolysis than are
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normal cells. It is doubtful, however, whether this is
any justification for presuming that the presence of 
methaemoglobincythaemia is related to the haemolysis which 
sometimes occurs in patients so affected. It will be seen 
later that this is not an academic point.

The spectroscopic appearance of methaemoglobin is 
very similar indedd to that methaemalbumin; this will be 
discussed in the remarks, to follow, on the latter. It is 
necessary to stress that when methaemoglobin occurs in a 
patient it is practically always as the result of drug 
administration, and is practically always intra-cellular; 
practically speaking, it is only found free in the plasma as 
a transitory phenomenon in an individual who develops haemo­
lysis when suffering from methaemoglobincythaemia. This, of 
course, excludes the minute amount found in normal blood.

The next pigment to be considered is methaemalbumin. 
The first point to note is that this pigment is never found in 
the blood of normal individuals, even in the most minute 
traces. The presence of this compound in any amount what­
ever is an indication of a pathological process at work. For 
many years, since the beginning of the systematic study of
haemolyses, this pignent had been seen to be present in the

\

plasma of individuals suffering from any marked degree of 
intra-vascular haemolysis, yet it had always been mistaken



for methaemoglobin until 1934. Admittedly the differentia­
tion is difficult, well-illustrated by the story of its 
discovery. Fairley and Bromfield (1954a) were investigating 
certain laboratory findings in nine oases of blackwater fever. 
In one markedly-oyanotic case they found in the plasma a brown 
pigment resembling methaemoglobin but not reduced by Stoke*s 
reagent. This new pigment was never found in the urine.
Samples were sent to Professor Keilin at Cambridge who con­
sidered that the substance was a peculiar haemoglobin deriva­
tive with a normal prosthetic group, but with the globin 
portion of the molecule modified, i.e. the new pigment had 
the general appearance of methaemoglobin but the absorption 
bands are shifted about 60A units to the short-wave end of 
the spectrum; it was easily reduced by sodium hyposulphite.
It was not realised at the time that the protein moiety was, 
in fact, albumin; this aooounts for the name originally given 
to it, namely "pseudomethaemoglobin”. Later, after experimenta­
tion, the pigment was recognised as a compound of haem with 
albumin and was given the name "methaemalbumin" by Fairley 
(1938). This substance, when present in the plasma, imparts 
to it a brown colour. In any case of intra-vascular haemoly­
sis, therefore, the colour of the plasma may be compounded of 
not less than three pigments, i.e. oxyhaemoglobin, imparting 
to the plasma a rosy-red colour; methaemalbumin, imparting to 
the plasma a dirty-brown colour; and bilirubin, imparting to
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the plasma a yellow colour. Also, as already explained, 
methaemoglobin may make a fleeting appearance in the plasma 
under certain circumstances; this pignent also has a brown 
colour which is indistinguishable from that of methaemalbumin.

The identification of the new pigment by Fairley and 
Bromfield was the first step in the solving of certain 
puzzling findings in intra-vascular haemolyses. As early as 
1914 Barratt and Yorke, working with rabbits, found that even 
when they increased the haemoglobin content of the plasma four 
hundred times, the resulting bile-pigment increase was only 
six-fold; thereafter it was repeatedly confirmed by various 
workers that there is no uniform relationship between the 
degree of haemolysis and the amount of bile pigment excreted. 
As has been discussed, the normal method the body has of 
dealing with haemoglobin is the reduction of it to bilirubin 
by the reticulo-endothelial system, the bilirubin then being 
excreted by the liver. What seemed to emerge from the work, 
quoted above, of Barratt and Yorke and of others, is that this 
normal method of dealing with haemoglobin, i.e. by the conver­
sion of it into bilirubin, has only a relatively limited capa­
city and can only meet demands reasonably near the nonnal.
It seems that even a minor degree of haemolysis presents to the 
body a problem quite beyond the normal functioning capacity of 
the reticulo-endothelial method of dealing with free haemo­
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globin* One other obvious method remains whereby the body 
oan rid itself of excess free haemoglobin, namely the method 
of excretion through the kidney with resultant haemoglobinuria• 
To Nature this must be a serious and extreme measure since it 
represents a heavy loss of iron, that very necessary metal which 
is so laboriously come by; for example, even although the body 
regards free circulating haemoglobin as a foreign substance, 
the kidney excretes it only after the level in the plasma has 
reached a threshold level for the kidney*
Pearce et alia, as long ago as 1912, stated that a concentration 

of 0.06 gms. haemoglobin per kilogram of body weight was 
required to produce haemoglobinuria in dogs, 

lighty et alia (1932), working with dogs, suggest that the
level of haemoglobin in the plasma necessary to produce 
haemoglobinuria was, on the average, d4 mgms. of haemo­
globin per kilogram of body weight. This was the level 
they found after repeated injections, however, which is 
an important point.

Fairley (1940a), using stroma-free haemoglobin placed the renal 
threshold level between 37-102 mgms. of haemoglobin per 
100 ccs. of plasma. He did not claim this as definite, 
however.

Gilligan et alia (1941) found haemoglobinuria did not begin in 
patients until the plasma level was 130-150 mgns. of 
haemoglobin per 100 ccs. of plasma (this is roughly
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the same level as that suggested by lighty et alia). 
Grilligan et alia did note one other point, also 
noted by lighty et alia, namely that once haemoglobin­
uria had started, it would persist until the level in 
the plasma had fallen much below the initial threshold 
level, sometimes until the plasma figure was as low 
as 30-50 mgms. per 100 00s. plasma.

As is to be expected the available evidence suggests that 
tubular re-absorption is responsible for the threshold 
phenomenon. Yuile (1942) supports this view. He also 
agrees with other workers that, following repeated injections 
of haemoglobin sufficient to cause haemoglobinuria, the 
renal threshold for haemoglobin may be lowered sixty per cent 
or more.

And, furthermore, even taking into account the 
haemoglobin voided in the urine in such cases, there still 
remains a large amount of haemoglobin unaccounted for, which 
certainly had not been dealt with by the usual channels. 
Stephens (1927) provides a simple quantitative illustration 
of this. He found that the total amount of haemoglobin 
passed in the urine in a severe case of haemolysis amounts to 
some 100 ccs. of red cells. But in such severe cases four- 
fifths of the cells may have been destroyed, e.g. a fall in 
the blood count from five million red cells to one fcillion 
red cells per cub.mm. of blood is not unusual. How if the
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average total volume of blood in the body be taken as abftut 
5,000 cos. then, since the red cells form approximately fifty 
per cent of the blood volume, the total volume of red cells 
in the body may be taken to amount to 2,500 ccs. We have
seen that destruction can occur of four-fifths of this; 
therefore about 2,000 ccs. red cells had been destroyed. But 
only 100 ccs. of red cells have been accounted for in the
urine. This has left no less than 1,900 cos, unaccounted for,
only a small proportion of which could have been dealt with by 
the reticulo-endothelial mechanism. The rough figures of 
Stephens are supported by Yorke et alia (1930) who claimed
that not more than ten per cent of the liberated haemoglobin
is excreted in the urine even in cases showing polyuria.

The identification of the new pigment by Fairley 
and Bromfield in 1934 went far towards solving the fate of 
the remaining haemoglobin. In short the formation of 
methaemalbumin by the body appears to be a process of con­
servation of iron. We have said that when haemoglobin is 
set free in the plasma, the body treats it as a foreign 
substance and attempts to eliminate it as soon as possible; 
with the identification of the new pignent methaemalbumin, 
it was realised that there are three ways in which the body 
tackles the problem of haemoglobin circulating free in the 
Plasma; these are:



The normal; i.e. absorption by the retioulo-endothelial 
system; the haemoglobin is degraded to 
bilirubin.

This method of excretion may be sufficient 
to handle slight degrees of haemolysis, e.g. 
Fairley (1940a) suggests it can handle 
injections of small amounts of haemoglobin, 
say five grams. This mechanism, therefore, 
is probably able to cope with the haemolysis 
in the average case of malaria. The result 
will be hyperbilirubinaemia, but the Sohuram 
test will be negative. (For a note on the 
Sohumm test see below.)

Intra-vascular katabolism of haemoglobin; this is
•shown by hyperbilirubinaemia, Schumm test 
positive, and formation of methaemalbumin, 
essentially an extra-corpuscular pigment.
The possible method of formation of methaem- 
albumen is discussed below.

Renal excretion of haemoglobin; this, the third mechanism, 
is an extreme measure. It represents the loss 
to the body of iron. This only comes into 
operation when the concentration of extra- 
corpuscular circulating haemoglobin reaches
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the renal threshold. One suggestion is 
that this occurs when about seventeen ccs. 
of corpuscles have been laked.

Boss (1927b) estimated that if the haemoglobinsemia is suoh 
that it can directly be represented by a bilirubinaemia of 
less than six indirect van den Bergh units then the renal 
mechanism of disposal is not called into play. Actually 
however the most important of the factors determining the 
haemoglobinuria is the rapidity of the haemolysis and not the 
degree.

There are some differences of opinion as to the 
degree of haemoglobinaemia which may be found in a severe 
lysis. Among the earlier workers Christophers and Bentley 
(1908) estimated the figure usually to be about one per cent, 
although they reported one patient with a plasma value of 
3.75 per cent haemoglobin. Barratt and Yorke (1909) found 
plasma values much the same range. Generally the opinion is 
that the values of haemoglobin in the. plasma of patients with 
severe haemolysis are between one per cent and three per cent.

One point to be kept in mind is that, since jaundice 
takes about twenty-four hours to develop, in any severe lysis 
haemoglobinuria will appear some time before jaundice.

It is repeated that the formation of methaemalbumin 
is essentially a conservation process, preventing the iron
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being lost by passage through the kidney. Fairley and 
Bromfield (1937) suggested that there may be two stages 
in the formatinn of this methaemalbumin in the body; firstly 
a splitting-off of the globin from the circulating haemoglobin 
by which haematin, haem, is left available; (this is not the 
usual method of degradation of haemoglobin, see page 169.) 
and, secondly, combination of this porphyrin compound (tri- 
valent iron) with plasma crystalbumin resulting in the 
production of methaemalbumin. Certainly this pigment 
methaemalbumin can be synthesised in man and monkeys after 
intravenous injection of alkaline haematin.

This pigment differs from methaemoglobin in having 
an absorption band at 623 • This band is not altered by
Stoke*s reagent; it iŝ  dispersed by strong ammonium sulphide 
with the production of a haemochromogen band at 558^ •
The reaction to ammonium sulphide is the basis of Schumm*s 
test. In practice, however, even with equipment available 
the differentiation of methaemalbumin and methaemoglobin is 
not easy. Furthermore, methaemalbumin has to be present in 
fairly high concentration in the plasma before it can be 
detected with any certainty by spectroscopic examination. The 
only equipment of this type available in Waziristan at that 
time was a difraction-type hand spectroscope by which it would 
have been impossible to differentiate the methaemoglobin band
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at 630^, from the 623^*^ hand of methaemalbumin. The 
differentiation in our cases was made by a chemical change, 
Schumm's test. This is a useful and delicate method of 
identifying the presence of methaemalbumin; it was originally 
meant to serve for the detection of haematin. The test is 
a simple one; to the serum to be tested there is added a 
layer of ether, then a measured quantity of concentrated 
ammonium sulphide, and, later a few drops of ammonia. The 
result is the formation of ammonium haemoohromogen, with an 
easily-identified band at 558^^ • Unlike methaemoglobin,
methaemalbumin is not affeoted by Stokefs reagent. To 
summarise the qualities of methaemalbumin; it produces a 
brown serum; it is never found in the corpuscles; it is 
formed from haemoglobin, oxyhaemoglobin, and methaemoglobin 
after the liberation of these pigments from the red cells; 
it cannot function as a respiratory pigment, and it never 
appears in the urine in demonstrable quantities. The produc­
tion of methaemalbumin is evidently a stage in a process by 
which the body disposes of circulating extra-corpuscular blood 
pigments; its appearance is to be anticipated in any intra- 
vascular haemolysis of sufficient magnitude; its appearance 
is entirely beneficial, because it conserves iron.

The brown pigment found in the urine in haemoglobin­
uria is methaemoglobin, which is derived from oxyhaemoglobin;
the transformation takes place in the tubules of the bladder;
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this methaemoglobin is not the result of methaemoglobinaemia.

Methaemalbumin is formed fairly rapidly in the body,
having been found within four hours of the beginning of haemo­
globinuria. (It should be remembered, of course, that the 
beginning of haemoglobinuria is not necessarily the same as 
the beginning of the haemolytic prooeas.) fhe methaemalbumin-
aemia is dependent on the extent and duration of the haemolytic 
process, e.g. if the process is of small degree and of short 
duration the liberated haemoglobin will be dealt with by the 
reticulo-endothelial system as explained above. But if the 
haemolysis has been large, or aoute, or long-continued then 
the body will form methaemalbumin; in the latter type of 
case hyperbilirubinaemia will also be present since the two 
mechanisms are not mutually exclusive. The first-fruits of 
this discovery of methaemalbumin by Fairley and Bromfield was 
that it provided a method of establishing whether or not any 
particular haemolytic anaemia of any degree was intra-vaaoular 
or not, because any degree other than a very minimal one of 
intra-vascular haemolysis leads to the production of methaemal­
bumin which is not found in other types of haemolysis. Typical
of the findings in intra-vascular haemolysis are those quoted 
by Fairley and Bromfield (1938) in some Macedonian cases of
blackwater fever. The pigments in the plasma were:
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fotal oxyhaemo- 
oases globin

positive globin and 
methaemal­
bumin posi­
tive

oxyhaemo methaemal- methaerao-
bumin globin
positive positive.

2 10 2 nil.

(Che two patients who showed oxyhaemoglobin only 
were two children in whom the haemolysis had been mild and of 
less than twenty-four hours duration.

One other result of the finding of the new pignent 
was that it explained puzzling features of certain oases of 
haemolysis in which the fall in the red cell count continued 
and in which there were repeated attacks of fever, but no 
haemoglobinuria. Investigation of such cases showed that 
the bouts of fever and the continued fall in red cells were 
accompanied by a rise in the value of the plasma methaemal­
bumin, or a re-appearance of this pigment in the plasma of 
those patients whose plasma had become free of it. fhis 
finding indicated that there had been a recurrence of the 
haemolytic process, but not of such degree as to produce 
haemoglobinuria. In such cases transfusion of blood may be 
a life-saving measure. Blaeklock (1923) had previously put 
forward a similar theory on clinical grounds.

fhe best summary of the value of this finding by 
Fairley and Bromfield (1934a) is that given by i’airley himself, 
talking of the discovery in connection with the haemolysis
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of blackwater fever he said that the discovery had illuminat­
ed the mechanism at work even though it has nothing to do 
with the fundamental cause of the haemolysis.

It has been seen that the mode of formation of 
methaemalbumin is not clear; similarly the mode of degradation 
of the plgnent is also obscure. The breakdown follows a 
somewhat different course from that of haemoglobin, with 
production of ooproporphyrin III which is excreted via the 
liver. This was adumbrated by Yorke and Hauss in 1911. The 
matter will be dealt with at more length in later ohapters.

This completes the brief summary of the metabolio 
processes of haemoglobin, and of the quantitative and qualita­
tive changes in the pigment derivatives which are found in 
haemolysis.

Jaundice.

This is a convenient stage at which to discuss 
Jaundice, a problem intimately bound up with the subject- 
matter of the preceding paragraphs, and a problem which will 
require our attention later in this chapter.

In man the bile pigment is bilirubin, yellow in 
colour and normally present in human serum in small amounts,
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usually not more than 1.0 mgms. per oent. When excess of 
this pigment appears in the blood-stream for any reason, 
then it may escape into the tissues of the body; after 
some hours of this, usually within twenty-four hours, the 
tissues may become yellow, i.e. there will appear the 
clinical condition "jaundice". from previous paragraphs 
it may be gathered that excess of bilirubin in the blood­
stream may arise either from over-production of bilirubin, 
typically seen in haemolysis, or from a damming-back of 
bilirubin because of malfunction of the liver. In practice, 
clean-cut division into the two types is rarely encountered; 
some workers, for example, claim that icterus rarely occurs 
with blood destruction alone, and consider that when blood 
destruction is accompanied by jaundice there must be a 
superadded element of liver malfunction, e.g. due to anoxaemia 
(Rich, 1930) or to a flooding of the liver with pigment 
(Hills, 1946).

in important point, and one already mentioned, is that 
the degree and onset of jaundice differ markedly in the two 
types of hyperbilirubinaemia. for example, in the jaundice 
found with liver malfunction not only does the bilirubin spill 
over more readily into the urine (said to occur with a serum 
bilirubin concentration of anything over eight units) but it 
appears to diffuse more readily into the tissues. On the
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other hand, in jaundice primarily the result of blood 
destruction the bilirubin escapes into the urine only when 
its concentration in the serum is relatively high, said to 
be about twenty van den Bergh units, i.e. this slow escape 
into the urine is paralleled by an apparently slow escape 
of the staining pigment into the tissues. is a result, 
the jaundice in the latter class of patient is later in 
onset and very much less in degree than that found in individ­
uals with the same concentration of bilirubin in the serum 
but in class I, i.e. individuals with obstructive jaundice.

Jaundice in Malaria.

This is relevant to the discussion on the haemoglobin- 
uria of the Hazmak patients.

The disease malaria well illustrates the remarks in 
the above paragraph on jaundice. In malaria there is haemo­
lysis, both intra-vascular and in the reticulo-endothelial 
system. The intra-vascular haemolysis may range in degree 
from mild to severe, e.g. in severe attacks of malignant 
malaria as many as half a million red cells per oub.mm. may be 
destroyed in a single paroxysm; Voigt and Yoigt (1938) 
examined the level of plasma haemoglobin in seventeen oases of 
malignant tertian malaria and found that in four of the cases 
the plasma haemoglobin levels were as high as 22-60 mgas. per 
oent. is a result of this considerable destruction of red
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cells it is common to find muddy-yellow discolouration of 
the skin and the solerqe: van den Bergh himself, in 1924,
was among the first to refer to an increased value of the 
indirect reaction in malaria. Boss (1932) also reported 
that in malignant tertian malaria he invariably found the 
indirect van den Bergh reaction to be positive. This 
opinion was generally accepted that malaria causes intra- 
vasoular haemolysis of such a degree that there is hyper­
bilirubinaemia. With the giving of modern ohemotherapeutio 
remedies early and in adequate dosage, the disease is 
nowadays brought much more rapidly under control, with 
blood-destruotion reduced to a minimum; as a result the 
muddy-yellow appearance of chronic malaria is less commonly 
to be seen in malarious areas. An example of this is seen 
in the paper by Hills (1946) who opens his article with the 
statement that jaundice is uncommon in malaria; presumably 
he was only in contact with individuals treated early and 
adequately. Hills was reporting the findings in an investi­
gation of the incidence of jaundice in 8837 cases of malaria 
treated in an American general military hospital in Assam 
over a period of twenty-eight months. The patients treated 
were all American and Chinese soldiers. The author was 
investigating individuals with a raised van den Bergh 
quantitative reaction, or with a raised icterus index, or 
showing overt jaundice. He took as his standards of minimal
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abnormality, a standard of not less than 0.6 mgms. per cent 
for the van den Bergh reaction, and an icterus index of 
ten. He collected 321 patients from the 8837. The author 
concluded that only in twenty four of those cases could the 
changes be blamed upon malaria, i.e. in all the 8837 individ­
uals treated for malaria only twenty-four showed "malarial 
jaundice"; this is an incidence of 0.£7 per cent. In 
twelve of the twenty-four oases the method of investigation 
was the icterus index, in seven the method used was the van 
den Bergh reaction, and in five cases both methods were used.
The van den Bergh values were low, which may be explained by 
the fact that the author reports a direct reaction; this direct 
reaction was confirmed by the finding of liver damage in three 
fatal cases who came to autopsy.

This discussion on jaundice and malaria will later be 
seen to have some bearing on the problem before us, namely the 
establishing of the cause or causes of the haemoglobinuria in 
the six oases of malaria in Waziristan in 1938.

Bor easy reference we shall abstract and discuss 
at this point those laboratory findings in the six Kazmak 
cases which are relevant to the above paragraphs; such 
findings to be discussed will include the results of the van 
den Bergh reaction, jaundice, icterus index results where 
applicable, spectroscopic analysis of the plasma, spectroscopic 
aaalysis of the washed lysed red cells.
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(spectroscopic analysis ox the urine will be discussed in 
Chapter V), and the depth of colour of the blood pigments 
in the plasma; this last will be estimated by comparing 
the plasma with solutions containing varying quantities of 
lysed red cells.

i.e. Relevant laboratory findings in the Razmak cases.
fhe first of the laboratory findings to be

discussed is the van den Bergh reaction, and the values shown
by our patients. fhe findings are tabulated in figure Mo. 2
below. Where jaundice was found this has also been shown in 
the same table.

Figure Mo. 2.
Quantitative and Qualitative Results of the van den Bergh

reaction.
Key. Qualitative; Bsbiphasic positive (i mild; +«present)

I) « direct positive (+*marked; severe )
I a indirect positive 

Quantitative: figures in brackets give the v.d.Berghvalues. (-All quantitative reactions were carried out using indirect technique.)
J * Jaundice. -ve ■ fest negative.

tve* x'est positive.
M.k.a Test not carried out.

Case Uumber of days after coming under observsition with
Mo. ‘flysis R.B.C.

1st 2nd 3rd 4th 5th 6th 7th 8th 1 month.1 B+ioJ B+-M5) D-HlojDm-O) M.A. M .A . beath
J t J++ J J J J+

2. B+(9) B+( 10) Bt(9) B H 3 ) v.d.B.J-ve J jr J + J+ J-#* J-ve neg
I (5) I (10) 1(b) t  (4) I (5) dittoJ + + J ̂  J J 4* J*4" J*̂  Jjt



Figure No. 2. (contd*)
206*

Case 
No. .

Number of days after coming under 
?lysis R.B.C.

1st End 3rd 4th 5th 6th

observation with 

7th 8th 1 mont]
4. I (4) I (5)J4? J* J* Jf J4-

v.d.B.neg
jHill 12th day

5. B (9) D (8) £ (2) B (3.8)
J +

ditto
J+till 18th day

6. I
J -ve J ±

ditto

Cases .Nos• 3 and 4 were actually first detected by 
the appearance of overt jaundice when they reported for plasmo- 
quine treatment*

fhe qbove table shows that there is no close direct 
relationship between the onset and degree of jaundice and the 
height of the van den Bergh quantitative reaction. It has 
already been pointed out of course, that v/hen the hyperbill- 
rubinaemia has an indirect van den Bergh reaction, then the 
jaundice is of relatively slow development*

In the Razmak cases the quantitative van den Bergh 
findings, given above, were surprisingly low, and yet the 
patients developed jaundice; in some cases, also, that jaundice 
was quite marked in degree. fhis finding of jaundice consist­
ently present, sometimes in severe degree, in individuals
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showing low quantitative values for the van den Bergh test 
suggested that the eiroulating bilirubin might be, at least 
in part, that type of bilirubin whioh had been changed by 
passage through the liver and had then been re-absorbed 
into the blood-stream because of malfunction of the liver, 
fhis probably is the oorrect answer; the one patient who 
came to post-mortem examination certainly did show aoute 
necrosis of the middle two-thirds of each liver lobule. 
Furthermore, as will be seen later, traces of bilirubin were 
found in the urine of some of the oases at times when the 
blood bilirubin levels were below the level at whioh un­
changed bilirubin passes the kidney threshold, although they 
certainly were above that level at whioh changed crystall!sable 
bilirubin can escape through the kidney.

therefore the van den Bergh results, quantitative and 
qualitative, found in our patients do support the claim that 
haemolysis had occurred; they do not give any indication, 
however, of the site of the haemolysis or of the cause. fhe 
quantitative findings were low, very little above uhose found 
in uncomplicated malaria; those low values, in the presence 
of marked jaundice of some of the cases, and in the presence 
of positive direct and biphasic qualitative reactions, are in 
keeping with the suggestion that part of the circulating bili­
rubin had been regurgitated into the blood-stream after passing 
the liver barrier.
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Jaundice is the next of the findings whioh requires 
discussion; this naturally follows upon the study of the Tan 
den Bergh findings.

Prom the table of results given above it will be 
seen that every patient showed jaundice at some time or 
another after the beginning of haemolysis. In fact this was 
the first symptom in two of the patients. The degree of 
tissue staining varied considerably, as did also the duration 
of the staining. Both the degree and the duration of the 
jaundice bear only a very approximate direct relationship to 
the severity of the haemolytio processes as measured by the 
haemoglobinuria, e.g. the fatal case, No* 1, was not the one 
that showed the most severe degree of staining. It the 
other extreme the least severe of the haemoglobinuric 
processes was found in case No. 6 and here the jaundice was 
fleeting and minimal. The jaundice was most marked and 
persistent in case No. 5 even though this case was by no 
means the worst as measured by the course of the haemoglobin­
uria. In this patient the jaundice was found to be well- 
established within a few hours of the patient's reporting that 
he had passed urine of a suspicious colour; the staining 
became intense by the second day, and persisted until the 
eighteenth day after beginning of haemoglobinuria, i.e. it 
persisted for fifteen days after the cessation of haemogLobin- 
u^ia. It i^ realised that this persistence of jaundice
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does not necessarily indicate continued haemolysis.

In case No. 4 the jaundice was also persistent; it
lasted for twelve days, disappearing nine days after the last 
attack of haemoglobinuria.

After the discussion on urinary changes, Chapter V, 
it will be of interest to correlate the jaundice with the
finding of bilirubin in the urines.

Icterus index is the next point for discussion. 
Actually, however, there is little to be gained in discussing 
this test further; as has already been explained, page 177, 
this is a rough method of estimating the bilirubin content by 
a method of aolour matching. Haemoglobinaemia invalidates 
it, consequently it was used only on one of our cases and 
that after the haemoglobin had cleared from the plasma. This 
was in case No. 2, in whom the test was carried out one month 
after haemoglobinuria had stopped, and twenty-four days after 
the jaundice had faded. As might have been expected, the 
reading was within normal limits, namely four units.

Spectroscopic analysis of plasma and of washed red 
cells (including evaluation of the plasma colour change, using 
equivalent percentage solutions of red cells): so far, on the
evidence submitted, it has been possible only to say that 
haemolysis had occurred in our six patients. In this
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paragraph it is hoped to settle the next important question, 
namely whether or not the haemolysis was intra-vascular.

It has already been pointed out that intra-vascular 
haemolysis is marked by haemoglobinaemia and methaemalbumin- 
aemia, both of whioh give specific spectroscopic findings.
With these facts in mind it is a suitable time to review what 
the findings were when spectroscopic analyses were carried out 
on the plasma and on the washed red cells of the six Razmak 
oases of haemoglobinuria. To recapitulate briefly, plasma 
normally contains two pigments in small amount, namely 
bilirubin and haemoglobin; the latter is part oxidised and 
part reduced. It is possible that methaemoglobin is present 
in normal plasma but in amounts so minute as not to colour 
the plasma. In mild haemolyses, whether intra-vsscular or 
reticulo-endothelial, there is an increase in the value of 
the plasma bilirubin which causes a deepening in the colour 
of the plasma; this is the basis of the icterus index test.

If the haemolysis he intra-vascular and of a degree 
such that the reticulo-endothelial system cannot cope with 
it, then the level of plasma haemoglobin also shows an 
increase; this latter pignent lends to the plasma a tint 
which varies from light pink to burgundy depending on the 
amount of haemoglobin present. In such cases, however, a 
third pigment makes it appearance, namely methaemalbumin;
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this last pigment has a brownish tinge and its presence in 
the plasma in any demonstrable amount leads to a further 
deepening of the colour which may go as deep as very dark 
brown. lastly, the situation may be further complicated 
by the presence, in certain oases, of methaemoglobin in 
significant amounts. In such oases the methaemoglobin is 
intra-corpuscular and therefore is not found in the plasma 
except for a very short period of time, as the result of 
lysis of red cells containing methaemoglobin; this has been 
explained already, on page ttfST. The colour of methaemo­
globin is the same as methaemalbumin, therefore it lends no 
characteristic tinge to the plasma.

On pages 205 and 206, figure 2, it was shown that 
hyperoilirubinaemia was present in our patients; it now 
remains to consider the findings on spectroscopic analysis.

Our patients were all receiving plasmoquine at the 
time of onset of haemoglobinuria. As will be seen later, 
plasmoquine is a drug with a narrow margin of safety, with 
a marked tendency to form methaemoglobincythaemia even in 
doses only a little above the therapeutic level; haemolysis 
is also to be found with such doses. In all our patients, 
however, the dosage was small and the total given in each 
case was not sufficient to produce cyanosis according to the
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standards set out by Pi so her and Weise, see page 186.
This problem of the part played by plasmoquine is discussed 
in Chapter VIII.

The problem at this stage is two-fold; firstly, 
it is neoessary to establish the site of the haemolysis, and 
secondly it is necessary to identify the pigments present 
in the blood. Before contihuing with this problem, we 
shall interpolate a short note on cyanosis, whioh has a 
practical bearing on this problem of pigments. A few notes 
on methaemoglobinaemia are to be found on page 184. It was 
seen that when any drug is administered whioh is capable of 
producing methaemoglobinoythaumia, then cyanosis is usually 
to be found when the methaemoglobin reaches a concentration 
of 2-Jfo. In none of our patients was there ever any trace of 
cyanosis, which was to be expected in view of the very small 
dosage used of plasmoquine. The appearance of cyanosis 
after the onset of haemoglobinuria is of little differential 
importance since this will occur with methaemalbuminaemia. for 
completeness sake, however, we give a record of the findings 
of cyanosis in our patients, see figure No.3 below.



figure Ho* 3*
Eecord of the findings of cyanosis in the Razmak oases.

jc a  se 
jUo.

Mumber of days after coming under 
?lysis R.B.C.

1st 2nd 3rd ! 4th 5th

........ iobservation with j 
6th 7th I

1 T 4 4 4 4 4 i
i

2 ?+ 4

3
t

9

; 4 : *■ 4 ;

, 5 4- 4 ,

6
: i - ,

Key: trace of cyanosis • 4  cyanosis present.
4.4. cyanosis moderate •

ij'rom the above it is seen that case Mo. 1 was the only one who
showed any degree or persistence of cyanosis; it is probable 
that in that patient much of the oyanosis was secondary to a 
pneumonic condition of the lungs. In the other uncomplicated 
cases cyanosis was found only occasionally and in mild degree, 
and in such cases was of course due to the presence of 
methaemalbumin. fhe heavy natural pigmentation of the 
Indian probably masked several cases of minor degrees of
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cyanosis and our findings should therefore he taken as only 
approximately correct. If any cyanosis was present before 
the onset of the haemoglobinuria then it was so minor in 
degree that it escaped detection; this would indicate that 
any plasmoquine poisoning whioh might have been present was 
of slight degree and would support the contention, to be 
made later, that in fact our plasmoquine dosage was well 
within the limits of safety and that plasmoquine poisoning 
was not the major factor in the production of the haemoglobin- 
uria in the six cases under consideration.

fhe presence or absenoe of cyanosis really helps 
very little, however, in the identification of abnormal blood 
pigment; the only satisfactory method is by spectroscopic 
examination. So far the only pigment identified with 
certainty is bilirubin. But since the patients were receiving 
plasmoquine, then with any haemolysis at that time theoretically 
at least three more pigments may have been present in the blood 
at the time of the haemolysis. fhese are: haemoglobin with
oxyhaemoglobin, methaemalbumin, and possibly transitory 
methaemoglobin. It was hoped to establish which of the three 
were present in our patients; unfortunately the methods of 
examination at our disposal were insufficient for our purpose.
We were working in a remote part of the country, several days* 
journey from large centres of medical research, and the only 
"type of spectroscope available in Y/aziristan, or for that
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matter the only type available in North India, was a 
hand-type spectroscope; this instrument could not differ­
entiate methaemoglobin and methaemalbumin by direot examin­
ation. fhe only alternative was to use Schumra's test, 
which was done. This provides a more easily identifiable 
substance when the pigment under test is methaemalbumin.
Using this method, our findings were such as to suggest that 
in all the patients the brown pigment present in the plasma 
was methaemalbumin, and we have reported it as such in our 
summary of spectroscopic findings. On no occasion were we 
able unequivocally to identify methaemoglobin in the plasma. 
The results of the spectroscopic analyses of the plasma 
specimens are given in figure Mo. 4.

In the interests of accuracy, however, it must be 
stressed here that at the time the examinations were made our 
experience was limited, consequently I oannot deny the possib­
ility that methaemoglobin may have been present on occasion 
and may have escaped identification.

fhe foregoing remarks apply to examinations carried 
out on specimens of plasma. Similar spectroscopic examina­
tions were also made in each case on solutions made by the 
lysing in water of washed red cells. fhe results are tabula­
ted in figure Mo. 4 below.



216.
Pigure No. 4 .

Hesuits of spectroscopic analysis of plasma and of 
washed lysed H.B.C.

Case Material
:

No . of days following onset of lysis
No. examined. 1st , 2nd 3rd 4th 5th

i
6th 7th

! 1 
mnth

I* Plasma
Sol.wash-
edH.B.C.

m-alb
HbOO

in-a lb 
HbOO

m-alb m-alb m-alb 
HbOO HbOO ?HbOH*

2. Pla smaSol.wash­
ed H.B.C.

m-alb
HbOH

m-alb
HbOO

m*alb
HbOO

Urace
HbOO
HbOO

3. Pla sma 
Sol.wash­
ed H.B.C.

m-alb
HbOH

m-alb
HbOO

7m-alb m-alb m-alb 
HbOO HbOO HbOO

HbOO
HbOO

4. Pla sma 
Sol.wash­
ed H.B.C.

m-alb
HbOO

m-alb
HbOO

m-alb
HbOO

'fraoe
HbOO
HbOO

5. Plasma 
Sol.wash­
ed H.B.C

m-alb
HbOO

m-alb
HbOO

m-alb m-alb 
HbOO HbOO

"tfraoe
HbOO
HbOO

6. Pla sma 
Sol.wash­
ed H.B.C*

HbOO
HbOO

m-alb
HbOO

)

~  —  „■ i..

HbOO
HbOO

Key: m-alb - methaemalbumin present.
HbOO m oxyhaemoglobin present.
HbOH « met haemoglobin present.

* See remarks on oase Ho. 1, page 217.
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Remarks:

Case No.l. Showed the presence of methaemalbumin in his 
plasma until his death. Examination of the 
washed lysed red cells showed oxyhaemoglobin 
except on the fifth day, two days before 
death, when he showed what was interpreted 
to be small amounts of methaemoglobin but 
may actually have been methaemalbumin adhering 
to improperly washed red cells. In theory, 
differentiation between the methaemoglobin 
and methaemalbumin should have been easy by 
the use of Schumm's test, but in this case the 
results were equivocal.

Case No. 2. In this oase the plasma showed methaemalbumin 
in the three specimens taken on separate days.
On examination, the lysed washed red blood 
corpuscles showed the presence of oxyhaemoglobin 
absorption bands on the second and fourth days; 
on the first day, however, the absorption bands 
appeared to be those of methaemoglobin. This 
may have been methaemoglobin originally formed 
inside the corpuscles, or may have been 
methaemalbumin adhering to improperly-washed 
cells.

One month later, the plasma showed traces
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of oxyhaemoglobin which is, of course, a 
normal finding.

Case No* 3* Methaemalbumin was present in each of the 
plasma specimens examined. The results were 
doubtful in the fifth-day speoimen.

The same remarks apply to the specimens of 
lysed washed red cells as in case Ho. 2, i.e. 
the specimens all showed oxyhaemoglobin bands 
exoept on the first day when the pigment found 
may have been methaemoglobin or adherent 
methaemalbumin.

Case No. 4. In this case each sample examined of
plasma showed methaemalbumin present, and each
sample of red cells showed oxyhaemoglobin.

Cass No. 5. Bindings as in case No. 4.

Case No. 6. In this patient the lytic process was very
short-lived and of mild degree. Only one 
speoimen of plasma showed methaemalbumin, and 
all specimens of lysed cells showed oxyhaemo­
globin.

3?he results of the spectroscope examinations are of much 
importance; they enable us to take the diagnosis of our 
cases one step further in that they show that in each case



the haemolysis was intra-vasoular.

This at onee narrows considerably the possible 
causes of the haemolysis.

The next table, figure No* 5 shows the degrees of 
colouration of the plasma by circulating blood pigments* 
The estimate is a crude one, the standards being solutions 
of varying quantities of red cells.
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Figure flo. 5,
Plasma colour change a, measured against cJo equivalent solutions red cells*

Case
No.

Investigations
made

ho,
obs of days after coj 

nervation with ? 1
mlng under 
ysis R.B.Cs.

1st 2nd 3rd 4th 5th 6th 7 th
1 fo equiv.sol. RBCS plasma 

Blood count, 
RBCs. millions 
Hb. estim. p

1
1.2 j 0.8 0.9 

! * '2.64 ! 2.74 2.46 
48 j 48 : 47

... - - f

1.1
1.96
40

0.5
z

2.04
41

1.8
1.32
30

?
1.45
27

2 p equiv.sol. 
HBCs plasma. 
Blood count, 
RBCs. millions. 
Hb. estim. p

1.8
2.8
64

0.9 1.0
1.9
49 3.221 

72 [

5* P equiv. sol. 
RBCs. plasma. 
Blood count, 
RBCs. millions. 
Hb. estim. p

1.2 1.0
2.76
65

2.1 2.0 0.6
2.5
66

0.4
!i
1
1

4. p equiv. sol. RBCs. plasma. 
Blood count, 
RBCs. millions. Hb. estim. >o

0.6
2.3538

0.8 0.2
2.89
40

— 1|

5. $ equiv. sol. RBCs. plasma. 
Blood count, RBCs. millions. 
Hb. estim. p

1.0
2.17
50

0.8
1.8
43

0.6
1.7
40

0.2

6. p equiv. sol. RBCs. plasma. 
Blood count, RBCs. millions. 
Hb. estim.

9

5.0
90

transfusion 500 cos. fresh blood on the day preceding this red cell count*
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For ease of reference the red cell estimations and the haemo­
globin values are given in figure No. 5 also.

the figures in table No.5 for the haemoglobin levels 
in the plasma near to the times of lysis show that the values 
found by us are much lower than those reported by other 
workers. this may be explained to some extent at least by 
one difference in technique. From the reports of other 
workers it seems that the great majority used solutions of 
red cells lysed in distilled water as the gauge for estimating 
the haemoglobin content of the plasma. She use of distilled 
water would seem to give too high a value for the haemoglobin 
content of the plasma, because such a method fails to make 
any allowance for the other substances colouring the plasma, 
e.g. bilirubin. So obviate this error, the red cell solutions 
for comparison were made up by lysing normal washed red cells 
in a solution of tartrazine of strength equivalent to a serum 
with an icterus index of fifteen, i.e. a colour which would 
eliminate the part played by bilirubin in the colouring of the 
plasma. She tartrazine solution was matched against a 1/700 
solution of potassium dichromate, which is roughly that of an 
icterus index of fifteen. Varying amounts of red cells were 
then added to this substratum to provide a range of coloured 
solutions against which our specimens of plasma were matched. 
Shis test oannot be regarded as anything other than approximate. 
She matching was by direct comparison; no colorimeter was
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available.

In view of the wide margin of error whioh is 
likely in testa suoh as this, our values in figure Ho. 5 
are very approximate, although they were made as carefully 
as possible with the equipment available.

It is to be seen from figure Wo. 5 that, roughly 
speaking, the rises in the values of free blood pignent in 
the plasma run parallel with the phases of lysis as indicated 
by falls in the red cell counts. This will be further 
confirmed when we correlate.the phases of haemoglobinuria and 
plasma haemoglobin levels; this will be done in Chapter V.

It is necessary at this point to discuss, in brief, 
the red blood corpuscle, since any consideration of the 
laboratory findings in haemolyses necessarily includes the 
question of the red cell.

The Red Blood Corpuscle.
Compared with those of the living cells of the body, 

the functions of the red cell appear simple; yet there is Ii• jstill much that is not clear about the cell and its functions. !

The opinions of Thorpe (1944) are typical of those 
of the majority of workers. Thorpe states that chemically 
it is convenient to picture the red cell as essentially a 
droplet of a red sol enclosed in a membraneous bag, although
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no limiting membrane has been demonstrated histologically•
He suggests that the surface membrane may be formed by 
surface concentration of a molecular layer of protein and 
lipide (lecithin-cholesterol); this cell boundary behaves 
like a membrane which is normally impermeable not only to 
oolloids but also to crystalloids, although it is readily 
permeable to solutions of gases. It is further suggested 
that the shape of the cell is determined by the stroma.

Another suggestion is that the red cell is not a 
cell in the generally accepted sense, but is a gel.

Other workers who have discussed this problem of 
the corpuscle and its functions include: iSvans, G.L. (1945)
stated that the red corpuscle has an external limiting pellicle 
resembling that found in most living cells, being formed by 
a lecithin-cholesterol compound, and it is the solvent power 
of this which determines the permeability of the red cell by 
foreign substances. Zinsser et alia (1944) hold much the same 
opinion, stating that the permeability of the cell membrane may 
ohange in various conditions and that part of the process of 
hypersensitivity may be an increased ability of the injurious 
substances to get into the cell. Whitby and Britton (1946) 
support the gel theory, when they state that when red blood 
corpuscles are placed in normal saline they may be cut into 
several pieces without the escape of haemoglobin; therefore
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according to this the mechanism of haemolysis is not 
necessarily a simple destruction of the oell envelope.
Also, as long previously as 1929 Christophers was thinking 
along the same lines when searching for a common explanation 
of the haemolysis produced by acids and bases* He regarded 
the haemoglobin in the red cell to be present normally as a 
gel, and suggested that acids and bases produce haemolysis 
by an effect on the iso-electric point of the haemoglobin 
and not by their effect on the stroma. Haemoglobin is 
normally a gel at the iso-electric point, and any oharge, 
either positive or negative, tends to produce haemolysis; 
this theory, therefore, holds that it is the haemoglobin 
rather than the stroma whioh is chiefly concerned In 
ordinary haemolysis. Whatever the explanation, "ghost" 
cells are found in the blood-stream following any intra- 
vascular haemolysis; these "ghost" cells appear to be 
haemoglobin-free protein remnants of lysed cells. These 
cell remnants will be more fully considered later in this 
work, as some workers hold them to be a possible casue of 
some of the more serious results of intra-vascular haemolysis.

In the absence of more precise methods of investiga­
tion, in any search for abnormalities in red cells, we are 
limited to crude and unsatisfactory investigations like the 
following: the behaviour of the red cell in a wet preparation,

the appearances of the red cells in a stained film,
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the red oell count,
the haemoglobin estimation,
the fragility of the cell in hypotonic saline, 
the sedimentation rate,
and to certain related phenomena as bleeding 

time and coagulation time.

These examinations were carried out on all of our 
patients; the results are tabulated and discussed seriatim, 
see below.

Our object in carrying out these tests and investi­
gations was to establish whether or not any abnormalities 
were present in the red cells of our haemoglobinurio patients 
which would account for the development of this haemoglobin­
uria. A full haematological investigation was carried out 
on each of our patients only after the beginning of the 
haemolysis, and one serious criticism which we cannot ignore 
is that if any abnormality is found in the haematological 
examinations, then there can be no guarantee that this abnorm­
ality is not a cuase but an effect of the haemolytic process. 
This will require to be kept in mind.

Red cell appearances in wet films: the only abnormality seen
was a mild degree of clumping into masses of the 
red cells, i.e. auto-agglutination. Spherocytosis 
is said to occur, but was not seen in any of the
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specimens examined.

This auto-agglutination cannot be taken as 
indicating any abnormality existing in the red 
cells previous to the onset of lysis, because such 
auto-agglutination is seen in many haemolyses in 
whioh the red cell is not abnormal. Important work 
has been produced in the last few years by Knisely 
and various co-workers, e.g. Khisely et alia (1945) 
and Knisely et alia (1947); these authors have 
found that in many unrelated conditions there is 
found to be present an aggregation into masses of 
the red cells; as a result of this aggregation 
the blood ceases to flow readily and becomes what 
the authors have termed "circulating sludge". liven 
trauma is capable of producing this sludging of the 
blood.Apropos of the last point, the authors have 
suggested that in the case of crush injuries, the 
crushing of the smooth and striped muscle releases 
substances capable of diffusing in through the 
vessel walls, and capable of reacting with the con­
stituents of the blood. This does not explain the 
phenomenon of sludging in all the conditions in whioh 
it has been found to occur, e.g. in malaria where in 
certain monkey experiments a thick glassy precipitate 
was seen to form around the red cells all through
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the body simultaneously within twenty minutes. This 
precipitate was thought to be fibrin.

Whatever the cause, we are justified in presuming 
that in our oases the fozming of masses was not 
necessarily an indication of any abnormality in the 
red cells which had existed previously to the onset 
of haemolysis and which could have been the cause of
the haemolysis.

Bed cell appearances in stained films: from stained blood
films it is possible to identify in the red cells 
changes in the shape, the size, the staining reactions, 
and to identify any nucleated or other early forma of 
red cells. Irishman's stain was the one used in all 
the films. In each oase the original blood films, on 
which the diagnosis of malaria had been made, were 
available for comparison with the stained films made 
at the time of lysis.

Our findings were that each blood film showed 
abnormalities in the red cells except in oase Wo. 6 
in whom the lysis was very mild. In the remaining 
five patients, during and immediately after the time 
of lysis the blood films showed much irregularity in 
the shape of the red cells, the picture resembling that 
seen in a severe untreated oase of pernicious anaemia.



This abnormality of shape was not found in the 
original blood films of the patients.

The size of the red oells also showed obanges 
whioh had only oome on at the time of the lysis; 
some of the oells appeared larger and some appeared 
smaller than normal. There was no equipment 
available for the measurement of the oells, and 
therefore no figures oan be given of the actual 
sizes of the oells. The terms "larger” and 
"smaller" are relative.

figure Ho* 6 gives a summary of the findings so far disoussed 
it also includes the results of other examinations whioh are 
disoussed later*
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ffigure Ho. 6.

Results of haematologioal examinations. (Red cells only.)

Case i£xarn illations 
No. made

Ko.• of days with ? after ooming under observation lysis of RBCs.
1st 2nd 3rd 4th 5th 6th Vth one month

x X
1 RBCs mllns/emm 2.64 2.74 2.46 1.96 2.04 1.32 1.45

HI). $ CSahli) 48 48 47 40 41 30 27Col.Index. 0.92 0.92 0.9 1.05 1.02 1.1 1.1
Mean oorp.vol. 102 98 100 100 98 101 102
Maorooytosis ++ ++ ++ + +
Miorocytosis + + + -»• + ++ + + + + + +
Immat. cells u‘ew n n * n ♦+ n n + n + n ±Reticulocyte )o 30 35 41 35 21 12 7

2. RBCs mllns/omm 2.8 1.9 3.22 6.0Hb. (Sahli) 64 49 72 110Col.Index 1.1 1.3 1.1 0.9
Mean oorp.vol. 114 111 91Maorooytosis + +Miorocytosis few
Immat. red os. few n
Reticulocyte jo 6 8 0.5

3. RBCs mllns/omm 2.76 2.5 3.0Hb. jo (Sahli) 65 66 90Col.Index. 1.2 1.2 1.5
Mean oorp.vol 96 104 110Maorooytosis ++ ++ &
Miorocytosis •f-1 few few
Imm.red cells
Reticulocyte jb 14 21 1.5

4. RBCs mllns/omm 2.35 2.89 4.46
Hb. )o (Sahli) 38 40 87
Col.Index 0.8 0.7 0.96
Mean oorp.vol 75 69
Maorooytosis *
Miorocytosis ' +
Imm.red cells
Reticulocyte jo 24 11



Figure Ho* 6 (continued)
230.

fto. of days after coming under observationCase Examinations with ? 1ysis of RBOs.
No. made 1st 2nd 3rd 4th 5th 6th 7th one month

5 RBCs mllns/cmm 2.17 1.8 1.7 3.52
Hb. (Sahli) 50 43 40 80Col.Index 1.18 1.3 1.3 1.14Mean oorp.vol 100 104
Maorooytosis + i +Miorocytosis few 1 fewImm.red cells few !
Reticulocyte )o 15 13

6. RBCs mllns/cmm 5.0 5.3Hb. (Sahli) 90 108
Col.Index 0.9 1.0
Mean corp. vol . 90 96Maorooytosis few
Miorocytosis few
jlmm. red cellsjRetioulooyte ^ 2.5

... -_J
0.5

Key: it = very few ; + « abnormality present
■+•+ = abnormality marked n * normoblasts.

x blood transfusion 500 ocs. fresh blood given in 
preceding 24 hours*

It should be noted that polychromasia has not been 
mentioned in the above table. It was present immediately after 
the onset of lysis in every case, and disappeared within a few 

of the stopping of lytic process.

It has been noted in the preceding paragraphs that
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auto-agglutination and poikilooytosis were present in relation 
to the lytio phases but that such appearances could not be 
taken as proof of a pre-existing abnormality of the red blood 
cell. This interpretation of the abnormalities, that they 
were an effect and not a cause of the haemolysis» is also the 
interpretation put upon certain abnormalities noted in the 
above table. .Abnormalities to be discussed in detail are: 
variations in size of the red cells; immature red oella; 
red cell counts; the percentage value of the haemoglobin; 
the colour index, and the mean corpuscular volume.

Variations in size of the red cells: it has already been noted 
that variations were found in the shape of the red 
cells. With any significant degree of poikilocytosis 
there is always to be found some degree of anisooytosis. 
fhis was so in the six cases under review. ill the 
patients showed deviations from the normal in the size 
of their red cells. In all cases both maorooytosis 
and miorocytosis were present. Exact measurements 
could not be made.

Neither maorooytosis nor miorocytosis were so 
consistently or predominantly present to permit of our 
drawing any conclusions; these abnormalities in the 
size of the red cells were not in themselves of any 
significance.
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Immature red cells: the same remarks apply to the presence

of normoblasts as were applied to the variations 
in the size of the red cells. fhere was no form 
of red cell seen more immature than the normoblast. 
Normoblasts were found in small numbers in oertain 
of the blood films of four of the six patients; 
the normoblasts when present were in numbers within 
that to be expected immediately following any 
haemolysis, especially with the marked degree of 
reticulooytosis that was present in our patients 
at that time.

Four examinations remaining to be considered are: the red cell
count, estimation of haemoglobin, the colour index, and the 
mean corpuscular volume.

It is proposed to discuss these as a composite picture, 
patient by patient, rather than value by value. Before we do 
so it is necessary to give a few notes on the techniques used 
since there is much variation.

fhe red cell count was estimated in each case and on 
each occasion by means of a standard fhoma type haemooytometer 
using standard red cell pipettes; the blood was drawn at the 
bedside and was counted within five minutes of being drawn.

estimation of the haemoglobin was made by means of a 
Sahli h_emoglobinometer; this method was introduced by
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n Sahli (1931): in it the haemoglobin is reduced to acid

haematin, then the solution is measured against a glass 
standard after about half an hour. We were never in a 
position to check the readings of our glass standard. We 
can only say that in a very large series of blood estima­
tions made on routine hospital patients we found the 
average haemoglobin values to be ninety five per cent. We 
were then living at a height of seven thousand feet; it is 
presumed that our glass standards used in haemoglobin 
estimation gave readings that were too low. The error is 
of little importance in this investigation.

The colour index in each case is obtained from the 
two above measurements, i.e. the red cell count and the 
haemoglobin value. i’he colour index is only an indicator, 
and if either of the two measurements concerned are inexact 
then the colour index is also inexaot.

The last of the four measurements is the mean 
corpuscular volume. This is obtained by calculation, using 
the formula given here:

m.c.v * Volume packed cells in ccs/lOOO conu blood Cyu 
Red cell count/millions per cmnu

The figure ior the top line was obtained by the method of
Wintrobe (1933). The result is expressed in cubio microns,
i.e. kf* . The noimal average mean corpuscular volume is
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about 86 c./x. , with a range of from 80-95 o.yu. •

Let us now consider our findings for these examina­
tions.

Case No. 1. Our results show that the oontinued lysis over
several days led to a steady fall in the number
of circulating red cells, this fall being un­
checked by blood transfusion. The red cell fall

1

was accompanied by a parallel fall in haemoglobin 
percentage; as a result, the oolour index varied 
only slightly from normal, with an initial value 
cf 0#9£ and a value at death of 1.1. 'This mild 
degree of swing towards maorooytosis was confirmed 
!y a rise in value of the mean corpuscular volume, 
which reached a maximum of 102 c. ̂  • Some re­
marks on this will be made after the findings of 
other eases have been reported upon.

Casa Z ¥ a picture similar to that of case No. 1,
namely a marked fall both in the red cell count 
and i# tie haemoglobin values, with the colour

Slightly above unity, and a mean corpuscu­
lar significantly above normal; the highest
value; fe#‘ tie mean corpuscular volume was 114 c.̂u, .

Ifethih one month the red cell picture had



returned to within normal limits.
£35.

Case No.

Case No. 4.

Case No. 5.

• The haematologioal findings here were as oase 
No. £y excepting that the blood regeneration 
was poor, e.g. one month later, and after heavy- 
parenteral dosage of liver the blood picture 
showed only 3.0 million red cells per omm. with 
90$ haemoglobin, and with a mean corpuscular 
volume of 110 q*jul • This is more fully 
discussed below.

The findings in oase No. 4 differ from those in 
the three preceding oases. Here we see that the 
blood picture following haemolysis showed a 
marked microcytic anaemia, with a low colour 
index and with a mean corpuscular volume as low 
at one time as 75 c.yu •; even after one month's 
treatment this tendency wa3 still present to a 
mild degree.

Like the first three blood pictures, oase No. 5 
is that of a mild maorooytosis, with the colour 
index above unity and with a high mean corpuscular 
volume. Like Case No. 3, this patient proved 
refractory to treatment; one month after re­
admission he still showed only 3.52 million red
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red cells, with 80fo haemoglobin and with the 
mean corpuscular volume 104 o.yit •

Case Ho. 6. In this patient the lytic process was mild in
degree and there was no significant change in the
red cell findings.

Y/ith the exception of the mild oase, Ho. 6, and of oase Ho. 4, 
in each patient the lyuic process produced an anaemia whioh was 
associated with large heavily-pigmented red cells whioh had a 
mean corpuscular volume abar a normal. fhe type of picture 
produced, therefore, was fairly uniform; this must lead to a 
consideration of whether this fairly uniform change, with 
maorooytosis, is indicative of a pre-existing abnormality of 
the red cells which abnormality may have played a part in the 
production of lysis, or at the least may have rendered the 
abnormal red cells more easy to lyse. Such a possibility 
requires careful consideration because of the prevalence of 
blood dyscrasias in the fropics. A similar finding was 
reported by Fairley and Bromfield (1937) who found "megalooytio"
anaemia in certain cases of Macedonian blackwater fever; the 
authors then presumed that the cause was a deficiency in foods 
containing the extrinsic factor.

Both macroaytic and microcytic anaemias are very common 
throughout India, and were found to some extent in the pre-war
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4rmy; this question of anaemia in the Indian army was the 
subject of a two-years investigation by me in Waziristan; 
as a result of that investigation marmite became an issue 
in Waziristan. In that investigation, from 1938, the 
large majority of my patients were found to have macrocytic 
hyperchromio anaemia, a finding which has recently been 
confirmed by Thomson and Freedman (1947), by Walters (1947) 
and by Passmore (1947). The reasons for this "tropical” 
anaemia occurring in the irmy are well brought out by 
Thomson and Freedman, who describe conditions in a camp 
near Razmak. In the passing it should be emphasised that 
the defioienoies mentioned have now been supplied and that 
the diet in the Indian irmy now is satisfactory. Patwardhan 
(1947) of the Indian Nutrition Research Laboratories 
describes the present-day diet as "adequate”. This change 
in the diet, which took place in 19^3, may explain why 
Hynes (1945) reports findings at variance to those of other 
workers.

It would seem from the above, then that tropical 
anaemia was quite common in the Indian i*rmy at the time of 
occurrence of the haemolyses in the six patients. But even 
taking into account the fact that anaemia was not an uncommon 
disease, v;e cannot presume, on the evidence given, that any 

all of our six patients were suffering from such anaemia
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before the onset of lysis. In fact the maorooytosis and 
the other related red cell findings in the four oases are 
within the limits of the abnomalities to be found in any 
aoute lytic anaemia with fast regeneration of red cells; 
the reticulocyte percentage estimations showed that fast 
regeneration of blood cells was ooourring in our patients.

Confirmatory evidence that marked anaemia was not 
present in at least two of our patients before the onset of 
lysis is found in patients Nos. 5 and 6 in whom blood counts 
taken before the onset of lysis were found to be within 
normal limits.

We may proceed with the discussion still of the 
opinion that on the evidence as yet produced we are not 
entitled to assume that there was any abnormality present 
in the red-cell picture before the onset of lysis.

Other observations dealing with red cells which still
remain to be considered are: the sedimentation rate, Donath-
Iendsteiner reaction, bleeding time, coagulation time, and
the fragility of the red cells in hypotonic saline. In these
investigations any deviations from the normal will provide
less direct evidence of pre-existing red cell abnormality than

*

deviations in the haematological investigations already con­
sidered, but if found may serve as a pointer to further work.
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Figure Ho* 7 tabulates the results of the remaining 

haematologieal investigations*
Figure Ho* 7*

Results of further haematologieal examinations.

Case
Ho.

Examination
made

| Ho. of days aft 
1 .... for ? lysis

er ooming under 
R.B.Cs.

observation
: 1st ! 2nd 3rd 4th |5th 1 6th 7th J 1 mnth

1 Sed.Rate, | 1----
mms. per hr i 17 1 46 67 ; 72 170 1 67 59
D.L. test : Reg. , Heg :
Bleeding time 1 j i - 1 I( Duke) mins. | 1.9 j 4
Coag.time | i i(Wright )mins. i 3.4 ; 8

saline to I i j
lyse R.B.Cs. j 0.35 ! 0.3 i *

2 Sed. Rate 1 66 !i I 46 i 1 ” 2D.L.test i  Heg. ; 1 Heg. Heg.
Bleeding time i  2.6 I 3.5 ! 4.5
Coag. time 3.9 i 6 6
Ĵo sal. sol. 0*4 1 0*4 | 0.3

3. Sed. Rate 45 26 1 25
D*$. test Heg i Heg.
Bleeding time 2.4 3 j 5Coag. time 4.6 6 I 5  !
)o sal. sol. 0.4 0.4 0*3

4. Sed. Rate 78 14
D.L. test Heg. Heg.
Bleeding time 1.5 4
Coag.time 3.2 5
jo sal. sol. 0.35 0.3

5. Sed. Rate 69 9
D.l. test Heg
Bleeding time 2.0 1.5
Coag.time 5 2.6
/o sal.sol. 0.35 0.3 j

6. Sed. Rate 25 4 1jD.L. test Heg | Heg.i
Bleeding time 2.0 | 3.5 !
Coag. time. 4.5 j 3.0 j
/o sal. sol. 0.35 I Hot jI 1

.... 1 _ _ _ i donej.



240.
These findings are most easily considered seriatim.

Sedimentation rate: The rate of sedimenting of the red cells
serves as a rough method of measuring the rate of 
deatmotion of tissue, e.g. in tuberculosis. This
sedimenting of the cells is also accelerated by
anaemia. The investigation is not a measure of 
any abnormality of the red cell itself, but the 
findings have been recorded here for completeness
sake. The method used was that of Wintrobe (1933),
i.e. the figures given above are the rate of fall j
of the red cells, the measurement being made at the 
end of one hour. With this method the upper limit
of normal is accepted to be about lb mms. fall in j

I
one hour. j

The sedimentation rates of the six patients are j
considerably above normal. This marked acceleration j 
in fall is only partly explained by the anaemia :
present. A second factor explaining this accelera­
tion is the process of lysis which was present at or • 
immediately before the measurements were made. During, 
this lysis there had been much destruction of body 
cells. It is seen that the sedimentation rate had 
returned to normal within one month, except in 
patient Ho. 3 in whom the persistence of the fast 
sedimenting is explained by the persistent anaemia.
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The high sedimentation rates are, therefore, 

explained partly by the anaemia and partly by the 
lytic process. ‘The high rates do not indicate 
any pre-existing abnormality of the red blood 
corpuscles.

Donath-Landsteiner reaction: This test was introduced by
Donath and landsteiner (1904). The test has 
already been mentioned, see page 126; when the 
result of the test is positive it indicates the 
presence in the blood of an autohaemolysin resulting 
from infection by syphilis.

In our oases the reaction was negative on all 
occasions •

Bleeding time: iSstimates of the bleeding time of individuals
are made to detect whether or not any scarcity of 
platelets is present. The method used was a simple 
one, that of Duke in whioh the test is that of 
finding the time taken for the patient to stop 
bleeding from a needle puncture of the ear; in 
normal individuals the time taken varies from three 
to five minutes.

In our patients the bleeding Always stopped 
within the noimal limits, suggesting that there was 
no shortage of blood platelets in the six patients.
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Coagulation time: like the previous test, this investigation

is not a measure of red cell abnormality; it is 
one more of the necessary investigations of any 
full haematologieal examination. The measurement 
is that of the time taken for blood to coagulate 
after being drawn from the body. The method used 
was that of Wright, using a water bath with water 
at 37°C. By this method the normal time taken for 
blood to clot is not more than nine minutes, 
lengthening of the time taken is found in several 
conditions, e.g. in haemophilia, vitakin K short­
age due to liver disease, abnormal stability of j
the platelets, etc.

In each of our patients the time taken for the ,s
!

blood to coagulate fell within normal limits. j
i?

fragility of the red cells in solutions of hypotonic saline: i
Some of the above tests do not have much application j
to the problem under discussion, and have been 
included to ensure that no avenue of investigation ■
was overlooked. This last test, red-cell fragility, 
is important however, in that it has a practical 
application to the matter in hand.

The principle of the test is a simple one, namely 
that of ascertaining how far dilution of a saline 
solution requires to be carried oefore it is
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hypotonic enough to lyse any red cells placed 
therein. With normal red cells, lysis in hypo­
tonic saline generally begins in a 0.5fo saline 
solution; lysis generally is found to be complete 
in hypotonic saline of strength about 0.3$

The importance of this test lies in its use in 
detecting whether or not there is abnormal 
fragility of red cells in a pa.ient, e.g. as is 
found in acholuric jaundice and following burns; 
by "abnormal fragility" is meant that the cells 
are lysed in saline solutions whioh do not lyse
normal red cells.

figure Ho. 7 results show that the fragility 
of the red cells was normal in each one of the 
six patients tested.

It is pointed out that, as is customary, we 
tested only the fragility of the red cells in 
hypotonic saline. Recently some authorities have 
claimed that in certain conditions the fragility 
of the r$d cells may be normal when tested against 
saline solutions, yet may be abnormal when tested 
against other substances; for example Poy and 
Kondi (1943) claim that in blackwater fever the 
patient*s red cells show increased fragility to 
lyso-lecithin although they art normal when tested



in hypotonic saline. This finding, if confirmed, 
may later he linked with a lytic substance report­
ed by various authors to be present in the tissues 
of the body and possibly to be concerned with normal 
cell lysis. This problem is more fully discussed 
in Chapter IX. It is only mentioned here. We 
did not test the fragility of the patients* red 
cells to anything other than saline and cannot 
express any opinion on lyso-lecithin fragility.

This brings to a close the summary of these investigations 
whioh directly or indirectly give information about the red- 
blood corpuscle. A similar summary will now be given of the 
white cell findings.

The white-cell picture: So far in this chapter we have dealt
only with pigment changes and with red cell changes 
in certain conditions. It is now proposed to 
close the chapter by recording the total white-cell 
counts and the differential white-cell counts, ani 
to see whether or not the figdr.es show any 
significant deviations from the accepted normal 
standards, deviations which may act as a guide to 
the aetiology of the condition which produced lysis 
in our six patients.

Figure JJo. 8 summarises the findings.
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Figure Ho. 8.

White cell counts, total and, differential.

Case
No.

ifxamination
made
TToTaT TBCs-perTmrn

Ho. o± days after coming under 
observation with ? lysis RBCs
1st 2nd 3rd 4th 5th 6th 7th TmHih

ioooc) 186001 16000
79 
1 
1 

15 
4

1860018000,
DLC. neutrophils 

eosinophils 
basophils 
lymphocytes 
monocytes Immat. cells

61
3
2
19
15

88 90
1

17 J00 
! 68 
1 
1 
5 
5

1340080
1.5
0.5
13
5

81
1
1
11
6Meta My el Myel My el My el Myel Myel

Total WBOs per cmm 
BIO. neutrophils jo  

eosin.
ba so. jo
lymph. jo
mono. joImmat. cells

7800
60
6
1
24
9

8200 760067 79
5
1
19
8

6000
66
2|I28
3Mono1

14

3. Total WBCs per cmm 
BLG. neutrophils jo  

eosin. jo
baso. jolymph. fo
mono. ybImmat. cells

8400
60
1
1
14
4

Meta

7200
61
7 
1
238

4 ! Total WBOs per omm
DIO. neutrophils jo 

eosin. jo
ba so. jo
lymph. jo
mono • jo

Immat. cells

7200
73
1
1

20
5

Meta,

8600
50
4
238
6

5* ; Total Vt]BOs per cmm 
| DLC. neutrophils 

eosin. 
baso. lymph, mono.Immat.cells

(j
ft
f t '
jo
j°

6600
61
3
133
2

7000
64
2
2284
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Figure Ho. 8 (continued)

CaseKTn j£xamination
made

Ho. of da 
observati

ys after coming under 
on with ? lysis HBGs.uO » 1st 2nd 3rd 4th 5th •th 7th 1 mntiL

6. fotal WBOs per cmm
DLC. neutr. % eosin. Jo 

baso. ft 1 jcnp h. )-o 
mono. >o Immat. cells

8000
67
1
1
25
6

8600
632
1
304

Key: D.L.C. *»differential leueooyte count*
Meta* =5 metamyelocytes 
Myel. - myelocytes.
Mono. « immature monocytes 

£ a few in number 
« present 

+ + n moderate numbers.

In each differential count not less than 200 white cells were 
counted.

fhe figures given in the above should be compared
with the normal values. Ihe figures given by Osgood et alia 
(1939) are typical of those generally accepted. fhe values 
are given in figure Ho. 9 below.
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Normal values, total and per oent. of the white cells ofthe blood.

Type of cell
...... - - . - .i

totals per cub.mm. percentage

Polymorphonuclear neutrophils 
Tt eosinophils 
M basophils

lymphocytes
Monooytes

1500 — > 7500
0 — > 400 
0 --> 200

1000 -- > 4500
0 --> 800

33 —  .> 75
0 — 3> 6 
0 --►* 2
15 -~* 60
0 — * 9

Figure No. 9 shows the findings in the usually- 
accepted nomenclature of the white cells, i.e. the granular 
cells, with its three subdivisions, and the lymphocytes and 
the monocytes.

Patient No. 1 is the only individual of the six in
whom the white cell findings showed a significant deviation from
normal. In this patient,the only fatal one, there was found 
a marked increase in the total white cells; the marked increase 
began almost immediately after the lysis had started and per­
sisted throughout the last days of the patient. In addition 
to this absolute increase in the total count there was a 
relative increase in the neutrophil leucocytes of the blood;
in other words the white cell picture showed a polymorphonuclear
neutrophil leucocytosis from the beginning of lysis until the 
death oi the patient. fhis type of picture is one commonly
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found in sepsis; the only explanation for its being found 
in this patient, and in none of the others, is that this 
particular change was probably produced by the pneumonic 
process which was found to be present in this patient in the 
last days of his life.

In the other patients the findings were within the 
limits of normal; this in itself may be significant; each 
of the six patients was under treatment for malaria at the 
time of onset of the haemoglobinuria, and one question to be 
discussed later is whether or not malaria was still present in 
an active form, and whether the malaria played any part in 
the production of the haemoglobinuria s. .apropos of this, 
there is general agreement that one of the findings in any 
attack of malaria is a monocytosis, e.g. Stephens and 
Christophers (1904) consider that a figure of over fifteen per 
cent mononuclears in the absence of kala-azar is diagnostic of 
malaria, and this is the general opinion in later reports, fhe 
function of these monocytes is thought to be concerned with the 
engulfing and destroying of malaria parasites, e.g. Nocht and 
Mayer (1937) confirm the very old observation that monocytes 
may engulf whole parasites. Whatever the function of the 
monocyte, its presence in a markedly-increased degree appears 
fo be a constant finding in active malaria. But in our patients, 
aa shown in the differential counts in figure No. 8 there was no
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monocytosis; this point should be noted for future 
reference*

From all the above investigations two important 
findings seem to be evident; these are:

1. In each patient the haemolysis was JLntra-vasoular•
I'his considerably narrows the field of likely 
causes of the haemoglobinurias.

2. Ihere is nothing to suggest that there had been any
pre-existing abnormality of the red cells whioh may
have played a part in the production of the lytic 
process*
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At the end of Chapter III the diagnosis of the 
six eases of haemoglobinuria had not been advanced beyond 
the establishing that in eaoh oase there had been haemolysis; 
there still remain the problems of the site of the haemolyses, 
e.g. intravascular or retioulo-endothelial, and the oauae 
or oauses of the haemolysis.

fhe next step, therefore, in the establishing of a 
diagnosis is that of establishing the site of the haemolysis, 
sinoe by doing so we should thus greatly reduce the number 
of conditions requiring to be taken into account in the 
differential diagnosis.

In the establishing of the site of the haemolysis 
the laboratory findings are of primary importance, and it is 
to a consideration of certain of those findings that Chapter IV 
is devoted. fhe particular laboratory findings which have 
been dealt with in this chapter include those related to the 
blood and to the blood cells. fhese are summarised below:

Blood pigments: the study of the blood pigments is the study
of haemoglobin and its derivatives; fhe 
function of haemoglobin i3 the transport of 
oxygen to the tissues, and haemoglobin possess­
es certain distinctive properties which enable
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it to do so. It is a conjugated protein, 
made up of a porphyrin-iron portion (haem) 
plus a protein of the histone class (globin); 
this protein moeity makes up more than 
ninety-five per cent of the haemoglobin 
molecule; the reactions of the haemoglobin 
molecule suggests that it ia a compound 
molechle, with molecular weight about 68,000, 
made up of four molecules of 17,000 in whioh 
the iron is held linked to nitrogen atoms.

This blood pigment haemoglobin is apparent­
ly synthesised in the body from simpler 
substances which include a porphyrin compound. 
Porphyrins are substances with a marked ability 
to combine with metals and proteins, hence 
their presence in the haemoglobin molecule.
The porphyrin derivatives of importance are 
the series III derivatives, so-called because 
they are the third of four possible derivatives 
these series III derivatives are tetramethyl 
porphyrins with the methyl groups in positions 
1, 3, 5, 8, see plateXII,, page 113. Porphyrins 
of series X are tetramethyls with the methyl 
groups in positions 1, 3, 5, 7. This latter

type is found in small amount as a side-proauet
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in the synthesis of haemoglobin, and is 
found in excess in certain pathological 
conditions.

Porphyrin III, although a stage in the 
synthesis of haemoglobin, is not a stage in 
the degradation of this pigment; therefore 
when found in the excreta in anything more 
than the normal minute amount it probably 
indicates a blocking of the synthesis of 
haemoglobin. On the other hand a derivative, 
ooproporphyrin III, is excreted as a product 
of the breakdown of certain abnormal blood 
pigments, e.g. methaemalbumin.

'The most important of the series III 
porphyrins is protoporphyrin III; when treat­
ed with a ferrous salt this substance forms 
haem, the pignent portion of haemoglobin; the 
formula for haem is given on plate XIII J?age 
160.

The types of compounds which protein may 
form with haem are:
haemochromogens; i.e. denatured protein

linked to iron. 
haemalbumin ; i.e. native albumin linked

only to the porphyrin 
01 haem.
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haemoglobin : i.e. protein bound both to

the iron and the 
porphyrin of haem.

The various relationships of the pigments 
are shown on platesXXV and XV, pages 144 and 
170.

Free circulating haemoglobin is not found 
in the blood except in minute amount; when 
present in any amount in pathological conditions 
it is treated by the body as a foreign sub­
stance.

Oxygen is transported to the tissues by the 
haemoglobin in the form of oxyhaemoglobin, a 
loose union of oxygen and haemoglobin with the 
iron in the ferrous state. There is another 
oxide of haemoglobin found in very small amount 
in the blood of normal individuals, namely 
methaemoglobin; in this, however, the union 
is a stable one, with the iron in the ferric 
state; this small amount of methaemoglobin is 
thought to be in equilibrium with haemoglobin 
in the normal individual; this equilibrium is 
upset in the rare condition of familial idio­
pathic methaemoglobinaemia•

Transport for the oxygen-bearing haemoglobin
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is provided by the red cell; the method of 
carriage of the haemoglobin in the red cell 
is not yet fully understood, fhe red cells 
undergo severe buffetting in the performance 
of their duties; they are thought to have a 

life of about one hundred days. fhere are 

three ways in which the red cell may be 
destroyed; destruction by the cells of the 
reticulo-endothelial system:

destruction by haemolysis; and 
destruction intra-vasoularly by 
wear and tear.

Ihe first was thought to be the method, but

recent work suggests that the reticulo-endo­
thelial system may be the graveyard and not 
the slaughterhouse; this problem is not yet 
settled.

In the metabolism of haemoglobin in the 
normal body the degradation of it follows a 
different pathway from that of the synthesis, 
e.g. as already mentioned, porphyrins are not 
produced during the degradation of haemoglobin; 
it is suggested that this degradation of haemo­
globin (which takes place in the reticulo­

endothelial systemJ begins by opening of the



porphin ring, see plate 3&I,page 113; the 
next stage is removal of the protein and a 
rearrangement with loss of iron. fhe iron 
is conserved as haemosiderin; the end-result 
of the degradation is bilirubin, plate 2&II, 
page 160. i'here is, however, an alternative 
route of breakdown, via the porphyrins, but 
this route is only brought into operation to 

deal with abnormal pigments such as methaemal- 
bumin.

Bilirubin, the end-product of the degrada­
tion of haemoglobin, is withdrawn from the 
blood-stream by the liver cells, and is 
excreted in the bile; a small amount of the 
allied pigment biliverdin is also present in 
the bile. During this passage through the 
liver cells the bilirubin undergoes some 
change, probably physical, and the two types 
of bilirubin, that which has not passed through 
the liver and that which has passed through 
but has found its way back to the blood, can 
be differentiated by the van den Bergh reaction, 
fhis reaction, therefore, enables a distinction 
to be made between the high blood level of 

biliruoin due to over-production (producing



"retention jaundice") and the high blood
level due to liver malfunction (producing 
"reaorptive jaundice”). In the second 
type of jaundice the high blood bilirubin 
is accompanied by a high leyel of bile-salts, 
which is not the case with the first type of 
jaundice. fhe van den Bergh reaction may 
be used quantitatively, the unit being 0.5 
mgns. bilirubin per 100 ccs. plasma; the 
use of this quantitative estimation shows 
that the kidney threshold for unchanged 
bilirubin is about 20 units, compared with 
the low kidney threshold of from 5-8 units 
for bilirubin which has passed through the 
liver and has been regurgitated into the 
blood-stream. fhis finding has some practical 
importance.

In a short note on jaundice which was inter­
polated at. this point, it was seen that jaundice 
is the result of a staining of the tissues 
by yellow bilirubin; this takes about twenty- 

four hours to appear after the serum bilirubin 
has reached the critical level.

fhe icterus index is another quantitative 
test for the measurement of blood bilirubin
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level; this estimation is by a matching of
.the serum against a colour standard, in
which the standard is a 1/10,000 solution of
potassium dichromate; the index of the serum
is the number of dilutions of the unknown 
serum which are required before the colour
of the serum matches the standard; the index 

of normal serum is not more than six; overt 
jaundice is found with icterus index values 
of more than fifteen, fhis test is seriously 
interfered with by any in$ra-vascular haemoly­
sis and therefore was not of any use in our 
investigations.

She bilirubin passes to the large bowel 
without incident; there it is reduced by 
bacteria with the production of urobilinogen 
(stercobilinogen), plate XIII, page 160; in 
turn this pigment dhanges to brown urobilin 
by oxidation* It is urobilin which colours 
the stools. Part of this urobilinogen is 
re-absorbed in the large bowel, and reaches 

the liver; again the liver cells pass this 
out, either as urobilinogen or as bilirubin; 
a small amount of this re-absorbed urobilinogen 
escapes excretion by the liver and is
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excreted in traces as urobilinogen by the 
kidney. fhis urinary urobilinogen becomes 
urobilin on standing. Bilirubin does not 
normally appear in the urine. Any significant 
increase of serum bilirubin keeps the liver so 
fully occupied that much larger quantities of 
the re-absorbed urobilinogen escape re-exoretion 
by the liver, with resultant marked increase in 
the level of urinary urobilinogen; even bili­
rubin may appear in the urine when the serum 
bilirubin level is high, especially when some 
of the bilirubin is of the regurgitated type. 
Hence bilirubinuria occurs much more readily 
with resorptive jaundice than with retention 
jaundice.

Increased red cell destruction leads both 
to quantitative and qualitative changes in haemo­
globin derivatives. fhe two abnormal blood 
pigments which may be found in such cases are
methaemalbumin and methaemoglobin.

As already recorded, methaemoglobin is found
in minute amount in normal individuals; it is 
commonly found to be markedly increased in the 
red cells after the ingestion of certain toxic 
substances. i’his pigment is brown in colour, 
with physical properties very similar to those
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of methaemalbumin; it is essentially an 
intra-corpuscular pigment, however, whereas 
methaemalbumin is never found inside the red 
cells. Another important distinction between 
the two is that methaemalbumin is never ex­
creted by the kidney, in contra-distinction to 
the ready excretion of methaemoglobin by the 
kidney. Plasma and serum have the power of 
producing methaemalbumin from methaemoglobin 
or from haemoglobin. In this discussion it 
was noted for future reference that although 
plasmoquine is one drug with marked ability 
to produce methaemoglobincythaemia it does not 
do so in the very small dosages that were 
administered in our six cases; none of the 
six patients showed cyanosis except Ho. 1.
In patients with methaemoglobincythaemia the 
pigment conversion is not uniform throughout 
all the red cells; it is a moot point whether 
cells showing methaemoglobin are more readily 
laked than normal cells.

Methaemalbumin is formed only when haemo­
globin is circulating free in the plasma; this 
former pigment is never found in the blood of 
noimal individuals. In physical properties it
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so closely resembles methaemoglobin that it 
was not identified until 19 54. It is always 
formed in the plasma in any intra-vasoular 
haemolysis of other than minimal degree.
Ihe discovery of this pigment was the first 
step bowards solving what happens to the 
haemoglobin which is freed in haemolysis of 
red cells. Previously much of this freed 
haemoglobin had been unaccounted for; only 
a fraction of it had been identified in the 
urine, and only a fraction of it had been 
converted into bilirubint Obviously ex- 
oretion of freed haemoglobin by the kidneys 
represents loss of iron, hence although the 
body regards free circulating haemoglobin as 
a foreign substance, the kidney has a high 
threshold value for it; this is a line of 
defence against the too-ready escape of iron. 
And the formation of methaemalbumin is one 
more form of defence against iron loss, since 
it cannot be excreted by the kidney. 
Methaemalbumin is probably formed by the 
haemoglobin splitting into globin and haem, 
with a linking-up of the haem with plasma 
albumin. fhe easiest method of differentia­
tion of methaemalbumin ana methaemoglobin is
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by Schumm*s test.

It has already been noted that the mode of 
formation is not yet fully established; this 
can also be said of the mode of degradation. 
This degradation follows a different course 
from that of haemoglobin, and in it copro- 
porphyrin III is a product.

At this point a short note was given on 
jaundice. It was emphasised that the degree 
and onset of jaundice differ markedly in the 
two types of hyperoilirubinaemia, occurring 
more quickly and more deeply with the 
resorptive type of bilirubin; as an example 
of a blood-destroying disease which proauces 
jaundice, chronic malaria was quoted; in 
this disease there is both intra-vasoular 
and reticulo-endothej.ial haemolysis, and as a 
result such patients show low-grade jaundice 
with muddy complexions; in fact, with 
falciparum malaria the plasma haemoglobin 
levels may be as high as 50 mgms. per cent, 
fhis haemolysis and secondary changes can be 
prevented by early and adequate treatment,
e.g. one author reports only twenty-four 
cases of malarial jaundice in 8837 cases of
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malaria.
fhis finishes the summary of the general 

disoussion on Olood pigment changes in the 
normal individual and in patients with intra- 
vasoular haemolysis. Ihe relevant findings 
in the Raamak oases are discussed seriatim 
below.

van den Bergh reaction: the Razmak cases showed surprising­
ly low values for the van den Bergh quantita­
tive estimations, although jaundice was 
present in each of the patients and was marked 
in some; this suggested that some of the 
circulating bilirubin was of the resorbed tyoe, 
due to liver damage.

Jaundice: every patient showed jaundice at some time or
another after the beginning of haemolysis; 
there was no direct relationship between the 
degree of the jaundice and the degree of red 
cell lysis.

Icterus Index: this test depends upon a colour-matching
and is invalidated by intra-vascular haemolysis.

Spectroscopic analyses:
1. plasma: in all cases the plasma showed

methaemalbumin to be present.
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2. washed red cells; when washed red cells 

were lysed, oases Hos. 1, 2 and 3 
showed ? methaemoglobin; this may 
have been adherent methaemalbumin. 

fJ?he results of the spectroscopic examinations 
enable us to state that in our six patients 
the haemolysis was intra-vasoular.

e. Estimation of the degree of plasma colour change due to
haemoglobin: solutions of red cells in tartrazine were used 

as standards, with which were matched the 
oolours of serum specimens. fnis was a crude 
test and the results were of doubtful accuracy. 
Phey showed that the plasma contained haemo­
globin in solution in amounts never more than 
that equivalent to a two per cent solution of 
red cells*

f. She red blood corpuscle: in each of our patients certain
investigations were carried out on the red 
cell and on various related problems; the aim 
was to establish, if possible, whether or not 
any abnormal findings were present such as 
would suggest that pre-existing red cell 
abnormality had been the cause of the haemo- 
globinuria in our six patients, mnong the
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investigations were:
1* Red oell appearances in the wet films; in 

each of the patients the wet preparations
i

showed clumping of the red cells; this 
appearance is also found, however, in 
patients suffering from various conditions 
in which the cause of the disease is not 
an abnormality of the red cells. According­
ly, the agglutination which was seen in the 
red cells of our patients is not of itself 
an indication that red cell abnormality had 
existed previous to the onset of the haemo- 
globinuria.

2. Red oell appearances in the stained films; 
with the exception of patient Ho. 6, stained 
films of all the patients showed much 
poikilooytosis and anisocytosis which had 
net been present in the original blood films 
which had been retained after the original 
diagnosis of malaria. Polychromasia was 
also found, together with small numbers of 
normoblasts.

In all the cases however the stained 
film appearances were not different from that 
which would be found immediately following
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upon any severe intra-vascular haemolysis; 
these appearances certainly ebuld not have 
been taken to indicate that there had been 
any pre-existing abnormality of the red cells

3. Red cell count, haemoglobin estimation, 
colour index and mean corpuscular volume; 
are all considered together because of 
their inter-relationship. With the excep­
tion of patient Ho. 6 in whom the lytic 
process was short and mild, each patient 
showed an anaemia as the immediate result 
of the haemolysis. fhis anaemia was 
always associated with large he^vily- 
pigmented red cells, and with a high mean 
corpuscular volume. Ihis type of picture 
is to be found in patients suffering from 
intra-vasoular haemolysis of any aetiology 
and therefore is not necessarily indicative 
of red cell abnormality present before the 
onset of the haemolysis.

g* Related investigations:
1. Sedimentation rates; markedly increased in 

all patients, due probably to the lytic 
process and to the severe anaemia present.
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2. Dona th-land steiner Reaction; negative in

each case proved also by the negative 
serological reactions for syphilis.

3. Bleeding time; normal in each patient.
4. Coagulation time; normal in each patient.
5. Fragility of the red blood corpuscles; the

fragility of the red cells was tested 
against hypotonic saline; in each of the 
patients the cells did not show any 
increased fragility to the saline solutions. 
Unfortunately the fragility oi the cells to 
lyso-lecithin was not tested.

Phe above investigations, direct and indirect show that 
there is no proof that there existed in any patient any 
abnormality of the red cells which may have played a part 
in the production of the haemoglobinurias.

g. White cell picture: in the total and differential counts of
the six patients the only abnormality noted was a 
polymorphonuclear neutrophil leucocytosis in 
patient H o. 1 . fhis "septic” type of white cell 
picture in this patient was probably the result of 
a broncho-pneumonic process present during the last 
days of the patient's life.

fhe only other significant finding was that there 
was no increase, total or relative, in the monocytes



267.
of any of the patients. fhis negative finding 
is one pointer suggesting that active malaria 
was not present in any patient at the time of 
onset of the haemoglobinuria. Ihis is noted 
for future reference.

