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PREFACE.

——

My essoclation with Ruchill Hospitel in the capacity of resident assistent
physicien to the fever wards dates from January 1940. From this period
until I took charge of the wards confined to the treatment of cerebrospinal
fever, ample opportunity was afforded to acquaint myself with cases of
acute m;ningococcal infection, to follow the course of the illness, end
to observe the rapidity of recovery following treatment with
sulphanilamide end sulphepyridine. Subsequently the opportunity presented
itself to admit to hospitel meny of these cases and to carry out
personslly the initial treatment. This introduction to the remarkable
progress already achieved in cerebrospinal fever was both a gretifying
end stimulating experience and seemed to suggest that little more need
be dome to justify the cleims made for these chemotherapeutic egents.

The introduction of sulphenilemide and sulphapyridine &s was to be
expected, was soon followed by the presentation of other sulphenilamide
derivatives, some of which have been claimed egual if not superior to
their predecessors. Until the efficiency of these new compounds has
been proved by extensive experimental and clinical investigation, it is to
be hoped, &s Dr. Long says in his report to the Council of Pharmacy and
Chemistry, thet "entbusiasms do not outrun common senee." It was felt
therefore that a proper clinicel eveluation of the sulphonamide drugs at
present used in this hospital in the treatment of cerebrospinsl fever might

be profitebly undertaken in the hope that information gained might help
to settle the controversy as to which preparstion cen be employed with /
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with greatest advantege to the patient. With this object in view,
I took charge of the cerebrogpinsl fever werds in the summer of 1940;

The investigation has two primary objectives; (1) by tsking
adventage of the present increased prevelence of the diseaee, to present
adequate series of cases treated with different sulphonsmide drugs, viz.,
sulphenilemide, sulphathiszole, end sulphapyridine, in an endeavour 1“,0
arrive at a consgidered opinion as to the superiority, if any, of any one
of these compounds in the treatment of cerebrospinal fever; (2) in the
light of knoivledge geined to determine prognosis in cerebrospinal fever
under modern methods of treatment.

Opportunity was teken to administér to one group of cases,
meningococcus antitoxin in addition to sulphanilamide in order to assess
the value of the combined method of therapy.

This study which must necessarily teke the form of a comparative
anelysis labours under the obvious disadventage of a lack of a controlled
series of patients not treated by chemotherepy. The undoubted velue,
however, of the sulphonemide drugé in cerebrospinal fever is now so firmly
‘established that no patient cen justifiably be deprived of their bemnefits.

It will be appropriete at this juncture to review briefly earlier
experiences of chemotherapy in cerebrospinal fever recorded by my more
immediate predecessors. Just prior to the advent of the sulphonamide drugs,
trestment of cerebrospinal fever in Ruchill Hospitel consisted of the
intrathecel administration of polyvelent entimeningococcal serum, repeated
deily until the cerebrospinal fluid became sterile. Importence was
attached to adequate drainage of the subaracinoid space and daily lumbar

punctures were performed, when large amounts of cerebrospinal fluid were
withdram.,
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A perusal of the case records shows that clinicsl trials with
prontosil and "prontosil soluble" were first commenced in June 1937.

The red dye was administered intravenously and intramuscularly and elso
by the intrathecal roufte, while the oral preperation was given at four-
hourly intervels in the form of 0.5 gramme teblets. Antimeningococcsal
serum was employed as formerly and daily lumbar punctures were continued
as a routine measure. The results were not satisfactory.

In 1938 sulphenilemide was used exclusively in conjunction with
serotherapy. In addition to orel therapy, the drug was administered by
the intramuscular and intrathecel routes in the form of a 0.8 per cent.
solution. Of the forty-one treated cases, twenty proved fatal, resulting
in a death rate of 48.7 per cent.

In 1930 daily lumber puncture as & routine measure was discontinued
end serum administered at first following the initial lumbar puncture
was subsequently stopped. Chemotherapy in the form of sulphenilsemide
or sulphapyridine beceame the method of choice, end unless the condition
of the patient required it, only two lumbar punctures were performed, the
first on the patient's admission to hospitel for diagnostic purposes, and

the second prior to the patient's discharge. That this method of
therapy was more effective, is shown by the death rate, which fell by

fifty per cent comi:ared with the previous year. Out of thirty-seven
treated cases, onlynine died, representing a fatality rate of 24.3% per cemt.
Treatment during 1940 was continued along similar 1:ines with the exception
that more lumbar punctures were performed during the initial stages of

the disease in an attempt to assess the effects of chemotherapy.
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Preliminary investigations designed to assess the relstive merits
of sulphanilamide end sulphepyridine in cerebrospinal fever were first
instituted by Dr. Tom Anderson, Deputy Physician Superintendent, tc;wa.rds
- the end of 1939, end were continued to include the spring of 1940. The
initial labour involved in the planning of such an experiment and the
formulation of methods of approach best celculated to meke use of clinical
and bacteriologicel date for comperative smalyses have facilitated all
aubseciumt investigations. I am deeply indebted to Dr. fnderson for his
help and encouragement and for the benefit of his valuable experience
in deciding the methods to be adopted in this study.

My thanks sre also due to Dr. Williem S. Syme, Consulting Aurist to
the Hospitel, who investigated those patients in whom ‘the di sease was
complicated by affections of the ears. His advice with regard to
prognosis in nerve deafness and its after-cmre was greatly apprecisated.

I am indebted to Dr. John Marshall, Consulting Ophthalmologist to the
Hospitel, fdr his help and advice in the treatment of complications affect-
ing the eyes. Where necessary, patients after their discharge from
hospitel were referred to his out-patient clinic at the Eye Infirmary.

To Dr. K.J. Guthrie of the Royal Hospital for Sick Children I express
my grateful thanks for her assistance in the .translation of the Germen

literature quoted in the text.
I also desire to express my thanks to the sisters emnd nursing staffs

thet were ettached to the cerebrospinal fever werds for their assistance

end interest shown in the investigation.
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The disease which we now know as cerebrospinal fever was first described
by Vieusseux at Geneva in 1305. The causal agent, Diplococcus intracellularis
meningitidis or meningococcus, was isolated by Weichselbaum in 1887. VThe ‘
acute form of the disease known in early times as the "spotted fever" and
the "black death" was almost certainly confused with typhus>and enteric
fever. This fact, as Rolleston (1919) points out, must be borne in mind
when one reads the descriptions of cerebrospinal fever in the works of
Hippocrates, Celsus, Paul of Aegina, eand others prior to 1805.  The
fallacies assoclated with past records were recognised by Murchison, who,
as late as 1865 stated that "the grounds for drawing a specific distinction
between epidemic cerebrospinal meningitis, or the spotted fever of America,
and typhus are most inconclusive." A "new disease™ described by Willis in
1661 bears a close resenblance to cerebrospinel fever. Sydenham's account
of a "new fever" in which are noted fever and catarrh and the frequent
occurrence of purple spots on the skin, points to the probable appearance
of the disease in 1365. In the year 1806, one year after the classical
description of Vieusseux, cerebrospinal fever appeared in Americe where it
was described at Midfield, Massachussetts by Danielson and Man. An
epidemic occurred in the Prussian Army during the period 1806-07. Hirsch
who has dealt very fully with the history of the disease from 1805-86

indicated that cerebrospinsl fever showed four periods of epidemic prevalence
during that time. A fifth period has been added by Rolleston dating from

1903 to the present day. The earlier epidemics were confined mainly to the
Baropean Continent and Americe.



| Wright and Archibald (1906) drew attention to outbresks of
cerebrospinal fever which went unrecognised in this country. The
Northamptonshire epidemic of 1890-91 was mistaken for pneumonia; in the
eastern counties of England in 1890 it was regarded as sunstroke and
enteric fever, while in the Irthlingborough outbreak it was considered to
be influenza. Its first recorded appearance in the United Kingdom was in
1846 when there was an outbreak among the inmates of the Belfast and
Dublin woi‘khouses. The first cases to attract attention in Scotland were
published by Dr. Maclagan in 1886 in which thirty-four cases were
recorded as having occurred in epldemic form in Dundee during the winter
of 1877-73. The increased prevalence during the year 1506 led the
medical officer of heelth in Glasgow to recommend that cerebrospinal fever
be included in the list of notifiable diseases in that city. The year 1907
saw outbreaks of the disease in Be].fé.st, (623 cases with 135 deaths)
in Glasgow, (998 cases with 715 deaths) and in Edinburgh, (206 cases with
135 deaths).

England and Wales enjoyed comparative immunity until 1914. Congiderable
attention which had been given to the disease in the principal cities of
BEurope and Americe was instrumental in hastening the introduction of
permanent compulsory notification in 1912. A study of the notifications
and deaths from the year 1913 leaves no doubt as to the increase of
cerebrospinal fever in this country after the outbreak of the war, this
increase being attributed mainly to the crowding together of recruits in
barracks and camps with the consequent rise in the carrier rate (Rolleston).
The weekly returns of the Registrar Genersl for Fngland and Weles show that
in 1915 there were 2,566 notifications among the civilian population with
2,203 deaths; in the years 1914-18 there were 6,450 civilian cases. The /
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The incidence fell sharply in the post-war years and remained ths

until the years 1931-32 when there was an outbresk on a scale similar to
that of 1914-13. The present epidemic which began about 1937 s=ppeared

to be of a similar size, but the advent of war has once again caused an
increase in case incidence which promises to make this outbresk the largest
in the records of the country.

Mortality.

It is recognised that there are a number of factors which influence
the death rate in cerebrospinal fever. Underwood (1940) shows how the
death rate varies in different parts of the world. He has tabulated data
for twenty-six outbreaké and has pointed out that the fatality rate covers
a wide range from the lovwest, 24 pei' cent, to the highest rate, 82 per cent.
Welsh (1933) has drawn attention to the wide variebility demonstrated in
epidemics in America. He recorded the experience of some twenty million
urban dwellers with the disease over a period of sixteen years (1920-36).
He indicated that the fatality rate in various municipalities has varied
between 67.7 and 3.1 per cent Many examples could be quoted to show
that the fatality rate in any one epidemic irrespective of its
geographiceal distribution is a variable factor and presents wide
fluctuations from year to year.

With regard to the age of the person attacked, it is generally agreed
that mortality is heaviest among infants,and adults over forty, and there is
no reason to believe in spite of reports to the contrary that chemotherapy
has done anything to slter this fact. The figures for the preseat

epidemic are as yet incomplete but Underwood hazards the suggestion that "a

considerable proportion of the patlents are older children and young adults -

that is, the ages at which mortality is naturally lowest."™ There is no /
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no concrete evidence to suggest that sex in itself exerts any
influence on the incidence of fatal cases.

It is important to take into account the degree of severity of the
infection. The fatality rate is higher in the epidemic as contrasted
with the less severe sporadic type of case, & point to be remembered in
the clinical evaluation of the sulphonamide drugs. PRurthermore, it has
been noted that the majority of deaths occur at the beginning of an
epidemic when the cases tend to be more severe.

The wide variation in the fatality and clinical picture of
cerebrospinal fever at different times and places is largely responsible
for the difficulty in assessing the value of different methods of
treatment irrespective of the therapeutic measures employed.

Fatality rates in Glasgow from 1914 to 1940 are shown in Chart I.'
It will be observed that the fatality rate has fallen considerably in that
city in recent years. From the data at his disposal Underwood considers
the results of the sulphonamide drugs in cerebrospinal fever, with regard
to fatality, to be highly satisfactory and a distinct advance on anything
previously experienced. Recent advances in chemotherapy encourage the hope

that mortality will be further reduced in this hitherto grave disease.

SEROTHERAPY.

The previous heavy mortality experienced in cerebrospinal fever in
spite of the introduction of lumbar puncture, remained unaltered until the

year 1905 when Flexner in America and Jochmann in Germany commenced their

experimental investigation on the production of specific immune serum.

Flexner's work did most to establish the value of antimeningococcal serum /



serum as administered by the intrathecal route. Flemer, like Jochmann,
produced specific serum on a large scale by immunising horses, and first
used it in 1307 in an epldemic outbresk of cerebrospinal fever in Akron,
Ohio. The death rate in serum-treated cases was 25 per cent compared with
a previous death rate of over 80 per cent. Subsequent reports on the
use of serun including the preparations of Kolle and Wassermann (1907) in
large series of cases testified to its efficacy and demonstrated a
reduction in the fatality rate t0o % per cent. |

In spite of the long continued use of serum in the treatment of
cerebrospinal fever the majority of observers in this country have held
conflicting views as to its efficacy. Robb (1907) found the serum treatment
of his cases to be very unsatisfactory. He exhibited antimeningococcal
serum in a series of seventy-nine cases with a death rate of 74 per cent.
The Americen workers, who had at this time a considerable experience of
the disease, were favourably disposed towards the serum of Flexner and
Jobling. Holt (1908) in New York recorded results of 442 cases in which
serun was administered intrathecally with a fatality rate of 3%.3 per cent.
McKenzie and Martin (1908) of Glasgow advocated the use of intrathecal
convalescent serum on the grounds that the patients! blood serum "possessed
in abundance &ll the properties which indicated a marked reaction to a
meningococcal infection.® They suggested that "the condition might be
most successfully treated by the subdural introduction of an immune serum."
In October 1908 Currie and MacGregor published their observations on the
serun treatment of cerebrospinal fever. On clinical grounds they were
foreced to conciude that the administration of serum was not followed by any

modification of the natural course of the disease; on the statistical side
they could not claim that serum therapy had reduced the totsl case fatality.
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The failure of antimeningococcal serum was commented upon by Rolleston (1915)
who was more impressed by the beneficial effects of autogenous vaccines
administered along with serum. Rolleston appeared to favour the use of»an
arsenical compound, soamin, a drug originally introduced in the treatment
of trypanosomiasis, but later used with success by Low in the treatment
of cerebrospinel fever. Batten (1915) condemned this preparation on the
grounds of its toxic effect in producing optic atrophy and blindness. The
Lencet of June 2lst, 1919, in a leading article, "The Meningococcus; A
Recent Chapter"”, stated, "All who dealt with the disease in England during
1915 were profoundly disappointed with the results of treatment with the
entimeningococcal serum then available......Some authors, indeed, went as
far as to state that in their opinion the old method of simple lumbar
puncture and drainage without serum administration was the better form of
treatment.® However, Dopter's work in France, followed in this country
by the bacteriological investigations of Gordon (1914-13) who was able to
~differentiate the four main types of meningococei responsible for the
dieeass, seemed to offer an explanation for past failures. In place of the
original antimeningococcal serum a monovalent serum was now made avallable
to the clinician.

Clinical observation in the years which followed did not justify the
promise of type specific serum therapy which was shomn in many cases to
be unavailing. Apart from the delsy associated with serological idemtific-
ation, it was found impossible in many instances to type the infecting
meningococcus, a difficulty still met with at the present day. A report
published by the Ministry of Health in 1931 stressed the importance of

early end repeated lumbar puncture together with the administration of a /
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a polyvalent antimeningococecal serum. Banks at this time (193l) recommended
intravenous and intraperitonesl serum therapy in those cases where the type
of the meningococcus was in doubt. He drew attention to the importance of
daily lumbar puncture as enhancing the chances of recovery. Walsh in his
analysis of large scale American statistics concluded that the mortality
during the past sixteen years (1920-36) had varied between 3B and 67 per
cent, and that it had been little influenced by serum treatment. The
production of a good sntimeningococcal serum of a more stable potency,

end the relative merits of meningococcus antitoxian were questions
occupying the minds of the scientists and the clinicians when, in the
sumner of 1936, Buttle, Gray and Stephenson, working in the Wellcome
Chemical Research Laboratories, demonstrated that p-amino benzene
sulphonamide conferred some protection upon mice experimentally infected

with cultures of meningocoéci.

CHEMOT HERAPY.

SULPHANTLAMI DE,

The development of the sulphonanide drugs dates back several years ago
when German chemists in an endeavour to develop dyes for textile purposes
prepared azo dyes with sulphonamide and substituted sulphamide groups.

They discovered that to make an aniline dye fast for vegetable fabrics

it had to be built up with a double nitrogen linkage between two benzene
rings and & sulphonamide grouping in the para position in one of the rings.
Jacobs and Heidelberger (1917) developed a number of azo dyes, one, p-amino
benzene sulphonamide which had been synthesised by Gelmo in 19D8. They
wrote that many of these substances were highly bactericidal in vitro. The

precise date of the synthesis of the preparation 4-sulphonamide 2:4 diamino
azo benzene, or sulphamido-chrysoidin, the name now glven to Prontosil, is
uncertain. The first reports on experimental date. in relation to /
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to Prontosil were published by Domagk in 1935. He found that the dye would
protect mice infected with haemolytic streptococeci. Later in the same
year the French workers, J. et Mme. Trefouel, Nitti, and Bovet, suggested
that those azo dyes which had been found effective as chemotherapeutic
agents underwent certain modifications in the tissues of the host which
resulted in their being broken down at the azo linkage to p-amino benzene
sulphonamide. Rfhey went on to show that p-amino benzene sulphonamide or
sulphanilamide, the name now commonly adopted - a colourless and relatively
simple organic compound - had an action similar to the azo dye Prontosil

and that the azo linkage was unnecessary for therspeutic effects.

N N NH,
O ONH,-
solﬂn" M2 SDLNHI
4'~sulphonamido-2: 4-diamino azo benzene p-amino benzene sulphonamide.
(Prontosil) (Sulphanilamide).

Buttle, Gray and Stephenson (1936) were the first to introduce
sulphanilamide as an effective chamotherapeutic agent in the control of
experimentally produced meningococcal infections in mice. The meningococci
were suspended in 5 per cent muein according to the method described by
Miller (1935) and injected into mice by the intraperitonesl route. They
showed that the degree of protection with one strain of meningococci was
of the same order as that with streptococei. Later, Proom (1937) in more
extensive experiments in which the drug was given orsally and subcutaneously
stated that "the early oral administration of sulphanilamide prevents the
development of septiceaemia and death in mice infected with meningococci.”
The drug when administered under optimal conditions protected mice against
a million minimal infecting dosaé of organism and was equally effective
against Group I and Group II meningococci. As a result of his mouse /
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mouse experiments, Proom advocated the clinical trial of sulphanilamide.
Proom!s findings were confirmed by Whitby (19%7) end by the American
workers Branham and Rosenthal (1937). The latter concluded that in
clinical cases an initiel subcutsneous dose of sulphanilamide was
indicated in addition to oral therapy, but further investigations
inclined them to favour the administration of antimeningococcal serum
along with the drug.

Important observations upon the absorption and excretion of
sulphanilamide in human beings were made by Fuller (1937) who described
a method for the cquantitative determination of sulphenilemide in the
blood. From the subsequent reports of Marshell (1937) and his sssociates
dates accurate knowledge concerning the fate of sulphenilemide in the
humen body. They showed that, following the oral administration of &
single dose of sulphanilsmide to normsl human beings, absorption tended
to maximum in four hours, when the concentration in the blood droppéd
repidly. They noticed that the drug passed readily into the cerebro-
spinsl fluid end existed there in a slightly lover concentration then
it did in the blood ~ 2 fact subsequently confirmed by Allott (19%8) in
his inve® tigations of the sulphanilamide content of the cerebrospinsl
fluid. Jaurneck end Gueffroy (1937) in thelr studies of the
absorption and excretion of prontosil, neoprontosil, and sulphanilamide,
noted thet in all instences the smount of sulphenilemide present in
the cerebrospinel fluid was grester than that of either dye. An
importent contribution by Stewart, Rourke, end Allen, (19%8) laid
emphasis on the repid elimination of sulphenilamide end drew attention

to the increased urinary excretion in the presence of increesed fluid

intake. Banks (19%9) emphasised the importence of meintaining /
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maintaining adequate concentrations of the drug in the cerebrospinel
fluid of patients with cerebrospinal fever. He considered 5 mg. per
100 c.c. to be the minimum relizble standard.

PROSFPTASINE. AND SOLUSEPTASINE..

The advent of prontosil followed by the postulation of sulphanilemide |
as its active principle naturally stimulsted the search for new and more
effective sulphenilemide derivetives. In 19%€, Goissedet end his
colleborators reported the synthesis of p-benzylamino benzene sulphonamide
or benzyl-sulphenilanide, & compound known in this country as Proseptasine,
or M & B 125, and in France &s Septazine, or 46 R.P. Later Golssedet
announced the synthesis of disodium-p-(¥-phenyl propylamino)-benzene
sulphonamide-2-J-¥-disulphonate. This preparation celled Scluseptasine,
or M & B 137, was more soluble for pasrenteral edministration. It is
known in France as Soluseptazine, or 40 R.P. These drugs were claimed
by the French workers to be as active chemotheraspeuticelly as prontosil

and sulphanilemide.

Benzyl sulphsnilemide.

, 30, NH
< >cln.cﬂz. T N"C} > Soluseptasine.

Soan. S0z No
In an experimental assessment of proseptasine and soluseptasine,
Whithy (1937) noted that both drugs were inactive ageinst meningococci,

while Feinstone (19%8) and his cc-workers considered the benzyl derivetive
to be the lesst effective of the common orgenic sulphur-contsining

compounds in meningococcel infections in mice.



Little is known about the gbsorption and excretion of proseptasine
and soluseptasine, slthough chemotherspeutic activity wouid appear to be
due to a breskdown to sulphenilemide in the body (long and Bliss). The
low levels obteined with these drugs in the blcod and cerebrospinal fluid
as shown by Hennah &nd Hobson (1933), coupled with the inebility to
determine accurately by chemicsal enelysis their concentrations in the
body fluids, has tended to discourage thelr use in the treatment of

cerebrospingl fever.

SULPHAPYRIDINE,

Further reseerches with the object of discovering a chemotherapeutic
agent with a wider range of activity end lower toxlcity resulted in the
production of 2-(p-emino benzene sulphenamido) pyridine, & new synthetic
coﬁxpou.nd derived from sulphsnilemide by the substitution of one hydrogen

atom in the amide portion of the molecule by a besic pyridine group.

i, (s D sulphapyridine.
N

This substsnce was subsequently introduced as M & B 693 or Dagenen, but
the neme sulphepyridine given to it by the Americans has been gemerally
adopted.

Whitby (1938) first drew attention to the high degree of activity of
sulphapyridine and compared its action to that of sulphanilamide in
experimental meningococceal infections in mice. Fis conclusions that both
drugs were equelly effective agreed with the findings of Feinstone and
his 'associates (1938) who noted that sulphepyridine had a bacteriostatic

action on the meningococcus equsl to that of sulphanilemide.
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Information with regard to the absorption, distribution and excretion
of sulphapyridine in humen beings soon followed. Clinicel investigetions
by Hobson and MacQueide (1978) showed that the drug was readily asbsorbed
from the gestro-intestinsl tract end pessed repidly from the blood stream
into the cerebrospinsl fluid, where it sppeared in & concentration
approximately half of thet found in the blood. They were impressed by
the low cerebrospinasl fluid levels necessary for baéteriostasis - levels
which were considersbly lower than those following a similar dose of
sulphanilemide; they remarked upon the slow urinsry excretion of the
drug. These observsations were confirmed by Whitby (19%8) and Benks (19%9).
The latter concluded thet with sulphepyridine therapy cerebrospinel
fluid concentrations of 5'mgms.per 100 c.c. or less were efficient in
the treatment of cerebrospinal fever.

SULPHATHI AZOLE.

The recognition of sulphanilamide and sulphapyridine as effective
chemotherspeutic agents served to intensify further the search for still
more effective and less toxdc sulphonamide compounds. A preparation
appeered in which e thiazol radicel replaced one of the amido groups in
sulphenilemide. This substance, o-(p-aminobenzene sulphonamidc) thiazole,
usually called sulphathiszole, is also known in this country as Thiazemide,
or M & B 760, and in Switzerlend as Ciba 37l4. Considersble attention
was given to this drug on account of its high degree of actiVity\ in

experimental stsphylococcal infections.

cH
" Sulphathiazole.

F
Ve
So,NH.C
S D T G|
Mlthough the thiazole derivatives were first synthesised in this

country, most of the published studies of their action have been made in
the United States. McKee (1939) and her associates, in a comparative
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comperative study of the therapeutic effects of sulphapyridine snd
sulphathiazole stated that these drugs were equally effective in
experimentally produced meningococcel infections in mice. All the Americen
investigators from data obteined in animel experiments, were agreed upon

the therapeutic possibilities of sulphathiaxole and were impressed by

its low toxicity compered with other sulphanilemide derivatives.

/ Long (1940) provided important information regarding the absorption,
distribution and excretion of sulphathiszole in man., He showed that the
drug differed from sulph&pyridine in that it was absorbed more rapidly from
the gastro-intestinel tract end reached higher concentration in the blood.
Spink and Hanson (1940) demonstrated the rapid sbsorption and excretion

of sulphathiazole, a préperty which, they pointed out, militeted against the
maintenance of high concentrations in the blood stream. Carey (1940), in

e brief review of the successes achieved with the sulphonamide drugs in
cerebrospingl fever, emphasized the failure of sulphathiazole to resch
adequate levels in the cerebrospinel fluid and advised against its use in
the treatment of that disease. This inability on the part of sulphathiazole
to reach what was considered to be & therapeutic level in the cerebrospinal
fluid wes recognised by Beanks (1941) when he carried out a clinicel trial
in meningococcel meningitis. In his series of cases he found that the blood

concentretions seldom rose above 1.5 mgm. per 100 c.c.

SULPHADIAZINE.

More recently there has been introduced in Americe the pyrimidine analogue
of sulphapyridine, & compound resulting from the replacement of one hydrogen
atom in the sulphonamide group of sulphanilamide by & pyrimidine ring; this

ie 2-(p-aminobenzene sulphonemido)pyrimidine.
—_———CH
)

N
NHZCDSO;.NH —_— %. l Sulphadiazine.
N

————e— C 1}
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Experimentel studies by Feinstone (1940) and his colleagues, and
by Long (1941), have drawn attention to the high blood concentrations
reached by sulphadisgine after & single oral dose. The activity of the
drug ageinst coccel infections was shown to be comparable with that
of sulphanilsmide and sulphapyridine .

Long (1941) states that the absorption eand excretion of sulphadiazine
in the humen subject is less rapid than with sulphenilemide, sulphepyridine,
or sulphethiazole, but high blood concentrations &are easy to obteain;
concentrations in the cerebrospinal fluid were found to be approximately
one-half to four-fifths of those existing in the blood. He concludes,

"If the initisl promise of high therapeutic effectiveness and low clinicsl
toxicity of this drug is borne out by more extensive experience, it means
that sulphadiazine will be a most welcome eddition to the sulphonamide
group of chemotherspeutic agents."

Dingle, Thomas and Morton (1941) have treated successfully with
sulphadiazine eleven cases of acute epidemic cerebrospinal fever. The
clinicel impression geined was that sulphadiazine had a chemotherspeutic
activity sgeinst the meningococcus equal to that of sulphapyridine;
sulphadiazine had the advantage of being less toxlic. More data, both
experimentel and clinical, must be collected before one can pronounce
on the therapeutic effects of this latest contribution to the
sulphonemide group of drugs.

CLINICAL TRIALS.

-

SULPHANIL AMIDE,

Subsequent to the experimental work of Buttle and Proom, published

reports upon the therapeutic effects of sulphanilemide in the treatment
of cerebrospinal fever eppeared in America end Britein. Schwentker, Gelman,
and Long, (1937) treated ten cases with only one death. A 0.8 per cent

/
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cent solution of the drug was sdministered by subcutaneous and intrathecsl
injection. 1In ail cases the cerebrospinal fluid was sterile within three
dgy s from the inception of treatment. The impression gained seemed to
indicate that sulphanilamide was at least comparsble to specific serum
therapy and prompted Williens (1938) to employ. the drug in the trestment

of his ceses. Williens recognised, in the investigation of a disease

such as cerebrospinal fever, the necessity of correlesting clinicsl and
laboratory findings &s & means whereby "the error of human judgment end
enthusiasm is, so to spesk, counterbalanced by the results of exemination
in the pathological laboratory."” He verified the findings of Schwentker
and his co-workers but, basing his technique of administration of
sulphanilemide on the consideration of the absorption end excretion of

the drug &s reported by Marshall, Emerson and Cutting (1937), he showed that
orsl theraspy elcne was sufficient to effect cure. Following a large
subcutaneous injection, the drug was sdministered orslly at four-hourly
interv?ls, and medication graduated downwards from en upper limit of one
gremme, wes continued for a period of ten days after ell symptoms and
laboratory findings had returned to normal; the drug being bacteriostatic
rather thean bactericidal, its more prolonged use was justified to eliminate
the possibility of recurrences. Fldahl (19Z8) under the mistsken impression
that sulphenilasmide when given by mouth appeared in small concentrations in
the cerebrospinal fluid and then only after a delsy of some days, advocated
trestment by intremuscular and intrathecel injection. It should be noted
in this connection that Cawthorne (19738) in an earlier srticle on the use
of sulphsnilsmide in streptococcel meningitis, expressed doubt as to the

advantage to be gained by giving sulphanilamide intrathecslly, es the drug
quickly found its way into the cerebrospinal fluld when given by mouth or

/
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‘or parenterelly. Of Eldehl's trested cases, most of whom were infents,
nine recovered and three died. His results were favourable considering
the age distribution of his patients, but one feels that the fatality
rate would have been further reduced had Eldahl instituted sulphenilamide
therapy immediately. In four cases of whom two died, treatment was
unnecessarily deleyed even in the presence of a bacteriologicel diagnosis.
Crawford end Fleming (19%8) from their previous experience of serum-
treated cases, felt justified in giving lerge doses of sulphanilemide

by mouth, but they considered intrathecel administration to be of value
in those cases where resolution of the acute stage of thé disease was
slow.. Few of the children trested received a relatively large initial
dose of the drug. Weghelstein (19%3) with a larger number of cases at
his disposal, discussed the therspeutic results obtasined in seventy-iwo
patients i1l with meningococcsl infections treated with sulphanilemide
glone, and the effects of comblned antimeningococcel serum end sulphan-
ilsmide therspy in en additional thirty-four patients. The total fetelity
rate was 1& per cent, with sulphanilemide alone 15 per cent, and with

the combined method of treestment 24 per cent. Waghelstein did not imply
that ény significant esdventage was to be gained from &ither form of
therapy, but he was able to state that since the introduction of
sulphenilemide there had been a definite decrease in the number of deaths,
including fulminating ceses. He contrasted his results with a totel
fatelity of 27 per cent smong 268 patients treated with serum in 1935

and 19%6. Out of the totwl 106 cases there was one recurrence compared

with six recurrences in the serum-treated cases. It was noted that there

was a marked decresse in the duration of stay in hospital in the

sulphenilamide treated cases. The drug was given four-hourly following
a large initial dose, snd medication was continued for a week. Waghelsteln
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Waghelsteln fevoured orel administrationf In the group of patients
recelving the drug subcuteneously there were nine deaths, compared with
two deaths in those given sulphanilamide by mouth; furthermore, the
concentrations of the drug in the cerebrospinal fluid subject to a wide
variation, tended to be fairly constent when orel therapy was employed.
Waghelstein believed that fluids should be restricted in order to maintain
& therapeutic level of sulphenilemide in the blood and spinsal fluid, but,
es he observes, "The state of hydration of the patient is important in
determining the extent to which fluids should be limited."