From all the investigations in this chapter it is presumed 
therefore that:

1* The haemolysis was intra-vasoular in each 
patient•

2. fhe lysis in the six patients was not due to 
a pre-existing blood dyscrasia*
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CHAPTER V.

Renal Leaiona in Intravascular Haemolysis.

The Physiology of the Kidney;
Gamble (1937) sums up the performance of the normal

kidney by saying that the description of the kidney as an 
organ of excretion is very inadequate. If removal of waste 
products were the kidney's only function a much simpler 
mechanism would be sufficient. Gamble stresses that the 
complicated functioning of the kidney, with its consequent 
complex design, is necessary for the production and mainten­
ance of the extra-cellular fluid which is of such vital 
importance for the continuation of intra-cellular processes. 
This "constancy of the internal environment" is obtained by 
selective re-absorption from the glomerular filtrate. Best 
and Taylor (1943) give details of this complicated structure 
necessary for the maintenance of the internal environment.
The functional unit is the nephron of which there are esti­
mated to be about one million in the human. The components 
of the nephron are an invaginated glomerulus and the renal 
tubule. The renal tubule has several clearly demarcated 
divisions, these being ohe proximal convoluted tubule about 
fourteen millimetres long; the loops of Henle with descending 
and ascending portions, total length about sixteen millimetres 
and the d i s t a l  convoluted tubule about _.ive millimetres long.
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These component portions differ in the character of the 
component cells, and on the basis of the fact of structure
usually subserving function, the components are held to differ 
in their functions. The blood supply to the kidney is unusual 
in certain respects, e.g. the blood is delivered to the glomeruli 
at high pressure and by large afferent vessels, whereas the 
efferent vessels are small. Gamble (1947) suggests that about 
one-quarter of the total cardiac output per minute passes 
through the kidney per minute. Smith, H.W. (1943) estimates 
the amount of blood passing through the kidney each minute to 
be about twelve hundred millilitres which is close to the 
estimate of Gamble's; John Shaw Dunn (1940) suggested a con­
servative estimate of 1080 litres of blood to pass through 
the kidney in twenty-four hours. The autonomic nerve supply 
to the kidney does not appear to give any secretory fibres to 
the kidney cells. Such effects upon urine formation as do 
ocour on stimulation of the renal nerves are probably the 
result of vascular changes. This question of the blood flow 
through the kidney has recently come into prominence, and is 
more fully discussed below.

Hormones also play some part in the control of kidney 
function but cannot be discussed in this section.

Modern theories on the control of kidney function are 
largely based on the work of Cushney who considered the two
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major factors operating to be blind physical force, glomerular 
filtration, and the vital activity of selective re-absorution 
of the kidney tubule3. In Gushney's opinion the process at 
work in the glomeruli is that of simple filtration; variations 
in pressure cause alterations only of volume HOT variations in 
the composition of the filtrate. The diastolic is the 
important pressure; much of this pressure is expended in 
overcoming the antagonistic effects of the plasma protein 
pressure and of the intra-capsular pressure; generally 
speaking a pressure of forty millimetres of mercury remains 
as the effective available pressure. The strongest evidence 
in favour of the above is that by speoial technique, e.g. 
the work of Richards (1938) 9 it has been found possible to 
draw off fluid from Bowman's capsule and to analyse this 
fluid; the fluid so obtained is found to have the composition 
of protein-free plasma. Hoy, Altmann, Barnes and Kondi (1943) 
consider that one of the most important factors in the produc­
tion of urine is the body fluid intake. The average daily 
output of waste by the kidneys is about thirty-five grams; 
the authors suggest that the minimum fluid to excrete this, 
even when the urine is strongly concentrated, is about 500 ccs.; 
this is probably an under-estimate, the figure being nearer 
900 ccs,; as has already been said, the chief factor in the 
transudation through the glomerulus is the hydrostatic pressure 
in the capillaries; where this exceeds that of the colloid
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pressure of the blood, fluids will pass out of the capillaries; 
it follows that changes in the hydrostatic pressure and in the 
osmotic pressure will cause changes in the amount of filtrate. 
This effect of the colloids oan be shown by the escape of 
fluids when protein is deficient; the colloid osmotic pressure 
is largely due to the proteins.

Tubular re-absorption is the second of the two factors 
at work; this is the vital function of the kidney and oan 
only be explained by specific activity on the part of the 
tubule cells. Obviously there is re-absorption of fluid and 
of contents since the filtrate becomes greatly reduced in 
volume in its passage down the tubules, and the composition 
changes by selective re-absorption of certain substances in 
whole or in part. Certain of the substances are classed as 
"high threshold substances" and others as "low threshold 
substances". The high-threshold substances are those of use 
to the body, e.g. amino acids, sugars and bases, which only 
"spill over" into the urine when the concentration in the 
blood is abnormally high. The low-threshold substances are 
largely excretory products of little importance to the function­
ing of the body; such include urea. It is estimated that 
ninety-nine per cent of the filtrate is re-absorbed in the 
tubules. The cells of the tubules are also reported to have
the power of excreting certain substances into the lumen of
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the tubules, shown best by experiments with diodrast; this 
last function of the tubules is of little practical import­
ance. One important problem is whether there is selective 
re-absorption at different divisions of the tubule. Best
and Taylor (1943) consider that there is active re-absorp- 
tion of sugar and sodium in the proximal tubule, together 
with what they call "passive re-absorption" of about twenty 
per cent of the water. Active re-absorption of most of 
the water is said to take place in the ascending part of 
Henle's loop and in the distal convoluted tubule; this 
question is more fully discussed below. Chlorine and base 
are also absorbed along this portion of the tubule.

One other important problem is that of the plasma
proteins. Plasma proteins are molecules of relatively large
size, yet in certain conditions they are found to be present
in the urine, very often in amounts which vary inversely to
the size of the molecule. One suggestion is that certain of
the pores of the glomerulus are large enough to allow the 
passage of relatively large molecules, e.g. Monke and Yuile
(1940) state that three per cent of the glomerular pores are
large enough to allow the passage of undissociated compound
haemoglobin molecules which have a molecular weight of 68,000.
ĥis is also the molecular weight of serum albumin. These
workers further state that the passage through the pores is
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governed by an electric charge on the pores; this charge 
normally prevents the escape of protein. One finding in 
favour of the theory of pores is that normal urine contains 
minute traces of protein. As long ago as 1895 Moerner 
demonstrated this minute amount of protein, and suggested 
a limit of 78 milligrams per litre in normal urine; such 
amounts are not detectable by ordinary clinical methods. 
Proteoses are sometimes also found, e.g. in anaphylaotio and 
other conditions as suggested by Oriel and Barber (1930).
The minute traces of protein in normal urine, like the great 
bulk of the proteins in proteinuria, enter the tubules via 
the glomeruli. This seems fully proved by the interesting 
work of Bieter (1931) who failed to produce proteinuria in 
those fishes whose kidneys do not contain glomeruli.
Fishberg (1934) agrees that the evidence is very strongly in 
favour of molecular size being one of the important determin­
ants of whether or not a circulating protein passes through 
the healthy kidney into the urine. He also considers that 
the evidence equally favours this view in cases of albuminuria, 
e.g. "the predominant mechanism in the causation of albumin­
uria in renal disease is an increase in the permeability of 
the kidney to blood protein which results from injury to the 
glomerular membrane"; it is not known, however, just how 
I*1 jury to the glomerular filter actually produces increase in 
the permeability. The above notes do not apply, of course,
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to the oases of "false" albuminuria where the protein is added 
to the urine after it leaves the kidney, e.g. as in inflamma­
tion to the urinary passages. As yet there is no definite 
proof to support the theory that a greater or lesser number 
of pores are big enough to allow passage of molecules up to 
about molecular weight of 68,000. Neither is there any 
support yet for the refinement which suggests that the permea­
bility of such special pores is controlled by an electric 
charge.

One other theory which does not attempt to explain 
the passage into the urine of proteins in general but is 
concerned only with the passage of haemoglobin in the urine 
is that which suggests that a certain proportion of haemo­
globin molecules may dissociate from haemoglobin^ to 
haemoglobin^; this would bring the much smaller components 
practically within the limits of glomerular permeability of 
about 15,000 as suggested by Yuile and Clarke (1941).

At present the position is that there is no satis­
factory explanation of the phenomena of proteinuria.

The last part of this short note on kidney function 
and structure is by no means the least important part; in 
fact it may well prove to be the most important; this portion 
is that dealing with the circulation of the blood through the 
kidney. This has been brought sharply into focus in recent
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years by Trueta and various co-workers; the more important 
relevant references are given below. These workers them­
selves point out repeatedly that for over one hundred years 
there have been recorded isolated observations adumbrating 
their work, but in each case the significant observation or 
finding was not followed up. It is interesting to look back 
over that century and 3ee how the significance of certain 
observations appears to have escaped notice. Trueta and his 
co-workers report a number of such observations; the first 
group are those suggesting that there is a central nervous 
system control or partial control of production of urine, 
e.g. Laycook (1838) talks of hysterical anuria.

Charcot (1877) considered hysterical anuria to be the
result of a central nervous system inhibi­
tion of urine production.

Plehn (1903b) claimed that in blackwater fever the anuria
is certainly of cerebral origin induced by
the toxic properties of metabolic and 
retention products.

Porak (1918) strongly supported Plehn1s yiew.
Neuwirt (1922) reports "reflex anuria" in relation to

a left-sided renal colic.
Barrenscheen and Glaesner (1923), talking of a twenty- 

four hours anuria following quinine ad­
ministration in a patient, suggested that 
this anuria could be explained as a reflex
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spastic condition.

There are many other similar reports; Fishberg 
(1934) for example suggested that the albumihuria following 
epileptic fits may be the result of angiospasm.

Hints of the possible implication of altered blood 
supply to the kidney in the production of certain cases of 
anuria might also have been obtained from the reaction of 
such oases to certain lines of treatment, the rationale of 
which obviously was not understood at the time; e.g.
Wallace (1921) suggested rectal irrigations in the treatment 

of blaokwater fever;
Neuwirt (1922) produced diuresis by splanchnic block in a 

case of reflex anuria following left-sided 
renal colic;

Ross (1932) suggested lavage of the renal pelves in the 
anuria of blaokwater fever;

Peters (1942) described a case where splanchnic block was 
deliberately used in the treatment of anuria 
following haemolysis; this was repeated by 
O'Sullivan and Spitzer (1946); spinal 
anaesthesia as a treatment was suggested by 
the results obtained by Dobbs (1947);

Itfons and Raines (1945) suggested that the success got
with decapsulation of the kidneys for anuria,
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a treatment known since the early nineteen- 
twenties, may he due not only to the relief 
of tension hut also to the removal of tonic 
nerve fibres; Abehouse (1945) supported 
this view.

Still further observations of significance included 
certain findings concerning kidney structure and blood supply; 
such findings go far back,
e.g. Bowrnan (1842) noted that in the human the juxta-

medullary glomeruli are larger than the 
cortical glomeruli;

Bernard (1858) was the first to describe red blood in 
the renal veins.

More recent findings are those of:
Dunn and Montgomery (1941) in discussions on a heterogeneous

group of oases showing renal necrosis, 
noted thfct the arrest of the circulation 
was incomplete in the proximal part of the 
interlobular arteries, and they went on to 
make the significant remark that this is 
due to the easier escape of blood through 
the deep glomeruli whose efferents pass 
not to the cortex but by short routes direct 
to the medulla; liaegraith and Findlay 
(1944) supported this, and suggested that
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one factor which may play a part in the 
production of oliguria in blaokwater fever 
is a redistribution of the intra-renal 
blood flow, with depression of glomerular 
filtration;

Maegraith and Havard (1946) went further when they claimed
that in certain conditions producing renal 
syndromes similar to blaokwater fever there 
is a reduction of the renal blood flow and 
a redistribution of the blood flow within 
rhe kidney, with resultant failure of the 
glomerular flow and with resultant anuria.

By this time, however, Trueta (19*5) had decided to 
investigate the renal anoxia found in certain pathological 
conditions. In his initial communication on this problem 
the author mentioned the possibility that the kidney lesion 
is the result of over-stimulation of vascular nerves; during 
his work as a surgeon, with all the opportunities for observ­
ing living pathology, he had often remarked upon the effect 
of stimulation of the vascular nerves, and in the preliminary 
note mentioned above Trueta stated that a team of investiga­
tors had already begun a detailed study of the problem. By 

1946 Trueta et alia were in a position to give a short 
review of their findings to the Physiological Society, and 
lastly Trueta et alia (1947) published a full report of the
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work they had. done. In a foreword to the 1947 publication 

Ellis truly says "one of the most dramatic and disconcerting 
medical emergencies is the development of anuria aue to 
'acute interstitial nephritis1 ... which may occur in blood 
transfusions, obstetrical shock and accidental haemorrhage, 
blackwater fever, and certain other conditions; in suoh oases 
those who die do not show changes in the kidney to explain the 
anuria. fhe most marked change is tubular epithelial neoro- 
sis, usually accompanied by a variable amount of pigment cast 

formation'1 • Maegraith (1946a) described the condition as a 
renal complex of oliguria or anuria associated with nitrogen 
retention and inability to concentrate urine, and frequently 
accompanied by degenerative changes in the renal tubes, but 
not necessarily related to the passage in the urine of blood 
or muscle pigment. Ellis and Maegraith agree that the amount 
of. pigment oast formation cannot explain the anuria.

It is these kidney lesions that frueta attempts to 
explain; his work is a contribution to medicine in general 
and to the above-mentioned problem in particular; in view of 
the importance of this work I shall quote fully from it, with 
the kind permission of the senior author. I cannot improve 
upon the earlier paragraphs in the monograph, and give the 
extract herewith.
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'‘The blood reaching the kidney has tuo potential 

routes through that organ and, aooording to circumstances 
it may pass almost exclusively by one or other of 
these routes or in varying proportion through tuCu of 
them.

"The tvso routes diverge where the afferent 
arterioles of the juxt a-medullary glomeruli leave the 
interlobular arteries. One route, the medullary, 
continues through the juxta-medullary glomeruli the 
efferent vessels of these glomeruli and their deriva­

tive vasa recta to the interlobular veins. ±'he 
other route, the cortical, continues through the inter­
lobular arteries-* the afferent arterioles of the 
remaining glomeruli these glomeruli themselves * their 
efferent vessels and the cortical intertubular capillary 
network into which these break up, and finally through 
the veins draining this network into the interlobular 
veins. The rest of both routes, like their beginning,

is identical and is through ever larger venous trunks 
to the main renal vein.

!T...... in extreme conditions the blood may pass
either almost exclusively through one or other of the 
two pathways, or, in les3 abnormal circumstances, to a 
varying degree through both.

11 The vessels making up the pathway of the greater
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circulation are those associated with the cortical 
glomeruli; the channels of the lesser circulation
are those associated with the juxta-medullary glomeruli.

The experimental work leading to the aoove conclu­
sions was carried out on rabbits and rats, but the anatomical 
structures which provide a foundation for their concept are 
present in all the mammalian kidneys including those of the 
human.

It is reasonable to believe that the redistribution 
of the intra-renal blood flow, seen under experimental con­
ditions in the animals, occurs also under certain conditions

vin the kidneys of other animals including man.

The authors had previously reported, in 1946, that 
the alternative circulation through the kidney could be well 
shown by clamping the hind limb of an animal. V/hen this was 
done it was found that the renal circuit time on the affected 
side was much shortened; the blue colour of the blood in the 
renal vein of the affected side partially or wholly changed 

to red; red stream lines appeared in the renal veins after 
the cortex had paled and while it still remained pallid; and 
drugs injected into the arterial side of the circulation 
appeared in the renal veins but did not stain the surface of

trie kidney. This last finding was confirmed at autopsy, when
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the cortex was found to be unstained, with the medulla deeply 
stained with dye. In unstimulated kidneys no difference was 
noted in the distribution of the pignent on repeating of the 
experiment. i:rom these findings the only reasonable
explanation was ...... a vasoular short-oircuiting; i.e. as
a result of appropriate nerve stimulation blood may be diverted 
wholly or partly from the cortex, and short-circuited through 
medullary blood channels; it was suggested by the authors 
that the vessels involved are the vasa recta.

The authors then draw the further and very important 
conclusion that the appropriate nerve stimulation can be 
produced centrally or peripherally by a variety of noxious 
agents and that the picture seen in many loosely-related 
syndromes such as "sulpha kidney", blood transfusion kidney,

i

etc., IS THU RESULT OR A HiiVIUjS by which the cortex of

the kidney is excluded from the circulating toxin or other 
noxious agent and is thus protected. Too-prolonged operation 
of the device results in permanent damage. The authors also 
suggest that the same mechanism may fulfil another role in 
haemorrhage and shock and conditions with decreased blood 
volume, by preventing the blooa from reaching the filter of 
"the kidney, and thus conserving fluid. .also, from the above, 
the mechanisms of hysterical uraemia, emotional anuria and 
post-abortion and post traumatic araemia are readily explained,
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as is also the response of the two last-named conditions 
to splanchnic block.

The Lancet (1946) pointed out certain important 
physiological and pathological implications from the work 
reported aoove, e.g. the physiologioal diminutions in urinary 
output may be adjusted (e.g. when the body is eliminating fluid 
ih other ways) without greatly diminishing blood flow through
the kidney  and this work may provide %n explanation for
a type of renal lesion common to a variety of conditions, 
including such important conditions as crush syndrome; inoom*- 
patible transfusion, blackwater fever, etc. Maegraith (1946a) 
also had noted that many diverse clinical conditions show a 
renal complex of oliguria or anuria associated with nitrogen 
retention and inability to concentrate urine, and frequently 
accompanied by degenerative changes in the renal tubules, but 
not necessarily related to the passage in the urine of blood 
pigment or muscle pigment.

In view of the importance of the work it is necessary 
to mention at length certain of the findings (pioted oy Trueta 

et alia (1947) to support their contention of alternative 
circulations through the kidney. These findings are of 
particular importance to us in our attempts to establish the 
fcsnesis of the kidney lesions in our series of patients, and

in our attempts to establish a reasonable approach to the
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the treatment of such patients.

The following excerpts will appear somewhat disjointed 
sinoe they are taken from their context in different parts 
of the monograph.

The first point of importance made by the authors is 
that considerable parts of all loops of Henle, including in 
every case the thin segment of the loop, are supplied by blood 
circulating through the medullary pathway. The authors are 
not prepared to accept the generally-held theory that the 
function of the vasa recta is a nutritional one; instead they 
bring forward the interesting suggestion that the vasa recta 
are concerned with the re-absorption of water; this is in 
agreement with the generally-held view that the vasa recta do 
play some part in the re-absorption of water from the tubule 
into the blood. is has been said, a large number of vasa 
recta are adjacent to loops of Henle, and both the vasa recta 
and the thin segments of the loops of Henle are lined with 
flattened cells, suggesting that the transference of fluid is 
passive in nature. Such passive transference is within the 
bounds of possibility because of the proximity of the thin- 
walled vasa recta to the thin segments of the loops of Henle; 
it is conceivable that the pressure may be hydrostatic or 
osmotic or both. This question of whether water transference 

takes place at this level is not an academic point; in fact
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it may well prove of considerable importance in our search 
for an explanation of the formation of pigment oasts in 
haemolysis. The thick segments of tne loops of Henle, and 
the convoluted tubules with their cells of secretory type 
are relatively ill-fitted for the role of water re-absorption, 
although they may play a minor part in this process. This 
diversion of blood flow in the kidney may also explain certain 
anomalous findings in the hypotension following haemorrhage; 
Corcoran and Page (1943) foreshadowed this explanation when 
they suggested that during hypotension the renal blood flow 
is distributed unevenly through the renal vascular bed, 
being greatest in the sites of least resistance; Trueta et 
alia point out that this aupports their work in that the 
sites of least resistance are the ones found at the entrance 
to the medullary by-pass, because the efferent vessels of the 
justa-medullary glomeruli and the vasa recta into which they 
flow are much larger in calibre than the corresponding vessels 
in the cortex; if this opinion of Corcoran and Page is correct 
then part at least of the shunt may be physical. Trueta and 
his co-workers make it clear that the nervous system is an 
essential factor for the maintenance of a constant fluid 
balance in the body in all circumstances, and particularly 
under conditions of stress. This regulation may be affected 
by direct nerve control or through the intermediation of 

liberated hormones or both.



286.
It follows that any significant degree of shunting 

of blood, will lead to a reduction in the amount of glomerular 
filtrate and therefore of urine; one other factor also 
tending to produce such an effect is that of re-absorption 
of water from the tubules; it has already been pointed out 
that the most likely place for the re-absorption of water is 
at the area where the thin segments of Henle's loops are in 
olose proximity to the vasa reota with their relatively large 
calibre and walls composed only of a single layer of pavement 
epithelium. One other point of importance in this connection 
is that the blood passing through the vasa reota does not 
traverse a capillary network since the smaller vasa reota 
constitute the "arterial components" with the larger vasa 
reota acting as the "venous components". Compare this with 
the situation of the blood supply to the cortical glomeruli; 
the efferent vessels are of small calibre and empty into a 
network of cortical capillaries of small calibre. Heggie 
(1947), the first to use the term "juUta-medullary glomerulus", 
estimates that in the rabbit these make up f if ten per cent of 
the total glomeruli in each kidney, and also considers that 
they can accommodate the whole normal glomerular capillary 
blood volume. To summarise the differences consider in brief 
again the route taken by blood which is diverted from the 
cortex through the medulla; the route is:
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The most proximal parts of the interlobular arteries

_____ the afferent arterioles of the juxta-medullary 
glomeruli

  the juxta-medullary glomeruli themselves, in the
deepest zone of the cortex

  the efferent vessels of the juxta-medullary
glomeruli; these vessels lie partly in the 
cortical zone of the medulla

  the arterial components of the vasa reota, lying
in the medulla

  the loops of the vasa recta, with offshoots to
neighbouring capillaries.

  the venous components of the vasa recta system.

  the proximal parts of the interlobular veins.

The striking differences in the channels through 
which the two blood flows pass are paralleled to a oertain 
extent by differences in the nephrons; this variation in 
nephrons was noted as long ago as 1909, resulting in an outer 
and an inner zone in the medulla; the outer zone was subdivid­
ed into an outer band and an inner band. In this connection 
Trueta et alia (1947) state that there are two types of 
nephrons, one with a long Henle loop and the other with a short 
Henle loop; the tubule with the long loop arises from a 
juxta-medullary glomerulus and this type alone passes into the
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inner zone. Rurther, it is agreed that there is no difference 
in the vascular pattern of the capillary network surrounding 
the convoluted tubule a of the cortical and of the juxta- 
medullary glomeruli; it can be inferred from this that with 
the short-looped tubules from the oortical glomeruli the 
greater part of the short loop of Henle lies in the cortex in 
a close-meshed capillary network, and only a short length of 
it reaches out into the outer part of the medulla in associa­
tion with the vasa recta; compare this with the distribution 
of the tubules of the juxta-medullary glomeruli; with such 
nephrons the position as regards the loop of Henle is
reversed, i.e. only a short length of the Henle loop lies 
in the cortex. The remainder of the extremely long loop,
composed almost entirely of thin segment, lies in the medulla 
in close juxtaposition to the vasa recta. Here it is pertin­
ent to stress again that Trueta et alia do not accept the view 
that the role of the vasa recta is nutritional and it is 
pertinent that it is the opinion of these authors that the 
vasa recta serve as the main conducting channels for the intra- 
renal blood flow when it is diverted from the cortex; we have 
stressed already their view that part at least of the function 
of the vasa recta is the absorption of water, even when the 
kidney ia functioning normally and particularly when the blood 
is being "shunted"; as the authors repeatedly point out, in 
the medulla a large number of vasa recta lie in juxtaposition
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with, the thin segments of the long loops of Henle; in this 
area the walls of both are morphologioally well suited for the 
transference of fluid. One inference from the variations in 
findings of experiments on individual animals is that made 
by Hllis (1947) who points out that sensitivity to stimuli 

varies greatly from individual to individual, and suggests 
it is possible that excessive stimulation of one type or 
another applied to persons unduly sensitive to that particular 
type of stimulus might result in excessive operation of the 
normal mechanism by which the blood flow is diverted from the 
cortex. another paper with a bearing on this problem is that 
by Maegraith et alia (1947) who confirm earlier work and state 
that malaria may injure the liver; they found the injury to 
be mainly in the central zone of the lobules, and suggest that 
the cellular changes develop primarily from stagnant anoxia 
because of active obstruction to the venous outflow from the
liver; they suggested that this obstruction arises from
constriction of some part of the heaptic venous tree •••• 
mainly by nervous reflexes. This would bring the processes 
at work into line with the kidney changes under discussion, 
but as yet Maegraith1s work is not confirmed.

This ends our brief consideration of what may prove 
to be a fruitful contribution to medicine; it certainly is a
fruitful contribution to part of our problem, namely the
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problem of the kidney changes following upon severe intra- 
vascular haemolysis and other conditions producing a similar 
picture in the kidney.

It is relevant now to consider in some detail the 
pathological changes found in the kidneys in blaokwater fever, 
and in other conditions giving a like kidney picture.

i«e. Pathology of Transfusion Kidney and of Similar Kidney 
Lesions.

This consideration includes kidney ohanges found in 
sulpha drug1 poisoning; in blaokwater fever; in crush kidiiey, 
and in the various other conditions differing in aetiology 
yet producing much the same picture in the kidneys. This 
consideration is of importance because very often the kidney 
changes are the cause of death in the diseases enumerated 
above; e.g. fifty per cent of the deaths in blaokwater fever 
are caused by the kidney damage. In blaokwater fever the 
total death rate is about twenty per cent of individuals 
affected, therefore in this disease alone the kidney lesions 
are of great practical importance.

The kidney lesion found common to all the above
conditions is well described by Maegraith (1946a) who describes
bbe condition as a renal complex, with oliguria or anuria,
associated with nitrogen retention and inability to concentrate
Urine, and frequently accompanied by degenerative changes in 
fbe renal tubules; many diverse conditions show this complex
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which ia not necessarily related to the passage in the 

urine of blood pigment or of muscle pigment, Ihe renal 
function may become affected at any stage of the disease, 
with failure first being indicated by a reduction in the
urinary flow  anuria. If the patient recovers the

anuria is usually followed by polyuria which may last for 
several days; during this period the concentration of the 
urine is greatly reduced, indicating renal tubular damage.

lucke (1946) reports the largest series of cases 
so far; he investigated 638 fatal oases of kidney failure 
collected at the United States hrmy Institute of Pathology 

during the war years; the renal lesion was essentially the 
same in all, namely a lower nephron nephrosis; the causes

battle wounds 221. burns 48
sulpha intoxication 47 crush injuries 46
transfusion reaction 45 abdominal

poisons 20
operations 

heat stroke
36
19

blaokwater fever 14 haemolytio
anaemias 4

miscellaneous 38

This realisation of a kidney picture common to a 
variety of unrelated diseases and conditions has largely 
resulted from work stimulated by a report by Bywaters and 
Beall (1941) of what they thought to be a specific and 
hitherto-undescribed syndrome, namely crush injury followed
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"by renal complications* later however it was reported,by 
Bywaters among others, that Minami (1923) had previously 
described three cases of crush injury with secondary degenera­
tion and necrosis of tubular epithelium; Minami, in turn, 
makes it clear that he is describing a syndrome which had been 
repeatedly seen in the hostilities of 1914-1918. It is 
surprising that this picture had not been seen in those cases 
of severe crush injuries found in civilians in motor accidents 
and in miners in crush accidents before the second outburst 
of hostilities in 1939. In this connection Bywaters and 
Beall suggest that suoh patients died of secondary shock or 
had had early amputation which prevented the onset of the 
kidney lesions. In the oases of Bywaters and Beall the 
findings were those of widespread cattarh of the tubules, 
with a granular deposit in the glomerular capsules; the 
proximal convoluted tubules showed desquamation and cellular 
mitoses with debris in the lumina (this is not_ confirmed by 
others). In Henle1 s loops the pigment appeared to be con­
densed and pigmented with eosinophilic granular casts which 
were later identified by Bywaters et alia (1941) as myoglobin, 
^his report was later amplified by Bywaters and Bible (1942)

who discussed renal changes in twenty-two fatal cases of crtush 

syndrome. In brief their findings were:
fcarked catarrh of the whole nephron, especially marked in 

the ascending limb of Henle and in the second
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convoluted tubules;

first convoluted tubules showed in all oases a catarrhal
condition with detritus in the limbs;

Henle*s tubules showed ohanges chiefly in the wide part of
the ascending limb (in the boundary zone of the 
medulla);

second convoluted tubules showed severe ohanges with pigmented 
oasts and leucocytes, 

fhe characteristics of the urine (fluid of low concentration, 
with practically no evidence of absorption of chlorides) agree 
with the interpretation of the histological picture, namely 
an aberration of tubular function allowing of excessive and 
unseleotive re-absorption of glomerular filtrate. It is 
interesting to read in 1948 that Bywaters is now of the 
opinion that in crush syndrome the lesions affect the distal 
convoluted tubule entirely. Another early paper on this 
problem was by Dunn who was so well-qualified to speak on 
renal pathology. With Dunn, Gillespie and Niven (1941) he 
further amplified the findings of the above authors and 
described one change, tubulo-venous anastomosis, which had not 
been described by Bywaters and Beall; the pathological 

changes found by Dunn et alia included;
Sortex:  ...........  general arrangement not disturbed,

slight separation of the tubules as 
by oedema.
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glomeruli; ••••••••»• normal, spheroidal masses of

homogeneous material in many of the 
Bowman1s capsules (albuminous exudates); 

first convoluted tubules; epithelium of normal appearance
(of. the findings of Bywaters and Beall 
in the original paper) 

second convoluted tubules; all show the same pathological
ohanges; the degree of change varies 
greatly. In the majority of oases the
alterations are slight with moderate 
dilatation of the lumina but in occas­
ional tubules there are appearances 
which correspond to those seen in re­
generated tubules after a mild tubular 
experimental nephritis.

Many tubules also show slight casts 
of orange-brown material like haemoglobin; 
the most remarkable histological pic­
ture is observed, however, in the 
region of the boundary zone where the 
straight descending limbs of the first 
convoluted tubules in the medullary rays 
of the cortex are changing to naî row 
descending limbs of Henle; at this 
site large numbers of severe focal lesions
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are found, affecting the broad 
ascending limbs of Henle'a loops, the 
segments which lead to the second 
convoluted tubules in the cortex.
These lesions often occur in groups, 
and each group is surrounded by a 
definite recent growth of interstitial 
tissue; in some oases it is easy to 
ascertain that each foou9 implicates not 
only a tubule but also the thin wall of 
an adjacent venule; the tubule can be 
traced from comparatively normal con­
ditions above and below to a level where 
there occurs an aneurysmal bulge of 
40-80y*, diameter, and this is usually 
filled by a dense mass of albuminous 
coagulurn. The bulging part of the 
tubule indents the wall of the small 
venule and often protrudes into the lumen 
of it. It may actually rupture, i.e. 
the authors imply that the communication 
is formed by a break-through from tubule 
into vein. Bywaters and Bible (19±2 ) 

agree with this view. The significance 
of this finding will be made manifest
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later in this chapter.

There are also definite epithelial 
alterations which appear to be restrict­
ed to the a soending limbs of Henle and 
to the second convoluted tubules, very 
much like the appearances reported by 
Dunn and Poison (1926) in experimental 
uricj/ acid poisoning of rabbits; in 
this experimental nephritis the lesion 
is determined by precipitation of the 
agent from a harmless soluble form to 
a destructive solid. Dunn, Gillespie 
and Niven then continue by making the 
highly significant remark that in the 
two cases of kidney damage under dis­
cussion by them the site of the most 
intense damage is at points where the 
lower nephron segments lie in close 
proximity to veins; they consider that 
the frequency of the association is so 
remarkable as to suggest a definite 
causal nexus.

In contradistinction to the findings of Bywaters and 
B®dll (1941) and of Bywaters and Dible (1942), Dunn, Gillespie
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and Niven failed to observe any significant change in the 
glomeruli or the first convoluted tubules, other than 
albuminous aggregates in many of the capsules of Bowman.

i’he findings of Bunn, Gillespie and Niven have been 
repeatedly confirmed by other workers, especially in regard 
to the absence of any serious abnoimality in the glomeruli 
and the first convoluted tubules. fhelr report of the 
anastomoses sometimes to be found between the tubules and the 
veins has also been confirmed, e.g. Mcletohie (1943) and 
Woods (1946). In the report by the latter author he records 
three fatal cases of carbon tetrachloride poisoning in whioh 
the kidney lesions bear a marked resemblance to those of the 
crush syndrome. fhe description of the pathological changes 
in the kidneys as recorded by Woods does not add anything 
to that of Bunn et alia given above, except that Woods remarks 
upon the great and uniform enlargement of the vasa recta, many 
of which contained portions of mural thrombosis, often closely 
oontinguous to adjacent renal tubules apparently at the 
ascending loop of Henle; the author describes these thromboses 
in detail, and confirms them to be the same as the anastomoses 
reported by Bunn, Gillespie and Niven. In Woods three cases 
only one showed these thromboses in any number; a second case 
showed only one such thrombosis, and the third case did not 
show any. Woods does not accept Bunn, Gillespie and Niven* s 
theory of the genesis of such communications; his views will
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be discussed later.

It was not long after the appearance of the paper 
by Bywaters and Beall (1941) before it was realised that the 
kidney lesions described by them are also produced by other 
diverse conditions. Por example, such lesions had been 
repeatedly reported to be a common finding in the kidneys of 
individuals dying of anuria following an attack of blackwater 
fever. In fact we can go further and say that the tubulo- 
venous communications reported as a new finding in 1941 had 
been recorded certainly not less than twenty-five years 
previously as a finding in fatal cases of blackwater fever.
In fact, as will be seen later, two of the earlier workers on 
olackwater fever used these self-same anastomoses as a basis 
of a theory to explain the mechanism of haemolysis in black­
water fever; these workers were Plehn (1920) and Ravenport 
(1928). The changes in the kidneys, and the other relevant 
findings in blackwater fever have been studied so carefully 
over so many years that.we may with advantage consider some of 
the more important work; e-g. Ponfick (1883) following 
experimental work on animals mentions that, following haemo- 
globinuria, the tubules of the animals* kidneys showed 
granular masses and precipitates; he thought the substratum 
of these masses to have been passed partly through the glomeru­
li and partly through the epithelium of the convoluted 
tubules. The masses form within the labyrinth a quantity of
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large casts, and the author then proceeds to voice a 
belief that has been accepted without question until very 
recently, namely that "it is in this that we meet the chief 
danger of any intense haemoglobinuria, that is in the blocking
of the numerous renal tubules by semi-solid oasts the
tubes are filled with wedged-in clots threatening a sudden 
occasionally inevitable standstill of the whole exoretory 
process". This description was written over seventy years 
ago out could well serve for the beliefs of oertain writers 
even today.

Prom that time on the literature of blackwater fever 
contains many papers on the pathology of the disease; e.g. 
Perrier (1896) in the examination of a fatal case mentions 

that the convoluted tubules and straight 
tubules contained exudate, granular detritus, 
and red cells agglutinated in the form of casta. 

Barratt and Yorke (1909) discussed the composition of casts,
and talk of large granules of fragmented mater­
ial and epithelial casts.

Yorke and Nauss (1911) using laboratory animals, investigated 
the part, if any, played by casts in the 
production of anuria in blackwater fever; this 
subject will be dealt with below, but the 
observations of Yorke and Hauss are worth 
recording here. These authors injected
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raboits with, intra-venous haemoglobin 
solutions which were stroma-free, and they 
succeeded in obtaining haemoglobinuria for the 
first time with such animals. Some of their 
animals died in convulsions a few hours after 
haemoglobin injections, before the onset of 
suppression. In such animals the only 
abnormalities found in the kidneys were brown 
plugs in the tubules.

In those animals in which the kidneys 
were removed following several injections of 
haemoglobin the findings were muoh more striking, 
with large numbers of the convoluted tubules and 
tubules of Henle filled with plugs of granular 
material intermingled with granular casts.

The next stage was found with animals dying 
of suppression; here the whole structure had 
radically altered, with some of the glomeruli 
enormously distended, and the tubules also 
enormously distended in the suboortical zone.
Many of the tubules contained casts, with the 
epithelium in various stages of degeneration.
The epithelium had disappeared in some oases.
The findings of Yorke and Nauss of marked dila­
tation of the glomeruli and tubules have not 
been reported in the human and are a striking
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example of the danger of applying to human 
disease the results produced in animal experi­
ments. It is especially necessary to be 
careful in this respect in work dealing with 
intra-vascular haemolyses because the pigment 
methaemalbumin found always in igan in haemolysis 
is not found in any animal other than the 
monkey.

Ross (1932) in discussing blackwater fever, suggests that in 
its passage down the renal tubules the foreign 
protein, haemoglobin, becomes solidified by 
extraction of water, and may cause stripping of 
the basement membrane; from the denuded surfaces 
so produced inflammatory lymph mcy exude and be 
added to the urine.

Pairley and Bromfield (1937) state that any severe intra-
vaseular haemolysis in man ordinarily leads to 
blockage of the lumina of a proportion of the 
collecting and other tubules with degenerative 
changes in the lining epithelium; they claim 
that their findings indicate that if a sufficient 
number of nephrons be involved then oliguria, 
anuria and nitrogen retention and uraemia all 
follow; where the haemolysis is small then the 
urea content of the blooa causes diuresis with
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polyuria.

There are many other papers on the pathology of the 
kidneys in blackwater fever but they add very little to the 
notes given above, and a fair summary of the relevant litera­
ture is given by Stephens (1937).
Kidneys; glomeruli .........often normal, but capsules may

at times show distension and des­
quamation, and their contents 
may consist of granular material 
or blood debris or haemoglobin 
granules;

tubuli contort! ...the author does not specify
which tubules are referred to, 
e.g. first or second convoluted 
tubules. He remarks that they 
may be dilated (this is of doubt­
ful accurary as already noted) 
epithelium may be flattened, 
normal, or show degeneration or 
necrosis; this last change may be 
local or may affect large tracts. 
The contents of the tubuli may be
1. ilbuminous matter tinged with 

haemoglobin.
2. Haemoglobin granules, blocks or 

casts.
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3. Red cell debris, red cells.
4. ifipithelial oasts, granular 

oasts, or hyaline oasts.
tubuli reotl ... some dilatation. Much of the

epithelium may be shed, exposing 
the basement membrane; contents 
consist of granular matter, 

interstitial tissue; intense hyperaemia may occur,
with, here and there, actual 
haemorrhages; passage of blood 
into the tubules is described, due 
to fusion of the neorbtic capill­
ary and the tubular walls.

it this point it is relevant to report the kidney 
lesions found at autopsy of our fatal case; the full report 
of the post-mortem examination is to be found in the appendix, 
pages to

Kidney changes: naked eye the kidneys showed no marked ab­
normality; the capsule stripped readily; no 
irregularity of the surfaces which were paler 
than normal. Structures of kidney not clear- 
cut; pyramids difficult to detect. 

microscopic ehanges:
glomeruli; normal, few capsules showed some desquamation 

of cells with granular contents in the spaces
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of Bowman.

convoluted tubules and loops of Henle; changes wide­
spread. Much degeneration and disorganisa­
tion; in many places the lining epithelium 
is stripped or shows no nuclei; degree 
varies considerably. Many of the tubules 
and loops contain plugging with a mixture of 
lining cells, casts, red cells and amorphous 
debris; the amorphous material shows pigment 
staining.

!The parts most affected are the two limbs 
of Henle, and the second convoluted tubule, 

interstitial tissue; apparent hyperaemia with oedema.
The hyperaemia is due to dilated vessels.

This completes the short note on the pathology of the 
kidney in conditions such as blackwater kidney, crush kidney, 
oto. Certain of the discussions on this syndrome claim that 
if is necessarily associated with nitrogen retention and acido­
sis. It is necessary to consider this in detail.
Nitrogen retention: this undoubtely is a very common finding

in any degree of this condition; lucke (1946) 
briefly sums up the findings as indicating "renal 
shutdown", izotaemia is invariably present, with 
hypertension common. low and Fairley (1942) con­
sider that the marked rise in blood urea is derived
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partly from destroyed, ved cells and partly from renal 
retention* fhe microscopical picture which such 
kidneys present fully explains this nitrogen reten­
tion. fhe table given below is indicative of the 
nitrogen retention so common in this disease*

ffigure 10
Blood urea levels in the Kazmak oases.

Case Ho* Blood urea levels, milligrams per lOOcos
Number of

blooddays after coming under observation.

1st 2nd 3rd 4th 5th 6th 7th 1 mnth
1 60 mmgs 80 120 200 230 290
2 50 11 80 70 100 40
3 60 " 80 130 150 60
4 70 " 60 110 45
5 90 11 130 100 110 30
6 ? ? ?

If the patient lives, regeneration even of gravely 
damaged tissues is remarkably rapid and complete. fhere is 
praotically never residual nephritis and the nitrogen retention 
is quickly brought under control, i.e. the nitrogen retention 
is secondary to and fully explained by the kidney lesions*

ioidosis: is less definite a finding; as will be seen later,
it is readily accepted that acidosis may occur, and 
some workers consider this physical state to be 
responsible for some of the phenomena of the crush
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syndrome, etc. In point of fact however it is 
doubtful whether this condition is a constant 
finding; the fullest reports on this problem are 
found in the literature on blackwater fever, ±*om 
which we may draw in this discussion; e.g.
Fairley and Bromfield (1938) report a case in which 
the plasma carbon dioxide was 34.5 volumes per 
100 cos. fhey considered that this decreased 
bioarbonate reserve had resulted from an inability 
of the kidneys to secrete acid radicles adequately, 
with consequent decrease in the alkaline reserve 
and a tendency to renal acidosis. On the other 
hand other workers, e;g. Boss (1932) claims that 
in a large series of cases investigated by him 
the carbon dioxide combining power was normal in 
all oases. Similarly Maegraith (1946a) considered 
that available evidence does not support the claim 
that acidosis is common in blackwater fever. 
Unfortunately we had no equipment available to allow 
of our investigating this in our patients, and can 
offer no evidence in support of either point ox view, 
fhere is no doubt that cases such as that quoted by 
Fairley and Bromfield, above, are to be found in any 
series of blackwater patients, but it is suggested 
that they are not a usual finding and, as will be
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seen later, it is possible therefore that the 
excessive and uncontrolled alkalinisation so 
common a feature of the treatment of blackwater 
fever since 1926 may not only have been unnecess­
ary; it may actually have been harmful.

We may now pass to a consideration of the quantitative 
and qualitative changes in the urine in patients showing the 
kidney lesions described above; here also we shall use the 
findings from the blackwater fever literature to illustrate 
our points, since such findings are of general application. 
General remarks: Rogers and Megaw (1939) describe the urine

of blackwater as first pink — ^bright red, 
soon changing to dark-red, brown, or even 
black, due to the presence of oxyhaemo­
globin, met haemoglobin and urobilin, fhere 
is albuminuria which persists for some days 
after the pigments have disappeared from 
the urine. Brown granular debris and 
tube oasts are found in the urine; usually 
these are abundant.

In this description the authors fail to 
mention quantitative changes.

One description states that the 
characteristic urine of blackwater is dark 
brown, generally acid, and that if it is
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stored for some time it will separate into 
two layers, an upper of a clear though dark 
port wine tint and a lower one-third or 
one-half of a brown-grey colour and con­
sisting of a sediment in which an enormous 
number of hyaline-haemoglobin tube oasts 
are to be found together with a large 
quantity of brown granular material, 

fhe above short general description of the urine in 
patients with intravascular haemolysis gives very little 
detailed information on each of the abnormalities* Since 
certain of the abnormalities may provide clues to the pro­
cesses at work and to rational lines of treatment, it is 
essential to consider them in detail, and the easiest way to 
do so is to deal with them seriatim, a few lines to each;
the more important abnormalities, and ones which shall be
considered, include albuminuria, character of the urine 
(including the chloride content, colour, reaction and specific 
gravity), casts and deposits, urine output, pigments, and 
urea content.

albuminuria; this term is not correct but is of common
usage. fhe proteins found actually are serum 
albumin and serum globulin. Fibrinogen is 
very rarely found, fhe results 01 the testing 
of the urines in our six patients are given
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in figure Ro. 11, below.

figure Ho. 11. 
Proteinuria in the Razmak patients.

Case Ro. lumber of days after coming under observation.
1st 2nd 3rd 4th 5th 6th 7 th Remarks.

1 4
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The routes whereby proteins may find their 
way into the urine have been discussed earlier 
in this chapter (see above). They pass into 
the urine via the glomeruli; it is not yet 
settled whether this takes place as the 
result of an increase in the permeability of 
the glomerular membrane or whether there



occurs some pathological change in the mem­
brane, caused by some unknown factors, 
ioc'ording to .alahberg (1934) the general 
opinion is that there are probably temporary 
changes in the glomerular permeability either 
through toxic action or through a need to 
eliminate undesirable protein products of 
metabolism.
Ross (1932) suggested that in intra-vasouler 
haemolysis the passage of the foreign protein 
derivatives of haemoglobin injures the tubule 
cells which then become permeable to plasma 
proteins; i’his view of Ross may have been 
derived from Yorke (1922) who thought that 
the serum proteins which are found in the 
urine in severe cases of blackwater fever gain 
access to the tubule through the lesions pro­
duced by dislodgement of the epithelium a 
point of view which will be discussed in 
detail later in this chapter. It need only 
be said here that we may proceed on the assump­
tion that the proteins do pass through the 
glomeruli.

It is generally agreed that the proteinuria 

is not restricted to the haemoglobinuric phase;
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it may persist for several days after the 
cessation of haemoglobinuria, and in unusual 
oases may he permanent. fhe amount passed is 
considerable in quantity, e.g. it may "set 
solid” on boiling, with a content of about 
sixteen grams per litre.

In our cases there was no departure from 
the usual findings, namely a variable amount 
of protein for a varying period of days, fhis 
proteinuria is merely a secondary process and 
will usually disappear if the patient survives 
and the nephron returns to normal.

Character of the urine:
chloride content and specific gravity; Plehn (192c)

claims that the urine in blackwater fever is 
always hypotonic, this hypotonicity being 
caused by an abnormally low content of sodium 
chloride, which substance normally plays an 
important part in the maintenance of the 
specific gravity of the urine.

Plehn was wrong; sodium chloride values as 
low as he claimed are not a usual feature of the 
urines in blackwater fever. We did not measure 
the sodium chloride content ox the specimens 
of urine in our patients and there are few
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references to such measurements in the 
literature of cases of intra-vascular haemolys- 
es; Stephens (1937) does say that in blackwater 
low values are commonly reported; Bywaters 
and Dible (1942) say there is no evidence of 
absorption of chlorides by the tubules; in 
this connection we shall use the urinary 
specific gravity as a very rough guide to 
the level of the contained sodium chloride.
It is realised that the sodium chloride is 
only one of the several substances which go 

to make up the specific gravity values of 
the urine, but it is such an important factor 
that it is permissiole to use the specific 
gravity as a measure of the contained sodium 
chloride.

Some of the opinions as regards specific 
gravity in blackwater fever urines are as
follows:
Stephens (1937) states that the specific

gravity in the reports varies from 
1002 to 1033.

Ross (1932) claims that in the blackwater
type of intra-vascular haemolyses a 
low specific gravity is not an 
essential characteristic oi the urine.
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iuoke (1946) in talking of his series of
538 oases states that the urines had 
a fixed specific gravity of 1014. 
Although this statement oannot be 
aooepted literally, it serves to show 
that the values obtained for the 
specific gravities, and therefore the 
values of the sodium chloride content 
were much higher than those obtained 
by Plehn.

figure Ho. 12 below records the values of the specifio 
gravities of the urines in the Hazmak cases during and 
immediately following haemolysds*

figure Ho. 12.
Maximum and Minimum Specific Gravity Headings of the 

Urines in "the Waziristan Gases.
Gaae
No. Humber of days after coming under 

. lysis.
observation for

1st 2nd 3rd i 4thI 5th 6th
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The figures are given in detail in the ease reports 

in the appendix, pages to 728 ; from these, summar­
ised above, there is no doubt that the values are consistent­
ly lower than would be the case with a range of nornal urines, 
especially in view of the oliguria present in the majority of 
the cases during the period when the urine specific gravities 
were being recorded. It is to be seen from the detailed 
case reports in the appendix that the specific gravity values 
in our patients did tend to be grouped round 1014 immediately 
after the haemolyses; this is in rough agreement with the
findings recorded by Lucke, noted above, and are sufficient 
to disprove Plehnfs statement that in blackwater fever the
urine is necessarily markedly hypotonic. And further, our 
findings strongly suggest that the content of sodium chloride 
in the urines is not greatly depressed as was claimed by 
Plehn, above; these points are not only of academic interest; 
they will come into prominence later in the chapter when we 
come to discuss Plehn's theories on the causation of the 
haemolysis of blackwater fever.

Another point mentioned in certain reports on the 
character of the urine in intravascular haemolyses is that in 
certain of the cases the urine may be almost like jelly; in 
contradistinction to this is the common finding that if the 
patient should survive then for several days after re­
establishing of kidney function the urine is like glomerular
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filtrate. We certainly confirm the first point, that in 

severe cases, e.g. our fatal case in this series, the urine 
may he like jelly; this has also been my experience in other 
oases not reported here. Unfortunately it is not possible 
to speak so definitely on the second point, that the urine 
of recovering patients may be like glomerular filtrate; our 
case records are not full enough to be of value. fhe only 
indicators we have are the records made of the speoific 
gravity values.

colour: in any intra-vascular haemolysis the colour of the
urine necessarily varies with the content of 
haemoglobin and its derivatives; the colour 
ohanges of the urines of the siz Waziristan cases 
are given in detail in the appendix, pages to 

Since these colour ohanges are not 
significant of anything other than changes in the 
contained pigments they need not be discussed in 
detail at this point

reaction: the reaction of the urine in patients with intra-
vascular haemolysis is of more than academic 
interest. It is of practical importance, in that 
some workers believe that the reaction of the urine 
plays an all-important part in cast formation in 
the tubules of the nephrons.
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Stephens (1937) summarising the literature, 

finds reports of pH values ranging from 5.8 to 
6.8. Our rough findings in the Waziristan 
patients are given in figure Ho. 13 belww; it 
is regretted that the only information available 
is that of the reaction, as measured by the use 
of litmus paper; more detailed records could not 
be made at the time.

figure No. 13.
Reaction of urines during and immediately 

after haeraolyfcis.

CaseNo. [ No. of days after coming under 
lysis.______  _ observation for

1st 2nd 3rd , 4th 5th 6th
1 alkal. ? ; alkal 9 9 alkal.

2 : alkal 
neut

1acid ; neut - 
i acid

alkal alkal acid

3. acid acid- ! acid- 
alkal j alkal

, .. i. .. . . . . .

; acid I acid 
alkal

aoid

4 acid-
alkal

*
acid- | acid- 
alkal j alkal

!

• 5 acid acid - ■ neut - 
alkal | alkal

i

J...... ........

1

6 acid - 
i alkal

j; 1 
— L------L- ---—--

i
l . ■ -—  .. .

She detailed findings in the appendix show that 

the majority of the specimens of urine were acid



317.
in reaction but that neutral and alkaline 
reactions were also quite common.

casts, including deposits: in this paragraph we shall still
draw extensively from the literature on blackwater 
fever; there is no objection to this since the 
statements are of general application and the 
literature on this particular type of intra- 
vascular haemolysis is full and detailed.

From the beginning of the intensive study of the 
urine of blackwater patients descriptions of the 
deposits have been recorded, e.g. Ponfiok (1883) 
talks of "peculiar flakes, forming a slimy sediment 
of a brown colour" which he likens to the material
found in the tubules of the kidneys of fatal oases. 
Plehn, P. (1898) stated that the sediment contained 

an abundance of swollen epithelial cells 
from the urinary passages, granular cells, 
detritus, haemoglobin masses, and haematin 
crystals.

Barratt and Yorke (1909) agree with the above, and 
mention particularly granular oasts, 
hyaline casts, and epithelial casts.

Yorke and Nausa (1911) in experimental work, stated 
that after intra-venous injections of 
haemoglobin into rabbits, the later
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speoimens of urine showed muoh solid 
material, frequently soft masses composed 
almost entirely of casts and granular 
debris held together by mucoid material; 
later large numbers of renal epithelial 
cells appeared; still later, specimens 
showed much protein and many granular 
oasts and enormous numbers of small 
degenerated renal epithelial cells and 
oasts.

Plehn (1920) states that after re-establishment of 
function of the kidneys in those who 
survive the urine is loaded with albumen 
and is very turbid, with a large deposit 
about one-quarter of the volume, made up 
of granular casts,epithelial oasts, 
granular debris and degenerated epithel­
ial oells.

Ross (1932) states that microscopically the
urine shows the sediment to be mainly of
granular material, partly amorphous and 
partly casts, most likely derived from
haemoglobin which has undergone precipi­
tation during its passage down the 
urinary passages; the earliest specimens, 
Ross thought, usually show more amorphous
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deposit than oasts; oasts become more 
numerous as the disease progresses, and 
they may persist after the haemoglobin 
clears from the urine. Epithelial and 
hyaline oasts are also common.

Pairley and Bromfield (1937) agree that oasts are 
not numerous at first but later in the 
course of the disease there are found 
small clots of mixed leucocytes and casts; 
these were identical with the casts 
plugging the tubules as observed in 
seotions of the kidneys of blackwater 
fever patients.

Manson-Bahr (1940) states that the sediment in
urines of blackwater oases is bulky, one 
third to one-half, brown-grey in colour 
and consisting of a sediment in which an 
enormous number of hyaline and haemoglobin ! 
tube oasts are found together with a large 
quantity of brownish-granular material.

fhe above excerpts serve to show that the deposit in 
itself does nothing other than mirror what is happen­
ing in the nephron.

fhe casts are of all kinds; e.g. Plenn (1898) 
reports epithelial casts, granular casts, hyaline
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oasts, and pigment oasts. These are the findings 
of many other workers. The oasts also serve 
only to mirror what is happening in the kidneys; 
they disappear shortly after the restoration of 
the kidney function to normal in those persons who 
survi ve.

The relevant findings in our patients are given 
in detail in the appendix, pages to 7 ^  ;
it is unnecessary to repeat them here as they add 
nothing to the excerpts given above.

In the five of our patients who survived casts 
persisted in the urine for several days after the 
apparent cessation of haemoglobinuria.

The only remaining point to note on this 
question of oasts is that in orush injuries the 
pigments concerned in the production of oasts are 
myoglobin and certain derivatives of myoglobin.

output of urine: here we shall do little more than record the
outputs in our six patients; this is done in 
Figure No. 14 below. The significance of our 
findings will be the subject of discussion later; 
it is unnecessary, therefore, at this stage to quote 
extracts on this question of the output of urine in 
individuals suffering from intra-vascular haemolysis, 
hlmost from the time of the recognition of blackwater
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fever as an entity the marked changes in the 
output of urine of patients have focussed atten­
tion on the kidney changes in this disease; 
within very wide limits it is almost permissible 
to say that the degree of oliguria is directly 
proportional to the degree of kidney damage* fhe 
same might also be said of all forms of intra- 
vascular haemolysis and for those other conditions 
capable of producing lesions in the kidney similar 
to the lesions found in "transfusion kidney" eto.

In a few of the individuals showing mild lesions
in the kidney there may be polyuria; oase ho. 2
of our series is an illustration of this, as shown
in figure ho. 14.

figure ho. 14.
Showing daily urine output of Waziristan cases in 
the first days of lysis. Output given in ounces.

oase
ho. ho.

1st
of days after coming under observation for i 

lysis. ' 
2nd 3rd 4th 5th 6th

: 1 3 9•
l3 nil nil nil j

; 2 60 71 60 70 10
3. 25 21 26 9 ? 16

: 4 16 16 39
: 5 14 20 33
6 66
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With all our patients during the periods of 
haemolysis and immediately following haemolysis 
the fluid intake was balanced against fluid loss, 
therefore any variation in the amount of urine 
passed is not the result of abnormal deprivation 
or of abnormal supply of fluids to such patient3.

Ihe figures given above contribute nothing new 
to the problem.

ks has already been said, the output of urine 
is of great importance in that it refleots the 
ohanges in the kidneys; in conditions capable of 
producing this type of kidney such as is found in 
blackwater patients the onset of oliguria is the 
first warning of that most dreaded of complications, 
the severe kidney lesion.

pigments in the urine: Fairley and Bromfield (1938) report that
the pigments described as occurring in the urine 
of blackwater patients include oxyhaemoglobin, 
methaemoglobin, and urobilin and a brown pigment 
generally regarded as acid haematin; they point 
out however that the last pigment does not show 
the same characteristics as artificially-produced 
haematin and that it has not a typical spectro­
scopic picture.

Ihey state that the oxyhaemoglobin amounts
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range from 16 — —  284 milligrams per 100 oca.
urine, and met haemoglobin 90 ---  900 milligrams
per 100 oos. urine.

These authors found in an examination of 
fourteen oases that the urine showed oxyhaemoglobin 
in two, oxyhaemoglobin and methaemoglobin in ten* 
These findings probably equally apply to other 
forms of intra-vascular haemolysis.

In the oase of crush injuries, of course, the 
parent pigment is myoglobin, but its characteristics 
so closely resemble those of haemoglobin that 
general remarks may be taken to apply to both.

Our findings of pigments in the urines of our 
patients are detailed in figure Ho. 15 below. 

figure IJo. 15.
.Abnormal pigments present in the urines of the Kazmak

cases.
1 " ■' 
Oase 
Ho.

Ho • iof days after coming under 
? lysis. observation for

1st 2nd 3rd 4th 5th 6th 7th
1 HbOH

HbOO.U
? HbOH HbOO.U

? 9• B. HbOH 
HbOO. U

2 Hb OH 
HbOO.U

B.HbOH ditto 
HbOO.U

nbOH
HbOO.U

u

3 ditto ditto ditto ditto u HbOH U HbOO.U
4 ditto HbOH ditto 

HbOO.U
U

5 B.HbOH B,HbOH ditto 
HbOO.U HbGO.J

U

6 HbOH 
HbOO.u

U U
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Key to figure Ho. 15:
B — Bilirubin* HbOH » Methaemoglobin.
HbOO*Oxyhaemoglobin. U * Urobilinogen.

Reference should be made to the detailed 
findings in the oase reports, appendix pages 
to 128 , where it will be seen that the relative 
amounts of haemoglobin and methaemoglobin vary 
according to the reaction of the urine, the oxy- 
haemoglobin being marked in amount in alkaline 
urine and the methaemoglobin being marked in amount 
in the acid urines. It is seen from our records 
in the appendix that we were never able to detect 
the brown pigment spoken of by fairley and Brom­
field (1938).

The origin of the blood pigments and the feile
pigment has been discussed in detail in Chapter IV, 
pages to My- • for fuller information refer­
ence should be made to that chapter, and particularly 
to plate Ho. XVI, page 171. A short note is given 
below, however, on each of the above four pignents.

urobilinogen: is the only derivative of haemoglobin
normally found in urine and even this pigment 
is minimal in amount in normal urines. Plate 
Ho. XVII, page 179, shows that the urobilinogen
which appears in the urine is that which has 
escaped re-excretion in the bile and which has
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passed into the general circulation. Best 
and Taylor (19^3) state that the daily 
excretion of urobilinogen amounts only to 
0.5 - 2.0 milligrams. Stephens (1927) states 
that this total is excreted in spurts, particu­
larly related to meals. Urobilinogen is 
oxidised to urobilin after the urine has been 
voided; normally this pigment plays no part 
in the colouring of the urine which is due to 
urochrome, a compound of unknown constitution 
and of unknown origin. doss (1932) suys that 
increased urobilinogenuria is found in many 
pathological conditions, e.g. pyrexia, cancer 
liver, pernicious anaemia, and is a feature of 
conditions characterised by increased blood 
destruction, e.g. malaria. Y/hen present in 
such increased amounts urobilinogen may darken 
the urine. Koss certainly found increased 
urobilinuria in malignant tertian malaria, and 
quinine and plasmoquine administration caused 
an increase in the urobilinuria; in fact Ro3S 
states that he found the increase following the 
above drugs to be a9 much as that recorded in 
certain.cases of blackwater feverJ One 
suggestion to explain the increased output of 
urobilinogen by the body in haemolysis is that
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the amount of bilirubin formed in such cases 
fully occupies the liver, which then ignores 
the intestinal urobilin and this latter is ex­
creted by the urine; it must be remembered, 
however, that the actual amount of both pig­
ments is markedly increased in haemolysis.
Y/hitby and Britton (1946) agree that hepatic 
insufficiency plays some part in the increase 
of urinary urobilinogen. locht and i<Iayer (1937) 
state that this increase^urobilinuria may con­
tinue for some days after an attack of intra- 
vascular haemolysis. Our findings are in 
agreement with this, i.e. we found increased 
excretion of urobilin during and after the 
haemolytic phase, 

bilirubin: unlike urobilin, this pigment does not
normally appear in the urine. In fact its 
absence from the urine has been repeatedly 
remarked upon by writers on blackwater fever, 
e.g. Plehn (1903b) remarks that in spite of 
severe icterus and bile pigment in the plasma, 
bile pigment in such cases is usually absent 
from the nnine. It has already been pointed out 
in this work that the bile pigment which has 
passed through the liver cells appears much more 
readily in the urine than does that type which
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has not done so; e.g. in the obstructive type 
of jaundice bile pigment appears in the urine 
when the bilirubin content of the blood rises 
above a Qertain low value, whereas in haemolytio 
jaundice a considerable degree of bilirubinaemia 
may be present without there necessarily being 
any bilirubinuria; for example, Beaumont and 
Dodds (1929) stated that the bilirubin which 
has passed through the liver, i.e. orystallis- 
able bilirubin, which they term 11 bilirubin B" 
will appear in the urine with a serum value of 
over four van den Bergh units whereas the 
colloidal type of bilirubin found in excess in 
haemolytio disease has a kidney threshold 
value of not less than eighteen van den Bergh 
units. Whitby and Britton (1946) think that 
this high kidney threshold for the second may 
be because the pigment is linked with plasma 
proteins. Whatever the reason the facts would 
appear to be well-established, e.g. JJoss (1932) 
tested eighty-six cases of blackwater fever and 
found only four to show even a trace of bili­
rubinuria; and in eacn of these lour patients 
he also found a positive direct van den Bergh 
reaction of more than four units; eac^ of the
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four patients had anuria and we may reasonably 
assume that eaeh had some degree of liver 
damage. One useful pointer in this connection 
is that of the presence or absence of bile- 
salt s in the urine. fhe excretion of bile 
salts is independent of the retention or 
excretion of bile pigment, therefore in uncom­
plicated intra-vascular haemolyses bile-salts 
are absent from the urine; but in patients 
suffering from intra-vascular haemolysis with 
concomitant liver damage bile salts may be 
found in the urine and would then serve to 
confirm that any bilirubin present in the urine 
is of the crystallisable ”Blf type which had 
been regurgitated back into the circulation due 
to liver damage. Ross round bile salts in the 
urine of one of his four patients with bilirubin- 
uria.

fhere is no question btit that liver damage 
may occur in individuals suffering from intra- 
vascular haemolysis, and this is essentially 
likely to be found in blackwater fwver since 
malaria itself may damage the liver, kaegraith, 
indr ewes and Gall (1947), and kost (1940) state 
that in severe cases (of blackwater fever) there 
is liver involvement and associated anoxaemia
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with injury to many of the polygonal cells; 
obviously this would permit of the regurgita­
tion into the blood of changed (orystallisable) 
bilirubin, and this would account for the 
positive immediate direct van den Bergh reaction 
and for the presence of bile in the urine.
Some confirmation for this is found in the 
summary by Stephens (1937) who states that in 
blackwater fever bilirubin is absent from the 
urine as a rule, and that when present it may 
be associated with a direct positive van den 
Bergh reaction of the plasma, low and i’airley 
(1942) also agree that it is only in the 
severest forms of blackwater fever that bile 
is found in the urine; one author does not 
agree with the opinions quoted above; he is 
Hills (1946) who discussed the question of 
malarial jaundice * He reports that no les3 
than nine of thirteen patients showing 
"malarial jaundice" were found to have bili­
rubin in the urine, and he concludes "apparent­
ly bilirubinuria is the rule in this syndrome". 
Such statements are so at variance with the 
experience of others that they require to be 
confirmed before they can be accepted.

fhe findings in my patients have been



330 •
reported in Figure Ho. 15, page 323; it is 
seen from this reoord that in oase Ho. 1, the 
fatal oase, bilirubin appeared in the urine 
on the day before death; in patients Hos. 2 
and 3 this pigment made a fugitive appearance 
in the urine on the second day only; and in 
oase Ho. 5 it was found to be present in the 
urine on the first and second days; Figure 
Ho. 16 below, shows the van den Bergh reao-
tions and the values present in patients 
Hos. 1, 2, 3 and 5 on the days when bile was 
found in their urines.

Figure Ho. 16.
Relationship between bilirubinuria and the van 
den Bergh values and reactions of the sera.

(case
Ho.L.

1 Day of illness 
j& bilirubinuria

v.d. Bergh 
qualitative

v.d.Bergh 
quantitative

|
j 1 | 6th

i
direct 4-H* 
(one day before)

not done

: 2 2nd bipha sic 10

' 3 2nd it 10

5 1st it 9
4 2nd n 8

Our findings, given above, do suggest seme
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degree of liver involvement, e.g. in 
oase Ho. 1 the reaction was direot■»-»-*.

The Razmak patients showed a higher 
incidence of bilirubinuria than that 
reported by other workers, four of the 
six patients showing bile pigment in the 
urine; in each case however this find­
ing was fieeting in time; this high 
incidence of bilirubinuria may partly be 
explained by the suggestion of Boss 
(1932) that the tests usually employed 
for the detection of bilirubin in the 
urine depend on a colour change and that 
such tests are interfered with by the 
presence of haemoglobin; he claims that 
with the use of tests like those of 
Gmelin or Kippert, small quantities 
of £ilirubin may be present and yet 
raaain undetected. fo eliminate possible 
criticism we used the iodine test suggest­
ed first by Smith (1876), and this may 
account for our higher incidence of posi­
tive findings. Unfortunately we failed
to examine the prines for the presence of 
bile salts.
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In the main,our findings would support 

the contention that bilirubinuria is not 
a common finding in the urine of individ­
uals with intra-vascular haemolysis, and 
that when such is found it may indicate 
regurgitation of crystallisable bilirubin 
back into the blood-stream because of 
damage to the liver. In the one patient 
of our series who did come to autopsy,
and who had shown bilirubinuria, the liver 
showed acute central neorosis involving 
the medial two-thirds of each lobule, 

oxyhaemoglobin: again we use blaokwater fever reports
as the main source of material for dis­
cussion.

One interesting point is that for 
almost fifty years after blaokwater fever 
became recognised as a syndrome, the 
colour change in the urine was thought to 
be due to haematuria. Among the first 
to recognise the real state of affairs 
were
Monestier (1873) usihg crystallisation,

concluded that the 
urine contained dissolved 
blood, a mixture of
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haemoglobin and 
met haemoglobin, 

louvet (1876), using sulphuric acid,
olaimed to have identi­
fied methaemoglobin. 

Heinemann (1885) identified methaemo­
globin by use of a 
microspectroscope.

It is now accepted that the oxyhaemoglobin 
found in the urine in haemolysis is derived 
from the same pigment circulating in the plasma; 
this has already been discussed and it has been 
pointed eut that there appears to be a renal 
threshold level for this pigment, roughly 
100 milligrams per 100 ecs. of blood (see 
page /9* * Chapter IV). i’here are three obvious 
ways by which this pigment can get into the 
urine, through the glomeruli or through the 
tubules or both. Ponfick (1883) suggested 
both routes of excretion. Berthier (1896) re­
affirms the French view that the oxyhaemoglobin- 
uria results from quite a different process, 
namely that as the result of venous stasis and 
resultant multiple haemorrhages into the urini- 
ferous tubules. fhis concept gained much
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support from Plehn (1920) who was the first to 
report the ooourrenoe of tubulo-venous anastomos­
es as already explained; Plehn considered that 
all haemoglobin in the urine finds its way there 
through these anastomoses. ffihe generally- 
aooepted view has long been, however, that haemo- 
globinuria is the result of escape of this 
pigment through the glomeruli. As already 
mentioned, Fishberg (1934) considers that there 
are probably temporary changes in the permeability 
of the glomerulus, possibly through toxic action.

The amount of blood pignent which does escape 
through the glomerulus is only a fraction of the 
blood loss as measured oy the fall in the red 
cell count. fhis has also already been dis­
cussed, see page , Chapter IV. The principal 
factors governing the degree of haemoglobinuria 
are the rate of the haemolysis and the degree 
of the haemolysis; the rate of haemolysis is 
especially important, a rapid rate of destruction 
bringing the level of free circulating pigment 
quickly to the kidney threshold level before 
other more conservative measures can operate. 
Stephens (1937) states that no matter the degree 
or the rate of haemolysis the maximpm concentra­
tion of pigment in the urine, as measured in
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terras of blood, never exceeds ten per cent;
he suggests that the amount of haemoglobin
in the urine at any one time is equivalent to
200 ocs, blood. Fernan-Hunez (1936) considers 
that in an average oase (of blaokwater fever)
the blood pigments in the urine are equivalent
to that in 300 ccs. blood, although the actual
blood destruction may be many times as great
as the haamoglobinuria would suggest, fhese
figures, however, can only be very approximate
in view of the several faotors involved, as
mentioned previously in a much fuller discussion
on this point (see pp.s et sequ.). Very
roughly speaking, the concentration of the
blood pigment in the urine depends on the speed
of the lysis, and the total blood lost through
the kidneys depends on the length of time the
lysis continues. In Figure Ho. 17 below, the
values are given of the equivalent strengths
of the pigment concentrations in the usines of
the Bazmak eases.
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Figure Uo. 17.

fo Haemoglobin derivatives present in the urines, measured against $ equivalent solutions red cells.

iCase 
1 Ho.

Ho. of days after coming under observation for 
? lysis

< 1st 2nd 3rd 4th 5th 6th
1 2.5*b 1.5*0 ? 1.5̂ 0 ? 1.5*0 ? 1.5*0 1.5/0

; 2 3.2/0 3 . 5/0 2.4;, 0.4^

3 2 • 8/0 2.8 jo 3.8# 0.8*0 nil 3.1 fo

4 1 • 6/o 1.4/0

5 3.0/0 2.7/b 1.6/0

6 1.6/0
i_ i,_. ___ i .. J_______,

fhe figures given above for each day are 
the highest values recorded on that day, 
and give no idea of the marked fluctua­
tions thAt do occur in the values; this 
can only be fully appreciated by reference 
to the detailed records in the case 
summaries in the appendix.

In the above discussion the term 
"oxyhaemoglobin" has been loosely U9ed to 
include other blood pigment derivatives,
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e.g. the values given in Figure Ho. 17 
above include all derivatives. It 
naturally follows that if the true 
value of oxy haemoglobin be required 
this will be much less than the figures 
given above, which also include methae- 
moglobin.

We may at this stage again stress that 
in blaokwater fever the duration of the 
haemolytio phase and the number of haemo- 
lytio phases vary greatly from individual 
to individual. Rosa (1932) found that in 
118 oases of this disease ten per cent of 
the patients had relapses; in this 
author1s series of cases the duration of 
the haemolytio phase varied considerably 
from patient to patient; Rosa gives the 
following times;
Up to 24 hours .... 29 patients.
From 1-2 days .... 28 ,f
" 2-3 ,f 27 w
" 3-4 rf .... 16 ”
" 4 days or longer •. 18 "

Ross’s experience was that the haemolytio
phase may last up to eight days; Mans on-
Bahr (1940) probably was incorrect when
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he stated that the haemolysis may even 
continue for weeks. One factor whioh 
helps to determine the duration of the 
haemoglobinuria is the rate at whioh 
other methods of excretion operate to 
reduce the haemoglobin plasma level 
below the renal threshold. In this 
connection also, i.e. the content of the 
pigment in the urine of our patients, 
it is seen from the figures given and 
the records of duration of haemolysis as 
given in the appendix, that our results 
were much the same as those reported by 
other workers.

methaemoglobin: this pigment was first identified
in the urine in the late nineteenth 
century; a few notes on the historical 
aspect are given above.

fhe characteristics of methaemoglobin 
have been discussed in Chapter IV, pages 
I f i t - ic C * I’he physical characteristics 
of the pigment so closely resemble those 
of methaemalbumin that the latter pigment 
was not identified in the plasma until 
1934. Previous to that identification
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the brown pigment commonly reported in 
the plasma in intra-vascular haemolysis 
was thought to be methaemoglobin, and 
at that time it seemed reasonable enough 
to assume that the methaemoglobin in the 
urine of such patients takes origin from 
the methaemoglobin of the plasma, as is 
the case with the oxyhuemoglobin found 
in the urine* With the realisation that 
the pigment in the plasma is methaemal- 
bumin opinions as to the origin of the 
urinary methaemoglobin had to be revised, 
because methaemoglobin does not appear in 
the plasma except fleetingly in those 
individuals in whom methaemoglobinoyth- 
aemia is present at the time of haemolysis; 
methaemalbumln is never excreted via 
the kidney. She explanation now gener- 
ally accepted for the source of the 
methaemoglobin in the urine is that it is 
formed from the oxyhaemoglobin. Until^ 
very recently it was not clear where and 
how fast this transformation occurred. 
Maegraith quotes a communication from 
Poy and Xondi which throws some light on
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the above points. Foy and Kondi experi­
mented upon a patient with paroxysmal 
haemoglobinuria; they had him empty his

i
bladder then they immediately produced an 
attack of haemolysis by getting the patient 
to put his feet into cold water, and then 
immediately to pass urine, methaemoglobin 
was found in the second specimen of urine, 
therefore conversion of the oxyhaemoglobin 
to methaemoglobin takes place, partly at 
least, in the urinary passages and in the 
tubules. Maegraith states that the con­
version may go further, to acid haerautin, 
and that this acid haematin is then taken up 
by the tubules or is deposited in the 
lumina. fhe last part of this statement 
should be carefully noted.

fhe prime factor governing the amount of 
methaemoglobin passed is therefore the amount 
of oxyhaemoglobin available, at least in 
part, for conversion. fime is another 
factor; probably the longer the urine is
allowed to lie in the bladder the more 
complete will be the conversion.

fhere is one more factor to be considered,
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namely the pH of the urine. This last 
point will he seen to be of some importance 
in the discussion below, on the cause of 
formation of casts in the tubules, e.g.
Baker and Dodds (1925) laid great stress 
on the importance of urinary oH in deter­
mining the type of blood pigment present in 
the urine; these authors claimed that the 
highest pH value at which methaemoglobin 
was present was 7.0, i.e. this pigment would 
only be found in urines in which the reaction 
is on the acid side. Hoss (1932) added that 
normally a certain amount of time is necess­
ary for conversion, already mentioned above, 
and stated that the more acid the urine the 
shorter was the time necessary for conversion. 
In a series of 102 oases Hoss found 

oxyhaemoglobin alone in 56, 
methaemoglobin alone in 6 *

and both in 40.
Wright (1928) puts the limits of conversion

at much wider ranges, from pH 5.0 to 9.0; 

reference should here be made to our detailed 
urine reports, appendix pages ,
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2?hia problem has already been discussed 
shortly, and may be summarised by our saying 
that using the very crude method of litmus- 
paper estimation of the pH values of the 
urines in the Hazmak oases, then a change 
in the reaction of urine from acid to 
alkaline was always accompanied by a change 
in the predominant pigment from methaemo­
globin to oxyhaemoglobin and vicfe versa; 
it must be stressed, however, that the 
reaction was never clean-cut and complete.

urinary urea; in the noimal metabolism of the body there 
is much breakdown of amino-acids; this 
takes place practically wholly in the liver, 
fhe nitrogen released is converted into 
urea, whioh is therefore the chief end- 
product of protein metabolism, mrginine is 
now thought to be an important stage in the 
process of formation of the urea, fhis 
waste product urea is eliminated from the 
body through the glomeruli, and pas es into 
the tubules. It is a substance of little 
value to the body, but a considerable 
proportion of it, possibly as high as forty 
per cent of the filtered urea, is returned _
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to the body; one explanation of this is 
that the process at work is one of simple 
diffusion. Nevertheless, in spite of the 
return to the blood of this considerable 
amount of urea, it is normally present in 
the urine at a concentration very rnuoh higher 
than that in the plasma, often showing as 
much as a sixty-fold increase.

In the type of kidney lesion now under 
discussion the characteristic of the lesion 
from the point of view of function is what 
Bywaters and Bible (1942) described as 
"aberration of tubular function” whioh 
allows of excessive and unselective re­
absorption of glomerular filtrate; an 
immediate indication of this is a falling- 
off in the concentration of the urea in 
the urine, a finding well-marked in tais 
type of lesion, fhe term "concentration 
factor" has been applied to this relation­
ship urinary urea/blood urea, is already 
said this may have a value as high as 
sixty in health, whereas in this "lower 
nephron nephrosis" type of kidney lesion 
the concentration factor shows values much
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below normal. Bunn, Gillespie and Niven 

(1941) stress this point and quote one case 
in whom by the eighth day the concentration

%

faotor was only 2.7; Georgopoulos (1933) 
had previously remarked upon the importance 
of this as a measure of the failure of 

efficiency. fhis change in the concentra­
tion factor is of interest in that it often 
serves to give a rough guide to the degree 
of damage the kidney has sustained. 

Unfortunately the urinary urea estimations 
were not carried out in my patients and 
therefore we are not in a position to give 

any information about the degree of reduction 
of the concentration faotor in the liazmak 
cases.

Shis brings to an end the detailed consideration of 
the pathological picture and the urinary changes found in 
individuals suffering from that particular renal lesion common

to many diverse conditions such as incompatible transfusion, 

blackwater fever, etc. etc.

fhis discussion may appear to have been over-detailed, 

but such detail was necessary since it is designed to serve as 
a basis for what may well prove to be the most important part



3 4 5.
of the whole of this work, namely the attempt to explain the 
genesis of the various abnormal findings whioh go to make up 
the clinical and pathological pictures found in the condition
of lower nephron nephrosis* fhe most important of these
abnormal findings inolude:

1. Oast formation in the tubules;
2. Damage to the nephron, particularly marked in, and

practically limited to, the 
loops of Henle and the second 
convoluted tubules.

3. fhe tubulo-venous anastomoses repeatedly reported.
4. Oliguria and anuria, with nitrogen retention.
5. Changes in the urine, which at first shows protein­

uria and often blood pigment 
or muscle pignent, then later 
assumes the oharacter of 
"glomeruli filtrate” together 
with many casts.

Many theories have been put forward to account for the 
above. Some such theories attempt to explain only one or some 
of the abnormalities, while others attempt to explain the whole 
picture. .as yet there is no one single theory which is 
generally accepted. fhe need is pressing in view of the 

gravity o f  t h e  lesion w i t h  w h ic h  we are dealing. Once we
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fully understand the processes at work we shall he in a much

stronger position to take the first hurdle, namely to find a 
satisfactory and efficient method of treating this particular 
kidney lesion.

With this end in view let us oonsider in detail each 
of the abnormal findings enumerated above.

1. Cast formation; the presence of the casts in the tubules 
has dominated the problem until very recently; 
the actual substances going to make up the oasts 
are derived partly from muscle pigment or blood 
pigment, and partly from degenerated epithelium of 
the tubules. fhe relative amounts of each of the 
constituents will vary with the particular cause of 
the renal lesion, e.g. in carbon tetrachloride 
poisoning there is unlikely to be more than a very 
limited amount of blood pigment present. In such 
cases the formation of casts is necessarily related 
to the damage to the tubule, a problem discussed 
below, and therefore the only method of treating 
such cases is to treat the tubule lesion. fhe 
really important part of this paragraph lies in the 
discussion on the question of the pigment casts* in 
the great majority of cases of this type of renal 
lesion, e.g. in the intra-vascular haemolyses and in
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crush syndrome, etc. a consideration of the 
formation of these casts is of great practical 
importance since it is claimed by some workers 
that it is these casts which cause anuria, and it 
is also claimed by some workers that the formation 
of pigment oasts can be prevented. it this stage 
we may interpolate that some of the older workers, 
e.g. Plehn (1920) claimed that the pigment oasts 
arise partly from the pigment secreted by the 
tubules and largely from a rushing-in of the blood 
into the tubule as a result of the formation of 
tubulo-venous anastomoses; these views are not 
generally accepted, although Woods (1946) has 
recently revived them.

We are basing our discussion on the generally 
acoepted theory that the pigment escapes from the 
plasma via the glomeruli; if this assumption is 
correct, as it probably is, then we have in the 
first convoluted tubules a glomerular filtrate 
containing quantities of pigment, whether blood or 
muscle pigment, an abnormal constituent of the 
urine which has a kidney threshold value of about 
100 milligrams per 100 ccs. plasma. is far back 
as 1903 Plehn (1903b) stated that the plugs were 
secondary to oliguria, a mere depositing a3 it were
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from a super-saturated solution, and Yorke and 
Hauss (1911) indicated much the same when they 
said that the precipitation of casts was merely 
a factor of the concentration of pigment in the 
urine. fhis very important problem of which came 
first, the oliguria or the oasts, remained in doubt 
for a long time; then in 1925 Baker and Dodds 
published results which seemed at the time to 
settle the matter beyond question. i'he interest 
of these authors had been stimulated by two fatal 
oases of incompatible transfusion in whom Baker and 
Dodds claimed death to have resulted from cast 
occlusion of the tubules. Yhe authors carried out 
a few experiments with two rabbits and from their 
results they drew the following conclusions:

1. if the urine reaction is below pH 6.0 the 
blood pigment is converted into methaemo­
globin, and possibly even to acid haematin.

2. if at least one per cent sodium chloride is 
present in the filtrate then this methaemo­
globin is precipitated in the tubules to 

form casts.
3. the authors had previously concluded from 

their two fatal cases that death in such 
cases is the result of cast occlusion of 
the tubules.
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On the basis of their results Baker and Dodus 

thereupon decided that the only proper treatment 
£§t  all oases of intra-vasoular haemolyses is 
alkaline diuresis*

How in intra-vasoular haeiaolyses of all descrip­
tions the kidney lesion is the one that kills the 
majority of the patients, and here we have a theory 
that explains not only how oliguria arises, but 
also provides a method of preventing it. It is a 
reflection on the uncritical attitude of the 
Medical Profession that this paper met with wide 
and unquestioning acceptance, and that it led to 
the introduction of intense alkalinisation as the 
standard treatment in intra-vasoular haemolyses. 
Hanschell (1926j was the first to apply to the 
human the findings of Baker and Dodds in rabbits.
He claimed that his results supported those of 
Baker and Dodds, but his total number of cases 
was small, and he did not make allowance for the 
normal fluctuation of death rates in small groups,
It was not for nearly a decade that doubt jbegan

to be expressed as to the correctness of the 
conclusions and the recommendations of Baker and 
Dodds. And it is only very recently that these 
doubts have crystallised into strong criticism,



reported later in the chapter. Boss (1932) 
should have credit for being among tbs first to 
refuse to accept the theory of 1926; he pre­
ferred the older theory of Yorke and Bauss (1911) 
mentioned above. Since then criticism has 
steadily grown, e.g. among the more recent 
critics Dunn et alia (1941) state that the 
presence of the casts in the tubules could easily 
be explained by a diminution of filtrate as a 
result of impaired circulation or from some other 
cause; it is to be remembered that this state­
ment by Dunn et alia predates the statements by 
frueta et alia (1946); this latter work, with 
its "mechanistic” explanation for the oliguria 
naturally lends great support to the suggestion
that the casts are deposited from a saturated 
solution, a theory propounded in 1903 by Plehn.
On the other hand, Dunn and Poison (1926) pointed 
out that the site of the kidney lesion in experi­
mental uric acid poisoning, which also is the 
site of the lesion in lower nephron nephrosis, is 
the site at which there occurs a change in the 
reaction of the filtrate; Dunn and Poison thought 
that the damage done by the change of reaction of 
the filtrate was due to this change and concentra­
tion of filtrate serving to precipitate a toxic
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substance at the site; this unrelated finding of 
1926 is inserted here to show that the problem of 
cast formation in lower nephron nephrosis may not 
be a simple one. Whitby and Britton (1946) on the 
question of oast formation in crush syndrome etc. 
prefer the theory that the cause of the precipita­
tion of pigment oasts ia primarily vascular and due 
to the failure of renal circulation. Yuile et 
alia (1945) after animal experiments, conoluded that 

the precipitation of haemoglobin in the renal 
tubules is not primarily dependent on the reaction 
of the filtrate. Dunn et alia (1941) add the 
point that there is a possibility that the proximity
of the venous blood - which we now know to be 
greatly increased by the engorgement of the vasa
recta - may have an influence on promoting a greater
swing towards an acid reaction in the particular
area of the nephron. foy, Altmann, Barnes and
Kondi (1943) are definite that the evidence is
insufficient to justify any claim that alkalinisa-
tion is effective either in preventing or relieving
oliguria.

fhe question of the method of formation of casts 
in the tubules is not yet definitely settled tnere- 
fore; undoubtedly they are icrmed from the free
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blood pigment and to a lesser extent from the 
epithelium of the tubules. All that may be 
said at present is:

a. A swing in the reaction of the tubule
oontents to the acid side undoubtedly 
facilitates the conversion of pigment from 
oxhaemoglobin (or from ©xymyoglobin) to 
methaemoglobin (or to metmyoglobin).

b. fhis second pigment, methaemoglobin, is 
less soluble than oxyhaemoglobin and is

therefore more likely to produce casts,
o.. fhere does appear to be evidence that the 

reaction of the tubule oontents becomes 
acid at the level where the casts are most 
numerous, namely at the loop3 of henle and 
the second convoluted tubules,

d. BUS?, the site mentioned above is not only
the site of change in the pH of the filtrate; 
it is also the site at which there occurs 
a great concentrating of the tubule contents 
due to absorption of iluid; this factor has 
especially come into prominence as the 
result of the work of frueta and others
(1947) mentioned above; these authors 
showed the engorged vasa recta to be lying 
in close proximity to the thin parts of
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the loops of Henle, and have shown that 
in both structures the epithelium is 
admirably designed for the easy diffusion 
of fluids.