It will be seen that up to this time there was a good deegl of variation
in the method of administration of sulphanilemide. The majority of writers
were in fevour of orel therapy and divided in opinion concerning the
intrathecel and intremuscular injection of the drug. A perusal of the
papers quoted reveals & similar discrepancy with regard to optimum dosage.
McIntosh end his assoclates (19%7) reported a case in which 3 gremmes of
sulphenilamide spread over & period of three days resulted in the permenent
sterilisation of the cerebrospinal fluid, while Bernstein (19%7) gave as
much as 3B grammes in eighteen days to a child aged seventeen months. It
should be remembered, however, that these and other similar reports were in
the nature of preliminary clinicel trisls, perhaps less extensive than one
might have hoped; all demonstrated the effectiveness of sulphanilemide as
a chemotheraspeutic ggent in the treatment of cerebrospinsl fever, but none
could lay cleim to statistical signigicance in stating that sulphsnilsmide
was superior to remedies previously employed.

Important contributions to the literature were made by Benks (1978-29).

In contrast to the majority of previous reports, Banks had at his disposal
adequate clinical materiel. A total of 134 cases was divided into three
groups, treeted respectively with serum (meningococcus antitoxin) alone, with
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with serum and sulphenilemide, end with sulphsnilamide elone. The
favourable age grouping in the serum-treated cases may have accounted
for & low fatality rate of 16 per cent, the highest recorded in the

three groups. Banks noted that while serum alone was ususlly able to
sterilise the cerebrospinel fluid within 24 - 48 hours, in about one-
fifth of the cases meningococel persisted for four or five days or
occasionally longer. Sulphanilemide &s the sole meesns of treatment

was exhibited in a series of thirty-one cases without a death., In &an
endeavour to arrive at & standard desage, Banks (19Z8) like Williens,
spplied the principles laid down in the report of Marshall, Fmerson and
Cutting. A totel daily smount of one gremme per stone of body welght was
divided into four-hourly or six-hourly doses. This dosage was found to
be adequate except in the case of infents and young children who could
tolerate and actuslly required two to three times the standard. Banks
(1939) subsequently evolved a more convenient scheme of dosage according
to age groups rether than body weight. A high initial dose during the
first two to three days!' treatment was fcllowed by a gradually diminishing

dose for a further period of five to six days.

Table T

Dosege of Sulphenilemide during first two-three days (Benke).|

——

Age Period in years 0 t -2 |-51-10} - 15+

3i-4% -6 (- Al -9

Deily amount in grammes.

A

Banks considered the simplest and most sati;sfa,ctory method of admin-

habaliaie

istration of sulphenilamide to be by the mouth, end when this was

impracticable the drug was given by nasel or stomach tube or by intra-

muscular injection in the form of a 14 per cent oily suspension; no

advantege was to be gained from intrathecal administration.



-19 -

In sixty-five cases treated with serum and sulphanilamide, a fatality
rate of 12.% per cent was recorded. The serum or meningococcas antitoxin
of which more than two doses were seldom found to be necessary, was given
intravenously, and in infants, intraperitoneally. The intrathecal
administration of the antitoxin previously employed in the first group
of cases was abandoned in the second group on the grounds that it acted
as an irritant, thus delaying resolution and prolonging recovery. The
excellent results with chemothersapy alone convinced Banks that serotherapy
was no longer necessary as a method of treatment in cerebrospinal fever.
Farthermore, factors such as the trouble associated with its administration
combined with the possible risk and discomfort to the patient did not
warrant the continuation of such a remedy when it was shown that
sulphanilamide in adequate dosage was safer, simpler and much less expeasive.
Banks in conjunction with Allot (19%) supplied reliable information,
hitherto lacking, upon the concentratlion of sulphanilamide in the
cerebrospinal fluid. The importance of obtaining adeqguate levels in a
minimum of time was emphasized. Banks stated that "an initial dose of
sulphanilamide sufficient to maintain a cerebrospinal fluid concentration
of 5 mg. per cent for three days, and a lower concentration for a further
period of five or six days, is the minimum reliable standard." Of thirty-
gix patients investigated this minimum concentration was never reached in
twelve, of whom three died. He warmed against the practice of eméloying
sulphanilamide in amounts less than those outlined in his schene of dosage.
Banks! work did much to establish sulphanilamide as a specific remedy

in the treatment of cerebrospinal fever. It was shown beyond doubt
that this drug, if given early enough, often enough, and in sufficient

quantities, could &lter the whole course of this hitherto serious disease,



disease, diminish the severity of the acute stage and shorten the
duration of illness. It must be borne in mind, however, that prior to
the days of chemotherapy, antimeningococcal serum, though perhaps not
justifying the claims made for it from time to time, did reduce the
death rate. Some clinicians, supported by the laboratory investigations
of Branham and Rosenthal (1937) and Amies (1940), would favour the use
of serum in conjunction with chemotherapy. Whitby (1938) was inclined
to reserve serum for severe forms of meningococcal meningitis especially
where the age group is unfavourable. Available evidence does not
support the combined method of treatment, and until the relative merits
of antimeningococcal serum and meningococcus antitoxin have been
satisfactorily settled, their evaluation in combination with the
sulphonamide drugs will prove difficult.

SULPHAPYRIDINRE,

The first account of sulphapyridine therapy in the treatment of
meningococcal infections appeared in 193 when Dimson reported the rapid
recovery of a case of chronic meningococcal septieaemia following the
administration of this preparation. Somers (1939), and Brysnt and
Fairman (1939), investigating the therapeutic possibilities of sulphe-
pyridine under primitive conditions in the Sudan, where the usual case
mortality of cerebrospinal fever is 63-80 per cent, recorded fatality
rates of 10 per cent and 5 per cent, respectively. Banks (1939) treated
thirty-six cases with one death and furnished the essential data

regarding the absorption and excretion of the drug. His findings were in

substantial agreement with those of Hobson and McQuaide. Banks recommended
& high dosage of sulphapyridine similar to that employed in sulphenilamide

therapy, although there was clinical evidence that a lower dosage would often

be successful. He considered sulphepyridine to be the drug of choice in
cerebrospinal fever. ‘



In his review of cerebrospinal fever, Baaks (1940) ‘stated, "In a
mixed series of cases otherwise in reasonable physical condition, skill-
fully treated with sulphanilamide or with M & B 693, a case mortality
of 5 per cent or even less should not be unattainable. Age groups
should now count for little in prognosis except in so far as they
are associzted with concurrent disease or low vitality." Clinicians
with a wide experience of cerebrospinal fever would hesitate to put the
fatality rate of the disease at such a low figure. The Lancet (March
9th, 1940) in a special article on the treatment of cerebrospinal fever,
maintained that chemotherapy correctly applied was capable of reducing
the death rate to 5-15 per cent, a more conservative estimation of
the sulphonamide drugs which has been justified by events.

The year 1940 witnessed in this country the development of the
eplidemic form of cerebrospinal fever and put to a much more severe
test sulphanilamide and sulphapyridine, now used for the first time
under epidemic conditions. The reports of Harries (1940), Todescu (1940),
and Brinton (1940), testify to the increased severity of the infection.
Banks (1940) recorded a fatality rate of 10 per cent in 120 treated cases.
He pointed out that this group included a much higher proportion of
acute cases than any of his previous series. In no less than 46 per
cent of his patients there were noted petechiae and purpuric rashes,
and in many of these there were haemorrhages. The encephalitic type
of case commonly seen in epidemics and characterised by rapid onset
of coma, purpuric rash and a short course to a fatal issue, accounted
for six of the twelve deaths. Figures supplied to him by the Ministry
of Health for the first quarter of 1940 showed that in England and Weles
there were 4,38 civilian cases with 1,040 deaths - a fatality rate of

/
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of 23.7 per cent. It should be noted that the highest fatality rates

were recorded in infants (49.2 per cent) and in adults over forty-five
years (50 per cent).

In previous reports too little attention has been paid to the
importance of age distribution in cerebrospinal fever. Banks' assumption
that infancy is no longer an age of unfavourable prognosis cannot be
accepted in the absence of data designed to show deaths in relation to
age distribution and renders his conclusions upon this point unconvinecing.
Williams (1940) in a clinicsal investigation of cerebrospinal fever in
102 patients under sixteen years of age has supplied more detailed
information regarding the prognosis of the disease in chil}dhood.
Sulphanilamide was found to be more readily tolerable by children then
sulphapyridine and with a few exceptions was given routine. The most
favourable age group was shown to be 5-10 years. The fatality rate under
three years of age was 14.8 per cent, and under one year (2l cases)

19 per cent. A survey of the available literature shows that a lack
of statistical evidence in support of clinical findings is a feature
common to the great majority of clinicsal reports.

SULPHATHT AZOLE,

There are few published reports on the use of sulphathiazole in
cerebrospinal fever. Pulver (1940) treated twenty-six cases with two
deaths. The drug was administered intramuscularly and intravenously.

Banks (1941) published his results of ninety-six treated cases, of which
fifty~-two had received sulphapyridine prior to admission to hospitalj
in the remainder, sulphathiazole was the only treatment. The case fatality

(2.1 per cent) must be the lowest yét recorded in the history of the

disease. The scheme of dosage and duration of medication were similar

to that adopted for sulphanilemide and sulphapyridine in Banks' previous /
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previous series of cases. When administretion by mouth was not possible, the
drug wes administered by stomach tube or by the intravenous route. Attention
has alreedy been drawn to the low sulphathiszole concentrations obtained in
the cerebrospinel fluid. Banks showed thet when the concentration in the
blood was &t its highest, the velue in the cerebrospinal fluid was only ebout
1% per cent of thet in the blood. Despite this apparent anomaly - some
clinical trisls with sulphenilemide end sulphapyridine such as the reports
of Crawford end Fleming (193) and Jordan, Rlacklock and Jolmstone (1940),
have shown thet the amount of drug in the cerebrospinal fluid does not

seem to beer any relation to the course of the disease - sterility of the
spinsl fluid was effected within twelve to twenty-four houfs end all
patients made a rapid recovery. Dr. Benks must be complimented on the
highly successful results obtained with sulphathiazole in the treatment of
cerebrospinal fever. He is careful to point out, however, thet his cases
occurred in the post-epidemic period of 1940, and were nct so severe as those
he treeted in the earlier months of the year. Experience has shown a true
clinicel assessment of eny one of the sulphanilemide derivatives to be

incomplete until it has been tested under epidemic conditions.

Until it is cleer how the sulphenilamide group of drugs acts, a proper
understending of the science of chemotherapy cannot be reslised. No
satisfactory explanstion is as yet forthcoming why one compound should be
more active then another. Research et the present day as Whitby maintains,
is largely & matter of tedious empirical trial end error. Concerning the
rivel claims of the sulphonamide compounds, The Lancet (November 28th, 1978)
in a leading article comments, "No experimentsl method cen be the final sarbitrer
between them, even in such infections as can be readily and typicelly

produced in animels; the task to be faced is one of clinicel assessment

on an unprecedented scale."
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CHAPTER II.

PLAN OF EXPERIMENT.

The cases which form the materiel of this investigetion occurred
during the recent prevelence of cerebrospinal fever in Glasgow. They
were admitted to Ruchill Fever Hospital during the period May 1940 to
October 1941. The average rate of edmission celculated over the period
Mey 1940 to December 1941, when my duties &8s physicien in charge of the
cerebrospinal fever wards ceased, was fourteen per month. The greatest
pr;valence wag attained in February 1941, when thirty-eight cases
entered the hospital. Since that period & gradual decline took place.
A total of 268 patients was admitted during the period under review
and of these 256 have been considered in this study; the remaihing
twelve cases did not come under my direct control ahd have therefore
been omitted. The accocmpenying chart shows the monthly incidence and
fatality rate from May 1340 to December 1941, Total cases smount to
285 of which seventeen were admitted between the end of Qctober and
December 1941 after the investigation was closed.

It is the practice of the Hospiteal to receive all female cases of
cerebrospinal fever end mele patients up to and including the age of five
years. The cases to be considered here are drawn from all areas of the
city of Glasgow, their sges verylng from & few months to sixty years.
With regard to age and sex distribution, in so far &s the latter can
be computed it can be sald that the patients represent & fair sample
of the population of the city.

The [/
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The totel cases are arranged in three series which will be referred
to henceforth as series A, B, eand C, respectively (Table I ). Series A
comprises seventy-six patients admitted during the period Mesy «. December
1940. They were trested slternately with sulphenilemide (Group I) end
sulphathiazole (Group II). The difference in the number of patients
treeted is explalned by the fact that patients who had received one or
other drug prior to edmission were allowed to continue unchenged. Series B
conprises elghty patlents admitted during the périod Jenuery - March 1941.
They were treated alternately with sulphenilamide, (Véroup II1), end
sulphaniiamide plus meningococcus sntitoxin, (Group IV). Series C
consists of 100 patients admitted during the period April - October 1941,
treated with sulphapyridine. For purposes of comparison these cases
will be referred to as Group V. Included in this group are twelve cases,
two of them dia@osed as acute menlingococcel septicaemia, admitted during
the perlod January - March 1941. They had been given sulphapyridine prior
to admission aﬁd were gllowed to continue unchenged. They were therefore

not included in Series B.

Table I.

Treatment Groups.

' Serles Group Number of Cases Treatment
A I 37 ‘Sulphanilemide
II k) Sulphathiazole
5 III 0 Sulphenilemide
‘ Iv 40 Sulphanilemide

lus

Antitoxin.

c v 100 Sulphepyridine

In all tut fifteen of the totel 256 cases the diagnosis of epidemic

cerebrospinal fever was confirmed by the recovei-y of the causal organism



orgeniam from the cerebrospinal fluid. In these fifteen cases in which

the meningococcus was not demonstrable, the clinicel picture on admission
was so typical that & disgnosis of cerebrospinal fever on clinicel |
observation alone was considered justifisble. It may be added that thirteen
of these fifteen cases presented turbid or opalescent spinal fluids

on admission to hospitel.

It will be seen that according to the mode of therapy the cases
under review fell into three distinet perlods, viz., May - December 1940,
(Series A); January - March 1941, (Series B); and April - October 1941,
(Series C).

In Series A sen attempt was made to compare sulphenilamide snd
sulphathiazole in the treatment of cerebrospinal fever. In a comparative
analysis such as this, care was teken to exclude the possibility of
selection in the cases treated. The plen was to give sulphanilemide
and sulphatbiazole to alternate patients without regard to the severity
of the disease or the age or sex of the patient. A lsrge chart (see
Table II) was displayed in a conspicuous position in the duty-reoom of
the ward. On this chart were drawn two columns headed "Sulphenilemide"
and "Sulphathiazole" respectively. For the sske of convenience these
columns were further divided into squares to represent age groups.

The diegnosis confirmed, the name of each patient was inserted in the
appropriate column. Whether the patient would receive sulphenilamide
or sulphathiazole was thus left entirely to chance. As it was
impossible to see personally every case at the time of admission, e

second chart was displayed alongside the first, on which were printed

instructions regerding the initial treatment to be emplcyed together
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together with the dosage of the drug and the method of its administration.
In this way seventy-six cases were collected, thirty-seven of which
recelived sulphanilemide and thirty-nine sulphethiazole.

Table II.
(Series 4).

Method of allocation of patients to alternate trestment groups.

oo s —

Age~Group Drug Group

fasnsomaerae—r

(yrs.) Sulphenilemide. Sulphathiagzole.

0-2

2-5

5-15

Over 15

Methodssimilar in every deteil to those outlined above were sdopted
in Series B,v in which elghty ceses were treated, forty with sulphesnilsmide
and forty with sulphenilamide plus meningocecccus antitoxin.

Series C in which 100 consecutive cases are treated with sulphepyridine
throughout has for its object a straight clinicel assessment of that drug.

Clinical Summary.

The various forms in which the disease was manifest have been
classified as fuiminating, severg, moderately severe, and moderate. Their
incidence end distribution among the several drug groups is shown in Table
III. Such & classification, based on & rough clinicsl assessment of

each cese on admission to hospitel cennot pretend to be accurate, tut it
will convey an impression of the degree of severity of illness in the /



the cases encountered. It will be noticed that of the 256 patients, 190
or 74.21 per cent were severely i1l when first seen. In two patients
the condition present wes one of fulminating meningococesl septisaemia
without meningitis.

The onset of the infection was usuelly heralded by sudden severe
headache and sickness, with or without vomiting. A common feature of
the headache was its intensity, which on occasions masked other signs
and symptoms and became elmost intolerable to the patient. It was not
confined to the occlpitel area as commonly described, &t was more |
generalised. In a few cases a previously healthy patient was suddenly
struck down with a fit and lapsed intc unconsciousness. Where the
onset was insidious there was present a feeling of maleise accompanied
by indefinite signs of meningeal irritation.

Fifty-nine patients (23.05 per cent) were admitted to hospitel in a
comatose condition, and one-third of these suffered from a severe degree
of collapse.

Delirium was present in eighty-cne patients (%1.60 per cent), varying
in degree from the low muttering form to the mamniacsal type of case.

One patient, an adult, was transfei'red from the mentel observstion wards
of & city hospitel where she had been admitted as a case of acute menisa.
Convuleions were confined almost exclusively to infents.

The commonest locelising signs were marked nuchal rigidity, positive
Kernig's and Brudzinski' s signs. Head retraction was present in eighty-
four patients (32.81 per cent); opisthotonus was noted in only nineteen

patients (7.42 per cent).
The temperature recorded on admission was varieble and no criterion

of Severify. . In seventy-three patiemnts (28.51 per cent) it was

not above 93°F., while in only twenty-eight (10.94 per cent) was a temperstue
above 102°F, noted.
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Generalised purpuric or petechial rashes were present in sixty-five

patients (25.39 per cent.). 1In nine instances where the disease was
fulminating in character, the rash wés extensive, confluent snd
haemorrhagic.

The reflexes were of little significence, elther in diagnosis or
prognosis. Photophobia was of rare occurrence, being noted in only
thirteen patients (5.08 per cent). Herpes febrilis was noted in
sixty-nine cases (25.95 per cent). It commonly commenced on the
lips or nose but in about one helf of the cases the lesion spread to
involve the cheeks and forehead. In one cese the face was slmost
completely covered with the eruption, while in another, herpes made its
appearsnce on the right hip and ultimately involved the buttock on that
side. In forty out of the sixty-nine cases the herpes was present on
admission, & fact which would seem to dispose of the view that this
lesion is a complication of chemotherapy.

In nine of the fulminating cases the diseese was complicated by
the occurrence of haémorrhage into the suprarensls. This condition will
be discussed in a later chapter.

Table IIT.

Clinical (Classificetion.

{ Group Fulminating Severe Moderately Seygfe Moderate To@ég
I 5 1 5] 7 4 37
11 3 24 6 6 29
II1 | 1 29 8 2 40
Iv 3 2 5 1§ 40
v 10 63 7 0 100
Totsl 18 172 33 35 .26




Bacteraemia.

In nine patients suffering from cerebrospinal fever the meningococcus
was isolated from the blood (Table IV). The proportion of cases in
which blood culture was positive (approximstely 7 per cent) is relatively
small. Blood culture, however, was not performed in every case. Of
the totel 256 cases, epproximately 48 per cent were under five yeers of
age. In many of these cases where mechenicel difficulties prevented
the withdrawal of blood by simple venupuncture it was not considered
justifisble to employ other methods in order to obtsin & specimen.

If the meningococcus trevels from its portel cf entry, the naso-
pharynx via the blood stream to the meninges, &s is commonly maintained,
blood cultures performed durir\;g the pre-meningitic stage of the disease
It is seldom, however, that patients

By the

should yield positive resultes.
come under observation at such an early stage of the infection.

time cerebrospinal fever 1s diagnosed end the patient admitted to
hospitel, the meningococci have already become laocalised in the sub-

ercchnoid space. In two patients admitted to hospital on the first day

of illness the disease wes diagnosed clinicelly as meningococcal

septicaemia without meningitis. Both patients died. Repeated blecod

cultures proved negetive. The diagnosis was based on the following

clinicsl featurses:

Table IV.
Incidence of Bacteraemia.
Case Kge Day of Illness 1
(Years) on Rash JBlood culture! Result.
— Admission. »
1. B.B. 12 2 Petechial Positive Died
2. P.T. 6 3 Purpuric Positive Died
3. D.McD. 3 2 Purpuric | Positive Died !
4. C.H. % 2 Petechial Pogitive Died i
5. E.F. 2 Petechial Positive Recovered.
6. E.W. 4 7 Nil Positive Recovered
g. C. G 6 1 Petechial Positive Died
« J.N. 6 2 Purpuric Positive Died
9. C.N. 7 5 Nil Positive Died |
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Tetle IV /

1), the fulminating type of the infection, 2), both patients were
admitted to hospital at the height of the epidemic, Z), both showed

a confluent haemorrhagic rash and 4), in both, post mortem examimstion

revezled the presence of bilateral suprerenal haemorrhage.

- - e a—— - . —

From the accompanying teble it will be observed that in six out of
the nine cases where positive blood cultures were obteined, the patients
were admitted to hospitsl on the first or second day of illness. With
the exception of two ceses a positive blood culture was assoclated with
a widespread purpuric or petechial rash. It is of prognostic interest
that 811 but two of these cases terminated fatslly.

Management of the Cage.

The cerebrospinsl fever ward comprises four compartments, each of
which accommodetes cases in th? verious stasges of the infection. Patients
in the initisal stasge of the infection are admitted into the "acute" ward
where they remain for & period of three days or longer according to the
progress of the disease. They are then transferred into the second
compartment, and finally to the convalescent ward some days prior to
dismissel. Infants and young children are as far as possible admitted
into the fourth compartment of the ward. In this way, one is able to
segregate the noisy, obstreperous and sometimes maniacal type of case
end to create the necessary conditions of rest and quliet for those who
are recuperating.

On admission to the ward the temperature, pulse and respiration rate
of each patient is recorded. She is then bed-bathed and prepared for
lumbar puncture. The patient is placed in the left lateral position with

the knees drawn up, head bent forwerd and trunk well flexed. In the case

of children the operation is performed with greater facility if the child -
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child is placed on the ward table. The fourth lumbar interspace is
usually selected, and the srea cleansed with spirit and iodine. When a
local snaesthetic was considered necessary a smell wheal was raised by
infiltration with 2 per cent novocain midway between the two spinous
processes. Under strict aseptic conditions & lumbar puncture needle,
previously sterilised, wes inserted in the mid-line perpendiculer to the
surface. When the needle was felt to penetrate the dura the stilette
was withdrawn and the esceping fluid collected in a sterile test tube.
It was customary to collect two samples to eliminate the possibility of
any blood cells being present in the first. The character and pressure
of the fluid were noted. The test tube was lebelled with the patient's
name, date and hour of collection, &nd dispatched immediately to the
laboratory. It was convenient at this time to take & specimen of blood
for blood culture. The blood was withdrewn from the medimm basilic vein
into a sterile syringe and 10 c.c. inoculated on Hartley's broth. Blcod
culture in infents was not performed if attempts to obtein a specimen by
this method were unsuccessful,

Trestment was commenced immediately after lumbar puncture had been
performed. The sulphonamide drugs employed were administered by mouth
in the form of 0.5 gramme tablets and their soluble preparations were
used in intravenous, intramuscular, end intrathecal therapy. When oral
administration was followed by vomiting, or if acidosis was suspected,
sodium bicsrbonate was found to have a beneficial effect. In most cases,

. eand &lways in children, the tsblets were crushed and given in milk,
A1l patients prior to the institution of treatment were givem a soap

end water eneme which was repeated every second morning during the acute

stage of the illness. Thereafter constipation was corrected by mild
sperients such as milk of magnesia, liquid pareffin, or syrup of figs. No
saline purgetives were administered during the period of treatment.
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In the general nursing of the patient due preceautions were teken in
order to prevent such complications as bed sores, stomatitis, end
the infection of herpetic lesions.

Patients admitted to the ward in a collapsed or comatose condition
were treated primarily for shock. The end of the bed was reaised, coramine
or other suitable stimulant was administered four-hourly, end additional
heat was provided by the use of hot water bottles and the electric cage.
Convulsions in infents responded favourably to repeated lumbar puncture.
Well padded beds or cots were uset_i‘_ when necessary to prevent the patient
from injuring himself. A nurse was in constsnt attendence upon
delirious end meniacel patients.

Fluid inteke. .

An adequate fluid inteke is of ‘the greatest importance in cases
of meningitis treated with the sulphonsmide drugs. When the patient
could swallow fluids were forced, end from four to five pints in
twenty-four hours during the first four days were considered to be
the ninimum requirement for adults. Proportionately less amounts were
given to children. In those cases where the patient was unable to
swallow, or severe sickness and vomiting persisted, intravenous
glucose selines were given at sixhourly intervals. It is no
exaggeration to say that the vigorous employment of intraperitoneal
salines to counteract the severe dehydration met with in infents was
a life-saving measure. In patients suffering from cerebrospinel
fever, constant vomiting end inability to swallow,combined with high

fever, ceuse severe dehydration end may lead to acidosis. This is

especially true in the case of infents and children. It is therefore
essential to restore &s quickly as possible the fluid and alksli balance.
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Diet.

Diet in the initiel stages of the disease was limited to fluids
administered in the form of milk, jellies, junket, etc. Glucose was
exhibited freely in the form of barley water, lemonade end "lucosade".
As the patient progressed, light diet was substituted and gradusally
sugmented until convealescente was reached. Enteritis was prone to
occur in babies and was often seen on admission of the patient to
hospital. In these cases normal salines were given by mouth four-hourly,
to be fc(allowed, if the condition improved, by equal parts of boiled milk
and water until the stools returned to normal.

Qther Drug Therepy.

Other drugs employed concurrently with the sulphonamide
preparetions consisted of syrup of chloresl end aspirin, the former used
in lerge doses to control the severe headache and délirium of the acute
cagse. It was seldom necessary tc administer morphine, although its
employment could not be said to be followed by any ill effects.

Examination of the Cerebrospinal Fluid,

Lumbsar puncture was performed on admission and repeated thereafter
at 48-hourly intervels. In some of the earlier cases in Series A the
period of time between the first and second lumbar puncture exceeded
forty-elight hours. An aversge of 5-10 c.c. of cerebrospinal fluid
weré removed on each occasion, except where there were marked signs of
increassed intra-cranial pressure when greater amounts were wlthdrawn,

a procedure which was found to contribute greatly to the comfort of the
petient. In no case was it found necessery to employ a general

ansesthetic in the performence of lumbar puncture. The provision of a

competent assistant with precise knowledge as to the proper position in
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in which to hold the patient ellows the operation to be performed
without difficulty. In one case increased turﬁidity of the fluid
necessiteted aspiration of the subarachnoid space, but in no instence
was it necessary to employ the cisternal route. With regard to tﬁe use
of & locel anaesthetic in the performence of lumbar puncture, personsal
experience has shown that this procedure cen be dispensed with in the
large majority of patients.

Eaéh specimen of cerebrospinal fluid withdrawn was immediately
centrifuged, end films made from the sediment were stained by Gram's
method. Cultures were slso made on tubes of boiled blood agar, snd after
incubation at 37°C. for 24-48 hours, films were made from the resulting
growth and stained by Gram's method. A positive bacteriologicel disgnosis
was recorded on finding Gram negative diplococci morphologically resembling
meningococcl either in the direct film from the cerebrospinal fluid
or by isolation on culture. In &all cases included under Groups III, I¥, ard
V; culture in glucose-broth was employed as a routine measure, either
as additional confirmation of bacteriological findings or as a means
whereby the causal orgenism might be isolated in those cases where
other methods had failed. A few cubic centimetres of one per cent
glucose~-broth were added to the centrifuged deposit and incubated at
37°C. for twenty-four hours, when films were made and examined. If no
growth resulted, sub-inoculations made on boiled blood ager from the
glucose-broth were incubated end examined 24-43 hours later. The sbove
methods were carried out in &ll specimens until the spinal fluid became

clear and sterile.

Exemination of Protein in the Cerebrospinal Fluid.

In Groups I and II &ll specimens of cerebrospinal fluid were examined
for the presence of protein by Pandy's test. The fluid was centrifuged
and the supernatent fluid decanted. To 1 c.c. of a saturated aqueous /
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aqueous solution of carbolic acid crystels was added the supernatant
fluid drop by drop until four or five drops had been added. The
presence of an immediete turbidity indicated excess of protein. The
test is efficient in the early stages of the disease but the same
reliance cannot be placed upon it at a later date, when one wishes
to assess the cerebrospinal fluid with regard to the presence of
protein, normelly present in the fluid to the extent of 10 to 35
mgms. per 100 c.c. This difficulty is appreciated more especially
when one has to decide when a patient is fit to be discharged from
hospital. In this respect it was thought that the quantitative
estimation of protein in the cerebroegpinal fluid would not only be a
more reliable guide but might have some prognostic significance, if
employed as & routine measure in the investigation of all specimens
of spinal fluid of patients ill with cerebrospinal fever. It was
decided to proceed accordingly in all subsequent cases of the disease.
The method adopted, the Colorimetric Biuret Method, for the estimation
of totel proteins is simple to perform and suitable for routine
clinical investigations, and cem be performed repidly and with a
minimum of apparatus. Other methods which cen lsy claim to greater
accuracy involve more time in their performance and as regards the
end result for the purpose of the present investigation possess no
obvious advantage.

The principle of the Biuret method is as follows: +the proteins
are precipitated by trichloracetic acid and the precipitate dissolved
in caust.:i.c soda solution. Copper sulphate is sdded and the resulting
“purple solution is centrifuged to throw down the suspended copper
hydroxide, after which it is matched against glass standards and the

result noted. These standards are supplied by Messrs. The Tintometer /



Tintometer Ltd., and are permenent coloured glasses. They are prepared
by matching in the Lovibond comparator e series of solutions of known
protein content. The following is the technique for the estimation of
totel proteins in the cerebrospinel fluid (Harrison, 197%9):-

A1l turbid or opalescent fluids aré centrifuged to remove cells
end the supernatant fluid used for the determination.

Mix in a graduated centrifuge tube:-

Cerebrospinel fluid 2 CeCo
10 per cent trichloracetic acid 2 CeCo

Mlow to stand for & few minutes until the precipitate clumps,
centrifuge thoroughly; end decant the supernatant fluid as completely
as possible by inverting the tube carefully and wiping the mouth with
filtef paper.
| Add té the precipitate 1 or 2 c.c. of distilled water and 0.5 c.c. of
20 per cent NaOH; shake till the protein has dissolved.

Add 0.5 c.c. of 5 per cent crystalline copper sulphate solution, end
water to exactly 4 c.c. Mix thoroughly for two minutes and centrifuge
down completely the precipitste of cuprous hydroxide.

The supernatent fluid is now transferred to a comparator tube which
is placed in the right-hand recess of the comparator. The fluid is
matched ageinst the first disc containing the glass standards (20 to 180
mgn. in steps of 20 mgm. per 100 c.c.) and the answer read directly. If
the unknown exceeds 180 mgm. the second disc (200 to 360 mgm.) is
substituted. Should the unknown be above 260 mgm. the test is repeated

from the beginning, using less cerebrospinal fluid and multiplying by

the appropriate factor.
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- All specimens of cerebrospinal fluid were examined according to
the above method with the exception of those which were blood-stsined
end in those cases where massive infection with meningococei made it
impossible to obtaein a clear supermatent fluid on spinning.

Dismisssl Lumbar Puncture.

A dismissel lumbar puncture was performed on the twenty-first day
after admission. A cellular coun£ was estimated immediately after
withdrawal of the fluid. For this purpose a white cell pipette was
employed along with the Fuchs-Rosenthal counting chamber. A watery
solution of methylene blue containing 5 per cent acetic acid was drawn
up to the mark 1 in the pipette and thereafter the fluid was drawn up
to the mark 11. Since the ruled chamber corresponds to 3.2 c.mm. the
number of cells divided by 3 (epprox.) is equal to the number of cells
per cubic millimetre.

A1 spinal fluids which revealed a cell count of less than 10
lymphocytes per c.mm. and showed a negetive reaction to the Pandy tecst,
or where the protein content was not more than 3 mgm. per 100 c.c., were
considered to be normal., It is not uncommon for petients to shew &
slightly raised cell count in the cerebrospinal fluid meny weeks after
the meningitis has cleared up. No patient was allowed up whose
cerebrospinal fluid did not satisfy these conditions. Dismissel

lumber puncture was repeated where necessary &t intervals of five

to seven days.

Clinical Exsminations.

Each patient underwent & clinical examination at least once per

day until all signs and symptoms of the disease had disappeared.

Temperature, pulse and respiration rates were recorded at four-hourly
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four-hourly intervels during the first week or longer, asccording to
the duration of the aéute'stage of the infection; thereafter morning
and evening observetions were teken. On the temperature chert were
also recorded the daily amount of sulphonamide drug administered,

and the time and date of lumbar puncture. Special asttention was paid
to the signs and symptoms of disease present on admission and their
duration. The manner in which investigations were carried out in the
cerebrospinal fluid has alreedy been described. Complications of the
disease and of therapy were noted, as was also the occurrence of
recrudescence and relapse. All élinical end bactericlogical data
including details of tf#eatment, specific and general, were recorded
on a specisl chart included in the case record of each patient.

The specimen chart sppended at the end of this chepter will illustrate
the plan whereby relevent data were recorded from each patient during
the course of the illness.

When complicetions such as ataxia, parslysis, etec, had not
entirely cleared up at the time of discharge from hospital or where
resolution of the meningitis had been slow, the patients were instructed
to return within four weeks for further examination. As a further
precautionayry measure details of the case were communicated by lctter
to the patient!s femily doctor. Those cases which returned to hospital
were thus kept under observation for verying periods until such time
as they were considered free from the sequelae of the disease. Where
necessary, patients after their discharge from hospitel were referred
to the out-patient clinic of the Eye Infirmary or the Ear, Nose and

Throat Hospitel.



Dosage and Administration of Sulphonamide Drugs - Initisl Treatment.

Series A,
Group_I - Sulphanilamide.

In the absence of determinations of drug concentraztions in the
body fluids a scheme of dosage (Table V) was evolved modelled largely
on that recommended by Benke (1978). Sulphanilamide was sdministered
orally according to age groups in the following dosage:-

Table V.
Initial Dosage of Sulphenilemide (Group I).

Age period in Yeears 0- 1- 5-15 | Over 15
Initial dose in grammes 4-hourly i0.5] 0.75 1.0 1.5
——— - 8
Daily amount in grammes 3 | 4.5 6 9
S ; N

In addition each case received an initialvintramuscular injection
of P c.c. of a 0.8 per cent solution of sulphenilemide. The solution
was prepared in the following meanner: 0.8 g. sulphanilemide was added
to a flask containing 100 c.c. distilled water. The sulphanilamide
was dissolved in the steam steriliser and the solution sterilized by
one exposure at 120°C. for one hour. In order to facilitate distribution,
the sulphanilamide solution was bottled in sterile containers to
hold 3 ec.c.

Group 1l - Sulphathiazole.

When it was decided to investigate the therapeutic possibilities
of sulphethiazole as compared with sulphanilamide in the treatment of
cerebrospinal fever, experimentel evidence was in favour of the former

drug but clinical trials were lacking. The optimum dosage of
sulphathiazole had yet to be determined. In those cases which were to
recelve the drug it was thought best that trestment be commenced along /



along lines similar to those employed in the sulphanilamide scheme of
dosage, (vide supra). 1In addition to oral therapy, an initisl
injection of 1.0 gramme was given intramuscularly, and in severe
cases intravenously in the form of the sodium salt (20 c.c. = 1.9
gramme) .

Subsequently the dose of the drug which had shown itself to
be well tolerated was increased. The revised scheme of dosage is
shown in Table VI and appertains to all patients admitted during
the period November 1940 to December 1940.

Table VI

Initial Dosage of Sulphathiazole (Group II)

Age period in Years 0 - 1- 5 <15 | Over 15
Initial Dose in grammes 4-hourly { 1.0 1.5 1.75 2.0
Daily amount in grammes 6 9 10.5 . 12

Each case received an initial intramuscular injection of 20 c.c.

of the sodium salt.

Series B.
Groups IIT and IV.

In this series of cases sulphanilemide was administered intra-
thecally in addition to oral and intramuscular therapy. According to
the amount of spinal fluid withdrawn at lumbar puncture, 5 to 20 c.c.
of the 0.8 per cent solution were injected slowly into the subarachnoid
space. The amount introduced was always less than the amount of fluid
withdrawm. Care was taxen to see that the solution was warmed to body
temperature and was free of sulphanilsmide crystals before injection.
One intrathecel and one intramuscular injection only was given on

admission, thereafter medication was continued by mouth alone.
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Available evidence does not sppear to indicate that any advantage
is to be gained from the intrathecal use of solutions of sulphenilamide.
Reference has already been made to Cawthorne's statement that the
intrathecal administration of sulphanilamnide is unnecessary since the
drug quickly finds its way into the cerebrospinal fluid when given
by mouth or parentérally. Schwentker (19%7) and his associates, and
Eldéhl (1933), reported favourably on this mode of administration and
Crawford and Fleming (19%3) found it most useful in those cases where
the fluid failed to become sterile and where the meningeal symptoms
did not clear up rapidly. There is no doubt that oral therapy alone
is satisfactory and possesses the obvious advantage of simplicity,
but it mustvalso be contended that an initial intrathecal injection of
sulohanilemide produces in the spinal fluid an immediate concentration
of the drug sufficient to exert & therapeutic effect until such time
as a requisite level in the cerebrospinal fluid is obtained by
oral dosage.

No untoward effects either local or systemic followed the intre-
thecal injection of sulphanilamide. There was no evidence of increased
meningeal irritation following its use. This mode of administration
was found to be least satisfactory in infants, where in some cases
inability to obtain sufficient amounts of fluid necessitated the
introduction of only very small doses of the drug. Such difficulties
were met with in these cases which had been lumbar punctured some

hours previous to admission to hospital.
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The scheme of dosage of sulphanilamide adopted for Groups III and
IV is shown in Table VII. By this time (Januery 1941) the case incidence
had risen sharply end en epoarent increase in severity of the infection
was noticed. It will be seen that, compared with Group I series of
cases, with the exception of the zge group 0-1 years, the initisl
dosage has been increaced for all sge grouvs, & step thought to be
justifiable in view of the fact that the infection appezsred to be
assuming epidemic proportions.

Table VII.

Initisl Dosage of Sulphanilemide (Groups III and IV)

—~-' - — o p——— . . —]

Age period in Years J 0 - l lh:té 5-15 [ Over 15
Tnitiel Dose in grammes 4-hourly) 0.5 | 1.0 | 1.5 |

f — e e —— . - o - — e e e - —————

! Daily emount in grammes 3 i 6 9 | 10.5 '

I B ————————— !

- it — e

.Each case received an initiel intremuscular (%0 c.c.) snd intre-
thecal injection (5-%0 c.c.) of a 0.8 per cent solution of
sulphanil smide.

Meningococcus Antitoxin,

Meningococcus antitoxin was exhibited in Group IV series of ceses
in conjunction with sulphanilamide. Meningococcus antitoxin was
developed by Parke Davis snd Company following the discovery by Ferry
of meningococcus toxin. Ferry ana his associates (193l) first reported
that bacteria-free filtrates of the four Gordon types of the
meningococcus contain specific soluble or extra-cellular toxins and thet
enimels immunised with these toxins develop true entitoxine which sre

homologous to the four types and in a lesser measure common to all types.

Subseguent animal experiments by Ferry et al., (19%2-%4), showed that
meningococcus antitoxin had a curative effect against the live virulent

meningococcus, as well as & neutralising action on its specific /



specific soluble toxin. Such reports seemed to Jjustify the use of
meningococcus antitoxin in clinical practice. Hoyme (19%5) reported
favourably upon its employment in eighty-five treested ceses. The fatality
rate including fulminating cases dying within forty-eight hours of
admission was 2%.5 per cent compared with a fatality rate of 45.9 per
cent in & comparable series of cases treated with sntimeningococcus
serum. The experimentel entitoxin used by Hoyne wes of the same lots
reported on by Ferry end was prepared by injecting horses subcuteneously
with increacing doses of the individual solutle toxins of the four
types of meningococci. The antitoxin property of the serum was
determined by its ability to neutrelise toxin and by its ability to
protect laboratory enimals from lethel doses of toxin and culture. The
entitoxin was administered by the intrevenous, intramuscular and
intrathecal routes but large intravenous dosage without intrathecal
treatment was recommended as the most satisfactory method of therspy.
Hoyne stated that meningococcus antitoxin had reduced by approximstely
50 per cent the deaths from cerebrospinal fever at Cook County Hospital.
Reference has already been made (Chapter I, p. 20) to the reports
of Branhem end Rosenthsl on the combination of sulphanilemide and serum
in the trestment of experiment;lly produced meningococcal infections.
Banks (1978) obteined satisfectory results with meningococcus antitoxin,
recording a fatality rate of 12.3 per cent in sixty-five patients i1l
with cerebrospinel fever. He administered the antitoxin intravencusly
in edults, end in infants by the intraperitoneal route. It is of
interest to note that Burtenshaw (1978) investigated the cerebrospinsl

fluid of these cases receiving meningococcus antitoxin by routes other

than the intrathecel route and showed that while the presence of /
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of horse-protein could be demonstrated for meny days in the fluid, it
occurred in so small emounts and so varisble as to render slight

eny possible local therapeutic effect. Other availsble reports on
combined serum snd drug treatment have not so far been su%ficiently
extensive or controlled to be of eny sipgnificance. Definite
conclusions cannot be drawn until large series of pstients have been
treated alternately by the two methods. Whitby (1928) reports thet
clinical evidence is in favour of combining intraperitoneal end
intravenous serum therapy with sulphanilamide in severe ceses; it is
unnecessary in the mild type of csse in the favourable age-group, 5-
20 years, where the drug &alone is sufficient., Harries (1940) in an
account of 200 cases treeted with sulphapyridine employed
meningococcus antitoxin with favourable results in fulminating forms
of the disease.

According to Ferry the symptoms of the disease cauced by the
meningococcus are an index of a profound toxaemia and he claimed thet
beneficial results might be obtained by neutralising the toxin with
antitoxin. On this hypothesis an initial dose of polyvalent meningo-
coceus antitoxin, in conjunction with sulphenilemide was administered
to e series of cases (Group IV), end compered with & similar series
(Group III), treated contemporaneously with sulphanilegpide alone.

The antitoxin in & half to one pint of physiologicel solution of
sodium chloride was introduced intravenously in adults and in
infants by the intraperitoneal route. Adult dosage consisted of
20,000 units and in infants half that amount was given. This dosege

was repeated in twenty-four hours if the condition of the patient

seemed to require it. Prior to the initial injection, & skin test for



- 46 -

for sensitivity was'perfozmed in a menner similer to the Schick

and Dick tests for susceptibility to diphtheria and scarlet fever
respectively; 0.1 c.c. of &1 in 10 dilution of the antitoxin

was injected into the skin of the volar surface of the foresrm. A
rapidly enlarging elevation of the skin at the site of injection
becoming urticariel in appearance within five to twenty minutes, and
surrounded by a zone of erythema, was indicative of hypersensitivity.
In one cese where a positive reaction wes obteined, entitoxin was
withheld. While no case developed enaphylaxis following the injection
of antitoxin, ordinary serum sickness occurred in a number of patients
and presented difficulties which will be discussed later under
complications of therapy.

Series C.

Group V. Sulphapyridine.

The oral dosage of sulphapyridine employed in Group V cases is
shovn in Table VIITI. In severe cases 3 c.c. of the sodium salt
(equivelent to 1.0 gramme sulphapyridine) ‘were given intrevenously
in 10-20 c.c. of sterile saline. It ,will be seen that the initiel
dosage is high compared with previous chemotherapeutic sgents employed.

Tsble VIII.
Initiel Dosage of Sulphepyridine (Group V).

Age period in Years IO S T T 5 I Tover 15
- - . m‘.ir_.......,-..-— - JiV
Initisl Dose in Grammes 4-hourlyt 1.0 1.5 1.75 2.0 '
- S - et - s o —————r]
Daily emount in grammes 16 9 10.5 12 ¢

Experience with sulphanilemide had shown that, provided an adequate

fluid inteke is maintained during medicetion, the denger from the more

serious drug complications is small. It was not anticipated therefore

/
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therefore that eny untoward effects would be encountered in petients
treated with relatively larger initisl smounts of sulphapyridine if
similar precautions were observed. No intramusculer injections of the
drug were given in view of the danger of damage to the soft tissues.
Thrower (1940) has pointed out that the sodium sslt of sulphapyridine
has an salkalinity equivslent to N/10 hydrochloric acid, and hss
demonstrafed necrosis of muscle fbllowing intramuscul ar therapy.

With regard to intrathecal treatment with sulphapyridine, this is a
mode of administration Which cannot be too strongly condemned. Hunter
(1940) instances two cases where sulphapyridine was introduced into
the subarachnoid space. Case 1 developed a dropped foot which had not
completely cleared up after an intervael of two months; in Case 2, &
subsequent lumbar puncture fziled to withdraw fluid and weeskness of
the legs persisted. Weil (1940) mentions the case of & girl who was
given intraspinsl injection of the sodium salt and developed paraplegie.

Subsequent Treatment -~ All Groups.

The initial dose of the drug by mouth was maintained at 4-hourly
intervels for & period of 24-48 hours, when dosage was reviewed in the
light of clinicel end bacteriological findings. As s general rule
when the drug was well tolerated no reduction in dosage was permitbed
until the cerebrospinal fluid had become sterile. The presence or
absence of orgsnisms in the spinal fluid was one of the main criteria
by which one decided when the high initial emounts of the drug employed
should be graduated downwards to a reduced maintenance dose. Medicstion

was continued on a 4-hourly basis for e minimum period of seven deys,

but was reduced to twice or three times daily over the last few days of /
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of treatment. In Table IX the totel cases, excluding deaths, have
been tebulated in each group to show the duration of therapy.

Teble ;g;

Duration of Therspy in Recovered Cases.

Duration of Therapy . Group
(Days) P 1 J1r tomn | 1v [ v |Totel |
| 5- 7 ] 22 | X 5 1 17| 66 !
8 - 10 3 7 16 22 48 96 ‘
11 - 14 5 2 | 13 12 16| 48
Over 14 4 4 1 9
Total 35 | 33 | 3 3% {82 29

When convslescence was definitely established and when the
temperature had been normal for &t least three to four days,
chemotherapy was discontinued. This scheme was strictly adhered to
throughout the investigation except in cases where the occurrence
of certasin toxic menifestations necessitated cessation of trectment.

Alkeli was administered in the presence of vomiting, &and when
this occurred immediately folléwing the drug, the sulphonamide employed
was repeated when the patient had settled down. When difficulty in
swallowing was experienced, such as in comatose patients, the tablets

were pulverised and given in a solution of 5 to 10 c.c. of water or

milk by nasal tube.
Deily blood exsminations were not performed in the early stages of

the disease except where there was a special indication for doing so,
but in all ceses where the period of medication exceeded ten dsys,
routine blood exeminations including differential white cell counts

were performéd. No case of sgranulocytosis was encountered. Micro-

scopic examination of the urine was carried out in the presence of

albuminuria or heematurisa.



Chart showing Method of Recording

Relevent Deata.



Name: M. E. Age 13 yrs.

Number: 29. Ocecupation: Clerkess.

Day of Illness on which admitted: Thi rd.
Early Symptoms: Pain in back - stiffness of neck - insomnia.

Concurrent Disease: Nil.
Duration of Stay in Hospital:

Temperatiure.sccssssseserssssses
PulSBesecerasenneerasesssocnne
Respiration..ieeveeseccenvsens
HeadacChesseeseerorssanossnsass
Insomnifeeceesacsenssessassoscse
DeliriuMeseceeescessnecesennes

Comaovooo--oono‘.to'»o-'ooooo.

ConvulsionSeccesecsecocsancess
Hyperaesthesigiceeetvacsceenss
Irritabilityesececcescnscesses
PhotophobiBeesesececcnennnscna
StrablsmusS.eeeescscessssancses
Tendon jerkSceesessscessosccee
PlantarSeeceecccescesssscenssss
Nuchel rigidityeesecesoeserses
Head retractiolescccacsseceese
Brudzinskisceesesessneonssesans
Kernigeseseeveosssssenscsesnnee
OpisthotonesS.eceieceseossesvsnanes
CyanosiSeesssescscssccescnssns
HerpesSeseesesenssssssorsnsesan
RaSheseesssssrescccssessancces
RetentioNeeesecoessocacnansens
Incontinenceeessescessosscssssss
Delydrationecesceecssscsessses
Degree of TllnesSSsceescsssesss
Condition on Dismiss&leecsssess
Condition on Reportingessese..

23 days.

Series B. Group III.

On
Adm.

Day of Illness

3

4 5 6 7

100
104
24

+
+

+

- ©
+ 4+ 1+
< e

L+ + 0+

Mod. Sev.

Slight facial paralysis.
Condition satisfactory.

101 |99 |98 98
100 {90 |86 90
B |22 |22 24

b+ +$ ++

Q—
e
[ TR N T R R SR iy | 4-: I L R I O N |
¢
(—
<«
e

Mod.|Mod.| ild| Mild

Drug:

Sulphanilamide.

On admission 1.5 gramme 4-hourly for 3 days.

Thereafter 1 gramme

4-hourly.

Total Dose 57.0

graame.




Fluids: By iouth.
Intravenous Nil.
Intrafontanella "
Intraperitoneal n
Rectal salines n

Chart (contd.).

C.S.F.: On Admission. 48 nrs. 96 hrs. 2lst day.
How obtained L/pP L/P L/P L/P
Pressure ++ + -+ + N
Turbidity Turbid Turbid Clear Crystal clean
Amount 30 c.ce 20 c.c. 10 c.c. 5 ce.cCe
Organisms Meningococei | Meningococci Nil Nil
% Extracellular Numerous Scanty Nil Cell count
% Intracellular Numerous Scanty Nil 20/% p.c.mm.
Culture on . ‘s . Cells:
Positive Positive Negative
Blood Agar o8t = Lymphocytes
Pandy Positive Positive Positive| HNegative
Protein
(igm.per 100 cc. 220 220 100 )
Blood Culture:- Negative.

Complications. Day of illness

Respiratory Nil

Paralysis Left faciel paralysis On admission

Eye Ptosis right eyelid,bilateral.| On admission
Strabismus; Diplopia.

Ear Partial Deafness On admission.

Arthritis Nil.

Recrudescence | Nil

Relapse Nil

Chronicity Nil

Other Nil




Chart (contd).

Complications of Therapy. Day of Treatment.
Drug Cyanosis Hil. -

"  Rash n -

" Fever " -
Sickness and Vomiting " -
Other n _
Serum Sickness No Serum given -




Temperature Chart of a Recovered Case

of Cerebrospinsl Fever.
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CHAPTER IIT.

RECORD OF RESULTS.

The object of this chapter is to analyse and compare the sevsral

treated groups snd to draw conclusions from the results as to the
ei'fectiveness of the methods of treatment employed. The methods of
treatment are sulphanilsmide, sglphathiazole, sulphanilamide plus
meningococcus antitoxin (Ferry) and sulphapyridine respectively.
The groups whose arrangement has already been described fully, are

shown in Table I.

Table I.

Treatment Groups I - V.

Series Group No. of Cases. | llode of Therapy.
A I 37 Sulphanilamide
II 39 Sulphathiazole
B III .40 Sulphanilamide
Sulphanilamide
v 40 plus
Meningococcus
antitoxin.
C v 100 Sulphapyridine.

No attempt has been made in this study to compare serotherapy with

chemotherapy in cerebrospinal fever. Such an investigation would heve
necessitated the employment of serum as the sole mesns of therapy in a
large nunber of patients, a procedure which must be considered
unjustifiable in view of the excellent results already obtained in the
field of chemotherapy. A vast amount of clinical evidence has been
collected to demonst;ate the superiority of the sulphonamide drugs over
former methods of treatment, much of it admittedlj lacking statistical

enalysis. But such evidence is sufficiently convincing to render /



- 50 -

render unjustifiable the withholding of sulphonamides from any
patient known to be suffering from cerebrospinal fever. Furtheruore,
the present severe epidemic has presented the first real challenge

to the efficacy of chemotherapeutic agents formerly employed in the
sporadic and milder forms of the disease. It was felt that the
moment was opportune to test under epidenic conditions the relative
merits of sulphenilsmide and its derivatives. The difficulty of
comparing one sulphonanide with another as regards its effectiveness
in cerebrospinal fever is recognised. It is well known that- the
diseaSe‘varies greatly from patient to patient and from time to time
in a community. Results are more likely to be conclusive where s
large series of patients are treated with each drug during the course
of one epidanic>over & limited period of time. In this lstter respect
the present study is fortunately planned.

Before any comparison could be made between the treatment groups
it was important to ensure as far as possible\that each group actually
was equél in every essentlal respect save that of treatment. 1In
Series A and B (Table I) where the respective samples of patients
were treated contemporanecously, it has already been explained how the
method of ellocation of alternate cases to the different treatment
groups was applied. By this means it was hoped to avoid bias or
nselection® and thus render each group equal in all influential
respects. Series C was not treated contemporaneously with Series A
or B but since all three series of patients were derived from the one

epidemic it was hoped that any influential factors requiring

consideration would be equally distributed among them.
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It must be stated at the outset that the 256 cases are not fully
representative of epidemic cerebrospinsl fever as it occurred in
Clasgow during the period under review. No account is taken of
edolescent and adult male patients suffering from the disesce. As
has been previously stated, cerebrospinal fever psatients admitted to
Ruchill Hospital include adult femeles and children of both sexes
up to and inclucing the age of five years. It will be seen therefore
that thic sample cennot be considered as entirely free from selection,
nor cén the results obtsined from its emelysis be applied to thé
universe as a whole.

Reference has already been made to the absence'of statistical
anelysis in previously published reports on serotherapy and chemotherepy
in cerebrospinal fever. It has been considered hitherto sufficient
to record a low deeth rate as the criterion of success. It is agreed
thet in a disease such as cerebrospinsl fever with high fatelity rates,
the efficacy of one method of treatment over another must primerily
be judged according tc the number of lives saved. No investigation,
however, which involves comparison between treatment groups can be
complete without the consideration of other verisble factors such as
age, day of illness, etc., which may be assumed to play en important
role in the outcome of en attack of cerebrospinel fever. These
variables are many and it is evident that they must be congidered
Eefore & definite opinion can be expressed with regerd to prognocsis.
Nevertheless a study of present-day literature has shown thst no
attempt has yet‘been made to essess their prognostic sigﬁificance by

statisticel methods. Former epidemics have provided material for the

clinicel evaluation of certesin prognostic factors in cerebrospinal- /
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cerebrocpinal fever &nd this knowledge hes been applied by
cliniciene investigating the precent outbreek; but it is wrong

to assume thet the experiences of former epidemics &are necessarily
those of the present. It is well known how widely the disease
varies in its epidemiology. Chemotherapy alone hes sltered the
whole course of the infection and a statisticel study of clinicel
date obtained under modern methods of treatment can be the only true
and reliable guide to the prognosis of cerebrospinal fever in its
present epidemic form.

For the purposes of the present investigation a statisticel
study of some of the varisble factors operatihg has been made in
order to determine thelir prognostic significance. By this means
it will be possible to show, (1), how the seversl trestment groups
might differ in respect of prognostic factors, end consequently (2),
to say whether the patients in each group had initielly the seame
chence of recovery. The above procedure must naturslly be a
preliminery to the chief cbject of the investigation, viz. a

. comparison between the several treatment groups.

A. A Study of the Fatelity Retes in 256 ceses of Cerebrospinel
Fever trestea by Chemotherspy, in_respect of certain Factors
of possible Prognostic Significance.

i. Selection of Probsble Prognostic Factors:
There sre meny variable factors apart from fatality which have

been shown by previous writers to affect the outcome of an &atteck
of cerebrospinel fever. Those to which sttention hes been paid
in the past are dey of illness on admission to hospitel, age and

sex of petients suffering from the disease. In addition to those

three factors I have selected from the aveilsble clinicel end /
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and becteriologicel cate others likely to be of ecual help in
assessing prognosis of the infection as it occurred in the present
seriec of cases. It was not considered necessary to utilise 211
the data collected but only those observetions whose frecuency
among patients who recovered and patients who died, seemed to
indicste that they had some prognostic significence. The commonest
locelising signs of the disease, namely, Kernig's sign, nuchel
rigidity, end Brudzinski's sign, (the first two present in over 90
per cent of the 256 cases), sre veluable aids to diagnosis but of
little importance as guides to prognosis. At the opposite extreme
clinical signs which occurred very infrecuently, such as photophobia,
present in only © per cent of the cases, do not justify further
investigation.
Before proceeding to discuss the question of the

assessment of factors of prognostic significance z short

note may be written on two observations; (a) Protein content

of the cerebrospinal fluid and (b) Bactersaemia,

(a) Protein_ Content of the Cerebrospinel Fluid. A repid

' and progressive fall in the protein content of the cerebrospinal
fluid is indicstive of quick resolution of the infection.
When the protein content remains high there is a denger
of permanent sequelae. The figures obteined of protein
estimstions have not been included in the statisticel
assessment of prognostic significence since they are
incomplete. It was not possible to collect & sufficient

number of patients in whom the protein content of the spinal

fluid was estimsted in each case at 48-hourly intervals

from the first day of treatment until convelescence was /



was esteblished, This wes due in a large measure

to thégfact that once the cerebrospinel fluid was
prenounced cleer and sterile no further samples were
withdrawn. Furthermore fluids which contained e trace
of blood or were insufficient in qusntity were discerded.
In Table IT ere recorded the totel protein estimations
performed at the time of lumbar puncture in recovered
cases only. These figures are presented in order to
illustrete the fall in protein content of the cerebro-
spinel fluid coincident with the recovery of the
patient. It will be noted that of 122 patients

lumbar punctured on admission to hospitel, sixty-seven
or 54.92 per cent procduced & cerebrospinsl fluid which
registered a protein content of 200 or more milligramnes
per 100 c.c. By the third and fifth day of treztment
only twenty-three out of 125 samples of cerebrospinal
fluid (18.40 per cent) and three cut of 116 samples of
cerebrospinel fluid (2.59 per cent) respectively, showed

readings above %00 milligrammes per 100 c.c.

Table II.
Protein Content of the Cerebrospinal Fluid.

Day of I T Protein- TTotEl T
Triazment } Milligrammes per 100 c.cC. P?ote%n t
| _0-__50- 100~ 200- 500- 700 + Eetimaticns |
~1st | & EE T
[ 3rd 4 21 219 4o b 12
.. .5th 12 4 6 3 g lle
7th | 5 24 11 4. .. 40
9th ... 2 ___ . S B —
21 91 200 67 18 8 405



(b) Bacteraenmie. There viere relatively few instsnces
among the 256 cases where cultivetion from the blood led
to & positive result. The reasons for this are twofold:-

(1)The transient nature of the meningococceaenia.
Observetions have been recorded where a positive culture
was followed in the space of a few hours by a negative
result. (2) Patients are seldom seen in hospitel
during the pre-meningitic stage of the disease. Indeed,
cerebrospinal fever is raerely diagnosed until the onset
of meningitic symptoms, by which time the meningococci
have left the blood stresm end localised in the sub-
arachnoid space., Consequently in the majority of cases
blood culture could not be expected to yield positive
resulte.