Wq can go no further than to say that oast formation 
in the tubflles is due primarily to a simple deposi­
tion of material from a solution over-saturated 
with pigment; change in the reaction of the urine, 
with the resultant change in the type of blood 
pigment present, probably also plays some part. 
Further critic ism of the theory of Baker and Dodds 
is given in the paragraph 4a below.

2. Hephron damage; the site and the character of this

damage has been dealt with in pages et seq. 
above. Essentially the lesions are limited to the 
loops of Henle and the second convoluted tubules; 
in these areas there is focal degeneration or 
necrosis with varying degrees of cellular reaction 
in the strcma around the more severely damaged 
portions of the nephron; the degree of focal 
degeneration may be severe enough to show stripping 
of the whole of the epithelium of the tubule.

Oasts are present in large numbers where the 
damage is commonest;

the problems are what are the factors producing 
this renal damage, and what are the factors
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determining the marked localisation of the damage.
It will he remembered that at the area where the 
damage is common several things happen, namely:

i. change in the reaction of the filtrate to 
acid.

ii. concentration of filtrate contents due to 
much absorption of water from the tubules; 

iii. precipitation of casts, probably largely as 
a result of concentration of filtrate;

Bow this pathological picture of "lower nephron 
nephrosis" is common to many conditions markedly 
differing in the character of their aetiology, e.g. 

intra-vasoular haemolyses (including blackwater), 
where the kidney is excreting blood pigments, 
and possibly elements of the stroma of the 
cells;
crush injuries, where the kidney is excreting 
muscle pigment and possibly other breakdown 
products of muscle damage. 
poisons, such as carbon tetrachloride which 
can cause this syndrome.

All of the above types of causes require considera­
tion, as does another problem now causing much 
interest, namely the question of the supply of 
oxygen to the more distal portions of the nephrons.
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What are the likely causes of this remarkably 

focal damage? Several causes have been suggested; 
among such are:
Casts: the question of casts has already been

discussed and it has been decided that 
their formation is probably a seconuary 
factor; they are unlikely to play any 
important part in the production of the 
tubule damage; like such lesions, the 
oasts are an effeot rather than a cause 
of the disease process, i'his is not 
necessarily the view of all workers in 
this field, e.g. Yorke (1922) thought 
that the ddgeneration in the tubules is 
a secondary matter and probably due at 
least in part to mechanical causes (in 
which case the presence of casts might 
conceivably play a part); this last view 
has been supported recently by Bywaters
(1948) who now considers that the lesions 
in the second convoluted tubules are due 
to the precipitation in them of pigment, 
which produces failure of absorption of 
filtrate in the distal tubule with a rapid 
rise in pressure and resultant distension
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of the more proximal parts of the 

. nephron, and, finally, rupture; this 
suggestion of Bywaters is very similar 
to one made by Plehn (1920) which is 
discussed on page 3 7 below; this 
theory of Bywaters is so at variance with 
the microscopic findings that it cannot 
be accepted without much fuller proof, 
and in the absence of fuller proof it may 
again be said that it is unlikely that the 
oasts are responsible for the tubule 
damage; it does not necessarily fillow 
from this, however, the pigment itself is 
non-toxic. fhis aspeot of the problem 
is dealt with immediately below, 

concentration of filtrate contents; much of the
absorption of water from the filtrate 
occurs at the level or immediately proxi­
mal to the level at which the damage is 
most concentrated; in view of this some 
workers consider that t h i s  water depletion 
alone may play a big part i n  the produc­
tion of the tubule dam age, e.g. V.akeman 
et alia (19t>2) consider the volume of the 
urine to be more importam; i n  this connec­
tion t h a n  t h e  r e a c t i o n  o f  the u r i n e ;
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Hicol (1940) states that in alkalosis 
dehydration is the most important faotor 
influencing renal damage; Higdon and 
Cardwell (19^2) stated that they were 
able to produce necrosis of tubules with 
small doses of intra-venous sucrose only 
in dehydrated animals. It is conceiv­
able that dehydration does play a part 
in the production of damage in that it 
allows to take place a concentrating of 
any toxio substances that may be present; 
another way in which it could, play a 
part is by the production of a partial 
anoxaemia. Both of the above suggestions 
will now be considered; 

concentration producing increase of toxin content; 
a good example of how this is possible 
in other conditions is that already 
mentioned where Bunn and Poison (1926) 
produced uric acid nephritis in the 
parts of the tubules usually affected 
in lower nephron nephrosis; the 
authors considered that the damage in 
this experimental condition had been 
the result of the precipitation of the



substance as a destructive solid from

its relatively harmless soluble form; 
the cause of the precipitation was 
thought by them to be the result of 
pH change with concentration of the 
filtrate. Dunn et alia (1941) also 
stressed that the localisation of the 
most intense damage to the nephron in 
crush syndrome is at points where the 
lower nephron segments lie in close 
proximity to veins, suggesting, as 
they said, a definite causal nexus.

If we accept the work of Prueta et 
alia (1947) this is obviously the site 
at which the greatest absorption of 
water takes place; AHD it is therefore 
precisely the site at which we may 
expect concentration of toxins in any 
conditions in which such are present 
and are being excreted from the body 
via the kidneys. 'Phis theory of 
toxin concentration has a great deal 
to recommend it from the theoretical 
point of view. Obviously however if 
toxin is present and circulating in 
the body in any of the conditions
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producing this type of kidney lesion, 
then it must be present in very dilute 
concentration since there is little 
damage to be detected in the rest of 
the body at autopsy; therefore if 
toxin is responsible for the kidney 
damage then there must take place a 
concentrating of the toxin at or near 
the site of damage of the nephrons. 
Phis brings up the question of whether 
any poisons can be implicated in the 
conditions leading to the type of 
kidney damage we are discussing; let 
us consider these conditions in detail 
and see what, if any, poisons can be 
implicated; 
firstly;
intra-vasoular haemolysis; in this 
condition substances which are 
present and are capable of acting 
as toxins, at least theoretically, 
include the pigment derivatives 
themselves, and also products 
resulting from the breakdown of the 
cells, e.g. the stroma and deriva­
tives of the stroma; probably also



there are others as yet not identi­
fied. Phere are very few experiments 
on record of investigations into the 
effects of injections of stroma-free 
homologous haemoglobin. It is 
well-known, of course, that large 
intra-vascular haemolyses can and do 
take place without development of 
a kidney lesion, e.g. foy, kltmann, 
Barnes and Kondi (1943) state that 
within three-four days tliree quarters 
of the blood in a human may be lysed, 
liberating 600-700 grams of haemo­
globin into the plasma, yet there may 
be no apparent ill-effects on the 
kidney; one other point, held by 
some workers to indicate that the 
haemoglobin is not the toxic factor 
responsible for the kidney changes, 
is the fact that precisely the same 
changes are to be found in the kidney 
in conditions in which there is no 
passage of blood pignent in rhe 
urine, i.e. the degenerative changes 
in the renal tubules are not
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necessarily related to the passage 
in the urine of blood, or muscle 
pigments* In contradistinction to 
this, however, there are on record 
some experiments in which the in­
jection of homologous haemoglobin 
did produce the type of kidney lesion 
under consideration* On this prob­
lem lucke (1946) considers that 
"pure" solutions of haemoglobin and 
of myoglobin are not nephrotoxic but 
that haematin may cause tubular 
damage; however he is merely ex­
pressing an opinion and produces no 
satisfactory evidence to support this 
viewpoint* Yorke and Uauss (1911) 
are among the few workers who have 
studied this problem experimentally, 
using injections of stroma-free 
homologous haemoglobin. Using ex­
perimental animals they were able to 
produce haemoglobinuria in rabbits*
In those of their experimental animal £ 
which did not develop anuria they 

found brown plugs in some of the
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convoluted tubules; in the animals 
which did develop suppression the 
authors found a picture not quite 
in keeping with that seen in the 
human in lower nephron nephrosis, 
e.g. in the ex perimental animals some 
of the glomeruli were enormously 
distended, as were also 3ome of the 
tubules. a'his is the pioture of a 
true "blocked kidney" whioh is n o t

the pioture seen in lower nephron 
nephrosis; we have already indicat­
ed the dangers of applying too 
literally the findings of animal ex­
perimentation to human disease, 
particularly in this type of condition. 
However, the findings of these authors 
do support the suggestion that in­
jections of homologous haemoglobin 
are capable of producing kidney 
lesions. Yuile et alia (1945) also 
discuss the question of the genesis 
of the renal failure in the condition 
under discussion. Ihey point out 
that all intra-vascular haemolyses
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have at least several points in 
common, e.g. a circulating pijment; 
a factor ox a "vascular or chemical" 
nature affecting the organism as a 
whole; and a specific kidney lesion 
with varying degrees of tubular de­
generation and obstruction of tubule; 
by pigmented casts in convoluted 
tubules, collecting tubules and the 
ascending loops of Henle; these 
authors also carried out experimental 
investigations into the problem, 
using rabbits into which they inject­
ed homologous haemoglobin; some of 
the experimental animals had acid 
urines and others had alkaline 
urines; others of the animals had 
had their renal tubules damaged 
either by temporary clamping or by 
poisoning with sodium tartrate; 
their findings were:
haemoglobin injections alone - 

110 renal dysfunction, 
haemoglobin injections after 
15 minutes clamping renal peaicle -
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haemoglobin casts in the 
urine, both, acid and 
alkaline•

( haemoglobin injections after 
( 25 minutes clamping -

transitory rise in blood 
 ̂ HPN with short periods

of oliguriq and anuria.
( haemoglobin injections after 
( sodium tartrate -

degree of damage maximal 
after secreting acid urine. 

The authors1 conclusions were that 
preoipitation of haemoglobin in the 
renal tubules is not primarily depend­
ent on the reaction of the urine but 
is dependent on functional abnormal­
ity of the individual nephrons, from 
the scanty amount of evidence avail­
able therefore, it is not possiole to 
say definitely that free circulating 
haemoglobin is capable of causing 
renal dysfunction unless some other 
factor is present; all that may be 
said at present is that it is poss­
ible that free circulating haemo­
globin may act in two ways,
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indirectly by stimulating production of 
a "vascular shunt", or 
directly in the nephron in combination 
with the vascular shunt to cause damage; 
this latter is purely hypothetical.

It would seem therefore that there is 
no proof that free haemoglobin acts 
locally as a toxin to the tubules, 
even when concentrated by the concen­
tration of filtrate which occurs in 
the more distal parts of the nephron• 
This does not exolude the possibility 
that this substance may act indirectly 
by stimulating the production of a 
vascular shunt.

ilso the above findings do not 
exclude the possibility of a toxic 
action on the part of the stroma, or a 
derivative of the stroma. It is held 
by many that the bouts of fever to be 
seen during each haemolytic phase are 
due to the liberation of stroma or 
stroma derivatives into the circulation 
but there has been little experimental 
work on this problem of the toxicity of



the stroma and we are not in a position 
to give a definite reply to the question. 
Much work still remains to he done on 
this problem.
Crush injuries; this condition may be 
a more fruitful source of information; 
in this condition also there is a pigment 
free in the plasma and later in the 
urine; in this case the pigment is 
myoglobin, very much akin to haemoglobin 
in its characteristics; one point is 
that it is exfcraoted from the circulating 
blood much more rapidly than is haemo- 
globin because of its relatively small 
size, molecular weight 17,500. In 
addition to the circulating pigment there 
is theoretically present a circulating 
substance which is held to be derived 
from the autolysis of damaged muscle,
e.g. Bunn, Gillespie and Uiven (1941) in 
one of the early pap ex’s on the crush 
syndrome, say "it seems possible that a 
substance of special toxicify is produced 
in the presence of acid"; tthis reference 
to acid is based on the belief that the
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site of damage to the nephron is at 
that area where the reaction of the 
filtrate changes). Nothing is known 
yet of the nature or source of any 
toxic agent which may he responsible 
for the renal damage in cases of crush 
syndrome; the available facts, how­
ever, appear to support the view to 
which most observers have adhered, 
namely that after release of the 
affected tissue from a compressed and 
more or less ischaemic state toxin is 
absorbed from that tissue into the 
circulation as the vessels reopen, and 
that this toxic agent affects the 
kidney in the course of excretion; the 
authors go further and enter into the 
realms of speculation when they suggest 
that both uric acid and phosphoric acid 
may well come under review as possible 
toxic agents; they say that both of 
these molecules have a well-recognised 
origin in muscle tissue in the form of 
inosinic acid; they then make the 
further pertinent observation, based on 
experimental evidence, tnat renal
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tubular damage can be most surely 
produced when the renal blood flow is 
normally abundant and the concentrating 
power of the organ is unimpaired, the 
reason being that there is a more in­
tense concentration of toxio agent in 
that region than in other areas of the 
body.

Mo other author adds anything of 
value to the above summary of Bunn, 
Gillespie and liven.

In this disease, also, therefore, we 
are not yet in a position to make a 
definite statement as to the method of 
production of the kidney lesion in crush 
injuries, although we are on surer 
ground than in the discussion on intra- 
vasoular haemolysis, in that in crush 
lesions we can demonstrate a source of 
abnormal and toxic substances, the 
necrotic muscle. Bunn, Bille3pie and 
liven go as far as to suggest the 
identity of the substances involved; 
therefore the findings in crush injury 
are not inconsistent with the suggestion 
that it is a local concentrating of
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toxin whicn leans xo une lesions seen 
in the kidney in this condition. o 
definixe proof is as yet forthcoming 
however.

Poisons, e.g. carbon tetrachloride and 
potassium chlorate; in this type of 
condition there is no free circulating 
pigment; presumably, however, the 
poisonous substance in some form or 
another is circulating in the body. 
Depending on the nature of the poison 
many ox the tissues of the body show- 
greater or lesser degrees of toxic 
change; for example in carbon tetra­
chloride poisoning practically all the 
important organs show toxic changes; 
this is in marked contradistinction to 
the findings with intra-vascular haemo­
lysis, where the only tissue affected 
may be the nephron.

In this class of condition a toxic 
substance is necessarily present and 
there can be no objection to the suggest 
ion that it is the excreting of this
toxic substance which produces kidney
damage.



Anoxia; this is the next of t m  factors
suggested as playing a part in the pro­
duction of nephron damage; Bomb (1941) 
olaimed that the essential factor in the 
renal failure associated with crush 
Injuries is lack of oxygen supply to the 
renal tubules. Higdon (19-.-2) claimed 
that the same is true in malaria in which 
there is a state or anoxia in the tissues. 
He suggested as possible causes either: 
losses of red cells or interference with 
their oxygen-carrying capacity; or 
alterations in the capillary blood flow 
through stasis or mechanical obstruction 
or general vascular constriction or 
oollapse such as is seen in shook. 
Maegraith and I'indlay (1944) are in favour 
of the above hypothesis, which is carried 
further by Maegraith and Havard (1946). 
Recently, however, this whole theory has 
been strongly attacked by Bywaters (194b) 
who first takes exception to the term 
"renal anoxia", suggesting that if the 
theory is correct the proper,description of 
the process ax work is urenal ischaemia ;
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he then gees cn zc say that in conditions 
in which renal isch^emia is definitely 
present it produces a patchy degeneration 
of the proximal convoluted tubules. He 
also attacks "reflex spasm" as a causal 
factor. However, the work of Hnisely et 
alia (1947) on anoxia aue to "sludged 
blood" may require us to consider this 
possibility of anoxia more fully than has 
been done. At present it is not possible 
to do anything other than to record the 
opinions of various authors as has been 
done above; there is not sufficient 
evidence on which we may come to a decision 
on whether or not this condition of anoxia 
does exist and does play a part in the 
production of the type of kidney lesion 
under consideration.

Anaphylaxis; Plehn (1920), talking of blackwater
fever, claimed that the renal lesion is but 
one manifestation of a general anaphylactic 
reaction. fhere is no proof of this, and 
there are two serious objections to it; 
firstly such a suggestion places the kidney 
lesion ox blackwater fever in a class



separate from all the others as regards 
aetiology, and secondly it is difficult tc 
imagine an anaphylactic reaction in the 
human in which the damage is limited to 
the kidney* We cannot accept this theory 
of Plehn's.

In dismissing this theory of anaphylax­
is as a cause of the kidney lesions of 
blackwater fever we most definitely do not 
wish to give the impression that anaphylax­
is does not play a part in the lysis of 
red cells found in this disease; this 
possibility will be discussed in Chapter 
IX and is only mentioned here.

In this paragraph Ho. 2, several suggestions have been consid­
ered as likely causes of the tubular lesions found in the 
kidney in lower nephron nephrosis; such suggestions have 
included:

pigment precipitation;
concentration of circulating toxins; e.g. in intra-

vascular haemolyses the suggested 
toxins included haemoglobin deriva­
tives and/or stroma derivatives;

in crush syndrome 
the suggested toxin was from the



damaged tissue;
in poisoning the 

poison is self-evident.
If this theory he correct, and it is well worth 
serious consideration, then it is conceivable 
that the damage results from a concentrating of 
the toxin at the site of damage due to escape of 
fluid in that area, with resultant concentration 
of the filtrate contents, 

renal anoxia; several suggestions but no oareful 
experimental proof of this, except possible 
indirect proof of "sludging" of blood, 

anaphylaxis; very unlikely.
Of all the above suggestions the one that most closely 

fits the facts is that of concentration of circulating toxin; 
this would explain the localisation of the lesions most satis­
factorily; one indirect support is that in certain at least 
of the conditions producing this type of kidney lesion a 
vascular "shunt" is in operation, e.g. Woods (1946) reports 
great and uniform enlargement of the vasa recta; if this be 
the case it would seem that the "shunt" is originally brought 
into operation by the body to protect the kidney cortex from 
the circulating toxin, but unfortunately in doing so it 
increases absorption of fluid from the tubules with resultant 
concentration of the toxin in that area.
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3. fubulo - v en o us anastomoses; this finding has been reported 
in detail by several authors in the last few years, e.g. Dunn 
et alia (1941), ilcletchie (19*3), and Woods (1946); the 
impression given is that it had not been observed previously; 
this is certainly not so. fhere are several doubtful early 
references, e.g. Berthier (A896) who talks of multiple 
haemorrhages into the uriniferous tubules, but the first 
definite clear-cut report is that of Plehn (1920) who in 
discussing the renal lesions in blackwater fever, reported 
among other findings that he had found that the portions of 
the tubules above the plugs became enormously distended with

« ifluid, a fact not accepted by any of the more modern workers j
j

except Bywaters (1948), whose opinion is given on page 356.
Plehn claimed that this pressure so damaged the tubules that

i
serum proteins and red cells could seep through into the urine, j 
By this method he explained the proteinuria of blackwater 
fever; Plehn continued by saying that if the plugging cylinders 
are followed backwards towaras the glomerulus a point is 
reached where the renal tubule appears to communicate directly 
with a capillary at a point where the epithelium has completely 
disappeared; the author added that it is easy to overlook 
such communications. Plenn was so sure of his xinuings that he 
based a theory of haemolysis in blackwater fever on such 
anastomoses, claiming that a direct admixture taxes place 
between the contents of the blood vessels and the contents of
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the renal vessels, and that owing to hypotonicity, because 
of low sodium chloride content, the renal filtrate has a 
haemolytic action on the blood which enters the tubule*
Yorke (1922) agreed only to the extent of admitting that the 
serum proteins and red cells found in the urine in severe 
cases of blackwater gain access to the tubules through the 
anastomoses. This was an ingenious attempt on Plehn*s part 
to link the microscopic and clinical findings; his theory 
rather reminds one of Procrustes* bed however. The theories 
of Plehn next received support from Rapoport (1928), who on 
a series of one ca ?e in Moscow confirmed Plehn*s findings of 
anastomoses; in Rapoport*s case many such tutiulo-venous 
anastomoses were present; this author also supports Plehn*a 
theory that the haemolysis of blackwater fever takes place in 
the tubules. It was not until 1941 that this fubulo-venous 
anastomosis again appeared in literature, in a report by Dunn, 
Gillespie and liven. Dunn et alia inferred thfct the break­
through was from tubule to vein; such is also the view of 
Bywaters and Dible (1942); Moletchie (1943) reports the same 
microscopic appearances in a male, aet. 33, with frequent 
vomiting due to pyloric stenosis; Moletchie suggested that
the anastomoses are determined on a functional basis and 
depend on blood/filtrate readjustment which is particularly 
active at the areas where the break-through occurs. Woods 
(1946) reported three cases of carbon tetrachloride poisoning
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in whom the kidney lesions were very localised and much like 
those found in transfusion kidney* He particularly stressed 
the great and uniform enlargement of the vasa reota; he did 
not agree with the suggested formation of the anastomoses as 
given above; in his opinion the lesions begin as thrombi in 
dilated veins and that in some parts these thrombi have broken 
through into the tubules. In the three oases of Woods one 
showed many anastomoses, one showed only one, and one patient 
showed none at all. Obviously, therefore the condition is 
not necessarily of Severe degree in all kidney lesions of the 
type we are considering; in fact in many cases it may not be 
possible to identify any anastomosis. In view of this the 
anastomosis cannot play an important part in any lesion whioh 
is found; Y/oods does not agree with this; he considers that 
these lesions are to be regarded as of fundamental importance 
in the development of the renal picture as a whole. Woods 
accepts the theory of vascular "shunting”, and claims that 
this defence device of a switch of the blood through the vasa 
reota leads to a sudden lowering of the relative pressures in 
the feins and tubules in the medulla, and rupture then occurs 
where the walls of these two structures are in close apposition, 
is a result blood enters the tubules; Y/oods claims that the 
casts in the tubules come from this blood, his theory being 
much the same as Plehn*s; he holds that this would explain the 
position of the casts and would explain the immunity of the
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first convoluted tubule. Professor Dorothy Russell 
assisted Woods in his interpretations of the kidney picture, 
therefore his theories must be recorded although they are at 
variance with those of the great majority of workers.
Bywaters (1948) takes the opposite view to Woods; the former 
contends that the initial lesion is that of preoipitation of 
pigment in the distal convoluted tubules; he claims that 
this produoea failure of absorption of filtrate, with a rapid 
rise in intra-renal pressure, and distension of proximal parts; 
this distension finally results in rupture of the tubule (not 
necessarily into a vein) and a pouring-out of the glomerular 
filtrate into the interstitial tissue, lymph pathways, and 
veins. It is very difficult to accept Bywaters* opinions 
because in all reports of microscopic findings there is no 
mention of any indication of increased pressure in the more 
proximal parts of the nephron

Such is the position as it stands today; there is no 
doubt that in this type of renal lesion anastomoses are to be 
found. The percentage of kidneys so affected, and the 
number of anastomoses in kidneys so affected has not yet been * 
worked out. Furthermore the mode of formation of these 
anastomoses is not clear, one group of workers claiming that 
the anastomosis is a break-through from vein to tubule because 
of increased intra-venous pressure, and another group claiming 
that the break-through is in the opposite direction as the
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result of increased intra-tubular pressure.

Whatever the method of formation, it is quite unlike­
ly that these anastomoses play an all-important part in the 
production of the specific lower nephron nephrosis as is the 
contention of some workers.

A final decision on the points above enumerated must 
be left until more exact information is available.

• Oliguria-anuria, with nitrogen retention; one point of value, 
even though it is of negative value, which ha3 already result­
ed from this detailed discussion is that we have been relmotant- 
ly oompelled to accept the conclusion that the body of available 
evidence does not support the view that the formation of oasts 
can be prevented by alkalinisation; had we been able to 
accept that view, which is still accepted by some workers, we 
should have been in a much stronger position to agree upon a 
line of treatment. This question of treatment brings us to 
the most-dreaded of the signs of kidney involvement, namely 
anuria. This problem of apparent cessation of kidney function 
in intra-vascular haemolysis is one which has long exercised 
the minds of all individuals responsible for the treatment of 
patients with this dread complication. i£Llis (1947) rightly 
describes it as "one of the most dramatic and disconcerting of 
medical emergencies".

In the discussion of this problem we are again forced
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to draw from the literature on blackwater fever for muoh 
of our information on the earlier approaoh to the problem. 
Unfortunately, tropical medicine has been so divorced from 
general medicine that this earlier work is not well-known, 
with the result that workers in other fields where the 
problem has become pressing are now tending in some oases 
to repeat the mistakes of the earlier workers on blaokwater 
fever*

There is no lack of theories to explain the renal 
shutdown with resultant anuria; among the oauses given for 
this shutdown are: mechanical blockage by oasts;

low blood-pressure, with a failure to
setfrete urine; 

damage to renal tubules; and 
"shunting of the renal circulation"# 

This problem of the cause of anuria is of such para­
mount importance that it is necessary for us to consider 
the above possible explanations in detail; the simplest 
way to do so would be to consider than seriatim; consider

4a. Mechanical blockage by casts; to earlier workers the 
presence of cast3 in the urine and in the tubules 
seemed to provide a reasonable and simple explana­
tion for the renal shutdown, e.g. Ponfiok (1883) 
talks of the "blocking of the numerous renal 
tubules with semi-solid masses; the tubes are 
filled with wedged-in clots threatening a sudden



occasionally inevitable standstill of the whole 
excretory process"* This view was generally 
accepted, e.g. de Haan (1905), and Werner (1907) 
agree. Since that time support for the theory 
of mechanical blockage has continued, although 
latterly oriticism of this theory has grown. This 
theory of cast formation causing blockage in whole 
or in part received great support from Baker and 
Dodds (1925); their paper has already been fully 
discussed above, pages 348 et seq. Briefly, 
working with three rabbits these authors obtained 
results from experiments which led theg to conclude
that cast formation in the urine occurs only in 
acid urines with a sodium chloride content of not 
less than one per cent; they further concluded, 
from the findings in two fatal cases of transfusion 
kidney, that it is the formation of oasts in the 
tubules which leads to renal failure and anuria.
It was the uncritical acceptance of their theories 
which led to the adoption of intense alkalinlsation 
as the standard method of treatment for this renal 
lesion, although in point of fact treatment by 
alkalies was not new. Wright (1917) had suggested 
bicarbonate and glucose because he thought acidosis 
to be an important factor in this condition. As
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has already been said, criticism of this theory and 
of the treatment has steadily grown with the years, 
beginning with the criticisms offered by Ross (1932). 
3?or example, taking one point alone, Ross pointed 
out that in his large series of cases in Southern 
Rhodesia the chloride content of the urine was 
muoh below one per cent in almost all patients, 
partly due to restricted diet and partly due to 
pyrexia. Since then evidence of various types 
has accumulated which strongly suggested that 
Baker and Dodds were wrong in their assumptions.
For example Bridges and Mattiee (1940) point out 
that indiscriminate alkali therapy can produce 
alkalosis in a patient whilst the urine is still 
acid, therefore the pH of the urine is not 
necessarily an indication of the state of affairs 
inside the body. Similarly Ziegler and Brice 
(1937) suggested that phylogenetically the human 
kidney is adapted for excretion of an acid urine 
and that the kidney can more easily excrete solids 
in an acid than in an alkaline urine. Poy,
Altmann, Barnes and Kondi (1943) are also highly 
critical of this theory of mechanical blockage by 
casts.

The most complete criticism of the theory so far
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produced has been a paper by Maegraith (1944) who 
discusses the suggestion that renal failure is pro- 
duoed by meohanical blockage of the tubules, largely 
as a result of acid urine with a high salt content. 
Maegraith begins his criticism by pointing out that 
since the theory was introduced and treatment based 
on it was begun the blackwater fever mortality has 
inoreased from twenty per cent to twenty-five per 
cent; he considers that whether alkaline therapy is 
successful or not in preventing renal failure - and 
he thinks the evidence for that unsatisfactory - a 
decrease rather than an increase in the total 
mortality rate might have been expeoted. He then 
brings forward eight points for consideration; 
these are:
1. In many cases on record the urine is as frequent­

ly alkaline as it is acid before the onset of 
anuria.

2. The sodium chloride of the urine in the usual 
case of blackwater fever is fcbout 0.5 per cent, 
not sufficiently high to help precipitate the 
blood pigment in the tubules.

3. Haemoglobinuria may occur without anuria, even 
with acid urines.

4. In some cases of blackwater fever oliguria, 
kidney failure develops after haemoglobinuria
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has ceased.
5. Oliguria and anuria occur in conditions and in 

circumstances which exactly parallel the renal 
failure of blackwater fever but in which there 
is no passage of pignent in the urine.

6. The degree of blockage found in the kidney 
tubules at post-mortem examination is insuff­
icient to account for the anuria.

7. If blockage were the primary factor it is to 
be expected that whatever urine is passed, 
coming as it does from unobstructed nephrons, 
would be normal in its constitution; in point 
of fact, however, it more resembles glomerular 
filtrate. Dunn, Gillespie and Niven (1941) 
had previously remarked upon the significance 
of this failure of the kidney to concentrate 
urine.

8. Although the urine passed in the immediate post- 
anurio and recovery phases occasionally contains 
massive deposits, it often is perfectly clear of 
casts and other debris.

Maegraith suggests that a better title for the kidney 
lesion would be "tubulo-vasoular-renal syndrome".

I feel that in all criticisms of the theory of 
mechanical blockage not enough attention has been paid



to the histo-pathological findings in fatal oases.
There is a surprising lack of unanimity in one import­
ant respect, namely the question of whether or not 
there is dilatation present in the affected tubules. 
Earlier reports occasionally speak of dilatation of the
tubules; certainly Yorke and Nauss found it to be 
present in their experimental animals, and Plehn (1920)
used the theory of increased intra-tubular pressure to 
aooount for the formation of tubulo-venous anastomoses. 
Bywaters agrees with Plehn. If such a finding of 
marked tubular dilatation is always present in fatal 
oases, such as is seen say in sulphonamide anuria due 
to a blocking of the pelves of the kidneys by deposition 
of crystals of the drug, then this would provide some 
degree of support for the theory of anuria due to 
mechanical blockage of the tubules, be the cause whht 
it may. But the fact is that this description of 
enormously dilated tubules does not tally with the 
descriptions given by the great majority of workers, 
including workers of the standing of Shaw Dunn and 
Dorothy Russell; and it certainly has not been my 
experience. It would seem, therefore, that there is 
no microscopic appearance consistently to be found 
which would suggest that there is greatly increased
intra-tubular pressure.

It is suggested, therefore, that there is no prima
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facie evidence to support the mechanical blockage 
theory of Baker and Dodds; we have already refused to 
support their theories on cast formation. In dis­
counting this theory of mechanical blockage I do not 
intend to suggest that the tubules plugged by oasts 
are capable of functioning; it is feasible that they 
are functioning only very inefficiently or not at all. 
All that is suggested here is that cast formation by 
itself cannot explain the remarkable, sometimes com­
plete, shutdown of the kidney which is to be found 
even with relatively few oasts in the tubules.

4.b. Low blood pressure; this alternative explanation of the 
stoppage of urine production in "transfusion11 kidney 
and similar conditions was probably first brought into 
prominence by Yorke and Nauss (1911); in their experi­
ments with rabbits they concluded that a decreased 
filtering force in the glomerulus, resulting from a 
low blood pressure, may play a part in the causing of 
anuria in patients with intra-vascular haemolysis.
Plehn (1920), who adhered to the theory of blockage by 
passage of haemoglobin, also said that the haemoglobin 
blockage is considerably facilitated by any factor which 
tends to lower the blood pressure of the patient.
Poy, Altmann, Barnes and Kondi (1943) also say that 
in some cases of blackwater fever the blood pressure
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sinks to a level incompatible with the proper 
secretion of urine, which is generally taken to be 
about 70-75 mms. of mercury; Maegraith (1944) states 
that in the renal lesions of blackwater fever a 
condition resembling shook is seen, the blood pressure 
generally being low, with oliguria developing, and 
with the kidney unable to secrete a concentrated urine. 
It is in this paper that Maegraith suggests the name 
"tubulo-vasoular-renal syndrome" for the condition, to 
convey the idea of a vasoular element in the causation 
of the disease. This is stated more definitely by 
Maegraith and Findlay (1944) who suggested that 
peripheral vasoular atonic ohllapse ocours, with 
subsequent re-distribution of intra-renal blood flow 
and depression of glomerular filtrate. Whitby and 
Britton (1946) have already been quoted as saying 
that there is a failure of renal secretion.

The blood-pressure readings in our patients at
the onset of lysis, first day usually, are given below:

Case 1 Case 2 Case 3 Case 4 Case 5 Case6
Blood pressure. 88/50 92/60 85/55 100/60 100/60 Not

done.

It is seen from the above figures that at the time 
of development of oliguria some of our patients had 
blood-pressure values relatively near the normal of the 
Indian sepoy. Furthermore in Case No. 2 the slightly
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lowered blood pressure persisted for four days after 
the onset of haemolysis, yet this patient showed 
marked polyuria from the beginning, and lastly, it is 
not an uncommon finding that in intra-vasoular 
haemolysis the blood pressure rises pari passu with 
the development of nitrogen retention yet anuria often 
persists in suoh cases. All we can spy is that low 
blood pressure necessarily affects urinary filtration 
and if it is very low then, as suggested by Poy et 
alia above, urinary filtration cannot occur; but 
values as low as that are not commonly to be found in 
intra-vasoular haemolysis, and even when present are 
very temporary. Another point whioh must be kept in 
mind is that there are other conditions, e.g. severe 
wounding, in whioh the circulatory depression may be 
relatively long-continued and more severe than in 
intra-vasoular haemolyses yet renal lesions do not 
result.

The evidence, therefore, is such that this 
explanation of low blood pressure cannot be accepted 
as satisfactory to account for the onset and contin­
uance of oliguria-anuria in the type of kidney lesion 
we are now discussing.

4. c. Damage to kidney tubules; it is conceivable that damage 
to the kidney tubules could play a part in the
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production of oliguria; there are two ways in whioh 
this could happen; one way is by a gross escape of 
the glomerular filtrate through tubulo-venous 
anastomoses, suggested by Bywaters (1948) among others; 
the other way would be that inferred by Dunn, Gillespie 
and Niven (1941) namely, an aDlation of the function of 
the tubular walls allowing of unrestricted absorption 
filtrate; that failure of tubule function does ooour 
is of course well shown by the "glomerular filtrate" 
character of what urine is produoed during the period 
when the kidney is labouring under difficulties. 
Bywaters and Dible (1942) also talk of an aberration 
of tubular function allowing of exoessive and unseleo- 
tive re-absorption of glomerular filtrate. And Plehn 
(1920) had previously talked of a profound change in 
the renal epithelium which he tnought to be the primary 
lesion, an anaphylactic reaction.

It is very unlikely, for reasons given above, that 
passage of glomerular filtrate through the tubulo-venous 
anastomoses plays any important part in the production 
of oliguria; on the other hand excessive re-absorption 
from the filtrate at the area around the loops of Henle 
probably does play some part in the cutting-down of the 
volume of fluid which has passed through the glomeruli; 
in fact this re-absorption of fluid is one point whioh



399.
we are most definitely prepared to oonoede, though the 
method of re-absorption is not necessarily either of 
those suggested above* Other factors, however, 
probably are more important in the production of 
oliguria, for example more probably the fault lies in 
the total quantity of blood which is allowed to reaoh 
the glomeruli; what happens to the filtrate is 
probably a less important point.

4. d. Vasoular shunt; on pages Z'78 et seq. above, a summary 
is given of a recent addition to our knowledge of the 
kidney. For long it had been known that central 
nervous system stimuli could influence the production 
of urine; examples of this have already been given, 
and Plehn (1903b) went so far as to state that in his 
opinion the anuria found in intra-vasoular haemolysis 
is of cerebral origin, induced by the toxic properties 
of metabolic products; Yorke and Nauss (1911) also 
considered that one possible cause of the anuria in 
blackwater fever is a nervous inhibition of glomerular 
secretion. Porak (1918) took the view of Plehn that 
anuria is of central origin, death being due to ana­
phylaxis. Barrenscheen and Glaessner (1923) talking 
of anuria following quinine administration, also held 
that the anuria can be explained as a reflex spastic 
condition. In 1944 Maegraith and Findlay came near
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to the current teaching when they suggested that 
one factor in the oliguria of intra-vasoular haemo­
lysis is a re-distribution of the intra-renal blood 
flow with depression of glomorula filtration. This 
was a laudable effort, but without experimental proof 
it could not be accepted. It remained for Trueta 
and co-workers (1946) to supply that proof; the work 
of the last-named has already been fully disousson 
on pps. Z j# et seq. From that work we see that as 
a result of appropriate nerve stimulation a vascular 
short-circuiting may oocur in the kidneys, by whioh 
the blood may be diverted wholly or partly from the 
oortex to pass through medullary channels, the vasa 
recta. The authors then draw the important conclu­
sion that nerve stimulation may be produced centrally 
or peripherally by a variety of noxious agents, and it 
is concluded that the picture seen in many loosely- 
related syndromes such as sulpha kidney, blood trans­
fusion kidney, etc.conceivably is the result of this 
"shunting" mechanism, the device being a defence 
mechanism by which the cortex of the kidney is exclud­
ed from the circulating toxin.

Herein, I submit, lies sufficient justification 
for the detailed consideration whioh has been given to 
the problem in the preceding pages; herein, also, 
conceivably lies an explanation of the problem of
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anuria in lower nephron nephrosis; and herein lies 
an approach to treatment, the most logical and the 
most promising approach yet produced for this grave 
problem.

If this theory be oorrect, then the defence device 
must be a mechanism called into operation against 
circulating toxin or other abnormal substances; circu­
lating toxins have, of course, already been held as a 
very likely cause of the renal damage.

In other words the oliguria and anuria are 
primarily the result of a by-passing of the great 
majority of the glomeruli by the blood being diverted 
through the juxta-medullary glomeruli to the vasa recta. 
It is here suggested that a second factor in the pro­
duction of oliguria possibly is an increase in the 
transudation of fluid from the loops of Henle to the 
greatly dilated and engorged vasa recta.

Oblique support for this theory, and a guide to 
possible lines of treatment, is given by that measure 
of success whioh has been obtained in nephrosis anuria 
by certain apparently unrelated forms of treatment 
which, in retrospect, all probably owed their suooess 
to their having affected favourably the process causing 
the gascular shunt; examples of such lines of treatment 
are:
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Stannfcs (1914) suggested splitting of the kidney 

capsule from pole to pole; con­
ceivably this may have relieved the 
vasoular shunt by its effects on 
tfee nerve supply to the kidney.

JJeuwirt (1922) reported a case of reflex anuria in
a patient with renal colic; bilater­
al splanchnic block in this patient 
was followed within a few hours by 
diuresis.

Wallace (1922) suggested high rectal double-current 
irrigations, using hpt saline; in 
one aase it seemed that irrigations 
were directly responsible for the 
beginning of urine flow.

The method of hot applications was 
the one used in the treatment of my 
six patients; in each case the hot 
applications were applied to the 
kidney areas posteriorly and in one 
case we used warm retention enemas.

Ross (1932) suggested lavage of the pelves of the 
kidney, using ureteric catheters. I 
have personal experience of only one 
case, not reported, during 1942 in a 
station near Baghdad on whom this
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was tried, apparently without muoh 
success.

Patera (1942) described one case where he deliber­
ately employed splanohnio block in the 
treatment of anuria and he reports 
that although his patient had been 
anurio for ten days he passed 700 cos. 
urine within five hours of the bilater­
al block. O'Sullivan and Spitzer 
(1946) reported two oases similar to 
that of Peters.

Burkitt (1943) reported a treatment for blackwater, 
which he had used in Afrioa apparently 
with much success, namely massive doses 
of luminal by injection; U3ing this 
treatment Gregory had thirty survivals 
in thirty patients; this is a signifi­
cant difference from the usual figure 
of about twenty per cent deaths.
Burkitt was not referring specifically 
to the problem of anuria in recommend­
ing this treatment.

Lyons and Haines (1945) thought the successes
reported in the treating of anuria by 
decapsulation are probably due in part 
at least to removal of the sympathetic
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The results of the treatment of the Waziristan series 
of patients were not such as would provide material 
for discussion.

It is considered that the experimental evidence produced by 
Trueta et alia (1947) makes it likely that the explanation of 
the anuria in lower nephron nephrosis Is primarily a vasoular 
shunt whioh acts by bypassing the cortex; a secondary faotor 
of some importance may be increased transudation of filtrate 
from the loops of Henle into the dilated vasa recta.

In view of the gravity of the process, with its 
twenty to twenty-five per cent death rate, at least in the 
blackwater type of this process, any promising form of therapy 
must be fully investigated; there is as yet, however, no 
report of any series of cases in which the patients have been 
treated by methods designed to relieve the "shunting" of blood 
in the kidney if such shunting be present. The results of 
such a clinical trial are eagerly awaited.

If the answer to the cause of anuria is that it is 
the result of the operation of vasoular shunting, then the 
next question is why certain individuals escape and others are 
picked out to develop this grave complication of anuria; the 
answer may be that suggested by Ellis (1947) when he points out 
that sensitivity to a stimulus varies greatly from individual
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to individual and suggests that excessive stimulation of one 
type or another, applied to persons unduly .sensitive to that 
particular form of stimulus might result in excessive operation 
of the normal mechanism by which the blood flow is diverted 
from the cortex*

5* Changes in the urine; the quantitative changes have been 
discussed in paragraph 4 above;

qualitative changes include proteinuria, blood pigment 
in the urine, and changes in the specific gravity* The 
proteinuria, haemoglobinuria, and oasts in the urine, 
have been considered already.

Two changes in the character of the urine have 
previously only been mentioned and require further con­
sideration, although they are not of primary importance;

one change often remarked upon is the thiok type of 
urine which is to be seen in cases of severe oliguria; 
Stephens talks of one of his patients having urine like 
jelly, and this has been my experience on several occas­
ions, not in the patients discussed here. fhe other 
type of change is that in which the urine has the 
characteristics of "glomerular filtrate".

It has always been difficult to explain the first 
type of urine, thick like jelly. tiven the suggestion 
that there is much outpouring of mucus in the ureters and 
bladder cannot explain it, and one explanation is that



first propounded by Plehn (1920), and discussed above, 
that this is the result of a blood admixture as one 
result of tubulo-venous anastomoses. Yorke (1922) is 
less definite; he thinks that the serum proteins found 
in the urine, and causing the mucoid oharaoter of the 
urine, gain access to the tubules through lesions pro­
duced by dislodgement of the tubule epithelium. It is 
probable that some exudation of serum does take place 
into the tubules but it is unlikely that there is any 
important degree of frank bleeding through the anastomo­
ses. fhe serum exudation probably is the answer, at 
least in part.

The other type of trine commonly to be found is that 
with the characteristics of glomerular filtrate; this 
type is found generally even after re-establishment of 
diuresis in those patients fcho survive. Dobbs (1947) 
states that urine for the first few days after establish­
ing of diuresis is little more than a glomerular filtrate, 
indicating little concent rati 021 in the tubules. This 
strongly supports the suggestion that there is gross 
aberration. As Dunn et alia (1941) say "there is an 
extreme degree of ablation of one of the highest functions 
of the kidney". I'his damage is very ̂extensive but 
fortunately it is remarkably reversible; repair, however,
takes time especially since it is first necessary to get
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rid of the cellular debris, oasts and other solid 
materials in the urinary passages, Georgopolous 
(1933) agrees that there is ablation of function and 
suggests that the polyuria so common after establish­
ment of diuresis is a forced diuresis due to the 
kidney having temporarily lost its power to oonoen- 
trate the urine.
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SUMMARY CKAPTiiR V.

This chapter began with a discussion on certain 
aspects of the pathological findings in transfusion kidney 
and other similar conditions*

Throughout the chapter there have been two principles
consistently before us*

The first principle was to attempt to gain from the 
detailed discussion any information which might prove of value

A
in the treatment of such conditions; it is submitted that we 
have at least indicated a method of approaoh to treatment ■i,i
which may yield valuable results*

Our seoond aim was to find whether there is any 
particular finding in this type of lesion under review whioh 
would effectively counter our suggested diagnosis of intra- 
vascular haemolysis for the Waziristan cases. It is submitted 
that the findings in our oases were fully in keeping with the 
findings which this chapter shows us to be expected in cases of 
intra-vascular haemolysis* The diagnosis remains therefore 
as "intra-vascular haemolysis”•

In slightly more detail, this chapter deals with the 
following points.
The physiology of the kidney has been briefly summarised in
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the light of the recent work on alternative circulations 
through the kidney. This finding of Trueta et alia (1947) 
is regarded as a most important piece of research. In the 
class of kidney lesion in which we are interested the detailed 
pathology has also been considered, using as subdivisions the 
questions of oast formation, of the nephron damage, of the 
tubulo-venous anastomoses, of the anuria, and of changes in 
the urine in this condition. A brief summary is given below 
of our findings:

1. Cast formation: it was concluded from the evidence
that the oasts are foraed by deposi­
tion of pigment from a solution whioh 
has become supersaturated as a result 
of concentration of tubule contents at 
the level of the loops of Henle; 
change in the pH at the same site, 
with resultant changes in the predomin­
ant type of blood pigment present, 
probably also plays a part in the 
formation of the casts.

2 . Hephron damage: several causes have been suggested to
explain the remarkable localisation of 
the kidney damage, e.g.
a. pigment precipitation in the more 

distal parts of the nephron;



410.
b. concentration of circulating 

toxins, (e.g. haemoglobin or 
stroma in intravasoular haemo­
lysis, muscle breakdown pro­
ducts in the crush syndrome, 
etc), the concentration taking 
place just below the site of 
maximal absorption of fluid 
from the nephron into the 
neighbouring blood vessels and 
lymph ohannels. 

o. renal anoxia, 
d. anaphylaxis.

Of all the above, the theory of con­
centration of circulating toxins most 
adequatly appears to fit the picture, 
the localisation of the lesion being 
determined by the filtrate concentra­
tion, and therefore toxin concentra­
tion, which takes place at this point.

The particular toxic factor differs 
with the different conditions producing 
this type of kidney lesion.

S. Tubulo-venous anastomoses have repeatedly been reported
as a finding in the kidneys of 
individuals dying of lower nephron
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lesions. There are great varia­
tions present from patient to patient 
in the numbers of anastomoses; some 
show nil. The oau.se of the produc­
tion of such aneurysims is not 
obvious. It is not even settled 
yet whether the break-through is 
from vein to tubule or from tubule 
to vein. Further the signifioanoe 
of such aneurysims is not clear.
It would seem certain that they do 
not play an all-important part in 
the production of the kidney damage 
or in the production of oasts, 
explanations for both of whioh have 
been given above. It is thought by 
some workers that these aneurysims 
are the cause of the thick jelly-like 
urine found in severe oliguria.

4 . Oliguria-anuria; several theories as to causation,
a. mechanical blockage by oasts; not 

accepted to be the likely cause; 
there are many reasons why this 
is unlikely, and the histopatho- 
logical picthre is not in keeping 
with this theory.



low blood-pressure; also falls 
adequately to explain the 
facts, although it probably 
plays a minor part in the 
production of oliguria in a 
small number of individuals 
so affeoted. 

damage to the tubules; two 
suggestions as to how this 
would aot, either an escape 

\ of filtrate into the surroun­
ding tissues, or excessive 
and uninhibited re-absorption 
of filtrate fluid. It is 
agreed that excessive re­
absorption of filtrate fluid 
does probably take place, 
see 4.d. below, but not? 
primarily because of renal 
tubule damage although this 
factor may assist.
It is considered that this 

is insufficient to explain 
the anuria,

d. vascular shunt; AH IMPORTANT 
PARAGRAPH IN WHICH IT IS
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SUGGESTED THAT VASCULAR 
SHORT-CIRCUITING IS THE CAUSE 
OF THE OLIGURIA; THE STIMU­
LUS PROBABLY 13 A CIRCULATING 
TOXIN, A VIEW WHICH IS 
SUPPORTED BY THE CONCLUSIONS 
REACHED IN THE NOTES ON 
TUBULAR DAMAGE, SEE PARA. 2 
ABOVE.

IT IS SUGGESTED THAT TREAT­
MENT OF THE ANURIA SHOULD BE 
BASED ON ATTEMPTS TO RELIEVE 
VASCULAR CIRCULATORY CHANGES, 
E.G. BY SPINAL ANAESTHESIA,

e. urine ohanges; the only two
urine changes whioh required 
further discussion at this 
point were, firstly a type of 
urine like jelly, and second­
ly a type of urine like 
glomerular filtrate. Both of 
those were thought to he 
merely indications of renal 
dysfunction; in the first 
the changes are probably due 
to seepage into the tubules
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of serum from the lesions 
in the tubule walls; the 
second type of urine provides 
striking support for the 
theory of Widespread toxic 
damage to the tubules; until 
this tubule damage has been 
made good, which takes place 
some days after diuresis, the 
kidney cannot concentrate 
urine, hence the polyuria, 
with the urine like glomeru­
lar filtrate*
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G-daPf-lM VI *
Quinine as a possible cause of the Hazmak cases of

HaemogloMnuria«

Shis chapter properly should open with the closing 
findings of the previous chapter, namely that so far, all the 
evidence in the Hazmak cases having been submitted and analysed, 
the diagnosis of the six cases now stands as ”intra-vascular 
haemolysis, cause unknown'*•

It is essential that we now attempt to define the 
cause more exactly.

She first suspect cause is quinine. Shis drug was 
given to five of the six affected individuals; case Mo. 6 
received no quinine. It is, therefore, not a constant factor, 
but in view of its reputation, probably greatly exaggerated, 
as a potent cause of haemoglobinuria, and in view of the 
possibility that case Mo. 6 had also been given quinine unknown 
to me - a very unlikely happening - it is necessary that we 
should devote one chapter to a consideration of whether or not 
quinine was the precipitating factor in the haemoglobinuria 
seen in Hazmak. With the introduction of paludrine all that 
is written here may only be of historical interest but it is 
pertinent to our inquiry, our attempts to establish an exact 
diagnosis.
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History of Quinine,

A chapter in the history of medicine so enthralling 
as this should not he allowed to pass unacknowledged, 
unnecessary though it may he to the main purpose of this 
paper; Scott (1939) rightly talks of the history of quinine 
as containing much of romance• In an introduction to the 
monograph of Duran-Beynals (1947) on this subject, Suit on 
correctly states that malaria has caused more casualties 
through the ages than has war; he might also have said that 
malaria has heen a decisive factor in many military campaigns 
in the course of history. He estimates the figure of people 
infected in the World today to he ahout 300,000,000. This 
is prohahly an under-estimate. Only those who have worked 
in the fropics, and especially those who have suffered from 
the disease, can appreciate how serious an obstacle is chronic 
malaria to the well-being and efficiency of a nation*

According to Ghopra (1936) cinchona alkaloids occur 
in the harks of various species of two ruhiaceous genera, 
Cinchona and Bemijia, which are indigenous to the Ha stern 
slopes of the Andes in South America between latitudes 10° • 
North and £0° South; actually their distribution is wider 
than this; in a patchy manner they probably are to be found 
from the Atlantic to the Pacific.

Prior to the introduction of the cinchona alkaloids 
there was no specific treatment for malaria, which ravaged



unchecked great tracts of the earth’s surface* Scott has 
said (1939) that the history of the treatment of malaria means 

the history of cinchona*

This state of complete helplessness against malaria 
continued until the seventeenth century. By that time the 
Spaniards had been in part possession of South America for 
close on one hundred years. There is no evidence definitely 
to prove whether or not they brought malaria as one of their 
gifts to the New World; the balance of evidence suggests that 
they did. Craig and Faust (1242) state that malaria was 
non-existent or of no great importance (unlikely) in America 
before the arrival of Columbus and before the arrival of the 
European colonists. The arrival of the latter, and especially 
the importation of negro slaves carrying virulent strains of 
the parasite from Africa, allowed the disease to become firmly 
established. This is the view of Scott (1939) who points out 
that prior to the Spanish Conquest the Gulf of Mexico was 
well-settled and prosperous, whereas in more recent times the 
area has been highly malarious. Peru was discovered in 1513 
and within fifty years was firmly in the hands of the Spaniards 
Scott points out that Peru was healthy until that time.
Scott’s opinion is that malaria was introduced from Burope or 
with the slaves from Africa. He feels that the only outbreak 
of disease even remotely likely to support the theory of pre­
existing malaria is the condition recorded as "Modorra”
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reported to have been a problem to the expedition of 
Pedrarius to Darien in 1514. filere is one other report 
existing whiah suggests that malaria was present and a curse 
before the coming of the Spaniards; it is that report culled 
by Gray in 1737 from the notes of a Scottish surgeon, William 
-Arrot, who had lived and worked in the loxa area of Peru; in 
this report, as given by Stephens (1937) -Arrot recorded that 
the people living at loxa in his time there, were of the 
belief that cinchona bark had been in use before the Spanish 
Conquest, and that it had been used for the treatment of 
intermittent fevers which were frequent over all that wet and 
unhealthy country# However, Scott (1947) states again that 

he knows of no authentic record that malaria existed in 
.America before the arrival of the Spaniards, although he does 
admit that it may have existed among the various fevers there# 
In answer to the query of how the natives so quickly discovered 
the efficacy of the quinine bark in the treatment of a new 
disease Scott suggests that the bark may previously have been 
in use as a more or less general febrifuge; this may be the 
explanation of what otherwise must have been a remarkable 
performance, namely that in a short space of time after the 
introduction of a new disease the natives were able to discover 
a naturally-occurring substance specific against the disease, 
fhere are on record various fanciful theories of how this 

discovery was made, for example Geoffrey (1736) tells of a
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the powdered hark of which cures fevers. fhe next step 

in the story is highly romantic but unfortunately is probably 
apocryphal. It concerns the Countess de Chinchon, wife of 
one of the Viceroys of Peru. Phis noble, Don Luis, Count of 
Chinchon, was a Spanish Grandee who became Viceregent of Peru 
in 1639 (? 1631); the legend has it that the wife of this 
Regent was responsible for popularising the use of the drug 
in Europe after she had been cured of malaria by it while in 
Peru. Phis belief is perpetuated in the name "fhe Countess's 
Powder*’, and in the name "Qinojiona" given to the tree, Phere 
is little historical fact to support this belief. Scott 
points out in the passing that the woman supposedly involved 
must have been the second wife of the Count, and not, as 
thought, his first wife, Ana de Osorio, who had died in Spain 
in December 1635; the Count later married Donna Prancisca de 
Rivera in 1628 before he sailed for Peru. it this point 
Scott and Duran-ReynaIs differ in their record. Scott thinks 

that the second wife remained with her husband during the whole 
ten years of his tenure of office in Peru and that during that 
time she was cured of malaria by the bark which had been sent 
to her by the CorrSgidor of Loxa, Don Lopez de Canizares; on 

the return of the Viceregent to Spain in December 1639 the 
Countes3 brought home with a supply of the bark, iccording to 
Scott this was in early 1640, and the Countess died in 1641, 

said to be at Cartagena in Colombia; Scott thinks that this



is a mistake, the Countess actually dying at Cartagena in 

Spain. Duran-Heynals differs on several points; she agrees 
that the Viceroy held his post for ten years, hut claims that 
he took up his post in 1631, not 1629, and the author thinks 
that there is nothing to support the theory that the Countess 
was cured of malaria or that she took any part in popularising 
the use of the drug. She further thinks that the Countess 
did die at Cartagena in Colombia of an epidemic disease when 
she and her husband were homeward-bound. However, Linnaeus, 
in his Systems Naturae of 1742, perpetuates the memory of the 
Countess. It is possible that the Count was aware of the 
properties of the bark because, after his death in Spain, 
large quantities of the bark were found in his castle; and 
apparently also there is a local legend to the effect that the 
people of the castle were in the habit of dispensing treatment 
for fevers. Duran-Heynals will have none of this; she claims 
that the link between the natives of Peru and the World at 

large was the Society of Jesus; certainly those missionaries 
are much more likely to have been in intimate contact with the 
natives than were the Spanish officials. fhe author thinks 
that a Jesuit missionary from Peru, attending a conference of 
the Society in Rome, brought the drug to the notice of John de 
Lugo,at that time one of the leaders of the Society; de Lugo 
obtained large quantities of the drug and attempted to popular­
ise it in Home and in flurope. Prom this the powder takes its
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name of "Jesuits’ Powder", de Lugo had a certain measure of 
success at first, hut the hostility of the medical profession 
was such that before many years the drug fell into disfavour 
in Europe. fortunately England was insulated to a large 

extent against the wild swings of opinion in Europe and 
attempts to popularise the drug in England still continued, 
largely through the efforts of business men. according to 
Baker (1785) around 1658 James Thompson (? Ihomson) a merchant 
of Antwerp, was advertising the sale of Jesuits’ Bark in 
London. Ihe individual who did more than anyone, however, 
to keep the drug' in use was that shrewd business man, Sir 
Robert labor (? lalbor); according to the Dictionary of 
National Biography, he was an assistant to an apothecary 
in Cambridge and he drew the attention of Professor Hott 
in Cambridge to a better method of preparing cinchona.
Harvey (1683) refers to him as "a debauched apothecaries’ 
apprentice”! So great was the feeling against the drug at 
that time that no physician could or would have dared to use 
it. labor had no such limitations; he realised the value 
of the drug and he also realised that he could not openly 
use it. Accordingly he prepared a "secret remedy”, the 

active principle of which was a decoction of the bark; he 
proceeded to use this in the treatment of patients buffering 
from the ague. He went from success to success; he had to 
be protected by Charles II from the wrath of the College of



424 •

Physicians ox London. His successful treatment of the 
Dauphin ox Prance made him a Chevalier and a pensioner of 
Prance. He died in 1681 at the early age of forty-one; 
he described himself as "a singular physician" but actually 
he was a singular man of business. Stephens (1937) publishes 
some ox the more pungent of Madame de Sevigne’s remarks on the 
success of the Chevalier i'albot; according to her the only 
thing that labor could not do was "resusciter les morts".

Interest in the problem of the bark grew slowly, 
fery slowly; the next step of importance was taken in 1735

i

when a group of french scientists proceeded to South America 
to investigate the problem, de la Condamine was one of the 
senior officers, with de luissieu as one of the Juniors. In 
1738 de la Condamine wrote a sketchy appreciation of the 
genus, the first description of any note; it was on this that 
Linnaeus classified the tree. On his return de la Condamine 
attempted to bring back seeds which, however, were lost at 
sea. It is this paper by de la Condamine which lends support 
to the theory of the Countess and her malaria; he states that 
his information is based on a Spanish manuscript which had 
somehow strayed into the apothecaries1 shop of the College of 
Jesuits in 3. Paul de Lima; the author of that old manuscript 
had written it in 1699, and he claimed in it that part of the 
history is taken from individuals who were living in the areas
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concerned at the time of the "discovery" of the drug by 

the Spaniards, de Juissieu, in the meanwhile, had been able 

to identify four species, each yielding barks differing in 

their content of effective alkaloids; de Juissieu carried 

on investigations for many years in the Jungle, only to lose 
all his records by theft. He died insane after his return 
to Prance. Ihe next in the field was a Spanish botanist, 
Mutis by name; he also worked under great difficulties for 
many years and was an old man before he received recognition. 
At the time of his death he had amassed great quantities of 
specimens which he left to his assistant to publish and 
classify. i'his assistant was shot as a traitor and the 
collection taken to Madrid. According to Duran-Heynals the 
collection still lies there unopened.

In the meanwhile much time had passed and the 
nineteenth century had begun; the opening-up of the Orient 
was being attempted, and malaria was proving to be the 
greatest stumbling block to this. By this time also Gomez, 
in 1816, had isolated cinchonine, and in 1820 Pelletier and 
Gaventou had isolated quinine. i’he fact remained however 
that the only source of the qlkaloids was the bark of the 
trees in Peru, the best species being Ginchona calisaya.
Shis could only be obtained at a heavy price and with great 
difficulty from the depths of the Jungles of South America, 
fhe obvious thing seemed to be to begin plantations in other
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parts of the World, especially those parts governed by the 

great Colonial powers, the British and the Drench. Duran- 
Heynals claims that the first person to bring back seeds and 
to raise plants from them was Weddell, a rrench naturalist, 
sent out to South America in 1843. If this be true then 
nothing came of it; the next move was by the Dutch, who sent 
Hasskarl to the West; Hasskarl did succeed in getting certain 
samples out of the country and plantations sprang up in Java, 
then it was found that the samples he had brought back were 
useless, probably not even of the genus Cinchona, ihe British 
then sent out Markham; unlike his predecessors he was quite 
open and frank about his intentions, and surprisingly he did 
manage to get some specimens, largely due to the efforts of an 
Englishman resident there. the specimens so obtained were 
successfully transplanted to fravancore; the species obtained 
by. Markham was not the best, being succirubra; l1he species 
by far the best in its yield of the more potent alkaloids was 
G.calisaya, which was limited practically to Bolivia and was 
carefully guarded by the natives. According to Scott the 
next person to take a hand in the game waa Charles Ledger, a 
London merchant, who was in South America on business. Ledger 
did obtain seeds and sent them to his brother who was unable 
to interest the British Government in them and was forced to 
sell half to a private buyer and half to the Dutch Government 
for a nominal sum. fhere is no need to go further into the
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history of the transplantation of the trees.

Dor three centuries the cinchona alkaloids, particu­

larly quinine, held their place as the only form of treatment 
for malaria, although they had many shortcomings. During all 
that time attention was focussed 011 efforts to find the best 
methods of administration of the drug; there is nothing now 
to be gained in examining the many types of courses recommend­
ed. We need only say that the last and most complete of 
such investigations were those carried out by Sinton over a 
period of years. In Sinton!s opinion the best method of 
administering quinine was by intermittent dosage over a period 
ox weeks, the patient being given alkalies at the same time, 
fhis standard course finally was abandoned in favour of treat­
ment by synthetic drugs; this is discussed in Chapters VII 
and VIII. fhis change-over to the use of synthetic drugs 

took place in the Indian Army in 1934, and in the Army there­

after quinine had two secondary roles, firstly it was used to 
control symptoms, being more effective than the. synthetic 
drugs for this purpose, and secondly quinine was given in a 

long combined course together with plasmoquine for the treat­
ment of patients with chronic malaria. In the first method 
of usage the quinine was given as a short course before the 
beginning of the course of synthetic drugs.

from this interesting by-way of the history of 
quinine we must now' return tc the main body of the chapter.
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The Pharmacology of Quinine.
In the above notes on the history of quinine it has 

been seen that it is one of a group of alkaloids which are 
present in the bark of two rubiacious genera, Cinchona and 
Bemijia, originally indigenous to the Eastern slopes of the 
Andes around the level of the equator. Linnaeus was respon­

sible for the name "cinchona"; the term "quinine" is taken
from a native tern meaning "bark of barks".

The discovery of the bark marked a great advance in 
tropical medicine giving as it did substances with a powerful 
action against a disease which had been responsible for more 
ill-health and deaths than almost all other tropical diseases 
combined. The later identification of the various active 
principles was the first step on that long road which has led 
first to plasmoquine, then to atebrin, and so to paludrine.

field (1939) in his review of the drugs available 
at that time for the treatment of malaria, states that the only 
drugs of proved value in the treatment of malaria fall into two 
broad groups. The two groups were:

a. the alkaloids of cinchona bark,
b. synthetic compounds based on arseno-benzene,

amino-quinoline, or amino-acridine.
Although we are discussing quinine a few notes on atebrin and 

plasmoquine will be given at this point for convenience * sake,



and for comparison

The benzene ling forms a logical starting point. Its 
structure is well-known, with its closed system of six CH 
groups. Addition to the benzene ring of a second ring contain- 
ing an fctom of N provides a twin-ring system, the quinoline 
ring, which is the basis of both quinine and plasmoquine.
Hate No. XIBIII, page 430, shows the graphic formulae of 
quinine, plasmoquine and atebrin and illustrates the above 
remarks. Although it is not pertinent to the subject in 
hand, we may at this stage anticipate a little and mention 
that a three-ring compound of much importance is that formed 
by a pyridine ring flanked by two benzene rings as shown, the 
result being the acridirie ring which is seen in Plate No.
XVIII to form the basis of atebrin.

One or other of the quinoline, or acridine rings is 
the nucleus of practically every effective remedy know for 
malaria. Compounds derived from the benzene ring are of 
little importance; the quinoline ring is of much greater 
importance; as has been said, it is the basis for quinine 
and for plasmoquine. More exactly speaking, it is not 
quinoline itself but 6-methoxy quinoline which acts as the 
nucleus of quinine and of plasaoquine; this compound is 
formed by addition of a methoxy group (CH3O) in the position 
seen in plate No. XVIII.
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At this point we may again anticipate a little, 
and. point out some of the similarities and dissimilarities of 
the three drugs, factors which will he seen to he of practical 
importance; reference should he made to plate No* XVIII for 
information. It will he seen from the plate that quinine and 
plasmoquine have the same common nucleus, namely 6-methoxy 
quinoline. It is further seen that quinine is composed of 
this group and a quinuclidine ring (with a linked vinyl group) 
attached hy a hydroxy group at position 4. Plate No. XVIII 
illustrates this clearly. Plasmoquine differs from quinine 
in that it has no quinucliding ring; it has instead a long 
open-ohain system which is attached to the quinoline hase at 
position 8; the method of linkage also differs from that seen 
in quinine. One important point to he stressed here is that 
the supplementary open-chain system seen in plasmoquine is 
common to atehrin, in which it is attached opposite to the N 
atom.

fhe above points are not merely of academic interest. 
Structure subserves function, and does so in an amazingly 
specific fashion. One need only think of quinidine, the 
dextro-rotary stereo-isomer of quinine; this substance 
quinidine has the same empirical formula as quinine, with the 
same molecular weight, and yet in spite of this closest of 
relationships quinidine shows distinctive behaviour with 
polarised light and has pharmacological properties markedly
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differing from those of quinine. Obviously, therefore, the 
points in common and the points of variance of structure of 
quinine, plasmoquine and atehrin require most careful considera­
tion. Some of these will only be mentioned here; among these 
are:
fhe marked ability of quinine to induce hypersensitivity; this 

is not found with atebrin and plasmoquine; 
fhe ability of quinine and plasmoquine apparently to reinforce 

the effects one of the other, and the apparent reduction 
in the toxic side-effects of both on their being given 
simul t ane ous ly •

Apparent enhancement of the toxic side-effects of atebrin and 
plasmoquine when they are given at the same time.

Quinine is generally administered as one of its acid
salts, namely: quinine hydrochloride which contains 81.7$

of base -
quinine bihydrochloride ” n 81.6$
quinine sulphate lf ?f 73.5$if ii

Bo matter which of the above substances is given by mouth, the 
salt is converted into soluble HOI form in the stomach; this 
soluble form is rapidly absorbed in the duodenum, then circu­
lates in the blood as quinine base; according to Eield (1939) 
the process is aided by bile. fhe maximum concentration of 
quinine to be expected in the blood even with large medicinal 
doses orally varies between 3-10 mgms. quinine per litre of
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blood. A dose of not less than two grammes daily of quinine 
salt is necessary to get the above blood concentration. When
the concentration of quinine rises above ten milligrams per 
litre of the blood then severe symptoms of einchonism begin.

It is generally agreed that within a very short time, 
a few minutes at the most, ninety per cent of the quinine base 
disappears from the circulation. S'ield (1939) suggests that 
most of this quinine is taken up by vascular endothelium, to 
re-enter the circulation later; there is no experimental proof 
for this, and the suggestion is based apparently on the prolong­
ed action of quinine. Ghopra (1936) states that sixty per cent 
of the circulating quinine is taken up by the organs of the 
body, he infers the reticulo-endothelial system, where it is 
largely destroyed; Ghopra thinks that the balance is to be 
found in the blood, some in the red cells and some in the plasma, 
and this portion which escapes destruction is eliminated un­
changed in the urine. fhe process i3 rapid, the drug appearing 
in the urine twenty to sixty minutes after the taking of the drug 
by mouth. Bamsden et alia (1918) claim to have demonstrated the 
drug in the urine as early as eight to eighteen minutes after 
quinine had been taken on an empty stomach. fhey further state 
that after a si lgle dose quinine continued to be excreted up to 
three days, and after multiple doses excretion continued for 
seven and a half days. By comparison with the findings of 
other workers the above are outside limits, for example Chopra
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(1936) who speaks with authority on this subject, considers 
that after a single oral dose of quinine, excretion of the 
drug by the kidneys reaches its maximum in three to five 
hours, maintains this level for four hours and he considers 
that all the drug is excreted within sixteen to forty-eight 
hours. ind Chopra considers that if the daily dose is not 
more than two grams elimination keeps pace with administration.

Let us consider here the details of the quinine courses 
given to those of our patients who did have treatment by this 
drug before the development of haemoglobinuria# fhis informa­
tion is given in Figure Ho* 18 below.

Figure Ho. 18.
Relationship in time and dosage of quinine administration 

with time of onset lysis.

Case fatal dosage Ho. of Ho. of 'Minimum time interval in
Ho. quinine days doses, days between cessationfiven. drug  ̂ quinine administration

grains) adminis. and beginning of lysis.

1 30 grains One day 3 doses at least nine days.
2 ditto ditto ditto at least eleven days.
3 ditto ditto ditto at least ten days
4 ditto ditto ditto at least eight days
5 120 grains 4 days 12 dos­

es
at least nine days.

Case Ho. 6 did not receive any quinine.
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From the above table it is seen that in one case no 
quinine was given, in four cases quinine was given in minimal 
doses, only for one day, and that in all cases in which the 
drug was administered the time interval between the cessation 
of administration of drug and the beginning of lysis was out­
side the limits suggested as the time interval necessary for 
the body to clear itself of quinine even if we accept the 
findings of Ramsden and co-workers (1918) whose findings are 
much longer than those suggested by other workers. This point 
will be referred to later. Shis is the first reason why we 
are reluctant to regard quinine as the cause of the haemoglobin­
uria in tbe Hazmak patients, no matter how grim the reputation of 
quinine in this respect.

A consideration of the action of quinine in the body 
and on the parasites of malaria may yield further information 
on whether or not quinine could possibly have been implicated 
in the production of the haemoglobinuria in our patients. It 
is necessary to begin this paragraph by stating that although 
the cinchona alkaloids have been employed the World over for 
three hundred years, and quinine has been employed for one 
hundred years, their mode of action is still unknown, fhere 
are several theories but none has a sound basis of experimental 
proof. As already mentioned, with a daily oral intake of 
thirty grains of quinine salt, the blood concentration does not
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rise significantly above ten milligrams quinine base per litre 
of blood; actually the level is probably below this maximum 
level. Various authors suggest that with the dosage mentioned 
a nearer figure of blood concentration is a maximum of about 
seven milligrams per litre; Field (1939) puts the figure even 
lower, about 1/250,000. Speaking on the general action of 
quinine, Chopra (1936) claimed that it is a general protoplasmic
poison, capable of destroying all cells when present in 
sufficient concentration; he thought that quinine, like 
saponins, tends to concentrate on the surface of cells to such
an extent as to form almost a film; this film interferes with 
interface processes with the result that catalytic phenomena 
are hindered, with a resultant diminished metabolism; he stated 
that this surface action is shown by the arrest of Brownian 
movement, and a tendency to precipitate colloidal solutions such 
as proteins. According to Chopra it is this fact that makes 
quinine capable of producing anaphylactoid phenomena. He goes 
on to state that in vertebrates the toxicity of quinine is 
comparatively low. But he considers that the action of the 
drug on an organism like the amoeba is quite characteristic, 
causing retardation of metabolic processes, for example 
solutions as low as 1/50,000 may destroy amoebae and paramoecia 
in a few hours, and the author especially noted that when 
quinine and plasmoquine are mixed together their toxic action



on paramoeoia is intensified. In the practical sphere he 
claimed that a similar effect is to be observed with certain 
pathogenic protozoa, including the plasmodia; in such the 
protoplasm in contact with quinine degenerated into granular 
detritus in a few hours; Chopra claimed to have found that 
solutions of quinine corresponding to thirty grains in the 
blood of a 150-pounds patient kill P.falciparum in five to 
twenty nine hours. It is possible that Chopra is basing his 
opinions on some of the findings of Bass (1922) who tried the 
effect of quinine upon the growth of malarial plasmodia in 
vitro; Bass took blood cultures of P.falciparum and added
quinine hydrochloride in a concentration equivalent to that 
mentioned by Chopra, i.e. quinine in therapeutic proportions; 
with such concentrations of quinine Bass found that no growth 
had occurred after five hours incubation; some parasites had 
shrunk to small spheres and most stained badly; after twenty 
nine hours the plasmodia were evidently dead.

Other workers report widely-differing results. 
Kirschbaum (1923) mixed in vitro blood infected with B.vivax 
with an equal quantity of 1/5,000 quinine sulphate solution, 
thus reducing the concentration to half; he then incubated the 
mixture for five to twenty four hours at 37 -39°0. yet even 
with that concentration and treatment the blood was found still 
to be capable of infecting paralytics. Ciuca et alia (1937) 
dissected infected mosquitoes in a solution of quinine then
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injected the sporozoites intra-venously into mental patients; 
from their experiments they concluded that under certain con­
ditions malarial sporozoites ate able to withstand the direct 
application of quinine (and of atebrin in 1/2,500 solution).
Much of this type of work has been invalidated because of the 
failure of workers to realise that quinine has no apparent 
effect on certain phases of the parasite, and that it cannot 
be expected to produce sterilisation in vitro in less time than 
the duration of the schizogony cycle. She above ore reports 

iS vitro experiments; what is the action of quinine on 
malaria parasites in vivo. Reference should be made to plate 
Ho. XIX, page 439; this plate is taken from the monograph 
by Field (1939), as is plate Ho. XX, which also is to be seen 
on page 439; plate Ho. XX shows the various types of prophy­
laxis possible in malaria. It will be seen from page 439 
that the action of quinine is similar to that of atebrin in 
its effects on the malaria parasite; they are both effective 
schizonticides, and neither has any action on the crescents of 
falciparum malaria. In the passing it should be noted that, 
in contradistinction, plasmoquine has little or no effect on 
the asexual forms <fcf P.falciparum but is active against the 
gametocytes of P.falciparum. It should be remembered that at
the time Field drew up the diagrams seen on plate Ho. XIX, the 
existence of the exo-erythrocytic cycle had not been established.

Whatever the results of in vitro experiments, there
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is no doubt that clinically quinine has a marked effect upon 
malaria parasites; this has been adequately proved for over 
three hundred years, and yet, ais already said, its method 
of action is unknown. Ho one who has suffered from malaria 
which has been cut short by quinine would ever doubt its 
efficacy, at least in the control of the symptoms of the 
disease. In fact, as a means of control of the immediate 
symptoms and signs of a malaria attack, quinine in my opinion 
is superior to atebrin; this also is the opinion of the 
league of Nations Malaria Commission (see Fourth General 
Beport of the Malaria Commission of the Health Organisation 
of the league of Nations 1938). One of the interesting records 
in support of the efficacy of quinine, certainly at least in 
the controlling of symptoms, is that record of the White Fathers 
of Africa, quoted by Thomson (1934); according to him, in the 
period 1878-1905 more than two hundred White Fathers died of 
blackwatefc fever in Central ifrica, an appalling figure. In 
1905 a system of daily prophylactic quinine was begun, the 
quinine administration beginning on the day of departure of the 
priests from Marseilles; the dosage given was five grains daily, 
doubled whenever anyone felt ill. fhomson stated that since 
the time of adoption oi this scheme more than six hundred 
Fathers had served under severe malarious conditions, yet from 
1905 to the time of writing in 1934 not one death had been 
reported from blackwater fever.
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Quinine is effective, however it produces its 

results. It is not possible to record even a fraction of 
the number of theories on how quinine does act on the parasites, 
life can only quote the work of some of the modern authorities, 
fhe major problem is whether or not the quinine acts directly 
on the parasite, or whether indirectly, or both. Some of 
the opinions are:
Krishnan (1933), and later Erishnan and various co-workers in 

a series of papers, was of the belief that the 
mononuclear cell is the important factor in the 
control of malaria and that the action of quinine 
is indirect, stimulating the natural processes 
of immunity.

Chopra, Ganguly and Roy (1935) also consider that the action
of quinine is not direct but is probably synergistic 
to other mechanisms set up in the body; and yet, 
however, Chopra (1936) states that quinine acta 
first on the infected red cell and haemolyses this, 
causing disappearance of the parasites from the !
peripheral blood; and, further, Chopra (1936) 
states that in malaria the action of quinine is to | 
kill the parasite without injury to the host. He 
also quotes, without references unfortunately, the 
interesting fact that Binz, many years previously, 
observing the action of quinine on protozoa, had

i
i
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prophesied from this that the organism causing 
malaria would he found to he one of that order. 
Obviously therefore Chopra would seem to support 
the suggestion that quinine acts both directly
and indirectly.

Hocht and Mayer (1937) state that in their opinion the
quinine treatment of malaria is not a therapia 
magna sterilisans and that no matter how large 
the dose of quinine, or how frequent the doses, 
relapses are inevitable. fhey did not think that 
there was enough proof to decide whether the 
action of quinine was direct or indirect. By 
"indirect" action they meant action by the produc­
tion of changes in the tissues and/or mobilisation 
of antibodies; they think the action to be most 
probably a combination of direct and indirect 
effects, the direct most probably acting first, 
fhey say, and very rightly, that a direct action 
is suggested by the quick, often life-saving effect 
of intravenous quinine; no one can question this 
who has seen a man near to death being brought back 
practically to an apparent normal in less than an 
hour following the giving of adequate dosage of 
intravenous quinine. As regards the indirect 
action oh the parasite, Hocht and Mayer think it
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unlikely that sueh is due to a stimulation of 
antibodies by quinine; they consider that if 
this were the case why should quinine alone 
produce the influences which activate the pro­
tective mechanism in the case of malaria whereas 
in other infections the most diverse agents, e.g. 
non-specific proteins, can set the defence mechanism 
in action. Admittedly this last objection is not 
an insuperable one, nor is the statement by the 
authors that in ape malaria the action of quinine 
is not interfered with if the chief protective 
organs in the body are eliminated by extirpation 
of the spleen and by blocking the reticulo-endothel­
ial system; such steps do not "eliminate the chief 
protective organs of the body".

Morgenroth (quoted by Field 1939) suggested that quinine con­
centrates as a film on the surface of the red cells 

\ and prevents the entry of the merozoites; this
theory of a surface film of quinine has also been 
mentioned by Ghopra (1936).

Bass (1922) suggests that the drug renders the red cell more
permeable to the blood plasma with the result [
the parasites are exposed to its lytic action. |

Yorke and Macfie (1924) consider that the action of quinine
on the malaria parasite is a direct one, and that
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the destroyed parasites then aot as an antigen 
and cause the production of antibody which 
completes the cure.

Kingsbury (1926) thinks that quinine acts by haemolysing
infected corpuscles; he claims that there is an 
initial rise in bilirubin values following upon 
the administration of quinine; Ross (1932) con­
firms the finding of increased bilirubin formation 
after giving quinine.

Chopra (1936) has already been quoted; he also thinks that 
quinine may act by haemolysing the infected red 
cells.

Uooht and Mayer (1937) have also been quoted already. Their 
opinion, in brief, is that malaria influences 
certain stages of the parasite, namely the free 
forms, and, in their opinion, the young parasites 
still attached to the surface of the red cells, 
i.e. the youngest forms^ are the most susceptible 
and the gametooytes practically not affected.

These authors further say that if the drug 
be given over a long period in daily doses the 
therapeutic effect of quinine becomes progressively 
less marked; this is not accepted by many of the 
other workers.

Field (1939) discusses the problem at some length; he states
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that quinine owes its dominant position in 
malarial therapy to its remarkable effects on the 
malarial parasite during the asexual cycle. He 
points out that the fever and other symptoms of 
overt malaria are associated with a rapid multi­
plication of parasites by schizogony, and that 
quinine arrests this multiplication in some way 
not understood, probably by destroying the para­
sites during segmentation when the host red cell 
is degenerated and pervious to the quinine in the 
blood stream, and also at the merozoite stage when 
even this protection is withdrawn. In other 
words, the theory of Field is much the same as 
that of Mocht and Mayer; the only time that the 
parasite is protected from the quinine is during 
the SGhizogony cycle in the red cell, and even 
this protection becomes less marked in the late 
stage of schizogony as the cell degenerates.

Field then points out a fact which has escaped 
the notice of so many observers, namely that blood 
infected with the malaria parasite may remain 
infected for some hours after exposure to strong 
solutions of quinine because there is some phase 
of the cycle which is quinine-resistant. Although 
effective destruction of merozoites may explain 
the therapeutic potency of quinine this alone can
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hardly he. expected to afford in vitro sterilisa­
tion in less time than the duration of the 
schizogony cycle. This failure of quinine to 
affect certain phases of the parasite is shown 
graphically by Field, see plate Itfo* XJX, p. 439. 
Field also thinks that during periods of latency 
of malaria in the body of an infected individual, 
then even those phases of the parasite susceptible 
to quinine appear to lie deeply, sheltered from 
the effects of the dru&; in other words Field 
agrees that not only does quinine fail to affect 
certain phases of the parasite; it may fail to 
eradicate from the body those phases which are 
susceptible to it. It is these factors which 
account for the high relapse rate following the 
treatment of malaria by quinine.

Field summarises the position as follows: 
a. Quinine administration during the incubation 

period has little effect on the development 
of the parasite or on the time of appearance 
of the primary clinical attack. (When this 
was written Field had no definite knowledge 
of the presence of exo-erythrocytic forms of 
the parasite, forms which also are not affected 
by quinine. Field's diagram plate Ho. XX has 
been modified slightly by me to bring it into
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line with, recent discoveries.) This means, as 
said, that quinine has no effect on the exo- 
erythrocytic phase of the parasite.

h. Quinine given during clinical attacks causes 
the disappearance of asexual parasites from 
the peripheral blood.

c. Quinine given during periods of latency has
no effect; certain residual parasites lukking 
in unknown sites appear to be unaffected by the 
quinine •

d. The persistent parasites, lurking beyond the 
action of the drug may again show schizogony 
towards the end of the period of latency, and 
multiply by schizogony to an extent sufficient 
to produce clinical recurrences of infection,
i.e. "overt malaria".

This question of recurrence of the disease following treatment 
is, or rather was, a serious problem. One explanation offered 
by Hocht and Mayer (1937) is that given above, namely that the 
parasite becomes quinine-resistant; this explanation is not 
accepted by the majority of workers, for example Field (1939), 
Chopra (1936), and Fletcher (1921) agree that there is no such 
thing as quinine-re si stance. There are certain individuals 
however, who at times appear not to absorb quinine, as shown 
by the failure to demonstrate the drug in their urine following
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administration to them of quinine; these may account for a 
small fraction of the failures seen with quinine, hut it is 
probably true to say that many if not practically all the 
cases of "quinine resistance" or of failure of quinine to act 
are due to the drug not being taken. All workers have had 
experience of that. Scott (1939) states that in the French 
Army in Macedonia urine tests showed only two per cent of 
the men to have quinine in their urine although all of them 
were supposed to be receiving the drug; when discipline 
was tightened it was possible to report a finding of 100$ 
positive. The most likely causes of "failure" of quinine 
are: adulteration of quinine, deliberate avoidance of taking
the drug; non-absorption of the drug from the gastro-intestin­
al tract due to the drug or to complicating diseases; and 
faulty preparation of tablets.

One other point to be mentioned in these notes on 
the pharmacology of quinine is that it appears established that 
quinine on administration causes well-marked contraction of 
the spleen.

Excepting a few incidental remarks no mention has yet 
been made of the toxic effects of quinine. The primary aim 
of this chapter, however, is to ascertain whether or not 
quinine is likely to have been the precipitating factor in the 
production of haemoglobinuria in the Bazmak cases. All other 
problems of quinine and its administration are only incidental
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to this, and the short discussion given above on the 
pharmacology of quinine had as its major aim the elucidation 
of any effect which may throw light on our problem of the 
role, if any, of quinine in the production of haemoglobinuria. 
The information that is available on this aspect of quinine 
administration is sketchy and incomplete, and as yet only one 
statement has been recorded which requires to be considered 
more fully, namely the statement that quinine causes haemoly­
sis of parasitised red cells. This may conveniently be 
considered in the next paragraph.