It has alreedy been explained that blood culture
was not performed in all of the 256 cases under review.
Where mechanicel difficulties prevented a sample of the
patient's blood being withdrawn by venupuncture, no
attempt was made to procure a specimen by other methcds.
This applied more especially to infants up to the age
of five years who comprise more than 50 per cent of
the total cases. It is noteworthy, however, that in the
nine cases where a positive result was obtained (approximately

seven per cent) only two recovered. Although the figures

are obviously too few to draw conclusions, it would
appear that the presence of an acute meningococczenie

is of grave prognosis.
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The following factors were selected as worthy of investigsation
from the point of view of prognosis:~
Number of days ill prior to admission to hospitel.
Age.
Sex.
Presence of Herpes Febrilis,

Initiel Tempersture,Pulse Rate, snd Respiration Rate.

Presence on admission of Coma

) n n " Delirium

n n " " Convulsions

n n " " Headache

" n n " Rash

" " " " Head Retraction
n n n " Opisthotonus

W ] f " Strabismus

Cheracter of Cerebrospinal Fluid on Admission.
Presence of Meningococcl in Cerebrospinsl Fluid on Admission.
The clinical &end bacteriologicel observstions are, with the
exception of herpes febrilis, those recorded on the patient's
admission to hospital. They are therefore initial findings
uninfluenced by treetment. The figures for herpes febrilis will
include the occurrence of this sign on admission to hospital end during
the course of the illness.
Our first task is to determine the prognostic significance of
the sbove vsriables in the present study and thereafter to find if

any difference in these‘respects occurs in the five treatment groups.



ii. Assessment of Prognostic Factors in Respect of Clinical Severity.

o < gl —

- —————————— ——— o ———

A brief clinicsl summary of the types of infection met with in
the investigation has elresdy been meade. The cases were classified
according to severity, ss fulminsting, severe, modérately severe, sand
moderate. Coma, delirium, convulsions, and generalised rashes were
most prevelent in the fulminating snd severe forms of the disease.
khere the attack commenced abruptly and the infection progressed to
a fatal issue within 24-48 hours one or other of these signs was
rarely gbsent. Marked head retraction and opisthotonus were similarly
associated with particularly acute types of the infection. They were
never seen in cases classified as moderately ill. .The presence of
strabismus at the outset of an attack was taken as evidence of a
widesprezd meningeal invasion. Strabismus was noted in the presence
of a frankly purulent cerebrospinal fluid end, in a few cases, in
conjunction with other forms of paresis.

Turbidity of the cerebrospinal fluid did not appear to have
the seme importance as an index of severity. A purulent fluid as
opposed to an opelescent fluid was not necessarily a sign of
increased severity. It is more difficult to assess the degree of
jllness from the number of orgenisms in the cerebrospinal fluid and no
attempt has been made to show whether such a correlation exists,
but cliniesl observation alone has shown that where the meningococci,
as seen in a direct smear of the cerebrospinal fluid, were in
abundance and more especizlly where they were extracellular, the

infection ren & much more severe course; indeed one was able to say

with a feir degree of confidence that when the meningococci were

scenty and intracellular or where one was unable to discover the /
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the organism after a prolonged search, the outlook was favourable.
It must be remembered,of course, that in the rare fulminating forms
of the disease where the patient dies before the meninges are
invaded, lumbar puncture reveals a clear and sterile fluid.

iii. Determination of Prognostic Significance by Statistical ilethods.

It has been shown how signs and symptoms were selected as factors
worthy of consideration in the investigation of prognosis in the
present series of cases. The severity of these signs and symptoms
has been assessed on clinical grounds, when it was observed that the
majority were assoclated with the more severe forms of the infection.

It is now proposed to determine the prognostic significance of the
several factors by statistical enalysis of the differences found between

those who recovered and those who died.

Day of Illness on admnission to hospital.

The earlier the disease is diagnosed the sooﬁer is treatment
instituted. All observers in the past were agreed that early treatment
offered one of the most hopeful of prognostic indications. Patients
admitted to hospitel late in the disease are more likely to succunb or,
if they recover, to show permanent sequelae in the form éf mental
impairment, nerve deafness, etc. The relation between nervous
complications and the day of illness will be discussed in a later chapter.

The accompanying ﬁable (Table III) shows deaths and recoveries
in relation to the number of days of illness prior to admission to

hospital in the 256 patients.
’ Table III.
Deaths and Recoveries in relation to Day of Illness.

Days| 1-] 2-| 3| 4~ 5 10-15 Total
D | 6|12 71515 2 37
R | 8 | 5052 |42 |62 5 29
Total (14 | 62| 59( 47 67 7 256 !
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The case fatality rate in relation to day of illness is showm in

Table IV,
Table IV,
Case Fatality in relation to Day of Illness.

Days i1l Case Fatality
prior to Cases.| Deaths. Rate
Admission. per cent.
1- 14 6 42.86
2- 62 12 19.35
2 59 7 11.86
4- 47 5 10.64
o 67 5 7.46
10 - 15 7 2 28.57
Total 256 37 14.45

To determine the statisticel significance of the differences
between recoveries and deaths in respect of the day of illness,
the X° test is adopted. (In calculating this the assumption is
made that there is no relation between day of illness and fatality.
If these two factors are indeed independent, we should expect ean
equal proportion of deaths and recoveries for each day of illness.
We then determine whether the differences between the actually
observed and the expected figures might frequently or only in-
frequently arise by chance in samples of the above size. If we
find that the differences from our assumed uniformity are such as
would only arise very infrequently by chance then we may reject the
original hypothesis that day of illness and fatality are unrelated.
We shall be in a position to state that the differences observed in
fatality rates are real,in that they would be unlikely to disappear

if we took another sample of patients of equal size.).



The statistical technique involved is demonstrated in Table V

which shows the observed and expected numbers of deaths and recoveries

for each day of illness:-

Table V,

Deys i1l Deaths Recoveries
prior to | Observed | Expected Observed | Expected Total.
Admission. Number. | Number. Number. Number.

1- 6 2.02 8 11.98 14

- 12 8.96 5 53.04 62

3 7 | 8.53 52 0. 47 9

4- 5 6. 79 42 40.21 47

5- 5 9.68 62 57.32 67
10 - 15 2 1.01 5 5.99 7 '

Total 37 219 256 |

It will be observed that the number of patients admitted to
hospital twenty-four hours after the onset of illness is fourteen
out of the total 256 patients, or 5.47 per cent. The number of
deaths we would expect to find &n our hypothesis would therefore be
5.47 per cent of 37, or 2.02, and the number of recoveries 11.938.
The expected number of deaths and recoveries is thus calculated for

2

the days of illness in the first column of the table. X“is equal

to the sum of all the velues of (Observed Number minus Expected Numbez%

Expected Number.
The various differences found between the observed and expected

numbers are therefore summed up in X2 which is interpreted by means

of Fisher's table. It only remains to find the value of n, which is

the number of "cells" or sub-groups which can be filled up independently

of the totals in the margins at the side and bottom of the table.

We now obtain the value of P or the probability of such a divergence

arising by chence. As a conventional level, a P of 0.05 or less is /
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is usually teken as "significant."™ If P is greater than 0.05 then
the observed values do not differ from the expected values by more
than migzht reasonably be ascribed to chance, while if P is less
than 0.05 then it 1s likely that they do differ by more than might
be ascribed to chance.

In the present example Xz is equal to fifteen and n, the number
of independent sub-groups is five. For these values Fisher's table
gives a probability of 0.0l. If our hypothesis}that we ought to
have observed the same pefcentage of deaths and recoveries for each
day of illness is true, that is, if day of illness and fatality are
not associated, then in the different sub-groups of the size shown
we might have reached merely by chance the different percentages
actually observed about once in a lndred times. Once in a hundred
times can be taken as an unlikely event. We may therefore conclude
that our original testing hypothesis of equality is wrong and that it
is.more likely that there is a relation between day of illness and
fatality; in other words, the number of days of illnessvprior to
the patient's admission to hospital is of prognostic significance
in cerebrospinal fever.

The difference in the number of deaths from uniformity is most
striking in those patients who were admitted to hospital within twenty-
four to forty-eight hours of the onset of the illness. The higher
fatality rate in this group, the reverse of what might be expected,
may perhaps be explained by the fact that patients admitted on the
first day of illness were likely to contain an abnormal proportion

of cases in which the onset had been sudden and abrupt; such cases

are likely to be of a severe character. This applies particularly

.to the fulminating type of infection. The presence of coma, /
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coma, delirium, conwvilsions and generalised petechial rashes, signs
indicative of severity, at once attract attention witn the result that
the patient is removed to hospital without delay. This fact accounts
for the higher death rate in patients admitted to hospital early in the
disease. The relationship between signs indicative of severity and

the day of illness on admission to hospital is shown in the
accompanying charts. It will be observed that patients in whom the
onset of illness was characterised by coma, delirium, or rash, tended
to be admitted to hospitel earlier than those in whom these signs were
absent. The relatively low death-rate in the group of patients admitted
to hospital between the third and fifth days of illness can be
explained by the fact that patients who have survived the infection
untreated for three to five days may be considered to have a greater
immunit y and therefore a better chance of recévery. The dangers of
delay in treatment, however, cannot be assessed solely in relatioﬁ to
deaths and recoveries. Of the five patients who survived_in the

group admitted to hospital between the tenth and fifteenth day of
illness, two developed internal hydrocephalus and one suffered from

mental impairment.

Age of the patient.

Mortality is heavier in infants and adults over forty years. It
is greatest in infants under two years of age, tends to decrease towards
~the twentieth year, when it rises again with each subsequent decade
(Worster-Drought and Kennedy). The following percentages from cases
adnitted to the Mount Sinai Hospitel (1901-1906) sre given by Heiman

and Feldstein and quoted by Worster-Drought and Kennedy, (Teble VI).
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Teble VI.
Mortality in relation to age (Heiman and Feldstein).

Age Mortality

(Years) (per cent).
1 4
> | &
3-5 4
5-10 : 40
10-15 39
15-20 48
20~-20 45
20-40 6%
40-%0 67
50-60 100

Worster-Drought and Kennedy showed thet in serum treated cases the
heavier mortality was still within the first two years of life.

The age distribution in relation to deaths and recoveries in
the present‘series of 256 cases consisting of females end of children
of both sexes up to and including the age of five years treated

with sulphonsmide drugs was as follows:- N

Table VII.
Deaths and Recoveries in relation to Age.

‘Age Group (Years)| 0- 2- 1- 5= 10- 15- 20- 40-60 Topel |
D 4 7 103 1 3 5 4 37
R 20 18 65 19 14 22 46 15 29
Total 24 25 75 22 15 25 &l 19 256

The percentage fatality in relation to age is shown below:-

Table VIII.
Case Fatality in relation to Age.

Age (Years) Nﬁgﬁer of | Deaths. Cese Fatalily |
ases., Rate per cent.
0~ 49 11 22.45
1- 34 5 14.70
2- 4 5 12.1
5~ 22 3 1%, 6%
10~ 40 4 10.00
20- 51 5 9.80
40 - & 19 4 21.05
Total 256 37 14.4%
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It will be observed that while the fatality rate in cerebrospinsl
fever has been greatly reduced under modern methods of trestment
compared with serotherapy, (see chart, Chapter I, p.4), it is still
heaviest in the early and late years of life. Of the thirty-seven
patients who died, twenty-one or 56.7% per cent were under the age
of five years, and four or 10.81 per cent were between the ages of
forty end sixty years.

The above observations upon age and case fatality rate in infancy
are in accord with the figures produced by Williams in her report
covering 102 cases of cerebrospinal fever under the age of sixteen
vears treated by chemotherapy between January and May 1940. Williams'
percentage fatality is shown below (Table IX).

Table IX.
Age and Case Fatality Rete (Williams, 1940).

Age (Years). Nuzz:zs?f i Deaths.é CaseRZiZallty E
|  per cent.
0-1 21 4 ; 19.0
1-2 17 3 | 17.6
2-5 2 4 | 133
5-10 16 0 0
10 - 15 18 2 11.1
Toteal 102 13 12.7

Williams' fatelity rate under two years is similar to that in
my own series of cases, namely, 18 per cent.

Table VIII shows thet fatality is greatest at the lowest and
highest age groups and shows & progressive increase in older life.
Statistical analysis gives a vealue after X2 equal to 4.9, which however
is not definitely significant.

In Table X,I have aggregated the notifications and deaths returns

for Glasgow as a whole over the decenniel period 19%1-40 and from /
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from these calculated the fatelity reztes at ages. The actusl fatality
rates age for age are sppreciably 1in excess of the corresponding

figures in my own series but it will be observed that the genersl trend

with age is similer.
Table X.
GlLasgow: Cerebrospinal Fever 1GZ1-40; Fatality Retes at Ages.

Age Number oI Number of Fatality Rete
(Years) Cases. Deaths. per cent.
0-11}+ 416 252 €0.58
-2 182 75 41.21
-5 244 90 26.88
-10 1327 B 27.74
-0 195 €9 35. 38
-40 219 53 24.20
-60 6% 45 7L.4%
Over €0 15 1 1 73. 3%
{  Total 1471 653 47,06 ?

Statistically there is no doubt whatever as to the observed
differences. The velue for X2 is equal to %41.39. It is légitimate
to iInfer therefore that the insighificance statistically of the
differences in the previous table is wholly to be attributed to the

relatively smell numbers involved.

Two objections might be rsised to the series of figures in Table X.
(1) All the cases were not admitted to hospitsl and there mey be some
doubt a&s to whether or not the diagnosis on the original notification of
the non-hospitelised cases has been verified. The proportion, however,
which they bear to the totel is too small appreciably to affect the
genersl result. Of the totel 1471 cases 91.0% per cent were
hospitelised and 8.97 per cent non-hospitslised; (2) the notifications
received and the deaths registered during the given period do not sll

relate to the seame individuals. This objection is only pertinent when a
short period of time is under consideration and with a decennium can be

regarded as negligible.
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From their experience of past epidemics, observers were agreed
that sex in itself had no prognostic significence in cerebrospinal
fever. In order to assure myself that sex still remsins a negligible
factor in prognosis, I have calculated the fatality rztes in msles
and females suffering from cerebrospinal fever in Glasgow over the

decennial period 19%31-40. The results are shown in Tsble XI.
Table XI.

————— 22 g g

Glasgow: Cerebrospinal Fever: 1931-40.
Fetelity Rates, Males snd Females.

- ———— ——

MALES FEMALES ]
i No. of Fatalit :

YRR lcngézg. Deaths. Fat}iitzeﬁf‘e Cases. Deaths. ]Rate pez T(Z;" ‘

- —_ cent. - 3

197 91 62 68.13 91 67 73.63 | 182
2! 85 | a7 55. 29 66 27 | 56.06 | 181

3] 83 47 56. 63 7 3 43.06 | 154

| 4 8 { %% 62.07 27 2z | 62.16 | 95
51 50 { B 56.00 % |13 | 33 | 83

6 41 24 8. 54 2% 14 | 42.42 74

| 7 72 {4 56.94 34 13 B.2% | 106 |
' 8 « 46 19 41.70 42 19 45,24 i 83
91 45 | 132 28.88 26 6 |16.66 | 381

1940 | 255 55 21.58 202 B 18.81 | 457
[____}‘otelv.{..82§v 372 45,04 645 A 261 40.477'\‘114714

From a first glence ot the above table it would sppear that fatelity
is greater in meles than in females. Statistical analysis, however, shows
that the differences between percentege fatality rates in males and
femeles for each year is not significant. In no one year is the
difference between the values greater than twice the stundard error of

difference. Similsr results are obtained if we consider the gross

fatelity rate in meles and females over the ten-year period 1931-40. The /
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The difference between the values is seen to be 4.57 per cent; the
standard error of the difference is 8.23 per cent, which shows that
this difference is not significamt. We are tms justified in

concluding that sex was in the past of no importance to prognosis in

cerebrospinal fever.

Case fatality in relation to age and sex in so far as it could be
ascertained in the present series of cases is shown in Table XII.

Table XII.

Percentage Fatality, Males and Femeles (0 - 5 years)
Present Series.

Age Males Females

(Years) Total Deaths Total Deaths
0 - 11 3 13 1
3 - 15 5 . 10 2
1-5 41 5 4% 6

- ~

Total ' 67 13 66 9

Fatall ty 19.40 132.64

per cent. -

The difference between the case fatelity rates in males and
females of 5.76 per cent is not statistically significaant. It is of
interést to compare the figures obtained in my own series with‘the
corresponding figure for the decennial period 1931l-40 (Table XIII).

Table XIII.

Percentage Fatality, Males and Femeles (0 - 5 years).
Cerebrospinal Fever: Glasgow, 1931-40.

|
! Age Males Fenales
! (Years) Total Deaths Totael Deaths.
0-5 481 249 361 168
Fatality 51.77 46,54
|per cent N ~ ~
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The difference in fatality rates between males and females
of 5.23 per cent approxinates to the difference obtained in my own
series of cases, and is lixewise not significant.

It will be seen that with regard to my own series of cases,

sex is of no prognostic significance.

Herpes Febrilis.

The presence of herpes has been regarded in the past as a
favourable sign. Authors have drawn attention to the low fatality
rate among patients showing this sign. Observations on herpes
occurring in the present series of cases are recorded in Tables
XIV and XV. Table XIV shows the frequency of herpes in relation
to deaths eand recoveries. Of the thirty-seven patients who died,
twelve or %2.43% per cent developed & herpetic lesion during the
course of the illness; of the 219 patients.who recovered, fifty-
seven or 26.03 per cent exhibited herpes auring the course of the

illness.
Table XIV.

Frequency of Herpes Febrilis in relation
to Deaths and Recoveries.

ﬁgﬁérpes + - Total
D 12 25 37

R 57 162 219
Total €9 137 256

Thet the difference between these two velues (6.4 per cent) might
easily have arisen by chance is shown by the fact that the standard
error of the difference is 7.39. It can therefore be concluaed that

in the above sample of 256 patients suffering from cerebrospinal

fever, the presence of herpes has no prognostic significance.



Table XV.

Frecuency of Herpes Febrilis in relation to Age.

Age L e _ - _
(Ygam) 5= 1- 2 5 10 15- 20 40 60“ Totalvj
D - - - 1 2 - 2 4 z 12
R - - - 6 8 10 1o 17 6 57
Totel, - - - 7 1o 1o 12 21 9 €9

In Teble XV is shown the distribution of herpes in relation to age.
Its absence in the early age groups knowm to be of unfavoursble prognosis
will be noted. This fact no doubt in some measure accounted for the
mistaken impression in the past that the presence of herpes was a
favourable sign in cerebrospinal fever.

It is of interest to note the absence of the herpetic lesion.
in the early age groups. It is aifficult to explain why this should
be so, but it would seem that this is a factor which merits consideration

in any investigstion upon the aetiology of herpes febrilis.

Initial Temperature, Pulse Rate, and Respiration Rate.

Observations are recorded to show the case fatality rates in
relation to initizl temperature, pulse rate and respiration rate.

(Tables XVI, XVII, and XVIII).

Table XVI,
Case Fatality in relation to Initial Temperature.

Temperature (°_F%h£§nheif),-9559§ -99??E§,L Case Fa}ality;ggg;gf@}zi

97 - 26 o ! 0.00 t

98 - 47 | 7 } 14.89 :

99 - 6 |7 10. €0 !

' 100 - 44 | 9 ‘ 20.45 s

b0l - 45 i 9 | 20.%0 t
102 - 17 3 17.

10% - 104 11 2 i 14:18 t

Total 256 ‘ Y i 14.45 1




Cere Fatelity in relstion to Initisl Pulse Rate.

| = T .
: ulse Rate f Coses Deaths tC& e Feteli ity :
 (per minute). | ! . per cent. K
T B e i
| 3 i V
; 6 - 13 o i 0.00 §
t go - 48 8 | 16.66 !
E 100 - 54 6 11.11 |
b 120 - ; B 10 12.82 ;
I 140 - 49 10 20. 40

160 - 180 14 2 21.43 ‘
t_ Total 256 37 14.45 j

Table XVIII.

Case Fatality in relation to Initiel Kespirstion Rate.

k T T T T T T e

‘ Resplration Rate E Cases 1~ Deaths Case Fatality

I (per mlnute) I : 7 1 per cent.

f 20 - | 142 1 12 8.45

| 0 - 64 ; 12 L. 18.7% i

; 40 - 2 | 9 i 28.12 |
50 -~ €0 18 I 4 [ 22.22
Total 256 ] 37 14.45

A study of the above tables would seem to suggest that the initial
temperature, pulse rate, &nd respirution rate recorded in the 256
cases are fairly reliable guides to prognosis. The fetality rate
tends to increase as the temperature rises and the oulse rate and
respiration rates increase. Statisticel tests applied to the
figures for deaths and recoveries revesl that significent differences
exist between the values in respect of temperature (P = 0.0%5 - 0.02)
and respirstion rate (P = 0.02) tut not with regard to pulse rate.

From the sbove semple of ceses it is therefore concluded thet the '

initial temperature and reépiration rates are of prognostic‘significance

by reason of the influence they exert upon the outcome of en attack
of cerebrospinal fever.



Coma, Delirium, etec.

The various factors have been tabulated in relation to their
freguency in those who died and in those who recovered from an

attack of the disease (Table XIX, a - j). The tables are as follows:

Table XIX. (a - j).

a. be
Coma + - Total Delirium + - Total
D 20 17 37 D 17 20 37
R 29 180 219 R 64 155 219
59 197 256 81 175 256
c. d.
Convul-y  _  qoia1 Head- + - Total
sions. ache. _
D 5 32 37 D 8 8 16
R 10 209 219 R 103 13 116
15 241 256 111 2 132
e. £f.
Rash + - Total Head Re- + - Total
traction. ,
D 19 13 27 D 15 22 7
R 46 173 229 R 69 170 219
65 191 256 84 172 256
g. h. :
Opisthot~ - Total . Strabis- + - Total
onus, mySs. i
D 7 % 37 D 5 3 37
R 12 207 219 R 19 200 219
19 237 256 24 232 256
i. e
Charact ’ Meningococci
of C.o.F, T O Total in C.S.F. *o- Totdl
D 23 4 37 D 3“4 3 37
R 193 26 219 R 171 48 219
226 2 256 205 &8 256

+ = Present. - = Absent. T = Turbid. 0 = Opalescent.
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The difference in the total number of patieants with and without
headache is due to the fact that the presence or absence of this
symptom could not be relisbly ascertained in children. The totsal
132 includes all patients over five years of age.

The prognostic significance was deterained by cslculating the
percentage freguency of each factor in patients who recovered and in
patients who died and estimating the standard error of the difference.
As a conventional level twice the standard error is adopted and
differences between values which are grester than twice the standard
error of the difference are considered to be significant. The results
are as shown in Table XX.

Table XX.

Frequency of Various Factors in Patients who Recover
and in Patients who Die.

Deaths | Recoveries| Difference | Standard | Observations
error of on
Difference.] significance.
Coma 54.05 17.81 26,24 7.49 Marked
Delirium 45.94 29,22 16.72 8.27 Slight
Convulsions }13.51 4.57 8.94 4,17 Slight
Headache 50.00 88.79 2B.79 9.75 Marked
Rash 51.35 21.00 .35 7.74 Marked
Head Re- s
. 40.54 3,51 9.03 8.35 Not sig-
traction i £ oant
Opisthotonus {13.92 5. 48 13.44 4,66 Marked
Strabi smus 1%.51 8.68 4.8% 5.18 Not sig-
nificant
C.S.F.turbid {94.28 88.13% 6.15 5 70 Not sig-
nificant
enlngococel |g 89 78.08 12.81 7.10 Not sig-
T | nificant.

The conclusions to be drawn from the above table are based on
statistical anelysis. Deaths and recoveries have been compared with
regard to the presence on admission of the various factors set forth.

The /
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The differences which exist in respect of coma, rash and opisthotonus
are sufficient grounds for étating that the presence of these initial
signs of the infection exerts an unfavourable influence upon the
subsequent course of the disease, and that they are therefore importont
prognostic features. With regard to delirium snd convulsions, it will
be noted that in respect of these two signs the difference of the
incidence in deaths and recoveries approximates to twice the standard
error of the difference. The prognostic significance of delirium and
convulsions has therefore been assessed as "slight."  The negative
difference with regard to headache would suggest that patients $suffering
from headache in the early stages of the disease had a better chance
of recovery than those in whom this symptom was absent. It was
impossible, however, to ascertain the presence of headache in many
of the severely ill cases by reason of delirium, coma, ete. It will
be apparent therefore that too much reliance cannot be placed upon
the prognostic significance of headache.

From the point of view of a clinical classification of severity
oi the infection the degrees of significance shown in Table XX might
be suggested to bear the following interpretation:

First Grade of Severity: Headache the outstanding symptom. Other

signs of meningeal irritation slight. Recovery likely.

Second Grade of Severity: Headache variable. Disease

characterised by delirium end convulsions. Recovery likely but

death fairly common.

Third Grade of Sewerity: Di sease characterised by rash, coma,

and opisthotonus. Prognosis grave.



We have now assessed the various factors which were selected
as having a probable bearing upon the outcome of an attack of
cerebrospinzl fever., Those factors which have been shown to be of
importence in prognosis and to which specisl attention will be
psid in the comparison of the treatment groups are enumerated as
follows: -

Number of days ill prior to admission to hospital.

Age.

Initial Temperature and Respiration Rate.

Presence on admission of Coma

" " " " Delirium

n " n " Convulsions

n n " " Headache

n n n " Rash

n " " " Opisthotonus.

The object of the abalysis was to review the factors significsatly
related to the outcome of the disease and, following this, to determine
if in respect of the significant differential factors the five
treatment groups subsequently to be compared were or were not different
from one another. (If they do differ in these factors obviously the
differential effects of the several treatments might be obscured and
allowance would have to be made for this before proper comparison
could be made).

The tendency of the present day has been to ignore or minimise
the importance of prognosis in cerebrospinsl fever. Factors such

as the age of the patient and the duration of illness prior to the

institution of treatment, and signs and symptoms which were accepted /
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accepted in the past as relisble guides to the outcome of an attzck
of thne disease, no longer find their proper plzce in clinical
investigetions. This attitude is due to the dramstic results
achieved in the field of chemotherspy. The fulminating type of the
infection expected, the general impression is that the sulphonamide
drugs have rendered prognosis in cerebrospinsl fever of little or
no importance. A study of the literature has failed to offer
concrete evidence in support of this belief.

The results obtained with regard to prognosis are based on a
study of the present series of 256 cases of the disease snd will be
utilised in further snalysis. It is not inferred that the views
expressed are necesssrily spplicable to all cases of cerebrospinal
fever treated by chemotherapy, but it is suggested that future
investigations might be carried out along similar lines with the
object of supplying more reliable information than is at present
available and thus arriving at a more informed opinion.

The factors which are of prognostic significance héve been
determined. It now remains to be seen whether the treatment groups
we are about to compare are indeed comparable. It is important to
know whether the patients included in each group had initially the
same chance of recovery. This information is obtained by comparing

all groups in respect of frecuency of the initial factors of

assessment w=lready discussed in the consideration of prognosis.



B. Comparability of Treatment Groups.

The plan of the clinicsl trizl was designed to eliminate as fer
ag possible the nreponderance in aﬁy one group of factors likely to
have an influence on the course of the infection. It is proposed in
this section to analyse the five treatnent groups in order to
ascertain their coapearability, noting in what respects, if any, they may
differ from one another. In this analysis there will be utilised
the clinical and bacteriological observations collected and recorded
at the time of the patient's admission to hospital, and already
considered previously with regard to prognosis. Since the outcome
of an attack of the disease is affected By factors known to be of
prognostic significance, we must observe whether the treatment groups
are slike in respect of such factors because any differences
existing in one or other group would influence the fatelity rate;

If it can be shown that the five groups are alike in these
essential respects we can compare. them without having tp make any
adjustment for factors other than treatment.

In Tebles XXI-XXV are shown the frequency distribution of the

factors under consideration.

Table XXT.
Day of Illness.

Day of Treatment Group
Iimess | 1 II  TII IV v Total

1 1 3 1 0 9 14

2 10 11 12 7 22 62

3 7 3 9 16 19 59

4 10 6 5 8 18 . 47

5 - 8 10 11 9 29 €7
10-15 1 1 2 0 3 7
Total 27 29 40 40. 100 256
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Igble AXII.

Age Group E Treatnent Group ] i
Yeers | I II III IV v . (Total |
I 0- . 4 4 1 4 1 24
o= 13 5 4 4 9 . 2B
E 1- 1 1 13 10 3 E B
. 5- p+ 33 7 5. 2
v 10 - ( 2 2 6 1 4 15 |
r 15— L2 5 4 4 10 | 25 §
20 - b 12 6 6 8 19 | 51
i 40-60 [ 0 3 3 2 11 | 19 f
[ Total ]'37 H w0 w0 oo 26 |
Table XXIII.
Initial Temperature.

P T ature | Treatment Group I~ T
OWeE, 4T Il I IV V| Total |
C 97 - 1 6 4 7 8 [ 26 i
g 98 - 2 9 11 9 16 L 47 §
[ 99 - 17 1o 10 7 22 66 g
[ 100 - 6 5 4 5 24 | 4« E
E 101 - {5 6 8 8 18 L 45 ﬁ
.10 2- I 3 2 2 37 I17 f
(03-104 | 2 1 1 1 5 W
_Total 137 ... % _ 40 _ 40 100 ___ m25§_m-j

o~

Initiel Respiration Rate.

20 - o3 @ a 27 A 142
Lo - L6 11 11 1o 26 64 !
P40 - L4005 7 1 15 %2 |
. 50 - 60 L4 z 12 8 18|
I A R =
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Table XXV (a - j).

Frecuency ci Comz, Declirium, etc., in the five grougs.

a. b.
Group ,Coma Totsl Group gPeliriun  Total
I II 26 37 I 9 B 37
IT 10 29 29 IT 8 21 k)
III 8 22 40 I11 13 27 40
IV 11 29 40 _ IV 19 21 40
v 19 81 100 V.3 €8 100
59 197 256 81 175 256
c. d.
Group Convulsions Total Group Headache Totel
+ - + -
I 4 33 37 I 19 1 20
II 5 % By II 16 3 19
IIT 3 37 40 IIT 20 2 22
IV 1 2 40 IV 16 6 22
V.o 2 98 100 vV 0 9 9
15 241 256 - 111 24 1%2
e. l f. :
Group Rash Total Group Head Retraction Totsl
+ - + -
I 8 29 37 I 19 18 27
IT 9 % %9 IT 16 23 %9
III 9 A 40 ITT 18 22 40
v 12 28 40 Iv 15 25 40
V. _27 7% . 100_ v 16 8 10
€5 191 256 , 84 172 256
g. . hn
Group Ogi sthetonus Total Group Strabismus Total
- + -
I 2 3 57 I 4 33 37
T 1 3 39 II 2 37 %
IIT 5 25 40 ITI 5 25 40
IV 7 33 40 Iv. g 35 40
Vo4 96 100 v 92 100_

19 237 256 . 24 2722 256
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Teble XXV (contd.).