Toxic side-effects of quinine, particularly haemolysis.
Quinine is a poison; Ghopra (1936) talks of it as
a general protoplasmic'poison and infers that the 
therapeutic dosage is one strong enough to kill the 
parasite yet leave the host unaffected. This happy 
result is not always attained. Even in the normal 
individual with no idiosyncrasy to the drug there 
seems only a narrow boundary between the therapejitic- 
ally-effective dose and the toxic dose. The mildest 
toxic phenomena, those of cin^honism, appear in the 
majority of individuals taking therapeutic doses of 
quinine daily for more than a very few days. A blood 
level over ten mgms. per litre of blood will produce 
marked toxic symptoms.

It is the aim of this chapter to ascertain if'
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possible whether or not toxic side-effects of quinine
were the cause of the haemoglobinuria which developed 
in our patients; the diagnosis of those patients 
stands at present as "intra-vascular haemolysis,
cause unknown”•

In any discussion on the toxic side-effects of a 
drug there are two possible types of toxic effects to 
be considered, namely:

1. fhose toxic effects due to simple over-dosage, 
found to develop in normal individuals after 
the concentration of the particular drug has 
reached a toxic level in the body. fhis level 
naturally varies with the drug concerned, and 
varies also to a much lesser extent from 
individual to individual. fhis toxie level in 
the patient may be the result of administration 
of one over-large dose, or the result of 
accumulation as the result of a series of doses,
the latter being particularly to be found with 
drugs which are slowly excreted or slowly 
destroyed in the body.

2. foxie by-effects produced in individuals hyper­
sensitive to the drug; the actual dose of the 
particular substance may be minimal in amount,
a dose which probably would not have the slight­
est effect on a normal individual. fhis
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hypersensitivity is a state of altered 
specific reaction capacity on the part of 
the body cells, the process being an antigen- 
antibody reaction in which the drug probably 
acts as a haptene. Only a relatively small 
number of drugs have this power of easily 
inducing a state of hypersensitivity, and only 
a small number of individuals are unduly sensi­
tive to such stimuli.

When a drug is administered to an individual 
hypersensitive to it, the reaction is quite 
different from that seen when the same dose of 
drug is administered to an individual not hyper­
sensitive to it. She reaction is almost 
explosive in character, and the toxic phenomena 
may bear no relation to the toxic phenomena 
produced by a simple overdose of the same 
substance.

Which type of toxic effect are we discussing therefore 
when we talk of the "toxic effects1! of quinine? Failure to 
differentiate has caused much misunderstanding. fhe answer 
is that quinine shows both types of "poisoning", and we must 
discuss both, beginning first with the toxic effects of quinine 
overdosage in normal individuals.
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Toxic effects of simple quinine overdosage in normal people;

It has already been said that quinine is a general 
protoplasmic poison, and Chopra claims, see above, 
that the acid salts of quinine have a decidedly 
haemolytic action on red blood corpuscles in vitro, 
producing a faint tinge of haemolysis at 1/8,000; 
this finding of Chopra1s has little bearing on the 
problem of the in vivo behaviour of the drug where 
the highest concentration in the blood with thera­
peutic dosage is not more than 1/100,000 at the 
most, and where the drug circulates as quinine base 
except in the first few minutes after intra-venous 
injection of quinine salts; Chopra did record that 
solutions of quinine base, even as strong as 1/2,000 
produce no haemolysis in vitro even after twenty- 
four hours. Another point which will have a bear­
ing on our findings is the question of whether 
quinine is cumulative when given in the ordinary 
therapeutic doses; Ramsden et alia (1918) infer 
that it is, and that it takes seven and a half days 
to clear the body of quinine after multiple doses 
had been given. Field (1939) and Chopra (1936) are 
of the opposite view; they consider that with the 
usual therapeutic doses of grains 30 daily there is 
no accumulation of quinine in the body, excretion 
and destruction keeping pace with ingestion; Field
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considers that quinine is a drug with a powerful 
action and little risk, a drug of remarkable 
safety although he does say that it has its own 
clinical side-effects. Of course when Field talks 
of "remarkable safety" he is referring to remarkable
safety as regards the production of serious toxic 
effects; quinine is a poison, but it is a poison 
with a wide margin between the production of mild 
toxic effects ("oinchonism") and the production of 
severe toxic symptoms and signs. The mild toxic 
effects of quinine are very common, being found in 
the great majority of individuals after three-four 
days of therapeutic quinine; I personally always 
develop oinchonism after two days of quinine thirty 
grains daily. These mild toxic effects include 
giddiness, ringing in the ears and tremor. They 
are seldom severe with the doses of quinine usually 
used, and they are not alarming; they rapidly dis­
appear when the administration of quinine is stopped. 
In our series of six patients only one man received 
sufficient quinine to produce even the mild toxic 
phenomena of oinchonism.

It requires much heavier doses of quinine than 
the usual therapeutic doses to produce serious 
toxic effects in individuals who are not unduly
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sensitive to this drug, i.e. there i3 a marked 
difference between the dosage sufficient to cause 
oinchonism and the dose sufficient to cause serious 
effects of poisoning. It is unnecessary to quote 
more than a few examples of the "remarkable safety" 
of the drug.
Steudel (1894), in Tanganyika, working on the

assumption that the only way to treat 
blackwater fever is by collossal doses of 
quinine, sometimes gave as much as ten 
grams of quinine to a patient in twenty- 
four hours, and followed this with doses 
of six to eight grams daily for some time I 

Most (1940)treated cases of cerebral malaria by 
intra-venous injections of 0.6 grams 
quinine dihydrochloride every four hours 
for at least twenty-four hours.

In my experience the most striking proof of the 
safety of quinine was what I saw in the Peshawar 
Mission Hospital. That part of the World is very 
malarious, and patients come long distances, even 
from the remoter tribal areas, for treatment for 
their malaria; both sexes and all ages are repres­
ented among the patients. The demand on beds for 
serious illnesses is such that malaria patients 
cannot be admitted as in-patients; they do want



455.
and do require treatment for the malaria however 
and they want quick results. The giving of oral 
quinine to such patients proved a failure for 
several reasons, and by the early nineteen-thirties 
it had become customary to treat all malaria 
patientsvin the out-patient department, and to give 
them quinine intra-venously. This may seem heroic, 
but medical missionaries of wide experience stated 
that they had never had any serious mishaps from 
this method of treatment; during my stay there I 
certainly did not see any serious result from such 
methods in a two-months period. Chopra (1936) 
talking on this problem of the toxicity of quinine, 
thinks that a single dose of forty grains given to 
an individual will produce definite toxic effects 
but he places the fatal dose as much higher, about 
eight to fifteen grams by mouth, although as much as 
thirty grams has been taken without fatal result; a 
search of the literature suggests that the fatal 
dose may range from ten to one hundred grams by 
mouth, i.e. there is wide variation. This does not 
include patients in early pregnancy who seem to be 
especially susceptible, see below. On this matter 
of fatal doses Baills (1893) tells of two soldiers 
each of whom took twelve grams quinine sulphate in 
error. Both rapidly developed intense tinnitus,
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total deafness and stomach cramps; one died in 
four hours and one recovered. Plehn, F. (1898) 
records several interesting cases of poisoning, e.g. 
one patient survived the taking of 41.0 grms. in a 
few days and another, an insane doctor, took very- 
large doses of quinine daily for ten to twelve days; 
he had ingested 120 grams before he died. Raven 
(1927) quotes one of his cases, a fat woman, who 
took a total of sixteen grams quinine within a few 
hours; she died some hours later of heart failure.

On this same topitf Dobreff (1934) stated that 
in Bulgaria in the previous four years the taking of 
overdoses of quinine sulphate had been the method 
chosen by one-third of all attempted suicides. There 
had been eighty-six such cases of quinine poisoning 
in ten years with no deaths.

A survey of the literature on this problem of
quinine poisoning shows that in the great majority 
of individuals dying from gross overdosage of
quinine the weight of the poisoning seemed to fall 
on the central nervous system. It is necessary for 
our. purpose however to review any literature which 
suggests that quinine poisoning may cause haemoglobin 
uria. In this connection Chopra has already been 
quoted as saying that acid salts of quinine have
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a decidedly haemolytic action on red blood 
corpuscles in vitro. This has little bearing on 
the problem of an in vivo action except possibly 
for a minute or two following an intra-venous
injection of quinine salts, and this has never 
been reported as a problem. .As regards the effect 
in vivo of the giving of quinine to patients 
suffering from malaria Chopra (1936) did think that 
the drug may act by destroying parasitised red cells, 
and Kingsbury (1926) had already noted a rise in 
bilirubin values following the administration of 
quinine. Hocht and Kikuth (1929) claimed that 
quinine has the power of suspending partly or wholly 
the effect of an antihaemolysin which, they claimed, 
is found in living animals; this theory of haemo- 
lysin-antihaemolysin in normal tissues has been 
strongly supported in recent years by Maegraith in 
a series of papers. Hoeht and Kikuth claimed that 
they found this property of quinine marked in the 
presence of various haemolytic agents, such as cobra 
venom. Zylmann (1944) found quinine to have a 
lytic action on red cells in weak concentration.
The practical importance of this is offset by the 
finding, by the same author, that atebrin has an 
even stronger haemolytic effect, while plasmoquine 
has little effect. Such findings illustrate the
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lack of relationship of behaviour of drugs in in 
vitro experiments as compared with in vivo behav­
iour. The findings of Birnbaum et alia (1946) 
are a further example of this dissociation; they 
had previously claimed that red cells from malaria 
patients lake more readily in bile solutions than 
do normal cells, and in this paper of 1946 the 
authors report that quinine, atebrin and plasmo- 
quine all accelerate the haemolysis in the presence 
of bile, and that atebrin shows a particularly 
noteworthy enhancing effect, whereas of course 
atebrin is the least haemolytic of drugs in vivo, 
as will be shown in Chapter VII.

On this problem of whether quinine overdo sage 
can produce haemoglobinuria in an individual who is 
not unduly sensitive, the experimental evidence is 
not definite even in those patients who received an 
overdose of the drug while suffering from malaria.
.A4& records show that in the great majority of fatal 
cases of quinine poisoning there is no mention of 
haemoglobinuria. Petri (1930) reviews the litera­
ture on the toxie properties of quinine and concludes 
that haemoglobinuria can occur but that it does so 
only under very special conditions of the blood; he 
thinks that such conditions are observed occasionally
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in blackwater fever, and in very rare cawes in 
early pregnancy; it is this latter group which 
provides practically all the few cases of quinine 
haemoglobinuria occurring in individuals not 
affected by malaria. Petri considers that in 
early pregnancy this susceptibility to quinine may 
be due however to individual idiosyncrasy. This is 
discussed below. Terplan and Javert (1936) 
reviewed the literature on this problem of quinine 
haemoglobinuria in early pregnancy and could find 
only eight cases in the literature; these were; 
Seita (1927) reported three cases; in all the 

three the haemoglobinuria followed 
shortly after the administration of 
quinine; post-mortem examination was 
made only in one patient, and in one 
other of the three there was an asso­
ciated abortion.

Kuta and Traugott (1927) report two cases; but both 
were aborting before the administration 
of quinine was begun.

Fromholt (1932) reports two cases but here also both 
were criminal abortions before quinine 
was begun.

Petri (1930) reports a very doubtful case; the
dosage of quinine which had been given
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was minimal, and at post-mortem 
examination no damage was found in 
the renal tuhules.

Terplan and Javert then record a case of their
own, the first in .American literature.

This case is thoroughly unsatis­
factory and cannot be in any way 
accepted as implicating quinine as 
the cause of the haemoglobinuria.
These authors give the history that 
the patient had taken a total of 100 
grains of quinine over a period of 
some days, and some time before death. 
Furthermore in this case, several weeks 
before the taking of quinine the patient 
had had an incomplete criminal abortion 
produced and had thereafter suffered 
for weeks from an incomplete septic 
abortion, for example the patient had a 
white cell count of 19,000,purpura was 
present, and at autopsy the patient*s 
uterus showed necrotic material. Other 
drugs had also been given before the 
beginning of the haemoglobinuria. The

drugs taken were intended to be
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abortifacient; they included "six 
bile salt tablets and twenty-four 
tablets each containing 1/5 grains 
nux vomica". .Also, the patient had
been given blood transfusion before 
death. Lastly there was no definite
history of haemoglobinuria, only one 
of haematuria.

Under the circumstances we cannot 
possibly accept this as a definite 
case of quinine producing haemoglobin­
uria, and some of the other cases re­
corded above are almost as doubtful.

Tartan and Discombe (1940) give a record which is
much more satisfactory than any of the 
above. 2hey report that their patient 
had never had malaria and had never left 
Sagland. fhe patient was a married 
woman, aged 24; she became pregnant; 
she then bought quinine and took ninety 
five grains of quinine sulphate. On 
the same evening she developed a tem­
perature of 10£ and showed a scarlet 
rash all over the body. Jaundice and 
haemoglobinuria followed; haemoglobin­
uria and methaemalbuminaemia continued



for six days. The patient died of 
uraemia on the ninth day; at autopsy 
the tuhules showed heavy damage.

Phis fatal case would support the 
suggestion by Petri that an idiosyn­
crasy is involved, 

fhis ease of Vartan and Diseombe^ brings the 
total cases of this type to ten; but it is only in 
three of these that we can exclude all other factors 
such as sepsis. It seems permissible to say, 
therefore:

1. In noimal individuals the dosage of quinine 
necessary to produce serious toxic effects 
is much greater than the therapeutic dose; 
certainly the dose required is far above 
the amounts which my five patients were 
given; it will be remembered that the doses 
given to the Razmak cases were;

120 grains given to nne patient in four 
days, and four others received thirty grains 
each. Another point already stressed is 
that in all of the patients concerned at 
least eight days had elapsed between the 
stopping of quinine treatment and the
beginning of haemoglobinuria.
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2. In the majority of oases reported of fatal 

quinine poisoning the serious toxic 
symptoms and signs are limited to the 
central nervous system, deluding malaria 
patients there are only ten oases in 
literature in which haemoglobinuria was 
noted; practically all of these ten 
oases occurred in pregnant women, and it 
is suggested that, in seven of the ten, 
other factors, e.g. sepsis, may have 
caused the haemoglobinuria.

It is concluded that the haemoglobinuria in our 
six patients could if03? have been due to simple 
quinine poisoning.

loxic effects of quinine administration in hypersensitive
t

individuals.
fhe conclusion come to a'boge does not exclude the 
possibility unlikely though it may be, that the 
six patients who developed haemoglobinuria in 
Bazmak did so because they were hypersensitive to 
quinine. This is the second possibility which we 
must consider.

Quinine idiosyncrasy, like other drug idio­
syncrasies, is an immunological reaction. Zinsser 
et alia (1944) state that in the hypersensitiveness
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of quinine seen in humans, such individuals have 
become sensitised by prolonged contact. fhey 
consider quinine hypersensitivity to be practic­
ally the same as the hypersensitiveness seen 
sometimes with other substances of low molecular 
weight, for example iodine. fhe authors think 
that the antigenitf compounds are specifically 
oriented by ncn-antigenic groups, possibly formed 
in the body by combinations of extraneous material 
with body protein.

fhere is no doubt that quinine does possess 
the property of being able to produce hypersensi­
tivity in certain of the individuals exposed to it. 
2?he statement by Pi eld (1939) that very few individ­
uals are excessively sensitive to quinine is correct; 
this is probably because relatively few individuals 
come into sufficiently prolonged or intimate contact 
with the drug. Quinine hypersensitivity shows the 
characteristics of hypersensitiveness in general, 
namely;

it is remarkably specific, e.g. such patients are 
not sensitive to quinidine, at least 
nothing like to the same extent; 

the reaction is rapid following upon ingestion of 
the drug; sometimes it is almost 
wexplosive”;



the reaction may be provoked by minute doses,
e.g. in one case of quinine sensi­
tiveness a dose of l/l6 grains 
provoked a reaction.

Fortunately the number of such hypersensitive 
individuals is low. James (1931) quotes Fletcher 
and Iravers to say that in thirty-five years 
experience in the Malay States they found only one 
oase of quinine idiosyncrasy.

What are the symptoms to be expected following 
upon the administration of quinine to a person 
sensitive to it? Chopra (1936) does not mention 
haemoglobinuria as one of the manifestations of 
quinine idiosyncrasy, nor do Bocht and Mayer (1937); 
the latter authors mention as findings such abnormali­
ties as urticaria, exfoliative dermatitis, cyanosis, 
kidney haemorrhage and nose bleeding. Field (1939) 
gives a similar picture, mentioning rashes (urticarial 
and erythematous), itching, haemorrhages into the 
skin, dyspnoea, oedema, and collapse. He does not 
mention haemoglobinuria.

References do exist in the literature, illustrat­
ing haemolytic phenomena in relation to the adminis­
tration of quinine. Inalysis of such references shows 
that in all such cases the patient was under treatment, 
for malaria, or the patient was pregnant.
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In view of this, consider the facts concerning 
the haemoglobinuria shown by the six patients in 
Eazmak in 1908. fhe first point fchat must be made 
is that quinine hypersensitivity is not common; by 
the laws of chance it is highly improbable that six 
such ihdividuals should have come together in one 
place at the same time; also, there was a time 
interval of not less than eight days in each case 
between the stopping of the quinine and the beginning 
of the haemoglobinuria. fhis is quite unlike the 
immediate reaction to the drug shown on its being 
administered to individuals hypersensitive to it.
All the quinine had almost certainly been eliminated 
or destroyed before the lysis began; hext, the five 
individuals who survived were given test doses of 
quinine before their discharge from hospital, and no 
case showed any sign of being unduly sensitive to the 
drug*

It is quite unlikely that quinine hypersensitive­
ness was the cause of the intra-vascular haemolysis in 
our patients.

fhere is one aspect of the problem, however, on which we have 
not yet touched, namely, the reaction of the patient with 
malaria to the giving of quinine.
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In other words, if quinine played no direct part 

in the production of haemoglobinuria, did it act in an indirect 
fashion in that it caused the onset of malarial haemoglobinuria? 
Let us consider this problem.

Quinine and blackwater fever: Chapters IX and X are devoted to
a consideration of blackwater fever. Here we shall 
only deal with the part, if any, that quinine plays 
in the production of this disease. Blackwater fever 
is a strange disease, a riddle still unsolved. It is 
necessarily related in some way to malaria, and until 
comparatively recently the only specific for malaria 
was quinine. It is easy to imagine the despair of 
the Profession when reports began to circulate that 
this new specific had a grim facility for precipi­
tating the onset of blackwater fever; even as 
early as 1858 this belief appears to have had 
much support. In that year Antoniades reported 
that certain Creek doctors consider "haematuria” to 
have followed the administration of quinine to 
patients with intermittent fever, and that the 
doctors thought that this must be due to quinine 
poisoning or due to an idiosyncrasy to the drug. 
Antoniades goes on to say that it is criminal negli­
gence to withold the drug on those grounds. Hanson 
summed up the problem in his poser to Phamson when
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when he said that we know that malaria is at the 
hack of blackwater fever but ”what pulls the 
trigger”? If we are a ole to establish that quinine 
has a powerful effect in the precipitating of attacks 
of blackwater fever then obviously such a happening 
will require serious consideration as a probable 
explanation of the outbreak of haemoglobinuria in 
Razmak. What is the evidence for and against the 
view that quinine causes attacks to develop of black­
water fever? A few excerpts on the views of various 
workers may be of interest.

Antoniades (1858) considered that it is negligence 
to withold quinine on the grounds that it 
may cause haemoglobinuria.

Steudel (1894) considered that the only way to abort 
blackwater fever was by the giving of 
heroic doses of quinine.

Roch (1898) gave the impression that he thought that 
blackwater fever was due to quinine poison­
ing, but individuals who had discussed the 
matter with him, e.g. Fleming of Southern 
Rhodesia, claimed that Koch believed in 
thorough quinine prophylaxis in the reduc­
tion of malaria and blackwater fever.

Crosse (1898) quotes Stanley the explorer who suggest­
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ed likely causes of blackwater to be 
sun, fatigue, and damp, and claimed that 
blackwater fever yields readily to quin- 
in , • Stanley took for his own attack

took 60 grains of quinine in one day.
Thomson (1924) stated that at the time it was the 

custom in Southern Rhodesia to treat 
blackwater fever by large doses of quin­
ine which were given intra-muscularly 
during and after the attack. We are not 
discussing the actual treatment during 
an attack of blackwater, and have put
this reference in to indicate that in 
. Southern Rhodesia at that time quinine
could not have been regarded as one ser­

ious cause of starting attacks of black­
water. Thomson himself thought that quin­
ine , properly administered, will prevent 
blackwater fever; he also says that 
quinine used improperly is dangerous in 
that it produces insidious chronic malaria* 
Thomson stated that he never saw a case cdc 
blackwater fever in a person regularly aid 
properly treated with quinine. We have 
already quoted the striking effects of 
the giving ox quinine prophylaxis to the
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White Fathers of Africa.
Ross (1932) admits that there are many cases on

record in which the relationship between 
the taking of quinine and the onset of 
haemoglobinuria is so intimate and dramatic 
that there would be no alternative to the 
assumption that quinine has acted as the 
precipitating agent of the attack. But 
there are also many, many oases in which 
quinine would appear definitely to be ex­
cluded as a causal agent. Ross feels that 
between the two extremes lie the great 
majority of cases, i.e. that the taking of 
quinine enters into the previous history 
but that the relationship between it and 
the occurrence of haemoglobinuria is not 
obvious. Ross thinks that it is a fairly 
generally accepted belief that quinine in 
certain cases is the causal agent respon­
sible for the onset of haemoglobinuria but 
that in the majority of eases much of the 
evidence produced to incriminate quinine is 
of extremely doubtful value from the statis­
tical point of view. He concludes that the 
belief that quinine is an exciting agent in 
blackwater fever is largely based on its
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results in individual oases, and he feels 
that considerable doubt must remain as to 
whether such cases are to be regarded as 
affording an indication of a process that 

is common to all*
Ghopra (1906) considers that neither clinical records 

nor animal experiments tend to show that 
quinine is the cause of blackwater fever.
He also is one of the workers who consider 
that proper administration of quinine 
prevents blackwater fever, but goes on to 
say that once an individual is predisposed 
to blackwater fever by repeated attacks of 
neglected malaria full doses of quinine may 
act as an exciting cause. Ghopra claims 
that blackwater fever was known in Europe 
long before quinine waa introduced. 
Manson-Bahr (1940) also makes this state­
ment that blackwater fever was known in 
Europe long before the introduction of 
cinchona bark. It is probable that such 
opinions are based on the series of cases 
reported by Hippocrates, but in Chapter IX 
it will be seen that it is doubtful whether 
those well-known cases of Hippocrates were



472.
blackwater fever. There is no evidence 
which definitely proves that blackwater 
had been reported before the arrival of 
cinchona bark in Europe.

Foy and Kondl (1943) think that in the production of 
blackwater fever malaria is an important 
preparatory agent, although whiit exactly 
it does or how it produces its effect is 
unknown; but, the ground thus having 
been prepared, the trigger may be pulled 
by any one of several agents, e.g. anti- 
malarial drugs, or cold, or splenic con­
traction. In effect therefore the 
authors think that there is nothing 
specific about the action of quinine, 
whihh is merely one of several agents.
This view is widely quoted.

It seems therefore that even those who do not consider 
quinine to be a likely cause of blackwater fever are of the 
opinion that it may not be altogether without blame.

There is no lack of support for the opposite view, an 
old one, that quinine has a powerful effect on the production 
of blackwater attacks. Among such supporters we find:
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Yeretas (1859) was one of the strong opponents of 

Jkmtonia&es and was strongly of the opinion 
that haemoglobinurie fever is caused by the 
taking of quinine; Karamitsas (1878) supported 
Yeretas and spoke of "haemoglobinuria from 
quinine11 •

fomaaelli, in his three memoirs of 1875, 1877 and 1897, 
was one of the strong supporters of the quinine 
intoxication theory. fhe title of the first 
memoir is "On the question of quinine intoxica­
tion and malarial infection".

Pampoulis and Ghomatianos (1888) produced a noteworthy 
point when they demonstrated the specificity of 
the effect of quinine in the production of 
attacks of blackwater in certain individuals, 
fhey quote one case in which their findings were:
Pay. Drug. Haemoglo­

binuria
fime interval.

1 Quinine 4- One hour
4 Ginehinine -

5 Ginchonine -
9 Quinoidine -
10 Ginchonine -
12 Quinine 4 fhree hours.

Murri (1896) also had a patient in whom it was possible
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repeatedly to invoke haemolytic phenomena by 
the administration of quinine. She patient 
was a girl aged 19, suffering probably from 
chronic malaria, in whom it was possible to 
induce a whole series of phenomena — ^  
blackwater from as small doses of quinine as 
1-g- grains. Shis attack was provoked seven 
times in all by the deliberate giving of 

quinine•
Ziemann (1900) went further and reported one case in whom 

the type of reaction could be varied by varia­
tion in doses of quinine. He reported: 
patient given quinine 0.01 g. ---^ hburia. j

i

” " u 0.005 g.  hbaemia.
H tf 11 0.004 g.  y  albuminuria

Moresohi (1920) had a patient aged six, no history of
family intolerance to quinine; the patient \

developed malignant tertian and quartan infec­
tions; she was given a total of 4.0 grams 
quinine hypodermically and 8.0 grams orally over 
a period of thirty days.

She patient then developed quinine intoler­
ance and thereafter as small a dose as 0.015 
grams of quinine would precipitate haemoglobin­

uria. Treatment of the patient by cinchona 
was then started; the maximum dose given of



475.
of this drug was 1.1 grams and the total dose 
was 9.0 grams in twenty six days. On the ;
twenty seventh day the patient developed 
oinohona intolerance which was very marked. 
Thereafter, in turn, the patient developed ■
intolerance to quinidine cinchonidine and 
optochin. She dosages required to produce 
a reaction are sometimes remarkably small, 
e.g. Thomson (1924) tells of a patient in 
whom 1/32 grains produced haemoglobinuria.

Marchiafava qnd Bignami (1900) held that the late appear­
ance of blackwater (at the beginning of the 
nineteenth century if we exclude the doubtful 
oases of Hippocrates) was the result of quinine ; 
becoming more widely used at the same time; 
they overlook the fact that quinine was one of 
the principal ingredients in various prepara­
tions of bark which had been in use for two 
hundred years previously.

Hoeht (1929) surprisingly supports the above when he claims j
that so far as he knows so long as one uses for

i

the treatment of malaria not quinine itself but 
decoctions of the drug then blackwater fever is 
unknown, or at least very rare.

Osier (1935) states that it was the opinion of Deeks and
James, with all their experience in Panama that
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there are three causes superadded to the 
malarial infection to produce blackwater fever, 
namely: a. A renewed malaria attack, with

production of toxins sufficient to

destroy many red cells, 
b. A lowering of body resistance, 
c • Quinine.

locht and Mayer (2i937) similarly suggested that there are 
three factors causing blackwater fever; they 
are: chronic malaria infection;

haemolytio disposition of the individual; 
and medicinal toxicity due to quinine.

They further say, as regards quinine, that each 
individual liable to the disease has a threshold 
dose, in which amounts below the limit are 
tolerated, but amounts necessary to provoke the 
reaction may be as low as 0.01 grams or as high 
as £.0 grams. They further say that in many 
oases the disposition to blackwater fever follow­
ing quinine administration lasts several months 
or longer, and in such patients blackwater can 

be produced at any time. In other cases the 
disposition quickly wanes and vanishes permanent­
ly after the attack.

Christophers (1937) says that seemingly quinine enters 
into the picture of blackwater fever but to
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what extent, how far an essential factor, and 
in what way it acts is completely a matter of 

hypothesis.
Rogers and Megaw(1930) say that in blackwater fever there 

is reason to believe that a dose of quinine is 
the usual precipitating factor, though quinine 
by itself cannot be the cause, and in fact 
regular mass treatment with quinine was said to 
have caused a great diminution in the frequency 
of the disease in the Gameroons. They consider 
two factors to be of importance, namely:
a. a history of more than one attack of malaria 

and
b. an irregular taking of quinine over a period 

of time.
They think that quinine and repeated malarial 
infections act together in some mysterious way 
to cause a blackwater attack.

The above-quoted authorities all agree therefore on 
quinine being implicated in the precipitation of blackwater 
fever. Some of the above reports include suggestions as to how 
quinine produces its effects. Por example:

Gardamatis (1912) suggests the much too simple theory that 
quinine combines with the albumen of the stomach 
and is absorbed as quinine albuminate which in
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certain circumstances acts as an antigen; this 

antigen combined with malaria toxin leads to 
the production of antibodies which induce 
quinine sensitiveness in the individual, fhis 
is a theory with nothing to support it but it 
is worth noting in that it introduces, probably 
for the first time, the idea of a compound 
antigen as a possible cause of blackwater fever; 
as will be seen in Chapter IX this theory of 
a compound antigen is now engaging a consider­
able amount of attention.

Hocht and Kikuth (1929) carried out a series of experiments 
on animals. Briefly they found:
Dog Bo. 1. haemolytic antibody = haemoglobinuria 
11 " 2 " " and

anti-haemaifcbocepter = Nil.
11 ” 3 haemolytic antibody and

anti-haemambocepter and 
quinine = haemoglobinuria.

i.e. quinine appears to destroy the action of 
anti-haemolytic amboeepter.

Hocht and KLkuth further claim that this property of quinine 
of suspending or considerably weakening the 
effects of antihaemolysin is also to be observed 
with other haemolytic agents, for example cobra
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venom, and bile-acid salts. fhis may be 
related to some extent to the finding by 
Kritsehewsky et alia (1923) that lecithin in 
high dilution activates a non-haemolytic 
mixture of quinine and red blood cells and 
that cholesterin has no inhibiting power on 
this mixture, although it has an inhibiting 
effect on snake venom haemolysis.

Hocht and Kikuth on their findings elaborated the suggest­
ion that malarial infection produces haemolysin 
or other haemolytic agents and that quinine 
strengthens the haemolytic action of this sub­
stance.

Rogers and HegataT (1930) are obviously thinking along the 
same lines when, talking of blackwater fever * 
they say that in certain unknown conditions the 
red blood cells may become sensitised to the 
action of a haemolysin produced by the action 
of quinine on malarial parasites and that the 
sensitised corpuscles become dissolved when a 
further supply of haemolysin is brought into 
existence by the action of quinine on a new 
brood of parasites.

Petri (1930) may have given a lead on avenues to explore

when he says that quinine can produce haemoglo— 
binuria but only under certain physico-chemical
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conditions of the blood, observed occasionally 

in blackwater fever.
Manson-Bahr (1940) suggests three factors necessary to

produce blackwater fever: namely, a haemolytic
factor, the result of malaria; lowered 
cholesterin content of the blood; and quinine. 
Phis theory has received little support and 
careful investigations show that there is no 
hypocholesterolaemia in blackwater fever.

She three best summaries on the problem

qre:
Ghopra (1936) who points out the possibilities with

quinine in blackwater fever and says all these 
possibilities have been mooted at one time or 
another.
1. Phat quinine causes blackwater fever by 

direct haemolytic action.
2. Phat quinine causes blackwater fever by 

sudden contraction of the spleen, which 
expels haemolytic toxin into the circula­
tion.

3. Phat quinine causes blackwater fever by 
lowering the osmotic tension of the plasma, 
causing water to pass into the red blood 
corpuscles and burst them.
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4. fhat quinine becomes highly haemolytic

in the presence of bile. j
5. Chat quinine becomes highly haemolytic in 

the presence of lecithin.
6. Blackwater fever is a form of quinine 

poisoning: the author states that this can 
only be the determining factor, in those oases 
who have an idiosyncrasy to the drug, fhis 
very important remark should be noted.
Some of the above have already been discuss­
ed; others will be discussed in Chapter IX. 

Nocht and Mayer (193V) also discuss a few of the theories.
e.g. 1. Special sensitiveness to quinine of 
red blood corpuscles in certain malaria patients. j
fhe authors point out that quinine is only 
haemolytic to red blood corpuscles in doses far 
above the therapeutic dose and say that neither 
haemolysis nor blackwater fever has been observ­
ed in healthy people after very large doses of 
quinine.
2. Liberation of a considerable amount of 
haemoglobin through the destruction, by quinine 
of parasites together with the containing red

i

cells. She authors point out that the facts |
against this are that the dosage of quinine and 
the number of parasites bear no relation to the
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onset of lysis, e.g. a person prone to black­
water fever may develop haemoglobihuria after 
small doses of quinine even if the parasites 
are absent or present Gnly in small numbers,
3. Haemolysins resulting from the malaria 
process, which circulate in the blood stream 
or are fixed in certain inner organs; in such 
cases the quinine is supposed to hasten or 
accelerate the activity of the haemolysin,
Hocht and Mayer admit however that there is no 
experimental proof for this suggestion.

Stephens (1937) gives a broader summary: he talks of
1. Popular beliefs; he points out that the 
belief that quinine can provoke an attack of 
blackwater fever has prevailed in many countries 
since the introduction of the drug in 1820.
2. Personal beliefs; many patients, the sub­
jects of blackwater fever, have attributed the 
onset of the attack to a dose of quinine taken 
shortly previously.
3. Experimental cases. In many cases these 
personal beliefs have been tested and quite 
frequently found to be correct; e.g. in some 
eases the outcome was fatal.
4. Diagnosis; there are no certain criteria in 
literature for distinguishing between what has
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been termed "Quinine haemoglobinuria” and 

blackwater fever.
5. Minimal doses of quinine appear to be 
sufficient to induce haemoglobinuria in certain 
individuals.
6. Increase of dose. Patients appear to be 
tolerant of a certain dose of quinine but 
intolerant of an increase beyond that dose.
7. Sime relationship between taking quinine 
and blackwater fever. In some eases the onset 
appears to be "immediately,” after the taking of 
quinine but more usually it is after a few 
hours; in three quarters of the cases the onset 
is within about six hours.
8. Ho history of quinine. In some cases no 
history of the taking of quinine before the 
attack.

Phe problem is possibly a little less complex than at 
first it appears. She first thing is to correct the statement 
both by Stephens (1937) and by Scott (1939) that we may be 

dealing with a true quinine haemoglobinuria in certain cases 
as distinct from a malarial haemoglobinuria precipitated by 
quinine. As we have seen on page 456 et seq. true quinine 
haemoglobinuria is so exceptionally rare as to be dismissed: 

practically speaking, all cases of haemoglobinuria occurring 
during quinine treatment of malaria are cases of blackwater
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fever.
In assessing the part played by quinine in the pro­

duction of blackwater fever it has to be kept carefully in mind 
that at the time when practically all the above papers were 
written the only treatment and the universal treatment for 
malaria was administration of quinine. It is to be expected 
therefore that a history of taking quinine would be a very 
common finding in case reports at that time. kven taking this 
into account, however, and taking into account the fact that 
many individuals have developed blackwater fever without taking 
quinine, and taking into account that certain other factors 
such as fatigue and cold sometimes apparently are related to 
an attack of lysis there is still no gainsaying Ross^ (1932) 
statement that there are many cases of blackwater fever on
record in which the relationship between the taking of quinine 
and the onset of haemoglobinuria is so intimate and so dramatic
that there would be no alternative to the assumption that 
quinine has acted as the precipitating agent. Hocht and Mgryer 
rightly talk of the experimental certainty of the reaction in 
certain cases. In my opinion there are three factors which 
never have been sufficiently stressed in this problem, namely; 

Phe specificity of the reaction with quinine, where even 
its isomeride fails to provoke any reaction. Ihe cases 
quoted from Pampoulis and Ghomatianos, page 473, and from 

Moreschi, page 474, are typical examples of this.
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2. Phe dosage of quinine capable of precipitating blackwater 
fever in certain cases; not only is the reaction extreme­
ly specific but the dosage is sometimes so minute as
also to indicate a specific reaction; take for example 
a case already reported, where a dose of grains 1/32 
quinine produced haemoglobinuria; Ziemann, page 474, 
also gives an interesting report on the effect of dosage. 
Phis type of history must remind one of the so very 
similar reactions reported in individuals hypersensitive 
to quinine, pages 463 et seq. Another point to be 
remembered in the statement by Stephens (1937) that in 
three-quarters of the cases of blackwater fever develop­
ing in relation to the taking of quinine, the onset was 
within six hours of the ingestion of quinine.

3. Phere are two schools of thought, one claiming that quinine 

prevents blackwater fever and some of this school have used 
huge doses of the drug in the treatment of established 
blackwater fever, e.g. Steudel; the other camp however 
declares that quinine is the cause of blackwater fever.

Phe explanation is probably quite simple. Phe facts 
are correct but the interpretations are wrong. Phe answer 
probably is that quinine properly taken, in sufficient dosage 
and regularly every day, will prevent blackwater fever merely 
by suppressing any clinical manifestation of malaria which is
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the one definite factor necessary for the production of 

blackwater fever. Phe example of the White fathers is only 
one of many such proofs. But if quinine be taken irregularly 
so that it allows of the establishment of chronic malaria, 
particularly malignant malaria, or if it happens that quinine 
administration is begun in an individual already suffering 
from well-established chronic malaria, then that dose of 
quinine may quite easily precipitate an attack of blackwater 
fever. In such cases the quinine is not acting in any specif­
ic manner (this statement is not wholly correct and will be 
amplified below); it is merely one of the many factors capable 
of "pulling the trigger”, factors like cold, injury, fatigue, 
plasmoquine, atebrin and the many others. Unfortunately it 
has an unhappy faculty of pulling the trigger.

I have stated that quinine is not acting in any 

specific manner when it pulls the trigger; the statement is 
not quite correct. Phe simple specificity of the reaction and 
the remarkably minute doses effective in certain cases leadd me 
to postulate that while quinine as a factor is not specific, 
this reaction occurs in individuals specifically hypersensitive 
to quinine. In other words it would appear to be a quinine 
hypersensitivity reaction grafted unfortunately on to a malaria 
attack, with the resultant tragic outcome of malarial haemo­
globinuria.



487.
ill this brings us then to consider again our chief 

end, that is, taking all the above factors into account do we 
consider that in the five of our six patients who all received 
quinine, the quinine administration precipitated an attack of 
blackwater fever, i.e. are we parepared to amend our previous 
diagnosis of "intra-vascular haemolysis" to "blackwater fever 
precipitated by quinine", fhe answer is JSTo•

Reference to the table of dosage of quinine and the 
time interval elapsing, page 434, shows that the haemolyses 
all began not less than eight days after the cessation of 
administration of quinine, and furthermore, admittedly a point 
of lesser importance, none of our patients showed any hyper­
sensitiveness to quinine on testing after an interval suffic­
iently long to allow of the re-establishment of sensitivity.

One must therefore presume that "blackwater fever 
precipitated by quinine" is not the diagnosis in the cases 
concerned. Our diagnosis therefore must remain, at present, 
as "intra-vascular haemolysis".

v
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SUMMARY.

This chapter is necessary to exclude or confirm 
whether the administration of quinine played any part, direct 
or indirect, in the production of haemoglobinuria in these 
cases in Razmak in 1938.

fhe chapter opened with a short note on the history 
of quinine, tracing its origin from Peru; thereafter the 
pharmacology of the substance is discussed; it was not possible 
definitely to establish the method or methods, direct or 
indirect or both, whereby quinine produces its effects in 
malaria. It is thought that direct action must play some 
part; two of the actions claimed for quinine in this section 
were haemolysis of parasitised red cells and contraction of the 
spleen.

The toxic effects of quinine were then considered; 
such effects fall into one of two categories, namely, the toxic 
effects of overdosage in the normal individual and the toxic 
reaction to quinine in individuals hypersensitive to this drug. 
On investigation of the first part of the problem it was seen 
that normal individuals do not show serious toxic effects 
following quinine ingestion unless the dose is very high, much 
higher than that received by any of our patients in Razmak, and 
also it was noted in cases of overdosage in normal individuals 
not suffering from malaria that haemoglobinuria is practically
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never found as a symptom; the only such cases on record, 
ten in number, were all pregnant women. therefore if we 

presume our patients not to he hypersensitive to quinine, the 
amount of quinine they received and the long time interval 
between the cessation of quinine ingestion and the beginning 
of lysis definitely excluded any toxic effects of quinine as a 
cause of the haemoglobinuria from which they suffered. Phe 
next part of the problem was that of hypersensitivity to 
quinine; it was seen that in hypersensitive individuals even 
a minute dose of quinine may cause severe reactions. Rut 
again even in such cases haemoglobinuria is very rarely found 
as a symptom, the exceptions being in a very few individuals 
suffering from malaria. Our patients were suffering from 
malaria but the time lag, the law of averages, and the lack of 
quinine sensitivity on later testing all allow us to presume 
that quinine sensitiveness was not responsible for intra- 
vascular haemolysis in Bqzmak in 1938,. i.e. quinine apparently 
did not play a direct part in the production of the haemoglobiib- 
uria. Phis left for consideration the question of whether the 
cause of the intra-vascular haemolysis was an attack of malar­
ial haemoglobinuria precipitated by quinine. Perusal of the 
literature on this last question of quinine in blackwater fever 
shows remarkable differences in opinion. Phe balance of 
evidence,however, undoubtedly incriminates quinine. I suggest 
in this paragraph that the explanation which links the two
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apparently conflicting points of view is that quinine in 
adequate daily dosage will prevent blackwater fever by pre­

venting chronic malaria, but if the quinine is given inter­
mittently, so permitting the establishment of chronic malaria, 
or if administration of quinine is begun at a time when chronic 
malaria is already established, then quinine admittedly may play 
a part in precipitating an attack of blackwater fever;, in doing 

so however it acts non-specifically excepting that the reaction 
is such as to suggest that it occurs in individuals hypersensi­
tive to quinine. Perusal of dosage, time intervals, etc. 
however, all show that our cases did not fall into this cate­
gory of "blackwater fever precipitated by quinine".

We are now in a position to say therefore that quinine 
played no part, direct or,indirect, in the production of 
haemoglobinuria developing in our six patients in Waziristan 
in 1938.

A
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CHAPfjfR VII.

Atebrin as a possible cause of the Razmak cases of 
Haemoglobinuria.

fhree types of antimalarial drugs had been administer­

ed to the individuals who developed haemoglobinuria in Razmak, 
namely quinine, atebrin and plasmoquine. Ahe conclusion has 
been reached, in Chapter VI, that the administration of 
quinine had no part in the production of the haemoglobinuria; 
this leaves atebrin and plasmoquine for consideration, 
logically plasmoquine should be considered first since it was 
the first of the synthetic* antimalarial preparations to be 
produced# Chronologically it was the last of the three 
products to have been given; therefore we shall first consider 
what part, if any, was played by atebrin in the production of 
the haemoglobinuria*

History of the discovery of Atebrin.

As the first World war drew to a close with the Allies 
in possession of all the sources of quinine the Central Powers 
learned again the lesson of the effect of uncontrolled malaria 
on Campaigns. We would like to think it was in a pure spirit 
of science that so much of the energies of the Bayer combine 
were later devoted to attempts to synthesise substances 
effective against malaria. fhey succeeded, and it is poetic
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justice that in the second World war, with quinine in the

hands ox the enemy, it was these synthetic preparations that 
saved the lilies.

Phe work was carried out in the I.G. Pharma Bayer- 
Meister-Iiucius forks at Elberfeld in Germany, unddr the 
general direction of Schulemann Schoenhocfer and Wingler; 
they used as the basis of research compounds derived largely 
from methylene blue.

By 1928 they had so far succeeded that they were able 
to market § substance, beprochin by name, later called 
plasmoquine. Phis substance, the first, is discussed in 
Chapter Till. Plasmoquine had certain real drawbacks,e.g. 
its toxicity and its lack of effect against malignant tertian 
schizonts; research was continued still under the general 
direction of Schulemann and Hoerlein. By late 1929 12,000 
new compounds had been tested in the Research Department of
I.G.Jfarbenindustrie. Mietzsch and Maus, working with Rikuth, 
produced among these a substance originally named Plasmoquine 
R or Srion and later named Atebrin. The acridine ring, see 
page seq., is the basis of atebrin and its success­
ors. Plate Do. XVIII, p. gives details of atebrin, the

base of which is 2 methoxy-6-chlor-9-alpha-diaethyl-amino- 
delta-methyl-pentyl-amino-aeridin. Prom plate Ho.kVIIIit is 
seen that atebrin has affinities both with quinine and



493,.
plasmoquine, for example the side-chain of atehrin is identi­

cal with that of plasmoquine hut is placed in the same position 

as the closed-ring system of quinine. The link ME is also 

the same as in plasmoquine. 'Shis may appropriately come into 
the next paragraph, namely:

She Pharmacology of Atebrin.

She graphic formula for atehrin has heen given in 

plate Wo.XV/ff , p. ̂ 30. In view of the like action to 

plasmoquine in some respects and to quinine in other respects, 

we shall have cause to refer to this formula later. Atebrin 

base is a yellow powder, somewhat bitter to taste and moder­

ately soluble in water. It is marketed in two forms, namely 

tablets for oral use, 0.1 gram each (these are atebrin bi- 

hydrochloride with a little inert material) and atebrin for 
injection - atebrin-musonate = atebrin dimethyl sulphonate.

She Bayer Company also produced an atebrin-plasmoquine dragee 

with 0.1 g. atebrin and 0.0033 plasmoquine; this is no longer 
made. Swo obvious results of the broadening of the ring 

system from quinolin to acridin are a relative freedom from 
immediate by-effects and prolonged retention in the body.

Atebrin tablets when taken by mouth are absorbed from 

the small intestine. Hocht and Meyer (1937) say the absorp­
tion is rapid. fixcretion begins a few hours after ingestion. 

When the drug is given by intra-muscular injection excretion
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is said to begin within one hour# Some idea of the drug 

levels in the blood is to be got from the work of Fairley 

(1945) who showed that on a dosage of 0#1 g# atebrin daily 

the peak value was reached.about the twenty-fifth to twenty- 

eighth day, i#e# after ingestion of 2.5 g. After this dosage 

over a period of time the average blood concentration was 

21,2 micrograms per litre. And Maegraith (1946b) gives the 

following very interesting figures#
Atebrin whole blood concentration - 208 micrograms per litre#

pla sma as 60 w n ”

red cell layer = 40 11 ” "

white cell layer = 9600 ,T ” ” •

In 1946 also the Armoured Medical Research laboratory, 

U.S#A#» issued a report on the problem of blood concentrations 

of atebrin and found that plasma levels rose gradually during 
the first three to six weeks, after which it is steady.

fhe mean plasma level' was 30 micrograms per litre for 

each 1 gram taken per week, with a loss of, 10fo concentration 
each day. Actually Fairley (1945) was the first carefully 

to assess the levels and he had said then that the die-away 

averaged ten per cent daily of the level present, with con­

siderable variations in values towards the end. As will be 
seen later, Chapter Till, this may have proved of importance in 
the question of increasing plasmoquine toxicity#



€ 95#

One other finding was that of fhonnard-Heumann 

(1931) who carried out X-ray examinations of the gastro­

intestinal tract after administration of (dragee) combined 

atebrin and plasmoquine and found a hyperperistaltic stomach, 

together with spastic contractions of the large and small 

bowel#

Atebrin is slowly excreted unchanged in the bile and 

in the urine which may become yellow with large amounts; the 

excretion begins, as was said, in a few hours and rises to a 

maximum in twenty four hours; elimination from the body 
continues long after the last dose. Field (1939) says that 

traces have been present in the urine several weeks after the 

last dose; he also claims that only 1/7 of the atebrin 

administered can be recovered from the. excreta and the fate 
of the remaining 6/7ths is uncertain. There has been rela­

tively little work done on this and the figures are difficult 
to confirm. In certain tests carried out by us in Razmak 

we did find traces of atebrin in the urine at least five weeks 
after the last dose in practically every individual tested, 
fropp and Weise (1933) using colorimetric methods have shown 

that the atebrin is excreted in equal quantities in the stools 
and the urine, and that the excreted pigment is physically and 
biologically identical with atebrin. fhis stability of 

atebrin and its persistence in the body are qualities due to
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the aeridine ring and they are of importance since they allow 

of concentration-being maintained in the body with intermitt­

ent dosage, as compared with the quick excretion of quinine.

On this point Hecht (1933) has an interesting theory. He

claims to have established that a large portion of the atebrin

taken in by mouth is retained in the upper intestine, liver 

and bile, and claims that it undergoes a circulation inside 

the body rather like that of bilirubin, namely liver-intestine 

-liver-intestine. He considers that the drug circulates in

this way before reaching the blood in any amount and that when 

atebrin does reach the blood and is found in it, this is the 
overflow from continued dosage during which the liver has 

become saturated. Shis is a tempting hypothesis and would 

explain why atebrin given orally has no immediate effect on 
the symptoms. It is generally taught that atebrin does have 

an immediate effect but this is incorrect and many workers still 

prefer to begin the treatment of malaria with quinine in order 

quickly to make the patient comfortable, then to carry on with 
atebrin. Hecht obviously accepted this when he says that 

atebrin given orally has no immediate effect upon the clinical 

picture, with the parasites and fever remaining uninfluenced 

up to one to three days. By his theory the first nine tablets
of an atebrin course are supposed to be used up in saturating

the liver and only the remaining six are available. There is 
no proof of this however.
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We shall leave the discussion of the toxic effects of 

atehrin to a separate section and shall discuss the effects 

of the drug on the malaria parasite. Here also there is no 

definite information although there are several theories.

Field (1939) considers that acebrin has the virtues 

and defects of quinine; he summarises its effect as the 

same, see Plate Ho. XIX, page 43<) , i.e. in human malaria it 

is an effective sohizonticide but a poor gametocide especially 

against crescents. He thinks atebrin is more efficient than 

quinine in certain directions and in others is less efficient.

Peters (1935) thought that the action of atebrin was direct 

in all probability, atebrin having a marked affinity for 

parasites, to which it becomes firmly attached. Chopra 

(1936) said that the destructive action of atebrin on the 

parasite appears exceptionally powerful.

One of the earliest notes on the dosage is given by 

Muehlens and Fischer (1930-31) quoted by Hocht and Mayer.

They recommend 0.3 g. daily for seven to ten days. Chopra, 
Cupta and Sen (1936), quoting the makers of the drug, said 

that the usual effective dose of atebrin is 0.3 g. daily for 

five days. They treated fifty four cases of malaria, the 
majority being given atebrin-plasmoquine dragees. In two 

oases they found parasites in the peripheral blood after eight 

days of this treatment, and several more of the fifty-four
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cases still had parasites in the blood on the sixth day. In 

one mixed case whom they treated benign tertian parasites 

disappeared on the eighth day and reappeared within one 

month.

In the same year Chopra, Das Gupta and Roy (1936) 

considered that atebrin had a more or less direct action.

Hocht and Mayer (1937) said that there was no definite 

proof whether the action of atebrin was direct or indirect 

and pointed out:
1. Removal of the spleen and blocking of the reticulo­

endothelial system does not affect the action; 

this, of course, is a very crude and incomplete 

method of investigation.
2. Atebrin musonate, mixed with malarial blood and 

incubated for half an houry apparently caused 

considerable prolongation of the incubation period 
when infected blood was injected into mental 
patients.

3. Testing with the fluorescence microscope of the 

blood of a patient with benign tertian malaria to 

whom an intra-venous injection of 0.2 g. atebrin 
had been given was said to have shown that selec­

tive combination of atebrin and parasite had 
taken place, and the combination was fast and 
durable.



499.

Another report is the work of Oiuca et alia (1937) 

who dissected out mosquitoes on a slide in a solution of 

medicament, then injected the sporozoites intra-venous ly 

into mental patients. They concluded from their results 

that malarial sporozoites under certain conditions are able 

to withstand the direct application of atebrin in 1/2500.

If the effect of atebrin is direct then it is diffi­

cult to explain the persistence of parasites in the blood

after several days of treatment with the drug unless there is 
sane system of retention of atebrin in the organs of the body
suggested by Hecht, see above. The makerw originally 
suggested a five day course and the suggestion was supported
at first by the League of Rations Commission, but this course

is too short, e.g. lfocht and Mayer (1937) agree.

There is obviously little reserve when the patient 

is on a five day course and Hoeht and Mayer consider that the 
course should be a seven day one of 0.3 g. daily; they 

especially stress the importance of this in malignant tertian 
malaria.

In the fourth General Report (1938) the League of 

Rations Commission find that in a patient on an atebrin dosage
of 0.3 g. daily:

P.vivax trophozoites disappeared from the peripheral
blood on the 3rd day.
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Malignant tertian trophozoites disappeared from the

peripheral blood on the 4th day in 

90>o of the cases.

An investigation on this point was carried out by us 
in Razmak in 1938 and 1939. These results were surprising.

The individuals examined were patients on atebrin plus 

plasmoquine in the dosage of 0.3 g. atebrin and 0.03 g. 

plasmoquine daily; both benign tertian and malignant 
tertian cases in this investigation showed 3.5^ still to 

have parasites in the peripheral blood on the fifth day of 
treatment.

Similar tests were carried out using 0.3 g. atebrin 

alone for five days and both in nialignant tertian and benign 

tertian cases parasites were found in the peripheral blood 
on the fifth day in twelve per cent of patients. Innes 
(1947) found that even on a dose of 0.6 g. atebrin daily 

patients with benign tertian malaria showed parasites present 
in the blood after two days.

Obviously therefore the five day atebrin course is 

not sufficient to sterilise the peripheral blood in a signi­
ficant number of individuals. The Army in India was fully 

aware of the dangers of the short course as a routine, and as 
early as 1934 the D.M.S. India pointed this out when he said
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that trials of the therapeutic value of atehrin had been 
tried for thirteen months and the findings were that even a 
seven day course is not perfect, e.g.:
Course Ho. 1. .Atebrin 0.3 g. for five days — plasmoquine

0.03 g. for five days: 1 3 . 2 relapse.
,T 11 2 Atebrin 0.3 g. for seven days — > plasmoquine

0.03 g. for five days: 12.1^ relapse.
I’he longer atebrin course was then adopted as the official 
method of treatment of malaria in the Army, with the modifi­
cation that only 0.02 g. daily plasmoquine should be given
to Indian patients; atebrin and plasmoquine had not to be

•

administered concurrently because of increased toxic symp­
toms. One year later, in 1^35, the h.M.S. separated the 
atebrin and plasmoquine parts of the course by a three-day 
rest period further to cut down the incidence of toxic 
symptoms. It may also be inferred from this 1935 report 
of the Army authorities that the Army physicians had found 
atebrin inferior to quinine in controlling the symptoms at 
the beginning of treatment in spite of the general belief 
to the contrary. This may not be taken to infer that the 
final results of atebrin are inferior to those of quinine; 
in fact they are very much better. One very strong indica­
tion that a five-day course of 0.3 g. daily of atebrin is 
not sufficient is the fact that practically all modern types 

of treatment begin with a heavy initial dose, e.g. 1.2 g±
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daily, gradually tapering off to 0.4 g. daily.

In 1939 Field confirmed that in Malaya quinine brought 
the symptoms and signs of malignant tertian malaria more 
quickly under control than did atebrin, and the 1938 report 
of the league of nations Malaria Commission also comments 
upon the advantages of using quinine first. It has been our 
practice to do so since 1938. These clinical findings are 
of value in attempting an assessment of the function of 
atebrin in its attack on the parasite. This is possibly 
only of historical interest now, however, and may be brought 
to a close by a consideration of what was some few years ago 
one of the major malarial problems facing mankind, namely the 
effectiveness or otherwise of atebrin in prophylaxis against 
malaria. This has been discussed at short length in Chapter 
I where a description is given of its use in Waziristan. The 
earlier reports had given favourable figures, e^g. Soesilo and 
Gilbert (1934) who allowed mosquitoes to bite a patient carry­
ing malignant tertian gametocytes then, later, allowed the 
mosquitoes to bite thirty three men. The men were divided 
into two groups, twenty-two of them were given prophylactic 
atebrin 0.2 g. daily for from four to six days; at the end 
of an eight-months observation period fifteen of the men were 
still free from malaria; eleven men served as controls and 
within two weeks ten of these had developed malaria. These 
figures are surprisingly favourable to atebrin in view of
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later work. The best report on the subject is that publish­

ed by Fairley (1946) who carried out a series of highly 
interesting experiments at Gairns in Australia. There is 
little to question in his conclusions that the prophylactic 
action of atebrin is probably schizonticidal, i.e. medico- 
curative to use Sergent*s phrase, i.e. it is not a true 
causal prophylactic in malaria.

Fairley found that in tests with malignant tertian 

malaria 0.1 g. daily of atebrin virtually abolished recru­
descences and if continued for twenty-eight days after the 
last exposure cure invariably resulted, but with benign 
tertian malaria, doses of 0.1 g. daily merely suppressed the
benign tertian; overt vivax malaria develops with great 
regularity a few weeks after suppressive atebrin has stopped.

Fairley considered this to be due to the persistence 
of the, at that time, hypothetical exo-erythrocytic forms.
He came to the conclusion that if daily atebrin is taken then |
a Force can be employed in hyperendemic areas of malaria j

i

without significant malarial casualties and that there should j 

be no deaths from malaria and no blackwater fever and that 
after cessation of atebrin suppressive treatment the residual j 

problem would be exclusively that of benign tertian. This 
was our experience in 1938 as we have pointed out in Chapter 
I.
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We can summarise this short account of the pharmacology 

of atebrin by saying that it is a drug easily absorbed and 
only very slowly excreted; it acts less fast than quinine 
in controlling signs and symptoms although the end results, 
e.g. relapse rate, are much better than those of quinine; and 
its action cannot definitely be said to be direct or indirect. 

The summary brings out two facts which are of importance in 
our particular problem, namely:
1. That the dose of atebrin 0.1 g. daily even over a period 

of some considerable time fails to prevent benign tertian 
malaria from becoming overt once the atebrin is stopped.
This is in agreement with our experience in 1938 and shows 
that whatever strain of benign tertian malaria was picked 
up on the Kharre Column was not destroyed by the prophylac­
tic atebrin begun during that Column. It is to be re­
marked that all of the six patients who developed haemo­
globinuria had been suffering from benign tertian malaria.

2. That a five-day course of atebrin 0.3 g. daily in the 
treatment of malaria fails to clear the peripheral blood 
of parasites in a small percentage of cases; our experi­
mental figures ware about 12$. This means that the six 
patients who had been under treatment for malaria, all of 
them with benign tertian malaria, may conceivably still 
have had parasites in the peripheral blood at the end of 

their five-day course of atehrin. Tacit acceptance of
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these facts is shown by modern types of courses of 

treatment which usually begin with a heavy initial dose 
of atbbrin, e.g. about 1.2 g. on the first day, and 
tapers over a period ox days to 0.4 g. daily.

With these facts in mind we may now consider:

Toxic side-effects of atebrin.
The discussion on the toxic effects of quinine, 

Chapter VI, began with a statement that such toxic effects 

fall into two categories, namely the effects of overdosage 
in the normal individual, and the effects of a dose of drug 
in individuals hypersensitive to quinine. Even up to a
very few years ago a similar discussion on atebrin would 
have opened with the statement that unlike quinine atebrin 
induces hypersensitivity only with great rarity and that 
this aspect of poisoning need not be considered. This last 
statement cannot be accepted today. Evidence is now accumu­
lating to show that atebrin can and does produce hypersensi­
tivity even although the incidence is low and the reactions 
are less dramatic than is the case with quinine hypersensitiv 
ity.

We shall therefore open the question of toxicity of 
atebrin by dividing the problem into two sections, namely, 
the reaction of the normal person to overdosage, and secondly 
the reactions to the drug of individuals hypersensitive to it



506.
1* ffoxio effects of overdosage of atebrin administered to 

normal individuals.
The most striking feature of a review of the literature 

on this point is the remarkable agreement on the safety of the 
drug; examples of toxieity are quoted but almost always as 
exceptions proving the rule of great safety. The dosage 
recommended of atebrin was 0.3 g. daily for a seven-day period 

and this was the daily dosage used by us. Details of the 
actual amount of atebrin xaken by our six patients who develop­
ed haemoglobinuria are given below, Figure Ho. 19.

Figure Ho. 19. The relationship in time and 
dosage of atebrin administration 

and onset of lysis.

Case
Ho.

!!Total dosage 
atebrin given 
,(grammes/

Ho. of 
doses.

. -----------T
Ho. of days ; 
during wh. 
atebrin was 
administered

Min. time inter­
val in days 
btwn. cessation 
atebrin and 
beginning of 
lysis.

1 1.5 g. 15 5 4 days.
2 u ii 7 ii

3 « it « 5 ii

4 H ii ti 3 it

5 ti it n 4 n

6 ti o ii 4 ii
i

This was the type of dosage until after the beginning 
of the second World War. Within the last few years the
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the majority of workers have adopted eourses of treatment 
with an initial heavy dosage, say about 1.2 g. on the first
day and tapering off to about 0.4 g. on the third or fourth

day; this would seem to be tacit acceptance of the fact 
that the older course of atebrin did not get a grip on the 
disease until the third or fourth day, and suggests that
atebrin does not become effective until a certain blood
level has been reached. This dosage of 1.2 g. on the first 
day is four times that previously used and four times that 
initially recommended. This would suggest that the drug 
has a wide safety margin between therapeutic dosage and 
toxic dosage, a fact well borne out by records. Naumann 
(1934) also talks of atbbrin as the most neutral of all 
products; Barbosa (1934) gives details of five cases 
accidentally treated with very large doses of atebrin, e.g. 
one infant, aged 9 months, was given eight doses in thirteen 
days of one gram on each occasion - this is about forty 
times the maximum therapeutic dose for that age - and yet 
apart from yellow colouration only transitory symptoms were 
noted, namely slight diarrhoea and slight liver enlargement. 
In animal experiments Scudi et alia (1944) found that the

l.D. 50 dose in rats was equivalent to about 300 tablets in 
man. Probably the best illustration however of the safety 
of the drug is that atebrin was used in Mllions of doses 
daily over a period of several years and yet without



significant evidence of poisoning. Drew and Reid (1945) 

investigated 102 soldiers who had been on prophylactic 
atebrin 0.1 g. daily except Sundays for periods varying from 
four to eighteen months and could find no evidence of toxic 
action on the kidney, liver or the blood-forming organs; 
examples more striking than these are available however; I 
personally, and many of my men, took 0.1 g. atebrin daily 
without any break at any time for a period of over three 
years without the development of toxic effects. Other
examples of the safety of the drug are given by:
Bispham (1941) who found that in almost fifty thousand 
individuals treated with prophylactic or therapeutic atebrin 
there were only thirty eight cases with severe effects; these 
strangely were largely abdominal upsets, namely symptoms of 
vomiting, diarrhoea, anorrhexia and epigastric pain; some 
of them had precordial pain and restlessness.
Also Markson and Dawson (1945) record a patient who took
0.7 g. atebrin weekly for sixteen months as a suppressive of 
malaria and then swallowed 25 gms. deliberately. After ten 
minutes he began to vomit, followed by diarrhoea, became weak 

and drowsy, then after three hours became stuporose, skin 
cold and clammy, poor pulse, contracted pupils. On that day 
the plasma concentration was 906 micrograms per litre but fell 
rapidly. The cerebro-spinal fluid never showed any atebrin 
and the urine remained clear. The patient recovered within
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twenty-four hours*
Eindlay (1947) while not giving details says that many surveys 
had been carried out oil troops who had been taking atebrin for 
one to three years and that the surveys showed no evidence of 
damage to the cardiac, respiratory, haernatopoeic and nervous 
systems*

Eield (1939) said that in animals fifteen times the 
therapeutic dose did no harm, fhe only toxic effects 
sufficiently common to cause comment were mild gastro-intestin­
al symptoms. fhe Indian Medical Gazette (1935) talks of 
these as unimportant side-effeats affecting' 1 - bfi of people. 
One point of interest already mentioned is that the sumultan- 

eous giving of atebrin and plasmoquine appears to increase the 
toxic action of both, especially the toxic effects on the 
gastro-intestinal tract. This is a well recognised phenomen­
on, to be discussed later, and no satisfactory explanation has 
ever been given for it. Ihonnard-Neumann (1931) working on
this problem of abdominal pain carried out X-ray examinations 
of the gastro-intestinal tract after administration of combined
atebrin and plasmoquine and found a hyperperistaltic fctomach
with spastic contractions of the large and small bowel.
Experimental poisoning of rats by Scudi et alia (1944) showed
that huge doses were necessary to poison the animals and that
food played a part in the keeping alive of the rats; fasting
caused greatly-increased.liver damage. In the fatal cases
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there was no necrosis of the liver and the gastro-intestinal 
tract was distended with fluid of a serous character. In 
the great majority of fatal cases in the human no mention is 
made of these findings however. ihere is one other finding 
that' is classed wrongly as a toxic effect, namely, a finding 
which is the most common of all the effects of atehrin - its 
skin-staining properties; it is a usual finding that all 
persons who are given atehrin treatment for more than a week 
develop a yellow discolouration of the skin; at first this 
was regarded as a toxic effect of atehrin upon the liver, the 
yellow colour being due to jaundice but this was soon proved 
to be wrong. Nocht and Mayer (1937) claim that the yellow 
colouration of the skin is a frequent secondary effect and 
that the whites of the eyes are not affected, the colouration 
being due to deposition of the dye in the skin and not a 
photosensitisation phenomenon such as is found with other 
acridine dyes. Field (1939) agrees and says, that two to 
three per cent of individuals under treatment develop yellow 
staining which he claims also affects the sclerae. I con­
sider this figure of two to three per cent is a gross under­
estimate and I consider that the sclerae are generally not 
stained. Ihis staining is now accepted to be harmless, 
fhe question of whether or not it is really harmless will 
require to be reconsidered possibly in the future in view of 
the findings in recent years of marked skin reactions in
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individuals taking atebrin.

On this question of affection of the eyes Findlay 
(1947) mentions that certain individuals in contact with 
atebrin dust have developed a curious corneal condition, a
peppering of the whole surface of the cornea, this producing i
a difraction effect. Findlay (1947) also agrees that yellow j
staining of the skin is rarely seen on the sclerqe; he also !
points out that this yellow deposit renders the tissues j
fluorescent. j

!Serious toxic effects in the human seemed, in the j
earlier reports very largely to be concentrated on the central I
nervous system. It is difficult to classify this and the
other types of reaction to be reported; in a drug with such 
a very wide margin of safety as has atebrin the appearance of 
certain toxic effects in a very small number of people must 
necessarily raise the question of whether these toxic effects 
are an expression of low-grade hypersensitivity in the indi­
viduals affected. It is on this assumption that I proceed 
to discuss the remaining toxic conditions. I specifically 
exclude mild gastro-intestinal symptoms which are relatively 

common and may reasonably be presumed to be a true mild toxic
effect in normal individuals, but the remaining toxic effects
I class as under the heading of hypersensitivity reactions.

fhis qualification will almost certainly not be 
accepted but it is not really of primary importance that it !
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should he since we are interested in the problem only from 

the narrow viewpoint ox whether or not atebrin is likely to 
have been responsible for the onset of the haemoglobinuria 
in our six cases, and the question of how the toxic reactions 
should be classified is only of importance in that if our 
theory of hypersensitivity be accepted then this type of 
reaction is obviously much more common than previously 
thought, and conceivably much increases the possibility of 
the onset of haemoglobinuria being a hypersensitivity pheno­
menon.

2. foxic effects produced by atebrin in 
individuals hypersensitive to it.

Among the earliest of the more serious toxic effects 

associated with the giving of atebrin was that of toxic mania,
i.e. ’’atebrin psychosis1’. We are classifying it here as a 
reaction found only in individuals temporarily sensitive to 
the drug - although the general belief is that it was a simple 
toxic reaction. According to Field (1939) Conoley was the 
first person to draw attention to this, mentioning it in an 
unpublished medical paper read at Kuala Lumpur in 1933. The 
condition appeared to be a true toxic mania developing shortly 

after the beginning of treatment and lasting at the most only 
a few days,, leaving no residual abnormality. Fhe suggested 
incidence was about 1 in 1,000 of individuals receiving thera­
peutic doses of atebrin. After the individual so affected
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had recovered it was practically never possible again to 
produce mania, even by administration of heavy doses of 
atebrin. It seems to have been the experience of all 
workers, however, that this particular manifestation of 
toxicity of atebrin has become less common in recent years, 
fhe average incidence very roughly speaking was about one 
in a thousand before the outbreak of the 1939 war but since 
1939 the incidance reported is very much less than this in 
spite of literally a millionfold increase in the use of 
atebrin from 1939 onwards. fhe references are mainly 
pre-1939, e.g. Nocht and Mayer (1939) who say that atebrin 

mania is a secondary factor, a condition of cerebral excite­
ment similar to alcoholic delirium usually lasting a few 
hours. Among the few later reports are those of Bang et 
alia 41947) and of Findlay (1947). Bang et alia (1947) 
reported a series so unusual as to raise suspicions of some 
undetected and unreported factor at work. Fhey report that 
of 110 patients treated with atebrin six developed cerebral 
symptoms on the fifth or sixth day of treatment. fhe treat­
ment was, first day 1.2 g. atebrin, second day 0.8 g. atebrin, 
third to seventh day 0.4 g. atebrin daily. Four of the six 
patients had manic states with confusion and two had epilep­
tiform convulsions. fhis series is quite out of keeping with 
anything ever reported in this connection and should be 
regarded with serious suspicion. Findlay (1947) does mention
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toxic psychoses and also gives a surprisingly high figure.

In a total of 89,168 cases quoted by fifteen authors he stated 
that the incidence was 1.4$. these apparently occurring during 
and after malaria and its treatment, never with prophylactic 
atebrin. Usually the onset is sudden, and manic in character, 
lasting one day to five weeks, and generally followed by com­
plete recovery. In Findlay’s series the dose previous to the 
onset varied, e.g. in one case as low as 0.5 g. This'last 
statement is in keeping with a hypersensitivity factor in the 
causation of the condition. Findlay’s figure of 1.4fo is very 
high indeed in view of our previous remarks. Involvement of 
the nervous system in ways other than the production of mania 
is mentioned by:
Field (1939) who states that fatal doses of atebrin in two

guinea pigs caused convulsions;
Markson and Dawson (1945) who mention coma;
Bang et alia (1947) who record two cases of epileptiform 

convulsions;
Findlay (1947) who mentioned that rarely one may find myelo-

radieuloneuritis and polyneuritis.
This last author thinks that these nerve changes and mental

changes may be caused by atebrin interfering directly with
the metabolism of the nerve cell but it is difficult to see
how this can be so when so many of the cases developed such
conditions after a very small amount of the drug.

The next type of reaction is dermatitis. We have 
mentioned how toxic mania was much discussed before 1939 and
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is relatively little discussed or mentioned nowadays; this 

is the reverse of what has happened with skin lesions due to 
atehrin. Before 1939 it was a subject practically not to 
be seen in literature whereas today it is by far the most 
commonly discussed of the toxic effects of atebrin. There 
seems little doubt that since 1943 the condition has become 
apparently much more common. The picture generally follows 
a fairly definite course and produces a fairly uniform type 
of skin lesion; it is very unlikely that this was overlooked 
before; my own experience may be quoted. At one time I was

specialist in charge of dermatological wards in Shaiba, in 
Iraq, and we had rarely less than thirty bed patients at any 
one time, but the type of lesion which one later came to 
associate with atebrin was not seen in any numbers in the skin
wards. One of the few references to this particular type of 
toxic upset is one which has been overlooked and its signifi­
cance has not been appreciated. It is that of Fields (1939) 
who reported that in Malaya even with prophylactic doses of 
atebrin there had been seen sometimes a dry irritable scaly 
thickening of the soles and the pains and he mentioned that 
Italian workers report drying of the nasal mucosae. This 
was significant when one considers the repeated reports of 
skin reactions in later years. Other workers who have 
vaguely mentioned the subject of skin abnormalities at that 
time were:



516.

layadu (1937) who described two eases of giant urticaria
thought to be related to the taking of atebrin, and 

Storey (1938) who reported one case of macules on a background 

like a typhus case.

Among the earliest of these later reports is that by 
Mohr (1944). He talks of reviewing the available literature 
(possibly the literature of the Allies was not readily avail­

able), and he concludes that with the usual dosages of 
atebrin evidence of true hypersensitivity is very rare; in 

his review of the literature which includes records of large 
numbers of German troops, he could find only three cases of 
"idiosyncratic allergic reactions” to atebrin; one feature 
was resistant urticaria following atebrin administration,

with the skin tests positive to atebrin, and also to quinine. 
Ouster (1946) was of the same mind in his report on aplastic 
anaemia thought to be related to the taking of atebrin. 
iwenty five of his cases of aplastic anaemia showed a pre­
ceding atypical lichen planus; he also thought that the con­
dition may be due to a slowly acquired hypersensitivity with 
the antigen possibly being formed through inter-action of 
the drug and protein.
Kierland (1946) mentions dry eruptions resembling lichen 
planus developing in individuals three to six months after 
the beginning of atebrin prophylaxis; some showed aplastic 
anaemia with death.



Williams (1947) considers the syndrome to be an established 
fact and considers the incidence to be 1 in 2,000; in a 
series reported by him the initial symptoms appeared after 
mepacrine had been used for two to three months; he considers 
that the wide distribution of the disease in his cases, its 
appearance in different races, its independence of climate 
and its invariable association with the use of atebrin seems 
to prove the direct causative role of the drug.
Russell (1947) in discussing a case of skin lesions in England 

suggests that the condition is the result of cumulative action 
of atebrin and does not consider there is any evidence of 
idiosyncrasy.
Findlay (1947) discusses skin lesions associated with the 
taking of the drug; he particularly discussed lichenoid
dermatitis. He says the complex has been seen in all theatres 
of war and thinks that climatic and geographical factors may 

have played a subsidiary role; the skin lesions assumed many 
forms, sometimes lichenoid and sometimes eczematoid; they 
even showed acute explosive generalised exacerbations, some­
times preceding a secondary exfoliative dermatitis; histolo­
gical examination showed the lesion to be in the basal layer. 
He also mentioned several forms of dermatitis. In eighty per 
(Sent of the cases the lesion had developed within seven months 
of beginning the drug, but he considers that there has been 

much evidence thkt the drug is HOT the primary factor. He
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thinks that the liehenoid eruption may he the result of action 
of various agents on tissues devitalised by long-continued 
dosage of atebrin but does consider that the eczematoid type 
of reaction is simply a drug sensitivity and claims that 
patch tests were positive.
Agress (1946) quotes five oases of hepatitis and exfoliative 

dermatitis in Chinese which the author thinks were the result 

of atebrin administration; this represents an incidence of 
1 in 3,000; three of the five patients died. A striking 
feature was a rash from the second to the tenth day after- as 
little as 0.1 g. There was no increase in urobilinogen.

In view of the dosage it is difficult to explain these 
cases on anything other than a basis of individual hypersensi­
tivity to the drug.

This completes the few notes on the skin lesions

associated with the taking of atebrin. i'he consensus of 
opinion appears to be that these lesions are a hypersensitivity 
phenomenon, not unlike the skin lesions which have been report­
ed in individuals engaged in the handling of the drug. A 
factor on which information is lacking is the type of climate 
in which the lesion developed. This type of skin condition 
seems to have been rare in the Western Desert but was reported 

with significant frequency in the Burma jungles; there has 
not been enough information published on this point to enable 
one to express a definite opinion.
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So far we have not mentioned what records exist of

4
the effect, if any, o f atebrin on the red cells. iProm our 
point of view this is an important question. ISxpert 
evidence of the effect of atebrin on red cells is meagre. 
Hecht (1932) states that atebrin does not cause the forma­

tion of methaemoglobin either in vivo or in vitro 
and that it does not cause haemolysis.

2ylmann (1944) reports in vitro and in vivo experiments on 
the haemolytic properties of atebrin and other syn­
thetic antimalarials, and reviews the German litera­
ture; he found that atebrin had a lytic effect on 
all red cells from l/50 - 1/200 molar whereas 
plasmoquine had little effect. He also claimed to 
have found that when specific amboceptor and atebrin 
were injected together haemoglobinuria resulted and 
claimed that atebrin had a strengthening effect on 
the haemolytic action of amboceptor.

Birnbaum et alia (1946) report that red cells from malarial 
patients lake more readily in bile solutions than do 
normal cells and claimed that atebrin, in common with 
quinine and plasmoquine, accelerates this haemolysis 
in the presence of bile. fhey claim that atebrin 
exerts a particularly remarkable enhancing effect, 
e.g. hastens, lysis in a dilution of 1 in 200,000 in 
association with bile; the authors however admit that 
the drug by itself is non-haemolytic in vitro even in



high concentration.
Mushett and Siegel (1946) were able to produce definite

haematological changes in rats, mice, hamsters and 
various other animals, including monkeys. These 
take the form of basophilic inclusions both in the 
lymphocytes and in the red blood cells; the doses of 
the drug used however were about fifty times the 
therapeutic dosage.

These are the findings in experimental cases; there are 
certain records available showing the effect in human beings 
under treatment; among them are;
Neumann (1934) reports a case of paroxysmal haemoglobinuria

in whom an attack of haemoglobinuria could be precipi­
tated by quinine and plasmoquine but not by atebrin. 

Indian Medical Gazette (1935) Editorial, points out a fallacy, 
saying that among immediate by-effects recently attri­
buted to atebrin was haemoglobinuria. They point out 
that in such cases closer investigation has nearly 
always shown that plasmoquine was also being administer­
ed. This is quite correct. I have analysed several 
of the cases to be found in literature with titles of 
"atebrin haemoglobinuria" and the like, e.g. Moir 
(1933), and I have found that plasmoquine was also 
being given. The Editor concludes that in atebrin 
administration while one to five per cent may show 
unimportant side-effects, with ordinary dosage this
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drug will not cause serious symptoms in more than 
1 in 1,000. He does not say what he means by serious 
symptoms •

Chopra (1936) specifically mentions that atebrin has a wide
margin of safety with the toxic symptoms mainly in the 
gastro-intestinal tract and that blood changes had 
never been observed.

Napier (1938), on the other hand, states that occasionally
an idiosyncrasy is to be found to atebrin but here he 
was including yellow colouration of the skin which can 
hardly be regarded as idiosyncrasy. He claims that 
personal idiosyncrasy may produce, among other symptoms, 
haemoglobinuria but gives no support for his statement.

Custer (1946) quotes certain evidence which though not a 
support for the suggestion that atebrin does cause 
haemolysis, does certainly suggest that it may have an 
effect on the haematopoeic tissue. He found that 
aplastic anaemia was the cause of a disproportionately 
high death rate in areas where atebrin prophylaxis was 
in force. He considered as we have already said that 
an antigen-antibody reaction was involved.

Findlay (1947) also mentions aplastic anaemia and agranulocy­
tosis among the rarer toxic manifestations associated 
with the taking of atebrin.

Maegraith (1946a) however considered that there was no evidence • 
of any value that atebrin is a haemolytic drug or has



any effect on haemolysis in vivo; he considers the 
drug can he taken as a suppressive for very long periods 
without haemolytic effects and that it can he given in 
large doses even intra-venously without haemolysis.

fhis portion can he summarised by saying that atebrin
is apparently capable of causing toxic effects in two w^ys,
when given to normal individuals and when given to hypersensi­
tive individuals. fhis latter category has only recently come 
to be recognised. atebrin is seen to be a remarkably safe 
drug, the toxic dose being many times the therapeutic dose; 
in view of this we departed from the generally accepted theor­
ies and classed as ordinary toxic side-effects only tiie mild 
gastro-intestinal symptoms found in a significant proportion 
of normal individuals taking the drug - skin staining has not
been included as a toxic symptom since it is merely a deposi­
tion of dye.

Other effects have been classed as examples of hyper­
sensitivity, a classification not likely to be generally 
accepted. fhe first of such reactions, previously thought to 
be a simple toxic reaction, is atebrin psychosis, found at one 
time in about 1 in 1,000 cases though now apparently much less 
common excepting in certain series where the incidence is high. 
•Another effect discussed is the type of skin lesion which has 
come increasingly to be reported following atebrin administra­
tion; the lesions are generally lichenoid in character; the
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consensus of opinion is that these skin lesions are another 
illustration of low-grade hypersensitivity. The effect of 
atebrin on the red cells was then discussed, the conclusion 
being that there is evidence that atebrin in no way caused 
haemolysis in vivo and that it may cause aplastic anaemia, a 
rare manifestation of hypersensitiveness.

There is one other factor to be considered here, one 
which has already been mentioned in brief in Chapter II, 
namely the possibility that we had been dealing in Razmak with 
toxicity resulting from a batch of atebrin tablets of greatly 
increased toxicity. This batch variation in toxicity is not 
an uncommon feature in various organic arsenical preparations 
but it has never been reported to have occurred with atebrin. 
We have described the care taken to ensure that each man 
received only the dosage ordered, and we have said how the 
tablets were kept under lock and key, and in coloured bottles, 
furthermore, no increase in toxic side-effects was noted to 
be a feature of the treatment of malaria casualties during 
the three-month period July to September 1938, the period 
during which the haemoglobinurias developed. The atebrin 
used in the six cases came from three separate batches of 
the drug which had also been used in large numbers of other 
patients. Tablets from the last batch of atebrin were the 
only ones available for testing when it was decided to do 
this; ten volunteers, the writer included, took 1.0 g. each
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for seven days without ill effect except gastro-intestinal 
discomfort of mild degree; this of course ia no real test 
and arrangements were made with the I.G. farbenindustrie 
through the local representative in India for experiments to 
he put in hand to test the toxicity of the remainder of the 
atebrin; but 1939 had well advanced and events necessitated 
abandonment of the tests.

This likelihood of increased toxicity of one batch 
or rather one group of batches is so very unlikely and the 
remainder of the evidence submitted is so strongly in favour 
of the harmlessness of atebrin that we are entitled now to 
conclude that atebrin played no part in the causing to develop 
of the haemoglobinuria which developed in the six patients 
undergoing treatment for malaria in Bazmak in 1938.

This does not, however, prove whether or not atebrin 
acted as an exciting factor to produce blackwater fever; 
this shall now be considered.
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atebrin and Blackwater fever.

We have seen in the previous section that atebrin 

is a very safe drug with a wide safety margin and that while 

in a rare case it may produce phenomena of hypersensitiveness 

it has never been found to play a part in the production of 

haemoglobinuria per se.

The question then arises whether it may have precipi­
tated an attack of blackwater fever in our six cases of 
haemoglobinuria, making the diagnosis "blackwater fever related 
to atebrin administration".

ktebrin has never hdd the grim notoriety possessed by 
quinine in this matter, e.g. Chopra (1936) considers that 
atebrin can be given to patients suffering from blackwater 
fever without ill effects and hocht and Mayer (1937) say 
unequivocally "this much is certain", namely that atebrin is 
a perfect substitute for quinine as a prophylactic in cases 
of aversion or idiosyncrasy and in threatened blackwater fever.

Other workers are less sanguine, e.g.
Boy and Kondi (1937a) say that atebrin ij3 capable of firing- 

off an attack of blackwater fever out stress the point 
that the action is non-specific; as will be seen below 
they had some reason to make this statement. This was 
still the opinion of Roy and Kondi in 1943 where they 
repeat that atebrin may pull the trigger in blackwater
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fever but in this respect it is only one of several 
substances capable of doing so. 

low and Fairley (1942) also claim that atebrin infrequently 
precipitates blackwater fever.

These are all expressions of opinion; what are the 
facts on which they are founded? The first few case-reports 
are not above criticism, e.g.
Nagelsbach (1933) reported a case of blackwater fever develop­

ing in a woman taking atebrin; one complicating 
factor is that she was in labour.

Moir (1933) and Murray (1934) both writing from West Africa 
each reported fcwo cases who developed blackwater 
fever after atebrin but analysis of the information 
given shows that in Moir's eases the individuals 
were given atebrin plus plasmoquine, and in Murray's 
oases atebrin plus plasmoquine plus quinine; the 
authors give no reasons for picking on atebrin as the 
cause. Their cases cannot be accepted as examples 
of blackwater fever developing during the administra- j
tion of atebrin. The next three cases are in a |
different category; they are the cases reported by: j

^oy and Kondi (1937a). They began by saying that there is
a general belief that atebrin administration is free i
from risks of precipitating haemoglobinuria in 
potential blackwater fever patients and that very
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few such eases have been reported. They then report­
ed three eases of haemoglobinuria occurring during or 
after normal standard atebrin treatment.
Mo quinine had been taken by any of the patients
within two to nine months preceding the haemoglobin­
uria.

Case I. Male, aet. 5. P.vivax + +  -h , patient given 0.2 g.
atebrin daily; after 0.7 g. (i.e. 
after three and a half days) developed 
haemoglobinuria. Died on the fourth 
day.

Case II. Male, aet. 26. P.vivax *f- , patient given 0.3 g.
atebrin daily for five days; thirty- 
six hours after stopping atebrin, 
patient passed 800 ccs. urine, showing 
marked haemoglobinuria. This con­
tinued for four days, finally cleared 
up.