1.
Group Charzcter Total Group
of C.5.F.
T Q
1 24 3 37 1
11 36 3 29 11
111 24 6 40 II1
v %6 4 40 IV
vV 86 14 100 v
226 2 256
T = Turbid.

Statistical Apnelysis.

applied.

Je

Mleningococel  Totel
in C.S.F.

+ -
32 > 37
29 10 29
z4 6 40
z4 6 40
76 24 100
205 AL 256

0 = Opalescent.

For the comparison of such distributions the X2 test has been

Table XXVI.

The results are shown in Table XXVI.

Comparison of Factors in the Five Treatment Groups.

- ———— o ——— - ——— T " -

x@ N Observstions. ‘1

Z —_ ————— {

Age 5. 56 8 Not significent. !

1]

Day of Illness 19.10 2 " " {

Initial Tempersture | 27.56 24 " " %

i

Initial Fespirstio ] i
Rate. ' , 10.22 12 " n
Coma 2.64 4 " "

Delirium 7.68 4 n " 3

Convul sions 8. 66 4 Lo " ;
Eeadsche 4.87 4 E " "
i Rash 1.11 4 { " n

Head Retrzction | 22,76 4 Marked significence (P = 0.01)

Opisthotonus 10.41 3 4 Slight significence (P = 0.05)

Strabismus 1.90 f 4 Not significsant.

Character of C.S.F. 2.09 4 " n

Meningococei in !

Co S- Fa 3095 4 1 n n -j

| SR — -
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From this it will be noted thet there are only two factors where
sigpificent Gifferences emerge, namely, hesd retrsction and
opisthotonue. With regard to hesd retraction, there wes a high
proportion in whom this sign was present in the first three groups,
end & relatively low proportion in group V. There is a possible
explanation for this difference. Heed retraction was observed to
be more frequent in infants end children, but as the investigstion
progressed it became apparent that what had been previously
recorded as head retraction in children suffering from cerebrospinal
fever could also be observed in healthy babies many of whom show a
tendency while recumbent to extend their heads into a position not
dissimilar to that seen in ceses of meningesl irritation. It became
the practice therefore to ignore the presence of any degreé of head
retraction unless there was associated with it definite nuchsal
rigidity. This to a large extent accoﬁnts for the diminished
frequency of the sign in subsequent cases and hence for the marked
significent differences observed. The differences in réspect of
opisthotonus are much less significant.

Conclusions.

The five trestment groups have been compared with regard to
the frecuency distribution of various initial factors lixkely, epart
from treatment, to influence outcome. Of these factors only oné,
nemely, opisthotonus, shows 2 significent difference in its distribution
among the groups and this difference is slight. The only other
factor namely, head retraction, which wes not equally distributed

throughout the groups has elready been seen to have no importence

in prognosis. The reason for the observed differences in respect of

hesd retraction has been explained.
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It will be observed therefore that the five trestment
groups are compsrable in all essential respects and‘all the
patients comprising these groups can be considered to have had
an equal chance of recovery before treatment was begun.

The preliminary investigations completed, we are novw in &
poeition to pass to the final section of this chapter, to the
consideration of the subsequent course of the disease in order
to essess the efficiency of the therapeutic agents employed

in this study.

C. Comparison of Methods of Therapy.

The first and most important factor to be considered ss an
index of response to therapy is fatality. If emong the several
methods of treatment employed in this study, it can be shown that
one of them has been responsible for saving more lives than snother,
then that method of treatment is the method of choice in cerebro-
spinal fever. If on the other hand no significent differences
emerge between the treatment groups in respect of fatality - that is,
if all forms of chemotherapy are ecually efficacious in saving
livee - other factors may be taken into account in the choice of
drugs. Should it become evident that resolution of the meningitis
is more ropid with a particular sulphonamide, it is obvious that the
exhibition of that prepsration will not only be of most value in
diminishing the risks of complications, but will also allow for the
minimum period during which the patient must be confined to hospital.
The trestment groups will be investigated first with regard to

fatality rates.
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Fetslity Rates.

The case fatelity rates for the five treatment groups are
shovn in Tsble XXVII. The difference between the groups is most
marked in group I. Statisticel enslysis, hovever, shows that the
differences between the five groups in respect of fatality rates
are euch as might easily be ascribed to chance. X2 is equal to
2.62 and n is 4. For these values Fisher's table gives a
probability of 0.5, which is not significant. It can therefore
be concluded that the methods of treatment employed in the
vinvestigation are equally efficacious in saving lives in patients
suffering from cerebrospinsl fever. In this respect, sulphanilsmide,
sulphathiazole, and sulphapyridine ere ecually effective in the
trestment of cerebrospinal fever. There is no obvious advantage to
be obteined from the use of meningococcus entitoxin.

Table XXVII.

Fatality Rates in the Five Treatment Groups.

i
Series Group Cases Deaths Case Fatality Rate

: _ | _ per cent. ,
A I 37 2 5. 40 ‘

I 39 6 15.38

B 111 40 6 15.00

Iv 40 5 12.%0

C v 100 18 18.00

Totel o 256 77 14.45%
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Duration of Bigns snd Symptoms etc._ in Recovered Cases.

The signs end symptoms of cerebrospinal fever are those chiefly
of weningeal irritation. It has already been shown hov. they were
collected =nd recorded for each patient from day to day during the
course of the illness. From such data signs and symptoms to be
considered ag indices of response to therepy were selected first
according to their importance in prognosis, and secondly according
to the reliability with which they could be interpreted clinically.
These observations are concerned with recovered cases only. The
duration of convulsions and opisthotonus has been omitted. The
incidence of these signs was too small to be of any vealue in a
comparstive analysis. In Table XXVIII are shown the average vslues
of various factors in the five treatment groups together with the
genercl average irrespective of the method of treatment, and an
indication as to whether or not the observed differences between the
groups are statistically significant. The latter fact was determined
by the usual analysis of variance. It was convenient at this stage
to compare the treatment groups with regerd to durstion of stay in
hospitel of the recovered patients. The results in respect of this

factor have accordingly been included in Table XXVIII.

Table XXBIII.
Average Duration of Signs and Symptoms.
(Recovered cases).

" Average duration in Days of T "1

Group! Coma Delirium Head ketraction Primary Pyrexia hg§§¥té$

17 1.80 2.56 | 2. 65 4.03 5.7 |

II 1.57 1.71 %, 45 2. 70 26.82 |

111 1.60 1.80 2.20 4.3%5 29.26 !

IV 2.1% 2.56 3.23 4.37 26.37 |

v 1.67 1.82 2.62 Z.08 |l 27.04 _,‘

Total | 1.77 2.09 2.88 3.73 . 26.96 |
Signif- Not sig- Not sig- Not sig- Net sig- Not sig-

icance nificent nificant nificent nificant nificant.



#with regard to the duration of siegns and symptoms, the observed
differenccs between the five treatment groups were slight and these
differences when put to statisticsl tests proved to be such as
nizht well have arisen by chance.

Similar statistical tests were aéplied to the observed
differences between the five treatment groups in respect of the
duration of stay in hospital. These differences also proved to be
insignificant.

We sre thus entitled to conclude that the rate of response to
therapy in each of the five treatment groups is similar as judged by
the average duration of coma, delirium, head retraction, primary
pyrexia, and by the duration of stay in hospital. The results of the
analysis show that in respect of these factors the methods of
treatment employed are equally efficacious.

It is of interest in passing to note the gemeral average duration
of signs and symptoms irrespective of the mode of therapy employed.
These values together with the general average duration of signs
and symptoms not included in Table XXVIII are shown in Table XXIX.
They illustrate the rapidity with which the acute manifestations
of meningesal irritation in cerebrospinal fever disappear under
chemotherapy. The sverage duration of stay in hospital (26.96 days)
may seem somewhat high, but this figure includes the duration of
hospitalisation of all recovered cases from the day of admission to
the hospital until the day of dismissal. No deduction has been made

in respect of patients who were detained owing to concurrent infections

such as whooping cough, chickenpox, mumps, varatyphoid fever, etc.
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Table XATX.

Duration of Signs and Symptoms in 219 EKecovered Cases.

Signs and Sympsoms. Duration in Deys
N Aversage Hlaximun pinimum ;
Primary Pyrexia 3. 73 21 1 or less i
Hesdache . 2.63 9 1 n ow
Coma 1.77 4 1n om
I Delirium 2.09 5 1 n n
Convulsions 1.13 3 1 nton
Opisthotonus 2.59 5 T m n
Head Retraction 2.88 10 1 n n
Nuchal Rigidity 2.87 15 1 n n
Brudsinski's sign 2.96 .15 1 n n
Kernig's sign .49 16 1w m
Stay in Hospital 26.96 136 18

Qbservations upon the Cerebrospinal Fluid in Recovered Patients.

As a further index c?f response to therapy the five treatment
groups were compared with regard to the time taken for the cerebro-
spinal fluid to become sterile and clear. Table XXX shows the effect
of treatment on bacterial sctivity and in Table XXXI is recorded
the time taken for the cerebrospinal fluid to become clear.

In 59 per cent of the patients comprising groups I and II the
second lumbar puncture was performed not at forty-eight hours but
approximately sixty hours from the commencement of therapy. For

this reason the state of the cerebrospinal fluid of recovered

patients as ascertained by lumbar puncture ninety-six hours after /
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after admission to hospitel, that is, on the morning of the fifth

day of treatnent, has been selected as the basis of comoerison

between the five treatnent groups.

Table XXX.

Effect of Treatment on Bacterisl Activity.

Recovered | When iMeningococci disappeared after Treatment l
Group | Totsll Positive | Within  Within  Within — Within ¥ithin
Cased +'gcocci HgS hrs. 60 hrs. 96 hrs. 144 hrs. 192 hrs.
Cases No.| #. |NoJ #%. | No. #. |No.| %. No.i #.
I 37 22 - - 26| 8L25| 3L | 96.87| - - |22 |100
I %9 29 - | - 123 B3 B196.55] - | -~ |29 |100
III 40 24 19| 55.38| - - | 22| 97.06] - - |74 100
IV 40 24 16| 47.06) - - | 33197.06] - | =~ |Z4 100
v 100 76 2214210 -| - |64|84.20| 76 100 - -~
Table XXXI.
Time taken for Cerebrospinal Fluid to become Clear.
kecovered | when the C.S.F. becane clesr after Treztnent.
S Total | CESCS ™M Tipnin Withia  vithin | fithin  vithia
TOUP | Caces. 2%{3%% 43 hrs. 60 hrs. 96 hrs. 144 hrs. 192 hrs.
fluid. No.| #. [Wo.| #%. | No.| %. No. | %. |No.{ #.
I 27 22 - - 1% |40.62] 3L | 96.87 - - %2 | 100
I 29 3 - - |12 |B.70| 20 {96.78] - - 17 1100
IIT 40 23 2 | 7.14} - - 24 |85.741 28 1100 | - | -
IV | 40 21 4 12.9) -1 - | 22|70.98] 29 |92.55| 31 | 100
v | 100 72 {2 j4.17] - - 29 | 54.17| 68 ]94.45]72 | 100

(a) Effect of Treatment on Bacteriel Activity.

A1l recovered pstients in whom the meningococcus was identified

either in the direct smear or on culture of the cerebrospinal fluid

following lumbar puncture on admission to hospital have been included

in Table XXX.

They form 80 per cent of the total 256 patients and

93%.6 per cent of the recoveries.

|
|
i

|
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It will be observed that in respect of the time teken for
infected cerebrospinal fluids to become sterile, there is little
difference between groups I - IV. O0f the totzl 129 patients
comprising these groups sterility of the fluid wes effected in
125 or 96.39 per ceat by the morning of the fifth day of treatment.
In group V on the other hand, by the end of the same period of tiae
only B84 per cent of the patients exhibited & sterile spinal fluid.
Statistical tests were appliéd to the observed differences between
the treatment groups. The value obtained for X2 equal to 10.72
(P = 0.01) indicated a significent difference due obviously to the
aiscrepancy observed to exist between group V and the first four
groups. In Table XXXII groups I - IV combined are compared with
group V in respect of the sterility of the cerebrospinel fluid

ninety-six hours after the comunencement of treatment.

Teble XXXTI.
Treatment Groups I - IV v Group V.

Effect of Treatment on Bacterisl Activity.

C.S.F. after 96 hrs' treatment
Group . . .
Sterile Not Sterile Total
I -1V 125 4 129
v 64 12 76
Total 189 16 205

The observed difference between these two sets of patients is highly

significent. The difference in proportion (12.69 per cent) is three

and a half times the standard error of the difference (3.88 per cent).
From the above observetions upon the effect of treatment on

bacterial activity in cerebrospinal fever we are entitled to conclude

that sterility of the cerebrospinal fluid is achieved more rapidly by

the methods of treatment employed in groups I - IV, namely, /
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nanely, sulphznilaniie, sulphsthiazole, =ad sulphanileamide plus
meningococcus sntitoxin, thon with sulphapyridine.

(b) Time taken for the Cerebrospinsl Fluid to become Cleszr.

ALYl patients in whom lumbzr ouncture, performed at the tiaie of
adnission to hospitel, revealed a frankly turbid cerebrospinal
fluid have been included in Teble XX¥I. They form 75.73 per cent
of the total 256 patients and 38.53 per cent of the recoveries.

Observations upon the character of the cerebrospinal fluid on
tne morning of the fifth day of treatment shows that there is little
to choose between groups I and IT. At the end of this neriod
lumbar puncture produced a clear fluid in more than ninety-six
per cent of the patients comprising these two treatnent groups.
There is, however, & progressive fall in the corresponding values
for the remaining groups from 85.71 per cent in group TII to 54.17
per cent in group V. Statistical tests applied to the observed
differences between the five treatment groups gives a value for X2
equal to 34.92 per cent (P = 0.0l), showing that these'differences
are significant. If groups I and IIT, both sulphanilamide-treated
patients, are considered together we find that the average number
of patients who exhibited clear spinal fluids by the morning of the
fifth day of treatmeat is 91.66 per cent contrssted with group IT,
96.73 per cent, group IV, 70.93 per cent, and group V, 54.17 per cent.

Frém the above figures we are entitled to conclude that
sulphanilamide and sulphathiazole sre more efficacious as judged by
their ability to clear the cerebrospinel fluid within whet may be

regarded as a reasonably safe period of time, and in this respect

tﬁese methods of treatment are superior to sulphanilamide plus

meningococcus entitoxin and to sulphapyridine.



In cerebrospinal fever the condition of the cerebrospinal fluid
from day to day provides the best and most reliable guide to the
progress of the infection. The rapidity with which the meningitis
resolves is reflected in the time teken for the cerebrospinal
fluid to become clear and sterile. This factor must be taken into
account in assessing any method of therapy. The dangers attendant
upon delayed resolution are dicsussed in a later chapter. In the
present study observations upon the effect of trestment on the
cerebrospinal fluid indicate thet sulphsnilamide snd sulphathiszole
are superior to sulphapyridine. There is no spparent aavsntage to
be gained from the employment of the combined method of therapy,

sulphenilamice plus meningococcus antitoxin.
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SUMwARY AND  GOd CLUSIONE.

(&) Prognosis in Cerebrogspinsl Fever.

The totil PB6 cuses vere investigeted vith regerd to the pro
signivticence of various initisl factors likely to have sn importent
bearing upon the outcome of an attack of cerebrospinel fever.

The results in respect of fatality were no belter whether
trectment wes begun early or comparatively lete in the course of the
diseace. This was attributed to the fact thet the more severe ceses
tend to be sent to hospital sooner thzn mild cases. The relatively
high fatality rate in patients admitted to hospitel on the first dsy
of illness was due to the severity of the infection. These results
do net justify or condone delay in the trestment of the case.

If complications are to be prevented it is essentisl that sulphonemide
therapy be commenced at the earliest possible moment.

Age, in spite of the excellent results achieved by chemotherspy,
is still of importance in determining the outcome of an attaeck of
cerebrospinel fever.

Sex has been shown to have no prognostic significence in
cerebrospingl fever.

The results show that initisl temnperature and respiration rate
have a significant effect upon the coursé of the infecﬁion. There is
a distinct upward trend in fatelity as the initisl temperature rises
and the initial respiretion rate incresses. Variations in initied
oul se rate, however, do not seem to influence the outcome.

Prognoéis is worse in the presence of comz, delirium, convulsions,

rosh, @nd opisthotonus.



The presence of herpes wes concldered fornerly to be &
favourable sign. The resultis here show that herpes has no
orosnostic significence in cerebrospinel fever.

kHead retracticn wes not regarded previously as an unfavoursble
gign. Observaticons on the present series of sulphonamide-trezted
patients have substantiated this view.

Strabismus has likewise come to assume minor importance in
prognosis due to the rapidity of recovery with modern methods of
therapy.

Statistical analysis has revealed that the repidity with which
the sulphonamide drugs sterilise and elesr infected and purulent
cerebrospingl fluids has rendered the initisl infectivit& and
turbidity of the spinzl fluid no l@nger of importence in the
prognosis of cerebrospinel fever. O0f 205 recovered patients in whonm
meningococcl were demonstreted in the spinsgl fluid on admissicn to
hospitel, 189 or 92.19 per cent produced & sterile cerebrospinsl
{fluid following lumbar puncture on the morning of the fifth day
of treztment. Of 194 recovered patients showing frankly turbid
spinal fluids on admission to hospitel, 14€ or 75.25 per cent reveeled
e crystal clesr fluid following lumbsr puncture performed on the
morning of the fifth day of treatment. Clinicel experience, kowever,
has shown thet the presence of sbundant extre-cellulsar meningococel
in the cerebrospinel fluid is of grave prognogis.

A repid fall in the protein content of the cerebrospinel fluid

in the acute stage of the diseasse is & favourable sign.

The presence of bacteraemia would appear to have an unfavourable

influence upon the outcome of en sttack of cerebrospinel fever.
Bectersemis is usually associated with the fulminsting type of the
infection.
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(b) Comperison of dethoas of Therepy.
It has been chown that the five trectment groups were comporable
in «ll escentizl respects, thet they could be compared in +he
knowledge thet there wes no preponderznce in any one grocup of fzetors
other tnsn trectment known to influence the outcome of an attack of
cerebrospinel fever. One wes thus sble to assume thet all the

petients in each tresztment group had initiazlly the seme chance of

recovery, &nd to meke a streightforward comparison of the outcome

pe

n patients subjected to the different methods of therapy employed.

The fatelity rates in each trestment group showed that’the
methods of therapy employed were equslly effective in saving lives.

There were no significent differences between the five trestment
groups in respect of the duration of gigns and sympfoms under
ccnsideration.

There were no significant differences between the five treztment
groups in respect of the duration of primafy pyrexie..

It wss impossible to differentiate between the five trestment
groupe in respect of the duration of the patient's stay in hospitel,

Up to this point in the investigatioﬁ the results of anelysis
seemed to indicate thst sulphanilemide, sulphathiazole, sulphsnilzmide
plus meningococcus antitoxin, end sulphapyridine, were ecuslly
efficacious in the trestment of cerebrospinal fever.

Differences energed in the analysis of the cerebrospinel fluid
finaings. Observetions upon the cerebrospinel fluid of the
recovered patients in each treetment group revesled thet sulphanilemide,
sulphathiazole, and sulphanilemide plus meningococcus antitoxin, were

gble to effect sterility more rapidly then sulphepyridine. . Further-

/
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Farthermore, resclution of the meningitis, es judged by the time
teken for turbid spinsl fluids to become cleesr, was effected more
rapldly bty sulohenilemide and sulphatiiazole, lese rapidly by
sulphenilanide plue weningococcus wntitoxin, but the relative delsay
in resolution was most marked when sulphapyridine was exhibited.
411 methods of therapy employed in the investigetion hsve been
shovn to be equally effective in saving the lives of patients
éuffering from cerebrospinel fever, It must be borne in mind,
however, that the prevention of complications of the diseace
especially those affecting the centrazl nervcus system, ranks almost
equel in importance to the saving of lives. There is little
setisfaction in curing the meningitis 1f the patient is left with
internel hydrocephalus or suffers from other permanent sequelze
of cerebrzl damage. The danger of these complications developing
is incréased in the presence of delayed resolution of the infection.
In view therefore of the cerebrospinal fluid findings in the 219
recovered casec comprising this study, one feels that ihe chemo—~
therapeutic agents, sulphsnilamide znd sulphathiszole, ere to be
preferred to sulphapyridine in the treatment of cerebrospinsl fever.
There is nothing in this investigation to indicate that eny
special edventage is to be obtained from the use of meningococcus
antitoxin. In view of the results obtained with chemotherapy alone
the trouble end discomfort to the patient associated with the
adninistration of meningoceccue antitoxin do not warrant the

continuation of such a remedy.
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CHAPTER 1IV.

COSPLICATIONS OF CEREBFOSPINL FEVER.
The complicaztions of the disease have been divided into two
cetegories, those of meningococcel origin and those of & non-
meningococcal nature. They have been recorded as they occurred
in the verious trestment groups end will be arrenged sccording
to the systems of the body affected. Complications which proved
fetel will be discussed in more detail in the "Analysis of Fatsl

Cases" (Chepter VII). The occurrence of suprarenal haemorrhege

is described separstely in Chapter VI.

Series A. (May to December 1940).

Group I - Sulphenilemide.

(a) Meningococcal Complications.

Centrel Nervcus System.

Internal hydrocephalus. There was one case of internel
hydrocephalus accompanied by cortical blindness in a female infant
A.B. aged two months. She was admitted to hospitsl on the fifteenth
day of illness. The characteristic feature of the case was the
persistence of signs and symptoms in the pfesence of 8 normel
cerebrospinal fluid. The fluid was sterile within forty-eight
hours and was pronounced crystel clear two dsys later. The antericr
fontanelle was tense and bulging when the child was admitted to
hospitel and remained thus except for & temporary relexation after
lumbar puncture had been performed. Heaa retraction persisted
throughout the course of the illness. She was examined by ir.

ilsrshell, consulting ophthelmologist to the hospital, who reported /
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reported as follows:- Pupils react to light; dises not choked.
Cortical blindness - May recover.

The patient was discharged from hospitel six weéks after
admlssion. She was well nourished and a healthy-looking infant.
The case was referred to the out-patient department of the Eye
Infimary for observation.

Eye.

Four children showed paralysis of the right or left external
rectus muscle on admission to hospital. Nystagmus was present in
an adult female patient. These complications were of a temporary
nature and cleared up within forty-sight hours after treatment
was commenced.

(b) Non-Meningococcal Complications.

Alimentary Systen.

In two infants, one of whom (J.McP. aged elght months) died,
cerebrospinal fever was complicated by a severe enteritis.

Intercurreat Disease.

A fenale A.L. aged one year developed paratyhoid fever four
weeks after admission to hospital. Recovery was uneventful.

Group II - Sulphathiazole.
(=) Meningococcal Complications.

entral Nervous System.
Internal Hydrocephalus. One patient, A.C. an edult female

aged sixty-four years, admitted to hospital on the tenth day of
illness, showed signs of a partial block in the ventricular system.

Signs and symptoms persisted for fourteen days and not until the
ninth day was the cerebrospinal fluid pronounced clear and sterile.
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Convalescence was slow and was interrupted by bouts of pyrexia,
sickness and vomiting, but the cerebrospinel fluid remained normal.
She was drowsy and apathetic and at one period there was a
temporary derangement of the mental faculties., The patient
subsequently made a good recovery and was discharged from hospital
three months after admission.

Choreiform Convul.slions.

Choreiform movements of the limbs developed in a female patient,
R.W. aged nineteen years, shortly after admission to hospital. She
was admitted to hospital on the sixth day of illness. This case,
which terminated fatally a few days later, will be discussed
more fully in Chapter VII.

Mental Chenges.

Two children, M.G. a fenale aged five years, and A.B. a male
aged seven years, who were apparently normal before the onset of
cerebrospinal fever, showed signs of mental impairment during
convalescence. Both were admitted to hospital om the second day
of illness. In both instances resolution of the infection was slow.
The patient A.B. exhibited nuchal rigidity and a positive
Kernig's sigh for seven days. He took fits of weeping and was very
emotional but took no interest in his éurroundings. Mr. Syme,
consulting aurist to the hospital, and Mr, Marshall, examined this boy.
His ears were declared healthy but it was thought that there was
some impairment of vision. It was considered advisable to refer
A.B. to a neurological clinic where he might be kept under observation.
The patient M.G. was mentally dull and unresponsive. She

subsequently made a good recovery.
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Eye.

Bilateral strablismus wes present in two patients on admission
to hospital. The condition in both cases was temporary and cleared
up soon after treatment was commenced.

Ear.

Acute puruleat otitis media was present on admission in a boy
aged three years. The condition responded to treatment within a
week. In two cases non-puruleant otitis media developed during

the course of the illness.

(b) Non-Meningococcal Complications.

Respiratory Systean.

Bronchitis was diagnosed on admission in two cases. In both
the complication was mild. In one case, J.S. male aged eight months,
death was accelerated by the presence of bilateral bronchopneumonia.

Alimentary Systea.

The infection was complicated by enteritis in four children and
in three of them the condition was present on admission. All

children were under one year of age. One of thea, J.S., who died

(vide supra), developed in addition a severe bronchopneumonia.

Intercurrent Disease.

Two children developed chickenpox during the course of their
illness. Recovery was uneventful.

E.S., female aged nine months, who succunbed to cerebrospinal
fever within two days, had a widespread impetigo of the scalp on

admission to hospital.
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Comment,

In Series A two patients developed internal hydrocephalus. It
will be noted that these patients were admitted to hospital on the
fifteenth and tenth day of illness respectively. The length of time
which elapsed between the onset of symptoms and the commencement
of treatment suggests that the inflammatory changes in the brain
sufficient to produce mechanical obstruction to the circulation of
the cerebrospinal fluid were already established. Drug therapy was
able to clear up the meningitis but could not be expected to make
good the irreparable damage done to the ventricular system. '

In two patients where cerebrospinal fever was followed by some
mental impairment, it will be observed that the resolution of the
infection was slow judged both by clinical and laboratory findings.

In six infants under one year of age, the infection was
complicated by enteritis. One of these cases, in which there was
an additional pulmonary complication, terminated fatally.

Complications of the eye and ear were of minor importance and

unattended by any ill effects.

Series B. (January to March 1941).

Group III - Sulphanilamide.

(a) Meningococcal Complications.

Central Nervous System.
Internal hydrocephslus. In three cases cerebrospinal fever was

complicated by interaal hydrocephalus. All terminated fatally.

These cases are described in detail in Chapter VII. It will suffice

here to mention briefly the salient features of each.
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(1) D.S., male aged four months, admitted to hospital on the fourth
day of illness. Anterior fontanelle bulging. Primary pyrexia lasted
for seven days. Sigas and symptoms cleared up in four days, with the
exception of a bulging anterior fontanelle which remained tms
throughout the course of the disease. The cerebrospinal fluid was
clear and sterile ninety-six hours after admission to hospital.
Convalescence was slow and was interrupted by sickness and vomiting,
restlessness and irritability. Death followed sudden onset of
convulsions. Internal hydrocephalus was found post mortem.

(2) D.S., male aged seven months, admitted to hospital on twelfth
day of illness. Enteritis and bronchopneumonia were present on admission.
The anterior fontanelle was not bulging. Primary pyrexia lasted for
seven days. Signs and symptoms had disappeared by the end of the
sixth day. The cerebrospinal fluid was clear and sterile at the end
of ninety-six hours. Convalescence was slow and ran a course similar
to Case I. There was much sickness and vomiting, irritability and
disinclination for food. Death took place following a second attack
of enteritis and bronchopneamonia. Internal hydrocephalus was
found post mortem.

(?) J.G., male aged five years, admitted to hospital on the second
day of illness. Resolution of the infection was slow. Primary pyrexia

lasted for eight days. Signs end symptoms persisted for ten days, when

the cerebrospinal fluid although sterile was still gpalescent. This
boy subsequently made a good recovery and was discharged from hospital

twenty-eight days after admission. He was readmitted six weeks later

with a relapse of the disease. The cerebrospinal fluid, which was found
to be opalescent but sterile, never became clear. Death followed violent

and continuous convulsive seizures accompanied by extreme exhaustion

/
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exhaustion and rapid emaciation. Internal hydrocephalus was found

post morten.

Cardiovascular System.

There was one instance of epistaxis in a girl of eleven
years on the second day after admission to hospital.

Eye,

In five patients strabismus was present on admission to hospital
In two the condition was bilateral. In one of the three unilateral
cases the condition became bilateral within twenty-four hours of
admi ssion.

Two patlents developed a non~purulent conjunctivitis which
responded satisfactorily to treatment.

M.E., a female aged eighteen years, developed ptosis of the
right eyelid in addition to strabismus. She also complained of
seeing double.

There was one instancs 6f inequality of the pupils noted in an
alult female on the fourteenth day after admission tovhospital.

All complications affecting the eyes were cheracterised by the
rapidity with which they cleared up after drug therapy was commenced.
In no instance was there any residual damage to the eye, nor was

vision affected.

Ear.
Two patients complained of earache during the first week of the
disease. Exanination of the ear drum revealed no abnormality. 1In

both cases the condition responded to local treatment.

M adult female, M.E. (vide supra), complained of dullness of
heering in both ears on admission to hospital. With the favourable

progress of the infection, hearing improved and had returned to normal
/
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normal on the patient's discharge from hospital.

Joints.

Four patients developed arthritis involving the joints of
the upper or lower limbs. In two, where the elbow joint and the
knee joint respectively were affected, there was an accompanying
effusion. Adpiration was not performed. 1In all cases the
condition was of short duration, responding favoursbly to daily
applications of Scott!'s dressing.

Facial Paralysis.

Reference has already been made to the patient M.E. aged
eighteen years, in whom cerebrospinal fever was complicated by
affections of the eye and ear. This girl in addition to
bilateral strabismus, ptosis of the right eyelid, diplopia and
bilateral deafness, was found to have a well marked right facial
paralysis when examined on admission to hospital. Unlike her
other complications, the facial paralysis took a long tine to
clear up and was still present when she was dismissed from
hospital three weeks later. When she returned to hospital for
re-examination eight weeks after her dismissal the coudition was
still present although practically unnoticeable.

The production of nerve deafness in cerebrospinal fever is
attributed to purulent exudate which extends along the piae-
arachnoid sheath of the audlitory nerve into the external auditory
canal, resulting in both the seventh and eighth nerves becoming

embedded in pus. This accounts also for the associated facial

paralysis (Worster-Drought and Kennedy). It is also explained by
these authors that the relative rarity of marked facial paralysis

accompanying deafness is attributed to the fact that the trunk of /
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trunk of the seventh nerve in contrast to that of the eighth

nerve forms a compact bundle of nerve fibres which does not allow
the penetration of purulent exudate into its substance. The case
described demonstrates not only deafness and facial paralysis, but
suggests a similar involvement in the purulent exudate of the third
and sixth nerves.

(b) Non-Meningococcal Complications.

Respiratory Systen.

In eight patients, cerebrospinal fever was complicated by the
occurrence of bronchopneumonia. Of the four patients in whom this
complication was present on admissic"n, two died. In the remaining
four, pulmonary involvement preceded a fatsl issue by forty-eight
hours. Of the eight patients, five were under five years of age.
One child presented signs of chronic bronchitis on admission to
hospital. Her recovery was in no way affected by her chest
condition.

Alimentary System.

Three infants, the oldest one year of age, developed enteritis.
In two the condition was present on admission to hospital. Two of
these patients, D.S. aged four months and D.S. aged seven months,
have already been referred to in this group as having succumbed
following the occurrence of internal hydrocephalus.

Inpercurrent Disease.

Two infants developed whooping cough during convalescence.

In a third patient, stay in hospital was prolonged due to his

contracting mumps.
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Group IV - Sulphanilamide plus Meningococcus Antitoxin.

(a) Meningococcal Complications.

Central Nervous System.

Internal hydrocephalus. In two cases cerebrospinal fever was
complicated by internal hydrocephalus.

(1) T.H., male aged five months, was admitted to hospital on
fifth day of illness. The development of ianternal hydrocephalus
was not unforeseen. The resolution of the meningitis was
sufficiently slow to give cause for anxiety. Primary pyrexia
lasted for elght days but convalescence was interrupted by frequent
temporary elevations of temperature, mever higher than 99°F,

Signs and symptoms did not clear up till the seventh day of
treatment. The anterior fontanelle remained tense and bulging.

The record of the cerebrospinal findings was an indication of
delayed resolution. The fluid was turbid and heavily infected with
meningococel when the patient was admitted to hospital. Routine
lumbar puncture performed at 48-hourly intervals thereafter revealed
meningococcel in the fluid as late as the seventh day of treatment.
The fluid was pronounced clear and sterile by the morning of the
ninth dey. The patient was lumbar punctured at the end of the third
week with the following result:- Fluid under normel pressure and
crystal clear; cell count - three cells (lymphocytes) per cub.mm.;
protein content normal.

The anterior fontanelle remained tense and bulging throughout

the course of the illness and on several occasions reached such

proportions as to resemble & caput succedaneum. It was noted that,

after each lumbar puncture when an average of 30 c.c. fluid were /
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were withdrawn, the fontanelle became relaxed and soft. This,
however, was purely a temporary state and did not last for more
than forty-eight hours. The patient was eventually di smissed
thirty—-seven days after his admission to hospitel. The fontanelle
was still tense, but bulging was not so marked. The child was
subsequently seen by Mr. Yarshall at the Eye Infirmary who
pronounced that vision was practicelly gone. When last seen by
me (May 3lst, 1941) the patient was well nourished, teking his
feeds regularly, and in excellént health. The anterior fontanelle
was slightly convex but much less tense, which indicated that
normal restoration of the circulation of the cerebrospinal fluid
was taking place. The child was still blind so he was referred

to the Eye Infimary for further observation.

(2) M.B., female aged twenty-five years, admitted to hospital
on third day of illness. This case, which terminated fatelly, will
be discussed in more detail in Chepter VII. It will suffice here
to describe briefly the clinical course of the disease with special
reference to those signs and symptoms which would now seem to be
commonly associated with mechanical obstruction to the flow of
cerebrospinel fluid. The tesponse to therapy was not satisfactory.
Resolution was ominously delayed during the initial stages of the
infection. The temperature did not settle for more than twenty-
four hours throughout the course of the illness. Coma which
continued for three days after admission was followed by mental
deterioratioh. On the fifth dasy of treatment she complained of

double vision. Nuchal rigidity and positive Kernig's sign persisted
for three weeks and disappeared only when the patient had lapsed /
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lapsed into deep coma. Lumbar puncture on admission revealed a
turbld fluid containing abundant intra- and extre-cellular
meningococci. Similar findings were recorded in subsequent

specimens of fluid as late as the fourteenth day of intensive drug
therapy. Not until the third week was the cerebrospinal fluid
pronounced sterile; it never became clear. Sickness and vomiting,

of frequent occurrence in the second week, increased in severity
towards the end of the illness. During the last four days there

was present a persistent and distressing hiccough. A well established
and advanced hydrocephalus was found post mortem.

Ataxia.

M.McL., female aged twenty-two years, developed an ataxic gait
during the course of her illness. OShe was still walking unsteadily
when dismissed from hospital thirty-six days after admission.

A study of this case in conjunction with others already described
seems to indicate that complications affecting the central nervous
system are prone to occur where resolution of the meningitis is slow.
The patient was admitted on the second day of illness. Primary
pyrexia lasted for four days but was followed by a secondary rise
of temperature five days later. This secondary pyrexia continued for
a period of ten days. The patient was in coma during the first four
days of her illness. Nuchel rigidity persisted for six days while a
positive Kernig's sign was elicited up to the tenth day of treatment.
The cérebrospinal fluid examined on admission was found to be thick
and turbid, and heavily infected with meningococci. Similar findings

were recorded after ninety-six hours' drug therapy. Lumbar puncture
performed on the seventh and tenth days revesled an amber-coloured /
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ember-coloured fluid, found to be sterile both in the direct film
and on culture. It was feared that the disease was becoming
chronic. On the tenth day after the patient's admission to
hospital, she was seized with a violent convulsive fit which
coincided with the beginning of secondary pyrexia mentioned above.
The fit was followed shortly afterwards by a second, more violent
than the first, in which the limbs were involved in severe
convulsive twitchings. The tendon reflexes of the upper limbs
were markedly increased, as were also the knee and ankle jeres.
Ankle clonus was elicited. The plantar response was doubtful,
The convulsions were of short duratlon, both attacits being limited
to no more than a few minutes. Four days later the patient
conplained of deafness in the left ear.

In the circumstances it was reasonable to suppose that the
prognosis in this case would be poor. Nevertheless the patient
appeared to meke a good recovery following the convulsive seizures.
Lumbar puncture was performed on the twenty-elighth day after
admission to hospitel. The cerebrospinal fluid was found to be
ceystal clear, under normal pressure, and of normal protein content;
cell count - four cells (lymphocytes) per cub.mm. She still
complained of deafness in the left ear.

Ataxia was noted when the patient was first allowed up. For
the first two days she was unable to walk unassisted. That the
muscular incoordination was not due to her long period of recumbancy

was shown by the fact that after four days she was unable to walk

along a straight line. She exhibited a positive Romberg's sign.
Gait at first tended to be reeling, to counteract which the patient /
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patient walked on a "broad base." Improvement, however, gradually
took place andbwithin seven days she was able to walk about the
ward without showing the marked tendency to fall, which characterised
her earlier attempts. On dismissal from hospital thirty-six days
after her admission she still showed a slight tendency to stagger,
a residual disability which was still present when the patient
returned to hospitel for re-examination six weeks later.

Eye.

In six patients, cere‘brospinal fever was complicated by
streblamue. In five the condition was present on admission to
hospital. The one patient who developed strebismus during the course
of the illness also complained of seeing double. Three patients
contracted conjunctivitis. In one instance the infection was
accompenied by purulent discharge. In one of the remaining two
non~purulent infectiong there was a co-é}clsting blepharitis.

All complicetions affecting the eyes cleared up rapidly
under treatment. There was no residusl damage to the eye, nor
was vision affected.

Ear.

J.D., female aged seven years, esdmitted to hospital on the
fifth day of illness, developed deafness in both ears three days
after admission to hospital. Hearing improved with the favourable
progress of the infection btut there wes still some residusl deafness
when the patient was dismissed from hospitel at the end of four weeks.
Mr. Syme who exsmined this patient, confirmed the diagnosis of

bilateral nerve deafness. While he thought that further improvement
might be expected, he did not anticipete complete functional recovery.
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The case of M.McL., femsle aged twenty-two years has slready
been described (vide supra) in coﬁnection with convulsions and
ataxia following cerebrospinal fever. In addition, the patient
complained of deafness in her left esr following recovery from
convulgions. She was seen on several occaslons by Mr. Syme who
confirmmed the dlagnosis of uniletersl nerve deafness. There was
little improvement when the patient was dlsmissed from hospitel
thirty-eix days after her admission. Hearing had improved slightly
when the patient was seen six weeks later. The csse was referred
to the Ear, Nose and Throat Hospital for further observation.

Joints. |

Three patients suffered from arthritis involving the joints
of the upper or lower limbs. In no cese was there an apparent
effusion into the joints effected. In all cases the condition
responded rapidly to local treatment.

Facisl Paralysis.

{1) M.V., female eged sixteen years, sdmitted to hospital on
the fourth day of illness, developed a right facisl paralysis
fourteen deys later. There was no apparent explanation why this
complication usually ascribed to the presence of an inflammatory
exudate, should occur at such & laste stage when the patient was
convelescing from her 11lness. A study of her case record shows
that progress wes on the whole satisfactozy, slthough the
persistence of nuchal riglidity and & positive Kernig's sign until
the seventh day of treatment might be regarded azs evidence of &

slow response to therspy. The cerebrospinal fluid, however, was
clear and sterile at the end of ninety-six hours.
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There was evidence of a slight facisl paralysis when the
patient was dismissed from hospital at the end of three weeks,
but the condition had cleered up completely when the patient
returned for re-examination one month later.

(2) C.R., femele aged thirty years, edmitted to hospitel on
the fifth day of illness, developed a left facial peralysis two
days later. The condition was present for seversl days btut by
the end of the first week in hospitel had completely diseppeared.

H.C., female aged five years, admiited to hospital on the
fourth dey of illnegs, developed pharyngesl parelysis. The child
was acutely ill end delirious on admission to hospital snd
exhibited marked nuchal rigidity, head retrsction, positive Kernig's
sign, end opisthotonus. Fight days elepsed before these signs |
had entirely disappeered. The cerebrospinel fluid wss cleer and
sterile at the end of ninety-six hours. Attention wes first drawm
to the condition of the pharynx on the morning of the sixth dsy of
treatment when it was noticed that the patient was unable to swallow,
Al ettempts to take food or drink were followed by vimlent fits
of coughing and retching. Spasmodic twitching of the facisal
muscles on the right side was alsoc observed. Since opisthotonus
had by this timé pessed off, thus eliminating eny mechenical
obstruction to swellowing, it was concluded that & pharyngeal
parelysis had developed. There wes no palatal paralysis. The
condition lasted for eight deys, during which time food and drugs
were administered by nassl catheter. The tw:ttching of the facial

muscles ceased forty-eight hours after its onset. Recovery from /
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from pharyngesl parslysis was followed by a harsh dry cough,
which remained for some weeks. There was alsc a change in the
character of the voice., Until some few days prior to her dismissal

at the end of five weeks the patient was quite hoerse.

(b) Non-Meningococeal Complicetions.
Respirstory System.

In two infants, aged nine months and two years respectively,

bronchopneumonia was present on admission to hospitel. Three
patients developed bronchopneumonia during the course of the
infection; in two of these the lung infectipn was & terminal
phenomenon occurring prior to death. O0Of the fiVe patients in
whom pulmonary complications were manifest, the youngest was aged
nine months, the oldest six years.

Alimentary System.

Three infents &ll under one year develcped enteritis. 1In
two the condition was present on admission to hospitel. All

recovered from cerebrospinal fever.

Intercurrent Disesse.

In the patient T.N., male aged three years, blood culture on
admi ssion to hospitel reveeled & heavy infection with streptococci.
Further investigation showed that the orgenisms produced green-
coloured colonies on blood ager. The organisms were non-haemolytic
and did not ferment inulin. These results led one to believe that
the patient's blood was infected with the streptococcus viridens.
There was no clinicel evidence of endocarditis. Repeated blood |

cultures proved negative. The patient made & good recovery from

cerebrospinal fever.
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The patient E.Il., female aged ten years, was a Mongolian
idiot. She presented numerous congenitel deformities. Both hands
were grossly deformed. The fingers were represented by the out-
growth of fused stumps upon which finger neils had grown. The
feet were deformed and the toes were fused together. She had a
double row of upper teeth. She had in addition & bilsteral
strabiamus and ptosis of the right eyelid.

Such children are considered to have little chance of recovery
in the fece of acute infection. Nevertheless this girl showed a
good response to therapy. Signs and symptoms had cleared up by
the end of six days. The cerebrospinal filuid was clear and sterile
at the end of ninety-six hours' treatment. The patient was dismissed
cured of cerebrospinal fever at the end of nineteen days' stay in
hospiteal.

Comnent,

In Seriee B, cerebrospinel fever was complicated in five patients
by internal hydrocephalus. Of the five cases, four terminated
fatally. Three of the patients were infants under six months, one
a boy of five years, and one an adult aged twenty-?five years.

The average number of days ill prior to a&mission to hospitel was
5.2 days. The patient J.G., eged filte years (Group III) who made
a good recovery from the infection, was discherged well tut wes re-
admitted to hospitel six weeks later with a relapse.

It will ke observed that only in one case (D.S., aged seven
months) was there & prolonged period of twelve days between the

onset of symptoms eand the commencement of treatment. If this

case is excluded, the average number of days of illness on

/
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on admiselon to hospitel becomes 3.5 days. It is clesr therefore
that hydrocephalus ag s complication of cerebrospinsl fever camnot
be ascribed solely to & delay in the institution of therapy.

A study of the cases recorded in this series points to a second
equaelly importent factor, viz., the degree of response to therapy.
It bas been shown that where the duration of signe and symptoms

" is prolonged, end especially where the cerebrospinsl fluid findings
indicate a slow resolution of the meningitis, internsl hydrocgphalus
i8 prone to occur. It 1s obviously essentisel thst if the
development of chronic inflsmmatory chengee both on the brein
surfece and in the ventricular system, is to be prevented, the
brein and spinal cord must be clesred of purulent exudate with all
speed. If therefore it is apparent that the particular drug
employed 1s not achieving the desired results, then another
sulphonamide should be substituted forthwith. If this procedure
had been adopted, there is good reason to believe that in three

et least of the five cases quoted, the development of internsl
hydrocephalus might have been prevented.

What hes been said with regerd to the preventlion of internsel
hydrocephaelus spplies equally well to other nervous complications
met with, such as mentel detericration end stexias. These
complications have been shown to follow slow resclution of the
infection.

Two patients in this series who recovered from cerebrespinal

fever suffered pemmenent nerve deafness. Other complications

affecting the ear cleared up satisfactorily.
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Complications effecting the eye, such as ptosis of the eyelid,
strablamus, conjunctivitis and blepharitis, clesred up satisfactorily
and were not sttended by disability.

Arthritis which developed in seven patients responded well
to local treatment. In the two instences where there was an
effusion into the right elbow joint and left knee joint respectively,
aspiration was not performed. It may be of interest to record here
a case of cerebrogpinal fever in a male child aged one year,
admitted to Ruchill Hospitel shortly after the present investigation
was closed. The infent developed a swelling of the left knee joint
during the fourth week of illness. Aspiration of the joint revealed
a smell amount of pus which on culture produced & pure growth of
meningococcl.

Where faciel paralysis complicated the disease in three csses,
in a1l but one the condition had completely dissppeared when the
patients were dismissed from hospital. Although recovery in the
remaining case was slow, there was every reason to believe that a
permenent cure would result. Trgatment of the case was complicated
in one petient by the development of phaxyr{geal paralyeis. Recovery
was slow but complete.

0f the non-meningococcsal ooxﬁplications, 'bronchopneumonia was
prominent and of greater incidence than in the previous Series A.
Thirteen patients developed pulmonary complications in the form of
bronchopneumonia, Of these, elght were under five years of age.

In eight cases the infection terminated fatally.

In six infants &ll under one year, cerebrospinsel fever was
complicated by enteritis, In two cases which terminated fatally

death was due to internal hydrocephalus.



-11% ~

Series C. (April to October 1941).

Group_V - Sulphspyridine.

(a) Meningococcal Complicstions,

Centrel Nervous System,

Internal hydrocephalus, In two infents cerebrospinsl fever
wes complicated by internsl hydrocephslus. In the second case
which terminsted fetslly, the condition was present on admission
to hospitel.

~ (1) A.R., femsale aged three weeks, was admitted to hospitel
on the second day of illness. The onset of the infection was
characterised by repeated convulsions, Signs and symptoms were
few. A clinical diagnosis of cerebrospinal fever was made on &
bulging anterior fontanelle and some slight nuchel rigidity. Lumber
puncture reveeled a turbld fluid under pressure, conteining scenty
intracellular meningococci. Within two days the temperature had
settled and nuchel rigidity had dissppeared. The enterior fontanelle
remsined bulging. Although thé cerebrospinel fluid was sgterile at
the end of forty-eight hours! treatment, it was not pronounced
clear until the seventh day after the patient's admission to
hospitel. The anterior fontsnelle was tense and bulging throughout
the course of the illness, becoming temporarily relasxed after each
lumbar puncture performed for the relief of the pressure. With
the devklopment of emaciation and slight head retraction, & post-
basic meningitis was suspected but the condition did not progress.
The child subsequently put on weight snd head retraction disaeppeared.

Three weeks sfter the patient's admission to hospitel it was
noticed that her eyes were fixed and staring. Vision was thought to /
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to be affected. Mr. Marshell exemined the eyes and pronounced the
child practically blind. The patient remained in hospitel for a
pericd of four end a half months. Bospitelisation was prolonged
owing to the necessity of performing repeated lumbar punctures to
relieve pressure. The child's head had become visibly enlerged,
eccompanied by widening of the cranial sutures and fontenelles.

In all, thirty lumbar punctures were performed and an average of

2 c.c. of cerebrospinal fluid removed at each operstion. It was
considered inadvisable to send the patient home. Although diminution
in the size of the enterior fontsnelle subsequently took place,
there was no guarantee that further lumbar punctures would not be
necessary for the relief of pressure. Accordingly, the patient was
transferred to Stobhill Hospitel. When last seen, she was in good
health and well nouriched. She was still blind and was suffering
from hydrocephalus.

(2) M.W., female aged one yeer, was admitted to hospitel on the
tenth day of illness. The infection terminated fatally eight days
;ater. The case is discussed in deteil in Chapter VII. One need
only point out here certain significant features. In view of the
length of time which elapsed between the onset of infection and
the commencement of treatment, prognosis was regérded &S poor.

The probsbility of internal hydrocephalus was not unforeseen. It
soon beceame obvious that the condition was not responding to
sulphepyridine; signs and symptoms including & tense and bulging

enterior fontenelle persisted until the day of death. A study of

the cerebrospinal fluid findings shows that & specimen of fluid teken
twenty-four hours prior to death was turbid and just as heavily /



- 15 -

heevily infected with meningococci &s that exemined on the
patient's admission to hospitsl one week previously. Mr.
Marshell's report on the ophthalmoscopic exasmination, in which
he noted an absence of perception of light, pointed $o0 a long
standing infection and supported the cliniceal dizgnoeis of
interngl hydrocephalus. Death was preceded by convulsions emnd
muscular twitchings. Post mortem examination confirmed the
existence of a block in the ventricular system.

Atada.

There were two ceses of atexia in children. Both cases
illustrate again the correlation between the manifestations of
cerebrel damage and slcow resolution of the infection.

(1) M.S., femele aged three years, was admitted to hospitsl
on the fifth dey of illness. Primery pyrexia lasted for elght
days. Signs and symptoms did not completely disasppear until the
eighth day of treatment. Although the cerebrospinal fluid becsme
sterile within forty-cight hours of admission, it was not
pronounced clear until the seventh day of treatment. An examinatimn
of the protein content of the cerebrospinal fluid investigated at
48-hourly intervels showed an initiel reading of 260 mgm. per
100 c.c. with a gradusl decline to 100 mgm. &t the end of seven
days. Convalescence wes marked by irritability and fits of temper.
This passed off, tc be followed by a period of apathy and lethargy,
during which time doubts were entertained regerding the child's
nentsl stal;‘aility. Ptosis of the left eyelid developed seventeen

deys after admission and lasted for one week. At the end of three
weeks the cerebrospinal fluid wes pronounced cleer, but the

/
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the occurrence of conjunctivitis and otitis media confined the
patient to bed for another two weeks. When he was subsequently
allowed to get up a marked ataxic galt was noted. For a period

of ten days, he was unable to walk without staggering and on
several occasions fell to the ground. Recovery was slow end the
condition had not entirely cleared up when the child was dismissed
from hospitel at the end of nine weeks. There was still a tendency
to reel and stagger. His mentsl state was apparently normal.

(2) P.M., male aged three years, was edmitted to hospital on
the tenth day of illness. Primary pyrexia lasted for six days.
Signs of meningeal irritation were particularly severe eand
increased in severity during the first three days of treatment,
culminating in marked opisthotonus. Internal hydrocephelus was
suspected. All signs and symptoms, however, had éompletely dis-
appesred by the end of six days. Lumbar puncture on admission
produced a thick end turbid fluid conteining abundent intras- and
extracellular meningoeoecl, The ﬂuid was still turbid and
heavily infected after forty-eight hours but was pronounced sterile
at the end of ninety-six hours' treatment; it did not become
clear until the seventh day. A study of the protein content of
the cerebrospinal fluid investigated at 48-hourly intervsls shows
an initial reading of ZBO mgm. per 100 c.c. with & graduel drop
to 150 mgms. at the end of five days. &t the end of the third week
when routine lumbar puncture produced a normel fluid, the child

was allowed up. Atexia was marked and the patient was unable to

walk unassisted throughout the following week. Improvement was
| /
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was gradual from day to day but the tendency to stagger end fell
persisted for some time and delayed the patient's dismisssl from
hospital. He was subsequently discharged at the end of seven weeks,
still slightly unsteady on his feet.

Cardiovascular System.

Segittal Sinus Thrombosig, B.F., femsle aged four years,
collapsed suddenly and died on the morning of the fifth day in
hospitel. Post mortem exsmination reveeled & thrombosis of the
saglttal sinus, This case is described in deteil in Chepter VII.

Purulept Pericerditis. M.K., femsle zged nineteen years, was
admitted to hospitel on the third day of illness and died two days'
later. Purulent pericerditis snd & commencing gengrene of the ileum
were found st post mortem examination. This case will be discussed
in more detail in the consideration of fatal cases (Chapter VII)s.

Epistexis.

There was one instence of epistaxis occurring on the second day
after admission to hospitel. This patient, M.K. (vide supre),died
following purulent pericarditis,

Eye.

Strebismus was noted in nine patients. In eight, the condition
wes present on admission to hospital.

Ptosis of the right eyelid occurred in two patients during the
course of the illness. |

Conjunctivitis of a non-purulent type developed in three patients.
In one the condition was followed by iritis.

One patient complained of double vision during her first two
days in hospitel.
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Inequality of the pupils was noted in two patients, one of
whom had a nystagmus to the right.

All complications affecting the eyes cleared up repidly. There
was no residual damage to the eye nor was vision affected.

Ear,

E.M., female aged eighteen years, admitted to hospitel on the
fifth day of illness, compleined of deefness in both ears. Acutely
i1l on admission, she responded well to treatment snd was diamissed
from hospitel at the end of three weeks., While in hospitel she was
examined by Mr. Syme who confirmed the presence of bilaterél nerve
deafness. He considered the chances of improwment in the right
eer ear fairly good; in the left ear, poor. Mr. Syme exemined this
patient again when she returned to hospitel for re-exeamination one
menth later. He found considersble improvement in the right ear
but no change in the left. The patient was referred to the Ear, Nose
and Throat Hospitel for further observation.

M.D.,, femele aged twenty-one yesrs, admitted to hospitel on the
fourth day of illness, compleined of noises and dullness of hearing
in the right ear. Like the previous cese, she made 2 good recovery
from cerebrospinal fever and was dismissed from hospitel at the end
of three weeke. Mr. Syme examined this patient prior to her dismissal.
Be found nerve deafness of the right ear but considered the chances of
partisl recovery good. The patient was referred to the Ear, Noge
and Throat Hospital, for further observation.

In two patients, unilateral purulent otitis media developed during
the course of cerebrospinal fever. In both the condition responded
rapidly to local treatment. '
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Pacial Peralysis.

M.C., female aged sixteen years, had, in eddition to inequality
of the pupils and nystagmus, a left facial paralysis when admitted
to hospital. The condition cleared up in a few days after
treatment was begun., The patient made a good recovery from
cerebrospinal fever. Dismissal from hospitsal was delayed owing

to persistent high protein levels in the cerebrospinal fluid.

(b) Non-Meningococcal Complications.

Respiratory Systea.

In nine patients, cersbrospinal fever was complicated by
the occurrence of bronchopneumonia. In six the condition was
present on admission to hospital, while in the renaining three
pulmonary infection developed as a terminal phenomenon prior to
death. Of the nine patients, seven were under four years of age.
Seven out of the nine cases terminated fatally,

One patient, an adult, suffered from chronic bronchitis.
She made a good recovery from cerebrospinal fever.

Alimentary Systea.

Fleven infants, all between the ages of one month and three
years, developed enteritis. With two exceptions the cond:f.tion
was present on the patient's admission to hospital. Of the
eleven cases five terminated fatally.

Intercurrent Disease.

The case of J.T., female aged one year, who succumbed to

pneumococcal meningitis following directly upon a meningococeal

infection, will be discussed in detail in Chepter Vii.
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J.S., female aged one year; developed a B, coliinfection of the
urine during the second week of her illness. The infection cleared
up rapidly with sulphapyridine.

An adult female, C.G,, aged fifty-six years, who died on the
seventh dey after admission to hospitsl, showed a marked enlargement
of the thyroid gland.

In two instances cerebrospinal fever occurred during pregnancy.
One of these cases terminated fatally. In nelther case did

pregnancy have any apparent effect on the course of the disease.

Comnent._

In Series C, cerebrospinal fever was complicated in two infants
aged three weeks and one year respectively, by internal hydrocephalus.
With regard to the first case, resolution of the infection was slow
as judged by the time the cerebrospinal fiuid took to clear, but it
may also be argued that the age of the patient was a predisposing
factor in the production of a mechanical blockage of the ventricular
system. In the second patient admitted to hospital on the ténth day
of illness, inflammatory changes sufficient to produce internsl
h&drocephalus had already occurred before sulphspyridine thersapy
was begun. The infection did not respond to treatment.

In the two instances where atagia was manifested, the response to
therapy was slow as judged by clinical and laboratory findings.

One case of sagittal sinus thrombosis is recorded. This is a
rare complication of cerebrospinal fever. A similar case associated

with haemorrhage into the frontal lobe is described by Banks (1933).
Purulent pericarditls end gengrene of the ileum due presumably
to mesenteric thrombosis resulted in a fatal issue in one patient.
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Permanent nerve deafness complicated the disease in two
adult patients. Other complications in the form of otitis media
cleared up satisfactorily.

Complications affecting the eye were of minor importance and
were not assoclated with any residual damage.

There were no cases of arthritis in this series.

In the one instance where facisl paralysis occurred, the
condition completely disappeared with the favourable progress of
the infection.

Of the non-meningococcal complications, bronchopneumonia was
recorded ia nine patients suffering from cerebrospinal fever. In
seven of these patients pulmonary involvement was associated with a
fatal issue. Of the nine patients seven were under the age of
four years.

Five of the eleven infants under four years of age who developed
enteritis died.

The occurrence of pneumococcal meningitis following meningococeal
meningitis is fortunately rare. This case is described in detail

under "Analysis of Fatal Cases" (Chepter VII).

s st s s et

Complications, meningococcal and non-meningococeal, in 256 cases

of cerebrospinal fever have been recorded in the three Series, 4, B,
and C. When they are considered as a whole it will be convenient
to classify them according to their degree of severity. Dangerocus
complications to which most attention must be paid fall under two

headings: (1) €omplications affecting the central nervous system and

¢ /
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and assoclated with death or permanent disability; (2) complications
of a non-meningococeal character in the form of bronchopneumonia and
enteritis which play a large part in delaying the healing processes,
and which in several cases have been found associated with a fatal
issue. Complications affecting the nervous system will be
considered first.

Of the 256 cases of cerebrospinal fever, nine developed internal
hydrocephalus, an incidence of 3.51 per cent (Table I); of the nine
cases, slx were between the ages of three weeks and one year, one
was aged five years, and there were two adults aged twenty-five
years and sixty-four years respectively. Of the nine cases,
five terminated fatally. It will be seen therefore that this

complication tends to occur more frequently in the early age groups.

Table L.

Incidence of Hydrocephalus
in
256 Treated Cases.

Days 111 | Day of Treatment Sequelae
SerieJ Group| Name| Age |,n" 2niss] when C.S.F.Dbecane|Result in
ion to sterile clear Recover-
hospital. ies.
5
c V {A.R. wes 2 3rd 7 th |Lived Blind
A I |AB.y .2 | 15 3rd 5th |Lived | Elind
B III |D.S. (4 " 4 Zrd 5th {Died -
B iV |[T.H[H " 5 9th 9th|Lived | Blind
B IIL |D.S.{7 " 12 ~ZArd 5th {Died -
C V (M.W. {1 yr. 10 Persisted Persisted Died -
positive | turbid
B III |J.G. {5 yT8 2 5 th 1%th [Died -
B IV [M.B. |2 Persisted ' _
5ysf 3 2 st |75 2% Died
24th day
A II | A.C.|64yrsy 10 9 th 9 th |Lived| nil.
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The average number of days of illness prior to admission to
hospital in the nine patients who developed an internal hydrocephalus
was seven days, and while this delay in treatment is recognised to
be a predisposing factor, the importance of slow resolution of the
infection has been emphasized as playing a large part in the product-
ion of mechanical obstruction to the flow of cerebrospinal fluid.