Case IIIf Pemale, aet. 38. P.falciparum + + :  0.3 g.
atebrin daily for five days; forty- 
eight hours after stopping atebrin 
passed red urine, once only; no 
recurrence.

The authors then concluded, as we have quoted, that
atebrin is capable of firing-off an attack of blackwater



fever. They strec's, however, that from this it should not 
he inferred that the drugs quinine, atehrin and plasmoquine 
are the direct cause of the haemoglobinuria.

The next case is that of lucherini (1938) who reports 
what he claims to be the first case in Italy of haemoglobinuria 
associated with atebrin treatment of malaria. The patient 
was suffering from chronic malaria; during the three days 
preceding the attack the patient had been taking 0.3 g. daily 
of atebrin, i.e. after a total dose of 0.9 g*. atebrin he 
developed haemoglobinuria; there is one point in luoherini's 
case; the leucocyte count was 44,000 per cu. mm., and no 
reason is given for this.

Ibbott (1946) quotes the latest of this type of case, 
and in some ways it is the most striking. The patient was 
an Italian nun, aet. 34, living in an area of hyper-endemic 
malaria; this woman was about to go on a long journey and 
began taking prophylactic atebrin. She began with an unusu­
ally heavy prophylactic dose of 0.3 g± atebrin daily for five
days -- ^  0.1 g. daily; previous to beginning atebrin she
had been taking 5 grains quinine two to three times weekly.
She had had one attack of mild fever in 1939.

On the seventeenth day after beginning prophylactic 
atebrin, after she had taken a total dose of 2.7 g. in twenty- 
seven doses, the patient developed what ibbott calls



"blackwater fever" with, the temperature 102°i.; the blood 
films were negative, hext morning 100°k.t pulse 108; skin and 
eyes yellow, spleen enlarged one finger, — > 1000 hours urine 
black like blackwater fever; injection of 0.3 g. atebrin into 
the buttock plus phenobarbitone 2 grains. 1330 hours urine
lighter, but still with haemoglobin -- > later specimens
urintagain dark red. Hext day another 0.3 g. atebrin intra­
muscularly night and morning and urine clear of haemoglobin.

fhe points particularly to note are that the patient 
developed haemoglobinuria at a time when the blood level 
according to kairley (1945) is optimum and when neither black­
water fever nor malaria should occur. igain, hbbott diagnos­
ed the condition as olackwacer fever but did not demonstrate 
the malarial parasite, fhe rise in fever can quite well have 
been explained by the lytic process itself. Shis case is not 
above suspicion even although the individual was a nun; 
certain cases are reported like this by Simeons (1936) whose 
notes are given below in some detail to prove the possibilities 
of other factors being involved. Simeons tried the effect of 
mass treatment of injectible atebrin. 5650 people were treat­
ed with two daily injections of atebrin musonate; each in­
jection was given twenty-four hours apart.

fhe dosage of each injection was: 
strong healthy adult males 9 ccs (9 ccs. = 0.3 g. atebrin) 

11 " " females 8 int
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kfter the second injection every patient was given 0.02 g. 
pla smoquine orally for three days. fhe only serious 
incident wqs four cases, two fatal, of haemoglobinuria de­
veloping one day after stopping the plasmoquine, i.e. four 
days after stopping atebrin. .all four were Mussulmen and 
three belonged to the same household. fhe two fatal cases 
were found to have been taking treatment from a local hakim 
for syphilis. fhe others who survived also were cases of 
Y.D. but claimed that they had not been taking treatment.

It must not be inferred that we suggest any literal 
resemblance between the two sets of circumstances, those oases 
of Simeon’s and the case of ibbott’s; Simeon’s cases are 
quoted to show how easily other factors may lead to mistaken 
assumptions.

fhis brings to a close the discussion on atebrin as 
a possible precipitating factor in blackwater fever; we have 
seen that atebrin in this respect also is a very safe drug and 
there are less then ten cases on record in which it appeared 
to be related, in time of onset, to an attack of blackwater 
fever; when one considers the many millions of individuals 
who have been treated with atebrin then by the law of averages 
we should have expected many more cases of blackwater fever to 
have developed during atebrin treatment even as a chance 
relationship; the fact that we can find less than ten cases 
strongly suggests not only that atebrin does not favour an
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attack of blackwater fever but that it actually serves to 
prevent development of blackwater fever.

In the few cases of blackwater fever on record who 
developed this disease during atebrin treatment, the blackwater 
fever developed in spite of atebrin, not because of it. atebrin 
therefore played no part in the production of our six cases of 
haemoglobinuria.

Summary.
Itebrin is an acridine derivative and it is by virtue 

of this stable basis that it is less easily broken up in the 
body than is quinine; this also accounts for its slow excre­
tion. Quinine has proved better in controlling the immediate 
symptoms of an attack of malaria but atebrin gives much super­
ior late results. Its mode of action on the parasite is not 
known. Like quinine it has practically no effect on the 
gametocytes of malignant tertian malaria. fhe majority of 
course^ the course for the Irmy in India was a seven-day
course of atebrin 0.3 g. daily. ifter atebrin is given 
prophylactically it fails to prevent development of overt 
benign tertian malaria on the cessation of treatment. This 
confirms our findings, Chapter II, on the use of prophylactic 
atebrin, which means that individuals who were on the Eliarre
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Column and developed benign tertian malaria shortly thereafter, 
were suffering from the effects of disease acquired on the 
Column; again, a five-day course of atebrin 0.3 g. daily fails 
to clear the peripheral blood of parasites in a proportion of 
cases, twelve per cent in our experience. This means that the 
six patients of ours who developed haemoglobinuria shortly 
following a five-day course of atebrin for malaria may have had 
parasites still present in the peripheral blood at the comple­
tion of the course.

The toxic effects of atebrin were then considered, 

firstly the toxic effects of an overdose in normal individuals 
and secondly the effects of atebrin administration in hypersen­
sitive individuals; atebrin was shown to be a remarkably safe 
drug with the toxic dose many times the therapeutic dose; it 
was because of this that we felt constrained to class only mild 
gastro-intestin&l symptoms as true toxic effects in normal 
people. We have classed all other toxic effects as being 
examples of hypersensitivity, a classification which is not 
likely to be acceptable to the majority of workers; the first 
of such reactions, and one previously recorded as a toxic 
effect, is atebrin psychosis, found at one time in about 1 in 
1,000 cases receiving treatment, though now apparently much 
less common, excepting in a very limited number of series where 
the incidence is remarkably high; no cause is known for this 
condition.
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3!he next type of hypersensitivity reaction is the

i .skin reaction to atebrin, a type of toxic effect recently 
given much prominence. these skin lesions are generally 
lichenoid in character but may resemble the lesions of iodism: 
the consensus of opinion is that the skin lesions are an 
expression of hypersensitivity.

the effect of atebrin on red cells was then discussed 
and the conclusion was that there is no evidence that atebrin 
in any way causes haemolysis in vivo although it may on very 
rare occasions bp the cause of aplastic anaemia in hypersensi­
tive individuals; from this we inferred that atebrin played 
no direct part in the production of the intra-vascular haemo- 
lyses we are considering.

fhe last section of Chapter YII deals with the part, 
if any, played by atebrin in precipitating blackwater fever.
She general impression is seen to be that atebrin in this 
respect also is a remarkably safe drug, and few workers are 
prepared to say that it is capable of pulling the trigger. A 
perusal of the literature shows that there are on record less 
than ten cases of blackwater fever which appear to be related 
in time of onset to the taking of atebrin. When one considers 
the many millions of individuals who have taken atebrin, then 
by the law of averages we should have expected many more chance 
cases of blackwater fever developing independently of but 
during atebrin treatment. fherefore the few such cases that
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we have found are not only SOT an argument in favour of the 
fact that atebrin precipitates blackwater fever but are in 
effect a very strong argument indeed in favour of suggesting 
that atebrin has a powerful effect in preventing the onset of

blackwater fever, i.e. the few cases on record who developed 

blackwater fever during atebrin treatment developed the 
disease in spite of atebrin, not because of it.

We have the strongest grounds for stating that 
atebrin played no part, direct or indirect, in the production 
of the haemoglobinuria developing in six patients in Razmak; 
the diagnosis still remains as "intra-vascular haemolysis, 
cause unknown."



CHAPTER VIII.
535.

Plasmoquine a a a possible cause of the Razmak 
cases of haemoglobinuria.

In our cases under discussion quinine and atebrin have 

been shown to have had no direct part in the production of the 
haemoglobinuria from which our six patients suffered.

The diagnosis in the six cases of haemoglobinuria in 
Razmak remains at present as "Intra-vascular haemolysis, cause 
unknown”, and it is now necessary to consider whether plasmoquine 
acted directly or indirectly as a causative factor to produce 
this intra-vascular haemolysis. Plasmoquine was synthesised 
before atebrin, and should have been considered before the 
latuer but it was given after atebrin in the treatment of the 
patients and the order followed here is the chronological order 
of administration of the drugs, i.e. quinine, atebrin, plasmo­
quine •

History of the discovery of plasmoquine.
The hostilities of 1914-1918 brought home to the 

Germans the need for making themselves independent of quinine 
in their next campaign. Research was begun at the I.G. 
i*arbenindustrie in ISlberfeld; the two most promising lines 
were the organic arsenicals, which had been found to have an 
effect on P.vivax, and methylene blue which acted on P.malariae;
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fully was the search prosecuted that hy 1924 Schulemann, 
Sehoenhofer and Wingler were able to report synthesis of a 
substance, originally called beprochin, now called plasmoquine. 
This was a marked achievement marred only by the motives actua­
ting the work. This was one of many compounds tested, Hoehl 
being responsible for the testing which was carried out on 
canaries infected with P.relictum. Roehl found plasmoquine to 
be sixty times more effective than quinine; his results were 
reported in Roehl (1927). Sioli (1926) was the first to use 
the drug in humans after inoculating malaria into patients 
suffering from G.P.I.; even at this early stage in the use of 
the drug he mentions cyanosis and one of his patients apparently 
developed methaemoglobinuria. Muehlens (1926) then followed
with a report of the effect of the drug in 134 patients natur­
ally infected with malaria. These workers established the 
effectiveness of plasmoquine on P.vivax and P.malariae. They 
also noted its effects on the crescents of P.falciparum; Urchs 
(1928), the representative of the Bayer Company in India, talks 
of plasmoquine as H-diethyl-amino-isopentyl-8-amino-6-methoxy 
quinoline. We have already given the graphic formula for 
plasmoquine, plate ho. XVIII, page 4-5 0 , and in plate Ho. XIX, 
page #3^ , we ,yee the effect of the drug in malaria. The 
graphic formula shows that plasmoquine has affinities, both with 
atebrin and quinine; the sicle chains of plasmoquine and atebrin 
are identical although placed in different positions on the



537.
bases, and the basis of plasmoquine is the same as that of 

quinine, namely the quinoline ring, unlike the acridine ring 
which is the basis of atebrin. It may be noted that the 
formula, p. W © ,  is plasmoquine base, the salt used orally 
being 2 methylene-dioxynaphthoic acid.

The Pharmacology of Plasmoquine.
The graphic formula has been given on p.WO. The 

dosages initially, recommended were much too large; had atebrin 
been the drug under test this would not have been of any great 
importance, but plasmoquine is a very different substance.

Muehlens (1926) who was probably the first to use the

drug therapeutically in humans, used daily dosages of 0.8 g.
 1.0 g. Sinton and Baird (1928) who were responsible for
research on malaria in India at the time said that the original 
letter from the makers recommended the following course of 
treatment:

Plasmoquine 0.02 g. three or five times daily for not 
more than five days in succession. These authors recommended 
that .after-treatment should be carried out much in the manner 
as had been recommended for quinine treatment, namely five 
days plasmoquine then four days rest __^ three days plasmo­
quine and four days rest two days plasmoquine and five
days rest  ^ two days plasmoquine and five days rest ^
two days plasmoquine and five days rest, i.e. four.te§& qayS

treatment and twenty-three days rest; therefore
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the course was thirty-seven days. The makers did recommend 

however that plasmoquine should be stopped immediately if gastric 
pains or cyanosis of lips developed and that plasmoquine should 
not again be administered until these toxic effects should have 
passed off. This recommendation was an indication th&t toxic 
effects were to be expected and to be treated with respect.

The tablets as first manufactured by Bayer each con­
tained 0.02 g. plasmoquine; later, tablets of half this 
strength were introduced for use, i.e. 0.01 g. tablets; un­
fortunately 0.02 g .  tablets were not withdrawn from manufacture 
and use until 1943 and there is no doubt that some at least of 
the toxic reactions reported following administration of plasmo­
quine were due to the accidental use of the 0.02 g. strength 
tablet in mistake for the 0.01 g. This was one suggestion 
offered to explain certain untoward effects of plasmooquine in 
the Western Desert.

It is interesting to know that from the beginning, and 
after experiments with patients, it was recognised that the 
giving of quinine with plasmoquine was useful in preventing 
cyanosis, e.g. ichulemann and Memmi (1927); these authors

already recognised the methaemoglobinaemia to be due to 
plasmoquine.

Eicholtz (1927) experimenting with animals confirmed 
the effect of quinine in lessening the toxicity of plasmoquine.
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This is discussed more fully later in this chapter. The 
makers recognised this by the introduction of compound tablets 
containing O.Ol g. plasmoquine and 0.125 g. quinine sulphate.

We have been using the term "plasmoquine" rather

loosely and it is essential at this point to make clear that
in our remarks aoove, and in the subject matter which follows,
the term "plasmoquine” is used to denote the substance issued
for oral use by the manufacturers; this in point of fact is
not plasmoquine proper but is plasmoquine naphthoate, or more 
properly plasmoquine-2-methylene-di-oxynaphthoic acid, of
which plasmoquine base is forty-five per cent. 'This has led 
to much confusion in literature where a small number of authors 
writing on the subject have quoted "correct" weights in des­
cribing plasmoquine dosage, i.e. the weight of the plasmoquine 
base present in the naphthoate compound; by far the most common 
method however is to quote the dosage given of the salt and this 
is the method followed here.

In contradistinction to the amount of literature 
available on quinine, and to a lesser extent, oh atebrin the 
knowledge referring to the observation of, action in, and 
excretion of plasmoquine by the body is remarkably incomplete.
It almost seems that after the synthesis of plasmoquine all 
efforts were then directed to finding a more efficient substi­
tute, later produced in the shajje of atebrin, rather than in 
research on plasmoquine itself.
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From the meagre information obtainable it is not clear 
how and where plasmoquine is absorbed into the body when taken 
orally, nor is it known how the drug circulates. Ohopra (1936) 
says that the fate of plasmoquine in the body is not known 
although there is little doubt that it is partly excreted in the 
utine; Xdmunds and Gunn (1936) agree with this, and merely

remark that the dgug is disposed of slowly, some probably being 
destroyed in the body; Goodman and Gillman (1941) also remark 
that variable amounts of plasmoquine are destroyed in the body; 
the excretion is slow, and the continued administration will 

have a cumulative uoxio effect. The last-named authors 
mention that the commonest gastro-intestinal symptoms following 
plasmoquine administration are nausea, epigastic pain and 
diarrhoea; Manson-Bahr (1927) had previously reported this 
even with small doses of plasmoquine and thought that rapid 
contraction of the spleen may be responsible; Thonnard-Heumann 
(1931) carried out X-ray examinations of the gastro-intestinal 
taact of individuals after they had been given combined atebrin 
and plasmoquine dosage and found spasm of the bowel with hyper­
peristalsis of the stomach. This of course may have been due 

to the atebrin or to the combined treatment. Ohopra, however, 
reported that plasmoquine in therapeutic dose had no action on 
the uterus although in large doses it does produce contractions 
of isolated uteri of laboratory animals. Field (1939) thought 
that the cause of the abdominal pains was unknown and th&t
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of the gastro-intestinal tract. Chopra (1936) also stated that 
urobilinogen appears in the urine practically simultaneously with 
the administration of the drug and persists for several days.
He also quotes certain blood changes but like some of the above 
findings this probably should be classed as expressions of 
poisoning; this aspect of the problem is discussed more fully 

below.

ihe method whereby plasmoquine produces its effect on

the malaria parasite is not known either. Its effects cn the 
various stages of the parasite differ from the other antimalar- 
ial drugs in that it has a lethal effect on the gametocytes of 
P; falciparum, yet strangely it has practically no effect on 
the schizonts of P.falciparum. Phis drug la a polyvalent 
gametocide and is schizonticidal in benign tertian and quartan 
infections. Very little work has been reported on the question 
of how plasmoquine produces its effects on the parasites, 
whether directly or indirectly.

Chopra (1936) suggests that both in benign tertian and 
quartan malaria a dose of about 0.05 g. will cause parasites to 
disappear from the peripheral blood from the second to the 
seventh day; with plasmoquine alone there is a high relapse 
rate however, even after prolonged dosage. In malignant tertian 
malaria the drug affects only the sexual forms. Sollmann 
(1936) states that in bird malaria the drug appeared to act by
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interfering with the development of the plasmodia. field (1939) 
has suggested that certain strains of P.vivax may he resistant 
to plasmoquine. 'There is little else in the literature except 
the question of plasmoquine dosage. fletcher (1933) discussed 
this; the dosages used hy Schulemann in 1926 were heavy, being
0.06 g. daily; this was soon recognised to be toxic - it is 
interesting here to note that a "modern” text-book of pharma­
cology published recently still recommends this toxic dosage and 

suggests it should not be given for more than fourteen daysi

Two of the few modern papers on the problem of the 

effects of plasmoquine alone are those of Craige et alia (1947) 
and Innes (1947). In the paper by Craige et alia a report is 
given of experiments carried out on American volunteers inoculat­

ed with P.vivax malaria, using infected mosquitoes. The numbers 
of individuals treated were small and treatments- used were two 
in number, one being plasmoquine alone for fourteen days, dosage 
varying from roughly 0.03 g. to 0.12 g. daily and followed 
immediately by eight days quinine sulphate, dosage 30 grains 
daily; with this course the patients relapsed. 1 combined 
course was also tried and is discussed below. In the article 
by Innes he discussed findings in a large series of benign 
tertian malaria patients. Several types of treatment were 
tried and in that in which plasmoquine was used alone, in 
dosages of 0.03 g. daily, the parasites persisted in the blood 
for 3.1 days. Plasmoquine was found to have a slow action but
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was actively schizonticidal (the patients were suffering from 
benign tertian malaria). The results produced by this author 
are better than those produced by Craige et alia and are more 
in keeping with previous work. long previously to the work 
reported above, more or less general agreement had been reached 
on the way in which plasmoquine should be used namely, given 
in one of two ways; as a five-day course, alone, at the end 
of an atebrin course; and as a longer course ten to twenty- 
one-days combined with quinine. The first method of adminis­

tration, i.e. the five-day course of 0.02 g. (or 0.03 g. daily) 
was a public health measure, the idea being to utilise the 

gametocidal action of the drug in an attempt to sterilise the 
blood of patients under treatment for malaria. The army 
method of treatment is an example of this. The second method, 
the long course, was that used in the treatment of chronic 
relapsing cases. This method of combining quinine with 
plasmoquine in the treatment of patients dates from the time 
of introduction of the drug, i.e. since 1927, the manufacturers 
producing a compound plasmoquine tablet containing 0.01 g. 
plasmoquine salt plus 0.125 g. quinine. The idea was that 
quinine should serve to lessen the toxicity of plasmoquine, 
e*g« the findings in this connection by Schulemann and Memmi 
(1927 ) and of Uichholtz (1927) are recorded, p. 538. They 

reported that the addition of quinine to plasmoquine is use­
ful in preventing methaemoglobincythaemia. Manson-Bahr (1927)
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confirmed this, and it was with this in mind that the combined 

dosage was recommended. It soon came to he recognised, 
however, that quinine when given with plasmoquine also did more 

than protect the individual; it seemed to increase the effect 
of the plasmoquine on the malaria parasite. Since our 
patients received plasmoquine alone at the end of an atebrin 

course this particular problem of the effect of combined 
quinine plus plasmoquine does not directly concern us, but is 
worth consideration in the hope that it may yield information 
of value since the information obtained, so far, on the effect 
of plasmoquine alone is very meagre. Sint on, working at the 
malaria treatment centre at Kasauli in India carried out 
intensive tests of this new drug plasmoquine and on 6.1.1929 
issued an interim report suggesting that treatment of malaria 
with plasmoquine should be by the giving to patients 0.04 g. 
plasmoquine daily with grs. 20 quinine daily, botjt for a period 
of twenty-one consecutive days. This was put into ijmnediate 
operation all over India and in 1931 Manifold published the 
results of this treatment in 3187 patients of whom 1298 were 
British soldiers. Three of the cases developed haemoglobin- 
uria. By that time, however, Sint on (1930) had published a 
report recommending smaller doses still of plasmoquine. In 
this report Sinton concluded that the best method of treatment 
of malaria by plasmoquine was to give the plasmoquine in 
continuous oral treatment and small daily doses; he did say
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that while the dose recommended was 0.04 g.. daily with 20 grs. 
of quinine daily he was considering reducing the plaaam equine 
dosage to 0.03 g. daily, and in fact later in the same work 
he recommended for chronic cases of malaria a twenty-one-day 
course of 0.03 g. plasmoquine daily plus 30 grs. quinine daily. 
It is a pleasure to record that since that time the value of 
Sinton's recommendation has been realised in spite of the 
strong criticism initially evoked by his suggestions. The 
Army in India officially adopted the twenty-one-day course 
on 27.4.1933. The D.M.3. India ordered a further reduction 

in the dosage of plasmoquine to be given to the Indian troops. 
For them the dosage was reduced to 0.02 g. daily for twenty- 
one days; it remained at 0.03 g. daily for British troops.
This type of course, long-continued administration of small 
doses of plasmoquine aombined with quinine, has been used 
with little variation since then although it fell into dis­
favour, quite wrongly, for a time during the 1939-45 war.
The treatment is effective, e.g. Sinton (1935) stated that 
since the introduction of the quinine-plasmoquine treatment 
throughout the .Army in India the Kasauli Centre for resistant 
benign tertian malaria in British troops had had to be closed. 

It should specially be noted that the Indian Army authorities 
allowed the last fourteen days of treatment to be administered 
to individuals as out-patients.

Support was not long in forthcoming for the methods
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suggested by Sinton, e.g. Fletcher (1955) said that the 
standard treatment of malaria in the United Fruit Company 
plantations in America was 0.02 gi plasmoquine daily plus 
grs. 24 quinine daily for six days; they record this treatment 
as safe enough to be given to a whole population with special 
medical supervision. Chopra also spoke strongly in favour of 
the combined treatment; he said that when quinine and plasmo­

quine are mixed they appear to reinforce each other*s action, 

e.g. the toxic action on paramoecia is intensified. He said 
that not more than 0.04 g. daily should be given to ambulant 
cases and this dosage should not be given for more than six 
days, with daily medical supervision. He considered plasmo­
quine to be well tolerated in cases of quinine sensitiveness 
and of blaokwater fever. The fourth general report of the 
league of lations Malaria Commission (1938) considered the 
combined quinine-plasmoquine treatment to be one of the most 
efficacious methods of treating iienign tertian and quartan 
malaria, even using plasmoquine 0.03 g. twice weekly; they 
considered this method greatly reduced benign tertian relapse. 
This was in marked contrast to previous opinions from this 
quarter.

Field (1939) was also in favour of the combined treat­
ment which, he thought, should be for about fourteen days, with 
°*03 g. plasmoquine daily and 1.0 g. quinine daily; this is 
the type of treatment used by Most et alia (1946) who treated
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seventy two patients with quinine-plasmoquine for fourteen 
days with grs. 30 quinine daily and 0.03 g. plasmoquine daily 
except on the first day when the quinine dosage was grs. 45; 
they had no toxic effects. Oraige et alia (1947) gave a 
small series of five patients 0.03 g. plasmoquine daily and 
grs. 30 quinine daily for twenty-eight days; three of the five 
relapsed. fhis difference is not significant in view of the 
numbers involved. Innes, dealing with much larger figures, 
gave many of his cases grs. 30 quinine daily and 0.03 g. 
plasmoquine daily for ten days with ten per cent relapse in 
six months.

One example of the safety of the combined treatment 
is the report of Willoughby and Aslett (1931):
They used beprochin compound (i.e. plasmoquine 0.01 g. plus

0.125 g. quinine) tablets and 
gave: (1) fwo tablets twice daily (i.e. 0.04 gl plasmo­

quine daily plus grs. 10 quin­
ine daily) for seven days 
 four days rest.

(2) fwo tablets twice daily (i.e. 0.04 g. plasmo-
daily

quine/plus grs. 10 quinine daily) 
for seven days ____►  four days rest.

(3) fwo tablets twice daily (i.e. 0.04 g. plasmo­
quine daily plus grs. 10 quinine
daily) for seven days ^  four
days rest.
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(4) (Two tablets twice daily (i.e. 0.04 gi plasmo­

quine daily plus grs. 10 quinine

daily) for seven days  s^four
days rest.

(5) One tablet three times daily for seven days
(plasmoquine 0.03 g. daily and 
grs. 7 quinine daily)

i.e. this is a total dosage of plasmoquine 1.33 g-)in
)51and quinine grs. 329 )
days . j

fo quote a personal experience I have used a combined j

treatment in many hundreds of cases of malaria and cannot j

remember any serious complication; this was particularly I
striking when I was in charge of 1200 beds for tuberculous !
patients for eighteen months and gave the combined treatment 
for ten days for chronic malaria which was very common, yet 
these patients, gravely ill and seriously under-weight, did 
not suffer from severe toxic effects. ;

fhis discussion on the pharmacology of plasmoquine 
is sketchy and incomplete; we do not know how the drug 
affects the parasite but it definitely is effective on the 
gametoeytes and is the only one of the antimalaria 1 drugs 
to affect the crescents of malignant tertian malaria. When 
quinine is added to plasmoquine it increases its effectiveness 
and this combined treatment formed the basis for the majority j

of methods of treatment of chronic malaria.
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fhe toxicity of the drug should now he considered.

fhe toxic side-effects of plasmoquine.

In Chapter VII the discussion on the toxic effects of 
atebrin opened with the statement that atebrin is a safe drug 
with a wide margin of safety between the therapeutic and the 
toxic doses; it was also seen that atebrin has remarkably 
few toxic side-effects. fhis is in marked contra-distinction 
to the facts concerning plasmoquine. Plasmoquine is a danger­
ous and highly powerful drug, with a narrow margin of safety 
between the therapeutic and the toxic doses. It was this 
probably more than any other factor which stimulated the 
search that culminated in the synthesis of atebrin. In the 
two preceding chapters, VI and VII, the toxic effects of 
quinine and atebrin were considered under two headings, 
namely the toxic effects of overdosage of the normal individ­
ual, and the reaction resulting from the administration of 
the drug to hypersensitive individuals. Phis system will be 
used here also, beginning with:

Poxic effects of plasmoquine overdosage in normal individuals.
It has been suggested in the chapter on atebrin that 

true toxic effects of atebrin are few in number and apparently 
do not affect the red cells. Phis is very different from 
the position with plasmoquine.

Plasmoquine is a powerful drug, a point not sufficiently



realised; it is more than twenty times more powerful than
atebrin, weight for weight. Plasmoquine is also a toxic
drug, which has been recognised from the time of its synthe­
sis. Unfortunately relatively little research has been
done on the question of how plasmoquine produces its toxic 
effects. i'he great majority of the reports are from 
clinicians; among the few experimental reports we have 

those of Zylmann, of Sioli and of Birnbaum et alia. Zylmann 
(1944) carried out tesus with quinine, atebrin and plasmo­
quine and surprisingly found that while quinine and atebrin 
had a definite lytic effect on red cells, plasmoquine had 
little effect; Birnbaum et alia (1946) found however that 
quinine, plasmoquine and atebrin were all capable of acceler­
ating that haemolysis of malaria patients* red cells which is 
found to occur in the presence of bile. Baumann (1934) 

reported that in a patient with paroxysmal haemoglobinuria he 
was able to precipitate attacks of haemoglobinuria with 
quinine and with plasmoquine but not with atebrin. Bhe 
dosages initially recommended for use were high by present 
standards and reports of toxic reactions soon began to come 
from clinicians. Sioli (1926) in his early tests and using 

the heavy dosage of 0.075 g. over periods as long as eight 
days reported abdominal pain as a usual feature and reported 
one individual who developed haemoglobinuria and cyanosis, 

fhe urine and blood showed absorption bands of haemoglobin.
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file first toxic effect therefore to be discussed is 
abdominal pain: it is not definitely known how plasmoquine
produces this pain; field (1939) claims that the drug does 

not* affect the intestinal musculature or mucosa; Manson-Bahr 
(1927) had said that administration of plasmoquine causes 
marked contsactions of the spleen and this mgry be a pointer, 
fhere is no doubt of the realness of the pain; a small in­
vestigation on this point was carried out by us in Kazmak in 
1940. Indian troops on treatment for malaria were questioned, 
on the completion of the course, whether they had suffered from 
abdominal pain or discomfort during the taking of plasmoquine 
and if so on what day did the discomfort develop. Over 200 
patients were questioned on uhis point. fhe Indian soldier 
has little sense of time, and is very open to suggestion, 
therefore the figures are only approximate but they serve to 
show that the pain and discomfort are directly related in time 
of onset - and in degree - to the dosage administered of the 
drug; figure Bo. 20, below, gives details; no attempt has
been made to distinguish between discomfort and pain; the

%

answers were unreliable. It is to be noted that even the 
slightest degree of discomfort was recorded.



Figure Uo» 20.
Percentage of individuals with abdominal pain and 

discomfort on taking plasmoquine,*

Day of
ingestion
plasmoquine

c/o individuals 
complaining of 
abdominal pain

.. i ......  .....j .

fotal dosage of 
plasmoquine taken 
before onset of 
discomfort.

1st nil 0.03 g.
2nd 3 i 0.06 g.

: 3rd 12 jfc 0.09 g.

! 4th 61 <p j 0.12 g.
: 5th 6 3  > o  j 0 . 15 g.

fhe story is very much the same with all individuals; 
the pain comes on as a mild condition at first and increases 
with continued administration of the drug* fhe painful area 
is generally in the mid-line of the abdomen, betv*een the 
umbilicus and the xip hi st ernum, does not move and does not 
radiate; the character of the pain has a "pressing” quality 
and it feels deep in the abdomen; some patients say it is as 
though there was a "knot in the gut”; there is slight tender­

ness but no guarding; it varies little in character except 
slowly to decrease or increase according fcs to whether the 
drug is withdrawn or increased; administration of stomachics 
did not influence it; hot applications gave slight relief.
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From personal experience I agree with this description.

I’here appears no reason to doubt that this is a simple 
toxic effect, method unknown. fhe explanation cannot be 
splenic contractions. Another abnormality early noted, 
developing slightly later than abdominal pain is cyanosis, 
i'his was serious enough but a much grimmer complication was 
that of haemoglobinuria which so often and so readily followed 
continued administration of drug after onset of cyanosis: the
haemoglobinuria would follow onset of cyanosis very often after 
one or two more days of drug administration; the order of 
appearance of toxic effects was therefore abdominal pain —  
cyanosis and haemoglobinuria. fhe safety margin of the drug 
was very narrow indeed. Chopra (1936) carried out some tests 
on animals with the drug and found for example in cats that 
death occurred with dyspnoea, asphyxia, brachycardia and 
methaemoglobinaemia. He claimed that plasmoquine copld form 
methaemoglobin in vitro with the blood of animals and that in 
man one third of the oxygen-carrying capacity of the blood may 
be lost as the result of this conversion. He confiimed that 
lethal and therapeutic doses in man are not widely separated;
he considered that the maximum dosage that can be given to man 
without producing toxic symptoms was 0.03 g. daily. fhis 
question of cyanosis in humans has been considered previously
by/Muehlens (1926) who was the first to prove that the cyanosis 
came from methaemoglobin formation in the blood. fhen
Schulemann and Memmi (1927 ) agreed with this statement and
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Manson-Bahr (1927) also confirmed it, using a Zeiss hand- 
screen spectroscope. Fischer and Weiss (1927) considered 
the methaemoglobin formation from a quantitative viewpoint. 
Their findings were that methaemoglobin in the blood can be 
proved with certainty at 4/5 and can generally be recognised
at 2\ ° ] o . They found that plasmoquine dosage of 0.05 g.
intra-muscularly daily produced methaemoglobinaemia on the 
fifth to sixth day, which remains five to six days; and that 
plasmoquine dosage of 0.10 intra-muscularly daily produced 
methaemoglobinaemia on the third to fourth day, which remains 
seven to fourteen days.

lh©y~found individual differences in the time of 
appearance of the methaemoglobinaemia. The authors came to 
the surprising conclusion that if the use of the drug is 
persisted in, the cyanosis disappears.

They found that with a dosage of 0.02 g. plasmoquine 
daily, methaemoglobin did not appear in the blood until about 
the seventeenth day except in a few cases; they considered
that on this dosage changes in the blood were so small as to
be unimportant. They thought thqt pharmacologically the 
formation of methaemoglobin by plasmoquine is on a par with 
that due to aniline derivatives. These dosages found to be
safe wera less than twenty five per cent of the dosages
originally recommended. The use of the bigger doses led to
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the appearance of many reports in the literature of severe 
toxic effects following administration of plasmoquine.

We have already mentioned Sioli1s (1927) case of 
haemoglobinuria following a total dosage of 0.62 g. plasmoquine. 
Manson-Bahr (1927) reported one case of haemoglobinuria follow­
ing a total of 0.40 g. plasmoquine; in the same year the 
United fruit Company (1927 report) reported a sm&ll number of 
serious complications following plasmoquine and adopted the 
use of quinine plus plasmoquine to combat this. In the next 
report of the United fruit Company, i.e. the 16th innual 
Medical Beport, 1928, Brosius reported that with daily doses 
of 0.06 - 0.08 g. plasmoquine, fifteen out of 265 patients 
developed haemoglobinuria. Sinton, Smith and Pottinger (1929) 
continued the discussion and came to the following conclusions:

1. Combination of quinine and plasmoquine is better 
than either alone.

2. Plasmoquine shoula not be used except in combination 
with quinine.

3. Daily doses of quinine with plasmoquine should be 
BOP less than grs. 20.

4. Plasmoquine treatment should be stopped on the least 
suspicion of the occurrence of toxic symptoms.

Boss (1927a) said that plasmoquine had never produced 
haemoglobinuria in Bhodesia even in quinine-sensitive cases,
and Majumdar (1929) treated two cases of blaclrwater fever with
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a total dosage of 0.4 g. plasmoquine administered within 
seven days and had no ill results! Smith (1929) said at the 
same time that in his experience toxic symptoms regularly 
occurred between the sixth and tenth day - he was using 0.03 g. 
daily dosage, ten to seventeen days; he found that when he 
stopped the drug for one to three days immediately cyanosis 
appeared, the drug could be re-started without toxic effects. 
Sinton and Bird (1928) came to the conclusion that some patients 
are more susceptible to the drug than others and went on to say 
that there is a personal idiosyncrasy; they concluded that the 
safety margin of the drug is smhll and that the brunt of the 
toxaemia is borne by the liver.

t

Manifold (1931) gave the most detailed report up to that 
time of the effects of the use of plasmoquine in the treatment 
of patients. He was summarising the results obtained by the 
irmy in India following adoption of treatment suggested by 
Sinton, see p. 544. Manifold remarked that with daily doses 
exceeding 0 .06g.plasmoquine definite toxic effects appear in 
a high proportion of cases; he included as toxic effects 
cyanosis, jaundice, albuminuria and methaemoglobinuria• In the 
cases summarised by Manifold the treatment used had been 0.04 g.
plasmoquine daily plus grs. 20 quinine daily, both for twenty- 
one days. The results came from hospitals throughout India.
It is worth noting that it was the rule to keep the patients 
in hospital only for the first seven days of the treatment,
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the remainder ox the treatment, fourteen days, was given in 
the out-patient department. fhis twenty-one-day eourse was 
givm only to eases of benign tertian malaria. 3187 eases 
received this treatment; 1298 were British troops and 1915 
Indian troops; in twelve British and fourteen Indian troops 
the treatment had to he abandoned completely; owing to the 
appearance of toxic symptoms (severe abdominal pain, cyano­
sis) treatment had also to be abandoned for varying periods 
of time in 21.4$ British patients, and 

10.2$ Indian patients, 
fhe author states that in the great majority of oases the 
symptoms were never really severe; one remark that may be 
made here is that the figure of 10.2$ complications for 
Indian troops is surprisingly low in view of the heavy dosage, 
fhis discrepancy is probably due t.o the difficulty in detect­
ing cyanosis in the Indian patients. Manifold said that 
toxic symptoms appeared to be the result of a definite cumu­
lative amount of the drug. This became evident after the 
sixth day. Of the twelve British cases in whom the drug had 
to be stopped completely, in eight the reason was severe 
cyanosis; surprisingly enough treatment was not stopped 
permanently in two British soldiers who developed jaundice;
the treatment was continued after the jaundice had cleared, 
and apparently no ill effects resulted, fhere was one sur­
prising fact in Manifold's record: he reports three cases of
methaemoglobinuria and five cases of albuminuria in the
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series; these were all among Indian troops and all came from 
one hospital in which the total number of cases treated in 
this fashion was sixty-four; these three haemoglobinuria cases 
are discussed under the section on plasmoquine in blackwater 
fever. fhe only point to make here is that these should never 
have been accepted on their face lvalue without most searching 
investigation; to have three cases of haemoglobinuria in a 
series of sixty-four, and especially when these three were the 
only cases of haemoglobinuria reported among over 3,000 treated 
all over India must necessarily arouse strong suspicion that 
some undetected factor played a part in the development of 
haemoglobinuria. We have already given a striking example of 
this and we shall quote it again, namely the experience of 
Simeons (1936). Simeons decided to try mass prophylactic 
treatment of an isolated population, using atebrin musonate 
followed by plasmoquine; the dosages used were:

fwo daily injections atebrin musonate, each injection 
given 24 hours apart; strong healthy males

9 ccs. (0*3 g. drug) 
strong healthy females 

8 ccs*
others pro rata.

Plasmoquine was given daily for three days after the 
second injection atebrin, plasmoquine dosage 0.02 g. daily 
for adult males; about one per cent patients reported giddi­



ness; the only serious incident was the appearance of haemo­
globinuria in four individuals. This haemoglobinuria began 
one day after stopping plasmoquine. Three of these patients 
belonged to the same household. 'Two died; these were found 
to have been taking- treatment, presumably arsenic, from a 
local hakim for syphilis. fwo others lived; they also had 
syphilis but denied taking any recent treatment for it. The 
question of course is whether the condition was plasmoquine 
poisoning or atebrin-plasmoquine poisoning, or blackwater
fever, or arsenical poisoning, or haemoglobinuria due to 
syphilis, or a combination of two or more factors. With
evidence lacking the blame cannot be laid on plasmoquine as 
the causative factor.

Fletcher (1983) calking of plasmoquine poisoning said 
that although toxic symptoms may arise suddenly the onset is 
usually not abrupt, with cyanosis as the first warning sign; 
it was his experience that if the drug is stopped these signs 
pass off but if the drug is continued the cyanosis, originally
seen in the lips, spreads and becomes deeper; thereafter an 
attack resembling blackwater fever develops, with red cell 
destruction, haemolytic jaundice and methaemoglobinuria. 
Fletcher considers that a dosage of 0.03 g. daily is reason­
ably safe.

Ghopra (1936) supported Fletcher's statement on 
dosage after experiment with animals. This author agreed
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that plasnoquine is a dangerous drug, and said that slight 
jaundice, cyanosis and abdominal pain are by no means rare.
In fact Ghopra ŝ aid that urobilinogen appears in the urine 
simultaneously with the administration of the drug and per­
sists for several days; he reported a marked drop in the red 
cell count and haemoglobin values with the serum giving a 
direct bilirubin reaction. Ghopra found the intoxication
symptoms developed as a rule after a total dose of 0.18 g. 
plasmoquine. This confirms his statement fciid that of
Fletcher that treatment with 0.03 g. plasmoquine daily for 
five days should not be found to produce toxic effects.

During the 1939-1945 hostilities there were occasion­
ally cases reported which threw doubt on the safety egen of 
the apparently safe dosages of plasmoquine, i.e. 0.03 g. daily 
for five days in British troops and 0.02 g. daily for certain 
native troops, including the Indian Army; Smith (1943) reports 
a series of such cases. He was Consultant in Tropical Dis­
eases to the .Army in the Middle Fast at the time the incidents
occurred. Details and a discussion are to be found in the 
D.M.S. Middle Bast Forces Memo on Medicine, number 16 of
10.7.1943, published by Gr.H.Q., Middle Bast Forces. Smith 
mentions fourteen cases of haemoglobinuria occurring in the 
Middle East over a period of eighteen months. Nine of the 
oases occurred in Egypt, two in Iraq, two in the Sudan and 
one in Palestine. Nationalities were: Indian 7, white
Rhodesian 1, Greek 1, Polish Jew 1, Palestinian Jew 1, East
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African 1, Basuto lt Mauritian 1* Sfcnith points out that 
all of these people had lived, usually for many years in 
endemic foci of malaria; it is noteworthy there was not 
one single British soldier among them although there were 
many British troops in the Middle East. In several cases 
the patients were still undergoing the plasmoquine moiety 
of the malaria course at the time they developed haemoglobin- 
uria; the course in the Middle Mast at that time was: 

grs. 30 quinine for the first three days.
— a*- 0.3 g. daily atebrin for five days.
— m- three days rest.
— 0.02 g. plasmoquine for five days.

(0.03 g. 11 tT " ” for British troops
and other Europeans.)

Pour of the patients had proved malignant tertian malaria, 

two had proved benign tertian malaria, one unknown, and seven 
had clinical malaria. Snith said he was uncertain whether 

these were examples of true blackwater fever or whether it *as 

due to the toxic effects of plasmoquine.

Bedford (Gonsultant Physician with the Middle East 
Borces), writing in the I).M.S. letter quoted above, gave it 
as his opinion that plasmoquine must have played some part 
in the causation and orders were issued that a full three 
days must be allowed to elapse between the completion of the 
atebrin course and the beginning of the plasmoquine course.
* was in the Middle East for three years during the war, in
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Sudan, Egypt, Palestine, Syria and Iraq, responsible at the 

time for never less than 400 beds and I did not see any case 

similar to those quoted; these cases could not be properly 

investigated at the time of occurrence, e.g. no spectroscopic 
analyses were possible. One factor which in my opinion was 
not sufficiently considered in the fourteen cases was that 
we were still being supplied at that time with two sizes of 
plasmoquine tablets, one of 0.02 g. and one of 0.01 g.; it 
is not difficult to imagine that mistakes were occasionally 
made in the press ox circumstances. Phis series of cases 
cannot be quoted as examples of haemoglobinuria developing 
in individuals receiving 0.03 g. plasmoquine daily; the 
information is too meagre.

Another similar series of cases is quoted by Pimson 
and McMartin (1946); the title of their article is 
"Pamaquine Haemoglobinuria"; the value of this paper is 
difficult to assess. fhe authors discuss a number of cases 
of haemoglobinuria developing in Indian troops during routine 
treatment for malaria and during "blanket" treatment of 
apparently healthy troops. At the time these occurred the

routine treatment for malaria was quinine gr. 30 for two days

—- atebrin 0.3 g. for five days — two days rest ___^
plasmoquine for five days in dosage of 0.02 g. for Indian 
troops and 0.03 g. for British troops. She control of the 

blanket treatment was the responsibility of Unit officers, an
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to this scheme although they were quite over-shadowed by its 
great value to the troops as a whole.

fhe first drawback was that those in authority were 
not only "malaria conscious"; they had become "malaria 
over-conscious" by 1944 and it is my experience that the 
V.0.08*3, on whom the bulk of control invariably devolved, 
were such good and such careful soldiers that inevitably the 
danger was one of overdosage of the troops rather than under­
dosage. i'his is proved by the fact that some of the men who 
developed haemoglobinuria while taking blanket treatment are 
recorded to have had doses of plasmoquine as high as 0.15 g. 
whereas the maximum supposed to have been given them was 0.09 
g. plasmoquine. furthermore it is impossible to believe 
that all men receiving treatment in unit lines remained at 
rest, e.g. one of the patients who developed haemoglobinuria 
during the blanket treatment was found to have been doing 
full duty during the whole period of plasmoquine administra­
tion; in fact the authors say that almost all of the patients 
who received blanket treatment were carryihg out normal duties 
during the administration of the drug. Another possibility 
is that a very small number of individuals may have overdosed 
themselves in the hope of getting a little break in hospital 
from admittedly severe conditions. lastly, other individuals 
^ay have avoided taking the drug. All these make Dimson and 
McMartin^ discussion of less value than it might have been.
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She authors are correct when they say that the problem was 

whether the patients were suffering from plasmoquine haemo­
globinuria or blackwater fever; it is to be remembered that 
blackwater fever is rare in the irakan.

She authors give the dose of plasmoquine previous to 
onset of haemoglobinuria as being:

1* Individuals receiving blanket treatment.
Plasmoquine dosage before haemolysis began:
Humber receiving such dosage:

0.03 g. 0.06 g. 0.09 g. 0.15 g. ?g
2 3 5 2 1

Shere were three fatal cases in this group.

2. Individuals under treatment for malaria.
Plasmoquine dosage before haemolysis began:
Humber receiving such dosage:

0.08 g. 0.10 g.
2 3

i.e. haemoglobinuria began with doses of plasmoquine varying 
from 0.03 g. to 0.15 g. It is significant that it was only 
in those individuals receiving blanket treatment that the lysis 
occurred among individuals in the smaller dosage group; this 
at once again raises the problem of whether the individuals 
had received greater dosages of plasmoquine than are recorded, 

ihe fact that the authors were able to find records of cyanosis



only in five of the eighteen cases is of little significance; 

to persons unaccustomed to working with native troops the 
finding of cyanosis is not easy. Dimson and McMartin stated 
that most of their patients denied ever having had malaria hut 
they found positive blood films in three ox the twelve examined. 
Several of the others showed splenomegaly.

fhey concluded that an essential caase in producing 

haemolysis was the toxicity of the plasmoquine in patients who 
were over-susceptible. fhey also conclude that there was no
sign of batch toxicity; they found no skin reaction when they 
injected 0.1 g. plasmoquine intra-dermally into the individuals 
who had recovered from haemolysis.

A finding which has some bearing on the above is that 
of Oraige et alia (1947). In an investigation carried out 
by them on a small group of cases, they found that with giving 
of 0.03 g. plasmoquine daily there were practically no toxic 
symptoms and methaemoglobinaemia was. only three per cent of the 
total haemoglobin. With high experimental doses of 0.14 g. 
daily of plasmoquine there was much severe abdominal pain with 
vomiting, and the methaemoglobinanaemia was twelve per cent 
of the total haemoglobin.

It has been repeatedly remarked in the preceding para­
graphs that while plasmoquine is toxic, its toxicity fan be 
reduced to a surprising degree by the simultaneous administra­
tion of quinine. fhis combined treatment has also been proved
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to be more effective than the administration of either drug 

given alone, e.g. Innes (1947) quotes fifty patients showing 
multiple benign tertian relapses who were given intermittent 
combined plasmoquine and quinine over thirty days; none of 
these patients relapsed. It has already been pointed out 
that the standard treatment in the Army in India given to 
thousands of patients over the time it was in use, was a 
twenty-one-day course of quinine and plasmoquine, and gener­
ally speaking during the last fourteen days of treatment 
the individuals attended as out-patients•

fhe experience with combined atebrin and plasmoquine 
is a different story and so far has been mentioned only inci­
dentally. ihe effect of combined atebrin plus plasmoquine 
is in striking contrast to that of combined plasmoquine- 
quinine. She combination of plasmoquine and atebrin is 
definitely more toxic than is an equivalent dosage of both 
drugs given separately. Many authorities have written on this 
subject and all are agreed} the best example is that the., 
treatment courses in use the World over may vary somewhat but 
to my knowledge there is no course in use where atebrin and 
plasmoquine are given together, in spite of the marked time- 

saving which would result. 'Ihe administration of both at the 

one time was forbidden in the Army in India: furthermore in
the great majority of courses suggested from 1933 onwards 
there is a break between the finishing of the atebrin course



and the beginning of the plasmoquine course, the idea

presumably being to allow the concentration of atebrin in the 
blood to fall before beginning the plasmoquine, otherwise the
result in effect would have been administration of atebrin and 
plasmoquine together. Ihe standard Army course pre-war had 
a break of three days; during the war under stress of circum­
stances this was cut down to two days, and as has already 
been explained in Chapter I, in the latter part of 1938, again 
under stress of circumstances, the rest period was reduced to 
one day. It might be claimed that this is of little import­
ance since it is acce ted that atebrin is a drug excreted 
only slowly from the body, taking about six weeks finally to 
clear after the last dose had been given. i’he Armoured 
Research Laboratory Report 1946 showed, however, that the

loss is not evenly spread over six weeks; they found that 
the daily loss was roughly about ten per cent of the atebrine 
concentration, from which it may be inferred that the loss of 
atebrin is heavy in the days immediately following the stopp­
ing of the drug. rhis is in agreement with the findings of 
Fairley (1945) who also states there is an average daily die- 

away of ten per cent of the level present, although there is 
considerable variation in levels obtained during the die-away 
period; this variation however was more marked towards the 
end of the period. If we take an abstract figure of 100 
units as the value of the atebrin pre.sent on the day the 
administration stopped, then it follows that on the first day
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following stopping of the drug the value drops to ninety 
units; on the second day the value is theoretically eighty- 
one units, and on the third day it is seventy-three units; 
the difference in concentration of atehrin on the first and 
third days following cessation of treatment is therefore quite 
considerable, being a difference of seventeen per cent of 
the total present at the end of atebrin administration. la 
we shall see later this may have been of practical importance.

Before considering the plasmoquine dosage administered 
in our six patients with haemoglobiiiuria it is necessary to 
consider the question of:

£• loxic effects produced by plasmoquine in individuals 
hypersensitive to it•

Hypersensitivity to atebrin came to be recognised
late in the use of the drug and some reactions classed by me
as hypersensitivity reactions, e.g. psychosis are not accepted
as such by the majority of workers. fhis placing of reactions
like psychosis among hypersensitivity phenomena was done because
the margin of safety of atebrin is such that toxic reactions 
appearing in individuals who had taken only small doses of the
drug were regarded as being in themselves an indication of
Hypersensitivity to this drug.

Ihe classification of the reactions in plasmoquine is 
more difficult because of the narrow safety margin between the 
"therapeutic and toxic doses. In the assessing of the toxic



dose of any drug' the level taken is that at which a 

significantly large nuikber of normal individuals develop 
signs of poisoning. With any drug, however, the inducing 
of toxic phenomena by deliberate overdosage of individuals 
will show that only a proportion of normal people develop 
poisoning at the level taken as the toxic dose for that 
drug; the remainder will develop poisoning at levels below 
or above the average. In other words there is necessarily 
a "beaten zone”, a "scatter” of results round the bull*s 
eye. In anugs which are not markedly toxic this beaten 
zone may extend over a considerable range whereas with very 
toxic drugs the values necessary' to produce poisoning in a 
group of individuals will be found to be concentrated around 

the average dose; plasmoquine is a case in point; the 
safety level of dosage is thought to be in the region of
0.03 g. daily, e.g. Fletcher (1933), Ghopra (1936) and 
Graige et alia (1947) all agree that with this dosage there 
are practically no toxic symptoms. Yet there are plenty of 
cases on record where iven this dosage apparently produced 
severe toxic effects and certainly only moderate increase of 
this dosage will undoubtedly lead to poisoning in normal 
individuals. In other words there is little margin of 
safety. Ihis being the case it is difficult therefore to 
distinguish between hypersensitivity in the true sense of the 
word and merely slightly increased susceptibility to the drug, 
"tbis increase! susceptibility not indicating hypersensitivity.



Several workers have supported the theory that certain 
of the toxic effects of plasmoquine are examples of hyper­
sensitivity, e.g.
Sinton and Bird (1928) said they agree with other workers

that some patients are more susceptible to the effect 
of the drug than are others and they think there is 
little doubt that there is personal idiosyncrasy to 
plasmoquine in some cases. When Sinton made this 
statement he was using dosages of the drug now recog­
nised to be toxic even for the normal individual. 

Similarly, Manifold (1931) said that in a certain small
percentage of cases there appears to be a definite 
individual idiosyncrasy. fhis author also was 
discussing cases where the drug was used in excess,
i.e. daily doses of 0.04 g.up to three weeks, admitt­
edly given together with quinine, 

fletoher (1953) considered that certain individuals are

peculiarly sensitive to the drug and yet he considers
that drug idiosyncrasy is unknown. He obviously was 
using the term "sensitive” not in the same sense
as "hypersensitive”.

Bimson and McMartin (1946) consider that certain patients who
developed haemoglobinuria were over-e susceptible to
plasmoquine. fhis presumably means "hypersensitive”
as they carried out skin sensitivity tests.



If it is taken that the above authors meant by 
"idiosyncrasy” and "over-susceptibility” that in their opinion 
true plasmoquine hypersensitivity exists, then there is no 
proof of this. Hypersensitivity to a drug is a true antigen- 
antibody reaction with the characteristics of such a process, 
nam&ly an explosive onset of signs of poisoning, generally 
following a dose far below that required to produce poisoning 
in the normal individual, e.g. in quinine-hypersensitive 

individuals a reaction may sometimes be evoked by a dose less 
than 1/100 of that required to produce severe toxic effects 
in the normal individual. Similarly with atebrin the dose 
producing hypersensitive reactions may be about l/50th of the
true toxic dose. .Again, the reactions found in hypersensi­
tive individuals are not necessarily or even usually the same 
as those found in the poisoning of normal individuals by the 
same drug; and lastly hypersensitivity to any substance is an 
acquired altered reaction capacity on the part of the body 
cells following upon continued or repeated exposure to that 
substance, e.g. hypersensitivity phenomena are not found in 
individuals on their first treatment with atebrin or with 
quinine. But the reactions which have been interpreted by 
some as hypersensitivity reactions with plasmoquine are always 
following a dose close to the therapeutic dose; among the 
few exceptions to this rule is the series quoted by Dimson and 
McMartin where eight patients developed haemoglobinuria follow­

ing doses of Oj0:3g. plasmoquine. For reasons given above,
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however, these figures of Dimson and MoMartin cannot be 
accepted and at present it is still correct to say that in 
all recorded cases of haemoglobinuria following plasmoquine 
the dosage of plasmoquine given was generally close'to the 
maximum recommended for plasmoquine when given alone, i.e.
0.1 g. ___ >> 0.15 g. fhis may be inferred from reports on
the problem, e.g. Smith (1929) said that toxic symptoms occur 
regularly between the sixth and tenth day and Manifold (1931) 
agrees that there appears to be a cumulative action of the 
drug, becoming evident a£ter the sixth day. fhe drug is 
slowly excreted from the body and it is not difficult to

conceive of a mounting blood level finally reaching a toxic 
value; this much more closely fits the picture than any 
theory of hypersensitivity reactions; Fletcher (1933) con­
siders that the onset of serious toxic symptoms is usually 
less than abrupt and only comes on if the drug is persisted 
in, in spite of obvious warnings such as cyanosis.

All agree that it is only rarely necessary to abandon 
use of the drug which is another point in favour of the toxic 
process being a reaction to simple overdosage, e.g. Smith 
(1929) states that if the drug be discontinued for one to 
three days on the appearance of cyanosis then, after this 
break, the administration of the drug may be continued, a 
finding reported by the majority of workers.

It is submitted then that, on the evidence at present
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available, there is no undoubted incidence of true plasmoquine 
hypersensitivity; the serious toxic reactions quoted in the 
many reports available in the literature all could come within 
the class of simple overdosage, particularly when it is kept 
in mind that the toxic dosage is very near indeed to the 
therapeutic dosage; in fact in individuals with a low resist­
ance to the drug these may be identical* In view of the 

close structural relationship between quinine and plasmoquine 
there is no reason to suppose that individuals could not be 
made hypersensitive to plasmoquine if exposed to it long- 
enough. Its toxic properties are such as to prevent this;

plasmoquine is never used for prophylaxis nowauays and individ­
uals are not exposed to it long enough to develop a hypersen­
sitivity.

The question is: what is simple overdosage? Shis is
of importance in attempts to trace the cause of haemoglobinuria 
which developed in the Bazmak cases.

She maximum safe daily dosage is said to be 0.03 g. 
but the drug is slowly excreted and the action is cumulative; v 
yet nothing is known of the safe value of the level of the 
drug in the body, and it is this that seems to be the important 
factor. Figure Bo. 21 below shows the dosage of plasmoquine 
taken by our patients before they developed haemolysis.
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Figure Ho. 21•

Dosage of plasmoquine taken before onset of 
lysis*

Gase No. fotal plasmoquine 
ingested before 
haemolysis 
(grammes)

li | 
Period in days over j 
which the plasmoquine 
adminstration was 
spread.

1 0.09 g. 4-1^2
2 0.10 g. 5

0.09 g. 4i
! 4 0.04 g. 2

5 0.07 g. %
6 0.06 g. 3

fhe cases reported by Dimson and MoMartin (1946) are
the only ones in whom haemoglobinuria was found in relation to
doses in any way comxiarably small, and as has been said, the 
figures of Dimson and MoMartin cannot be relied upon. In 
other case reports of haemoglobinuria the dosages were much 
higher•

'Ihe top dosage ingested in our cases was 0*10 g./ and 
the average over the six cases was 0.075 g. Admittedly in an 
individual with a low toxicity threshold cases one to three 
^ight have come within the toxic range in theory but the re­
gaining three certainly did not, and it is unwise to postulate



one pathological process to explain one group and another 
pathological process to explain the other group. One point 
that must he considered in this connection is whether or not 
there was increased toxicity of the drug. Such is theoreti­
cally possible and in two ways, namely actual increased toxic­

ity of a batch or batches of the drug, or relatively increased 
toxicity because of a high atebrin blood level.

Increased toxicity of the drug- was put forward as a 
suggestion by Amy (1934) in attempting to explain an. "outbreak" 
s&Ji&lar to the one in Hazmak. However Bayer & Company state 
in a personal communication 16.5.39 that samples were sent 
to them by Amy at the time and were found to be normal in 
toxicity and that later Colonel fay'lor (now Major-General 
Sir John faylor) spent a week in the laboratories and was 
convinced that with the methods of control in use it was 
impossible for a batch of plasmoquine with a raised toxicity 
to leave the -place. Bayer proceeded to point out that batch 
toxicity is very unlikely to be the explanation of the haemo- 
globinuria in my cases. Support is lent to their opinion by 
the fact that the drug' used had come from two separate batches 
"with which many other patients had been treated without obvious 
increase in the incidence.of toxic side-effects. Samples 
from one batch only were available for testing and twn volun­
teers each took 0.04 g. daily for five days without any serious 
til effects although all developed abdominal pain. Arrange­
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ments were put in hand to send some of this batch to Bayer fs 
in Germany but this had to be abandoned due to the change in 
the international situation (1939). We agree with Messrs. 
Bayer that it is highly unlikely that batch toxicity was 
responsible for the haemoglobinuria developing in our patients. 
"Relative toxicity" is a possibility, however. It will be 
remembered that pressure on hospital beds in Razmak in 1938 was 
such that the time interval between the finishing of the ate­
brin and the beginning of the plasmoquine was cut from the 
standard three days to one day; it will be remembered also 
that there is a considerable difference between the blood 
levels of atebrin one day after stopping atebrin treatment and 
three days after stopping atebrin treatment. ihe giving 
of atebrin together with plasmoquine markedly increases the 
toxic reactions and one obvious possibility is that the cutting- 
down of the rest period between the two drugs may conceivably 
have produced a state of affairs where the combined levels of 
atebrin and plasmoquine reached a dangerous level. Bedford 
(1943) stressed this point when he was Consulting Physician 
Middle Mast forces.

I do not accept this view. Admittedly atebrin given 
with plasmoquine increases the toxic effects but the margin of 
safety is not nearly so low that the rest period could not be 
cut without danger; this shortened rest period has been used 
on many occasions without other than mild toxic symptoms
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resulting; furthermore several hundred patients received the 
modified course and of them only six developed haemoglobinuria 
lastly, as mentioned by Dimson and MoMartin (1940) the rest 
period during the 1939-1945 hostilities was again out down; 
in fact in the .American forces at one time there was no rest 

period; this is sufficient proof that the safety margin is 
not strictly limited and that there was no "relative toxicity" 
sufficient to account for the development of haemoglobinuria. 
.Another factor in favour of the reduced rest period not play­
ing any part in the lytic process is that the haemolysis came 

in phases, spread in some cases over several days. figure 
ho. 22 shows the number of days over which the lytic processes 
were spread.

figure ho. 22.
humber of days over which the lytic processes 

were spread.

Uase ho. 1 2 3 4 5 6

Period of time 
(days) from the 
beginning to the 
end of the lytic 
phase.

at
least
7 5

_

7
.At
least
8 4 I-1

the phases of lysis were occurring at periods long after 
the combined atebriii-plasmoouine level had fallen to values far 
oe-i-ow the toxic level; e.g. in case ho. 5, the lytic process
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did not begin until one day after the plasmoquine course had 
finished, i.e. six days after the atebrin course had finished.

In problems like this, where the distinction is 
between plasmoquine haemoglobinuria and blackwater fever, it 
has been suggested that spectroscope analysis may be of use. 
Plasmoquine produces methaemoglobin in the red cells and the 
idea presumably was to examine the blood to find whether 
there had been a selective lysis of the red cells containing 

methaemoglohin with a resultant flooding of the plasma with 

this pigment; there are several factors which render this 
investigation of little use. fhe formation of methaemalbumin 
takes place within a few hours and can be distinguished from 
methaemoglohin only be special technique. Secondly the 
methaemoglohin is rapidly removed from the blood via the 
kidneys and circulates in the plasma only for a very limited 
period of time. Phis test is of no value in the differential 
diagnosis of plasmoquine haemoglobinuria and blackwater fever.

We may close this section with a few words on the 

question of the synergistic effect of quinine and plasmoquine, 
and of the antagonistic effect of atebrin and plasmoquine.
't’his has never been satisfactorily explained and to discuss 
it would be to enter into sterile speculation but it is tempt­
ing and probably correct to suppose that the answer will be 
found in the structural make-up; plasmoquine and quinine have
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a common basis, the methoxy-quinoline ring, but their side- 
attacbmenta differ, with plasmoquine having a long open side- 
chain and quinine having a quinuclidine ring joined to the 
quinoline basis at the opposite side to the open side-chain 
of plasmoquine. the two side-chains appear supplementary to 
each other, and possibly synergistic; whereas in the combina­
tion of atebrin and plasmoquine the side-chains are the same 
and may be the toxic factor when the drugs are used together, 
this, however, is sterile hypothesis.

It is concluded that while poisoning by plasmoquine 
was seriously to be considered as a possible cause of the 
development of the haemoglobinuria in the Razmak patients, 
the balance of evidence is against this.

there remains one other possibility in connection 
with plasmoquine, that the plasmoquine "pulled the trigger" 
and produced six cases of blackwater fever. let us then 
consider:

Plasmoquine and Blackwater Fever.

She part played by plasmoquine in the precipitating 
of blackwater fever is very difficult to decide. the striking 
feature in blackwater fever is the haemoglobinuria which gives 
ft its name of "malarial haemoglobinuria". there is no specific 
test marking off the intra-vascular haemolysis of blackwater 
fever from any other haemolysis occurring in a patient with a
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history-of malaria. Unfortunately one of the most common 

features of plasmoquine poisoning is haemoglobinuria; it 
follows then that haemoglobihuria developing in a malaria 
patient under treatment with plasmoquine at once raises the 
question of whether the condition is one of plasmoquine poison­
ing or of blackwater fever; this is the problem that we are 
discussing. ihe methaemoglobincythaemia produced by plasmo­
quine is of no use in the differential diagnosis.

It was concluded earlier in this chapter that the 
cases of haemoglobinuria in Razmak were unlikely to have been 
due to plasmoquine poisoning, the main reason for this being 
the low dosage given of plasmoquine. this leaves the problem 
to be discussed of whether the plasmoquine could have produced 
haemoglobinuria indirectly by causing onset of blackwater fever. 
Opinion is sharply divided on this problem, as may be expected 

from the difficulties in differential diagnosis. Opinions vary 
between one extreme and the other, namely that plasmoquine does 
not cause blackwater fever and that plasmoquine definitely 
causes blackwater fever!
Majumder (1929) gave two individuals suffering from blackwater 

fever a total dosage of 0.4 g. plasmoquine in seven 
days without causing recurrence of haemolysis.

Manifold (1931) c o n s i d e r s  t h a t  i n  a b o u t  0.1^ of I n d i a n  t r o o p  

c a s e s  i n  t h e  -Army it i s  p o s s i b l e  t h a t  a n  a t t a c k  o f  

b l a c k w a t e r  f e v e r  may be precipitated in i n d i v i d u a l s
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who have suffered from many attacks of malignant 
tertian malaria. Manifold was summarising the 
results of a twenty-one-day quinine-plasmoquine 

course of treatment for malaria, used for the first 
time in the .Army in India. The full details are 
given in this chapter, p. 556; 3187 patients in all
were treated and of them three developed haemoglobin­
uria. The details are:

Case Mo* 1. Indian follower; benign tertian malaria;
given daily grs. 20 quinine with plasmoquine 
0.04 g.; developed haemoglobinuria on the 
fifth ciay. Died on the ninth day. Methaemo- 
globinuria continued to the time of death. 

Case Ho. 2. Indian soldier; benign tertian malaria;
given daily grs. 20 quinine with plasmoquine 
0.04 g. developed haemoglobinuria on the 
fourth day. This continued for five days. 
Patient survived.

Case Ho. 3. Indian soldier; benign tertian malaria;
given daily grs. 20 quinine with plasmoquine 
0.04 g.; developed haemoglobinuria on the 
fourth day; haemoglobinuria lasted for 
forty-six hours.

The dosage of plasmoquine was heavy, especially for 

Indian troops, and in these cases the possibilities of plasmo­
quine poisoning cannot be excluded. This series proves
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nothing.

In 1924 A m y was faced with a problem similar to ours, 
and in countries adjoining Waziristan. fen individuals 
developed haemoglobinuria over a period of one year; five of 
the cases were grouped, however, within a period of nine days, 
in Quetta. A m y was quoting from records submitted to him, 

always an unsatisfactory procedure and he admits his doubts 
on the problem of dosage of plasmoquine, etc., e.g. he states 
that he was doubtful whether a certain patient had received 
any plasmoquine at all, and he felt that with other cases 
there were "vague possibilities that some may have received 
an owerdose". fhe same remarks therefore apply here as with 
Manifold; the series proves nothing as the figures are un­
reliable and would appear to be near to the toxic level for
Indian troops.
Fairley and Bromfield (1924c) thought that blackwater fever 

may be precipitated by plasmoquine.
Ghopra (1926) felt that plasmoquine is well tolerated in cases

of blackwater fever, although he makes it clear in 
the same report that plasmoquine has strong haemo-

lytic properties; he quotes one case of undoubted 
plasmoquine poisoning following a total dosage of
0.4 g. plasmoquine; he considers this to have been
plasmoquine poisoning and not blackwater fever.
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Hocht and Mayer (1937) said that, so far as had been reported, 

plasmoquine and atebrin do not cause blackwater fever 
and that plasmoquine can produce methaemoglohinaemia; 
they gave no facts to support their opinion.

Foy and Kondi (1937a) consider that plasmoquine, with quinine
and with atebrin, is capable of "firing-off" an attack 
of blackw&fex - fever, although they stress that the 
action is not a direct one and that these specific 
drugs are HOT a direct cause of haemoglobinuria.

Rogers and Megah/(1939) are much of the same mind; they say 
that the view that plasmoquine is safer than quin­
ine in the treatment of blackwater fever is probably 
incorrect; they think the reverse is probably the 
case.

Manson-Bahr (1940) like Foy and Kondi thinks that any drug of 
value in the treatment of malaria may predispose to 
blackwater fever.

and low and Fairley (1942) agree that plasmoquine can precipi­

tate blackwater fever.
Mann (1943) records a case of haemoglobinuria following a total

dosage of plasmoquine 0.12 g. in four days, following 
upon three days rest after a five-day atebrin course. 
On the details given the case may however have been 

> plasmoquine poisoning or blackwater fever.
Saith (1943) di scusses the paper by Mann and gives details of
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fourteen eases of haemoglobinuria occurring in 
the Middle 33a st. These cases have already been
discussed on p. 560. Few details are given, 
and Bedford (1943) discussing the same cases con­
siders that plasmoquine may have played some part 
in the production of the haemoglobinuria.

Maegraith (1946a) states that in blackwater fever there is
evidence to show that plasmoquine may actively 
stimulate haemolysis, much in the same way as
quinine. There is no such evidence incriminating
atebrin.

Dimson and MoMartin (1946) report testing of urine in '3,000 
men every day they were taking plasmoquine. They 
report that jaundice was rare. All jaundice cases 
were investigated. They considered six to be 
"formes frustre" of blackwater fever although in 
another part they doubt the existence of blackwater 
fever as an entity. The authors quoted another 
investigation of 200 men of an Indian mobile work­
shop company receiving blanket treatment. 200 of 
the men were given blanket treatment 27.7.44 - 
31.7.44; it is-not clear quite what they were given. 
Thirty six cases reported sick; these showed:

Hine with jaundice, high coloured urine, abdominal pain,
anorexia (two developed frank haemoglobinuria). 

Eighteen with high coloured urine, abdominal pain, anorexia
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Three with giddiness, and abdominal pain.
Two with diarrhoea and abdominal pain.

The authors then quote that the incidence of "formes
frustres" of blackwater fever was much more than Q.2^; they
obviously are confusing blackwater fever and mild plasmoquine
poisoning, and therefore, it is difficult to accept their
figures and their findings; stringent investigations of the
dosage of plasmoquine taken would, in my opinion, have shown
that much overdosage had taken place; this has already been
pointed out. 3o very little is known about blackwater fever
itself that it is difficult to come to a conclusion on the
question of whether a particular drug or any other factor may
precipitate an attack of blackwater fever. The disease
itself will be discussed in Chapter IX and at present our
evidence must be based on findings, some of which are negative, 
e.g. 1. Blackwater fever is a disease arising out of malaria

infection.
2. It does not differ in any feature other than the above 

from any other intra-vascular haemolysis.
3. Plasmoquine is a toxic drug with a narrow safety 

margin; there is no evidence that hypersensitivity 
plays any paf& in the ordinary case of poisoning by 
plasmoquine.

4. One very commonly found feature of plasmoquine poison­
ing is haemoglobinuria.
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5. Serious toxic symptoms rarely arise with plasmoquine 

administration until a minimum of about 0.12 g. - 
0.15 g. has been ingested., the action being cumulative. 

As we shall see later, many substances and. conditions have the 
power to a very varied degree of "pulling the trigger" and pro­
ducing an attack of blackwater fever. Quinine is particularly 
suspect in this respect. There seems no reason why plasmoquine 
should not also possess this ability to pull the trigger though 
it probably is much less liable to do so than is quinine. This 
is the consensus of opinion in the majority of reports on the 
subject.

That is the position as regards the relationship of 
plasmoquine to blackwater fever; how does this affect the 
particular problem before us? So far, we have failed to 
establish a definite diagnosis in our six cases of haemoglobin- 
uxia; at present the diagnosis stands at "intra-vascular haemo­
lysis, cause unknown.11

We have considered all the more likely causes of intra- 
vascular haemolysis, including poisoning by quinine, atebrin and 
plasmoquine and with the doubtful exception of plasmoquine have 
found no explanation for the haemoglobinuria.

This leaves only blackwater fever as the diagnosis; 
this iS ma<ie admittedly on negative grounds but there are no 
specific findings in blackwater fever.
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The conclusion therefore is that the individuals who 

developed haemoglobinuria in Razmak 1929 were true cases of 
'blackwater fever. In each ox these individuals the attack 
began during or immediately after plasmoquine administration*
The dosage of plasmoquine taken was so small that it was ruled 
out as the primary cause of haemoglobinuria which is now held 
to have been blackwater fever* Plasmoquine, however, is a 
toxic drug, one easily capable of producing haemoglobinuria by 
itself, and one which has been found capable of precipitating 
attacks of blackwater fever. The diagnosis is then carried
a stage further and is made "blackwater fever, precipitated 
by plasmoquine*”

Summary.
Plasmoquine, the first of the synthetic antimalarials, 

is a substance with a side-chain identical with that of atebrin, 
and with a methoxy-quinoline basis exactly as quinine* little 
is known of the pharmacology of this substance*

Plasmoquine has a lethal effect on the gametocytes of 
malignant tertian, benign tertian and quartan malaria. It has 
a lethal effect on the schizonts of benign tertian and quartan 
malaria only*

When the drug was introduced in 1926 the dosages



579.
recommended were unnecessarily high and proved very toxic.
Sinton worked out a twenty-one-day course with small doses of 
plasmoquine 0.02 g. daily, with the concurrent administration 
of grs. 30 quinine daily; this course bea'arne the standard for 
the irmy in India. The place of plasmoquine in the treatment 
of malaria then became more or less standardised; firstly it 
was given to sterilise the blood of gametes after an attack of 
malaria, the idea being to utilise the markedly gametocidal 
action of plasmoquine; in such cases the course given was a 
five-day follows-up course; secondly it was used in the treat­
ment of chronic relapsing malaria, generally benign tertian 
malaria, in which it was given as a long course, generally 
about twenty-one days, and always with quinine concurrently.

kven with the smaller doses which later came into 
use, plasmoquine proved to be a toxic drug; these toxic effects 
were considered in detail from two points of view; first, 
the toxic effects of overdosage in normal individuals, and 
second the reaction to plasmoquine of a person hypersensitive 
to it. It was seen in the first class of individual that even 
with normal individuals plasmoquine has a narrow safety margin; 
even therapeutic doses cause abdominal symptoms, sometimes 
severe, the cause of which is not obvious; one suggestion is 
splenic contraction. abdominal pain, often with nausea, is 
very commonly found towarus the end of each five-day plasmoquine 
course, A much more serious sign is cyanosis, due to formation
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of methaemoglobincythaemia and this may he quickly followed 
by haemoglobinuria, even with doses very little above the 
therapeutic level.

The administration of quinine with plasmoquine much
reduces the incidence of these more serious toxic effects, so 
much so that in the irmy twenty-one-day course the patient was 
treated generally as an out-patient during the last fourteen 
days of the course.

The administration of atebrin concurrently with 
plasmoquine has the opposite effect, namely markedly to in­
crease the toxic reactions. hone of the commonly accepted 
methods of use of plasmoquine envisage its being given at the 
same time as atebrin.

is regards the second class of poisoning, namely 
hypersensitivity, the records in the literature do not support 
the suggestion that true hypersensitivity can be acquired to 
plasmoquine with the dosages and lengths of administration of 
the drug at present in use, e.g. in the courses in use today 
plasmoquine is only given for short periods; it is never used 
for prophylaxis. It is considered that there is no proof 
available to support the theory that any of the series of 
haemoglobinuria cases reported are due to anything other than 
simple overdosage of the drug.

The daily dosage of the arug generally accepted to
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be safe is a maximpm of 0.03 g. plasmoquine daily;, the drug 
is slowly excreted and the action is cumulative; this may 
account for the frequency of toxic phenomena on the fifth to 
sixth day. The dosage which our patients had been given before 
the development of haemolysis was:
Case 1 2  3 4 5 6
Dosage (g.) 0.9 1.0 0.9 0.4 0.7 0.6

It was concluded that this dosage could not have caused haemo­
globinuria when all the factors were considered, e.g. dosages 
of cases reported in the literature are usually much heavier 
than the above.

Increased toxicity of one batch of drug was also 
ruled out both by the makers and by myself; the drug used came 
from two batches and these two batches had not produced an 
increased incidence even of minor toxic reactions in other 
patients, nor was it found to be specially toxic when adminis­
tered to ten volunteers in a total dosage of 0.2 g. in five 
days.

It was also concluded that the cutting-down of the 
rest period to one day had not led to a state of affairs where­
by the combined atebrin-plasmoquine level, in passing each 
other (one going down and the other going up) had produced an 
especially toxic combination dosage at one time.
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It was concluded that plaamoquine poisoning, directly 

or indirectly, was probably IIP I1 the cause of haemoglGbfnuria 
in Bazmak.

Uo definite explanation can be given for the syner­
gistic effect of quinine with plasmoquine, nor for the antagon­
istic effect of atebrin and plasmoquine; it was suggested that 
the side-chains played a part in these reactions of one drug 
with the other*

fhe last point considered was whether plasmoquine had 
been responsible for "pulling the trigger" to produce the six 
cases of blackwater fever. This was difficult to assess 
because plasmoquine haemoglobinuria may result from dosages of 
drug near to the accepted therapeutic dosage - many of the 
cases quoted in literature as examples 6f plasmoquine precipi­
tating blackwater fever are much more probably examples of 
plasmoquine haemoglobinuria. She laboratory findings in 
plasmoquine poisoning and blackwater fever cannot be used in 
differential diagnosis of the one from the other, in spite of 
the methaemoglobincythaemia found after plasmoquine administra­
tion. fhere are conflicting opinions on the ability or other­

wise of plasmoquine to precipitate blackwater fever b̂ .t the 
consensus of opinion is that it can do so although it is not 
nearly so active in this respect as is quinine.
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fhe diagnosis finally arrived at in our six cases 

was blackwater fever and it was held that blackwater fever 
had been precipitated by administration of plasmoquine.



CHaPfHR. IX,
584 .

Blackwater Peveff.

In Chapter VIII it was decided that the haemoglobinuria 
occurring in Waziristan in 1938 was due to blackwater fever. It 
now remains to consider this disease more fully, beginning with 
the history of the condition.

History of Blackwater ffever.

The early histbry of blackwater fever, like that of 

the discovery of the effect of cinchona bark, is hidden in 
obscurity.

With the exception of reports on one group of cases 
and a few doubtful isolated passing references, there is nothing 
in the literature of medicine in any way suggestive of blackwater 
fever until we reach the early nineteenth century. The series 
of cases which is the exception is that reported in the 
Hippocratic writings. These writings deal with the diseases 
found at that time (450-350 B.C.) in the lands and on the islands 
bordering the Xegean Sea. At this time the Hippocratic school 
of priest doctors had its headquarters on the island of Cos, and 
file writings attributed to Hippocrates are compiled, as Scott 
(1947) says, from discourses in the temple of Hsclepius; 

Hippocrates himself, "Hippocrates the Great" is reported to
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to have been born in 460 B.C. and to have died in Thessaly 
when over one hundred years old. He practised therefore in 
Cos towards the end of the fifth century B.G. and in the fourth 
century# The collection of writings which bear his name are 
thought by Adams (1939) to represent the opinions held by the 
family of Hippocrates and his immediate successors. What is 
important about these writings is that they represent the 
beginning of the scientific approach to medicine, with many 
of the writings of the school based on records of facts rather 
than theories. Much has been made therefore of these cases, 
reported in the Hippocratic writings, which are thought by 
some to have been blackwater fever. Before we begin to 
discuss these highly controversial cases it is well to be sure 
that malaria itself was to be found in the areas where the 
oases occurred. There are many historical writings and many 
ruins of cities and temples which tell of the part played by 
malaria in the despoiling of centres of Greek civilisation in 
Greece itself and in the outlying areas. (It was on this 
evidence that Ross thinks there was no malaria in Greece before 
500 B.C.) These writings and ruins do not tell however whether 
fhe disease was Always present or whether it had come as a 
visitation upon a previously healthy area; areas are to be 
found today in Greece, Sicily and Italy so malarious that no 
one could live there, yet there are great and noble ruins, 
suggesting that malaria had come as a new factor. Hippocrates 
however had differentiated fevers in a way which suggested that
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malaria was known in his time, e.g. Hocht and Mayer (1937) say 
that Hippocrates not only differentiated the intermittent 
malarial fevers from others hut also divided them into three 
groups, Quotidian, Tertian and Quartan. Scott (1947) con­
siders that there had been some separation before the time of 
Hippocrates; Scott talks of a possible reference to malaria 
in Homer!s Iliad and in the works of several of his predecessors, 

e.g. Pindar in 470 B.C.; and reference to Adams*s (1939) 
translation of the writings will show that some reports given 
are very suggestive of malaria, e.g. when the writer talks of 
"true tertian” and fevers with rigors and "regular quartans".
The bulk of the evidence is that malaria was endemic in the 
Aegean at the time the Hippocratic school were recording their 
findings. Phis then raises the question of whether or not

the disputed cases were cases of blackwater fever. These 
annotations are to be found in "Epidemics" Books I and III; 
incidentally Adams (1939) considers the Epidemics, Books I and 
III as undoubtedly genuine; a total of forty-two cases is 
reported, of whom fifteen showed black urine and three showed 
red urine. Gertainly not all these cases can be considered to 
be possible blackwater fever cases, e.g. some were in women 
during the puerperium; in others of the series however from 
fhe scanty information given in Adams*s translation there is 

no doubt that the description given is compatible with though 

not specific of a diagnosis of blackwater fever. Two examples
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are "fhiliscus who lived by the wall”, and "Silenus who 
lived on Broadway11. The most careful of the investigations 
into this problem of the Hippocratic writings was that report­
ed by Hoy and Xondi (1935); these authors carried out a 
painstaking investigation into the subject, e.g. they made a 
careful examination of the works of Hippocrates in the Greek 

and also examined the German, Prench, Italian, Latin and 
English translations. In their references to the Greek and 
Byzantine literature on the subject the authors had the expert
help of the German, American and British Schools of Archaelogy. 
Hoy and Kondi quoted some representative cases, including the 
two mentioned above, namely Philiscus and Silenus and they
felt that if the cases quoted by Hippocrates are not blackwater 
fever then it is very hard to say what they can be» and they 
concluded that blackwater fever has been known to exist in 
Greece from the earliest times; they say that Greek opinion is 
almost solidly in agreement with this view.

In spite of the careful work of Hoy and Xondi, the 
Majority of workers remain unconvinced that the cases of 
Hippocrates were cases of blackwater fever, e.g. Stephens (1937) 
points out that bile and drugs may conceivably have coloured the 
urine. Other possibilities are favism and Weil,s disease, both 
of which are found in Greece today and both of which conceivably 
were known in Greece and the neighbouring countries in the time 

of Hippocrates. The evidence is not conclusive enough to
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permit of a diagnosis being made of blackwater fever. This 
is the opinion of the large majority of workers. Poy and 
Kondi (1935) also mention two vague references, one by 
Actuarios, a twelfth century medical writer and one by 
Protospatharios, a seventh century Greek anatomist (Poy and 
Kondi say seventeenth century); neither of these can be taken 
as evidence that the writers at that time were talking of black­
water fever. Another isolated reference is that in Stephens 
(1937) who quotes the translation of the work of Prosper

Alpinus (1553-1617) who talks of haemoglobinuria.

With these few and very doubtful exceptions there is 
nothing in literature until the nineteenth century that mgy be 
a description of blackwater fever, e.g. forti (1712) quoted by 
Stephens (1937) in his very exhaustive Therapeutice Specialis 
makes no mention of any condition like blackwater fever. Then 
in the nineteenth century from many parts of the world and 
apparently mainly independent of each other a series of reports 
make their appearance. Manson (1886) "confidently asserts” 
that before 1850 the cases of haemoglobinuria related to malaria 
were very few indeed whereas since then this disease had simul­
taneously appeared in America and Africa as a sporadic endemic 
and epidemic disease. There are minor differences of opinion 
as to who was the first author to report the disease in some or 
other part of the World but it is probably correct to say that 
between the beginning and the middle of the nineteenth century
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reports had appeared from all continents, adequately describing 
the disease, (In all the earlier reports it was called uhaema- 
turia”) e.g. from

hfrica, Boyle (1831) quotes a report from a Mr. fedlie about

1822 who described the urine in dndemic fevers of the 
Cape Coast as having the appearance of bloody water, 
fhe next series of reports included those from 
Berfinger-feraud (1874) who traces the disease back 
definitely to about 1830 (e.g. by 1855 blackwater 
fever had appeared in the statistics of the Senegal 
hospitals) and with a fair degree of probability to 
1820; he talks of it being known in Dakar from about 
1820.

In imerica (Worth) the first doubtful reference is also in the 
early 1820s and by 1840 the condition was well estab­
lished to be a c linical entity in the hot Southern 
States. In many of these earlier reports the authors 

talk of having known of the disease or having seen the 
disease a long time previously but no one dates the 
appearance anything much beffire 1820. Cummings

*

(1859) produced the best of the earlier reports and 
speaks of "haemoglobinuric" fever; he reports six 
cases. Reports from South imerica begin to come in 
a little later, about 1840.