In cerebrospinal fever perhaps more than in any other infection,

what the sulphonamide drugs do, they must do quickly, and cases
which exhibit a turbid cerebrospinal fluid infected with meningococci
after ninety-six hours' dwug therapy should be considered as showing
a poor response to treatment. If this fact is appreciated and the
drug employed be replaced by another sulphonamide known to be

active against the meningococcus, it is suggested that the

incidence of hydrocephalus and the other dangerous complications

of cerebrospinal fever anight be reduced.

The correlation beiween delayed resolution and cerebral
demage has been illustrated further (Table IT) 1in those
patients who developed ataxia and choreiform convulsions, end in
those who showed mental instability during convalescence; indeed
some of these nervous manifestations were observed as incidents
leading wp to the eétablishment of an internal hydrocephalus.
Prophylactic measures taken with regard to internal hydrocephalus
must necessarily reduce the number of these complications no

less serious in that they may be followed by permsnent disability.
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Table II.
Incidence of Mental Instability and Ataxia,

Deys i1l on |Duration|Day of Treat-
Series|Group|Neme | Age |aqpjssion to|of Signs|ment when
Sequelae
(Yearsno spi tal. & C.S.F. became
Symptons {sreriie] clear
(Days).
Mental
A IT1 | M.G. d h
2 2 2 Srd TR stebility
A II { A.B. 7 2 7 4th 7th "
B IV |M.McLJ) 22 2 10 7th 7th Ataxia
c vV |MSs.| 3 5 8 Z¢d  |7th n
C V | P.A 2 l 10 6 5th l7‘bh "

Prognosis must be regarded as unfavourable with regard to nerve
deafness which complicated the disease in five instances, an
incidence of 1.95 per cent. The average number of days of illness
prior to admission in the five patients affected was four days, and
with the excéption of one patient all made a rapid recovery, and
shovied an early response to the drug employed. It seems unlikely that
once nerve deafness is established, anything more than partial
recovery is to be expected.

Sagittal sinus thrombosis like purulent pericarditis, is fortunate-
ly of rare occurrence as a complication of cerebrospinal fever.
Rolleston (1914-16) in a review of 276 cases of the disease, recorded
slx instances of pericarditis, three of which recovered.

The second group of dengerous complications comprising broncho-
pneumonia and enteritis now falls to be considered.

Bronchopneumonia especially in childhood, is a serieus
complication of cerebrospinal fever. As in other infections, the /
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the lowered resistance of the respiratory tract leads to its

invasion by pathogenic organisms. 1In Table III is shown the total

nunber of cases of cerebrospinal fever complicated by bronchopneumonia.
Bronchitis,of which there were a few instances, is not included. The
figures include the incidence of bronchopneumonis diagnosed on
admission to hospital, and bronchopneumonia occurring during the
coﬁrse of treatment. The high death rate in the early age groups

will be observed. Of the totel twenty-three patients, sixteen were
under five years of age, and of these, eleven died. In thirteen of

the twenty-three cases bronchopneumonia was present on the patient's

admission to hospital.
Teble III.

Incidence of Bronchopueumonia,

Age | O- 1- o 20- 40 - & Total
D 6 5 3 2 1 17
R 1 4 1 0 0 6

Total | 7 9 4 2 1 23

In nine of the seventeen fatal cases death took place within three
days of admission to hospital. In three of these cases where death
took place within two days of admission to hospital, bronchopneumonia
was particularly severe, the patients exhibiting a heliotropic cyenosis
similar to that seen in influenzal bronchopneumonia. There was no
evidence of suprarenal haemorrhage on post mortem examination. The
question arises as to whether in these and other cases the infecting
organism in the respiratory tract was the meningococcus. Attempts

were made in several instances to isolate the ceusal organisms from /
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from the lung. Lung puncture was performed in six patients prior

to death and the contents inoculated on glucose broth. In four
patients cultures were taken from bronchopneumonic patches at

post mortem examination. The investigations feiled to incriminate
the meningococecus as the causal sgent. In one case of bilatersl
bronchopneumonia which proved fatsl, gram negstive diplecocci were
isolated from the traches, but the orgenism did not conform to the
suger reactions of the meningococcus. In spite of these negative
findings it is of interest to note that in five cases where
cerebrospinal.fever was complicated by bronchopneumonia, meningococel
were isolated in the blood stresm. It is reelised, however, that
while & positive blecod culture is of some diagnostic significence, lung
puncture and exemination of the serum withdrawn is the only certain
method of proving the exact nature of the ceusative organism in a
suspected meningococcal pneumonia. According to Worster-Drought

and Kennedy, the few cases in which lung puncture has been performed
have yielded pneumococci &nd not meningococci.

Bronchopneumonia was most prevelent during the period Jenuary to
October 1941, i.e., in Series B and C. There was only one insteance of
bronchopneumonia complicating cerebrospinsl fever in Series A, during
the preceding period, May to December 1940. 1In Series B, treated with
sulphenilemide, eight out of thitty-six patients under five years of sage
developed bronchopneumonia, &n incidence of 22.2 per cent. In Series
C, treeted with sulphspyridine, seven out of fifiy-cne patients

under five years of age developed bronchopneumonia, zn incidence of

13.72 per cent. These figures would suggest thet sulphspyridine is

/
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is more efficacious then sulphanilemide in controlling this serious
complication of cerebrospinel fever. Actuslly the difference between
the two values 1s not statisticelly significent, & fact which must
be attributed to the small numbers involved.

The high fatality rate 18 explained on further analysis of the
secenteen fatal cases. In only elght patients did bronchopneumcnia
exist per se. Of the remaining nine, four developed internal
hydrocephelus, four succumbed to suprarensl haemorrhage, end in one
there was & superimposed pneumococcél meningitis. It is obvious
therefore that pulmonsry complications in common with other
affections alresdy enumerated éan only be reduced by the vigorous
and early treatment of cerebrospinasl fever. The remedy lies not
in the cure tut in the prevention. If sulphapyridine cen be shown
to be more effective in contrclling the incidence of bronchopnemnonia
then, ceteris paribus, sulphapyridine is the drug of choice in the
treatment of cerebrospinel fever.

The total number of patients who developed enteritis is shown
in Teble IV. With one exception the occurrence of this complication
in cerebrospinsl fever was confined exclusively to infants under
two years of sge. Of the twenty-three patients, twenty were under

one year of sge, and of these, seven died.
Teble IV.
Incidence of Enteritis.

Age 0- 1-3 Total
D 7. 2 9
R__|13_ 14 1a |

Totel [0 | 3 [ 23 |
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Although enteritis hes been included under non-meningococcal
complicstions, the aetiology of the condition may be aseribed to
toxins elsborated by the meningococcus acting on the bowel., Other
factors, however, must be taken into account. Fnquiries disclosed
the fact that several of the infants who subsequently developed
enteritis had been bottle-fed for the first time some days prior
to admission to hospital with cerebrospinel fever. It is well
known thet infants when introduced to cow's milk, modified or
unmodified, sre exposed to various toxic and infective egents
lisble to ceuse enteritis. It will &lso be appreciated that any
condition which lowers the resistance of the infant permits the
activation of intestinal orgenisms normelly non-pathogenic, end
thus increeses the liability to bowel infection. It was
therefore impossible in these cases to ascribe the enteritis to
one single aeticloglical factor. Although bacteriologicel examinstions
were carried out in fifteen of the twenty-three cases, no intestinal
pathogens were isolated in the fseces. In those cases where post
mortem exsminations were performed it was observed that there
were surprisingly little inflammatory chenges in the intestinal
mucosa. There was no evidence of ulceration even in the most
severe cases. These findings tend to show that the énteritis was
toxic rather then infective in nature, & view further upheld by
the fact that in eighteen of twenty-three patients, enteritis was
present on admission to hospitel, and none of them was at eny time
attended by an outbreak of infectious enteritis among other

children in the ward. It must be recognised, however, that in the
present state of our knowledge regarding the aetiology of infectious

/
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infectious enteritis in children no dogmatic opinions cen
be expressed.

A study of the twenty-three patients who developed enteritis
shows that in sixteen, where enteritis was the sole complication,
there were only two deaths. While prognosis must therefore be
considered more favourable under these conditions, it must be reslised
thaet the presence of enteritis by delaying resolution contributes
towards the causation of dengerous complicetions such 28 internsl
hydrocephelus. Enteritis was present on admission to hospitsal in
three of the four patients who died following internel hydrocephelus.
The remaining three fatel cases suffered from bronchopneumonia in
eddition to enteritis.

Treeatment of enteritis consisted in preliminary starvation
followed by a non-irritsting and easily assimilable diet. Toxsemiea
and dehydration were counteracted by the libersl edministration of
fluids by mouth, per rectum, end in practicslly &ll cases by routine
intreperitoneal salines. Infants who were thin and undernourished or
who were alreedy toxic and dehydrated from cerebrospinal fever did
badly. Additional fluid loss occesioned by slckness and vomiting
constituted & major problem especielly in sulphapyridine trezted
patients. For this reascn it 1s suggested that sulphenilamide or
sulphathiazole which ere more easily tolerable in infeants, should be
employed exclusively in the trestment of cerebrospinal fever in
infents. This point will be raised again in connection with the

complications of therapy (Chapter VIII).
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With regard to other complications which have been recorded
in connection with the eye, ear, joints, etc., little need be said.
None of these materially affected the course of the illness.
Unlike the nervous, pulmonary, and intestinal complications of
cerebrospinal fever, sll of them cleared up satisfactorily under
treatment. None of them was directly associsted with a fetal
issue and none was attended by permsnent disability.

Table V.

Incidence of Complications, Meningococcal snd
Non-Meningococeel, in the 256 Cases of
Cerebrospinal Fever.

Meningo cal Nunber of Cases Incidence
Complicetions, 1 showing complic- { o .., | per Cent.
ations. ‘
on After
Admission Admission.

: -
Central Nervous System.
Internal Hydrocephelus 3 6 9 3. 5L
Ataxie - 3 3 1.17
Fpileptiform convulsions - 3 3 1.17
Mental Instability - 2 2 0.7
Cardiovascular Systeum. !
Suprarenal haemorrhage 8 1 9 2.51
Epistaxis - 2 2 0.78
Purulent Pericarditis - 1 1 0.3%3
Sagittal Sinus Thrombosis - 1l 1 0.39
Mesenteric Thrombosis - 1 1 0.3
Specisl Senses.
Bar.
Nerve deafness 2 2 5 1.9%
Otitis Media 1 4 5 1.95 3

i

(contd.over).
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Number of Cases

Meningococcsl y
Complications. showing complic- Total Incidence
etions. . er cent
On After ‘ p °
Admission Admission.

Strabismus 24 3 27 10.5%

Conjunctivitis 3 5 8 2.12 !

Blindness 1 3 4 1.5

Ptosis of Eyelid 1l 2 3 1.17 l

Diplopia 2 1 3 1.17

Inequality of Pupils 2 1 3 1.17

Nystagms 2 - 2 0.78

Blepharitis 1 - 1 0.39

Iritis - 1 1 0.39

Joints. Q

Arthritis - 7 7 2.7%

Parelysis.

Faciel 2 2 4 1.5€6

Pharyngeal - 1l 1 0.%9

Non-Meningococcal Number of Cases

Complications. showing complic-

ST CPllons. ations. Totel. Incldence
On After per cent.

Admission Admission.

Respiratory System.

Bronchopneumonia 13 10 23 8.98

Bronchitis 4 0 4 1.5€

Gastro-intestinel System.

Enteritis 18 5 23 8.98

Qther.

Pneumococcsal Meningitis - 1 1 0.%9

Streptoceccel Septicaemig 1 - 1 0.%9

B. Coli Pyelitis - 1 1 0.7%9

Axillary Abscess

(Stephyloceoccal) - 1 1 0.39
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In Table V there are recorded the totel complications, the time
of their occurrence, and their incidence in the 256 cases of
cerebrospinal fever. The significance of their presence in the
disease has slready been discussed, but before concluding this
chepter I propose, st the cost of some repetition, to re-emphaslze
briefly the relstive importence of these complications from the

point of view of prognosis.

Meningococcal Complications.

Central Nervous System.

Once internal hydrocephalus is established little csn be done
for the patient. Intensive therepy will no doubt help to arrest
the further development, in the early stages, of this serious
complication. If the patient recovers he seldom escepes blindness
or some degree of cerebrzl damage. Early dlagnosis of cerebrospinal
fever followed by immediate treatment offers the best means of
preventing the development of internal hydrocephalus.

Ataxia manifests itself late in the disease and persists long
after convalescence. Patients who developed this complication had
not fully recovered six weeks after their dismissal from hospitel.
In such cases the best results are to be obtained by re-sducative
exercises designed to restore normal co-ordination.

Mental instability is similar to ataxia in that it occurs late
in the disease and has the same aetiology, namely, delay in treatment
or, once treatment has commenced, delay in resolution of the

infection. From the irreparable nature of the lesions produced in the

brain residual symptoms tend to persist long after the causative

infection has subsided. Experience in the present investigation has

/
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has shown that cases of mental instability may require constaunt
observation and treatment after their dismissal from hospital.

Apart from the significance of convulsive seizures commonly
associated with internel hydrocephelus, epileptiform convulsions
occurring per se during the course of the illness are to be regarded
with grave concern. Their presence in one patient was followed by
ataxia and permanent nerve deafness.

Cardiovascular Systen.

Prognosis is hopeless in suprarenal haemorrhage, a fatal
complication associated with the fulminating form of cerebrospinal
fever.

Epistaxis is of rare occurrence in cerebrospinal fever and has
no appreciable effect upon the course of the illness.

Pericarditis, sagittal sinus phrombosis, and mesenteriec

thrombosis are fatal but fortunately rare complications of the diseasa,

Special Senses.
Ear,

Temporary deafness of which there was one instance ia the
present series of cases, shows a gradual disappearance as the
patient's condition improves. It has been ascribed to transient
| oedena of the eighth nerve or the auditory portion of the cerebral
cortex. The prognosis in temporary deafness is good.

Permanent deafness occurs during the course of the illness and
is elmost always bilateral. It does not seem to bear much relation to
the severity of the illness. Patients may recover but the deafness

as experience has shown in the present study, remains unaltered or

shows only slight improvement.



Otitis media need cause no concern. The condition responds

rapidly to treatment and is not followed by serious complications.

Eye.
Apart from blindness associated with internal hydrocephalus,

complications which affected the eyes were benign and subsided
rapidly. No anxlety need be expressed by the appearance in the
early stages of the illness of signs such as strabismus, ptosis
of the eyelid, diplopia, etc. These ocular manifestations are of
a temporary nature.

Joints,

One or more joints may be implicated. Prognosis with regard
to the affected joints is good. Patients who suffered from
arthritis were examined from time to time after their dismissal
from hospital. Thers were no instances of disability from

adhesions or ankylosis.

Non-Meningococcal Complications.

Respiratory System.
Bronchopneumonia most frequently occurs in children. It is

usually associated with the most acute cases of cerebrospinal
fever. 1Its presence is a sign of grave prognosis. The fatality
rate in patients who developed bronchopneumonia in the present
investigation was 73.91 per cent, and in children under five
years (sixteen cases), 63.75 per cent. Bronchopneumonia occurring
during the course of the illness may be a deciding factor in a
fatal issue or, if the patient sur¥ives, may cause a dangerous

delay in the healing processes.

Bronchitis is of much less frequent occurrence. It does not

exert an unfavourable influence upon the course of the disease.
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Gastro-intestinal Systea.

Enteritis like bronchopneumonia, is a dengerous and often fatal
complication in children suffering from cerebrospinal fever. The
younger the child the more likely is the infection to be severe and
the greater the fatality rate. The combination of diarrhoea, vomiting,
dehydration, and an associated toxaemia superimposed upon an attack
of cerebrospinal fever is of serious prognostic significance. The
fatality rate in patients who developed enteritis in the present
investigation was 39.13% per cent, and in children under one year of
age (twenty cases), 35 per cent.

Qther Complications.

Secondary invasion of the meningeé by the pneumococcus is not
unknown in cerebrosplnal fever. When it occurs it is usually seen late
in the disease and invariably terminates a long-standing infection.

Pyelitis complicating cerebrospinal fever is usually of a benign
order and need cause no anxiety. It may be overlooked as the cause
of persistent pyrexia during convalescence.

Streptococcal septicaemia and axillary abscess are incidental
canplications not usually assoclated with the disease. The former
condition responded rapidly to sulphanilamide therapy.

In conclusion Table VI has been included to show the incidence of
intercurrent disease in the present series of cases. With the possible
exception of goitre and impetigo, the conditions enumerated had no
direct influence upon the course of the disease. In most cases,
however, their presence prolonged considerably the duration of the

patient's stay in hospital.
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Table VI.

Incidence of Intercurrent Disease in

the 256 Cases of Cerebrospinal Fever.

Intercarrent Number of
D1 sease. Casges.

Chi ckenpox
Whooping Cough
Rheumatic Endocarditis

Mump s

e

Paratyphoid Fever

Goitre

Inpetigo

(R S

Mongolism
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CHAPTER V.
RECRUDESCTICE AUD RETAPSE T CRREBROJPINAL FEVHER.

The incidence of recrudescence and relapse of the disease
occurring in the 256 treated cases is shown in Table 1. Tt
will be seen that there are five instances of recrudescence
and three of relapse. The figurea are obviously too small
to allow of any comparison being’made between the various drug

groups on such a basis.

Table 1.

Incidence of Recrudescence and Relapse.

Sefries A : B C _Total Incidence
Group 1 11 111 1V v per cent.
Recrudescence 1 = 2 - 2 5 1.95
Relapse - - 1 - 2 3 1.17

Before going on to the considetation of the cases it will
be well to have a clear definition of the terms recrudescence
and relapse.

A recrudescence may be @efined as a reappearance of the
signs and symptoms of meningitis including pyrexia following @
quiescent period during which apparent resolution of the
disease is taking place. The normsl course of the disease
may be interrupted by one or more such periods of reactivity
and the duration is variable (Worster-Drought and Kennedy)

The occurrence of a recrudegcence usually coincides with the
reappearance of the meningococcus in the cerebrospinal fluid.

Worster-Doought and Kennedy assert that a certain Jegree of neck
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rigidity is usually present in the quiescent period between
recrudescences and Kernig's sign almost invariable persists.
These signs serve to differentiate the condition from a
true relspse.

A relapse may be defined as the reappearance of the signs
and symptoms of meningitis including pyrexia following an
interval of time during‘which they have been absent. This
interval of time between apparent recovery and relavse is
longer than in the recrudescent case. To quote Worster-~
Drought and Kennedy, "No recurrence of symptoms should be
considered as constituting a genuine relapse unless at the
last lumbar puncture performed the cerebrospinel fluid is
normal and all symptoms and signs including Kernig's sign
have been absent for at least two weeks'.

The ceses about to be described as exhibiting a
recrudescence of relapse of the disease conférm strictly to
the gbove criteris. Recrudescent éases will be consicered
first.

Recrudescences.
Group 1 - Sulphanilamide.

1) T.3. - female aged thirty years was admitted to
hospital on the fourth day of illness. She was acutely i1l
on admission, delirious and noisye. Temperature lOOeuo F.,
pulse rate 132, respiration rate 3L. There were present
marked nuchal rigidity, head retraction, positive Kernig's
sign and photophabila. Lumbar puncture produced a turbiad
fluid under pressure and containing abundant intra- and

extracellular meningococci. Blood culture sterilees
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The slow progress of the case in conjunction with the
cerebrospinal £1uid findings gave csuse for anxiety. Primary
byrexia lasted for nine days and nuchal rigidity and Kernig's
sign persisted for fifteen days. Lumbear puncture performed
at L8-hourly intervals produced a turbid and heavily infected
Tluid up till the seventh day of treatment. A specimen
obtained on the ninth day showed the fluid to be sterile but
.amber in colour. The patient was troubled with much sicknecss
and vomiting and a persistent headache. Internsl hydroceph&alius
was suspected.

Drug therapy was continued for one week after signs and
symptoms of the disease had disappeared. Over a period of
three weeks 124.5 grammes of sulphanilamide were admimistered.
Apart from cysnosis on the third day of treatment there were
no toxic effects.

On the dsy following the cessation of treatment, the
patients twenty-second day in hospital, the temperature rose
to 1OOO‘F. and intermittent pyrexia continued for a pefiod of
ten days. The patient compleined of headache and stiffness
of the neck. There was a slight Kernig's sign. Lumbar
puncture produced an opalescent fluid showing scanty intracellulr
meningocbcci in the direct smear. There was ne growth from
culture on blood agar.

on sccount of the slow response to sulphanilamide it was
decided to try the effect of sulphathiazole. The response
was rapid. The patient's general condition improved. Signs

and symptoms disappeared within four days. The cerebrospinal
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T1uid was pronounced clesr and sterile after forty-eight hours
treatment. The temperature continued to be irregular and

did not show signs of settling until the tenth day of the
recrudescence . The drug was discontinued twenty-four hours
later. Over a period of eleven days she received 100 grammes
of sulphathiazole. There was no evidence at any time of

drug toxicity.

The patient was subsequently dismissed after a stay in
hospital of seven weeks. Lumbar puncture prior to dismissal
produced a clear and sterile fluid with a normal cell count.
When seen one month after her dismisssl the patient was
enjoying perfect health.

Group 111 -~ Sulphanilamide.

1l) G.M. - male aged five years admitted to hospital on
the third day of illness.

The infection cleared up rapidly within a few days of
the institution of therapy. The subseguent recrudescence of
the infection on no less than four occasions was possibiy due
to the fact that the drug was stopped too soon in the first
instance.

The patient was convulsing on admission to hospital.
Temperature 101.8° F., pulse rate 136, respiration rate 4O.
There wefe present marked nuchel rigidity, head retraction and
positive Kevrnig's sign. Lumbar puncture produced an
opalescent fluid containing intra- and extracellular
meningoccccia Protein content of the cerebrospinal fluid

200 mgme per 10Q c.c. Blood culture sterile.



Progress was rapid. Tempe rature returned %o normal
within two days and after four days signs and symptoms
disapnpeared. Lumbar puncture performed after forty-eight
hours produced a clear and sterile fluid with a nrotein
content of 150 mgm. per 100 c.c. The drug was stopped on
the sixth day of the child's admission to hoswuital. He
received a total of 23.0 g; of sulobhanilanmide.

The temperature rose to 1030 F. less than twenty-four
hours after drug therapy wss discontinued. The patient
complained of pain in the right ear. There was noc evidence
of meningeal irritation. There was no nuchal rigidity or

Kernig's sign. Lumbar puncture produced an opslescent but

sterile fluid.  Sulphanilamide was recommenced.

Within forty~eight hours the temperature returned to
normal and the fluld became clear and sterile. He complained
of earache for several days. Mr. 3yme examined the patient's
ears and pronounced them normal. The drug was stoppéd after
a period of seven days when a total of 39.0 g. had beén
administered. 5

Table 11. |
Case 1 (Group 111)

" Day of Premon- Cerebro- Menin- Durat-
Recrud- 111~ itary Temp. spinal geal ionin
€scence ness signs Fluid signs Days

Character DF C .
1 st. 9th Farache 105°F. Oelseent - -~ Absent 3
2 nd. 17th " 101°F. " - - Marked UL
3 rd. 27th v 1020F. " -+ Slight 3 18 ",
Lth 38th " 101°F, y - 4+ Slight 9 32

DF = Dhrect Film. C = Culture on blood agare.
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In table 11 is reccrded details of the first recrudescence
and three subsequent recrudescendes which recurred on the
ninth, seventeenth, twenty-seventh and thirty-eighth &ays of
illness respectively. In each one except the third where
the drug was changed to sulphapyridine, sulphanilamide was
admninistered. In all, the patient received 137.5 g. of
sulphonomide drugse. o toxic effects were observed.

The first recrudescence of the disease occurred within
twenty~four hours of stopping the drug, the second and third
within forty~-eight hours, while in the fourth there was an
interval of four desys' quiescence following stoppage of
therapy. It will be observed that in the last two the
- meningococcus was obtained in culture from the cerebrospinal
£luid. '

It is of interest to note that nrior to reactivation of the
infection the patient complained of pain ir thé fight ear. This
was followed by elevation of temperature, an opalescent'
cerebrospinal fluid and, with one exception, an exacerbation
of signs and symptoms. Repeated examinations failed to
detect the presence of disease in either ear. There was no
mastoid tenderness. It may be that a localised collection of
pus at the base of the brain was responsible for the aural
symptomé and the recrudescence which followed.

| Following the fourth and last recrudescence which proved to
be of Jonger duration than those preceding, the signs and
symptoms persisting for nine days, the child made a good

PECOVEYY . There were no compllications. His stay in hospital
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é;ﬁ prolonged to three months owing tc the development of
Mmmys . Then last geen one month after dismissal he was
enjoying perflect health.

2) L.R. - female aged seven years was aduitted to hospit=1
on the sixth day of illness., She was moderstely 111 omw
admission with nuchal rigidity, a positive Kernig's sizin and
marked laeblilal herpes. Tempe ratire 099 F., pulse rote 1285,
respiration rate 38. Lumbar puncture produced sr onpaslescent
filuld containing numerous intra- and extracellular meningococci.
Protein content of cerebrospinal fluid, 260 mgm. per 100 c.c.

Recovery was rapid. Temperature returned to normsl within
two days of the institution of drug therapy, and signs and
symptoms had disappeared by the third day. "The cerebrospinal
fluid was sterile within forty-eight hours and was crystal
élear at the end of nirety-six hours. The drug wess stopped
at the end of the sixth duy when the patient had received
a total of 22.0 grm. of sulphanilsmide.

On the seventh day, less than twenty-four hours after the
drug was discontinued, the patient complained of pain in the
mastoid area on the right side. The tempersture rose to 101° #.
reaching a maximum of 103.80 F., and the signs and sympioms
of cerebrospinal fever returned. Lumbar puncture revealed
an opalescent fluld. Scanty intracellular meningococci were
seen in the direct smesr. There was no growth of organisms
on culture. Sulphenilamide was recommenced in doseg of
1.0 gm. L-hourly.

The recrudescence lasted for six days.  ILumbar punciure
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Was prarformw at 48-hourly intervals. After four days the

cerebrospinal fluid though sterile, vemained opalescent.

Drug resistunce was suspected and sulphapyridine was substituted.

By the end of the sixth day the tempersiure returnzd 1o normsnl

the cerebrospinal £luid hecame clear and sterile and si

Csyaptonms disappeared. The patvient subseguently made =z good
rPECOVETY o Her dismissal after twenty-eight days stay in

hospital was delayed owing to a 1izh cell count obtained in
the first dismissal specimen of cerebrospinal fluid:
It will be observed that like the

ous case

Lol
el
U\
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reactivation of the infection was preceded by aural syaptoms.
Group V - Sulnhapyridine. |

1) J.7. - female aged one year was adnitted to hospital
on the first day of illness.

This patieﬁt who exhibited a recrudescence of the
infection on her ninth day »f illness died following the
development of pneumococcal meningitis. The case will be
described briefly. A more Jdetailed account will be found

in Chapter V11 in the analysis of fatal cases.

The infent was acutely i1l on admission to hospnital. There

was a recent history of convulsions. Nuchal rigidity was
present but Kernig's sign was doubtful. The anterior
fontanelle was not bulging. Tempe rature 1020 P., pulse rate
150, respiration rate 36 Lumbar puncture revealed a turbid
finid heavily infected with intra~ and extracellular
meningococcie Protein content of cerebrospinal fiuid

500 mgm. per 100 c.C.
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Primery pyrexia continued vntil the fourth day of

.
B

treatment, signs and symptoms subsided on the third day.
Lumber puncture was performed at U8-hourly intervals. The
ceredbrospinal fluld was sterile wit hin Torty-eight hours, but
was not pronowiczd clear until the seventh day of trestment,
when the drmg was stopped.  The patient had re el g total
of 23.0 gn. sulphapyridine.

Within twenty-four hours of the cessation of drag therapy
the temperature rose to 103° F., and signs and symptoms
including labial herpes retﬁrned. Lumbar puncture reveszled
an opalescent fluid which yielded meningocoeccus colonies on
cultiare. Sulphapyridine was recormenced.

Signs and symptoms disappeared at the end of the third
day of the recrudescence and on the fifth day the fluid was
pronounced clear end sterile. Sulphapyridine was continued
until the eighth day when the patient had received a total of
2L.0 gm.

The subsequent return of the signs and symptoms during
the third week gf the patient's illness followed by a fatal
issue was associated with a mixed infection of the meninges
with the meningococcus and pneumococcus.

2) M.S5. ~ female aged thirty-one years was admitted to
hospital on the fourth day of illness. She was acutely iil
on admission, delirious and comatose. Temperature 101° .,
pulse rate 100, respiration rate 28; There were present

nuchal rigidity, head retraction and a posltive Kernig's sigzn.

/
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éumbar puncture produced a turbid fluid under pressure
containing abundant intra- and extracellular meningécocci.
Blood culture was sterile.