In Europe, hlibert (1809) mentions oliguria and black urine in
his discussion on the treatment of intermittent fevers
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but this is an isolated, mention and it is not until 
1850 that the condition came to be recognised in the
two malarious black spots of Central Europe, namely 
Italy and Greece; at the same time cases were being 
reported from Madagascar and the island of Eosse Be

near it.
fhe first definite report from Greece was by 

hntonia&es and this was closely followed by a stream 
of papers from others, e.g. Yeretas, (1859); not 
only do they all recognise the disease to be an 
entity but even in that short time they had realised 
the possibilities that quinine was the exciting 
agent•

2?he reports from India began to come in later, surprisingly
enough not until 1878, but that may have been because 

of the general paucity of reports in English on the 
disease until about that time. Other individuals 

claim this late appearance is because of the late 
re-appearance of quinine in India.

Thomson (1924a) says that the apparently late appearance of the 
disease has led to the mistaken conclusion that the 
disease was of recent origin; he thinks however that 
the late recognition was due to several factors, the 
most important being the exploration and development 
of the Iropics by the non-immune white races.
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Scott (1939) puts the matter correctly when he says that it

is a subject for constant wonder that while malaria 
has been known for twenty-five centuries, blackwater 
fever, so far as is known at present, has been ob­
served for little more than one century and no recog­
nisable description of it has been discovered before 
the latter half of the nineteenth century. Scott 
does not think there is sufficient evidence to 
accept as blackwater fever any of the eighteen cases 
recorded in the Hippocratic writings. This author 
feels that the chief difficulty would be to explain 
the absence of any records of the disease for so 
many centuries, from the time of Hippocrates to the 
nineteenth century. fhe passing references t>f 
Protospatharios and of hctuarios are too flimsy to 
be taken as proof. In reply to Shornson*s suggest­
ion that blackwater fever only became known in the 
fropics when the non-immune Europeans arrived there 
Scott asks what the explanation is of the disease 
not being reported from Greece before the nineteenth 
century when Greece is one of the plague spots of the 
disease. Scott thinks we cannot trace the disease 
back beyond 1822 with any certainty. He is not 
prepared to say whether the disease was a new con­
dition or one of older standing which had not pre­
viously been recorded.
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This preoccupation with dates is not without practical 

importance for, as we know, in 1820 Pelletier and Gaventou 
isolated the alkaloid quinine which later acquired so grim a 
significance in the causation of blackwater fever. The co­
incidence in dates, for it is now so regarded, between the 
isolation of quinine and the beginning of reports on black­
water fever proved one more pitfall for workers and provided 
an apparent ready-qiade reason for the appearance of blackwater 
fever, although quinine had been given for 200 years previous­
ly as an admixture with other cinchona alkaloids in combined 
extracts from the bark.

Scott^s opinions (1939) are probably representative of 
the great majority of workers, namely that the disease had not 
been reported prior to 1820, the cases of Hippocrates not be­
ing examples of blackwater fever, and that there is no satis­
factory explanation as yet why the condition should begin to 
be reported at that time, .whether it was a new disease sui 
generis or an older disease which had not previously been re­
ported. The probability is that it had not previously been 
recognised, that it was not a disease sui generis, although 
admittedly its symptomatology is very striking. It is gener­
ally accepted that the apparent appearance of the disease for 
the first time at the same time as quinine had been isolated 
is a coincidence.

Easmon first used the term "blackwater fever" in 
English in 1884 and in 1885 the same author explained that he
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had taken the name from the french term "fievre bilieuse 

melanurique" •

General.

Eclampsia has been called "the disease of theories”; 
the same is very true of blackwater fever. One measure of the 
confusion may be seen in the multiplicity of names which, 
including french names, total more than fifty. The cause of 
blackwater fever is as yet still unknown; in fact in one 
report written recently by Dimson and MoMartin (1946) the 
authors obviously do not accept the theory that the condition 
is an entity and state that all cases can be divided into 
plasmoquine haemoglobinuria, quinine haemoglobinuria or what­
ever happens to be the precipitating agent. However, this 
opinion is quite out of keeping with that of the large majority 
of workers who agree with the Editor, Indian Medical Gazette 
(1932) who claimed that the term "blackwater fever” should be 
confined to a specific symptom-complex and should not be 
applied to all forms of haemoglobinuria• Christophers (1937) 
rightly said "practically nothing is known of the ultimate 
causes concerned in the bringing about of destruction of red 
cells to which the disease owes almost all its features”.

It is difficult even to find a satisfactory definition 
for the disease; low and fairley (1942) define blackwater 
fever as "an acute complication of chronic malignant tertian
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malaria, characterised hy one or more intra-vascular haemolyses 

of considerable severity, haemoglobinuria, fever, vomiting,
jaundice, and anaemia .... the disease invariably originates
in an endemic zone heavily infected with malignant tertian 
malaria. The native population may enjoy immunity •••• 
quinine is the factor precipitating the attack •••• plasmoquine 
may also precipitate blackwater fever". This definition 
cannot be accepted; there are at least five statements in it 
which are not generally accepted. Probably the best definition 
of the disease is the simple one of "malarial haemoglobinuria”; 
nothing can be added to this description which would be 
accepted by all interested in this question. Blackwater 
fever first came clearly to be separated from haematuria some 
seventy years ago. By the beginning of this century the 
kidney lesions had come to be recognised; since that time,
close on forty years ago there has been much sterile specula­
tion on the problem but little fruitful research and the only 
advance has been the identification of methaemalbumen by 
Eairley and Bromfield in 1934. We do know that many substances 
can "pull the trigger"; Manson's poser now might be changed 
to "what charges the gun". Eoy and Kbndi (1943) convey the 
same idea when they say that in blackwater fever malaria would 
appear to be an important preparatory agent but what exactly 
it does or how it produces its effect is unknown. But, the 
gun having been charged, the trigger may be pulled by any one
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of several agents, e.g. ant ima la rial drugs, or cold, or 
splenio enlargement. It is of advantage to enumerate these 
points which are not seriously controversial.
Uocht and Mayer (1937) said:

1. A malaria infection must he assumed in all oases 
of blackwater fever; blackwater fever invariably 
arises out of malaria. This is one of the few 
statements acceptable to all.

2. Blackwater fever always occurs in sporadic form in 
relation to individual malaria cases; it never 
occurs in epidemic form. To this may be added, 
however, a rider that on occasion the oases may
be so grouped in time and space as to resemble an 
epidemic, e.g. Ceylon in the big malaria outbreak 
in 1936; this is further discussed below.

3. Most blackwater fever patients are infected with 
malignant tertian malaria but others have been 
observed following benign tertian and quartan 
malaria. Some authors claim that the relative 
frequency of the three species found in the 
blackwater fever cases is that of the relative 
frequency of the species in the particular area, 
hence the heavy malignant tertian preponderance 
in africa. Hoy and Kondi (1937b) basing their 
findings on 360 cases of blackwater fever in 
Greece actually conclude that the vivax species
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is fully as efficient in the producing of blaok- 
water fever disposition as is malignant tertian 
malaria.

4. In by far the majority of cases blackwater fever 
arises from a chronic infection, i.e. several 
relapses or new infections; this is widely 
accepted.

5. ill investigations aiming at the discovery of a 
specific cause have failed, or remain unconfirmed.

Ross ;(1932) adds
6. Blackwater fever is uncommon in individuals with 

less than one year’s residence in a malarious area 
and that the rate at which susceptibility to 
blackwater fever is acquired varies greatly in

individual cases.
Scott (1939) puts the matter in the same way when he says that 

all over the World wherever blackwater fever exists, 
Europeans are the chief victims although it is also 
found to attack Bengalis working in the Assam Tea 
Gardens and Egyptians working in the Sudan.

Ghopra (1936) also agrees that the disease only attacks
susceptible migrants as the Bengali clerks coming into 
the As8am Tea Gardens. Ghopra adds other points.
7. The presence, within half a mile, of an aboriginal 

population saturated with malaria. The author 
holds that the aboriginals themselves have become
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immune or tolerant to the infection. The malaria 
strain concerned is of intense virulence.
The two remaining theories of Ghopra are not 
generally accepted and need not he noted.

Rogers and Megalv have had long experience in India and their
views are particularly valuable, friting in 1939 they 
claim that:
Blackwater fever occurs in most places where severe 
endemic malaria persists through the greater part of 
the year and in such places is very much more common 
in migrants. In places where malarial infection is 
limited to a brief season in each year the disease is 
uncommon even when malaria occurs as severe epidemics. 
They hold that the disease is decidedly rare in places 
which are visited at intervals of several years by 
ejjidemics of malaria even when these are very severe, 
as in the Punjab; in their opinion the factors con­
ducing to blackwater fever are:
1. Existence of intense endemic malaria.
2. Recurrent malaria; even the most severe first 

infections are rarely accompanied by haemoglobin­
uria.

3. Disease is rare in recent migrants; few cases 
accur within six months of arrival.

4. Hearly every case of blackwater fever is in indi­
viduals imperfectly treated for malaria; this may
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explain why the blackwater fever attacks do not 
necessarily occur in the blackwater fever area.

5. A dose of quinine is the usual precipitating factor
though quinine by itself cannot be the cause.

6. Oold, heat, and fatigue often precipitate an attack.
7. Where malaria prophylaxis has been effective black­

water fever is invariably controlled.
8. Malaria parasites are present in seventy to ninety 

per cent of oases; usually malignant tertian 
malaria.
Sinton (1927) also points out that in the Punjab 

in spite of the occurrence of intense autumnal 
malaria, largely malignant tertian and in spite of 
big periodic epidemics, there is no indigenous 
blackwater fever.

Stephens (1937) summarise the problem of the causation of 
blackwater fever by saying:

1. hetiological importance has been assigned to 
bacteria, protozoa, etc. etc. i'he tests have 
always been negative.

2* accessory aetiological factors listed include
alcohol, chill, diet, disease, emotion, exertion, 
parturition, sunstroke, syphilis, etc. etc. 
fhe mechanism of the haemoglobinuric process has 
been attributed to such diverse agents as haemolysJms 
radiant energy, lactic acid, etc.
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Or has been considered in a general way as an 
anaphylactic phenomenon.
But, the above opinions are largely speculative. 

Concerning this matter of aetiology, it is pertinent to discuss 
here the question of whether or not there is at any time a 
"pre-blackwater" phase in the disease.
Koch (1899) suggests such a phase of disease when he says that 

certain features point to the fact that blackwater 
fever does 1TOT arise suddenly but gradually. He quotes 
patients giving a history of strikingly dark-ooloured 
urine and slight icterus for a long time before the 
onset of frank haemoglobinuria.

Blacklock (1923) is thinking along the same lines when he says
that the importance of the pre- and post.-haemoglobinuria 
states, which are inherent parts of the disease, is apt 
to be lost sight of because of the use of the term 
"blackwater fever" and he thinks that terms such as 
"occult" or "subliminal" blackwater fever may be used 
for these conditions.

Manson-Bahr (1927) holds that in some cases of blackwater fever 

there is a pre-blackwater stage with low fever, nausea, 
vomiting, persisting headache, large spleen and urine 
showing traces of albumen and urobilin.

Undoubtedly in blackwater areas one sees patients with 

yellow solerae, large spleens, low-grade fever and dark urine.
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These patients do give the impression of trembling on the 
verge of an attack of lysis, but that is not necessarily a 
f,pre-blackwater" condition. It is merely a description of a 
patient with under-treated chronic malaria and such patients 
are the perfect examples of individuals who will possibly 
develop blackwater fever. Rogers and Megan (1939) also take 
this view when they say that such patients are suffering from 
"bilious remittent malaria" and that these people may have 
some clinical resemblance to blackwater fever. Some workers 
have shown that in such cases the bilirubin values in the 
blood and the urobilinogen in the urine may be higher than 
those found in the blood and urine of individuals with frank 
blackwater fever. This is not surprising when it is realised 
how heavy is the blood destruction in certain cases of malaria, 
e.g. Whitby and Britton (1946) talk of one million red cells 
destroyed in one malignant tertian paroxysm.

One other cause of confusion is the problem to be 
discussed below, namely occult blackwater fever.

This point was raised by Blacklock (1923) see above, 
when he talked of "subliminal blackwater fever". The picture 

often painted of blackwater fever is that of a disease with 
the individual showing severe in^ra-vascular lysis and heavy 
haemoglobinuria; this is not necessarily so* there is great 
variation in the degree of lysis of the red cells. This
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variation in degree is found with different patients and even 
in the same patient at different times in those cases suffer­
ing from recurrent attacks of lysis. Some of these lytic 
phases may he extremely mild in degree, a fact only now recog­
nised. These phases are of course the explanation of the 
type of happening where an individual recovering from a frank 
haemoglobinuric phase of blackwater fever shows repeated small 
spurts of temperature, continued jaundice and repeated falls 
in the blood count; this is a condition of blackwater fever 
sine blackwater as it were. Mocht and Mayer (1937) talk of 
rudimentary forms of blackwater fever in which there is no 

haemoglobinuria but where the urine shows much urobilinogen, 

with the patients jaundiced and exhausted.

There seems every possibility that careful investiga­
tion in blackwater areas, particularly investigations with 
spectroscopic analyses of the blood, and the checking of red 
cell counts, would show that occult blackwater fever, i.e. 
blackwater fever of minor degree, is more common, possibly much 
more common that is generally realised. It is felt that 
attention should be turned to this problem by workers in areas 
where the disease is not rare. These "rudimentary forms" of 
blackwater fever account for some of the individuals regarded 
at present by some authors as being in a "pre-blackwater" state.

The last of the minor general problems to be settled
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at this point is that ox whether or not "epidemics" of black­
water fever may occur. Mooht and Mayer (1937) state that 
blackwater fever occurs arbitrarily in sporadic form in relation 
to severely-malarious areas, being most frequent where malignant 
tertian malaria predominates; they state that the disease 
never occurs in epidemic form. If these statements of Uocht 

and Mayer!s are correct and the disease is so readily limited, 
then we must question our diagnosis of blackwater fever being 
the cause of haemoglobihuria in the six individuals who devel­
oped this sign in Razmak in 1938. Gases of blackwater fever 
do occasionally occur, however, which do not fit into the 
rather rigid specifications given by Uocht and Mayer; there 
are many striking examples of this on record, e.g. reports of 
"epidemics" to be found going back to the latter part of the 
nineteenth century. Such"outbreaks" are particularly reported
among prisoners, those making canals, etc. etc. and during 
epidemics of malaria in areas with little previous malaria, e.g. 
the Geylon epidemic of 1934-5; when six cases of blackwater 
fever occurred although there had been only seventeen from 
1913-34. Sutton (1911) gives an interesting report on the 
Grew of the U.S.S. "Des Moinea"; twelve men went ashore for 
thirty-six hours after having been off the West Goast of .Africa 
fox about five weeks. Within ten days of returning from the 
shore seven of the men had developed blackwater fever and three 
had developed malaria; there seems no doubt that "outbreaks"
°£ blackwater fever can occur, even in areas previously thought
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to be free of the disease. One such outbreak, which very 
closely concerns us is that reported by imy (1954); at that 
time, according to Rogers and Megafay (1930) blackwater fever 
was to be found in India, Mast and South of the line Surat- 
Dehra Dun. This agrees with Gosh (1941) of the Malaria 
Institute of India who gives the same areas affected in India 
as does Stephens (1937), namely .Assam, Bengal Duars, Bihar, 
Madras Presidency, Orissa, Bombay Presidency, Central Provin­
ces, Coorg, Hyderabad, United Provinces; the areas most 
particularly affected are the foothill areas such as the 
.Assam and Bengal Dooars, .Jeypore and hill tracts of the 
United Provinces terai; i.e. the Punjab although so ravaged 
by malaria, does not appear in the list as a place where 
blackwater fever may be found; this is true also of the 
Morth-West Frontier, which has areas of very severe malarial 
incidence, e.g. Peshawar area. imy (1934) stated that 
previously there had been no record of blackwater fever in 
India West of longitude 75°, with the area to the Horth and 
West of the line Surat-Dehra Dun free of this disease; yet 
between 30.8.32 and 13.8.33, a period of one year, there 
occurred ten cases of "blackwater fever" along the 250 mile 
line Peshawar-Port Sandiman; this is practically the line 
of the Horth-Y/est Frontier of India, far to the Y/est of the 
75° line and far to the Horth of the line Surat Dehra Dun.
Five of these cases were grouped in location and time, namely 

Quetta, .August 1933, where five cases occurred within nine
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days. These eases were all in military personnel who, with 
one exception, were natives of the Worth-West Frontier 
Province and the Punjab; only one had been in a blackwater 
fever area (Fast ifriea) in his service. The individuals 
ranged in rank from followers to ofiicers, from all arms of 
the services, ages between eighteen and forty-five. There 
were six deaths. Certain of these cases occurred in country 
very like Waziristan and one of the cases occurred in 
Waziristan at Wana, near Razmak.

M y  sent samples of the plasmoquine used to the 
manufacturers, Bayer, who said (1939) that this was found to 
be normal in toxicity.

These reports of this disease in irmy personnel had 
come to imy in his capacity as a medical Staff Officer; he 
did not see any of the cases in person and had no hand in 
the investigation; they were poorly investigated and there 
is considerable doubt in one or two of the cases whether the 
dosages of drug reported had in fact been given. This type 
of report is always very unsatisfactory where reliance must 
be placed on the individuals who originally treated the cases. 
4s said, all the oases reported by imy were poorly investigat­
ed, e.g. he talks of "massive naked-eye methaemoglobinaemia", 
taking all the factors into account it seems most probable that 
the individuals concerned had been suffering from blackwater 
fever.
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I have discussed, this matter with medical missionaries 

with long experience on the Frontier and in the Punjab; I have 
also discussed it with officers of the Indian Medical Service 
who have had long service in these areas both in civil and 
military employ, and I have had some years of experience in 
these areas myself but I have heard of only one other case in 
these areas which may possibly have been blackwater fever.
This was told to me by Major Duggal, I.M.5. This officer 
was a specialist in pathology in the I.M.S. and had served 
three terms on the frontier - he was captured by the Pathans 
on his last tour - Duggal states that he was on the original 
expedition to open up Razmak in 1922-23 with Sir John Maffey, 
and at that time he saw in an infantry-rnan a case of what he 
took to be blackwater fever; the man's illness began below 
Razmak camp a few weeks after the patients had arrived from 
the plains; there is no other information available on the 
patient. Such information as is obtainable does not permit 
of a diagnosis being made.

If imy's cases were blackwater fever they seem to be 

the only recorded cases of this disease on the frontier al­
though isolated cases may have occurred without being reported.

It seems then that sporadic outbreaks of blackwater 
fever may occur for reasons not obvious, even in areas regard­
ed as free from thiw disease; the rarity of the condition in 
^aziristan therefore is not a valid argument against our
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diagnosis of blackwater fever which is supported by that 
series of cases reported by Amy in the same region five years 
previously.

It is necessary at the close of this seotion to point 
out again that although we have solved the diagnosis we still 
have not solved the cause of blackwater fever, is Scott 
(1939) says "the problem still unsolved in blackwater fever is 
the cause. Malaria is at the back of it but what is the 
proximate cause, and why, among hundreds of endemic centres 
of malaria are there only a few centres of blackwater'fever?” 
This lack of any definite knowledge explains the remark at 
the opening of this chapter that blackwater fever is a disease 
of theories; none of these is accepted by all to be the answer. 
It is necessary therefore to discuss the more important of such 
theories^with a consideration of the pros and cons in each 
case.

The first point requiring discussion is the part played 
by malaria in blackwater fever.



Malaria and Blackwater F e v e r *
• It is proposed to discuss some of the current theories 

as to the causation of blackwater fever; before this can be 
done intelligently we require to discuss malaria itself, for 
the one definite thing that is known of blackwater fever is 
its relation to malaria; stamp out malaria and you stamp out 
blackwater fever, ihe mechanism whereby malaria produces 
blackwater fever is not known# 2?he most surprising feature 
of the problem is that although malaria itself has been known 
for at least twenty-five centuries, blackwater fever has only 
been recognised for one century. long before scientific 
proof was forthcoming there was a r ealisation that malaria in 
some way was connected with damp marshy places, and with in­
sects. Scott (1939) quotes the remarkable observation of 
Golumella in 100 i.D. who reports that marshes breed mosquitoes 
armed with stings and that these insects might convey disease 
in their bite. 'there are several theories on the origin of 
the name malaria; probably the earliest in the English 
language or in any language is the note by Walpole in 1740 on 
Ma horrid thing called the malaria that comes to Home every 
summer and kills one”; certainly the name had become establish­
ed by the beginning of the nineteenth century.

the following classification of malaria parasites is 
widely accepted.
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SPOROZOX. 
Goccidiomorpha 

Goooidiida 
Simeriidea' Haemosporidiidea

1---------
PLAMODIIDAS 

Mesnil, 1903

PLASMODIUM

fhe term Plasmodium is probably the least suitable of 
the several names suggested but it is too firmly entrenched 
to be Changed. Of the genus Plasmodium which attack man there 
are four species recognised, namely P*falciparum, P.vivax, 
P.malariae, and P.ovale. Malaria is the term applied to the 
symptom complex resulting from obvious infection of the human 
by these protozoan parasites* fhe parasites have a complex 
cycle of development, the asexual phase of which takes place 
in the body of man while the definitive host is the anopheline 
mosquito* Malaria is a chronic disease.

fhere are several phases in the life cycle of the 
organism and these various phases are not all equally affected 
by antimalarial drugs; at least one phase in fact is not 
affected at all, except by paludrine, see plate Ho, XX, p.M<y • 
In brief the cycle in the human is:

Class 
Subclass 

Order 
Sub-orders

Family

Genus
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(a) 'fhe sporozoites are introduced into the patient hy the 

bite of an infected mosquito, thereafter there is a 
blank for eight to ten days; this blank was a source of 
the greatest difficulty in the. consideration of malaria 
bp.t has recently been cleared up, see discussion on the 
exo-erythrocytic phase, below. During these ten days 
the parasite is undergoing further development in the 
internal organs.

(b) this period is followed by the appearance of the parasites 
in the peripheral bloodstream. this is the phase of 
active multiplication by schizogony and when the parasites 
attain a certain concentration, symptoms are produced in 
the host, i.e. "malaria" develops. the figures necessary 
to produce overt malaria are surprisingly high, e.g.
Whitby and Britton (1946) assumed there must be one 
parasite to every 100,000 red blood cells to produce 
symptoms. In this particular phase of schizogony the 
parasite is easily killed by all of the anti-malarial 
drugs excepting the malignant tertian schizonts, which are 
not affected by plasmoquine.

If drugs be administered to the patient these 
asexual parasites are rapidly overcome and disappear from 
the peripheral blood. If treatment be stopped at a stage 
short of thorough eradication or what passes at present 
for thorough eradication of the parasite from the body 
there will be freedom from obvious parasitism and from
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symptoms for at least ten days; thereafter reappearance 
of the parasites and symptoms becomes more and more 
likely

After the initial phase of recrudescence there may be
a trouble-free period and then.about nine months later, a
second period of recurrence of the disease.

fhe terms used are;
Recrudescence re-appearance of symptoms and

parasites within eight weeks of 
recovery.

Relapse re-appearance of symptoms and
parasites within eight to twenty- 
four weeks of recovery.

Recurrence attacks after twenty-four weeks.

One phase of the asexual cycle which has been the 
subject of much discussion and a phase of very great practical 
importance is the so-called "exo-erythrooytio phase" immediate­
ly following upon the biting of the host by the infected mos­
quito. James and fate (1937), continuing the pioneer work of 
■ftaffaele (1934), discussed those forms of P.gallinaceum found 
in the cells in the reticule-endothelial system of infected 
Qhickens, and showed that there is a phase of development which 
takes place in the reticulo-endothelial cells, particularly of 
fhe spleen, brain, liver, kidneys and in the cells of the
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capillaries. Huff and Ooulston (1944) using bird malaria 
also, recorded that the sporozoites take about three genera­
tions from uhe refieulo-endothelial cell to the red blood 
corpuscle. fhe search for these forms in human malaria has 
been intensive and since 1937 there have been several claims 
that the forms had been demonstrated in the human but these 
were never substantiated until Shortt, Garnham, Govell and 
Shute (1948) reported success. Following closely upon their 
demonstration of these forms in the monkey they reported the 
finding, in the liver of an infected human, plasmodial masses 
studded with ©chromatin particles. This step forward will no 
doubt materially assist in the synthesis of antimalarial drugs 
with a powerful action against this phase of the organism,
i.e. antimalarial drugs producing causal prophylaxis.

One f eature of the benign tertian infection is that the 
red cells enlarge. In all the species numerous brown-black 
granules (malaria pigment) appear in the red cells as the ring 
forms enlarge. This is a degradation product of digested 
haemoglobin, related to ha©matin.

Malaria is generally thought to be a self-limiting 
disease; Hocht and'Mayer (1937) suggest that in the absence 
of treatment the following are the intervals of time required 
for spontaneous "cure":

Malignant tertian malaria usually one to two years.
Benign tertian malaria usually four to five years.
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Quartan malaria usually longer.

i
These figures are approximate and are not generally accepted. 
This complete disappearance of the parasite probably may 
represent a stage in which the organism and the host reach a 
condition of seeming symbiosis which can easily be upset in 
favour of the parasite, e.g. Shute (1946b) considers that 
latency in benign tertian malaria may occur:
1. Under natural conditions.
2. With drug prophylaxis.
3. With mixed infections.
4. As a result of immunity to one particular strain.
In more detail:
1. latency under natural conditions is shown by the latency 

during the winter, so often found with benign tertian 
malaria•

2. With drug prophylaxis: A c&urse of quinine, atebrin or
plasmoquine, taken for the first one to three weeks 
after infection may lead to considerable latency before 
the appearance- of overt malaria.

3. With mixed benign tertian and malignant tertian infection
benign tertian may appear after several months.

4. Strain immunity is seen in inoculation malaria (and by
the immunity to the local strains so often shown by 
indigenous peoples).

Of considerable importance is the question of how cure
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results, whether assisted or natural. Ojbe type of hlood 
cell that has been repeatedly invoked to explain oures in 
malaria is the monocyte, now thought to take origin from the 
reticulum; the closely-related histiocytes are also thought 
to play a part. Monocytes are actively phagocytic for 
foreign particles and for the blood protozoa. McCallum (1898) 
claims to have seen this happen to the malaria parasite in bird 
malaria. Hocht and Mayer say that this may occur in serious 
cases of malignant tertian with whole parasites phagocytosed, 
and Whitby and Britton (1946) have seen marked erythrophago- 
cytosis by monocytes in the circulating blood. Taliaferro and 
Taliaferro (1929) go so far as to say that the chief mechanism 
of defence against malaria is. phagocytosis and destruction of 
the parasites by the large mononuclear cells. Krishnan, Lai 
and Hapier (1933),talking of monkey malaria stated that the 
fate of the animal depends on Yvhether or not the rise in the 
mononuclear count is maintained. Several authors have claimed 
that the beneficial action of quinine is due to its accelerating 
the natural processes of cure by monocytes. Docht and Mayer 
(1937) also suggest that the liberated pigment, damaged red 
cells, etc. lead to a great increase of large mononuclear cells 
but point out that this effect is common to all protozoan 
diseases.

Whatever the reason there is no doubt that monocytosis 
<loes occur in malaria; this has been known for a long time.
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Stephens and Christophers (1904) said that a figure of over
fifteen per cent of large hyaline mononuclears in the 
.absence of kala azar is diagnostic of malaria. 
Christophers and Bentley (1908^ suggested a rise of over 
twenty per cent of mononuclear leucocytes is found in 
malaria.

Hocht and Mayer (1937) suggested the rise may be as high as
thirty per cent.

Ross (1932) gives values of monocyte count in his large series
of blackwater cases in Southern Rhodesia.
Right cases showed less than ten per cent mononuclear

cells.
Twenty cases showed ten to twenty per cent lf ”
ilight cases showed twenty to thirty per cent ,T ,T
Two cases showed over thirty per cent ,f "

Ross (1932) was probably right and in agreement with the later 
reports by Hocht and Mayer (1937) when he said that 
part at least of this mononuclear increase is a reaction 
to blood destruction and is not specific, e.g. Krishnan
(1935) points out that during and after an attack of 
blackwater fever there is an increased number of mono­
nuclear cells which he considers to be a simple reaction 
to red cell destruction and to the liberation of free 
haemoglobin.

This question of the function of the monocytes is of 

importance, i.e. whether these cells are merely a mechanical
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response to debris or whether they have a specific function; 
Hicks and Opie (1942) suggest the function is more than 

mechanical; they claim to have shown that these cells liberate 
a proteolytic enzyme which they consider responsible for the 
destruction of red and white cells. The question has not yet 
been definitely settled.

These are a few of the more important facts known about 

malaria; what is not known is how malaria predisposes to black­
water fever, and what part it itself plays in the production 
of the lytic phase.

Scott (1939) quotes the opinion of Bastinelli who wrote 

in 1899 that "the preceding malaria creates the fundamental 
disposition, existing malaria the accidental disposition, and 
quinine the provocative agent". Almost all workers are agreed 
that the malaria undoubtedly acts to create some fundamental 
change. Scott (1939) says, for example, that a predisposition 
arising from chronic malaria is a necessary preliminary for 
olacJ£water fever.
Xrishnan (1935) working with monkey malaria thought a damaged 

reticule-endothelial system to be a pre-requisite to 
malarial haemoglobinuria•

Rogers and Megan (1939) stated that malaria alone is rarely

capable of causing blackwater fever; by this it is 

presumed they meant the actual lytic phase.
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Ross (1932) from his experience in Southern Rhodesia confirms

that infections with malaria is a necessary preliminary 
to the development of the susceptible state in which 
haemoglobinuria may occur, and proceeds to say that 
apart from its sensitising action malaria may also 
play a part in the precipitation of the actual attack. 
Ross continues by saying that even if malaria plays no 
part in the actual precipitation of haemoglobinuria, 
susceptibility to blackwater fever is greatest during 
the actual malarial attack. This last point is 
challenged, see Foy and Kondi below. Ross went on to 
say that in the production of susceptibility to 
blackwater fever chronicity or frequency of infection 
appears almost essential.

Yorke et alia (1930) using spleen puncture, found no evidence 
of heavy malarial infection before the onset of black­
water fever.

Similarly Foy and Xondi (1937b) also using spleen punctures, 
showed that it is very doubtful whether in blackwater 
fever there is a heavy infection with malaria before 
an attack of blackwater fever. These last-named authobs 
state that it is abundantly clear that the patients they 
examined were not suffering from an acute attack of 
malaria before they developed an attack of blackwater 

fever. This fits well with clinical experience where
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again and again patients give a history of an attack 
of blackwater fever beginning like a bolt from the blue 
when they felt very well.

Two other important facts which have been mentioned before and 
are again brought forward are:
1. The disease rarely occurs in individuals immediately upon 

their arrival in areas of endemic blackwater fever. Scott 
(1939) quotes an analysis of 1050 cases and found that in 
the majority of these the disease occurred in the second 
to third year of residence.

2. Blackwater fever is rare in indigenous natives though

natives from other areas may develop the disease, e.g. 
Bengalis in Assam.

One last point is that the post-mortem changes in fatal 
cases of malaria and in fatal cases of blackwater fever do not 
markedly differ except when the kidney lesions of blackwater 
fever are present; in neither disease are the findings useful 
as a basis of explanation for the relationship between the two 
diseases*

It is useful here to recapitulate before proceeding 

to consider how our findings affect the diagnosis we made of 
blackwater fever in Waziristan; it may reasonably be said: 
that malaria is the essential pre-requisite though its method 
°f function is not clear, a "sensitising" action being the most
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widely accepted theory; that a history of chronic and repeat­
ed infections is commonly obtained, especially of chronic 
malignant tertian malaria, in areas where malaria is constantly 
endemic; that monocytosis is a constant feature of malaria 
and usually of blackwater fever though its function are as yet 
ill-defined; that the disease rarely immediately attacks 

susceptible migrants, and rarely attacks indigenous natives; 
that the disease may occur in almost "epidemic11 foim; that 
the onset of haemoglobinuria may come as a "bolt from the blue" 
and that many different substances and factors may have the 
power to pull the trigger in the individual previously 
"sensitised" by malaria.

This description of malaria and blackwater fever was 
necessary for two reasons, firstly to see whether the descrip­
tion would provide any serious obstacle to our diagnosis of 
blackwater fever in the Waziristan cases, and secondly to give 
a foundation for the discussion on the theories on the causa­
tion of blackwater fever, since malaria in some way or another 
enters into so many of such theories.

Firstly then let us see if our diagnosis is brought 
into question by the above brief description of malaria. 
Undoubtedly there are certain general statements which are 
against our diagnosis though not entirely excluding it; among 

these are: that blackwater fever is usually related to chronic
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or-repeated attacks of malaria, particularly of malignant tertiai 
malaria; and that this disease rarely occurs outside certain 
areas.

figure Ho. 23 below summarises the relative information 
in our six oases.

Pigure Ho. 23.
Relevant information regarding malaria in the 

Razmak cases.

Gase
Ho,

Information re 
previous attacks 
of malaria

Size of 
spleen 
021
admission

Parasites
recorded
on
admission

hrrny 
service 
(years)

1.

2.

3.

4.

5 .
6.

1. Presh benign 
tertian malaria 
July 1936

2. Clinical malaria 
kugust 1936

(Second attack 
obviously recru­
descence)

Presh benign tertian 
malaria July 1937
Ho report previous 
malaria•

Spleen not 
palpable

Spleen 
palpable 
2 fingers 
enlargerat

Ring forms 
and gameto* 
cytes of 
P.vivax.

numerous 3
ring forms
P.viyax.
Ring forms Sl-P.vivax.
A sexual frms.
P.vivax. 12
Ring forms
P.vivax. 7
Gametocytes
and ring 5
forms P.
vivax.
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Phis is interesting information.

It is seen that, from the history,
One individual had suffered two previous attacks of 

malaria.
One individual had suffered one previous attack of 

malaria.
Pour individuals stated they had never had malaria 

previously.
Phis last statement is a sweeping one; all the patients were 
Indians and all had homes in areas of endemic malaria, four 
being from the Punjab and t?;o from the United Provinces, fhey 
obviously must have been exposed to infection until they join­
ed the hrrny, and also while on home leave during the Army  
career. i'hey all denied any history suggestive of malaria 
at home before joining the Army and it is unlikely that they 
did contract malaria while on leave because pre-1939 each man 
was examined on return from leave and if he gave a history 
suggestive of malaria or showed splenic enlargement he was 
given a twenty-one days course of quinine and plasmoquine; 
none of these men had any record of this in the medical history 
sheets; these medical history sheets were among the most care­

fully kept documents in the Army at that time and the entries 
could be relied upon as a true record of a man's health. It 
seems then that apart from the unlikely possibility that they 

had been infected while at home on leave and had not received
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treatment on return, four of the men had never had malaria 
while in the irmy (periods ranging from three and a half to 
twelve years), one had had one infection in three years and 
one had had two infections in eight years. fhese figures are 
to be relied upon. Here then we have a group of men of whom 
it may safely be said thar they developed haemoglobinuria while 
undergoing treatment for malaria although they hdd never 
suffered from frequent or chronic attacks of malaria. In fact 

in four of the cases so far as the patients were aware it was 
their first attack. fhe spleens of all were not enlarged 
except case Ho. 6, who came into Razmak hospital after eight 
days untreated malaria.

Another important point is that in all of our six 
cases the parasites were P.vivax species. u?he blood films 
were checked and counter-checked by individuals with many years 
of experience of the microscopical appearances of malaria 
parasites. It is agreed that occasionally a mistake may be 
made and it is agreed that there is always a possibility that 
each case was one of mixed infection with the malignant tertian 
rings not seen but it is unlikely that either or both of these 
explanations fit all the six cases; it may be presumed that
in some at least of the six cases the species of parasite 
causing the disease was P.vivax. it that time P.vivax was 
responsible for about two-thirds of all cases of malaria in 
^aziristan. Ho explanation can be given for these differences
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from the usual findings hut it is held that such differences 
in themselves do not necessarily make our diagnosis untenable; 
they are unusual findings but then blackwater fever is a 

strange disease; we need only think of the blackwater fever 
sometimes seen in inoculation malaria, e.g. Most (1940) reports 
two cases, and many others have been reported; I have had 
one case in my practice using the Madagascar strain of P.vivax. 
This developed in a hospital in Glasgow in 1936 but has not 
been reported except privately to Colonel James. Another 
point generally brought up in discussions on blackwater fever 
is that it is migrants who are susceptible. In this respect 
at least our findings do not conflict with those of the 
general run of patients for our cases certainly were migrants; 
their homes were on the plains of India many miles awwy from 
Waziristan and they had only come to Waziristan in the course 
of their military duties. The periods spent there had ranged 
from seven months to two and a half years before their attack 
of haemoglobinuria.

Ross (1932) held that acute malaria may play an immed­
iate part in the precipitation * of haemoglobinuria, whereas foy 
and Kondi (1937b) and other workers had held that acute malaria 
is not necessarily present at the time the patient develops 
blackwater fever, a finding well in keeping with ulinical 
experience. It is of interest to see whether our patients 
were suffering from malaria at the time of onset of haemoglob-
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inuria. ^11 of them had been suffering from acute malaria a
very short time previously; after the onset of malaria how­
ever, five of the six patients had received a short course of 
quinine, all had received a five-day course of atebrin 0.3 g. 
daily, and each individual had received plasmoquine 0.02 g. 
daily for periods ranging from two to four and a half days. 
This considerably lessens the chance of the patients having 
been suffering from acute malaria at the time of onset of 
blackwater fever although it certainly does not exclude the 
possibility because the course of treatment given was a short 
one. At the time of onset of haemoglobinuria this possibil­
ity of persisting malaria was thoroughly investigated in 
all cases; all blood films were found to be negative, and 
intensive antimalarial treatment when tried had no effect on 
the fever, which later was regarded as probably the body's 
reaction to the freed stromata and other foreign protein.
With one exception the differential count at the time of onset 
of the haemoglobinuria showed no monocytosis.

It has already been suggested in Chapter VI that the 
patients were not suffering from active malaria at the time 
of onset of haemoglobinuria. The probability is that in the 
majority at least the infection had come under control before 
the onset of haemoglobinuria.

It is concluded that in spite of the departures of 
bhe findings in our cases from those usually found in
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blackwater fever these differences did not exclude the 

diagnosis, which still therefore remains as "blackwater 
fever".

It now remains for us to discuss the less unlikely 
of the many theories put forward as to the cause of blackwater 
fever.

We shall begin by discussing some of the less widely 

accepted of such theories, and group them under "Miscellaneous".

Miscellaneous Theories on the Causation of 
Blackwater ffever.

It would indeed be a formidable task to summarise all 
the theories produced on the causation of blackwater fever.
At one period in the history of the disease it seemed to be a 
point of honour for each new writer to produce a new theory, 
and, since the cause is as yet unknown, this production of new 
theories has not yet ceased.

The fundamental facts of the disease were fairly well 

established early in the disease, e.g. Karamifsas (1882) says 
that the action of the pathogen is not primarily on the liver 
or kidneys but on the blood, leading to a considerable destruc­
tion of red cells and liberation of haemoglobin followed by
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haemoglobinuria. The problem is, what is the pathogen; a 
list of suggested pathogens culled from various authors makes 
interesting reading; Scott (1939) discusses several theories 
but reiterates that all crash on the fact that new arrivals
escape. Pellarin in 1865 suggested the haemolytie action of 

the urine to be the factor in the production of blackwater 
fever. This theory has been repeatedly resurrected, e.g. 

by Plehn (1903) and (1920) 
by Rapoport (1928)

Barthelemy-Benoit (1865); Disposition secondary to malaria; 
he believed the predisposing cause to be a bilious 
and sanguinous temperament.

Ber&nger-feraud (1874) suggested sunstroke, diet, change of 
locality; in this last he obviously introduced the 
idea of migrants.

Karamitsas (1879): familial disposition; later this is
supported to some extent by Ross (1982)

Yersin (1895) suggested B.coli communis.
Sambon (1898) parasites allied to babesia, in view of the

findings in the redwater disease of cattle.
Plehn, 1. (1898) emotion.
Christophers and Bentley (1908) suggested haemolysin.
Ashburn et alia (1912) spirochaetes.

Deishman (1912) chlamydozoa.
Coles (1913) suggested that protozoa may be responsible.
Huntze (quoted by Scott)(1916) suggested light sensitiveness
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may be a factor.

Hocht and Xikuth (1929) suggest destruction of protective
action of haemolytie antibody by quinine; this was on 
experimental anaemia of dogs but they held the results 
to be applicable to blackwater fever.

Ross (1932) could not accept the theory of blackwater fever
virus because blackwater fever does not attack migrants 
until they have been resident for some time in the 
blackwater fever area and it does not attack the native 
inhabitants; he could not accept the theory of physical 
variations such as chill, wetting, over-exertion and 
fatigue. He considers that a familial susceptibility 
may exist; this supports the view of Karamitsas ■» (1879) 
Ross, however, was basing his information on repeated 
infections of individuals rather than on high incidence 
among members of a family; these two are not necessar­
ily the same thing.

Uaumann (1933) suggests disease of the liver.
Osier (1935) quoted the opinion of Deeks and 3ames that one 

factor may be a lowering of the body resistance.
Krishnan and Pai (1936) working with monkeys claimed to have 

demonstrated a marked diminution in cholesterol in 
the pre-haemoglobinuric state; they further claimed 
that haemoglobinuria did not develop in animals in which 
the free cholesterol was normal or above normal.

Chopra (1936) has collected a long list which includes several
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theories already given above, namely: obese suggestions

include,
!• Quinine causes blackwater fever by direct haemolytic 

action in individuals with intolerance either alone 
(this was one of the earliest of suggestions, e.g. 
Yeretas (1859)) or in bile solution or in lecithin. 
Or by lowering the osmotic tension of the plasma 
with resultant destruction of the red blood corpus­
cles by osmosis.
Or by inducing a sudden contraction of the spleen; 
this mil be discussed later.

2. Increased lactic adid; this is the theory of 
Blacklock and MacDonald (1928) and will be discuss­
ed in a separate section.

3. Presence of a foreign protein derived from destroy­
ed merozoites, this leading to “anaphylaxis", to
be discussed in a separate section.

4. Hyperactivity of the reticulo-endothelial system 

due to repeated attacks of malaria; Poy and Kondi 
(1943) are among those who refuse to accept this.

5. A n underlying chronic malarial infection.

6. Some undiscovered poison, like that causing piro- 
plasmosis.

Ktishnan and Pai (1936) consider an important factor to be a

reticulo-endothelial system damaged by malaria in 
certain highly susceptible individuals*
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locht and Mayer (1937) refuse to accept theories of abnormal­

ity of red cells or simple overflow haemoglobinuria from 
heavy destruction by quinine of parasitised red cells 
or the haemolytic effect of detritus on red cells, 

i’hese authors consider hypocholesteraemia to be one 
possible explanation.

Scott (1939) agrees that predisposition resulting from
chronic malaria is a necessary preliminary for black­
water fever. He groups theories of blackwater fever 
causes into four main classes.
a. That the condition is a pernicious form of malaria.
b. Quinine intoxication.
c. A disease sui generis.
d* An induced condition arising from repeated malarial 

infection.
Scott then tentatively mentions one factor worthy of 
further consideration, namely civilized conditions of 
living, e.g. Bengali clerks in the Assam Tea Gardens, 
and Egyptians in the Sudan, and Europeans in the Tropics. 
It is doubtful whether this need be considered further.
So far as my experience goes the Bengali in the Assam

lea Garden and the Egyptian in the Sudan live as they 
would have lived at home. 

iJam and Castle (1940) discussing haemoglobinuria in general 
put forward an unsupported theory of "normal cells
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being destroyed by 'abnormal stasis1 and 'abnormal 
cells1 being destroyed by normal stasis".

Manson-Bahr (1940) considers blackwater fever to be the result 

of repeated attacks, or continuous infection with, 
malignant tertian malaria, but considers three other 
factors necessary, namely an anterior haemolytic factor 
the result of malaria, lowered oholesterin content and 
quinine•
His idea is that there is some derangement of metabolism 
associated with chronic malignant tertian disease and 
this is precipitated by quinine, the result being pro­
duction of a potent haemolytic substance.

Maegraith et alia (1943) suggest the cause of blackwater fever 
to be the upsetting by malaria of a balance of a haemo­
lytic substance and an antihaemolytic substance which 
they claim to have discovered in normal individuals.
This had been adumbrated by JS'ocht and Kikuth in certain 
experiments in 1929.

Galewart (1944) suggested lowered tension of blood to be a
factor in the production of the intra-vascular haemolysis 
of blackwater fever. He examined normal and blackwater 
fever bloods with the interfacial tensiometer of 
lecomte du Houy and claims that malaria parasites have 
the same haemolytic effect as adding a trace of soap 
to an isotonic solution of HaGl containing red cor­

puscles.
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Hills (1946) suggests a theory similar to one previously

criticised by Hocht and Mayer, namely that the haemo­
globinuria of olackwater fever merely represents a 
malarial haemolytifii mechanism so intense and acute
that the reticulo-endothelial system cannot keep the 
plasma haemoglobin below the renal threshold, i.e.
blackwater fever is merely a further stage in malarial
haemolysis, a stage of pernicious malaria.

Dimson and McMartin (1946) give a list of suggested causes
which includes several already quoted, and in addition
they mention:
1. Hypertrophy of the reticulo-endothelial system, 

causing greater tendency to haemolysis in the 
chronic malaria cases.

2. Dysolecithin formation suddenly increased, formed 
from stagnant blood in an enlarged spleen.

This is an incomplete list but it serves to show how 
varied and numerous are the theories which have been produced 
to explain blackwater fever.

The majority of the theories mentioned above have been 

quoted only to be dismissed. Such are the theories which 
Have been born of unsupported speculation or of single un­
supported findings; included in such we may dismiss theories 

the haemolytic action of the urine, of particular predis­
posing bodily dispostion, familial disposition, effects of
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diet, specific organisms such as B.ooli, babesia-like 
organisms, spirochaetes, chlamydozoa, protozoa, light 
sensitisation and civilised conditions of living. There is 
no evidence to support the isolated experiences which led 
to the putting forward of the above theories and it is 
pointless to discuss each of them in detail.

It is necessary to enlarge a little upon certain of 
the other theories put forward in the above list but first 
it may be profitable again to consider what precisely is 
the problem before us. There has been much muddled think­
ing in the past and a failure to grasp the essentials of the 
problem. Stephens (1937) was on the right lines when he
talked of factors in three classes, namely:

1. factors of aetiological importance.
2. Accessory aetiological factors.
3. The mechanism of the haemoglobinuria itself.

Man son was thinking on the same lines when he asked what 
pulled the trigger.

In my opinion there are at least two separate factors 
concerned, those producing the fundamental underlying dis­
position, and those actually pulling the trigger. Certain 
of the explanations which have been put forward in the past 
hafe been attempts to explain the creation of the underlying 
dispostion. Others have been attempts to explain the 

mechanism precipitating the actual lytic phase and some have
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been attempts to explain both the fundamental change and the 
immediate effect.

j?oy and Hondi (1943) made this clear when they said 

that in blackwater fever malaria is an important preparatory 
agent (although its mechanism is unknown) but the trigger 
may be pulled by any one of several agents; they included 
in these latter classes both physical changes and drugs. It 
is necessary to keep these divisions in our minds in any
discussion on possible causes, i.e. what charges the gun, and 
what pulls the trigger. It is necessary at the beginning of
the discussion to repeat that malaria undoubtedly is a major
factor in charging the gun; it is not yet established that
malaria is the only factor.

Among the factors which have been enumerated above and 
not yet discussed are>- change of locality (Berenger-feraud); 
emotion (Plehn); haemolysin (Christophers and Bentley and 
several other workers); physical factors, e.g. chill and 
exertion (Barratt and Yorke, nightingale etc.); climate 
(Parrot); haemolytic body balance (Bocht and Zikuth, Maegraith 
et alia); liver disease (Baumann); lowering of body resist­
ance (Osier); hypocholesterolaemia (several workers including 

Manson-Bahr); quinine either alone or in combination with 

other factors; increased lactic acid; anaphylactic reactions; 
abnormal reticulo-endothelial system; underlying chronic

malaria; abnormal red cells; change in interfacial tensions;
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pernicious malaria; stasis; lysolecithin formation, etc. 
ihese are all very interesting though some are little more 
than vague speculations.

Discussions have been deferred to other sections, (see 

below) on the theories of abnormal red cells; special strains 
of parasites; special lytic substances; lactic acid; and 
anaphylactic phenomena. fhis leaves the following for 
consideration:-
1. Quinine. either alone or as a secondary factor; Chapter 

VI deals with this aspect of the problem and there 
is no need to say anything other than that quijhine 
is well recognised as having power to precipitate 
blackwater fever but o&ly in individuals hypersensi­
tive to the drug; quinine therefore is merely one 
of the many substances and factors which may pull the 
trigger, either by itself or in company with other 
substances. It dGes not create the fundamental 
disposition.

2* Change of Locality; undoubtedly change of locality appears 

to play a part in the production of circumstances 
favourable to the onset of blackwater fever. We need 
only think of the susceptibility of Bengalis in Assam 

and other individuals safe enough in their own envir­
onment but equally in danger with migrant Europeans 
when they are moved to another part of their own
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of locality allows of the development of the fundamental 
disposition, presumably by attacks fif malaria caused 
by strains to which migrants are not immune. fhe 
effect of change of locality therefore is simply that 
of production of chronic malaria.

Emotion. Plehn (1888) and later Oardamatis (1910) quoted 
cases suggesting this. In such cases the emotion 
must act by pulling the trigger although the exact 
mechanism is unknown.

Physical Pactors. Probably must produce their effects in 

the same way as emotion; here also the mechanism is 
not clear.

Liver Disease: there is no doubt that liver damage is
found both in malaria and in blackwater fever, e.g.
Hills (1946) and Maegraith, Andrewes et alia (1947) 
reported damaged livers in post-mortem examinations 
of individuals who had malaria; or blackwater fever.
In such cases however the liver damage is the result 
of the blackwater fever or of malaria and not the 
cause of the blackwater fever.

Hypocholesterolaemia; cholesterin in vitro has an inhibit­
ing effect on the action of certain haemolytic sub­
stances, e.g. cobra venom; furthermore certain workers 

claim to have shown that animals fed with cholesterin



are less sensitive to haemolytic substances than 

are normal animals. Other workers claim to have 
shown that the blood cholesterol level is low 
immediately prior to the haemolytic phase in black­
water fever, e.g. Erishnan and Pai (1936) with 

monkeys•
Erishnan and Pai (1936) explained this by saying that 
repeated attacks of malaria have a tendency to lower 
the blood cholesterol level. Others support these 
findings but perusal of their reports show that in 
many cases they were quoting an opinion and not 
recording their own findings. Careful work on this 
problem by several workers, e.g. Boss (1932) shows 
that hypocholesterolaemia is BOP a common finding 
in blackwater fever; in fact it is so uncommon that 
it cannot be taken as the factor necessarily constant­
ly present to produce blackwater fever, 
therefore since hypocholesterolaemia is not normally 
found before or during the lysis in blackwater fever 
it cannot be an essential factor in the production
of this disease.

Abnormal reticulo-endothelial system. Certain authors,
e.g. Krishnan (1936) suggest a damaged abnormally 
functioning reticulo-endothelial system is the cause

of blackwater fever; others, e.g. Chopra (1946) sugg­
est the haemoglobinuria possibly to be the result of an
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over-functioning reticulo-endothelial,system 

greatly hypertrophied by chronic malaria. These 

were again largely expressions of opinion with no 
foundation in experimental work. Boy and Kondi 
(1943) summarised the generally accepted opinion on 
this by saying that although the part played by the 
reticulo-endothelial system in the haemolysis of 
blackwater fever is admittedly not clear modern work 
suggests that even when this system is grossly hyper­
trophied it is unlikely quantitatively and quali­
tatively to account for the sudden blood destruction.

Chronic Malaria, Pernicious Malaria. These two have been 
suggested as causes of blackwater fever, e.g. Hills 
(1946) suggests that the haemoglobinuria of black­
water fever is a ”spill-over” of haemoglobin from 
the plasma which has become overloaded with haemo­
globin produced by severe haemolysis. It is quite 
common to get both chronic malaria and pernicious 
malaria and yet never to see blackwater fever, 
however, e.g. Chopra (1930) states that chronic 
malaria cannot be the whole answer, e.g. in certain 
districts of the Punjab where malarial conditions are 
ideal as regards malignant tertian infection black­
water fever is unknown. Similarly Whitby and Britton 
(1946) quote malignant tertian malaria so severe in
certain patients that 1,000,000 red cells may
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disappear in one paroxysm, yet we do not get haemo- 
globinuria. Undoubtedly malaria is necessary for 
the development of the fundamental disposition; 
but there is no proof that malaria plays any part 
in the actual precipitating of the lytic process. In 
fact there is no proof to the contrary, see Boy and 
Kondi (1937b).

stasis. Vague theories dealing with stasis as a factor in 
the destruction of red cells have been put forward 
by Ham and Castle (1940) but the work is as yet much 
too indefinite to allow of any expression of opinion, 

i.e. only malaria so far has been proved to play any part in 
the production of the underlying disposition to the disease, 
and the means whereby it produces this effect are unknown.

Among the many factors which may cause the precipita­
tion of an attack of blackwater fever with the onset of lysis, 
there have been included emotion,' chill, fatigue, wetting and 
quinine; there are many others, e.g. plasmoquine, phenacetin 
and other drugs; shock, trauma, severe illness; and sometimes 
uo obvious cause at all, with the disease striking an apparent­

ly healthy individual living under good conditions, e.g. an 
individual on leave in.England. All of these, far too lengthy 
to be listed, must be classed as substances or conditions that 
may pull the trigger.

So far malaria, and only malaria, has been proved able
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to produce the fundamental change in the body#

One more interesting point is whether there may be 
some recognisable factor common to all the varying factors 
recognised to be capable of pulling the trigger# On this 
point several workers have implicated the spleen, e.g# Chopra
(1936) talks of quinine causing sudden contraction of the 
spleen which expels haemolytic toxin into the circulation# 
himson and McMartin (1946) similarly talked of lysolecithin 
formation, dealt with below, formed from stagnant blood in an 
enlarged spleen; we may also infer from the article by Ham 
and Castle (1940) that they think that stagnation in the spleen 
may be responsible for increased blood destruction; foy and 
Kondi (1943) talk of splenic enlargement as one of the factors 
which may pull the trigger, and Barratt and Yorke as long ago 
as 1909 had mentioned the possibility of splenic contraction 
playing a part in the production of blackwater fever; it will 
be seen later, e.g# in the section on anaphylaxis that other 
authors bring the action of the spleen into question to explain 
certain of the phenomena they encountered, e.g# Bergenh&im and 

•ii'ahraeus (1936) who suggested that an enlarged spleen produced 
larger quantities of lysolecithin; also Gear (1946) who 
3uggested that the enlarged spleen holds quantities of anti­
body, fhis is a tempting hypothesis, that all of the varying 
factors found to be capable of pulling the trigger in black­
water fever do so by virtue of their common effect on the
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spleen either by producing contraction of it or by producing 
stasis in it. One important point in this connection is the 
remarkable series of results reported by Burkitt (1943) who 
obtained gratifying results in blackwater fever by injection 
of 15 grains of sodium luminal; this drug may conceivably 
have produced its striking effect by stopping splenic contrac­
tion.

Unfortunately there is not enough proof to support this, 
but fuller investigation into this aspect of the problem is long 
overdue.

Again, it is necessary to go from the general to the 

particular and see whether any of the above suggestions has 
a bearing on the particular problem of the Waziristan cases, 
ill that can be said in this connection is that each of the 
affected individuals had been suffering from malaria a few days 
before the onset of the haemoglobinuric condition. It has 
already been admitted that an initial attack of malaria is very 
■unlikely to have produced the "sensitisation” necessary for 
the development of blackwater fever and a tentative suggestion 
was made that each of the individuals had had malaria some 
considerable time previously, at home in their villages. 
Admittedly this could not be proved; all that can be said is 
that each individual had malaria and each individual developed 
haemoglobinuria now diagnosed to be blackwater fever; the
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fundamental disposition must therefore have been present, the 
gun must have been charged. She second point concerns 
"pulling the trigger". It should be remembered that black­
water fever may follow a primary attack of malaria, e.g. it 
is known in inoculation malaria. Several authors, e.g. Boss 
(1932) have suggested that malaria also plays a part in this 
pulling of the trigger but others, e.g. Boy and Kondi (1937b) 
disagree and certainly on the evidence active malaria did not 
appear to be present in our cases at the time of onset of the 
blackwater fever. Malaria Probably did not help to pull the 
trigger, i.e. in my cases it took no part 1& the precipitation 
of the lysis. I have suggested, however, that plasmo quine 
most likely did act in this connection, i.e. plasmoquine pulled 
the trigger or was one of the important factors in this, see 
Chapter YIII.

She last problem is the part, if any, played by 
physical strain in the onset of the condition. Physical 
strain, chill, fatigue, wetting all are held to be possible 
factors contributing to the onset of an attack of malarial 
haemoglobinuria; it is felt that conceivably these on occasion 
day precipitate the catastrophe. In Chapter I details are 
given of a gruelling short sharp move against enemy opposition, 
fhis undoubtedly was a strain, even to the fit men taking part 
and some may claim that this played a part in the precipitation 
°f the disease but figure Ifo* 24, below, shows that the time
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ffigure No. 24.

lime interval, in days, between the ending of the 
Qolumn and, the beginning of haemoglobinuria.

Gase Ho. 1 Z 3 4 5 6

Time interval 
(days) 13 ZZ ZZ 21 73 77

It is also to he remembered that while the Kharre 
march was severe, it was not more so than many other marches 
carried out week after week. Physical strain and exposure 
played no part in the precipitation of the haemoglobinuria 
which occurred in my six cases.

We can only say that so far as the Waziristan eases 

are concerned, malaria was the predisposing factor and plasmo- 
quine was one of the factors, if not the only factor, which 
pulled the trigger.

She next theory to be considered is:

ibnogmal red blood corpuscles as a cause of blackwater fever.
This is a theory which has attracted attention from the 

beginning of the study of blackwater fever, and is still 
attracting attention. The statement has been repeatedly made 
that the cause of the red cell lysis is abnormality of the red
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cells, e.g. Rosa (1932) makes the vague statement that accumu­

lated evidence points to abnormality in the behaviour of the 
red cells as the cardinal factor in the causing of lysis, but 
remarkably little careful calculated investigation has been 
carried out on this aspect of the problem; practically all 
workers with the exception of Roy and ICondi have limited them­
selves to the crude method of testing the fragility of the 
red cells in saline solution; the results of such tests vary 
with the various workers, e.g. Stephens and Christophers (1900) 
claimed that the resistance of the red cells to lysis by 
hypotonic solution is raised, whereas Plehn (1903b) sometimes 
found a lowered resistance.

This crude test has been repeated many times by many 
workers and it is now generally accepted that there is no sig­
nificant change in the reaction of the red cell to varying 
strengths of saline solutions. Hooht and Mayer (1937) said 
that certain workers hold that a special sensitiveness of the 
fed blood corpuscles especially to quinine may play a part in 
the production of blackwater fever but these authors do not 
agree. Roy and Kondi are among the few workers who have
attempted a planned examination of the problem of the red blood 
cell in Blackwater fever. In 1941 Royl Kondi and Mournjidis
transfused 25 cos. of blood from an actively haemolysing case
°f blackwater fever into s normal man; after eleven days the
volunteer developed falciparum malaria but did not at any time



642.
show any sign ox haemolysis. i'he authors also transfused 
cells from normal blood into the blackwater fever patient and 
found these normal cells to be rapidly destroyed. fhey 
finally concluded that "it seems -probable that a circulating 
haemolysin may be responsible for blackwater fever.” fhis 
technique was not above criticism, but it was the attempt to 
investigate the matter on proper lines. foy and Kondi (1942) 
continued the work and again repeated that the changes which 
lead to the haemoclastic crisis in blackwater fever cannot be 
in the red cells; they concluded that the fundamental defect 
is in the environment. it the same time, however, they found 
that in blackwater fever while the fragility of the red cells 
is normal in saline solutions the red c ells have an increased 
fragility to lysolecithin. Birnbaum et alia (1946) working 
with red cells from malaria cases also report that such cells 
lake more readily in bile solutions than do normal cells; the 
enhanced fragility lasts for several weeks after the attack of 
malaria. Bormal and malarial sera, however, both showed 
inhibitory action on this. Birnbaum et alia concluded that 
in malaria it is probably the red cell which is affected.

it present therefore the balance of evidence would
appear to be against the suggestion that the cause of the 
blackwater fever is abnormality of the red cells but there are 
certain findings such as those of koy and kondi with lecithin

which make it clear that the problem has not been properly
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investigated and that further work is required. loutit 
(1946) showed how the problem should he tackled in his work 
on certain other types of haemolysis; until similar work is 
carried out with blackwater fever cases we shall not be able 
to come to any decision on this point. It can only be said 
at present that there is no clear-cut evidence either way but 
that it seems that there is no obvious proof that the red cell 

is implicated in the causing of blackwater fever.

bindings in the Bazmak oases are given in figure Bo. 25
below.

Figure Bo. 25.
Fragility red cells in the Razmak oases.

— -r
Oase Bo. 1 2 2

r-
4 5

T......
6

/£ normal saline 
solution in which 
cells lysed 
completely.

o . O 0.40 0.40 0.35 0.35 ] 0.35.

In this crude test therefore nil markedly abnormal was found 
in our cases.

fhe next theory requiring consideration is the lactic 
acid theory.
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aarcolactic acid as a cause of blackwater fever.

Blaeklock and Macdonald (1926) pointed out that black­
water fever arises mainly in the course of prolonged infection 
with malignant tertian malaria and since there is no evidence 
that this species of parasite produces a haemolytic toxin then 
there must be some other explanation of the association, Phe 
authors turned their attention to the points differentiating 
P«falciparum from other species and they claim that these are:

1* Phe parasite of this species sporulatea in the 
internal organs.

2. Phe cells containing the sporulating forms adhere 
to each other and to the vessel walls.

Phe authors then drew attention to certain other haemolyses, 
e.g. march haemoglobinuria and they claim that blackwater fever 
and these other haemoglobinuria^ have one thing in common, 
namely anoxaemia. Phey then claim that a deficiency of oxygen 
from whatever cause leads to the production in excess of lactic 
acid in the blood. In experiments with animals they found 
this substance lactic acid to be haemolytic in vitro and in vivo 
they concluded that lactic acid is the haemolytic agent respon­
sible for lysis in blackwater fever. Phis theory has met with 
strong criticism, e.g. Boss (1932) considers the theory falla­
cious and points out that many facts known about the formation 
and destruction of lactic acid have been overlooked, e.g. 
anoxaemia and hyperlactacidaemia occur in a variety of
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pathological conditions to an extent sufficient to produce 
symptoms yet there is no haemoglobinuria. Furthermore 
hyperlactacidaemia has never been demonstrated in blackwater 
fever. Phis theory of Blacklock and Macdonald is typical of 
many of the theories produced to account for blackwater fever, 
namely a theory produced by hypothesis alone, with little 
attempt made to prove or disprove it by careful investigation; 
it would not have been difficult to find out whether in point 
of fact there is present increased lactic acid related to 
blackwater fever. Boss pointed out that hyperlactacidaemia 
does not exist.

Recently this theory has found supporters in Hmson and 
McMartin (1946) who consider that the lactic acid theory has 
not been entirely disproved; here again, however, the authors 
do not produce careful investigations to support their claim 
which seems merely an expression of opinion.

Unless further and more definite proof is obtained to 
support this theory it must be regarded as quite unlikely to 
be the explanation of blackwater fever.

The next theory is:
Individual differences in species and strains of 

Plasmodia as a cause of blackwater fever.
Phis is a tempting theory and one that has attracted 

many workers by its simplicity. Ross (1932) was thinking 
along these lines when he said that the assumption of a hypo­
thetical blackwater fever virus would admittedly clear up
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several points. There are three great drawbacks, however, 
namely:

Why should the occurrence of blackwater fever usually 

be limited to a very few of the many areas of malaria? 
Why the infrequence of blackwater fever in the first 
year of residence?
Why the immunity of the indigenous native?

It is necessary to consider the evidence in this matter.
Phe problem divides itself naturally into two main questions.
1. Is there any difference in the individual abilities of the

four species to produce blackwater fever, or rather the
disposition to blackwater fever?

2. ire there special strains within the species with the 
power readily bif inducing blackwater fever susceptibility?

Firstly consider problem 1{ i.e. is any one of the four 
species of plasmodium more commonly and closely associated 
with blackwater fever development than are the others? Phis 
section can be opened with the statement that one of the most 
commonly accepted of the beliefs concerning blackwater fever 
is that it is related to infection with P.falciparum» particu­
larly chronic malignant tertian malaria; but like so many of 
the beliefs about blackwater fever careful analysis shows that 
there is.little to support this belief. It is unnecessary to 
^uote large numbers of extracts from writings in which authors 
sxpress the belief that malignant tertian malaria is the cause
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of Dlackwater fever sensitivity. A few such reports are:
Thomson (1924a) states that when P.falciparum exists, in a high 

percentage blackwater fever may occur if the other 
necessary factors are present. Phe higher the inci­
dence of malignant tertian the more frequent blackwater 
fever becomes; he considered the high incidence of 
blackwater fever throughout hfrica to be due to the 
intensity of malignant tertian malaria. He feels that 
P•falciparum is the species most commonly found in 
blackwater fever and he explains the other cases occurr­
ing with benign tertian infection by suggesting that, 
they must have been mixed infections in which the 
malignant tertian infection has been masked by another 
species.

Blacklock and Macdonald (1928) go so far as to base their
theory on lactic acid formation on the fact that malig­
nant tertian infection is the one associated with black­
water fever; they claim that lactic acid is produced 
by P.falciparum much more than by any other parasite 
because of the biological characteristics of the cycle 
of this parasite in the body; the inference is there­
fore that malignant tertian is the species commonly 
responsible for blackwater fever.

Sayers (1927) claims that the home of the malignant tertian 
parasite is in the splenic pulp where schizogony
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proceeds. A haemolytic toxin is liberated by this 
parasite but since the circulation in the splenic 
pulp is normally sluggish this toxin reaches the 
circulation in a fairly steady slow stream. Should a 
sudden contraction of the spleen occur, e.g. as is 
suggested with quinine ingestion a sudden large dose 
of haemolytic toxin is shot into the circulation, 
with resultant haemolysis and possibly haemoglobinuria. 

Scott (1939) is somewhat more careful and only states that
where malignant tertian malaria greatly preponderates 
blackwater fever is prone to occur.

Manson-Bahr (1940) however makes the sweeping statement, in 
talking admittedly only of therapeutic malaria, that 
no case of blackwater fever has ever been observed in 
association with vivax inoculation.

There are many other workers who appear to think the same but 
there are also many eminent authorities who think otherwise.
Koch himself (1899) was ahead of his time in questioning this

belief when he stated that the frequency of association 
of blackwater fever with malignant tertian malaria is 
HOT greater;, than that which arises from the ratio of . 

the two forms of malaria (i.e. benign tertian and 
malignant tertian). He considered the preference of 

blackwater fever for tropical malaria (malignant tertian) 
to be only apparent. This is a point which has been



649.
repeatedly overlooked, namely that .Africa, from 
■where so many of the reports of blackwater fever have 
emanated, is a country where generally speaking there 
is a high relative incidence of malignant tertian and 
this may give a false impression.

Boss (1932) then suggests that too much significance is placed 
upon the species of parasite present at the time of the 
attack as indicating the variety of malaria which has 
led to the development of susceptibility, 

imy (1934) gives actual figures of the type of parasite found

in his small outbreak, which has already been discussed. 
There were ten cases of blackwater fever in one area 
previously free from this disease. The figures were: 
Malignant tertian rings in four cases.
Benign tertian rings in four cases.
Benign tertian schizonts in one case and nil in one case 
imy is inclined to support Thomson^ theory and suggests
that in the benign tertian cases there may also have 
been malignant tertian parasites which were not detect­
ed. There is no evidence for this belief however.
'The figures quoted by imy are small compared with the 
very large series reported and discussed by 

*̂oy and Kondi (1937b) who investigated 360 cases of blackwater 
fever in Macedonia. Positive results were found in

144 cases, i.e. forty per cent of the 360 cases. The
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low percentage is explained by the fact that many 
people had begun quinine before the blood had been 
examined; many of the forty per cent positive were 
diagnosed on splenic punctures which would have 

. probably shown any hidden malignant tertian infection 
when present. The findings in the forty per cent 
positive were:

P.falciparum. Forty seven per cent.
P.vivax. Thirty three per cent.
Both. Fourteen per cent.
Pigment only six.

But in Macedonia falciparum malaria is one and a half times 

commoner than vivax malaria, therefore there appears little 
difference between the relative potency of .vivax and falciparum 
so far as the production of blackwater fever is concerned; in 
fact the evidence is slightly in favour of vivax being the 
more potent in producing blackwater fever. The authors admit
that it is not possible to rule out previous sensitisation with 
P»falciparum: even making allowance for this possibility,
benign tertian alone must have.been the factor in a significant 
number of individuals.
Stephens (1937) thought blackwater fever has been found with all 

four species and states that in some of the reports the 
relative frequency reported of the species found in 
blackwater fever cases is the frequency of the species 
themselves in that particular area.
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Certainly there can he no doubt that blackwater fever can
occur following infection with species other than P.falciparum.

This has been well brought out in certain catastrophes with
inoculation malaria, e.g. Schilling and Jossmann (1924) report
blackwater fever following inoculation with vivax strains and
Bamford (1934} records blackwater fever following therapeutic
inoculation with quartan parasites in a case of U.P.I.; this

particular strain had been used at the same time in three other
patients all of whom showed no reaction. Unfortunately I am
in a particularly strong position to confirm that blackwater

fever may result from therapeutic inoculation with vivax
malaria for I had a fatal case of this type in 1936 in a male 
Jew, aged 17, inoculated as part of treatment for disseminated
sclerosis; there is no doubt as to the diagnosis; the strain 
used was the "Madagascar11 strain. The authorities were 
informed at the time and Shute (1947) in discussing the matter 
again says that they could not understand what had happened as 
there never had been any such report of this c. omplication al­
though between 1925 and 1946 the number of patients infected 
ran into thousands. lastly it is again pointed out that in 
our six cases of haemoglooinuria in Y/aziristan the species 

present was P.vivax in all cases. The diagnosis was made and 
the diagnosis was confirmed by individuals with long experience 
in the detection of species in blood films; it is admitted 

that there may have been a double infection but it was not
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found and one cannot postulate double infections merely to fit 
facts into a preconceived theory; there must be more positive 

evidence before it is accepted that malignant tertian malaria 
is more likely to lead to blackwater fever susceptibility than 
is malaria due to other species.

The evidence is not sufficiently clear to implicate 

malignant tertian malaria more than other species of parasite.

What then is the position as regards the second of the 
possibilities, i.e.:
2. ire there special strains within the species with the

power readily of inducing blackwater fever susceptibility? 
It is possible to begin this section by saying that 

there is undoubtedly wide variation in the virulence and other 
characteristics of different strains of parasite.
Chopra (1936) states that there is wide variation in the

virulence of different strains of parasite in different 
parts of the world and there is a wide variation in 
their reactivity to various drugs. Furthermore, the 
individual strains may vary from time to time, e.g. 

Hocht and Mayer (1937) state that resistance may set in to all 
medicaments. These authors in common with others 
mention remarkable sensitivity of inoculated malaria 
to therapy. Presumably they meant malaria inoculated 
by blood. It that time the significance of the
exoerythrocytic phase in mosquito infection was not
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known.

Shute (1946o) points out that in the evaluation of antimalarial
drugs the strain of the species must be taken into
account and he states that it has undoubtedly been
proved that there are geographical strains within a
species which vary in clinical virulence; he quotes
experiments proving that the amount of quinine required
to control attacks of certain Rome and Sardinian strains
of malignant tertian malaria was eight times that
required to control attacks of malaria induced by 
strains from India, ifrica and Rumania. The studies
were made on primary cases. The conclusion was that

there are degrees of virulence and resistance within
strains of the same species of plasmodium.

One.of the most striking examples of naturally occurring
variants was that which at one time threatened a campaign; this
is reported by Fairley (1946) who reported in detail the finding
at litape and WewatC in Hew Guinea of a strain of P.falciparum
resistant to atebrin; this is the only strain, ever reported
to be resistant; it was not resistant to quinine or plasmoquine.
The origin of the strain was never determined, whether it had
arisen as a mutation or whether the resistance was a biological
characteristic of a geographically limited strain.

The behaviour of the Madagascar strain of P.vivax 
maintained in this country for therapeutic use is an example
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of a single strain varying from time to time. .According to 
Shute (1947a) this strain was originally obtained from a 
la scar from Madagascar - actually he may have been infected 
at a port en route; it was first obtained in 1924 and has 
been maintained through man-moaquito-man since then, it the 
beginning this strain appeared very virulent, e.g. Hansohell,
(1924) using it in disseminated sclerosis cases, had severe 
reactions; two of his patients nearly died. James (1924) 
said then that the Madagascar strain had become more virulent. 
Shute (1947b) does agree that in certain hands it may have a 
death rate of up to fourteen per cent and even in Horton the 
death rate for inoculated malaria may be two per cent, ilso 
this is the strain that was followed by blackwater fever in 
one of my patients in Glasgow in 1936. Certainly this theory 
of local variation in strains is one which is firmly entrench­
ed in the minds of clinicians who have had to treat malaria 
in various parts of the world; Y?e need only think of the 
killing disease of the Burma Border compared with the mild 
hype of disease in certain parts of the Borth of India. It is 
lightly said that malaria varies not only from village to 
village but almost from house to house. .Another point support­
ing this is that natives living in areas of endemic malaria 
Qven in definitely virulent endemic malaria may appear immune 
to the disease, yet if they move to another area they will 
develop malaria. One must presume that they have an immunity
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and that that immunity is limited to the strain of malaria 
found around their homes.

It seems then to he a fact that there may be wide 
variation in strains of species and wide variation in the 
character of the disease that they produce. This being so 
it was not then a far step to the suggestion that blackwater 
fever is the result of infection with a strain of parasite 

characterised by the power of producing this disease. This 
theory has received a lot of support, e.g. Oort (1929) suggest­
ed as the cause of blackwater fever a malaria parasite of a 
variety capable of elaborating a potent haemolysin. Hocht at 
first postulated the same theory; in fact he claimed to have 
been the first to have done so, though this is unlikely but 
later, in Hocht and Mayer (1937) Bocht admits he no longer 
believes in the theory of a special strain of parasite. James 
et alia (1932) gave indirect support for this theory when they 
proved the existence of biological strains of P.falciparum 
differing profoundly in virulence according to the country or 
area from which they came, especially when these authors pro­
duced two cases of blackwater fever in patients following inocu­
lation with a special Italian strain.
Giglioli (1932b) favours the theory of special strains; he 

considers that blackwater fever must be related to 
certain strains of plasmodium, biological varieties of 
the commonly known parasites and more particularly of
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the aestivo-autumnal species. He considers the 
ha emoglobinuric attack to represent the culminating 
phase of infection with a haemolytic strain.

Kfishnan and Pai (1936) agree that this is probable but think 
that the factor of host resistance to be of far 
greater importance.

Boss (1932) considers the possible explanation of blackwater 
fever to be exaltation of virus by constant passage 
through the relatively immune aboriginal tribes of 
the locality. He suggested that certain species of 
anophelines may be implicated; he quoted A.funestus 
an(  ̂ -A»gainbiae in Southern Rhodesia; it is not clear 
whether he infers that passage through these vectors 
causes changes in the ordinary strains. fhis is a 
point of view supported by 

Chopra (1936) who says that among factors always found in
blackwater fever areas are: firstly malarial strains
of intense virulence; and secondly anophelines of 
the funestus species. Poy, Kondi and Mournjidis (1941) 
also said that one possibility to be considered as a 
cause of blackwater fever is infection over long 
periods with a special strain of malaria. 

rfhere are serious objections to this simple, all too simple, 
theory and the number of authors who could be quoted who do 
not agree with the theory is larger than the list given of 
those in favour. Practically all of those who can be quoted
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against the theory are merely expressing opinions, however, 
without experimental evidence to support them; a more telling 
argument is the existence of three facts, namely if this 
simple explanation be the answer then:

Why should the occurrence of blackwater fever be 
limited to a very few of the many areas of 
endemic malaria?

Why the infrequence of blackwater fever in the first 
year of residence in a blackwater fever area?

Why the immunity of the indigenous population? 
furthermore there have been repeated experiments where 
volunteers have been inoculated with blackwater fever blood 
during active phases of haemolysis yet there never has occurr­
ed a case of blackwater fever in these volunteers, e.g. foy 
and Kondi (1936) inoculated 106 mental patients from fifty 
eight cases of blackwater fever and failed in all cases to 
produce blackwater fever. fhese findings cannot be explain­
ed away by theories and unless they are explained away then 
there is no evidence to support the theory that blackwater 
fever is the result of infection with a special strain of 
parasite.

fhe only work done with animals which has a bearing 
on this problem is that of Napier and Campbell (1932) dealing 
^ith P.knowlesi discovered accidentally in Macacus rhesus
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monkeys. I'liis particular parasite was found to be intensely 
virulent against 11.rhesus with sixty per cent of the red cells 
becoming infected, with finally haemoglobinuria. Haemoglobin 
uria much more commonly resulted from infections by strains 
repeatedly passaged.

Phis is an example of the fact that the host resistanc 
is probably of as great importance as parasite strains in the 
production of grave types of disease, and possibly in the 
production of blackwater fever.

But does this finding affect the Waziristan cases?
It will be remembered that five of those six individuals who 
developed malaria followed by haemoglobinuria almost certainly 
became infected during the Kharre Column when we were moving 
throuch country very infrequently traversed by our forces; 
details of this are given in Chapter I. Blackwater fever 
was unknown, practically speaking, in Waziristan before that 
time, and it is indeed tempting to suggest that the strain 
which these men-had picked up was one particularly capable of 
producing blackwater fever. i'here is no positive evidence 
to support this, however, and the remaining men, almost 100 
in number, did not show any similar lytic phenomena. It can 
only be said then that while the theory of a special strain 
would have fitted well with the happenings in Waziristan this 
cannot be postulated in the absence of any positive evidence 
In itig favour, either in Waziristan or in any other area of
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e n d e m ic  m a l a r i a .

Two theories remain to he considered, namely the 

theory of a special lysin and the theory of anaphylaxis.
These require full consideration which must be carried over 
to the next chapter.

a  summary of this chapter is given below.

Summary.

The early history of blackwater fever is obsoure; 
Hippocrates about 400 B.C. reported eighteen oases of "black 
urine" some of whom gave histories very suggestive of black­
water fever. Some distinguished workers accept this to have 
been true blackwater fever; generally speaking however it is 
thought that they were not cases of blacxwater fever. It is 
now generally accepted that the disease first was recognised 
early in the nineteenth century; reports of it began to 
appear at that time from widely scattered areas of the world; 
there is no explanation to account for this and it is not yet 
known whether the disease arose at that time sui generis or 
whether these were the first cases recorded of a condition 
previously unrecognised. The term "blackwater fever was 
introduced by BJasmon in 1884.

T h e r e  h a s  b e e n  l i t t l e  a d v a n c e  i n  k n o w le d g e  o f  t h e
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condition since that time excepting in the recognition of
the kidney lesions and in the identifying of the hlood pigment
methaemalbumen.

The few statements on blackwater fever which are 
generally acceptable are:
fhat malaria is the essential prerequisite.
fhat chronic infection with malaria is found very commonly to

have been present before blackwater fever developed; there
is no unequivocal proof that blackwater fever is more common
with chronic malignant tertian than chronic benign tertian 
malaria.
ind that migrants are most heavily attacked, but not usually 
in the first year of residence.

She problem originally was T,what fired-off the attack 
of lysis"• It is now recognised that many varying factors and 
substances may pull the trigger; the fundamental problem as 
yet unsolved, is how the gun comes to be charged, i.e. what 
is the underlying mechanism. In this discussion it was 
suggested there is no such state as the ,Tpre-blackwater stage”; 
the majority of individuals so-called are probably suffering 

from chronic untreated malaria while others may be suffering 
from subliminal blackwater fever, which is probably more common 
that is generally realised; careful spectroscopic investiga­

tion would probably confirm this in blackwater fever areas.
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f h e s e  b l a c k w a t e r  f e v e r  a r e a s  a r e  s u g g e s t i v e l y  t h o s e  i n  w h i c h  

m a l a r i a  i s  p r e s e n t  p r a c t i c a l l y  a l l  t h e  y e a r  r o u n d ,  e . g .  t h e  

B e n g a l  D o o a r s ,  M a d r a s  P r e s i d e n c y ,  e t c .

Blackwater fever may occur sporadically in areas 

normally free from it, and it may occur almost in epidemic 
form; therefore the rarity of the disease in Waziristan does 
not necessarily prevent the diagnosis of blackwater fever 
being made in our cases. Phis diagnosis of blackwater fever 
is supported by a similar ,Toutbreak" near the same area, 
reported by imy 1934.

Malaria and blackwater fever. Under this heading the 
relationship of malaria to blackwater fever was discussed. It 
was pointed out that malaria is the one definite factor known
to be related in some way to blackwater fever but the mode of 
action of malaria in this respect is not known. Malaria is 

the result of infection with the genus plasmodium which has an 
asexual cycle in man and other animals; this asexual cycle 
begins with the exoerythrocytic phase which is not affected by 
drugs (other than paludrine) and then proceeds through 
schizogony.

If untreated, malaria is thought to be self-limiting 
tut some of the cases may actually be examples of latency and 
not of cure. One marked change found in individuals affected 
with malaria is monocytosis. fhe monocytes are thought by
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some t o  p l a y  a p a r t  i n  t h e  p r o d u c t i o n  o f  c u r e  a n d  o f  im m u n i t y  

h u t  m a n y  o t h e r s  t h i n k  t h a t  t h e  f u n c t i o n  o f  t h e s e  c e l l s  i s  

l a r g e l y  n o n - s p e c i f i c ,  t o  c l e a r  t h e  d e b r i s  f o u n d  i n  t h e  b l o o d  

i n  e v e r y  a t t a c k  o f  m a l a r i a .  l o n e  o f  t h e  f i n d i n g s ,  p o s t - m o r t e m  

o r  o t h e r w i s e ,  a s s i s t  i n  e x p l a i n i n g  j u s t  how m a l a r i a  p r e d i s p o s e s  

t o  b l a c k w a t e r  f e v e r  b u t  t h e  m e c h a n is m  m u s t  be  one o f  " s e n s i t i ­

s a t i o n ” . She e v id e n c e  a v a i l a b l e  s u g g e s t s  t h a t  a n  a c u t e  a t t a c k  

o f  m a l a r i a  i s  n o t  a common f i n d i n g  i n  an  i n d i v i d u a l  s h o w in g

f r a n k  b l a c k w a t e r  f e v e r .

*

She records of the Waziristan cases showed surprisingly
that none of the individuals concerned had had frequent or 
chronic malaria. In fact in four of the cases the attack 
preceding the onset of haemoglobinuria was thought to be the 
primary attack of malaria. Shis seems to be confirmed from
Army Hecorda. All the individuals showed benign tertian foims 
in their blood on admission; some of the cases may have been 
examples of mixed infection but in some at least the species 
must have been P.vivax. fhese facts do not necessarily ex­
clude the diagnosis of blackwater fever, e.g. blackwater fever
fflay be found with benign tertian malaria following inoculation. 
It is held that at least the majority of the patients in the

Waziristan series were not suffering from active malaria at the 
time of onset of haemoglobinuria; the cause or causes of 
blackwater fever not being established, it was decided to 
consider the more important theories under certain headings.
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Miscellaneous theories on the causation of blackwater fever.

In this section were listed a few of the less unlikely 
of the many theories. Certain of these theories were dis­
missed without further discussion, e.g. haemclytic action of 
urine, familial disposition, efleets of diet, specific organ­
isms, light sensitisation, and civilised modes of living.

Before considering the remainder of the theories it 

was pointed out that the substances and factors may produce 
their action in any one of three ways, by leading to the 

production in the body of a fundamental disposition to black­

water fever, or by leading to actual production of the lytic 
attack itself, or both.

Among the causes postulated as producing the first 
(i.e. fundamental dispostion) only malaria has been definitely 
proved to be capable of producing the fundamental change;

malaria may also fall into the third category; all the others 
fall into the second category, i.e. the category of those that

pull the trigger; these are many in number and varied in 
character, e.g. drugs, emotion, chill, exertion, fatigue.

It was not proved that liver disease or hypocholes— 

terolaemia or blood stasis play any part in the production 
either of the first or of the second state.

In several of the theories discussed above and in
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several remaining to be discussed, the spleen is thought to 
be implicated in the production of the actual lytic phase 
either by the contracting of the spleen, with a flooding of 
the body with the particular substance responsible for the 
haemolysis, or by the spleen producing its action by holding 
large masses of blood in stasis* There is as yet no proof 
whether or not this theory has any foundation*

lastly, in a discussion of the problem as it affected 
the Waziristan cases it was held that ohly two factors of 
those mentioned are implicated, namely malaria and plasmoquine; 
the malaria provided the necessary sensitisation and plasmoquine 
fired off the attack* Physical strain did not play any part 
in the production of the attack*

The next theory discussed was:
A b n o rm a l  r e d  b l o o d  c e l l s  a s  a c a u s e  o f  b l a c k w a t e r  f e v e r *

There is no definite evidence at present either for or 
against this theory. The experimental evidence is insufficient 
but the balance is against the theory that abnormal red cells 
are responsible for blackwater fever* The Waziristan cases 
showed no abnormality in the reaction of the individual red 
cells to hypotonic saline solutions*
T h e o ry  o f  lactic a c i d  as a c a u s e  o f  b l a c k w a t e r  f e v e r .

This theory was introduced by Blacklock and Macdonald 
field that malignant tertian malaria produced anoxaemia which



in turn produced hyperlactacidaemia; they found lactic acid

to he haeniolytic in vivo and in vitro and claim that this
substance is the active haemolysing agent in blackwater fever*
There is, no experimental or other evidence to support txiis,
and the theory is regarded as very unlikely to be correct.
Individual differences in species and strains of Plasmodia as 
a cause of blackwater fever.

This necessarily must be considered under two headings: 
namely: 1. Do the individual species differ in their

ability to cause the development of blackwater 
fever?

2. Are particular strains of parasite to be found 
which are capable of producing blackwater fever? 

On the first problem opinion is fairly evenly divided but in 
the reports in which figures are given and not merely opinions, 
e.g* the large series of 360 cases reported by Foy and Kondi, 

there is no evidence that blackwater fever is more often relat­
ed to malignant tertian malaria than to malaria caused by the 
other species. Furthermore, inoculation with benign tertian 
and quartan species has occasionally led to blackwater fever; 
one personal experience of this is reported; it is also 
pointed- out that in the six Waziristan cases the only species 
detected was P*vivax in each of the six cases*

The second part of the problem is whether there exist 

special "blackwater” strains of any of the species* It must
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be aoeepted that strains do vary widely in their character­

istics and in the type of disease which they may produce; the 
striking report by Fairley from hew Guinea is an example.
It is a short step from this acceptance of wide variation of 
strains to the theory that blackwater fevur is due to a special 
haemolytic strain of parasite. This short step however is 
not justified on the evidence available. Several workers 
have accepted this theory but have failed to produce any con­
vincing evidence to support their contention; the little 
experimental work that has been done is strongly in favour of 
there being no special haemolytic strain; this theory of a 
special haemolytic strain would have well explained the find­
ings in the Waziristan series where the cases of haemoglobin- 
uria followed upon malarial infection acquired during a march 
through country infrequently traversed. In the absence of 
satisfactory proof this theory is held not to be acceptable.

The two remaining theories both requiring full dis­
cussion will be dealt with in the next chapter, a continuation 
of the problem of blackwater fever.



Blackwater Fever (contd.)

Baemolysins as a cause of blackwater fever.

like the theory of special strains of parasites as 
a cause of blackwater fever this theory of haemolysin is so 
simple that it has attracted much support in spite of the 
paucity of satisfactory experimental work on the subject.

Inside this major theory there is, as it were, a
number of "sub-theories11; the simplest way of discussing the
problem is to divide it into three sections, namely:
1. Discussion on the general belief of circulating haemolysin.
2. Discussion on lecithin and lecithin derivatives*
3* Discussion on the theory of lysin-antilysin balance.

1. The theory of haemolysin.
Haemolysins having been found to be the cause of 

haemoglobinuria in certain diseases, e.g. paroxysmal haemoglobin 
uria, it was inevitable that this should be postulated as an 
explanation of the haemolysis in blackwater fever. Before we 
£Uote the unsupported opinions of various workers it is of 
advantage to consider the small amount of experimental evidence 
bailable on this problem. A good example of the way the 
problem should have been tackled and a series of experiments 
from which we may draw valuable information relative to our
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problem is the report of loutit and Mollison (1946). This 
report throws light on the investigation of intra-vascular 
haemolyses in general. Their work was primarily on the
question of acquired acholuric jaundice anaemias. .They- 
showed that the acquired type of this disease is due to a 
circulating haemolytic antibody. They established the findings 
which must be recognised as common to all conditions with 
circulating haemolysins, namely:

1* the individual so affected is capable of destroy­
ing normal red cells transfused into him.

2. his own red cells should show signs of being 
sensitised and easily haemolysed.

The authors reported one striking finding, namely that cells 
of individuals with acquired acholuric jaundice did not undergo 
lysis when transfused into a normal individual. The current 
conception of red cell sensitisation by an appropriate antibody 
is that once the red cells have become sensitised in this 
manner then haemolysis results from the action of normal 
complement. To explain the unexpected normal survival of 
transfused cells from their acholuric cases loutit and Mollison 
suggested that the current conception is not necessarily the 
correct conception, and they suggest that the process of sensi­
tisation is a reversible one in vivo. Experiments by Browning
(1925) with brilliant green and red cells also suggested that 
all haemolytic phenomena are not to be explained in terms of
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laws governing production and action of true serum haemolysins. 
In such cases there is obviously some other factor present 
which completes the destruction of the sensitised red cells, 
i.e. some potentiating substance in the plasma of such cases.

This work of loutit and Mollison has been mentioned 
in some detail since it shows that in one disease producing
intra-vascular haemolysis from circulating haemolysin the 
process is not a simple one obeying the normal rules governing 
antigen-antibody reactions; and this must be taken into con­
sideration before we may condemn only on negative grounds any 
theories put forward of circulating haemolysins. In point of 
fact certain experiments by other workers suggest that red 
cells from haemolytic anaemia cases do not live in the blood of 
normal individuals as long as did normal cells, e.g. Brown et 
alia (1944) claimed that, while the survival time of normal 
transfused cells is fifty days, those from haemolytic anaemias 
only lived for seven days.

Foy and Kondi (1936) are among the few workers who 
tackled the problem by the making of experiments rather than the 
making of hypotheses. They were investigating the problem of 
haemolytic strains of parasite and/or haemolysins. They used 
fu their experiments fifty eight oases of blackwater fever at 
varying periods of time after the first passage of black urine. 
From these they inoculated 106 mental patients, sometimes using
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blood inoculations and sometimes using the indirect method of
mosquito biting. In the blood inoculations 8-15 ccs. were
given by immediate inoculation intra-muscularly into G.P.I.
cases. In all experiments, i.e. direct inoculation, and
passage through mosquitoes these authors failed in every case
to produce haemoglobinuria. Sixty-eight cases were infected
by the indirect method, through mosquito passage, the anopheline 
species being elutus. superpictus and maculopennis. In the
sixty-eight oases 'the organisms came from thirty-five different
cases of blackwater fever.

Furthermore in the cases who were given direct blood 
inoculation the test had been made even more approaching to 
"blackwater fever" conditions by giving blood inoculations to 
mental patients with a suitable "malaria ground", i.e. to 
individuals suffering from acute malaria of any of the three 
common species, or from mixed infection (in cases in whom the 
blood was loaded with parasites), or suffering from chronic 
malaria with low-grade infections.

The bloods used for inoculation were heavily loaded 
vith viyax, or falciparum parasites or both.

All the cases were observed from nine to eighteen 
months after the blood inoculation or the infected mosquito 
feeding.

There is no comparable series in literature| the
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numbers are large, far more than the majority of workers have 
seen, and the conditions were testing to a severe degree.
This experiment must be regarded as one; of the findings to 
which close attention is necessary.

Then Foy, Kondi and Mournjidis (1941) carried out the
next logical step in the investigation. They pointed out that 
two questions remained to be answered, namely:
a. Are the red cells of blackwater fever patients peculiarly 

liable to haemolysis by specific autohaemolysins?
b. Are normal red cells lysed when transfused into blackwater 

fever patients?
They considered problem b.; they carried out transfusions into 
a blackwater fever patient, a woman, aet. 24 and claim that 
their results showed undoubtedly that this blackwater fever 
patient had the power to destroy normal cells transfused into 
her. They then transfused 25 ccs. of blood from the actively 
haemolysing patient into a normal healthy man who did not 
develop haemolysis but who developed malignant tertian malaria 
after eleven days.

At first sight these results appear contradictory, 
destruction of normal cells in blackwater fever patients, 

yet no destruction of normal cells by blood from the blackwater 
fever patient. The authors themselves point out the fallacy 
fa the second part of the test. The fact that 25 ccs. of
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blood did not produce haemolysis cannot be taken to indicate 
that it did not contain haemolysins, e.g. in the giving of 
blood in blood transfusions the serum of the donor may be and 
often is haemolytic to the cells of the recipient and yet, 
although such serum is given in quantities much greater than 
the volume used by Foy, Kondi and Moumjidis yet ordinarily no 
haemolysis results because of the great dilution of the donor's 
serum by the recipient's serum; therefore the fact that 
25 ccs. of blood did not produce haemolysis in the healthy 
individual is no proof that haemolysins were not present; 
haemolysins may have been present and were swamped by the 
heavy volume of serum in the recipient. Foy, Kondi and 
Moumjidis came to the conclusion that a circulating haemolysin 
may be responsible for blackwater fever, and produce the im­
portant suggestion that continuous sensitisation is necessary 
before the red cells become liable to haemolysis. This would 
be explained, they think, by infection over long periods, 
possibly with a special strain of parasite.

Foy and Kondi (1941) still on the subject of intra- 
vascular haemolysis report a case of blackwater fever in a 
Pr®gnant woman who gave birth to a child during her attack of 
blackwater fever when she was actively haemolysing. The child 
showed no sign of haemolysis. Zinsser et alia (1944) have 
confirmed what is well-known in epidemiological work, namely
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thht non-diffusable colloidal materials can pass across the 
placenta, i.e. foreign proteins may enter the foetus in utero, 
and both active and passive sensitisation of the foetus can 
take place. Foy and Kondi suggest two possibilities to 
explain why the cells of the child were not destroyed by circu­
lating haemolysin which they think is the explanation of black­
water fever; their suggestions are;

1. The cells of the child were not susceptible to 
the mother's haemolysin. Or

2. The maternal haemolysins did not pass the placenta 
or the amount that did pass wqs insufficient to 
bring about haemolysis.

Still working on the same problem Foy and Kondi (1943) 
point out tnat any changes which the red cells undergo in the 
body are changes produced by interaction of the cells with the 
environment, i.e. with the medium which bathes them. They 
concluded that in blackwater fever the changes may be in the 
cells, or the environment or both.

But from previous work, reported above, it is seen that 
normal cells are also destroyed when transfused into blackwater 
fever patients. They conclude that in blackwater fever the 
fundamental defect is UOI in the red cell but in its environment. 
They give as an example congenital haemolytic jaundice where 
there is (l) Gell abnormality, (2) Some action in the spleen,
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proved by the faot that the periodic haemolysis is stopped by 
splenectomy. The last part of their statement would appear 
wrong.

The authors introduced the question of the splenic 
factor merely to attempt to bring out a theory which has been 
discussed already, see p. L i7 '  namely that there is some 
fundamental factor common to all those haemolytic conditions 
in which the spleen is enlarged. We have already claimed 
however that this theory, while very attractive is still only 
a theory.

Foy and Kondi continue by saying that possibly several 
factors are involved, e.g. there may be more than one process 
that can prepare the body for the haemolytic crisis, and possibly 
all the processes may not work in the same way. They then bring 
out points which have been stressed several times previously in 
this work, namely, that in blackwater fever the preparatory 
agent is malaria - we might almost say malaria alone - and that, 
the ground having been prepared, the trigger may be pulled by 
oay one of several ggents, e.g. antimalarial treatment or 
splenic enlargement or cold; or the attack may appear without 
any obvious precipitating cause.

The work of Foy and Kondi, while the best and most 
carefully planned of this type of experiment, was not the first
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of its kind, e.g.
ELaoklock (1923) was one of the first to carry out such

experiments, e.g. on the fourth day of lysis in a 
blackwater fever patient who died later this author 
took 1-g- ccs. citrated blood and mixed it with \  cc. 
citrated saline. He then injected -g- cc. of this 
mixture into a healthy European; the patient took 
quinine for two days. The result was negative, no 
malaria and no blackwater fever. This experiment 
may appear crude and ill-planned but in view of the 
possibilities and the lack of knowledge at the time 
it should be regarded as a courageous and commendable 
effort.

Thomson (1924b) was next; he inoculated ten guinea pigs
intra-peritoneally with centrifuged deposit from ten 
cases of blackwater fever. Result - negative in all 
cases.

United Fruit Company (1926) report an experiment in which ten 
ccs. blood taken from a patient in his first paroxysm 
of haemoglobinuria were immediately injected into the 
vein of a negro; the patient did not develop either
malaria or blackwater fever.

The above are a few of the experiments carried out on this 
problem.
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Expressions of opinion include those of:

Oort (1929) who states that the cause of blackwater fever is 
a potent haemolysin liberated by a special variety 
of malaria parasite.

Fairley and Bromfield (1934c) first state that it is improb­
able that the cause of blackwater fever is true haemo­
lysin but still obviously adhere to the theory of 
haemolysins by suggesting that there occurs a derange­
ment of metabolism associated with chronic malignant 
tertian malaria and this derangement of metabolism 
gives rise to a potent haemolytic substance; this 
view was later confirmed by Fairley and Bromfield 
(1940).

Bocht and Mayer (1937) considered that the cause of haemolysis 
is that the production of haemolytic substances 
suddenly and spontaneously increases; they feel that 
all investigations support the theory that haemolytic 
substances play a part in blackwater fever and one very 
likely theory, they feel, is that of circulating 
haemolysins resulting from the malaria process, which 
haemolysins circulate in the bloodstream or are fixed 
in certain inner organs. They considered that we 
cannot exclude the possibility of circulating haemo­
lysins merely on the negative evidence that the 
existence of such has never been demonstrated. They 
said that the haemolysins are present in the inner
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organs only, not appearing in peripheral circulation. 

Rogers and Megaw (1939) thought that under certain conditions, 
as yet unknown, red blood corpuscles appear to become 
sensitised to the action of a haemolysin. 

low and Fairley (1942) said that the lytic substance in blaok- 
water fever is possibly the lysin normally contained 
in the reticulo-endothelial cells which have hyper­
trophied as the result of chronic malaria, this lysin 
suddenly being liberated into the blood. They suggest 
that such lysin may become immediately fixed to the 
corpuscles in the visceral vessels and therefore cannot 
be demonstrated in the peripheral blood. This theory 
that antibody is "bound11 as soon as it is produced is 
supported by an isolated finding by Brown et alia 
(1944) that the survival time of cells transfused from 
patients with lysis into the blood of a normal individ­
ual is only seven days compared with the fifty days 
survival time of the healthy red cell.

The statements quoted above are little more than state­
ments of opinion; few of the authors have any experimental 
support for their statements.

One theory which conflicts with the above is that of 
Bam and Gastle (1940); this has been mentioned previously in 
Passing. They do not accept the theory of circulating haemo­
lysins, and suggest instead that the haemolysis in haemolytic
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anaem ias is due to intra-vascular stasis. This stasis may 
tie normal in character, in which case only abnormal cells
will be destroyed. On the other hand, normal cells will be
destroyed by abnormal stasis; according to the authors, 
stasis leads to Changes in red cells by which they are more 
readily destroyed. Their theory is not proved but must be 
considered for further investigation in view of the work on 
"sludged blood" recently brought into prominence by Kniseley 
et alia (1947). In the absence of any supporting findings 
we cannot do more than acknowledge this work of Ham and 
Gastle.

This brings to a close the first part of the discussion 
on lysins as a cause of blackwater fever. It has been seen 
that few experiments have been carried out which give informa­
tion on this point, and these few experiments do not give
unequivocal results although they do distinctly show that if
there be a haemolysin concerned in the production of blackwqter 
fever then it is not a simple circulating substance for such 
has never been demonstrated in the blood of any individual 
tested. Admittedly, available methods of detection are 
crude in the extreme compared with the intricate processes 
which we are studying, e.g. there do exist diseases producing 
intra-vascular haemolysis in which the cause is undoubtedly 
a circulating haemolysin and yet such has never been demon­
strated. uertain of the workers on this problem have
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supported the theory of haemolysin and have explained the 
failure to demonstrate it by suggesting that the lysin is to 
be found only in the inner organs (Eocht and Mayer) or that 
the lysin as it is produced is taken up by and bound to the 
red cells (Low and Fairley) or that the whole process of 
haemolysis has a different explanation to that generally 
accepted (Loutit and Mollison); from our experience in the 
Waziristan series of cases we are not in a position to express 
an opinion on this matter as we did not carry out any experi­
mental investigations.

Some of the workers have gone further even and have 
attempted to identify the substances concerned in the lysis 
of red cells in blackwater fever. This theory forms the 
subject of the next section, i.e.

B. Lecithin and Lecithin derivatives.
Evans, G.L. (1945) quotes Overton's opinion that the 

external limiting pellicle of the red blood corpuscles as in 
most living cells, is formed by a lecithin-cholesterol compound 
whose solvent power determines the permeability of the cell by 
foreign substances. Best and Taylor (1943) agree that all 
cells contain at least one of the phospholipids; in this class 
also are cephalin and sphingomyelin. The amounts of lecithin 
sftd cephalin vary in the various tissues, e.g. in the heart and 
lung the lecithin-cephalin ratio is two to one. Thorpe (1944)
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About seventy per cent of the structure of lecithin is fatty 
acid, and this fact, coupled with the physical property of 
lecithin of being able freely to mix with water, suggests one 
important function of these phospholipids, namely the trans­
port of fat and possibly action as intermediaries in fat 
embolism. It is thought also that lipids may have other 
functions but these have not yet been clearly established.

It is this substance lecithin, and certain derivatives, 
which is thought by some to be implicated in the haemolysis of 
ved cells in certain intra-vascular haemolysis, e.g.
Kritehevsky and Muratoffa (1923-24) claimed teat lecithin in 
high dilution activates a mixture of quinine and red cells, the 
fcisture in itself being non-haemolytic. They further estab­
lished that cholesterin has practically no inhibiting action 

this haemolysis, a finding which is in marked contrast to
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other haemolyses such as that produced by snake venom.
Chopra (1936) also mentions that quinine becomes highly 
haemolytic in the presence of lecithin. One finding which 
suggests the mechanism of haemolysis is that of Schulman 
and Rideal (1937) who suggested that sodium oleate and 
taurocholate appear to attack the protein complex. In view 
of the important part played by phospholipids in the passage 
of substances into the cell itself it is not difficult to 
imagine that changes in the permeability may readily lead to 
destruction of the cell itself. Bergenheim and Parhaeus 
(1936) said that the haemolytic substance is lysolecithin, 
obtained by partial hydrolysis of lecithin. They suggested 
that this substance is produced in the ,fstagnating blood” of 
an enlarged spleen, and that it acts on the surface of the 
red cells so as either to haemolyse them or predispose them 
to destruction. Whitby and Britton (1946) support the above 
theories; they state that normal serum contains lysolecithin 
which has a direct lytic action on red cells. They point out
that incubation of plasma for a few hours under static con­
ditions causes a marked increase in lysolecithin, due apparent­
ly to serum lecithinase. They further agtee that the normal 
serum content of the lysolecithin is increased by passage 
through the spleen. The particular application of the above 
to Blackwater fever is to be found in the work of IDrishnan and 

(1936) and of Poy and Kondi (1943); Krishnan and Pai
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(1936) state that in malarial monkeys there is evidence of 
increased fatty acid production with rise in lecithin in pre- 
haemoglobinuria states • •••• The authors think that unsatur­
ated fatty acids or lysolecithin are probable agents of haemo­
lysis. tfoy and Kondi (1943) investigated the effect of lyso­
lecithin on red cells and they claim to have found that cells 
from blackwater fever patients are more fragile than ordinary 
cells in a lysolecithin system; they thought that this 
substance may play a part in the haemolysis of blackwater 
fever because of the action on the lipoid-protein complex of 
the membrane. They suggest that the action of the lyso­
lecithin is best explained on the basis of colloidal enzyme 
action. Their suggestion was tha:t an enzyme lecithinase, 
acting on a substrate of red cells or serum containing lecithin 
splits the lecithin into unsaturated fatty acid and into lyso­
lecithin which is powerfully haemolytic. These authors suggest­
ed three types of lecithinase, namely:

lecithinase a found in cobra venom.
b found in plant tissues.

e.g. possibly the explanation 
of favism. 

c found in Ol.welchii toxin.
<411 these lecithinsses were found to have a disintegrating 
action on the cell membrane or intra-cellular lipoprotein 
complex whose integrity is dependent on the presence of
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lecithin. Foy, Kondi and Mournjidis (1941) previously had 
thought that in blackwater fever the cause of lysis lay not 
in the red cell itself but in the red cell environment. In 
this newer work of Foy and Kondi (1943) the authors still 
claim that the fundamental change in blackwater fever is in 
the environment. They think that although the red cell has 
some abnormal features, e.g. increased fragility to lysoleci­
thin, this is secondary to the change in the environment.

These suggestions that lecithin or a lecithin-derivative 
is haemolytic in nature would have little bearing on the 
problem of blackwater fever haemolysis unless either or both 
of two things can be proved, namely that the particular haemo­
lytic substance has an especially marked effect on the red 
cells in blackwater fever, or that it is produced in greater 
quantity than normal in blackwater fever. is regards the 
first suggestion, we have already quoted the statement by i*oy 
and Kondi (1943) that red cells from blackwater fever cases are 
particularly sensitive to the action of lysolecithin; this is 
an isolated finding and until more evidence is available it 
cannot be accepted as the explanation for blackwater fever 
lysis, particularly as the authors themselves still consider 
that the fundamental change is not in the red dell itself but 
^  the environment. The other possibility is that the cause 
®f blackwater fever is an increased production of lysolecithin
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or some similar haemolytic substance. We have quoted 
Krishnan and Pai (1936) who suggested that there is a rise 
in lecithin in the pre-blackwater states of malarial monkeys, 
and Bergenheimer and Fahraeus (1936) who suggested increased 
production of lysolecithin in an enlarged spleen. Other 
workers, investigating on similar lines, have produced a 
theory which in part incorporates that of lysolecithin 
fragility, but which gives a different explanation for the 
production of this substance. This theory is discussed in 
the next section, namely:

3* Lysin-antilysin balance: this theory, briefly put, is
that blackwater fever and certain other haemolyses may be the 
result HOT of production of a haemolysin normally absent from 
the blood but of the failure of the body to produce an anti- 
haemolysin normally present in the blood and normally respon­
sible for the maintenance of a lysis-antilysis balance. This 
theory links with the theory of lysolecithin destruction in 
that some workers hold that the lytic substance said normally 
to be present in the body is lecithin or a lecithin derivative.

imong the first who suggested this possibility are 
Eijon (1915) and imeuille et alia (1918); both groups suggest­
ed that the fault in blackwater fever is lack of antilysin to 
eounteract lysin. Then Xritchevsky and Muratoffa (1923-24) 
Goncluded from experiments that substances are normally present
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in human serum which check the haemolysis of a haemolytic 
quinine solution. Aguilar (1926) supported this view when 
he used haemostatic serum in the treatment of blackwater fever 
in the belief that in blackwater fever there is lack of an 
antihaemolytic substance present in the blood. Kikuth (1927) 
also considered that normal serum in small quantities can 
check the haemolytic action of a lecithin-quinine solution. 
Witts (1936) talks of a potential lysin present in normal 
serum; Scott (1939) states that both haemolytic and anti- 
haemolytic substances are present in normal blood and that 
there is deficiency of the latter in blackwater fever and 
paroxysmal haemoglobinuria.

The most careful piece of work on this problem is that 
of Maegraith et alia (1943) who discovered that normal animal 
tissue contains a heat-labile lytic agent which is normally 
inhibited by factors present in tissue washings and in serum. 
They suggested that the rate of haemolysis occurring in an 
animal at any one time may be a function of the balance between 
the tissue lytic agent and its inhibitors; the application 
of this to blackwater fever is their finding that sera from 
actively haemolysing blackwater fever cases apparently were 
much less active t n o r m a l  sera in inhibiting the lytic 
agent. i.e» they think in blackwater fever lysis is simply a,/,. 
Manifestation of excessive uninhibited activity of a normal 
ŷtic process. They suggested that the mechanism of reduction
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of activity of the inhibiting factors in blackwater fever is 
unknown; possibly it is due to malarial infection or drug 
administration or both.

Ponder (1944) confirmed the above work and linked it 
with previous theories by suggesting the tissue lytic agent 
to be similar to lysolecithin* He thought that the substance 
is not species-specific.

Brhckmann and Wertheimer (1945) confirmed also that 
washed tissue cells haemolyse washed red cells and agree that 
the lytic substance is not species-specific; they did not 
agree that the substance plays a part in normal or pathologi­
cal blood destruction however and were of the opinion that the 
lytic phenomenon depends on autolysins and stasis.

Laser and Friedmann (1945) have isolated from human 
plasma a haemolytic substance which is nitrogen-free - and 
which therefore cannot be lecithin - they found that in vitro 
haemolysis by this agent is inhibited in a marked manner by 
antimalarial drugs. The suggestion of these authors is that 
the malaria parasites at some stage in their development 
produce or cause to be produced metabolite closely related to 
‘this natural haemolytic substance.

Maegraith (1946a) agrees with the findings of Laser 
and Friedmann.
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Stone (1946b) found ti ssue extracts containing 

lipoids would agglutinate red blood corpuscles,and concluded 
from experiments that the haemagglutinating activity of 
saline extracts of animal tissues could be paralleled by a 
mixture of lecithin and cholesterol.

Hnopgh evidence has now accumulated to suggest that 
normal tissue does contain substances haemolytic in character, 
and that normal serum contains substances which neutralise 
this haemolytic substance. Certain workers claim that the 
haemolytic substance is crystalline, without nitrogen in it 
and therefore is not lysolecithin. The work done on these 
haemolytic factors is sketchy as yet and is quite insufficient 
to allow of any decision on whether or not such a process plays 
any part in the normal blood destruction in the body.

Furthermore even if this balance should prove to be 
a physiological process of importance in the normal body, it 
by no means follows that imbalance of this process with lack 
of anti-haemolytic factor is the cause of haemolysis in black- 
watdr fever: such is quite unlikely when one remembers the
most puzzling features of the disease, how it rarely attacks
individuals during their first year of residence, and how the 
disease ddes not commonly attack indigenous natives.

The work in Waziristan can add nothing to this problem 
as investigations on this were not carried out.
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Antigen-Antibody Reaction as a cause of 

Blackwater Fever.

This theory as an explanation of blackwater fever has 
tempted many workers through the years and it is a theory 
which is being repeated "re-discovered” by newcomers to the 
field of tropical medicine; there has been much written on 
the subject which deserves full attention.

It is best to open the subject with a brief considera­
tion of a few of the principles of immunity in general and of 
immunity in malaria in particular. In the study of immunolo­
gy an antigen has been defined by Zinsser et alia (1944) as a 
substance which gives rise to specifically reaction elements 
or "antibodies” in the blood serum or other body fluids of an
animal to which these substances have been administered in a 
manner excluding their digestive disintegration; or more 
simply, a material with power to elicit a specific change in 
the cellular reaction capacity. A complex type of antigen 
is the compound antigen that can be separated into two com­
ponents; in these the specificity depends, on one of these 
components whereas the other component, confers on the complex 
th4 capacity to elicit the production of antibody. The 
fraction associated with specificity cannot by itself cause 
antibodies to be produced within the normal body but by 
itself is capable of reacting with the antibody evoked by
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administration of the compound antigen.

Landsteiner terms the specific fraction "haptene" 
or "partial antigen"; i.e. antigenic compounds specifically 
oriented by non-antigenic groups may be formed in the body 
by combination of extraneous material with the body proteins.

Normally the tissue cells of the higher animals are 
prepared only for metabolic processes concerned in the nutri­
tional and excretory functions essential to the maintenance 
of life, i.e. the substances which reach the cells for nutri­
tional purposes come into actual contact only after much 
preliminary digestion, e.g. proteins are reduced to amino 
acids, etc. Zinsser et alia (1944) suggest that most materials 
which are not in this class of predigested nutritive material 
give rise to a specifically altered state of reaction capacity 
on the part of the cells, hence relatively simple substances 
such as quinine can act as haptenes. Zinsser et alia further 
suggest that antibody formation may be connected in some way 
with non-diffusibility, the property of reacting only with cell 
surfaces.

Zinsser et alia (1944) subdivide hypersensitiveness 
into anaphylaxis, allergy and idiosyncrasy. In anaphylaxis 
circulating antibodies can be demonstrated; allergy is that 

of anaphylaxis where as yet no circulating antibodies 
kfiVe been detected and which cannot be passively transferred;
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and idiosyncrasy, the last type of hypersensitiveness, also 
cannot be passively transferred, and no antibodies have been 
demonstrated; it is typically found with compound antigens, 
e.g. drug sensitiveness. The important thing to note from 
this is that it is possible to have hypersensitiveness in an 
individual without being able to demonstrate it by laboratory 
tests.

Zinsser et alia consider that human hypersensitiveness 
depends for its development on two factors, namely sensitisa­
tion and heredity, i.e. a specific sensitising factor super­
added uioon a hereditary predisposition. They suggest that in 
the relatively few cases in which reactions occur upon first 
contact there probably has been a masked previous exposure, 
possibly intra-uterine. Obviously there must be predisposi­
tion, otherwise every individual would become hypersensitive 
to substances with which he comes into contact. These workers 
consider that in most protozoan diseases an attack of the dis­
ease confers a relative immunity which is in some cases con­
siderable. They consider however that this immuhity is resist­
ance to superinfection rather than a true immunity and that 
where relative resistance persists the organisms are still 
latent within the body. In effect they mean that in protozoan 
diseases the immunity is an immunity of infection.

Whitby and Britton (1946) agree with the question of
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a hereditary factor in cases of allergy; they also mention 
one other general point namely that of naturally occurring 
cold agglutinins in normal sera. This is mentioned here only 
to be dismissed since such agglutinins are of no practical 
importance, except in paroxysmal haemoglobinuria.

One problem of hypersensitiveness is whether the 
human can produce antibodies active against humans. This is 
possible and was first demonstrated by landsteiner (1900) who 
showed isoantigens, the blood groups, to be present in the 
human.

Later Schwentker and Comploier (1939) showed that 
emulsions of homologous kidney and brain are autoantigenic - 
I have often thought in this matter that the nerve lesions 
which are rarely to be found with antirabies therapy are also 
a result of formation of an organ antibody, the reaction of 
which with the injected material causes damage to the recip­
ient* s central nervous system. Specially important relevant 
work on this point is that of Browning (19£5) who investigated 
the antigenic power of haemoglobin. This author found haemo­
globin to be antigenic but only very weakly so; antibody 
formation was found only in a small proportion of the animals 
treated. Similarly he found that globin is not a potent 
antigen. AND antiglobin serum did not react with homologous 
gad cells. He quoted Muir and Ferguson*s work to show that
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the haemolytic antigens of the red corpuscle which, in com­
bination with homologous antibody, lead to complement absorp­
tion reside in the stromata after corpuscles have been laked, 
e.g. addition of haemolytic antibody to haemoglobin solution 
after the removal of stromata did not fig complement. Similar­
ly it has been pointed out already that globin possesses pro­
perties distinct from that of undissociated haemoglobin and 
does not contain receptors in common with the stromata of the 
red corpuscles.

These are general remarks and show that the body pro­
teins are capable of acting as isoantigens; haemoglobin and
globin are very weak in this respect but the stroma is much less 
weak.

The particular aspect of the problem of immunity is that 
concerning malaria, i.e. what is the character of the immunity, 
if any, which develops against malaria. It has been noted 
already that in the opinion of Zinsser et alia (1944) the immun­
ity is one of infection. Noeht and Mayer (1937) stated that 
Koch in 1900, working in New Guinea, recorded one finding of 
importance in the question of immunity to malaria, namely that 
ln districts heavily infected with endemic malaria children 
died early from malaria or gradually acquired a certain degree 

immunity through repeated infections. By the time the
^tiv© was twenty he was usually free of clinical signs of 
malaria.



693.
Craig and Faust (1945) stated that as early as 

19G9 Graig, the senior author, had said that the evidence 
available on the subject of malaria was sufficient to show 
tiat immunity in malaria is due to the phagocytosis of the- 
plasmodia by macrophages and other cells and by antiplasmodial 
and anti-toxic substances present in the blood.

Yorke and Idacfie (1924) in discussing the problem of 
cure in malaria expressed some opinions which have a bearing 
on the question of immunity; these authors suggested that 
no form of quinine therapy destroys all the malaria parasites. 
The quinine destroys large numbers of parasites and thus sets 
free a considerable quantity of soluble antigen which leads 
to the formation of an immune body and this antibody finally 
produces cure by destruction of the remaining parasites. The 
authors considered that if there is no heavy production of 
antigen or if the host fails to produce antibody then infection 
is not completely sterilised and a relapse occurs with the 
setting-up of a state of equilibrium or tolerance. They 
concluded that the essential factor for the production of cures 
in malaria is the capacity of the host to produce antibody in 
response to the antigen formation resulting from the destruction 
of a considerable number of parasites by a medicament.

Thomson (1924a) in talking of blackwater fever, dis­
cussed more fully below, also talks of the formation of anti-
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bodies. He goes so far as to claim that he had identified 
the antigen which he thinks is an altered red corpuscle in 
malignant tertian malaria, to which he gives the name "brassy 
corpuscle". In those cells the altered standing reactions of 
the red cells as the asexual forms grow older serve to indicate 
when the change takes place; he thought that these altered 
corpuscles act as foreign bodies capable of stimulating pro­
duction of a specific haemolytic amboceptor; he further 
suggested, however, that the antibody produced acts only on
these specifically altered corpuscles and not on the normal red
cells; he thought that the change in the red cells was a chemi­
cal one induced by the contained asexual forms of P.falciparum. 
It will be seen later that this opinion of Thomson’s forms the 
basis of theories produced by several workers on the causation 
of blackwater fever. It is introduced here to illustrate that 
even at this time the possibility of antibody formation against 
malaria parasites and/or altered corpuscles was fully realised.

Taliaferro writing in 1929 strongly disagreed with the 
findings of Yorke and Macfie above. Taliaferro pointed out 
that experimentation in malaria is difficult due to the rigid 
host specificity of the human parasite coupled with the undes­
irability of experimenting with humans - at that time there was 
110 really effective antimalarial drug other than quinine. He 
e°nsidered however that the data available indicated that
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resistance to infection, at least among certain individuals, 
exists in malarious districts. This author thought that the 
course of events was that an acute attack develops into a 
latent infection which confers an immunity to superinfection 
and that the complete disappearance of the parasite allows 
reinfection; i.e. the immunity is an "immunity of infection". 
In certain bird experiments the author also found that this 
latent infection could sometimes be set up without an apparent 
acute attack; from a study of these infections with bird 
malaria Taliaferro found the further interesting fact that 
although this immunity to superinfection was often of a high 
grade it was very labile; a large number of conditions which 
lower the resistance of the body can cause the latent attack 
to flare up into an acute attack. In 1929 the author conclud­
ed that the basis of the immunity is purely cellular and had 
no evident humoral basis. Taliaferro in 1941 considers the 
characteristics of malarial immunity are determined in the 
first place by the localisation of the parasites in certain 
tissues. This immunity shows itself in four ways, namely 
phagocytosis, production of new phagocytes, reparative pro­
liferation, and the production of specific antibodies; Again, 
witing in 1944, he suggested that the rate of destruction of 
parasites is largely a phagocytic phenomenon which is greatly 
increased when there is an acquired immunity. The most 
reas°nable explanation he thought for the influence of the



696.
immunity is that macrophages and the parasites are influ­
enced by a specific opsonin. He considered the immunity to 
be strain-specific and reiterated that the acquired immunity 
is largely if not entirely associated with a latent or low- 
grade infection. This author states that other serological 
reactions which occur during malarial infections include 
formation of antibodies (including precipitins, agglutinins 
and complement-fixing substances). He considered that 
complement-fixation depends on a genus antigen and is thus 
very different from acquired immunity which as he had said. 
is species and strain specific.

Ghopra in 1936 pointed out that one of the oldest 
theories in the production of cure in malaria, far older than 
the work of Shrlich, was that remedies stimulate resistance 
of the body cells in general and so help them to overcome 
infection.

Nocht and Mayer (1937) discuss the work of Hoch in 
1900, mentioned above, and agree that in tribes showing 
immunity the infants are as seriously affected as are European 
children. They agree also with much of Taliaferro*s work 
when they say that in malaria as in many parasitic protozoal 
infections, the asexual development can be inhibited through 
the action of protective antibodies. Parasites remain viable,

schizonts can be found in apparently healthy persons and
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may increase and even reappear in the blood without increasing 
to such a degree as to cause clinical symptoms. They further 
agree that immunity is strain-specific and suggest that serious 
local epidemics of malaria are often the result of mass migra­
tion of persons from outside into endemic malaria areas. They 
also think that the immunity is labile. They think it is 
essentially an immunity of infection; the causative organisms 
do not disappear altogether after the disease has run its 
course but remain in the body where a balance is struck between 
the powers of resistance and the tendency of the parasites to 
increase. They quote the term "labile infection" given to 
this state by Schilling. (Schilling was hanged at Nuremberg 
for his anti-social activities during the second World War.)

Field (1939) has studied this question carefully and 
considers that this broad fact is beyond question, that persons 
who have had much malaria develop immunity, e.g. single infec­
tions, when allowed to run their course, burn out in time and 
flay confer an immunity against the particular parasite to which 
they are due; repeated fresh infections with a single species 
of parasite has the same effect. Field claims that there is 
general agreement that the immunity so produced is specific, 
Ming limited to the infecting species and being strongest 
against the infecting titrain, i.e. he considers it a strain- 
specific immunity. He thinks that the development of this 
species immunity is slow, possibly requiring a year or longer
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to develop. The people of a highly infected area become 
more and more immune to the parasite, to which they are 
constantly exposed. The thinks that the antigenic stimulus 
which leads to the development of immunity is provided by the 
smouldering of old infections which run their course, and by 
repeated fresh infections which occur under hyperendemic con­
ditions. It follows then that a general malarial immunity 
would be acquired only by independent immunisation against 
each of the three species and against each of the prevailing 
strains. Field considers that within each species there may 
be several strains antigenically distinct, hence the building- 
up of a composite immunity is a slow process, spread possibly 
over many years. In discussing the effect of chemotherapy 
on immunity Field points out that there are two schools of 
thought. One holds that immunity will result only if infec­
tion is given some measure of free play, the other being that 
immunity may develop from infection kept down by treatment. 
Field thinks the truth lies between the two. One point that 
none of the authors consider is whether all the stages in the 
life cycle of the parasite are equally antigenic. Field 
considers that on occasion effective drug prophylaxis may react 
unfavourably on the production of immunity, e.g. he observed 
2*500 labourers continually for three years and found that 
after one year’s drug prophylaxis there was insufficient immun­
ity to prevent an early recrudescence of infection. He thinks 
^unity is q precious possession; and thinks quinine
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administration limited to actual attacks affords little 
hindrance to the development of a parasite-host equilibrium, 
but as a prophylactic it may interfere with this process, e.g. 
Scott (1939) quotes an experience in Indo-China where the use 
of quinine as prophylactic led to such an increase in malaria 
that the land had to be abandoned. Scott also produces an 
interesting example of the effect of immunity when he quotes 
the Niger Expedition of 1841-2. There were fifty-eight negroes 
in the party and eleven of these were attacked by malaria; 
those eleven had lived for a long time in England; presumably 
they had lost their immunity. Graig and Faust (1945) in their 
consideration on the subject consider that natural immunity 
exists but is rare. They consider generally speaking that 
there is no race which is naturally immune to malaria but some 
races become largely immune through repeated infections. All 
native races in endemic malaria regions possess a relative 
immunity, usually limited to the particular strain of plasmodium 
present there; it is doubtful whether these authors are correct 
m  presuming that native races have a relative immunity; the 
individuals of such races do have an apparent immunity but this 
is probably as the result of repeated infection in childhood. 
Craig and Faust consider that immunity is a most important 
factor in the epidemiology of malaria and that acquired immun- 
xfy is actually a tolerance to infection. The authors consider
that this immunity is largely homologous; heterologous immun-
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ity is much less effective. These authors think that the 
mechanism of immunity in malaria is concerned with the des­
truction of plasmodia by the reticulo-endothelial cells which 
act as phagocytes, with the production of plasmodicidal bodies. 
This had been suggested many years previously by the senior 
author, Graig, see p. whose final opinion is that it
cannot be entirely explained by phagocytic action.

Giuca et alia (1943) have studied immunity in malaria. 
They have observed forty-one patients for periods ranging from 
four to fourteen years. They consider that at present it is 
not possible to rule out humoral or cellular immunisation.

Glark (1944) agrees that immunity is never absolute. 
Fatigue, exposure, etc. or the introduction of a fresh strain 
of parasite can break any degree of tolerance.

One case on record which is suggestive of allergy to 
malaria parasites was reported by Golz in 1946. His patinnt 
had four attacks of generalised urticaria and angio-neurotic 
oedema at forty-eight hour intervals; the fourth attack was 
associated with a typically mild malarial rigor and P.viyax 
*as found in the blood films. The patient gave a history of 
a similar attack at the onset of his previous attack of malaria 
sight months previously.

Mayer and Heidelberger (1946) investigated the problem
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of antibody production in malaria using crude P.falciparum 
and P.vivax antigen and also more highly purified vivax 
antigen. They found that with sera from cases of chronic 
relapsing vivax malaria there was equally good complement 
fixation with soluble vivax antigen and with normal human 

stromata antigen; the ahtibody to the stromata was distinct 
from the specific malaria antibody. The same was found with 
P.falciparum antigen; in the immune response there was 
species specificity. They went so far as to say that if 
syphilis be excluded, then as a test for latent malaria the 
complement fixation reaction with either malaria antigen or 
with a preparation of normal human stromata antigen is specific 
for malaria. Huff and Coulston (1946) in dealing with avian 
malaria also supported the suggestion of specific antibody 
formation.

Clinically and experimentally it seems that immunity 
is developed to malaria. The likelihood is that this is an 
immunity of infection and that both cellular and humeral factors 
Play a part.

At the beginning of this chapter a few of the more 

important details of antigen-antibody reaction were discussed, 
particular attention being paid to compound antigen. It was 
Se®n that the tissues in the body are capable of acting as 
antigens, the stromata of red cells being quoted as an example;
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lastly it was seen that the malaria parasite is also capable 

of stimulating formation of antibodies. It was necessary 
to ascertain all of these facts before we were in a position 
to discuss whether or not immunological reactions play a part 
in the production of blackwater fever. We are in a position 
now to say that both the human red cell and malaria parasite, 
and possibly both together, are capable of acting as antigens.

Before beginning the detailed discussion on the 
question of whether antigen-antibody reaction is responsiblei
for blackwater fever there are a few relevant findings to be 
reported which may have a bearing on the later discussion.

The first such finding is that reported by Browning 
(1925) who stated that red blood corpuscles sensitised by 
brilliant green are haemolysed by normal serum independently 
of the action of complement, i.e. all haemolytic phenomena are 
not. to be explained in terms of laws governing production and 
action of true serum haemolysins. It has also to be remem­
bered that, even with a simple haemolytic agent attacking all 
red cells equally and at the same rate, certain cells survive, 
presumably because they are more resistant to a destructive 
influence; a similar state of affairs is probably present with 
ĥe more complex haemolysins such as serum haemolysins, i.e. 
ibey seem to lyse some red cells more easily than others, 
i'outit and Mollison (1946), reporting a series of observations 
0n haemolysis in congenital and acquired haemolytic jaundice,
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also suggested that not all haemolytic phenomena follow the 
laws governing the production and action of true serum haemo­
lysins.

It is not possible to discuss in more detail the 
theories put forward on this question of antigen-^antibody 
reaction as a cause of blackwater fever. It has been shown 
previously in this chapter that Browning (1925) has establish­
ed that haemoglobin, globin, and stromata are all antigenic 
although the first two are only weakly so; it is also accepted 
that malaria is capable of provoking immunity. fhe possibili­
ties that these processes do exist, and their implications, 
were fully appreciated even by early workers on the problem 
of blackwater fever. I'he earliest workers on this aspect of 
the problem are mainly British, e.g.Ghristophers and Bentley 
(1908) from their work on blackwater fever concluded that it 
was due to poisoning with a haemolysin ...... acting under
special conditions. fhey did not consider it remarkable that

\
&o haemolysin had been demonstrated in blackwater fever, because 

in experimental work with dogs injected with haemolytic serum 
they had found it impossible to demonstrate the presence of 
the substance apart from its effects. fhey considered that 
production of the haemolysin is in some way the result of
malaria  On the grounds that length of residence^ for a
time ia essential they refuse to accept the theory that the
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haemolysin is a toxin derived from the malaria parasite, and 
they considered there must he changes in the body of the 
host; they suggested that haemolysins are thrown out as a' 
result of the constant phagocytosis of red cells, with the 
endothelium the most likely agent. Later Christophers 
(1947) confirmed that they meant to convey that blackwater 
fever is probably due to a specific haemolysin and state 
that at the time they did not expect to demonstrate a 
haemolysin as it would be bound by receptors in the cells on 
which it was acting. fhis paper is among the first to 
convey the idea of a specific haemolysin being responsible 
for the haemolysis of blackwater fever.
Oleland (1909) concluded that blackwater fever may be the 

resultant condition, the evidence of anaphylaxis 
to plasmodium proteid.

Gardamatis (1912) suggested that quinine combines with the 
albumen of the stomaah and is absorbed as quinine 
albuminate. He suggested that this substance, under 
unknown conditions, acts as an antigen which, combined 
with malaria toxin, causes production of antibodies 
which induce quinine sensitiveness. i’his author is 
obviously interested only in the part played by quinine 
but he foresaw the possibility of compound antigens in 
which substances such as quinine may act as specific 
orienting factors, the other part of the compound being 

the parasite or the red cell or both.
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de Raadt (1917) held the same view; he considers the predis­

position to blackwater fever arises at the same time
as malarial immunity and consists in the development 
of haemolytic amboceptors in the blood of the individual 
concerned. He thought that the appearance of black­
water fever will depend on the complement content of 
the blood. He thought, as did Barratt and Yorke, 
above, that chill, exertion, etc. act by producing 
explosive development of complement.

Plehn (1920) stated that the German workers were wholly of the 

belief that the first step in the development of black­
water fever is that the patiant becomes "super-sensi­
tive" to the malaria parasite protein owing to repeated 
destruction of the parasites during the febrile attacks, 
fhe author believed that when this super-sensitiveness 
attains a sufficiently high degree a further solution
of quite a small number of parasites may precipitate 
the crisis, although he thought that generally speaking 
this crisis only occurs when numerous parasites are 
destroyed. He therefore claims that in most races 
the decisive cause of the destruction of parasites is 
quinine. Other drugs have the same action, e.g. 
phenaeetin salvarsol, i.e. he believes that the sole 
essential for production of blackwater fever is an' 
acute dissolution of a certain number of malaria 

parasites.
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This author then confuses the issue by saying that he 
considered the condition of super-sensitiveness to be 
transitory and to be compensated by antibody formation; 
in other words he would place the condition much in the 
same class as anergy.

Yorke (1922) considered that Plehn meant to convey that the
primary lesion in blaekwater fever is an anaphylactic 
shock.

Thomson (1924a) also pointed out that blaekwater fever resembles 
the picture produced by the action of a specific serum 
haemolysin. He admitted all attempts to demonstrate 
autohaemolysin in blaekwater fever serum had failed
but did not consider that this necessarily excluded 
the suggestion of specific haemolysin 4s a cause of 
blaekwater fever. In fact he went further and claim­
ed that the prolonged action of the falciparum para­
site so changes the character of the containing red 
cells that they alter in every way; he termed these 
"brassy corpuscles" and considered that they act as 
foreign bodies capable of producing a specific haemo- 
lytic amboceptor; 'he thought that this amboceptor was 
specific only to the altered "brassy” corpuscles; this 
was an over-*simplification of the problem and was not 
accepted. Thomson (1927) repeated his claim that the 
brassy corpuscles are the antigens which lead in the
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end to the production of blaekwater fever.

Fairley and Bromfield (1934c) attempted to explain the varying 
picture found in blaekwater fever by stating that the 
haemolytic agent may be present in variable quantity 
in different cases and at different stages in the same 
case, e.g. sometimes the substance is produced in 
large amounts and rapidly leads to the production of a 
lethal dose of haemolysed corpuscles whereas at other 
times it fluctuates in quantity, with sub-lethal 
haemolyses. Apparently following a haemolysis the 
haemolytic agent is decreased or entirely used up.
Time is necessary for its production in a concentration

adequate to produce another haemolytic crisis.
Boss (1932) also talks of blaekwater fever being related to 

"sensitising action" of malaria infection.
Fernan-Iunez (1936) also suggests that blaekwater fever is due 

to antigen-antibody reactions: he considers haemo-
globinuric fever to be an allergic phenomenon. He 
suggests that sensitisation rather than immunity may 
develop during the course of malignant tertian malaria; 
this is somewhat on the same lines as the suggestion 

by Plehn, p. 7oS . Fernan-Hunez claims that if the 
immunisation process does go wrong and sensitisation 
rather than immunity develops, then a subsequent attack 

of malignant tertian malaria will produce an allergic
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reaction with destruction of the sensitised red 
corpuscles. .
The author states that whether immunity or allergy will 
occur will depend to some extent on the general health 
of the affected individual. This allergy results from 
sensitisation by the protein antigens from the malaria 
parasite and allergic attacks, i.e. haemoglobinuria, 
will result from reactivation or reinfestation by the 
same species or strain of plasmodium. The author 
suggests that substances such as quinine provoke attacks 
of blaekwater fever by destroying parasites. One 
interesting feature of this paper is that the author 
presents his ideas as original.

Ohopr-a (1936) on the same subject says briefly that the simplest 

and most widely held theory is that as a result of 
repeated destrustion of red cells by recurrent attacks 
of malaria, a haemolysin is formed; the products of 
chemical changes which are brought about in the 
corpuscles due to presence of plasmodia act like a 
foreign material; this is much the same theory as 
that of Thomson, see above.

■Boy and Kondi (1937b) carried out spleen punctures on cases of 
blaekwater tfever and consider their results showed that 
the onset of blaekwater fever is not necessarily relat­
ed to the presence of large numbers of malaria parasites
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in the body. If blaekwater fever is a reaction to 

malaria parasites then it must be a reaction to small 
numbers of parasites.

Foy and Kondi (1937b) claim that in a population that has

already been exposed to malaria for one to two years, 
the number of blaekwater fever cases is significantly 

correlated with the number of malaria cases of the same 
year but this correlation does not hold in an unsensi­
tised population. They also suggested that the high 
incidence of blaekwater fever in Greece was probably 
not unrelated to migration of refugees from areas in 
Asia Minor where malaria was absent or of negligible 
proportions.

Bocht and Mayer (1937) ask why only a small portion of chronic 

malaria patients develop blaekwater fever; they con­
sider one important factor must be a special haemolytic 
disposition in the infected individual; this is a 
point far too often overlooked in any discussion on 
this aspect of blaekwater fever; it is well recognised 
to be an important factor in immunological problems 
in general, see Zinsser et alia, p. VjO. The se 
authors point out that blaekwater fever may be found 
in individuals infected therapeutically with malaria 
of a strain recognised to be safe ordinarily. I have 

previously discussed this poiit. They consider
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another proof is the behaviour of B.knowlesi malaria 
in monkeys where untreated M.rhesus monkeys invariably 
die, usually with haemoglobinuria, whereas other more
resistant strains develop a chronic non-fatal disease.

Hooht and Mayer also suggest another factor, an exciting cause, 

of blaekwater fever is often medicinal toxicity which 
they thought is often due to quinine although many 
other drugs are capable of this.

Rogers and Megaw (1939) also talk of "sensitised corpuscles 

which become dissolved when a fresh supply of haemo­
lysin is brought into existence by the action of 
quinine on a new brood of parasites or by parasites 
alone.?l

Foy, ICondi and -Mourn jidis (1941) found some slight experimental 
proof for the theory of haemolytic substances when 
they showed that normal cells are destroyed when trans­
fused into blaekwater fever patients. They considered 

it probable that a circulating haemolysin may be 

responsible for blaekwater fever and thought that con­

tinuous sensitisation is necessary before the red cells 

become liable to haemolysis.

One of the most complete of the recent papers on this 
object is the report by Gear (1946). Gear noted that the 
iiver in a m0nkey dying of yellow fever was auto-antigenic, 
snd that the antibody so produced was active against an
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emulsion of normal liver, i.e. he suggested liver cell plus 
virus = auto-antigen capable of producing auto-antibody. 
Antigen plus antibody = a reaction causing degeneration of

normal liver cells.

This finding led Gear to consider whether a similar mechanism 
might not be at work in blaekwater fever. He suggested that 
in blaekwater fever the system would be:

red blood cells plus malarial parasite plus and/or quinine

« auto-antigen, leading to the 

production of haemolysin and this haemolysin will be effect­

ive against any part of the complex (i.e. typically the course 

of events with compound antigens).

Gear suggests that in response to this auto-antigen 

a haemolysin is produced by the retioulo-endothelial system, 

particularly the spleen and that the tit re of this haemolysin 

is boosted by repeated malaria.

He then suggests that when the circulation through the
spleen is free this haemolysin is mopped up by red blood 
corpuscles which are removed by the reticulo-endothelial

system as soon as they became sensitised.

BUT if the circulation through the spleen is impeded 
snd the spleen becomes congested as it does in an attack of 
Malaria then the haemolysin accumulates and therefore factors
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which cause a sudden contraction of the spleen, e.g. quinine, 
chill, exertion, will cause to he expressed into the circula­
tion sufficient haemolysin to sensitise and cause to he lysed 
a large number of corpuscles, i.e. will precipitate an attack 
of blaekwater fever. Obviously by this theory any factor 
causing contraction of the spleen will lead to expression of 
antibody, leading to an attack of blaekwater fever, e.g. 
quinine, chill, exertion, emption, etc. etc.; this is one 
other attempt to implicate the spleen, a point already 
discussed, p. 437.

There is no need to continue a recital of quotations 
supporting the view that blaekwater fever is the result of an 
antigen-antibody reaction. The excerpts given above range 
over a period of forty years and include some of the most 
net able of workers in this field. In the extracts given above 
it is seen that all are agreed on the main principle, namely 
that it is possible that the cause of blaekwater fever is an 
antigen-antibody reaction: there are minor variations in the
details, e.g.:
Christophers and Bentley did not consider the parasite itself 

to be implicated: they thought that the haemolytic
substance is a product of the retieulo-endothelial 

system.
Cleland thinks, in marked contrast to Christophers and Bentley, 

that the antigen is the plasmodium proteid.
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Cardamatis suggests a compound antigen, with quinine albuminate 

plus malaria toxin.
Plehn suggests that the condition is not one of allergy but 

rather of anergy.

Thomson suggests "brassy corpuscles" of malignant tertian 
malaria to be the antigen.

Fernan-Hunez distinguishes between sensitisation and immunity;

he considers sensitisation to be "immunity gone wrong".
Foy and Kondi point out that large numbers of malaria parasites

are not usually found in blaekwater fever cases and 
that any theory based on the presence of large numbers 
of parasites is under suspicion.

Bocht and Mayer point out that whatever else is present there 
must be a special haemolytic predisposition of the 
individual affected with blaekwater fever and that 
there is generally a medicinal toxicity.

Gear suggests that the antigen is a complex one, namely red

cell plus parasite and/or quinine and also suggests that 
blaekwater fever is the result of a sudden flooding of 
the antibody into circulation by contraction of a 
stagnant spleen. If circulation is free through the 
spleen then steady slow production of lysin is taken 
np by red cells which are destroyed by the reticulo­
endothelial system.

®bese are the points on which the various workers differ.
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Their theories all agree in one respect, however, namely the 

serious one that they are all expressions of opinion unsupport­
ed by any experimental work. fhis particulat type of theory 

is most popular only because it is one that most easily fits 
the facts known about the disease and not because it is the 

theory most fully supported by experimental evidence.

What criticism there is of this theory is based 

largely on the fact that there is no evidence in support of 
it, e.g.
Stephens (1937) states that opinions on blaekwater fever as an 

anaphylactic phenomenon are largely speculative, 
^egraith (1946c) talking of Gear*s work considers that it has 

"a frail foundation”. He admits however that what 
evidence there is supports the theory as a possibility.

Very little careful experimental work has been done on 
this problem. 4 disease with a death rate of twenty-five per 
cent does not lend itself to human experimentation. ^mong 
the few experimental points in favour are: 
firstly the work by Eoy, Kondi and Moumjidis (1941), p.VJQ 

*ho claim to have shovvn that when normal red cells are trans­

fused into blaekwater fever patients these normal red cells are 
taemolysed equally with the cells of the patients. Another 
Paper of importance is that of Eindlay and Markson (1947).

authors reported that European troops rarely developed
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blaekwater fever during the first nine months of residence in 
West Africa; it is suggested that this time was necessary for 
sensitisation, fhe authors also report another interesting 
finding, namely that among African troops the incidence of 
blaekwater fever was low in 1941 and 1942 but rose in 1943,
1944 and 1945 although in African civilians there was no 
corresponding rise in incidence. fhe only difference between 
the two sections of the native population was that the 
soldiers had been protected against malaria. fhe authors 
suggest the soldiers thus lost their immunity to malaria to 
some extent,and suggest that in the subsequent infections the 
strains reacted with specific antigens, e.g. the African 
troops transferred to India did not show a similar rise in 
the incidence of blaekwater fever since their reinfections 
were with different strains of parasite.

Another finding of these authors was that injection 
of normal blood into patients convalescing from blaekwater 
fever produced no reaction but injections of blood from 
patients suffering from malaria due to the local strain of 
parasite produced haemolysis in three out of six patients, 
although similar injections had no effect on normal individuals.

She authors therefore took the antigen-antibody theory 
step further by postulating that it is the local strain of 

parasite which produces blaekwater fever, i.e. not only is 
^uaity strain-specific but blaekwater fever is almost
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strain-specific. 'This is in conflict with the findings where

natives who removed to another district of the same country 
become non-immune to blaekwater fever, e.g. Bengalis in Assam.

There is then as yet no satisfactory evidence which 
unequivocally supports this theory of antigen-antibody reaction 
causing blaekwater fever. On the other hand there is as yet 
no evidence which rules out such a possibility, e.g. it mutt 

be remembered it is possible to have lysins in the blood with­
out their being readily detectable. Among suggestions to 
explain this vs?e have that of F'airley and Bromfield (1934c) who 
suggest that one reason for failure to demonstrate the lysins 
may be because of immediate fixation of the haemolytic agent 

by the corpuscle. Gear (1946) agreed with this suggestion of 
steady taking-up of antibody by the corpuscles or a storing of 
it in the spleen, a theory supported by Hocht and Mayer.
Fairley and Bromfield (1934c) also suggested variation in pro­
duction of the haemolysin.

The failure to demonstrate a circulating haemolysin 
does not rule out the possibility of an immunological mechanism 

being responsible for blaekwater fever.

Certain of the workers who support this theory have 
suggested that blaekwater fever follows dissolution of large 
lumbers of parasites. This is not supported by the work of 
%  and Kondi (1937a)# p.7o<? , who did not find heavy infection
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in individuals who had spleen punctures carried out during 
or before onset of blaekwater fever. Again, this suggestion 
of heavy malarial infection is not an. essential part of the 
theory of antigen-antibody reaction as a cause of blaekwater 
fever, and therefore this finding of Hoy and Kondi does not 
invalidate the theory. At this point we may with advantage 
weigh the theory against the well-recognised stumbling blocks. 
We have already mentioned that Scott (1939) pointed out that 
every theory crashes on the following:
1. Why do newcomers escape?
2. Why are indigenous natives practically immune?

A third query may be added, namely:
3. Why is the distribution of blaekwater fever so patchy, 

being found usually only in a very few of the many 
hundreds of areas of endemic malaria in the World?

How does this last of the theories face these hurdles 
which bring down every other theory?

Consider point Ho. 1. That newcomers are immune to 
the disease, developing it only after a certain length of 
residence in the Tropics, although admittedly there are a 
few cases on record where certain individuals have developed 

blaekwater fever after very short stays in the Tropics.

This is the most difficult obstacle to accepting many 
°f the theories on the causation of blaekwater fever, but it
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does not invalidate the theory of antigen*antibody reaction; 
in fact it lends indirect support in that those in favour of 
the theory point to the time lag as being evidence of time 
necessary for the development of sensitisation, e.g. see the 
paper by Eindlay and Markson (1947), p.7)^ who report that 
European soldiers did not begin to show blaekwater fever 
until after a nine months1 residence in West Africa. There­
fore in so far as this theory is concerned the time lag 
becomes not a stumbling block but a stepping stone to 
acceptance.

2. Why are indigenous natives immune? It has always been 
thought, probably correctly, that indigenous natifes are 

immune to malaria because they are suffering from it, i.e. 
the immunity is one of infection, an immunity to super­
infection as it were, and an immunity which is strain- 
specific. Ross (1932) wonders just how real this f,immunity"

—. —s

is but no one who has lived for long in the Tropics can doubt 
that somehow or other the native seems to come to terms with 
bis infection although the protection which he has is very 
labile, e.g. many, of our battle casualties showed a flare■ 
of malaria after being wounded. This question of immunity 
to malaria must have some bearing on the question more particu­
larly affecting us, namely immunity to blaci£water fever, 
before the relationship of these two are discussed it is 
Possibly worth while to record other findings which may be
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relevant. The first of these is that natives who leave 
their own territory apparently do become susceptible to black- 

water fever, e.g. the often-quoted examples of the Bengali 
Babu in the Assam Tea Gardens and the Egyptian in the Sudan; 
the second point, and one which I feel has not had the atten­
tion it deserves, is that all those indigenous natives who 
receive treatment much like that given to the European do not 
show the same immunity to blaekwater fever as do their "less 
fortunate "brethren. Scott (1939) has questioned whether 
"civilised conditions" may play a part in the developing of 
susceptibility to blaekwater fever out the main differences 
between the so-called "civilised conditions" of the native in the 
Assam Tea Gardens and the primitive conditions of the native J 
m  his village do not lie in any change in living conditions 
or food but lie essentially in a change in the medical treat­
ment available and given; in other words there is no real 
medical treatment available in the majority of villages ex­
cepting possibly a few grains of quinine occasionally, whereas 
ln bb.e large trading companies malarial prophylaxis has a 
bigh priority. Consequently it may be that the natiye loses 
bis expensively acquired immunity. The two last points may 
bave much in common, namely the fact that a native who moves 
into another area loses his immunity to blaekwater fever (and 

maIaria) and that the man who receives treatment or is 
Protected against continued re-infection loses his immunity to 
blaekwater fever. This is well brought out in the article
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by Findlay and Markson (1947) where natives protected against 
malaria showed a steady rise in the incidence of blaekwater 
fever whereas civilian natives in the same area showed no such 
rise. Both in the case of those protected against further 

infection and those treated with drugs the factor in common 
must be the native so protected or treated loses his immunity 
to re-infection, presumably because of cure of his latent 
didsease. In losing his immunity to re-infection he apparent­
ly loses his immunity to blaekwater fever. Findlay and 
Markson (1947) go so far as to say that once the native loses 
his immunity to the local strain he is in a worse position 
than the native transported to an area where the strain of 
parasite is different.

The problem then is to see whether it is possible 
that these findings can be satisfactorily explained by the 
theory of immunological reactions. It is easy enough to 
give more than one explanation of the findings which would 
not clash with the general principles of immunology and which 
would fit into the theory that blaekwater fever is an immuno­

logical reaction; e.g. it can be postulated that the specific 
antigen which leads to the formation of haemolytib antibody 

and later to blaekwater fever is a compound antigen in which 
baptene is an indifferent drug, e.g. quinine, plasrnoquine 

0r any other such drug which had been administered at the 

a&d in which the antigenic element is the red cell
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stroma and/or plasmodium; the native immunity could then he 
explained in two ways. One way would he that in the native 

the destruction of plasmodium is very low-grade, not sufficient 
to act as antigen, or secondly tfhat in the native the haptene 
element is lacking, e.g. it has been roughly estimated that 
of the hundred million or so individuals suffering from malaria 
in India not more than eight million receive any treatment 
for the condition and it is just that section of the population, 
those fully treated and protected against infection which shows 
increased susceptibility to blaekwater fever. There are 
several similar explanations. There is only one fault to 
find with all of them, that there is no proof they are correct. 
Immunity of the native to blaekwater fever is bound up in some 
way with immunity to malaria and until the processes of the 
latter are clearly understood we cannot offer any satisfactory 

explanation of the former. A H  that can be said is that,in 

the present state of our knowledge, the fact that the indigen­
ous native is generally immune to blaekwater fever is not 
necessarily a stumbling block to the acceptance of the theory 
of antigen-antibody reactions as a cause of blaekwater fever.
On the other hand, there is as yet no .'proof that the fact of 

native immunity lends any support to the theory of immunolo­

gical reactions causing blaekwater fever.

The third stumbling block in all tneories on the 
oausation, of blaekwater fever is the patchy distribution of
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the disease., whioh is found only in a few individuals in a 
few of the many areas where malaria is endemic.

The first part of the problem, the patchy distribution 
of disease among individuals, is probably in favour of an 
immunological reaction being the cause of blaekwater fever; 
it is an accepted principle in immunology that one of the 
factors in the development of anaphylaxis is individual hyper­
susceptibility; this is self-evident for were there no 
differences in susceptibility then all people would become 
anaphylactic to allergens instead of the unfortunate few as 
is the case. It is easy then to say that if the allergen 
theory of blaekwater fever be found to be correct then the 
explanation of the patefcydistribution of the disease among 
individuals is the same explanation as that given for the 
patchy distribution in other forms of allergy, namely individu­
al hyper-susceptibility to allergen whatever that allergen myy 
be. The second part of the problem is much more difficult, 
namely why is blaekwater fever to be found only in a very few 
of the areas of malarial endemicity. One thing which may be 
relevant is that areas where blaekwater fever is endemic are 
areas where malaria is present all the year round, e.g.compare the 
Bengal Dooars where blaekwater fever is endemic with the Punjab 
where blaekwater fever is not found and where transmission of 
malaria is seasonal. This part of the problem is again one 
which is linked with the question of blaekwater fever
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susceptibility and immunity and the part played in these 
by repeated infection with malaria. Until we know more of 
the processes at work in malarial immunity this part of the 
problem must also be left unanswered. As we have said of 
blaekwater fever immunity in natives so also we may say here 
that this fact that blaekwater fever is patchy, largely 
limited to areas where malaria is always endemic, cannot be 
necessarily put against the theory of blaekwater fever being 
caused by antibody reaction.

Nothing further may be added to this part of the 
problem by quoting findings in the casei of haemoglobinuria 
in Razmak as no relevant experiments were made.

The first part of this work was devoted to establish­
ing a diagnosis for six cases of haemoglobinuria in Waziristan. 
It was concluded that they were cases of blaekwater fever.

The latter part of the work was devoted to examining 
the theories of causation of blaekwater fever. It was suggest­
ed that the theory which explains most satisfactorily the 
findings in blaekwater fever is that this disease is the 
result of antigen-antibody reaction.

This brings to a close the discussion on the possibil­

ity that immunological processes are the cause of blaekwater



724.
fever. this theory fits well several features of the 

disease, e.g. the escape of new-comers and the patchy dis­
tribution among individuals; there are other points in the 
disease which are not so well explained by this theory.

Shere are no features of blaekwater fever which would 
appear definitely to rule out the possibility that the theory 
is correct.

It is suggested that of all the theories yet tabled 
as likely explanations of blaekwater fever the one that most 
closely fits the facta is that blaekwater fever is an
anaphylactic phenomenon.
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Haemolysis as a cause of blaekwater fever.

As a problem this was considered under three headings,
namely:

1. Discussion on the general principle of circulating 
haemolysins in blaekwater fever.

2. Discussion on lecithin and lecithin derivatives.
3. Discussion on the theory of lysin-antilysin balance.

Firstly consider the theory of circulating haemolysins.
This discussion opened with a brief review of the 

small amount of experimental work which has a bearing on this 
problem, e.g. the work of
loutit and Mollison on acquired acholuric jaundice, which was 

quoted to show that the process of red cell lysis by 
haemolysins may not be the simple mechanism generally 
accepted (this had been a point of view also put 
forward by Browning in 1925); 

and that of
Foy and Hondi who failed to produce blaekwater fever in any 

one of 106 mental patients to whom the authors gave 
blood from blaekwater fever eases or on whom mosquitoes 
infected from blaekwater fever cases were allowed to 
bite. Fifty-eight different blaekwater fever cases 
were used in the tests, all of which were negative;
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and that of
Foy, Kondi and Moumjidis who showed that blaekwater fever 

patients have power to destroy normal cells trans­
fused into them. The converse experiment, namely 
that of transfusing blood from a blaekwater fever 
case into a normal individual gave no results, but 
proved nothing because of the small amount of blood 
inoculated. The conclusions of Foy and Kondi were 
that in blaekwater fever the defect is not in the red 
cell but in its environment; as will be seen later 
however these same authors did claim to have detected 
abnormal behaviour on the part of the red cells from 
blaekwater fever cases, see below.

Previous to the experimental work of Foy and Kondi, 
other workers had attempted to transmit blaekwater fever but 
in the light of present-day knowledge the experiments were 
crude, and the negative findings have no significance.

Various workers support the theory of a lytic factor 
circulating in blaekwater fever cases although such a factor 
has never been proved. Various explanations have been pro­
pounded to account for this, e.g. Nocht and Mayer suggested 
the lysin is found only in the internal organs. Fairley and 
Bromfield suggested that the failure to demonstrate lysins may 
be because of immediate fixation of the haemolytic agent by
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the corpuscles, a suggestion also supported by Gear. Low 
and Fairley suggested that the lysin is bound to the red 
cells as soon as it is produced - this suggestion would 
explain the finding of Brown et alia that the life of a red 
cell transfused from an individual with haemolytic anaemia is 
much shorter than the life of a normal red cell so treated* 
Loutit and Ivlollison suggested that the process of haemolysins 
in certain at least of haemolytic anaemias may be different 
from that at present generally accepted.

Secondly Lecithin and Lecithin derivatives.
It is generally accepted that certain phospholipids; 

especially lecithin and cephalin, play an important part in the 
physiology of practically every cell in the body, and also are 
concerned in the absorption and utilisation of fats.. Certain 
substances of this class, e.g. lecithin and more particularly 
a lecithin derivative - lysolecithin - have haemolytic proper­
ties. The importance of this in blaekwater fever is suggested 
by Krishnan and Pai and by Foy and Kondi. The first-named 
claim to have found a rise in blood lecithin in pre-haemoglobin- 
uric states in the malignant malaria of monkeys, and Foy and 
Kondi found that red cells from cases of blaekwater fever are 

significantly more fragile in lysolecithin solutions than are 
normal cells. One other finding thought by some to be of 
significance in blaekwater fever is that the blood content of
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lysolecithin is increased during passage of the blood through 
the spleen, particularly an enlarged spleen. Unless much more 
proof is forthcoming however it is not possible to accept the 
suggestion that increased red cell fragility to lysolecithin 
plays a significant part in the production of blaekwater fever; 
the other possibility is that blaekwater fever is the result 
of increased production of this haemolytic substance. This 
theory is incorporated in the next paragraph, namely:

3. Lysin-antilysin balance.
Over a period of years various authors have reported 

the finding of a haemolytic substance in the blood or in the 
tissues of normal individuals. This haemolytic substance 
was found to be inhibited by normal serum.

One suggestion is that the rate of haemolysis occurr­
ing in the normal individual at any one time may be a function 
of the balance between the tissue lytic agent and an inhibitor: 
a further suggestion is that blaekwater fever may be due to 
lack of normal inhibitor rather than due to production of a 
special lytic substance. Certain workers have linked tnis 
theory of lysin balance with the theory of lecithin mentioned 
above and have claimed that the lytic substance normally present 

in the body is lysolecithin; this is not generally accepted.

It was felt that the evidence available does not 
justify the presumption that the process of haemolysin-
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antihaemolysin balance is an important physiological process 
and it is felt to be unlikely that the cause of blaekwater 
fever will be found to be an imbalance of a haemolytic- 
antihaemolytic system.

Antigen-Antibody reaction as a cause of blaekwater fever.
This is the next theory to be discussed and the 

last to be discussed.
The consideration of this theory was opened with a 

short discussion on antigens. It was seen that an antigen 
is a substance capable of producing a specific altered 
reaction capacity on the part of cells with which it cornea 
into contact. Certain of these antigens may be compound 
substances in which the antigenic component is specifically 
oriented by non-antigenic groups, "haptenes” or "partial 
antigens” of landsteiner; these latter substances are 
incapable by themselves of causing the production of anti­
bodies but are capable of reacting with specific antibody.
The production of antibodies leads to a state of hypersensi­
tiveness. In certain types of hypersensitiveness, i.e. 
allergy and idiosyncrasy it is not possible to demonstrate 
circulating antibodies, and the hypersensitiveness cannot 
te transferred, yet these are examples of trite hypersensi­

tiveness.
It is strongly stressed that in the production of 

Aypersensitiveness in an individual there must be a hereditary
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predisposition in addition to the spcific sensitising factor.

The next point noted in the general discussion was 
that certain of the body proteins are capable of acting as 
isoantigens. Specially important ones from our point of 
view are haemoglobin, globin and red cell stroma; only the 
last is a powerful antigen, the two first-mentioned being 
weak in this respect.

A further point of importance to us was whether or 
not immunity could develop against malaria. It seems 
generally accepted that a definite immunity to malaria may 
develop but that this immunity is an immunity of infection, 
i.e. the individual is immune because of latent low-grade 
disease. Furthermore, such immunity is possibly strain- 
specific and very labile, e.g. heat, cold, etc. all being 
capable of provoking exacerbations of malaria. The mechanism 
of immunity in malaria is not clear; at one time it was 
thought to be purely cellular but later work suggests that 
humoral factors also play a part.

Thus far it has been proved that the human red cell 
and certain of its constituents are capable of acting as 
antigens and that the malaria parasite is also capable of 
stimulating production of antibodies.

The significance of the above findings had not been
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lost on earlier workers and from 1908 onwards workers on 
the subject of blackwater fever have repeatedly brought for­
ward the theory that blackwater -fever is the expression of 
an antigen-antibody reaction. Christophers and Bentley 
(1908) were among the first to suggest this; later workers 
favouring the theory of antigen-antibody reaction include 
Cleland, Gardamatis, Plehn, Thomson, Yorke, Ross, Chopra,
Roy and Kondi, Rocht and Mayer, Rogers and Megaw, and Gear.

There are differences in details of the theories 
produced by the above authors, e.g. Thomson's theory of 
"brassy corpuscles” of malignant tertian malaria, but the 
principles are much the same, namely that blackwater fever 
is the result of a sensitisation following malaria, and thfct 
individual susceptibility is a very important factor. The 
various authors who support this theory differ only on minor 
points. All agree in one respect, namely that in all cases 
practically there is no experimental proof to support the 
theory. This is pointed out by Stephens and Mqegraith.
■Among the few workers who experimentally investigated the 
matter are Roy and jfondi, mentioned above, p*7of , and Rindlay 
and Markson. The two last-named authors have produced a 
paper recently (1947) confirming that newcomers to a black- 
^ater fever area did not begin to be affected by the disease 
‘until after some time, nine months being the time quoted.
2key also point out the interesting fact that the local
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natives when recruited into the Army and protected against 
malaria also show a rising incidence of blackwater fever 
beginning two years after protection began, whereas the other 
natives living locally and not protected against malaria did 
not show blackwater fever. The authors consider this is an 
indication that in the native soldiers there had been a loss 
of immunity to the local strain of parasite. They certain­
ly were able to produce haemolysis in three out of six 
individuals convalescing from blackwater fever by injecting 
blood from patients suffering from locally acquired malaria. 
Similar injections had no effect on normal individuals.

A review of the work so far suggests that while there 
is no evidence proving the theory that blackwater fever is an 
anaphylactic phenomena, there is also no evidence which 
definitely excludes this as a possibility. The failure to 
demonstrate circulating haemolysin does not rule out the 
possibility of an immunological mechanism being responsible 
for blackwater fever. Certain workers suggest dissolution of 
large numbers of parasites as a cause of the onset of haemo­
lysis in blackwater fever but Roy and Kondi and others have 
shown by spleen punctures that heavy malaria infection is not 
common in the pre-blackwater fever phase.

This theory of anaphylaxis was then considered against 
the three well-known stumbling blocks which have proved to be
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the undoing of so many theories, namely, firstly that new­
comers escape, secondly, that indigenous natives are apparently 
immune, and thirdly that the distribution of blackwater fever 
is very patchy being found only in a few of the many individuals 
attacked with malaria, and being found only in a few of the 
many places where malaria is endemic.

The first of the stumbling blocks is actually a 
stepping-stone to the acceptance of the anaphylaxis theory, 
being well explained as the time necessary for sensitisation.
The second well-recognised phenomenon is not so easily 
explained. Suggestions are offered which, theoretically, are 
probable, e.g. that drug treatment or such other haptene has 
been administered in the case of those developing blackwater 
fever but is not available to the average native; however, 
there can be no satisfactory discussion on this point until 
the question of immunity to malaria is more clearly settled, 
for undoubtedly immunity to blackwater fever is in some way 
connected with the immunity to malaria. All that can be 
said at present is that this stumbling block while not ade­
quately explained is not a complete bar to the acceptance 
of the theory of anaphylaxis as a cause of blackwater fever.

The third point is the patchy distribution of black­
water fever. Patchy distribution among individuals is well- 
explained by the theory and is in fact an indirect support for



it since patchiness of distribution is a feature common to 
all foms of hypersensitiveness, being due to variations in 
individual susceptibility, variations in the ability to become 
sensitised. The patchy distribution of areas of blackwater 
fever endemicity, a few of the many areas of malaria endemicity, 
cannot be satisfactorily explained until more is known on the 
question of malarial immunity. It is pointed out that such 
areas of blackwater fever endemicity are generally places 
where malaria is present all the year round, e.g. in Africa 
and in certain parts of India, e.g. Bengal; it is absent in • 
places like the Punjab. As with point Ro. 2, this problem 
does not necessarily exclude the possibility of blackwater 
fever being an anaphylactic phenomena.

It is suggested that of all the theories yet discussed. 
the one that most closely fits all the facts is that blackwater 
fever is an anaphylactic -phenomena**
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Gase Report Ho. 1.

Ho. 1862. Rank. Religion.
Lascar. Mohammed Hussain. Moslem.
Unit: 27 Animal Transport Coy. R.I.A.S.C. Razmak.
Age: 35.
Service 8 years. Service in Waziristan l£ years 
Home: Punjab.
Returned with the main forces to Razmak from the 
Kharre Column 18.7.38.

21.7.38. Admitted to the Combined Military Hospital,
Razmak, from Unit lines in Razmak, complaining of 
attacks of shivering and fever of two days dura­
tion. Patient said attacks were exactly the 
same as those experienced in 1936 during attacks 
of malaria. Between the attacks patient felt 
quite fit.

Previous History.
Army records show "Bronchitis” winter 1931, 1934, 
and 1935 and broncho-pneumonia February 1938.
July 1936 - attack fresh benign tertian malaria;

blood film showed P.vivax asexual foims. 
August 1936 - Recurrence of "malaria-like” fever; 

blood films negative.
Diagnosed as "clinical malaria”.
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Both attacks treated, by the standard. Army course 
of atebrin 0.1 g. t.i.d. 7 days - 3 days rest - 
plasmoquine 0.01 g. b.i.d. for 5 days.

Examination. T.102°F. P.96. R. 22 per min.
General Appearance. Below average for weight, but

not seriously under-nourished. Ho staining
of the skin or mucous membranes by malarial
pigment. Ho obvious anaemia.
Weight 109 lbs. Height 5 ft. 1 in.

Locomotor System. Hil obvious abnormality.
Abdomen. Abdomen showed no abnormality. Spleen not

palpable. Stools negative for ova cysts and 
amoebae.

Circulatory System. Cardiac dullness within normal limits.
Heart spunds fast, regulaf, soft, no adven­
titial sounds. Blood films, thick and thin, 
showed ring forms and gametocytes of P.vivax.

Respiratory System. Breath sounds showed prolonged
expiration with rhonchi over both sides of 
chest and with breath sounds somewhat distant 
both lungs.

jienito-Urinary System. Urine showed nil abnormal.
Hervous System. Hil abnormal detected.
Diagnosis. Benign tertian malaria (?fresh); may be

relapse from 1936 but spleen is not enlarged.
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Course of Illness, treatment, etc.

After admission. Place - Hospital.
To receive new course, namely quinine as 
required, atebrin 0.3 g. for 5 days - 
1 day rest - plasmoquine 0.02 g.. daily 
for 5 days.

Date. Course of Illness.
2nd day, 22.7.38 Patient received grs. 10 quinine t.i.d.

Temperature had settled to normal.
3rd-7th day, 23-7-38 -

27.7.38 (inclusive) Atebrin 0.1 g. t.i.d. i.e. 5-day 
atebrift course.

8th day. 28.7.38 1 day rest. Transferred to Convalescent
Depot..

Period in Convalescent Depot.
9th rlSth day. 31.7.38 -

2.8.38 Plasmoquine 0.01 g. b.i.d. as out-patient,
until treatment stopped due to patient 
reporting haemoglobinuria.

Total 0.09 g. plasmoquine.
After admission. Date Place.
13th day 2.8.38 Convalescent Depot.

At 1300 hours, one hour after ingestion 
of the second-last dose of plasmoquine, 
i.e. after a total plasmoquine dosage of 
0.09 g., the patient reported that for
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Hospital.

14 th day 3

737 •
the previous two days he had noticed 
steadily increasing weakness and had 
noticed a "dark colour" of the urine.
He also said he had vomited on several 
occasions during the previous two days.

Readmitted for investigation.
T. 101.6°F. P. 110 per min. R. 22 per min. 
Ho complaint of abdominal pain.
Liver and spleen not palpable. Blood films 
showed no malaria organisms. Ho tenderness 
liver or spleen. Stools showed nil abnormal. 
Urine passed during the night; specimen was 
not kept but patient reported it to be "very 
red" •

8.38 Patient appeared much weaker than on
first admission; physical condition worse than 
on first admission, liucous membrane pale and 
slightly icteric; no cyanosis seen. Definite 
tenderness epigastrium; character of heart 
sounds very soft. Blood pressure 85/50.
Blood films repeatedly negative.
Serial blood-picture reports, p .7*7 appendix; 
severe anaemia with reticulocytes 30^ and plasma 
rose coloured with oxyhaemoglobin and methaemo­
globin bands. Patient passed urine deep ruby_
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coloured: absorption bands oxyhaemoglobin
and me&haemoglobin; urine reports p* 
appendix*
Through the day the urine continued to be ruby- 
coloured by reflected light* The patient said 
he had vomited several times. Vomiting con­
tinued until midnight when the patient slipped 
into a restful sleep due to paraldehyde per 
rectum.
Treatment throughout is summarised p 7*7<*, 

appendix.
In addition to specific treatment, e.g. blood 
transfusion, symptomatic treatment was used, 
e.g. each evening paraldehyde 4 drachms given 
in a slow drip per rectum to give the patient 
rest.
Treatment given on this day included blood 
transfusion, Campolon, atebrin injection, 
antivenine injection. From the beginning of 
this treatment (equally applicable to treatment 
of later cases) it was decided HOT to try the 
effect of intense alkalinization but to balance 
the intake against the output with intake being 
made up largely by glucose and saline drip 
infusion by rectum and by as much fluid, again 
largely glucose saline, rjer orara as the patient
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could take• Actual intake-output figures 
have not been recorded for this patient.
500 ccs. blood transfusion of fresh blood of 
like group given at 2000 hours, no reaction, 
and at 2100 hours intra-muscular injection of 
0.3 g. atebrin musonate.

15th day. 4.8.38. Patient doubly incontinent during the 
night. Examination 6 a.m. showed marked 
icterus mucous membranes. It was not possible 
to estimate the amouiit of urine passed; the 
bed was heavily stained with an admixture 

. of red urine and faecally-stained glucose- 
alkali solution which had been given per 
rectum. The vomiting had stopped. The. 
blood films were still negative for malaria 
parasites.
The red cell count did not show any change 
suggesting that there had been further lysis 
of blood except that the count remained station­
ary in spite of the blood transfusion on prev­
ious day. Other blood findings showed little 
change. The urine could not be tested because 
of the patientfs incontinence.

1700 hrs. Patient showed increased icteric discoloura­
tion; liver not tender or enlarged. Patient 
now slightly cyanosed with respirations of
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32 per min.
Middle lobe right lung showed impaired percussion 
note with an increased vocal resonance and 
appearance for the first time of fine crepita­
tions in that area. Findings suggested second­
ary br one ho-pneumonia (patient had a history 
of repeated attacks chest disease).
Oxygen given continuously. Paraldehyde dr s. 4 
again p.m. to ensure rest.
Treatment was not changed, namely atebrin 
musonate injection (on the mistaken assumption 
that the temperature rise was due to persistent 
malaria) and Oampolon, with roughly estimated 
fluid loss balanced as far as possible by rectal 
administration and oral administration glucose 
saline solution with other fluids as much as 
possible, e.g. soft drinks. The hot applica­
tions were continued to the kidney region.

LSth day. 5.8.38. Jaundice very marked, probably obstructive, 
due to liver disease as direct van den Bergh 
reaction strongly positive. Cyanosis increasing. 
Patient still doubly incontinent but had slept 
well and condition was slightly improved.
T.103°F. 116. R. 30
Hot all of the rectal drip saline solution had
been voided; there had been absorption
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of a satisfactory volume; patient taking very 
little by mouth; no sign of uraemia#
Blood films negative for malaria parasites*
Ho marked change in red cell ccunt. 
Reticulocytosis 35$. White blood count now 
17000 per eu.mm. van den Bergh reaction now 
gives immediate direct positive reaction, almost 
certainly due to liver inefficiency. Plasma still 
rosy pink. Blood urea level rising, now 120 mgm/ 
100 ccs. Urine not tested; stains from urine 
still definitely red in colour, same as the rose- 
red on the previous day. Lung condition still 
unchanged right side; few crepitations base left 
lung (?decubitus "pneumhnia").

1800 hours. Patient said he had not passed any urine 
Tor 15 hours; vomiting had started again. 
Catheterisation yielded 10 ccs. mucoid urine, 
pink colour, much lighter than previous samples. 
Few red cells also present (?from catheter 
trauma) with many casts and masses of amorphous 
pigment. Treatment as previously including 
Campolon, atebrin, and paraldehyde per rectum.

17th day. 6.8.38 T. 102.6°F. £• 118. R. 32.
Mental condition brighter, jaundice slightly less 
deep; no change in cyanosis. Still doubly incon­
tinent, vomiting still present. Blood picture:
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no malaria parasites seen; marked fall in 
red cell count; no change in the,colour of 
the plasma; marked rise of blood urea to 
200 mga $. Urine not tested; urine stains 
on bed sheet were very small in amount (pyob- 
ably only few c&a. passed in 12 hours) and 
still staining deep red.
Ho change in condition right lung; spread of 
the area showing crepitations left side.

1300 hours. 500 CC3. blood again given.
This was done in View of the low red blood 
count. Compolon injection; atebrin injections 
not to be repeated.

18th day. 7.8.38 2. 101.1°i‘. P. 136. R.34.
Mental condition still clear. Jaundice marked. 
Cyanosis present. Still doubly incontinent 
and the amount of urine passed in the preceding 
24 hours had been sufficient only to stain the 
sheets, probably only a few ccs. In spite of 
transfusion 500 ccs. blood previous day red 
cell count had not risen compared with previous 
count. There must have been a lysis following 
the transfusion, or transfused cells themselves 
must have been destroyed; plasma lighter than 
on previous day, being pink; urine stain on 
bed sheet still deep red, no change from 
previous day. Chest condition unchanged.
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Previous treatment continued including fiampolon 
injection. Antivenine 10 cos. given. The hot 
applications to the kidney region were being 
kept up.

19th day. 8.8.38. 2. 9S.60 1'. P.144. K. 38.
General condition and chest condition much 
worse. Pupils small and fixed. Jaundice 
marked. Cyanosis marked. Only few drops urine 
passed in 24 hours, sufficient only to produce 
faint pink staining half-crown in one place. 
Marked fall in red cell count to 1,300,000.
A severe haemolysis must have taken place in 
the preceding 24 hours; plasma ruby red. 
Patient anuric. Chest not examined, patient 
too weak; cyanosis increasing and respiration 
rapid and shallow.

1800 hours. Patient catheterised; only 2 ccs. thick
slime obtained with difficulty, rose-red in 
colour.
Large number of casts and haemoglobin masses. 
Treatment as before but rectal drip infusion 
discontinued; fluid no longer being retained 
per rectum and tube was troubling patient. 
Intra-venous glucose-saline, 5/j glucose-saline 
2 pints given in 6 hours, with 10 units insulin 
during and after administration.
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20th day. 9.8.38. Patient drowsy. T. 100.2°P. P.160 p.m

R. 40 p.m.
Ho sign of any urine staining in the hed 
for the previous 24 hours. Blood picture 
unchanged. Anuria for 24 hours.
Repeated catheterisation failed to yield 
any fluid.

Patient died 1900 hours.

Summary. This patient had obviously repeated attacks of
haemolysis which destroyed not only his own cells 
but probably cells also from the transfusions.

of surface; paler than normal; structure of 
kidneys not clear-cut, pyramids difficult to 
detect. Priability increased.

red, consistency soft except for small firm 
wedge-shaped areas, probably infarcts.

Post-mortem Examination.
General Appearance. Marked jaundice skin and mucosal surfaces

Patient emaciated.
Abdomen Ho ascites. Organs pale.
Kidneys. Oapsules stripped readily. Ho irregularity

Adrenals- Small haemorrhages but no specific change. 
Hot enlarged, capsule thickened, colour deep
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Gall Bladder.

Pancreas.

Gastro-Inte st ina1

Cheat.
Pleurae.

Lungs.

Heart.

Brain.
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Snear taken for malaria parasites, negative. 
Marked positive iron reaction.
Hit enlarged, pale yellow-green in appearance 
with early nutmeg pattern and with areas of 
marked congestion; increased friability. 
Enlarged with much thick bile in it. Iron 
present•
Hil special except small scattered haemorr­
hages.
Tract. Little abnormal except shrunken; 
scars old amoebiasis large bowel.

General fine fibrous adhesions between the 
two pleural layers; small encysted effusion 
left side.
Sub-pleural pin-point haemorrhages over 
both lungs; both lungs oedematous and 
congested. Small patchy areas of consolida­
tion of all lobes both sides.
10 ccs. straw-coloured fluid in pericardial 
sac; organ generally pale. Left ventricle 
dilated; wall thin and friable. Musculature 
right ventricle not markedly affected.
Ho abnormality meninges except congestion.
The brain itself is markedly congested but 
shows no haemorrhages or infarcts. Smear 
taken for malaria parasites, negative.
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Microscopical Reports.
Kidneys. Glomeruli normal. Bew capsules showed some

desquamation of cells with granular content in 
the spaces.

Convoluted Tubules and 
Loops of Henle.

Changes widespread; much degeneration and dis­
organisation; in many places the lining epi­
thelium is stripped or shows no nuclei; the 
degree varies considerably. Many of the tubules 
and loops showed plugging with a mixture of 
lining cells, casts, red cell debris and amorphous 
material showing pigment staining. The parts 
most affected are the terminal portions of the 
first convoluted tubules, two limbs of Henle*s 
loop and the second convoluted tubules. 

Interstitial Tissue. Apparent hyperaemia with oedema. The 
hyperaemia due largely to dilatation of veins. 

Spleen. Pulp quite obscured by mass of disintegrating red
cells; sinuses markedly dilated. Ho malarial 
parasites seen in the smear.

Liver. Acute central necrosis involving middle 2/3 of
each lobule (this would explain the direct van den
Bergh reaction). The lesion is not specific.
Very oedematous and so filled with cells (red,
white and epithelial) in the lumen of the alveoli 
that the condition resembles resolving lobar



Heart*

Brain.
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pneumonia •
Extensive fatty degeneration and breaking-up 
of oardiae musculature.
Very congested and oedematous with blood vessels 
showing a high proportion of white cells. There 
is chromatolysis and macrophage infiltration 
throughout. Malaria parasites were not detect­
ed in the brain smear.

Summary. Severe toxic degeneration, affecting most 
severely liver and kidneys.
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Casd Report Bo. 2.

Bo. 13836. Bank. Beligion.
Sepoy. Dost Mohammed. Moslem.
2/7 Rajput Begiment, Razmak.
A gei 22.
Service 3 years. Service in Waziristan 2j years. 
Home: Punjab.
Returned with main force to Bazmak tio m  the Eharre 
Column 18.7.38.

29.7.38. admitted to Combined Military Hospital, Razmak, 
with complaint of headache, backache and daily 
attacks of fever with rigor on each of the previous 
three days, i.e. since 26.7.38.

Previous History.
Patient said he had only had one illness in the 
previous 12 years, namely malaria, July 1937. 
irmy records confirm that the patient suffered from 
fresh benign tertian malaria July 1937 and that he 
was given the standard treatment, namely atebrin 
0.3 g. daily for 7 days, 3 days rest, plasmoquine 
0.02 g. daily for 5 days. 

jfeaminatinn. 102° P. p. 96 per min. B. 20 per min.
Oeneral Appearance. Below average for weight and

height; general condition not satisfactory. Bo 
staining of the skin or mucous membrane by malarial.
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or other pigment. Conjunctivas not markedly 
pale. Weight 116 lbs.

Locomotor System. Hil abnormal detected.
Abdomen. Hil abnormal detected; spleen and liver not 

palpable; stools negative for ova and cysts. 
Circulatory System. Heart sounds satisfactory; blood films, 

thick and thin, showed numerous ring forms 
P.vivax.

Respiratory System# Hil abnoimal detected.
Hervous System. Hil abnormal detected.
Genito-Urinary System. Urine contained nil abnormal. 
Diagnosis. Benign tertian malaria, probably fresh.

Course of Illness.
Bo. of Day. Bate.

29.7.38 Patient given total of 30 grs. quinine; 
temperature settled at once to normal

Total: grs. 30 quinine.
30.7.38 -
3.8.38(inclusive) Atebrin 0.1 g. t.i.d., i.e. 5-day 

atebrin course.
Total 1.5 g. atebrin.

4.8.38 One day rest. Transferred to 
Convalescent Bepot.

5.8.38 -9.8.38 Given a 5-day plasmoquine course 
0.01 g. b.i.d. at the out-patients

1st

2nd-6th. 

7th

8th-12th
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department,

Sotal 0*1 g. plasmoquine.
13th 10*8.38. transferred to Unit lines where he was

supposed to he given a seven-day con­
valescent period, free from all duties and 
games; this was the standard method of 
convalescing following malaria * By mistake 
patient was put on duty immediately and 
carried out a 24-hour stretch of duty.

14th 11.8.38 Reported to hospital and said he had been
passing red-coloured urine since the previous 
evening.

Readmitted to Hospital.
Also complained of severe weakness, palpita­
tions and vomiting; no complaint of abdominal 
pain.
On admission: f. 102° 1. P. 120 p.m. R.24 p.m
Ho cyanosis, but mucous membranes bleached; 
patient1 s skin was cold and clammy.
During the examination the patient fainted. 
Spleen not palpable; blood films all negative 
for malaria para sites. Blood pressure 92/60. 
Serial blood picture reports given p.75iT4*/- 
fhe picture on this day showed red cell count 
approximately millions, with the plasma a 
beautiful golden-red colour. Patient passed
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a sample of urine on admission, burgundy 
in colour showing absorption bands oxy- 
haemoglobin and methaemoglobin. Reaction 
alkaline. Serial urine reports given in 
full, p.
Xn this case also it was decided to supply 
only enough fluid and alkalies to equal 
the loss of fluid from the body. Intense 
alkalinisation did not seem desirable or 
necessary. Hot applications to the loins 
were regarded as an important form of 
treatment and were kept up as long as 
necessary .

1900 hours. Collapsed state less marked.
Patient showing marked polyuria; passed 
total 60 ounces urine since the morning. 
Urine still deep red in colour with prac­
tically no sediment. Showing absorption 
bands of oxyhaemoglobin and methaemoglobin. 
treatment is given in detail, appendix 
p. 1554 . • treatment included giving at
least one pint alkaline solution (20 grs. 

per orama.a./soda bicarb, and sod. cit. to a pint 
of water) every 2 hours, with flavoured 
drinks and other fluids to balance output.
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15th day. 12.8.38. temperature and respiration normal•

Pulse 90 p.m.
Skin still clammy but improving. Faint 

/ icteric tinge, noted in the sclerae. 
Vomiting stopped; fluid intake balanced 
fluid output. Blood films negative for 

malaria parasites. Red cell count not 
done. Plasma lighter than previous day; 
van den Bergh reaction indirect plus; 
high value. Blood urea level satisfact­
ory. Urine morning specimen porter 
coloured. 22 ozs. passed since midnight, 
showing epithelial casts and albumen 
present. Oxyhaemoglobin and methaemo­
globin bands 4 4 

2200 hours.. 49 ozs. urine passed in all since
morning; all specimens giye the colour 
of port-wine, with heavy content of 
casts, epithelial cells and haemoglobin 
masses; much albumen present. Ho change 
in spectroscopic findings. Ho change in 
treatment•

16th day. 13.8.38. Pulse still fast. Temperature and res­
piration normal.
General condition much the same, no increase 
in the icterus, which is mild in degree.
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?Faint cyanosis. Passed 30 ozs. 
urine since 2200 hours the previous day. 
Intake balances fluid output. Colour 
of plasma unchanged. Slight fall in 
value of the van den Bergh indirect 
reaction; no rise in blood urea level. 
Red blood count 1.9 millions per cub. 
mm. Haemoglobin 49^. Urine deep red 
in colour, lighter than previous day, 
otherwise no change.

2300 hours. Another 30 ozs. urine passed since 
a.m.; the colour much lighter than 
previously, being pink. Other findings 
as in morning. Treatment - no change.

17th day. 14.8.38. General condition much the same; pulse
still 92 p.m. Icterus and cyanosis 
unchanged; slight in degree. Marked 
fall in value of van den Bergh reaction, 
rise in blood urea: 30 ozs. urine passed
since previous night. Colour yellow 
tinged with pink, i.e. content of blood 
pigment |p?eatly reduced and showing only 
faint bands oxyhaemoglobin and methaemo­
globin. Heavy deposit with pink casts, 
many epithelial cells and masses of 
pigment, some of it amorphous, and some



18th day. 15*8.38

21st day. 18.8.38

754.
granular and mixed with cells.
P.M. Passed 40 ozs. urine since morning, 
more concentrated, otherwise no change 
in colour; spectroscopic analysis as 
before.
Condition greatly improved, jaundice 
fading. Ho cyanosis. 10 ozs. urine 
passed during night; urine nomal in 
colour, containing urobilin and albumen 
in small amount, with granular casts and 
heavy masses of pigment.
Improvement maintained, jaundice no 
longer obvious. Red blood count only 
slightly improved with reticulocytes 8U  

plasma clear, blood urea level not esti­
mated, van den Bergh test still showed 
3 units indirect value with a delayed 
direct positive reaction. Blood pressure 
still low, 90/60•
Urine nil abnormal: on full diet with
marmite, and iron tonic.
Patient did not appear unusually upset 
by large doses each quinine, atebrin, and 
plasmoquine given as a test on success­
ive days.
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52nd day. 18.9.38 Discharged as cured; weight 124 lbs.
(8 lbs. over weight on admission)
Spleen not palpable. Blood pressure 110/70. 
Blood picture normal with red blood count 
6,000,000 per cub .mm.

Summary. This patient would appear to have had one
massive intra-vascular haemolysis which 
took several days to clear. There was 
no indication of repeated haemolysis.
At no time did the patient show any severe 
renal damage. Patient not sensitive to 
large dose quinine (grs. 60 in one day); 
also no reaction to test doses atebrin 
and plasmoquine.
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Blood Picture, Case Uo. 2.
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URIKIE REPORT - CASE N<?2
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TREATMENT, CASE W?i.
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Case Report Ho. 3.
756.

Bo. 11577. Rank.
l/0£ Cursaran Singh.
Bo. 7 Indian Pield Ambulance, Razmak.
Age: 23.
Service 3-ĵ years. Service in Waziristan 7 months. 
Home: Punjab.
Returned with the main force to Razmak from the 
Kharre Column, 18.7.38.

1.8.38. Admitted to Combined Military Hospital, Razmhk, 
complaining of fever and rigors of one day’s 
duration.

Previous History. Hepatitis 1937.
Did not remember any other illness; definitely 
had never had any illness resembling the one for 
which he had been admitted to Hospital. 

Examination. 1. lOS0!1. f# 92 per min. R. 20 per mJbn.
Slightly pale but otherwise fit-looking; no 
staining of skin or mucous membranes by malarial 
pigment. Ho icterus; mucous membranes normal 
in colour, no sign of anaemia. 

locomotor System. Hil abnormal detected.
■Abdomen. Spleen not palpable. Stools negative for ova, 

cysts, and amoebae•
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Circulatory System. Hil abnormal detected, esoept that

blood films, thick and thin, showed ring
forms of P.vivax present in fair numbers. 
Blood count not carried out.

Respiratory System. )
) M lGenito-Urinary tract and Urine. )
) abnormal detected.Hervo us Sy st ern • )

Diagnosis. Malaria, Benign tertian, fresh.

Course of Illness.
Day after
Admis sion. Date. Place.
1st 1.8.38 Hospital.

Given grs. 10 quinine mixture 3 times in
one day. fotal grs. 30

quinine.
2nd-6th 2.8.38 - Atebrin, 0.1 g. t.i.d. for

6.8.38.
inclusive 5 days. lotal 1.5 g.atebrin.

7th 7.8.38 Convalescent. One day’s rest.
fransferred to Convalescent Depot.

8th - 8.8.38 -
12th noon 12.8.38 Plasmoquine 0.01 g .  b.i.d. as an

outpatient* fotal 0.09 g.plasmoquine• 
Stopped after the second last
dose as patient reported haemoglobinuria
and was found to be jaundiced.
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She first six tablets plasmoquine (i*e. 
those given on the 8th, 9th and 10th day,
total 6) were from one batch of the drug, 
whereas those given on the 11th and the 
one given on the 12th morning (i.e. three 
in number) were from a new batch.

12th day. 12.8.38
1800 hours. When patient reported at this time in 

the M.I.Q.room of the hospital for his 
last dose of pla.smoquine he was found to 
be markedly jaundiced; said that for 
the previous three hours he had been 
feeling weak and giddy and had been 
suffering from palpitation even at rest; 
also said he was suffering from frequency 
(in two hours passed urine four times) 
and that his urine was Mred”.

Readmitted at once to Hospital*
I. 101° P. P. 120. E. 24 p.m.
Markedly jaundiced; no cyanosis and no 
abdominal pain. Spleen one inch palpable 
on deep exploration. Hot tender; patient 
is tender over hepatic area. Blood films 
thick and thin negative for malaria 
parasites; blood pressure 80/50. Blood 
count not done; plasma rose coloured,



equivalent to 1*2$ solution red cells. 
Urine red in colour with absorption 

, bands oxyhaemoglobin and methaemoglobin; 
albumen marked; heavy deposit urates 
and phosphates.
Serial urine reports p.^£46appendix.
Plate Ho. XXI page 762 is a photograph 
illustrating periodicity of intra-vascular 
haemolytic process.
treatment:as in previous cases, simple 
measures of treatment were decided on, 
namely: fluids ad lib per oraa, mainly
glueose-alkali and soda water, plus soda 
bicarb. - soda cit. solution sufficient 
to balance loss ox fluid. Uil per 
rectum, nil intra-venously. Continued 
hot applications to loins.
Uampolon heavy dose intra-muscularly 
ordered to be given next day.

99.6° i1. P« 100 p.m. H. 26 p.m.
Ho change in general condition; still 
heavily jaundiced; cyanotic tinge, fhe 
patient was balancing his fluid loss by 
fluid intake orally; no parenteral ad­
ministration. Blood films negative for 
malaria parasites. Serial blood pictures



760.
given p.746 appendix.
Blood picture shows severe anaemia with 
red blood count 2,700,000. Plasma 
rich red in c o I g u t ;  blood urea level 
almost normal.
Urine total 12 ozs. passed in previous 
12 hours; all specimens mixed, colour 
port-wine with absorption bands blood 
pigment. Heavy albumen content# but 
nil special in deposit except few epi­
thelial cells. During the day urine 
bhowed marked fluctuation in colours. 
Details are given on p .766^appendix 
and are illustrated in plate Jjfij. XXIt 
P* 762 appendix. During this day 
urine passed on two occasions was free 
from any red colouration. fhe other 
specimens were ruby in colour with heavy
content of methaemoglobin, aiid oxyhaemo­
globin. Phe condition is one of repeated 
attacks of intra-vascular haemolysis, 
treatment was on the same lines as 
previously. .Also Campolon 4 ccs. intra­
muscularly and antivenine 10 ccs. intra­
muscularly.
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14th day. 14.8.16. 1. . 98 • 6° 4. a * ICC p .m* 4. zt* p.m.

General condition unchanged; jaundice
not changed in degree. Slight cyanosis.
Patient taking fluids satisfactorily "by
mouth, mainly alkaline mixtures; no
vomiting. Heart rate fast, with soft
sounds. Blood pressure $0/50. Blood
films negative for malaria parasites.
Plasma ruby red; slow rise in blood urea
value and van den Bergh indirect value.
Urine again heavily coloured by blood
pigment; first specimens passed were
port-wine in colour, then brown, then
pink and by late afternoon urine showed no
naked-eye indication of any blood pignent
content. Spleen no longer palpable and
liver tenderness reduced in degree and
area.
'treatment: again given Gampolon 4 ccs.
and antivenine 10 ccs. Glucose-alkali 
solution continued by mouth; hot appli­
cations to loins.

15th day. 15.8.38 Pulse fast, temperature and respiration
normal. Jaundice less deeio. Pluid intake 
satisfactorily balances output. Heart
sounds still soft; plasma pint: in colour; 
slight rise in blood urea level witn a
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fall in value van den Bergh indirect 
units.
Urine volume passed in 24 hours - 26 ozs. 
During this day the patient showed a 
striking example of repeated haemolyses.
In all, ten specimens of urine were passed 
and the colour ran: hrown - yellow -
burgundy - orange - orange - orange - rose 
- yellow - yellow, i^e. apparently three 
haemolytio phases; details are given 
on page Mb appendix. Urine reaction 
alkaline in the majority of specimens, 
with casts of different types, and masses 
of haemoglobin pigment.
Treatment as before with 4 ccs. Oampolon 
given, but no antivenine.

16th day. 16.8.38 General condition satisfactory. Tempera­
ture, pulse and respiration normal. Rest 
in bed. Jaundice slightly changed; fluid 
intake Balances urine and other fluid 
loss. Ho abdominal pain. Blood fressure 
120/70; blood count showed red cells to 
be unchanged, million per cub .mm., in 
spite of retieulocytosis 21$ Plasma pink, 
in colour; blood urea level still rising 
slightly with a falling van den Bergh



17th day. 17.8.38.

18th day. 18.8.38

764.
indirect value. One specimen urine 
passed during morning was coloured pink; 
the next specimen, 2 hours later, was 
yellow and the urine voided during the 
day remained normal in colour although 
still showing faint absorption bands 
blood pigment and with heafy deposit of 
granular and epithelial casts with 
masses oxyhaemoglobin.
Treatment: general and symptomatic;
no Injections given; on light diet.
Hil abnormal to report; urine remained 
normal in colour, but still showed casts 
and haemoglobin masses.
Treatment: administration special alkali
solution no longer necessary.
Condition continued near normal until 
0700 hours on this day. Jaundice present. 
The patient passed one specimen urine 
at 0615 which was normal in colour. Then 
after 30 minutes he passed another ppeoi- 
men, burgundy in colour. Obviously 
there had been a further intra-vascular 
haemolysis. Unfortunately specimen not 
examined.
it 1500 hours next specimen urine was



27th day. 27.8.38.

48th day. 17.9.38

765.
passed. The colour of the urine had 
returned to normal although casts and 
pigment masses were still present; 
thereafter no further haemolyses occurr­
ed, urine remained normal in colour:.

Hine days later; urine had remained 
normal in colour after the lysis of
18.8.38, and the content of casts and 
blood pigment masses slowly cleared. Ho 
longer detected after 27.8.38. On this 
day also patient gave a normal result 
to the concentrating test of Fishberg.
The patient had no complaint after 18.8.38 
other than weakness which appeared to be
satisfactorily clearing up. The blood 
picture taken on this day showed remark­
ably poor regeneration of red cells. The 
patient had been given 4 ccs. Campolon 
on each of the following days: 29/8;
2/9; 6/9; 10/9; 14/9 and 17/9, i.e. a
total of 36 cc. including 12 ccs. given 
previously yet the red cell count was 
only 3,000,000. This poor blood regen­
eration is not an uncommon finding among 
Indians whose haematopoeic system is so 
often exhausted. Inother 4 ccs. given
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on the following days: 18/9; 22/9;
26/9 and 30/9. This brought the total 
of Qampolon given to 52 ccs. |

68th day. 7.10.38 A marked spurt had taken place in the i

blood regeneration and the red cell count
was normal in investigation. Patient 
discharged to duty. He did not develop 
any reaction suggestive of hypersansitive- 
ness when he was given quinine, atebrin 
or plasmoquine in heavy therapeutic doses.

Summary. As shown by the records of urine, p.766 <3-
this patient suffered at least eight haemolyt-
ic crises in -che space of six days. He 
escaped severe renal damage however and the 
only problem was sluggish acceleration of 
red cell production. The count only
returned to nonaal after intra -muscular 
administration of 52 ccs. Campolon. Ho 
drug hypersensitivity noted following 
administration test doses of quinine, of ;
atebrin and of plasmoquine.

!
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Blood Picture Gase No. 3 (contd.)

i a l

Day a£ter ' j.
-.■..-..I — .i

coming under 1st . 2nd 3rd 4th 5th 31st 51st
obs. for 13.8. 14.8 • 15.8. 16.8. 17.8. 17.9. 7.10. :
?lysis R.B.G. 38 : 38 38 38 38 38 38
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Plasma colour. 
Bquiv. blood 
cells solution 1.0
Wassermann H. 
blood serum

leg.

Kahn Reaction 
blood serum

Neg.

B.Landst. P. Neg
Blood Urea 60
Blood Group IV

Blood pressure 85/55
Bleeding time 
mins.

2.4

Coagulation time 
mins.

4.6

fragility test 
j( f i saline sol. 
to lyse rdd cells

0.4#
sali

methaem* '.mha mha mha mha oxyhaem.
albumen bands bands bands bands bands 
bands
oxyhaemo- oxyhm. oxyhm.oxyhm. oxyhm • oxyhm. 
globin bands bands bands bands bands 
bands 
and
?met haemo­
globin j
bands. ' i ' !

2.1

70

2.0

130

0.6 j 0.4
i

Hot
done
Hot
done
Neg.
150
IV

m l70
3

6

60

0.4^sal.

Neg. Not
done

Neg. Not
done

Neg. Neg.
50
Hot Not
lone done
Not 120/78
done ...

5

5

0.3 #
sal..



URINE REPORT. CASE N?3.

DAY IN 
HOSPITAL DATE TINS AMOUNT

OZS. S.G REACTION COLOUR equiv. 
% SOL 
B.B.C.

PIGMENTS-
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M.6.

MET
H.B.
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t r e a t m e n t  C A S E  N ? £

day m
HOSPITAL

DATE. TIM6 9 3ihi)<3. 
in sol. 
orally-

Atebrin
dihydro
tebleT*
orally

REST Plosma*
Quine
Tablet's
orally

Atebrin
nrnsonafe
un.
inject.

Ferret
ammon.
cit
orally.

Campoloft
injections

Bio od
Cfresh)
trans.

Anh •
venene
serum
l*W *

Hot
Q|>)>i9C
kidney
areas

c
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tifenux
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14*
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Case Beport Ho. 4.

Ho. F.ll. Y/ater-Garrier Ghuru Bam,
S/17 Dogras, Thai Fort.
Age: 35.
Service: 12 years# Service in Waziristan 2 years^
Home: United Provinces. 1

This individual was on the Kharre Column with Damool 
from Hamdil, not with Razcol# i
He therefore did not receive any prophylactic atebrin#

i
On return of Damcol to its camp at Hamdil a Two- 

Company detachment of the 3/17 Dogras without stopping 
marched on to take c^er a spell of duty at Thai Fort, an 
isolated strong-point guarding the vulnerable part of the 
main supply line Bannu - Raxmitk. -All sick and wounded 
from this Fort were at this time being conveyed forward to 
Bazmak since the connection with the Base at Bannu was only 
weakly held. This route to Bazmak was open for movement j
only on certain daysf sometimes a week or two weeks apart. j

On 28.7.38 patient developed fever and rigors; he i
ijreported sick to the Thai Fort Sick Bay where he was given 

such comfort and care as was available. Ho diagnosis could 
be made and quinine was withheld. The route to Bazmak did 
not open until 2.8.38 and in the intervening four days the 
patient had had two severe attacks, one each on alternate
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days, terminated by rigors and sweating. Clinically the 
condition was probably malaria.

On 2.8.38 he reached Bazmak C.I.M. Hospital*
Previous History. Patient was definite that he had never 
had any disease resembling malaria. The medical records 
showed that he had not had any illness during the twelve 
years of Army service.
Examination: T. 99.6° P. P. 86 per min. R. 18 p.m.

G-eneral condition below average, weight
99 lbs. Height 5 ft. 1 in. (Patient is
a follower.) Ho malarial pigmentation of
skin, and no jaundice; no obvious signs
of anaemia.

Locomotor System. Poor physique.
Abdomen. Spleen not palpable; moderate tenderness

present both in splenic and hepatic areas 
abdomen. Ho ova cysts or amoebae seen in 
the stools.

Circulatory System. Heart sounds soft in character.
Asexual forms (ring forms)of P.vivax seen 
in blood films.

Respiratory System. Throat congested; rhonchi at both 
lung bases posteriorly (©nalarial bron­
chitis).

Genito-Urinary Tract and Urine. )
) Hil abnormal 

Uervous System. ) detected.
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Diagnosis. Benign tertian malaria, fresh.

Course of Illness.
Day after
admission. Date Place.
1st 2.8.38 Hospital. Given quinine grs.. 10

t.d.s. for one day.
Total grs. 30 quinine.

2nd-6th 3.8.38 - Atebrin 0.1 g. t.i.d. for 6 days
7.8.38(inclusive) Total 1.6 g. atebrin.

One day*s rest.

Transferred to Convalescent Depot.
8th-9th 9.8.38 -
(incl.) 10.8.38 Plasmoquine 0*01 g. b*i.d. as an

outpatient.
10th 11.8.38. i.e. after a total of 2 days plasmo­

quine (0.04 g. total) patient found to 
show jaundice of slight degree; he ad­
mitted feeling weak but denied any change 
in colour of urine. Ho cyanosis. 
Readmitted at once to Hospital.
T. and R. normal. P. 98 p.m.
Mildly jaundiced, no cyanosis. Tenderness 
still present over the spleen and the liver 
(was present at time of firfct admission). 
Stools negative for ova cysts and amoebae. 
Blood films negative for malaria parasites.
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Blood pressure.100/60. Blood count not 
done; plasma not examined..
Urine showed nil abnormal (serial urine 
reports, p.773£
Treatment: the patient's only complaints
on re-admission were jaundice, weakness 
and a fast pulse. Urine appeared normal 
on examination.
Treatment: this was thought to be a
blackwater state and it was decided to 
treat the patient as being blackwater 
fever. Given the routine blackwater 
fever treatment, namejty: Hot packs to
loins, with plenty of glucose alkali by 
mouth, nil per rectum and nil intra­
venously.

llth day. 12.8.38 2. 100° *'• P. 100.. H. 22.
• Ho change in general condition, jaundice 

slightly deeper. Ho cyanosis. Moderate 
tenderness still present over the liver 
and spleen. Blodd films still negative 
for malaria parasites. Bloood pressure 
100/60. Urine normal in colour and 
content; spectroscope analysis showed no 
blood pigment absorption bands. Blackwater 
fever treatment continued.



Temperature 98.8° F. Pulse 100 p.m.
R. 22. p.m.
Patient still felt ill; jaundice showed 
no signs of lessening in degree.
Still moderate tenderness over liver and 
spleen. Heart sound soft with a marked 
haemic murmur; blood pressure
90/50.
Red cell count, carried out in clinical 
side room, Bhowed R.B.O. 2,350,000; 
serial blood reports given appendix, piy'Yia. 
Plasma pink with absorption bands blood 

pigment. Urine specimen clear until 
1000 hours when a red specimen was passed. 
At 1200 hours the urine was still red; by
1600 hours the colour had turned to pink 
and in the late evening an apparently 
normal specimen was passed.
Treatment continued as previously given.
4 ccs. Oampolon injection also given.
Ho change in general condition. Lessening 
of the degree and area of tenderness over 
liver and spleen. Blood pressure 100/50. 
Plasma faintly pink. First specimen of
urine passed was red in colour; by 1000 
hours it was yellow in colour.
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It remained yellow throughout 15.8.38.
treatment, no change.
Campolon 4 ccs. intra-muscularly.

15th day. 16.8.38. Pulse fast. Temperature and respiration
normal. Icterus unchanged in degree; 
cyanosis present for the first time. 
Abdominal tenderness less in degree and in 
area affected; stools negative for ova, 
cysta and amoebae. Blood films negative 
for malaria parasites. Blood pressure
90/50. Blood picture showed red blood 
count less than 3,000,000 with 24$
reticulocytes. Plasma was slightly pink 
in colour ^ith van den Bergh indirect 
value 5 units. The urine showed blood 
pigment colouration on three occasions 
during t.his day; the other samples voided 
were normal to the naked eye. From 2200 
hours onwards on this day the urine did not 
again show any blood pigment staining. 
Treatment as before; no Campolon given. 

16th. 17.8.38. Improvement in general condition with
lessening of the degree of icterus; faint 
tinge of cyanosis; no abdominal tenderness. 
Blood pigment negative for malaria para­
sites; plasma not examined. All specimens



19th.

48th.

63rd.

773.
urine voided during the whole of 17.8.38 
were free from any trace of blood pigment 
but did contain casts and haemoglobin 
masses.

20.6.38 The sediment in the urine no longer con­
tained casts or haemoglobin masses; icteric 
tinge little changed; abdomen showed no
•tenderness. Fishberg's kidney function 
test gave satisfactory concentrating 
results. Hot packs and special fluids 
stopped. All danger of lysis seemed over. 
Another 4 ccs. Campolon given, also 4 ccs. 
Campolon given 23/8; 27/8; 31/8; 4/9;
8/9; 12/9; 16/9;
Therefore total Campolon given was 40 ccs.

18.9.38. Remarkable improvement in signs and symptoms9 
blood picture almost normal. Campolon 
stopped; Ferr. et ammon.cit begun, grs. 90 
daily.

3.10.38. Weight 114 lbs. (14 lbs. gain). Patient 
felt normal in every way; blood picture 
normal. Sent on leave following tests-with 
quinine, atebrin and plasmoquine consecu­
tively in an attempt to detect hypersensi­
tiveness.
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Blood Picture Case Wo. 4.

Day after j
—  —  —  — — , ■ ----- 1. H... i

coming under 1st 2nd 3rd 3 5th 50th
obs. for 14.8.28 15.8.38 16.8.38 18.9.38 3.10.38

jR.B. Cells 
|(per c.mm.)
jHaemoglobin fo (Sahli)
i

Colour Index
Mean Corp.Vol.
-appearance ofBed Cells.
Poikilocytosis
Bolychromat.
Maorocytes
MierocytesEarly forms
Reticulocytes
White Blood Cells 
(per cub .mm.)
Differential CouAt 
Heutrophils f> Eosinophils f> 
Basophils f> 
lymphocytes f> Monocytes f

Abnormal White Cells
Sedimentation Rate 
(Wintrobe, mms. 

per hr.
v.d.Bergh.

qual.
ouant•

2350000

38

2890000 4450000 5500000

0.8

to+>
3
too
u

0 
H1©na•rl03
09O*rf
3HO

-h 4

40 87 97

0.7 ' 0.98 0.88
75 89 92

+ - •
•f
♦v ” - -
24 11 0.5
7200 8600 6200

73 50 39
1 4 9
1 2 1
20 38 46
5 6 5

Pew One
metamy myeolo

78 14 7

Indir­ect ”
5



Blood Picture Case No. 4. (contd.)

Day after 
ooming under 
obs. for 
?lysis R.B.C.

1st 2nd 3rd 35th 50th
14.8.38 15.8.38 16.8.38 18.9.38 3.10.38

__ ! - - . - . . - 1
Spectrum exam, 
a. Plasma methaem-

ialbumenbands
rn-alb
bands

m-alb
bands

oxyhaemo
globin
bands

1

;b. R.B.Gs. washed
'with saline and 
lysed with 
dist.water.

oxyhaemo-
globin
bands

oxyhm.
bands.

oxy hm • 
bands

Oxyhm • 
bands

Plasma colour. 
Nquiv. $ blood 
solution

0.6 0.8 0.2
!

Blood Urea 70 60
■

n o 45 Vet done
Wassermann H. 
blood serum Keg. Nog. Not done
Kahn Eeaotion 
blood serum Neg. Neg. Not done

D • land st .Pest i Keg. Neg. -

Blood Group (Moss) , II II Not done
Blood pressure 90 iw ioo/eo :: 90/50 Not done 110/75
Bleeding time 
inins.

1.5 .1 4

Coagulation time mins.
3.2

fragility test »/-■ saline sol.
0.35$saline o- *> %

5



URINE REPORT - CASE N?4.

DAY IN
hospital

DATE TIM E
AMOUNT

028.
S G. REACTION COLOUR EQUIV- 

%  SOI 
R.B.C.

P I G M B N T S
PROTEIN

S E D I M E N T .

OXY 
H B.

MET.
H&.

u r o b il ­
inogen

BILI'
RUBIN. CASTS R.B.C. HB.MASS W.B.C.

10™ li*S< 38 am. 10 10(8 AIK- Yellow - - — — — — — — — few

I I atl sam |>les nor mal iin coloup' a, con lent

15" 14:8-33 looo 4 1026 neutra1 RED ( 6% + + + f - + -f | - - -  '

1200 Z 1022 aik -U - /-£•/# f * ♦ +■ - + •f

<600 6 ior6 oik- PlNK o.&% + 4 + -T —> ± — few —

looo 4 IOIO oik. YELLOW - - - - - — —

14™ (5:8:39 0600 | 5 1012 oik RSV 1.4% t t - — f  eiu. — feuL —

IOOO 3 10(8 acid YELLOW - ? — — ± + feui —

I I j
N O R M  A L.

\sv I6-8M8 o 8oo 12 1006 ac id YSLLOW — - - - - fe w - - f-eui

10 00 6 »oo4 oik. -  * -

1400 6 lo o 6 «*«• REP ».4% 4  + + + — + + - —

1300 2 1004 - i - PINK 0.6 % 4 + - - ± + + — —•

l&OO 3 (008 -K- Y e l l o w — + - 4 - + + + — ♦ 4 —

2000 6 (010 acid. "M- - - - ± - - + •fem 4 4
“

2100 2 1016 Rf 0 1.2 % + + t  + + - 4 4  | - + —

2400 4 1012 -o- YELLOW + +  + ++

^erea|fer normal except th a t i t  tooK 5 days fo r the easts an3 blood )>i$m«nt masses fo stop appearing in I6e



TREATMENT. CASE N *4-.

MSI

c.0.

DAY IN 
HOSPITAL

DATE

»
24*7:38

1:8:38

IV 2:8.38

21* + 3:8*38
6 V ml •+7:8:38
jVt 8:8*38
gTM > 4* 8 *38
9T* md. ^10:8-38

w* II: 8:38
4

13* 14=8:3?
14̂ 15:8*38.
4 I

iq* 20'8*)8
2Z«P 2V.J-.3l
26* 27:8-1*

JO* 31-838
34* 4:9:3S

38* a.-9:3*
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48* lfc:9:3«
4 8 *

1
I8: 9 M

1t
63V

*
Hit K>:3|
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in sol- 
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NIL

o,3f.daiJjf 
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T
Atebrfn
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i.m-
Infect

Ferr. et 
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cit
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§YS 90 dljf*
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Jon*

i.m.
tno.

4  CCS 

4 «cs-

^ c«
- n ■

Blood
(fresh)

tnms.

Ann - 
venene 
seram 

i.m.

Hot
ap p lic -
Kidney
areas.

Glucose 
oik- 
SXSIuc. 
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orally.

+ 1 \$od. ftiC.

« cfr.
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in onepTuiâ r
& Qkic AlK.
> j f L«*mhalf H#<M ainrmaHf 
utHH Soda wolfr %pt every
half Hour
(flvt aHc.» 5%6Hc. 

+ 1.5% WA- 
c it)

R e c fd l 
s a lin e  
t! Na.C|.+
^yol6luc

i.v. fluids 
other 
Than 
blood.
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Summary* In the early stages the condition was one

of blackwater fever sine blackwater.
Another example of a series of haemolyses;
at least four mild haemolyses in three 

. daya; little interference with kidney
function, and no permanent damage. No i
obvious sign drug hypersensitivity.
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confirmed by his Army record sheet, The patient 
also said that he had never had malaria in civil 
life. This however is very doubtful. 

Examination. f. 102° P. P. 90 p.m. R. 24 p.m.
Patient of light physique, below average weight; 
weight 119 lbs. height 5 ft. 4 ins. Vegetarian.
No malarial pigmentation and no icteric staining
seen.

Locomotor System. Slightly built,weight 119 lbs.
Abdomen. No enlargement spleen or liver; no

abdominal tenderness. Stools did not show 
any ova, cysts or amoebae.

Circulatory System. Heart sounds nil. abnormal.
Red blood count 5,000,000. Blood 
picture normal except for a mild 
hypochromia of red blood cells.
Serial blood picture reports given on 

Blood films thiclc and thin, 
contained ring fouas P.vivax.

Respiratory System. Gough, pharyngitis and rhonchi both
lung bases.

Gteni to-Urinary System )) Nil abnormal detected.
Nervous System.

Diagnosis. Benign tertian malaria (Presh).



Bourse of Illness
776

Day* Date*
1st 27.9.38* Begun daily dosage grs. Ferr. et ammon.

oit. which was continued throughout the 
stay of the patient in Hospital.
Given quinine in solution, grs. 10, 
t.i.d. for 4 days.

Total grs. 120 quinine.
1st - 4th 27.9.38 -
(incl.) 30.9.38 fQuinine given for 4 days because of

the continued failure to bring the 
temperature under control.)

5th - 9th 1.10.38 -(incl.) 5.10.38 Given atebrin 0.1 g. t.i.d. for
(incl.) 5 days.

Total 1.5 g. atebrin.
10th. 6.10.38. One day's rest. Hot thought fit to be

moved to Convalescent Depot; retained 
to complete treatment in hospital.

llth-14th 7.10.38 -(incl) 10.10.38 Patient had completed 3£ days (i.e.
(incl.) had talren a total of 0.07 g.) of the 

5 days plasmoquine course when he com­
plained of his urine being highly- 
coloured; he persisted in saying that 
it was "deeply coloured", but denied 
that it Wc.s frankly red; he was not an
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intelligent individual however; the 
patient had had rest in bed during the 
whole oourae.

14th. 10..10.38. Re-examined; pulse rate fast, tempera­
ture normal (rose to 100.5° F. at. 1800 
hours). Jaundice; patient's conjunctivas 
citrus coloured; no cyanosis and no abdom­
inal pain; spleen one finger palpable on 
deep inspirations. Ho enlargement of liver; 
no tenderness abdomen; stools negative for 
ova, cysts and amoebae. Blood films nega­
tive for m&laria parasites. Blood count 
not done; plasma not examined. Urine 
showed much bile pigment; no colouration 
by blood pipnent and no absorption bands 
blood pigment; deposit urates and traces 
albumen. The urine continued to show much 
bile pigment throughout the day (serial 
reports p.7^f£). Findings strongly suggest­
ed a mild intra-vascular haemolysis, or 
degree insufficient to produce frank haemo- 
glohinuria •
Treatment: plasmocjuine stopped; strict bed;
fluids only; (bland fluids by mouth)

15th 18.10.38. at 0600 hours patient passed red urine; 
fast pulse, temperature normal.
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Degree of jaundice markedly increased; 
conjunctivae orange; tenderness over liver; 
definite cyanosis present now. Blood films 
negative for malaria parasites.
Blood pressure lOO/oQ.
Marked fall red blood count to 2,000,000 per 
oub.mm. with 15fo reticulocytes.
Plasma red in colour with absorption bands 
of oxyhaeraoglobin and methaemalbumen.
Urine burgundy with heave content blood pig­
ment and bile; albumen also present in 
urine with a small number of hyaline casts 
and red cells; obviously another haemolytic 
crisis had occurred at some time during the 
night.
During day specimens were passed suggesting 
a second lysis, namely: urine red - orange -
red orange; amounts small.
Condition regarded as frank blackwater fever 
with oliguria and danger of anuria. 
iDreatment: treatment summarised on p. H i d

On same lines as previously, namely hot packs 
to kidney areaa (also tried hot retention 
enema s)•
Fluid intake-urine output records kept.
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Glucose-alkali jsr pint every hour )

) orally 
Alternately with soda water 1 pint) 

e t e z j hour*
Also Campolon 4 ccs. and antivenine 10 ccs* 

16th* 12*10*38* Patient felt slightly better; temperature
rose at 1300 hours to 99.5° F • Jaundice same 
in degree and mild cyanosis, liver tenderness 
less marked; during preceding 24 hours 
patient had taken 100 ozs. fluid orally and 
had passed only 14 ozs. urine. Plasma light 
red in colour; each specimen urine passed 
was port-wine coloured; red blood count 
1*8 million, haemoglobin 4zfs, The specimen 
urine passed at 1100 hours was clear but 
again the specimen passed at 1900 hours 
showed red colouration, changing once again 
to yellow at £300 hours; with granular and 
epithelial casts and with masses of haemo­
globin in deposit.
treatment: as before including Campolon
but no antivenine*

17th. 13*10.38. Pampersture normal a.m. but rising to 99*5®
in evening* Jaundice little less and no 
cyanosis, liver tenderness less marked*
Fluid intake all per cram, 66 ozs* and urine 
output 20 ozs. Plasma pink in colour due to 

blood pigoent.



18th day. 14.10.38.

19th.day, 15.10.38. 

21st.day. 17.10.38

35th day. 4.11.38

27.11.38.

Red blood count 1.7 million, haemoglobin 
40$. Each specimen urine red in colour 
with casts and haemoglobin masses in 
profusion; this staining continued, 
although fainter, until 1600 hours when 
the colour became yellow; deposit still 
included casts and pigment masses.
treatment continued; Campolon 4 ccs. 
Temperature and respiration normal.
P.100 p.m. Jaundice unchanged; no liver 
tenderness. Fluid intake 60 ozs. output 
33 ozs. Hereafter plasma and urine 
normal in appearance; casts and haemo­
globin masses still in urine. Hot packs 
and special fluids stopped; repeated 
4 ccs. Campolon.
Improvement continuing. Another 4 ccs. 
Campolon given.
Urine clear of pigment masses and casts. 
Begun Marmite 1 oz. daily. Jaundice 
fading.
Marked subjective improlBsment; no
jaundice; red blood count 3-J million 
with 13$ reticulocytes.
Patient very fit. Red blood count 4.9 
million.
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14.12*38. Discharged cured. Weight 127 lbs.

Red blood count 5.1 million. Blood 
pressure 120/80.
This patient had one day each on quinine, 
atebrin and plasmoouine and showed no 
ill effect from any.

Summary. This patient suffered a series of
haemolytic crises while undergoing 
treatment for malaria. The first 
crisis was not sufficiently severe to 
cause frank haemoglobinuria. Ho 
obvious permament impairment kidney 
funotion. Uo drug hypersensitivity 
found.



Blood Picture Case No. 5*

1stDay after 
coming under
l o t s ,  f o r  • 2 7 . 9 . 1‘l.T cT:?lysis o f  R . B . C .  gq ^

2nd 3rd 24 th 47th 63rd
12.10 13.10 4.11. 27.11. 13.12
38 38 38 38 3838

T f UUUUO" i& u u m r
R.B.C. 5100000 2170000
(per c.rnm.)
Haemoglobin % 
(Sahli)

90 50

Colour Index 0.9 1.18
Mean Corp.Vol.

Appearance of 
Red Cells.

Not
done

100

Poikilocytosis +
Polyohrom. t+
Macrocytes *
Microcytes few
Barly forms one

normobl
Reticulocytes % 15
Wh.Bl.cells, 
(per c.rniii.)

6,700 6,600

DifferentialCount. io
! Neutrophils $ § 61
Eosinophils $ OJ

Xi • 3
Basophils Jo 09 1
lymphocytes •P *rl® Hra p 33
Monocytes 2

- O *H
Abnormal 7/h. <D O 1 myelo-
cells J4 HO hO <H

cjrte
Sedimentation <DPQ
Bate (Wintrobe) mms. hr.,

69

43 40

3520000 

60 102

1.14
104

t
t*-
few

13

64
22

28
4

1.04
96

61
1
1
325

5100000j
ii

104 j

1.01
94

1.5
7,000 6,400 6.60(j

69
I
1
904
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Blood Picture Case No. 5 (oontd.)

Day after 
coming under 
obs. for 
?lysis of R.B.C*

1st 2nd 3rd 4th 24th 47thj 63rd 
13.10. 14.10 *4. U  rWoij.13.iJl 
38 38 38 38 j 38

27.9. 11.10. 12.10, 
38 38 38

van d. Bergh 
Reaction.

qual, biph- diph­
asic asic

quant • 9 8
Spectrum lixam. 
a• Pla sma raeth- m-alb 

aem- bands 
alb. 
bands

ra-alb
bands

m-alb
bands ? ? ?

b. R.B.Cs. washed 
with saline and 
lysed with dist. 
water j

j

oxy-
haemo-^aem * 
Slob. bands 
bands

oxy-
ha em • 
bands

oxy- 
ha em • 
hands •

Plasma colour j 
Rquiv. $ blood
solution |

1 0.8 0.6 0.2

Blood Urea 90 130 100 110 30
Wassermann R. 
blood serum

Reg.

Kahn R. bl.serum
D.Iandst.fest
Bleeding time 
mins.Coagulation time

Nag*
If eg. Neg. 
2 
5

Neg. Neg
1.5 Not 

done2.6 "

Not
doneNot
donaNot
dona*

Fragility Pest 
($ sal. sol.)

0.S5# 0.30$ " «

Blood Gr. (Moss) II II " n [

Blood Pressure 100/60 If.done w
%
.'.. M.,



U R I N E  R E P O R T -  C A S E  W S .

DAY IN 
HOSPITAL

DATE TIME
AMOUNT

ozs

V<5 REACTION COLOUR
E9UIV. 
<7t SOL. 
R.B.C.

P 1 0  M E M TS.
PROTEIM

S E O I M E N T ,  * 7

OXY 
H B

MET.
H a

UROBIL-
IMOGEN.

BIU-
ROBIN. CASTS R B .C . HB.MAS' W .B.C

14 TH 10: 10:38 1200 6 10 24 Acid Orange - - - 4 4 4 4 - - - —

1600 10 1030 ft M u «i Cl <4 ft
4*

II
f««i

««

15V I I » 10:38 0600 6 1024 neutral Burgundy 3*0% 4 4 + +4 + 4 htpJJne feta mm "*■

1000 2 1020 » Red. 1.5% 44 4+ 4 4 4 - - - —
l&OO 2. 1022 Acid Orange - 4 ?• 4 4 4 caers - fe w
2200 2 . 10IX » Red. 4 4 4+ 4 4 4 11 - H
2400 2 . 10)4 u orange - 4 - 4 4 4 4# | — 4- -

16™ 12: 10:38 0700 3 1022 ft PorTuiine 17% 4 4 4 4 4 4 4 Qran&i*
ieptr. few. 4 -

MOO 4 to io neutral ye llow - r* ?a 4 4 4 «• — 4 •w
ISOO 4- 1012 M H - 1- 4 4 4 u — 4 4 *

1900 3 1012 Aik. Red. ■ * » 44 +4 4 4 4 I* f#Ul 4 4 — j

2300 6 too& ft reiloui - ?• 7 4 4 4 » - 4 4 -

17V 13:10:38 0800 7 1012 neutral Red 1*6 % 4 4 4 4 4 4 4 *1 - 4 — |

1000 6 1010 Aik. Pink. 0.6 % 44 44 4 - 4 4 4 — 4 —

1300 6 1018 m PinK 0 6 % + 4 4 - ±
a _

4 4 —• 4 4 few

1600 4 10)4 11 yellow - ? ? 4 *r1 4 — 4 —

1000 5 1014 neuTral orange - - - 4 - 4 4 feui 4 -

2200 5 1010 (« yellow 4 4 4 4 •* 9

Hereafter normal e*ccpr for casra and tt&. masses which finally also disappeared from the urrhe afrer four &oy$ by 17:10:3d * The ur/ne also cleared of 
pro re in on this day.



TREATMENT. CASE N 95.

DAY IN 
HOSPITAL DATE.

25:9;38
-•26:9:38

l*T 27:9:38
-*4r,i incl. 30:9:38

§n I-.10.38
9T“ incl. 5:10 -38
|0̂ 6:10:38
II™ 7.10:38

■*I4T* nook 10*. 10-38
II: 10138

16™ IZ:IO:38
17 r* 13:10:38
18̂ 14*. 10:38
19TV 15:10:38
2fsr 17:10:38

79V 14:12-38.

TIME
Q.dihyd 
in SOL 
Orolly.

Atebrin
dihydw
tablets
orolly

REST PI os mo* 
quine 
tablets 
orally*

MARMITE
orally

Terr et
ammon.
cit
oro lly

Cqmpo-
Ion-
i.m.
inj.

Blood
(fresh)
trons.

Anri*venene
Serum.
i.m.

Hot
Qppfic.
kidney
areas.

Glucose
alK
5% Blue- 
1.51 N«.0 
orally.

Recta I 
saline 

jH Ha Cl. +
£ ro l.6lue.

».v fluids 
other 
than blood.

THAI
fokt Ml L

3rS- 3o 
daily 

1bral-£ft 120

frs. 90

o.df .dai lg 

tofe/. h S f

one clay

m.

0‘2| dailf

toCal.0-0]o

f oz. doily

4 CCS 
4 CCS
4 ecs

4 ccs 

A  ccs.

10 CCS 
10 ccs

flue. oik.i |»r. hrtyolfarnalcVf Uiil-h Soda uiotur
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Case Report Ho* 6.
782*

Ho. 6579. Sepoy Tara Ghand.
3/17 Dogras; Damdil Camp, 
ige: S3. Service 5 years.
Home: Punjab.

Service in Waziristan 2 years.

It is pointed out that this patient was from the same 
Regiment as the two previous oases - Churu Ram and Duni; 
unlike them, however, Sepoy Tara Chand did not go forward to 
Thai Port after the Kharre Column; with the remainder of his 
Battalion he returned from Kharre to Damdil Camp tohere he 
continued to serve until he became ill.

It has been said (p. ) in the earlier part of this
book firstly that no malarial patients from Damdil Camp were 
conveyed to Razmak Hospital, being treated in the Camp itself; 
and secondly that Damdil was thought to be mildly malarious; 
this is true. This particular patient, Tara Chand, was 
evacuated to Razmkk as suffering from fever, cause unlmown. 
Clinically it was quite unlike malaria and required investiga­
tion which was not possible in Damdil; secondly the fact that 
occasionally fresh malaria had developed among ffroops dt Damdil 
must introduce an element of doubt whether Tara Chand contract­
ed malaria during the Kharre Column; it cannot be proved that



783*
he did not contract the disease in Damdil itself after the 
Column.

On 27.9.38, more than eight weeks after the finish
of the Kharre Column this patient reported to the Pield 
Ambulance at Damdil complaining of irregular fever and 
shivering and headache for the previous seven days. In the
whole of his Army service he had never had malaria. He was
admitted to the temporary Camp hospital; the temperature 
chart, p • i g g t  shows the course of illness after admission 
to Damdil Camp hospital; the condition clinically did not 
resemble malaria, the fever being high and continued, frith 
no obvious rigors; it was decided to evacuate the patient 
forward to Razmak where laboratory facilities were available. 
This transfer was not possible until 5.10.38.

On 5.10.38 the patient arrived in Razmak hospital; 
he had been ill for fourteen days previous:to the transfer 
with a pyrexia of unknown origin, thought to be malaria 
probably.

This patient*s Army records showed that he had not 
been in hospital with any disease during the five years of
his service. The patient himself said that while on leave
one year previously, i*e. 1937, he had had irregular fever
with rigors for three weeks in his village and it had
cleared up with medicine given by the local Hakim.



784.
lamination. Temperature, pulse, respiration: Hormal.

Weight 99 I d s .

Height 5 ft. 2 ins.
Anaemic in appearance; no malarial pigmenta­
tion and no jaundice.

Locomotor System. Underweight•
Abdomen. Spleen two fingers enlarged on deep inspira­

tion; liver area normal. Ho ova, cysts or 
amoebae in stools.

Circulatory em. Heart sounds not abnormal; red 
blood count 5,200,000. Haemoglobin 95$.
Blood pressure 110/75.
(Serial blood pictures given p.7tfJ? )
Blood films thick and thin showed gametocytes 
and ring'forms B.vivax.

Respiratory System. )
Oenito-Urinary System ) Mil abnormal detected.
Hervous System. )

Diagnosis: Benign tertian malaria (?fresh).

Day after Date.
Admission.
1st 5.10.38. Began a course of grs. 90 of Perr. et

ammon. cit. daily which was continued 
until the discharge of the patient. 
Quinine HOT given.



1st - 5th 5.10.38 - 
(incl.) 9.10.38

(incl.)

6th 10.10.38

7th - 9th 11.10*38 
(incl.) 13.10.38.

(incl.)

10th 14.10.38.

785.
Given atebrin 0.1 g. t.iid. for 
5 days.

Total 1.5 g. atebrin.
One day's rest; not considered fit for 
Oonvalescent Depot; retained in hospital 
to complete treatment.
Patient completed the first three days 
of his five-day plasmoquine course 
without incident, i.e. he took a total 
of 0.06 g. without harm.
On the morning of this day before the 
patient had taken his plasmoquine he 
reported a feeling of weakness; 
plasmoquine stopped.
Re-examined 1100 hours.
P.90 p.m. (rest in bed). Temperature 
and respiration normal.
Ho jaundice, no cyanosis, no abdominal 
pain. Spleen not palpable; stools 
negative for ova cysts and amoebae.
Heart sounds fast in rate, soft in 
character. Blood pressure 110/70.
Blood films negative for malaria para­
sites. Blood count shown on p. 

no significant change; red blood count
5,000,000 . haemoglobin reticulocytes 
2.5 $
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Plasma definitely tinged with pink 
($ equivalent cells not estimated) with 
faint absorption bands oxyhaemoglobin; 
methaemalbumin not detected*

1200 hours. Urine red in colour with absorption 
bands both oxyhaemoglobin and methaemo- 
globin; no casts and no pigment masses 
(serial urine reports p.7£££ )
Hext specimen urine normal in colour;
urine continued apparently normal all 
during the day until 

2100 hours. Again urine red in colour; marked
oliguria. Prom then on all specimens 
normal in colour but pigment masses and 
casts were found in urine until 17.10.38. 
Treatment: (Summary given p.

as before, namely hot packs to loins, 
fluid intake and output registered. 
Glucose alkali \  pint ever hour 
alternately with soda water every 
hour orally.
Also Campolon 4 ccs. daily and 
antivenine 10 ccs. daily. •

11th. 15.10.38 Patient felt better; temperature and
respiration hormal, pulse 88 p.m.; trace 
of jaundice; fluid intake 113 ozs.



13th.

21st.

38£h.

787,
urine output 100 ozs,
Blood films negative; plasma not 
examined; no biochemical test carried 
out. Urine normal in colour since 
frlOO hours previous day.
Treatment continued including Gampolon 
and antivenine.

17.10.38. Patient felt much improved. Temperature,
respiration and pulse normal. Urine 
free from casts and haemoglobin masses. 
All treatment stopped except ferr. et 
ammon. cit. Patient had received 
16 ccs. Gampolon and 40 ccs. antivenine.

25.10.38. Patient still felt weak; blood picture
satisfactory. Red blood count 5,300,000. 
Haemoglobin 108$. Blood pressure 115/78.

11.11.38 Pit for duty; weight 110.5 (gain of
11-|- lbs.) A rough test of drug hyper­
sensitivity (oral administration heavy 
doses)showed no toxic reaction by 
patient to quinine, atebrin or plasmo­
quine*



788.

Summary. This patient’s urine was coloured red on
two occasions only, namely 1200 hours and 
2100 hours on 14.10.38.
Process was associated with marked polyuria 
and with minimal interference with kidney 
function; recovery appeared complete.
Ho obvious drug hypersensitivity on crude 
testing.
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Blood Picture Case Mo. 6.

Day after coming under 
obs. for ?lysis R.B.C.

| 1st
___ ... i............ ..

11th
5.10.38 |14.10.38 25.10.38

Red Cell Count, 
(per cub•mm.)

'5,200,000 5,000,000 5,300,000

Haemoglobin fo 
(Sahli)

951 ; 90 108

Colour Index 0.9 i 0.9 1.0
Mean Corpuscular Volume !!

90 96
Appearance Red Cells. o ! 'H i<D !

§ m0 *H.
U w1 >»© HrH

Poikilocytosis 
Polychromasia 

Macrocytes 
Hierocytes 
Early forms

few
few
nil nil

/if fHReticulocytes p  m o
' (_| j -»

White Blood Count (cub.mm.) g g•h g
Differential Count. h  °
Neutrophils fo oEosinophils fo s
Basophils fo *H
Lymphocytes f> §
Monocytes f> o

P
Abnormal White Cells \

2.5
8,000

;. ■
671
1
25
6

Nil

0.5
8,600 1[ 1i -

63i. 2 i 
' 1 
30 
4
Nil

Sedimentation Rate 
j(Wintrobe) mms. per hr 25 4
!|v.d.Bergh. Direct j Reaction. -qual.- j (Quantitative 

exam, not done)
Spectroscopic Exam, 
a. Plasma

Indirect

Oxyhaemoglobir
bands

i Not done
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Blood PictLlire Oase No* 6. (oontd.)

Day after ooming under 
obs. for ?lysis R.B.C.

7 ~ I

1 1st

— j. .. ■ -------

11th
5.10*38 p.4.lb.38 25.10.38

i

Speotrosoopic nJxara. 
b. R.B.Cs. washed with 
saline and lysed with 
distilled water

Oxyhaemoglobin
hands

, Not done.
'

Plasma Colour.
Eauiv. c]o "blood solution 
R.73.C.

Not done. '

Blood Urea Not estimated ,

Wasserrnann Reaction 
blood serum i ISeg* Neg.
Kahn Reaction, blood 

serum
i

Neg. Neg.
D. landsteiner Pest Neg. Not done
Bleeding time (mins) 2.0 3.5
Coagulation time (mins) 4.5 3.0
Fragility test {jo saline 

solution)
0.35 Jo

s
Not done

i

Blood Croup (Moss) 1 III
I



URINE R E P O R T - CASE N9 6

DAY IN 

HOSPITAL
DATE TIM E

AMOUNT 
02 3. S.G REACTION COLOUR gQUIV. 

ia SOL. 
R.B.C.

P I Q M E  NTS. S £ 01 M ENT*.

OXY
HB

MET.
HB.

UP06IL*
(N06EN.

PROTEIN
BILI'
RUBIN CASTS R.B.C. HB-NAft W. B.C.

10 T** 1200

13 30 
IffOO. 

1600 
idoo 
1900

aioo 
22 00 
2400

6

7
7
4
iX
6
10
4
10

ioib
10 id 
1006 
1004 
1004

loo6
1008
1004
1002

AIK.

Wieuh'al
Acid.
freul'ral

RED 
ORANOE

YELLOW. 
.««

*

• H -
-H-

8E0
yftiow

u

1*4 % + +
?

T +
?

+
+

1*6 % +
+

fetu
«

fern
i» -

f ♦UJU

Thereafter normal e*cefrr for costs and small amounfs Wood |>i$menr n w « «  and u i h k k  d»s*af>e«red
a .m . 17.10) 38 .



TREATMENT, CASE N9 6.

DAY IM 
HOSPITAL OATE TIME. Q.dihyd- 

in sol- 
amlly.

Atebrin
di hydro
to b lets orally

REST
Plasma-
Quine
Cablets
ora lly .

Atebrin
mosonafe
i.m
inject

Ferr et 
a mm an- 
c it
o ra lly .

Canr>t>o
Ion
i.m .
in j .

B lood
(fresh)
trans.

Anti
venene
serum.
i-m.

H o t  
a p t ) lie.
Kidney
areas.

Glucose
alK.
5%  Clue. 1.5 % ffa.CI 
o ra lly .

necFa): 
saline 
3 NaCl +
i  vol. Glue

i.v. fluids 
other 
than . 
blood.

DAMOIL
CAMP

II5;fo:36
1ST 5*10 '36
1
5TP incl. 9*10:38
6t? 10:i0*38
yY« 1110:38

9™ ificl. 15; lo: 36
ion* i4:io:38.

Aid

MIL

o.3$daili| 

total 1-5$

gi* 90 daily

one day
0.04 f  daily

tor<i\.0-<X6

38™

i
17:I0*.3S 

M: 11:36

4 CCS
I

lWhl.l6.eet

10 CCS 

\
ToHl.4o«ef I

Gtaf.ollcitf 
hourly ai r*r- nalely uifin 
Soda (uafkr H»r.hotfid5-

x
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Dimson, S.B. and MoMartin,R.B. Quart.J.Med. 151946 N.S.
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132
101
59

19
245
48

' I

1

46

1671
89

78
113

34 373

285
85

315

503
247
177

121
529
559
820
149
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MoonV.H. 1939 Ann. Surgery 110 260
ditto 1941 Amer.J.clin.Path. 11 361
ditto 1942 Amer•J.med.Sci. 203 1

Horesehi'C. 1920 Policlin.sez .m ed. 27 .216
Morgan#W.S. 1947 Personal commun. 1947
Morgenroth. 
(Quoted by Field (1939) which see.)

M8rner ,K.A.H. 1895 Skandin.Arch.Physiol. 6 332
Most ,H. 1940 Irans .11. Soc .trop .Med.

flare*
34 139

Most, H.f Kane, O.A. 1946 
lavietes,P.H., London,I.M. 
Schroeder ,E.F. and Hayman,J.M.

Amer. J .med. Sci • 212 550

MfLhlens,P. 1926 Supplem.Ill to Vol.30 
of Arch.Schiffs.u. 
fropenhyg.

30 25

Hurley, R . S. 1943 Jour.H.Army Ivied.Gps. 80 182
Murray, A. J. 1934 West African Med.J. 8 17
Murri.A. 1896 Dtschr .med. Wschr • 22 115

136
Mushett,G.W. and 
Siegel, H#

1946 Blood. 1 537

M^ers,W.A. 1926 Jour.Amer.med.Ass. 86 1198
Eaegeli.O 1931 Blutkrankheit und 

Blutl£agnostik 5th edit. 
Springer, Berlin•

Bflgelsbach,E. 1933 Arch.Sehiffs u. 
fropenhyg.

37 337

Hapier, I.E. 1938 Indian med.Gaz. 1 2 160
Hapier, L.E. and 
Campbell, H.G.M.

fc.

1932 ditto 67 246



809.

Authors* Year. Book. Vol. i

Napier,I.E. ,Krishnan,K.V. 
and Lal,C.

1932 Indian med.Gaz. 67 135

NaumanntH.E. 1933 Arch.Sohiffs u. 
Eropenhyg.

37 299

ditto 1934 ditto 38 171
Nayudu,R.V.N. 1937 Indian med.Gaz. 72 531
Neill,J.M. 1925 J.exper.Med. 41 299
Neuwirt,K. 1922 Z.urol.Chir. 11 75
Neve,E.F. 1941 Personal ccmm.23/l/41
Nicol,W.D. 1932 Prans.R. Soo.trop .Med.

Hyg.
26 118

Niecl.B.M. 1940 Quart.J.Med. 9
II.S. 91

Nightingale, P .A • 1909 Pransvaal Med.J. 5 253
Noeht.B. 1929 JSroh. Sohiffs u. 

Propenhyg.
33 21

Nocht,B. and Kikuth.W. 1929- ditto 33 355
Noeht,B. and Mayer,M. 1937 "Malaria11, 

Bale, London.
Norris,G*H.
0*Connor,W.J. and Verney,^

1939
t
1942

J. cell.comp.Physiol. 
Quart.J.exper.Physiol.

14
2 k

117
393

ditto , ’ • 1945 ditto 33 77
Oliver-Gonzalez,J. 1944 Proc. Soc. exp • Biol .N. Y • 57 25
Oriel,G.H. and Barber,H.W.1930 Lane et• 2 231
Osgood,E.E. Brownlee,I.E. 1939 Arc h.int ern.Med. 64 105
Osgood,M.W. ,Ellis,D.M. and 
Cohen, W.

He
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Osier,W.

Osier,W. and MeCrae/j?.
01 Sullivan,J.V• and 
Spitzer,W.
Palmer,B.h. and 
Mitchell,H.S.
Pampoulis,P.S. and 
Ghomatianos.S.
Panton,P.If., Maitland-
Jcnes^'and Riddoch,G. h
Park,R.G.
Passmore,R.

Patwardhan, V .If.
Paul,F.
Pearoe,M. ,.Austen, J.H., 
and Eisenbrey,h.B.
Pellarin,i•
Peter, E.M.

Peters,H.R.
Peters, J.f.
Peters, J.P. and Van 
Slyke, D.D.

Petri,E.

1935 "Phe Principles andPractice of Medicine11. 
.Appleton Coy. N.Y.

1915 System of Medicine.
1946 J.Obstr.Gynaec. 53

1943 Canad.med.hss. J. 49

1888 Prog.Med. 8

1924 lancet. 1̂

1944 ditto 1
1947 frans.R.Soc.trop .Med. 41

Hyg.
1947 Personal commun.l5/l/47

1923-24 Wien.hrch.inn.Med. &
1912 J.erlper .Med. 16

1865 hrch.de Med.Rav 4
1935 an  s. R . Soc. trop. Med. 29

Hyg.
1942 hnn.intern.Med. 16
1945 ditto 23
1931 Quantitative Clin.Chemistry. Vol.l.

Bailliere, London.
1930 Handbuch der speziellen 10path, hnant. und Histologie.

Page

158

465

3

529

401
189

531
375

473
41

547
221
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Plattner,E. and 
Hintner ,H.
Plehn.A.

ditto
ditto

ditto

Plehn,E.

Ponder,E.
Ponfick,E.
Porak,R.

Year. Book. Vol. Page
1930 PflHg..arch.ges.Physiol. 224 293

1903a Arch.Sohiffs u. 
Propenhyg.

1903b Virchow's Ardhives.
1920 Arch.Schiffs.u. 

Propenhyg.
1926 Bei.Schiffs. u.

Propenhyg.
1898 Die Kamerun-Kllste. 

Hirschwald, Berlin
1944 J.gen.Physiol.
1883 Berlin klin.Wschr.
1918 Bull et Mem.Soc.Med. 

Hop.de Paris.

7 270
541

174 509
24 321

30 56

21  483
20 389
42 559

3rd series
Purges,0. and Strisower,V.1914 Dtseh.Arch.klin.Ivied. 117
de Raadt, 0.1.A.

13
1917 ■ Arch.Schiffs u.Propen- 21 149

hyg*
Ra c kemann, P .M., 
longscope ,W.P. and 
Peters,J.fC
Raffaele,G. 
Ramakrishnan,3.P.

1916 Arch*intern.Med. 18 496

1934 Riv.Malariol.Sezione. 13, 332
1947 Malaria Institute, India,

Personal Commun. 21/1/47
Samdddn,W., Lipkin,., I. J. 1918 Ann.Prop.Med.Parasit. 12 223
and Whitley,E.
Rapoport,J.1. 
Raven, H.M.

1928 Arch.Schiffs. u.Propenhyg32 69
1927 Brit.med.J. 2 59

Razmak,G.1.M. Hospital 1939-1940 Hospital Records.
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Reynolds,P.H. 1932 Indian med.Gaz. 67 198
Rhoads, G.P. and Miller, 1938 J.exper .Med. 67 273
D-.K.
Rich,A.R. 1930 Bull.Johns Hopk.Hosp. 47 338
Riohard^.A.R. 1938 The Croonian lect. 1938. B126 398

Proe.Roy.Soc.
Richards, A..H. and Plant, ' 1922 Amer.J.Phys. 59 144

6$.H.
Richardson,G.P. 1940 J.Pharm. & exper.Therap. 7£ 370.
Rigdon,R.H. 1942 Amer. J.Hyg. 3£ 269
Rigdon,R.H. and 1942 Arch, intern .Med. 6£ 670
Gardwell, E.S.
Rimington,G. 193 9 Proc.Roy .Soc .Med. _32 1268
Rizopoulos. 1872 A Greek reference which
(Quoted b y  Poy and Kondi cannot be reproduced.
(1935) which see:
■original has been verified by 
translation only.)
Robert son,K. 1946 Brit .med.J. 2, 810
Robertson,W.M. and 1947 Iran s. Roy. Soc. trop .Med. ,40 435
Pindlay,G.M. Hyg*
Roblin,R.O. ,Williams, J.H. ,1940 J.Amer.chem.Soc. 62 2002
Winneft,P.S. and English,J.P,
Rogers.L. and M e g a w ,J.W.D.1930 Recent Advances in & Tropical Medieine.

Churchill, London, 
ditto 1939 ditto * 3rd edit.

Ross. G.R. 1927a J.trop.Med.Byg. 30 257
ditto 1927b Brit.J.exper.Path. 8, 442
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Ross, C .R.

Russell,B. 
Sachs,A. 
Sahli ,H.

Salen,E.B.

Samhon,l.W. 
Sayers,E.G.

Schilling, V. and 
Jossmann.
Schnitker ,M.A •

Sc hul emann,W. and 
Memmi,G.

1932 Ho. 6 of Memoir Series,
London School of Trop. Med. 
"Blaokwater Pever in 
-Southern Rhodesia11.

1947 Lancet. 2
1947 Person Commun. 27/8/47
1931 Lehrhuch der klin. 

Methoden, Leipzig.
1925 Acta Med.Scand. Suppl.XI
1898 Brit.raed.J.
1927 Trans.R.Soc.trop.Med,

Hyg.
1924 Klin.Wschr.

1942 "Sulphonamide Compouhds 
in Treatment”.
Oxford Press, London.

1927 Beih.-arch. Schiff .u.
Tropenhyg.

Schulman,J.H. and Rideal, 1937 Proc.RoyiSoc• 
E.H.
Schwentker ,P.P. and 
Gomploier,P.G.
Scott,H.H.

ditto.
Scott,R.B. Robb-Smith, 
A.H.T. and Seowen,E.P.

Series B.
1939 J.exper .Med.

1939 History of Tropical Med, 
Vol.I.Arnold, London.

1947 Personal comm. 11/10/47 
1938 Quart.J .Med.

2

62

2
20

122

70

SR.S.
Scudi, J.V., Jelinek,V.C• and 1944 J.Phuam.exper.Therap. 80 
Huna, S.

Page.

205

366

866
415

1498

59

29

223

95

144
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Seitz,1.

fQuoted by Tirplan and Javert. The reference gigen by these 
-authors is incorrect.)

Selkurt,E.E. 1946 Amer.J.Physiol.
Shattuck,H.P.,Brown,J.C• 1925 Amer.J.Med.Sci.
and Preston.M.
Sheehan,H.L, 1946 Brit .med.J.
Shortt,H.E. Garnham,P.C.0. 1948 Brit.med.J.
Goveil,£., and Shute,P.G.
Shrager,J. and Kean,B.H. 1946 Amer.J.Med.Sci.

1943 Hew England J.Med.Shu Ghu Shen, Ham,T•H. 
and Pleming, IS .M.
Shute.P.G.

ditto

ditto 
ditto 
ditto 

Simeons, A.T.W.
Sinton,J.A.

ditto
ditto

1946a Monthly Bull.Health.
1946b Trans.R.Soc.trop.Med. 

Hyg.

145
170

1
1

212
229

ft

40

1946c Brit .med.J. 2.
1947a Personal Gommun. 3l/l/47 
1947b ditto 24/11/47
1936 Indian med.Gaz. 71

1935 League of Rations Commission CH/Malaria. 228 of 11/9/35
Sinton,J.A• and Bird,W. 1928 Indian J.med.Res.
Sinton,J.A. Smith,S. and 1929 
Pottinger,L.

ditt o

Sioli,P. 1926 Beih.Arch.Schiffs.u. 
Propenhyg.

16
17

30

699
510

83
547

54
701.

110
189

966

132
4171927 Tran s. R. Soc .trop .Med. 20

Hyg.
1930 Indian*med.Gaz. 65 603

159
793

19
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Smith #H.W.

Smith,S. 
Hit to

Year,
1943

1929
1943

Book.
Lectures on the Kidney. 
Lawrence, Kansas.

815.
Vol. Page

Smith, W.G. 1876
Smith,J. and Evans,H.W. 1943
Sollman, T. 1936

Soesilo,R. and Gilbert ,̂ *̂ 1̂934

St annus ,H.S.

Stephens, J.V/.W.

ditto

Stephens, J.W.Y/. and 
Christophers, S.R.

d i t t o

Steudel.

Stone, J.D.

ditto 
Storey,W.E.
Strong ,R.p.

1914

1927

1937

1900

1904

1894

1946a

1946b
1938
1942

Brit .med.J. 2 365
Trans.R. Soc .trop.Bed. 37 155
Hyg.
Dublin J.med.Sci. 62 449
Brit.med.J. 1 279
A Manual of Pharmacology.
5th ed. Saunders, London.
Meded.dienst.Volksgesondh 23 5
Ued-Indi8.
Blackwater Fever in African 
Dependencies: report for 1914.
H.M.S. Office.
Trans.R.Soc.trop,Med. 20 401
Hyg.
Blackwater Fever.
Hodder and Stoughton,

London.
Reports of the Malaria Commission, 
Royal Society: Harrison, London.
Practical Study Malaria.2nd ed. Y/illiams and Horgate, 

London.
Die perniciose Malaria u. 
Dtch.Ostefrika. Leipzig.
Austral.J.exper.Biol.and 24 191
Med.Sci.

d i t t o  24
J . m e d .Ass..Georgia. 27
Stitts "Tropical Dis­eases, 6th ed. Lewis, London.

197-
317



Authors. Year#
Sutton, D.G. 1911
Swantz,H.E. and Bayliss, 1945M.
Taliaferro,W.H. 1929

ditto 1941

ditto 1944
Taliaferro,Y/.H. and 1929
Taliaferro,L.G.
Terplan,K.L. and Javert,G.T.

1936
Thomson,D. 1911
Thomson,J.G. 1924a

ditto. 1924b
ditto. 1927

ditto. 1934
Thomson, A .M. and . 1947
Freedman, B.
Thonnard-Heumann,E. 1931

ditto • 1944
Thorpe.W.V. 1944

Tomb,J.W. 1941

ditto. 1942

816
Book. Vol.

U. S.If a v.Med. Bull. ft

War Medicine. 7

The Immunology of 
Parasitic Infections. 
Century Goy. London. .

Pub.If0.15, Amer.Ass. Advancement Science. 1941
Amer.J.clin.Path. 14
J.prev.Med. 3

Jour .Amer.med.Ass. 106

Ann.trop.Med.Para sit. ft

Vol.VI, London School 
Tr op .Me d • Research Hem oil r 
Series.
Proc .Roy. Soc .Med. 17_
Trans.R.Soc.trop.Med. 20
Hyg.
Proc .R. Soc .Med. 28
Trans. R. Socltrop .Med. 40
Hyg.
20th Annual Report 20United Fruit Goy.U.S.A.
Dtsch.Tropenmed.Ztschr. 48
Biochemistry for Med.Stud. 
3rd ed. Churchill, London.
Med.J.Australia• ft

Trans.R.Soc.trop.Med.Hyg.35

Page.
352
104

239
593
209

529

83

47
416

391
399

57

129

569

229
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Tomaselli,S.

ditto.
ditto

Year- Book.
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Vol. Base.
1875 Accad.Gisenia di Sci. ) All

Rat. in Gatania. 15/3/74 ) quoted
) by1877 2nd memoir. ditto ) Stephens
) (1937)

1897 Terza edizione Gatania. ) which
see:

It has not been possible to 
gain accqss to copies.

Torrioli,M.
Tragerman,L.J. and 
Goto,J.M.

1929 Policlinico.sez.prat. 36
1940 J.lab.clin.Med. 25

Trefouel, J. , Trefouel ,Idmrne. 1935 Gompt .Rend.Soc.d.Biol. 120 
Hittiij,F. and Bovet,D.
Tropp.G. and Wei s e , W• 
Trueta,J.
Trueta, J., Barclay, A . E . , 

D a i y . els, P . I v l . , Franklin, 
Z . l f .  and Prichard, i v l  . M .  A  i

ditto.

Urchs.0• 
ditto

1933 A r c h .ex p  er .Pa t i l. Pharma k •170
1945 Lancet. ft

1946 Lancet. 2

1947 Studies Renal Circulation. 
Blackwell Pubs. London.

1311
1163

756

339
415
237

1928 Indian med.Gaz. 
1933 ditto

63
68
1

551
662
525Vartan,O.K. and Discombe, 1940 Brit.med.J.

G •
Veretas,D. 1859(Quoted by Foy and Kondi (1935) which see: reference

checked only by translation from Greek.)
Voigt,E.M. and Voigfĉ C. 1938 Trans .R. Soc .trop .Med. Hyg. 31 539

12 407.tan, A.M. Morrell 90 .A *  1932 A m e r .  J. trop .Med. 
Eisenman,A. J. ,Sprunt,D.L. 
and Peters,J.P.
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Wallace ,A .$f.

Walpole, H.

Walters,J.H.

Year. Book.
818.

Vol. Page.
1921-22 Trans.R.Soc.trop.Med. 15

Hyg.
1740 Hew English Diet. 1908. ft 

Oxford. Clarendon Press.
1947 Trans .R. Soc. Trop .Med.Hyg.40

129

78

395
Warburton,W. Major-Genera1,1947 Personal Coramun. 5/3/47 

Calcutta.
Waziristan H.Q. Army in India Personal comm. 25/8/47

1947
Weddell, M.H.A. 1849 Histoire Haturelle des

Quinquines, Paris.
(Quoted hy Stephens (1937) which see; could not he confirmed,

1939 Blood groups and Trans.
2nd ed. Bailliere, London,.

1926 Protozoology, Vol.II.Bailliere, Tindall, London.
1947 Trop.Dis.Bull. &4

1907 Arch.Schiffs.u. 11 
Propenhyg.

1938 Lancet. 1
1946 "Disorders of the Blood"5th ed. Churchill,London
1947 Trop. Dia. Bull. 44
1908 Arch.maladies a ojur. 1

Paris.
1947 Lancet. 1.
1947 Brit .med.J. ft

Weiner, A. S.

Wenyon,C .M.

ditto.
Werner,H. \
Whitby,L.E.H.
Whitby,L.E.H. and 
BrittonC•J.C•
White,H*
Widal.F.,Abrami,P.and 
Brule,M.
Williams, M.H.C.
Williams, W.
Willoughby,H. and Aslett,E. 1931 J.Roy.Hav.Med.Service• 17. 
Wihtrobe,M.M. 1933 Amer. J.med. Sci. 185
Witts, L.J. 1932 Lancet. 1

556
687

1210

276
193

100
901
95
65

601
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Witts, L.J. 1936 lancet. 2 115
Woods,W#W. 1946 J.Path.Bact• 58 767
Wright.S.T. 1917 New Orleans Med.Surg.J. 70 222
Wright,S. 1928 kpplied Physiology. 

2nd edit. London.
Yersin. 1895 Compt.Redd.Soc.Biol. 

Paris.
12 447

Yorke,W. 1911 I!nn.trop.Med.Para sit• 5 401
ditto • 1922 !rop.Lis.Bull. 19 631
ditto and Maofie,J.W.S. 1921 Brit.J•exp er.Path• 2 115
ditto ditto 1924 Prans.K. Soc .trop.Med. 

Hyg.
18 13

Yorke,W. Murgatroyd.P.and 
Owen,D.U.

1930 ditto. 23 335

Yorke,W. and Nauss,R.W. 1911 knn.trop.Med.Parasit. 5 . 287
Young, J. 1942 Brit.med.J. 2 715
Yuile ,G.Ii. 1942 PhysioliReview. 22 19
Yuile,C.l. and Clarke,W.F.1941 J.exper.Med. 74 . 187
Yuile,C.L. Gold, 11.1. and 
Hinds, E.G.

1945 ditto 82 361

Yuile,C.Ii.,Steinman, J.E. 
Hahn,P.P. and Clark,W.P.

1941 ditto 74 197

Ziegler, E.E. and Brice,! .2 1937 knn.intenn•Med. 11 768
Ziemann,H. 1900 Dt scii.med. Wsc hr. 26 642
Zinsser,H., Snders,J.F. 
and Pothergill,!.!.

1944 "Immunity”5th ed. McMillan, H.Y.
Zylmann,G. 1944 Btsch.tropenmed.Ztschr• 48 7