The infection responded well to sulphapyridine. The
temperature returned to normal after two days, and with the
exception of a positive Xernig's sign, all signs snd symptoms
had disappeared by the fourth day. The cerebrospinal fluid
ﬁas turbid and infected with organisms after forty-eight
hours, but was pronounced clear and sterile at the end of
ninety-six hours' treatment. The drug was stopped on the
seventh day when a total of 55 gremmes of sulphapyridine had
been administered. '

On the eighth day of admission to hospital, twenty-four
hours after the druz was discontinued the temperature rose

to 100° 7., and signs and /

Teble 111.

b
.1:‘

Recrudescence of Cerebrospinal Fever.
(Case 11. Group V)
Day of Cerebrospinal Fluid 'Bigns Treatment.
Ill1- Treat- and ’

ness mnment Character leningococci Symptoms

i 1 Turvid Abundant Present . Sulphapyridiune
6 3 " " 1
8 5 Clear Sterile Absent ‘
10 7 - - " Total Dose 51.5 g
Recrudescence i
11 8 Onalescent Scanty Present Sulphapyridine
13 10 11} 1t 1
15 12 " ! " Total dose 30.0 g.
16 13 - - b ~ Sulphanilamige
20 17 Opalescent Scanty t .
21 13 = - " Total dose 60.0 g,

C/Tord.
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Table 111 (Contd.) T‘

Day of Cerebrospinal Fiuid Signs Treatment. |
Ill- Treat- and '
ness ment Character Meningococci ISymptous |
22 19 Opalescent 3canty rresent Jlphgyddire &gulhan -
27 2L Tarbid . Abundant " iﬁﬁgkﬁ°l‘
29 26 - - ! Total dose SL4.0 g.
32 29 Amber Sterile " intimeningoomeeis Senam |
Sulphanilamide 0.84T
35 32 " " " mtient's Blood Fram ;]’F
Sulphanilamide & ~
Sulph: ridir f
38 35 Clear " Absent ou;phapyrl e :
)4_0 37 1 1t 1 . ]
L8 L5 . Total dose 104.08 s
Dismissal Cerebrospinal Fluid Iymrhogytes Protein in mgn.
Tambar per per 100 c.ce.
Punctures Cull. MemMme
58 55 " 10 100

|
|
51 L8 Clear Sterile 14 120 j‘
i
|

i

and symptoms increased in severity. Lumbar punctﬁre revealed

an opalescent fluid containing scanty intracellular meningococcis. ‘

Sulphapyridine was recommenced. ’ , _ ‘
The recrudescence in this case is of interest on account

of its duration, the manner in which it was finally controlled, ‘

and the subsequent recovery of the patient free of cdmplications.§

Signs and symptoms including pyrexia were present over a !

period of thirty-seven days despite intensive drug therapy.

Details of the course of the infection are shown in Tsble 111. ‘
Recrudescence of the infection occurred on the eleventh day
of illness. Sulphanilamide was substituted for sulphapyridine ;
on the sixteenth day of illness. 3ix days elansed with no ? ‘

improvement in the patient's condition. She complained of a 5 ‘

/
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a persistent headache and suffered periods of mental confusion.
On the twenty-seccond day of illness sulphanilamide and
sulphapyridine were administered concurrently in a dose of
1.0 gramme of each drug at four-hourly intervals. This
brocedure was continued for one week without any appreciable
effect upon the course of thé infection. Drug thera)y was
discontinued over the following two 3dayse. on the thirty-second
day of illness 10 c.c. anti-meningococcal serum followed by
10 c.c. of»a 0.8 per cent solution of sulphanilamide were
administered intrathecally. The patient for the first time
during the recrudescence showed signs of improvement, although
signs of meningeal irritation persisted. The temperature
remaining unsettled it was decided to continue the simultaneous
administration of sulphanilamide and sulphapyridine on the
thirty-fifth day of illness. On the same day the patient was
given by the intrathecal route 15 c.c. of her own blood serum.
Within three days the cerebrospinal fluid was clear and sterile.
The appearance of a flormal Pluid coincided with a normal
temperature and the disappearance of signs and symptoms.
Sulohapyridine and sulphanilamide wesre continued in gradually
diminishing doses for a further period of ten days in order to
forestall any possibility of reactivation of the infection.

The patient was dismissed from hospital fifty-five days
after her admission. Dismissal lumbar puncture showed a slight
increase in cells and a protein content of 100 mge. per 100 Ce.Ce.

She returned to hospital at fortnightly intervals over a period

/
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of two months. No complicetions developed and she enjoved
perfect health.

A study of the bacteriological findings in this case
shows that a specimen of cerebrospinal fluid obtained on the
twenty-fourth day of treatment was as turbid and as heavily
infected with meningococei as that obtained on the patient's
admission to hospital. Investigations carried out at this
time by one of my colleagues showed adequate concentrations
of sulphanilamide in the blood, urine, and cerebrospinal
fluid. It appears evident that there had developed insensitive
meningococei upon which the sulphonamide drugs employed
produced little or no effect.

In spite of the massive dosagé of sulphonamides
administered, the patient received a total of 339.58 grammes,
there were no serious toxic symptoms. Blood examinations
including white cell counts and differential cell counts
were carried out at frequent intervals., There was no
evidence of agranulocytosis. |

Cases such as the one described which linger on for
several weeks commonly terminate fatally due to internal
hydrocephalus. It is remarkable that the brain should
have escaped serious stractural damage. The sﬁbsequent

improvement and recovery following the intrathecal injection
of the patient's own serum suggests that had this procedure
~ been adopted eérlier, the course of the disease might have
been modified. Several writers have advocated its use on

the grounds that there is a complete absence of complement



- 1% -
/
in the cerebrospinal fluid. Reference has already been made
to the report of Mackeﬁzie and Martin (1908). Recently
Thomas (1940) described a fatal case of relapsing cerebrospinal
fever in an adult female aged forty years which failed to
respond to a prolonged course of sulphanilamide and
sulphapyridine. = The intrathecal injection of antimeningococeal
serum, and serum from convalescent cases was followed by
temporary improvement. It would seem advisable in cases
where failure of chemotherapy is evident, to employ these
nethods at an early date. Thereby the dangers associated
with prolonged medication might be avoided.
Relapses.

Group 111 - Sulphanilamide.

1) J.G. - male aged five yeers admitted to hospital
on the second day of illness. This case which terminated
fatally due to the development of internal hydrocephalus is
described fully in Chapter V1l. The infection was
characterised by slow resolution of the diseesed processes.
The response to sulphanilamide was poor both clinically and
in the cerébrosPinal fluid. Signs end symptoms did not
disappear until the tenth day. Medication was continued for
fourteen days. The child made a good recovery and wes
discharged well one month after admission to hospital.

The patient was readmitted to hospital for investigation
six weeks later. The clinical history obteained from his
mother is as follows: it appears that the child enjoyed gocd

#

health during the four weseks following his discharge from /
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from hespitale. At the end of thisg period the mother
noticed a change. He became listless,; apathetic, and
drowsy. This she attributed to lack of sleep occasioned
by frequent air-raids. It was not until two weeks later
that the patient complained of stiffness of the neck and
headaches. Following a convulsive seizure the child was
taken by the mother to the Roysl Hospital for Sick Children.
He was transferred to Ruchill Hospital twenty=-four hours later.
On admission the patient looked well. He was well
nourished and of good colour. Temperature 98.4° F.,
pulse rate 116, respiration rate 2. There was no evidence
of meningeal irritation. Lumbar puncture produced an
opelescent fluid under slightly incressed pressure. No
organisms were obtained in the direct film or on culdure
on blood agar. Sighs and symptoms developed»five days later,
with twitching of the facial muscles on the left sidee.
Irritative phenomena rapidly increased in distribution and
severity from a general motor restlessness to violent
convulsive movements involving the upper and lower limbse.
The condition st this stage simulated an advanced Sydenham's
chorea} Extreme exhaustion and alarming emaciation followed.
Sedatives failed to control the convulsive seizures which
became continuous. Death took plsce on the eleventh day after
the patient's readmission to hospital. Post mortem examination
revealed an internal hydrocephalus.
RelapSe of the infection apparently occurred four weeks

after the child had been discharged from hospital. The /
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The condition was allowed to go untreated for a periocd of
two weeks. Had the patient in the normal course of events
been brought to hospital for examination, reactivity of the
infection might have been recognised and recovery effected.
Group V - Julphapyridine.

1) M.3. - female aged eight months was admitted to
hospital on the third day of illness. The child was
moderately ill on admission to hospital. Temperature 101O F.,
“pulse rate 140, respiration rate 30. There were present
slight nuchal rigidity, head retraction and positive Kernig's
sign. Lumbar puncture revealed a turbid fluid containing
numerous intra- and extracellular meningococcie. Protein
content of the cerebrospinal fluid, 150 mgm. per 100 c.c.

The infection responded well to sulphapyridine. Priméry
pyrexia 1ésted for five days. Signs and symptoms disappeared
within three dsys. Ther cerebrospinal fluid became opalescent
and sterile alfter forty-eight hours and.cleay within ninety-six
hours. Sulphapyridine was discontinued #fter nine dayse.

Relapse of the infection occurred two weeks after signs
and symptoms had disappeared. On the nineteenth déy of
illness the temperature rose to 102° 7. reaching a maximum
of 1ou° F. within twelve hours. There were no signs of
meningeal irritation. Lumbar puncture produced an opalescent
but sterile fluid. VSulphapyridine was adninistered by
mouthe.

The temperature returned to normal within twenty-four

hourse
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Lumbar puncture was performed at L8-hourly intervals.

The second specimen was opalescent. No organisms were
identified on the direct smear but there was a scanty growth
of meningococcus colonies on éulture. Two days leter a
‘normal cerebrospinal fluid was obtained. The drug was
discontinued after the sixth day.

The case is of interest on account of the absence of
meningeal irritation. Thefe was no nuchal rigidity and
Kernig's sign was negative. Sudden pyrexia was the first
indication of reactivation of the disease. The importance
of lumbar puncture under these circumstanced is obvious.

2) E.M'D. - female aged twenty years was admitted to
to hospitallon the first day of illness. The patient was
acutely ill on admission, delirious and maniacale. Temperature
102.30 F., pulse rate 66, respiration rate 22. There
were present well marked nuchal rigidity and a positive
Kernig's sign. Lumbar puncture produced a turbid fluid
contaiﬁing abundant intra- and extracellular meningococcis
quéd culture was sterile.

After three days' trestment signs and symptoms disappeared.

Resolution as judged by the cerebrospinal fluid findings
wés slowe The cerebrospinal fluid remained turbid and
infected with meningococci until the fifth day of treatment.
It did not become clear and sterile until after the seventh
day. The drug was stoppéd on the eighth day. Normal
convalescence followed.

On the twenty-first day of illnessend fourteen days after

all signs and symptoms had disappeared, dismissel lumbar /
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bunctur@ was performed, The f£luid was opalescent but>no
organisms were found either in the direct film or on culture.
The same evening the tempersture rose to 101.60 Fe The re
were no other signs or symptoms of disease. Sulphapyridire
was administered by mouth.

Pyreria continued for a period of forty-eight hourse.
Fall in temperature coincided with the appearance of a clear
and sterile fluid. The drug was continued until the sixth
day.  The patient was dismissed well a few dsys later. A
normal cerebrospinal fluid was obtained prior to discharge
from hospital.

Like the previous case there was an absence of signs of
meningeal irritetion. The relspse was discovered prior to the
rise in temperature in the course of routine dismissal lumbar
puncture.

Recrudescéence.

There were five instances of recrudescence of the infection
in the 256 treated cases, representing an incidence of 1.95
per cent. . A study of the recrudescent cases suggests that
this figure might have been further reduced had the duration
of therapy been more prolonged.

A study of the table indicating duration of therapy
(Chapter 11p.#8) shows that in sixty-six out of a total of 219
recovered -cases the period of drug treatment varied between
five and seven days. In four out of the five recrudescent

cases, one of which proved fatal due to a mixed infection of

/
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of the weninges, two received six, srd two received

n

even days
of drug treatment. It will Dbe seen therefore that recrudescencs
of the infeétlon was with one exception confined to that group
of patients whe received a relatively short course of chemo-
therapy. Further examination of this group shows that a rapid
and favourable response to the drug employed was consicdered
sufficient grounds for limiting medication to seven days or less |
when all signs =2nd symptoms of cerebrospinal fever had for the
most part disappeared. In the light of personal experience,
however, it is obviously adviseble and it is in accordance

with the best principles of chemotherapy that, in every case

of cerebrospinal fever regardless of the degree of illness or
rapidity of recovery, the minimum period of drug therapy should
be limited to ten days. If this practice is adopted there

is no doubt that the number of recrudescent cases will be
reduced to a minimume.

It will be noted that in all cases reactivation of the
infection occurred within twenty~four hours of completion of
the initiel course of treatment.

In all cases, exacerbation of signs snd symptoms
coincided with the recovery of the méningococcus from the
cerebrospinal fluid.

The duration of treatment and not the amount of drug
administered is of importance in the prevention of recrudesc-
ence of the infection.

Where failure of chemotherapy 1s evident the intrathecal

administration of antimeningococcal serum and the patient's

/
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é@n serum may prove Lo be of value. On the other hanid
lack of response may be due to the presence of meningococel
insensitive to the chemotherspeotic agent employed. In
these cases the dfug should be replsced by snother
sulphanilamide derivative. It is probable that a combination
of serum and sulphonamide drugs is the best method of
treatment in protracted cases.
Relapse.

There were three instances of relapse of the infecﬁibn
in the 256 treated cased, representing an incidence of
1.17 per cent.

In one out of the three cases the meningococcus was
recovered from the cerebrospinal fluid.

It is important to note the absence of obvious clinical
signs of meningeal irritation in the relspsed cases when
first seen. The first case looked healthy on readmission
to hospiltal. An opalescent cerebrospinal fluid was the
only evidence that all was not well. The second case was
discovered following sudden pyrexia, while in the third case
routine dismissal lumbar puncture provided the only evidence
of relapse of the infection. The patients made no complaintis
of feeling unwell. In nc instance were there present any
of the familiar clinical signs of the disease to indicate

that reactivation of the infection had occurred.

The sequelae of vecrudescence and relapse in cerebrospinal

fever is illustrated in the few cases recorded above. nhen/

4
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men reactiveation of the infection

&

Is of long durztion or
repeated at regnlar intervals as 1n one case described there
is a danger of permanent cerebral damsce or hydrocephalus.
Furthermore the lowered resistance of the patient renders\him
liable to fell a victim to secondary infection such as
bronchopneumoniae. Cne case has Deen described where a

fatal termination resulted from a mixed infection of the
meninges with the meningococcus snd the pneumococcus.

It is obviously of the greatest importance that the
presence of recrudescence snd relapse of the infection should
be guickly recognised and treatment instituted. The
diagnosis of recrudescence should not present much difficultye.
The recognition of relapse of the infection may not be easye.
Few mistakes will be made if routine clinical examinatioﬁs
are carried out from day to day. It cannot'be too strongly
emphasised that convalescent patients who develon pyrexia
should be lumbar punciured forthwith e?en in the absence of
signs of meningeal irritation.

A study of the ahove cases has demonstrated the importance
of certain essential factors in the manasgement of a case of
cerebrospinal fever, and it is to these factors that most
attention must be paid if the conditions necessary to promote
the rapid recovery of the patient and to minimise the
occurrence of recrudescence and relapse of the infection are
to be obtained. I propcse to swmarise briefly those

factors which have shown themselves to be worthy of sneclal

consideratione.
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Duration of Theranye.

pa

In every case of cerebrospinal fever regardless of the
degree of illness or rapidity of recovery the minimum period
of therapy should he limited to ten days.

Pyrexia during Convalescence.

In all cases of pyrexia Aduring convalescence from
cerebrospinal fever lumbar puncture'should bé pverformed in
order to eliminate the possibility of recrudescence or relapse
of the infection.

Diagnosis of Recrudescence.

~Recrudescence of the infecticn is usually to be seen

shortly after completion of the initial course of chémotherapr
In the five instances recorded, recrudescence occurred within
twenty~four hours of stonping the drug. A recrudescence |

is recognised clinically by a sudden elevation of temperature
and the exacermtion of signs and symptoms of the disease.

Its occurrence coincides with the reappearance of the
meningococcus in the cerebrospinel fluid. Attention will

be dravn in a subsegquent chapter to the importance of
‘differentiating reccrudescence of the infgction from drug fever.

Diagnosis of Relapse.

Relapse of the infection occurs after a minimum period
of two weeks during which time the cerebrospinal fluid has
been normal and all signs and symptoms have been absent. A
relapse is not necessarily accompanied by obvicus clinical
signs of meningeal irritation. In contrast to a recrudescence
the onset of a relanse is often insidious. Pyrexia is not

always present. Immbar puncture reveals an opalescent fluid



_]_59_

/

o

e 4 . - . v - . e S vy o -~ E 2
ut the pecovery of the mecingococens voriable. It

Lo CA L

may be difficult in the absence of signs and symptoms to

detect the preserce of relapse. If there is any doubt
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mind of the physiclan as to its presence Jumbar suncture
should be performed forthwith. Failure to recognise the
condition may lead to éhronic inflammatory changes and the
subsequent develorment of interﬁal hydrocephalos &s has been
illustrated in one instance in the present Broup of cases.
Treatment - chemotherapy.

In all cases of recrudescence and relapse treatment should
be commenced immediately along lines similar to the inital
‘course of therapy. Where reasctivation of the disease is
prolonged or where the course of the infection is interrupted
by one or more such periods of reactivity the possibility
off the development of meningococci insensitive to-the
sulphonamide drug employed should be borne in mind. In
such cases it is advisable to substitute anéther
sulphanilamide derivative known to be equally active againét
the meningococcus.

- Serotherapy.

In cases which linger on for several weeks and which
are obviously not responding to sulphonamides the intrathecal
administration of antimeningococecsal serum or the patient's
own blood serum may effect recovery. These methods should

be employed at an early date in order to diminish the risk

of complications both of the disease and of chenotherapye.
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CHAPTER VI.

SUPRARENAL HAEMORRHAGE IN CEREBROSPINAL FEVER.

(Waterhouse-Friderischen Syndrome).

The Weterhouse-Friderischen syndrome is a name applied to
rapidly fatal cases of suprarenal haemorrhage accompanied by profuse
purpuric cutaneous eruptions, pyrexia, and signs of acute infection.
In the course of the present investigation nine cases have been
seen by me which fulfill the above criteria. In six an autopsy was
performed which confirmed the diagnosis, while the remaining three
cases were so typical that a diagnosis on clinical grounds was
considered justifiable in the absence of a post mortem examinsation.
The consideration of these cases in conjunction with those already
reported in the literature emphasises the frequengy with which the
meningococcus is incriminated, and leaves no doubt as to its being
by far the commonest setiologlcal agent found in this condition.

The British Medicael Journal of May 10th, 1941, in a leading article
on Acute Bilateral Adrenal Haemorrhage, remarks, "Some 70 per cent of
the published cases were associated with meningococcal infection, and
- during the present epidemic, or high endemic meningococcal prevalence,
“the proportion is likely to be nesrer 100 per cent."

Suprarenal haemorrhage was first recogniISed as a clinical entity
by Bleker and Bailey .(1901). They recorded four ceses all under one
year of age which terminated fatally and which presented the common
features of haemorrhage inte the skin and suprarenael caspsules. The

possibility of haemorrhagic smallpox of the fulminating type was
suggested but no definite cause of the condition was established. They

/



They refer to two similar cases recorded by Dr. Eustace Talbot
in the St. Bartholomew's Hospital Reports for 1900, and to two
cases reported by Drs. Andrewes, Garrod, and Drysdale in the
Pathological Society's Transactions for 1898. Little's paper

in 1901 in which he contributed four cases and classified others
in the literature stressed the occurrence of suprarenai
haemorrhage and purpuré in assocletion with acute infections.
These are the earliest cases which would seem to fit the clinical
picture which we recognise today as the Waterhouse-Friderischen
syndrome.

In 1904 Langmead reported three cases of suprarensl apoplexy
in children.' In a review of the literature and discussion of the
aetiology. of the condition, Langmead noted a close resemblance
between the cliniceal records of these cases and of those of acute
specific diseases of a milignent type. His postulation as to the
" probability of a toxasemic origin was substantiated by Andrewes
(1906) who described the first case‘of acute meningococcel
septiceemia with bilateral suprarenal haemorrhage in a male
me@ical practitioner, fifty-three years of age. Weningococel
were isolated both in blood films end blood culture. Waterhouse
(1911), reported suprarenel apoplexy end cutaneous hsemorrhages
in a child of eight months and reviewed fifteen others, all of
whom had a fatel terminstion, and all infants between the ages
of two and fifteen months. Available evidence led Waterhouse to

conclude that there was some relationship between the disease and

haemorrhagic smallpox.
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Attention was 'again focused upon the meningococcus when
Maclagen and Cook (1916) described their experience of the
fulminating type of cerebrospineal fever met with in the epidemic
of 1914-16. They noted the combination of purpuric rashes and
suprarenal haemorrhage in at least ten of their cases. They
comment, "The presence of acute haemorrhagic adrensalitis although
not confined to cerebrospinal fever is so common in that disease
as to suggest a selective action by the meningococcus on the
chromaffin cells....." Netter and Salasnier (1917) were able to
demonstrate the bresence of meningococei in the purpuric elements
of meningococcel infection. Friderischen (1918) summarised the
literature and published two cases of his om. The title which
the syndrome ceme to assume from this time is an example of the
vagaries which apply the name "Waterhouse-Friderischen" to a
condition really first described by others.

A study of the literature from 1916 onwards shows that
where bactericlogical investigations were carried out, the
meningococcus has proved to be the most frequent setiological agent;
indeed the common association of acute meningococcael infection
has led Aegerter (1936),in his review of the literature, to question
those bacteriologicel findings which would inecriminate so meny
different end unrelated orgenisms in tlhe Waterhouse-Friderischen
syndrome. It has to be noted in the published reports of the
syndrome where the maningococcus is involved, such &s those of
Herrick (1921), Middleton and Dusne (1929), Foucar (1936),

Cullum (1938), and Grace et al. (1940), to quote a few, the
condition was thet of a profound septiceemia without involvement
of the meninges.



The fulminating nature of the infection has seldom allowed
time for the orgenism to invade the meninges and produce e
purulent menir}gitis, slthough Maclagan and Cooke's report shows
that this spread of the infection did occur in some of their
cases exhibiting the classical signs of the Waterhouse-Friderischen
syndrome. A recent contribution to the literature by Lindsay
et al. (1941) records a total of eightyanine cases to which they
have added seven of their own.

It will be appreciated therefore that suprarensl heemorrhage
is of extreme rarity. The occurrence of nine cases in the
A compearatively short period of eighteen months during an epidemic
of cerebrospinal fever is a unique experience. The relatively
high incidence of this complicetion in the present series of
cases would seem to‘indicate an increase in virulance of the
mexiingococcus coincident with the "pesk" of the epidemic. On the
other hand, the rerity of the condition may have been responsible
for many cases going unrecognised in previous outbreaks of the
infection. In the following pages suprarensl haemorrhage in
cerebrospinel fever is discussed in relation to symptomatology,
pathology, diagnosis, and treatment. Details of the clinical and
pathoiogical findings in nine cases have been recorded and
recommendations based on personal expefiénce are put forward with
regard to therapeutic measures. It is hoped that this contribution
will be of some vealue in the wider recognition of what has proved

to be a grave complication of cerebrospinel fever.
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. Symptomatolo gy

The large majority of ceses ocour in patients under the age
of two years, but the disease is not uncommon in adults. Of the
fifty—-seven' cases discussed by Aegerter, 26 per cent were under
slx months of age, 52 per cent were one year or younger, end 70
per cent two years or younger. Of the fifty-seven patients, there
were six adults, three of whom were over fifty. Sex would appeer
to play no part in the eetiology of the condition.

The disesase is c;haracteriSed by the sudden onset of coms,
cyanosis, purpuric rash, and & short course to s fatal issue
ususally within 12 - 24 hours.

. Qnset. The patient is usually in perfect health until the
onset of the disease. Initial symptoms may be headache or malaise,
convulsions, shivering, end vomiting. Abdominel pain and diarrhoea
are not infrequent. High fever and a flushed face may be all that
is present. Blood pressure is invariebly low. The patient may
become stuporose or comatose within a few hours. It is not
uncommon for & heelthy adult to be struck down and lepse into
unconsciousness within the space of haif—an—hour. In meﬁingococcal
septiceemia typicsel signs of meningitis are not usually seen, but
they may occur later. Some patients develop bronchopneumonia
during the course of the illness but as an initial feature it is
uncommon. The temperature at this stage is variable.

Cyenosis. Cyenosis is usuglly noted 10 - 12 hours after the
onset. It is so striking thet it attracts immediate attention and

is generally the first sign which brings the patient to hospitel.
It is first seen on the lips and nails which become blue in  /
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in colour; thereafter & characteristic cyanotic hue develops

on the extremities and soon becomes widespread over the bcdy;

In a case described by Aegerter, the mother was attracted by

the child's colour. He appeared "bluish &ll over his body."

This cyenosis in combinstion with the fully developed rash

presents a typical picture. The body assumes & dusky colour

intefspersad with petechiae seen in all stages from pink to

purple. Henderson snd Pettigrew (1932) in an sccount of their

patient, relate how the mother's attention was called by the

child's meking a "funny noise" and when the light was turmed on

she noticed it was black in the face. The child was brought

immediately to their surgery but was found to have succumbed.
BRash. The rash asppears soon after the cyanotis has

meanifested itself and tekes the form of petechiae scattered

over the trunk, face, and extremities. The‘petechiae increase in

size and number with remarkeble rapidity. Aegerter instances

the csse of a2 mother who watched the "spots" develop while

giving the patient & bath. In a case described by Blakers and

Bailey the rash was not present when the patient léft home for

hospitel, an importént diagnostic point according to these wrliters.

As the eruption develops the lesions become confluent and in some

‘ceses ecchymotic. Patches of ecchymoses may coalesce into large

arees of haemorrhage. The skin tekes on & blotehy purple appearance

and over the contact arees such es the buttocks, elbows, end

shoulders, assumes the appesrance of post mortem lividity described

by Aegerter. Patients when first seen may be in a moribund
condition and covered from head to foot with & profuse purpuric

eruption.
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Courgse. By the time the rash has fully developed, if not
before, the patient is in a comatose state. It is common at this
stage to find moist rales over the chest and perhaps the early
signs of meningeel involvement, but death may ensue before these
have had time to become menifest. The spinsl fluid is clear or
opelescent in cases of meningitis when meningococci may be
identified. The causel orgenism can also be isolated in the blood-
stream or from one of the cutaneous haemorrhagic sreas of the skin.
The temperature,usuelly elevated at the onset of the rash, rises to
105° or 106°F. end the clinicel picture is that of impending death;
the extremities are cold and the body hot, signs indicstive of
peripheral circulatory failure. It may not be possible to record
the blood pressure at this stage. The rash persists after death.
During the éourse of the illness it is possible to diagnose the
presence of suprarenel haemorrhage by the development of
genereli sed muscular flaccidity, cirmlatd.’ty collapse, and low

blood pressure.
Pathology.
Bilaterel suprarenal haemorrhage visible to the neked eye is

the most constant and often the only feature to be found at eutopsy.
The glends ere reddish-purple in colour, swollen, and distended with
extravasated blcod. They ere ususlly equally implicated.

Aegerter cites three cases in the literature where t;he heemorrhage
wes unilateral and confined to the right suprarenal gland. The
haemorrhege is in the majority of cases massive, converiing the

Laet

glend into what Dudgeon (1904) has described as "a coffee-coloured
heemorrhaglc mass" or "blood sac", the wall of the sac being /

’
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being represented by the thinned out layer of cortex with blood
clot lying in the medulla. It is rare for the capsule to rupture,

but should this occur, e haemorrhagic peritonitis results.
Microscopically the medulla is seen to be greatly disorgenised

end may show necrotic chenge. The gland cells are indefinite in
outline, swollen and homogeneous, and teke the stain badly. There
may be numerous scattered haemorrhages with intervening areas of
‘normal parenchyme or & large extravesation of blood mey disrupt
the entire medulla and completely obliterate its architecture.
Even in the worst cases one can recognise the normel arresngement
of the cortical cells between whose collums are seen prominent snd
distended capfllaries. The haemorrhage in the cortex is not
massive but takes the form of numerous sevattered areas accompanied
by locsl ﬁestruction of the cellular elements. | Dudgeon has
classified suprarensal haémorrhage as follows:—

(1) The whole glend or glands are converted into "blood
sacé" with occasional extravasation into the surrounding tissues.

(2) The haemorrhage may occupy the medulla of the gland but
fhe éortex is spared except for & few red corpuscles scattered
between the collums of adrenal cells.

(3) Scattered haemorrhages into the gland substence chiefly
in the medulla with little destruction of the parenchyme.

It has already been pointed out that while the majority of
cases are associated with meningococcal infection, meningitis is

rare. Maclagen and' Cooke's report has been previously quoted in

this connection, &s ean exception. It remains to mention one /
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one other case described by Aegerter where a commencing meningitis
was fevaalé’d post mortem. Examination of the spinel fluid usually
reveals a crystal clear fluid with perhaps a slight increase in
cells, some of these polymorphonuclesrs.

Apart from the changes described it is seldom that one finds
further evidence of structural damage in the internsel organs.
The purpuric nature of the infection is sometimes manifest as
haemorrhages into the pleura, pericardium, end peritoneum. They
may also be seen on the soft palatg, larynx, end traches. As
Simpson (1937) has stated, "Pathologicsl chenges in the body after
death from acute adrenal insufficiency of the cortex sre, for
practical purposes, limited to those by which the gland itself

is destroyed."

Case Records.

During the period Jenuary 15th - May 16th, 1940, nine cases
on admission to hospital presented the signs and symptoms and the
cheracteristic eppearance of the Waterhouse-Friderischen syndrome.
Three were admitted in January, two in February, three in April,
and one in May. A study of the chart (Chapter II) will show that
this was the period of greatest prevelence of the infeétion.

Thelr ages veried from the youngest, three years, to the
oldest, fifty-six years.' Of the nine cases, eigl:a‘..~ were females.
Geographically they were widely separated. They will be described

in £he order in whtéh they occurred.
Case 1. C.W., & female child aged four years, admitted at

10 a.m. on January 15th, 1941. She was well developed and well
nourished. No history of recent contact with infection. Previocus

illnesses, measles, whooping cough, and pneumonia. She was /
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was wéll and running about shortly before the onset of the dise
The mother first noticed thaf. the child was twitching violently
during the night of January 14th. A rash appeared about 6 a.m.
on the morning of the fifteenth. She was edmitted to hospital
four hours later. | |
On admission the child was seen to be collapsed and comatose.
Temperature 101.8%F., pulse rate 140, respirations 42. Mouth dry |
and tongue furred. Throst clesn. Chest clear. Slight nuchsl
rigidity. There was marked cysnosis and the entire body was
covered with & macular purpuric rash confluent on the limbs aﬁd
trunk. The body exh:'..bitedv a generalised dusky hue which ultimately
deepened as the disesase progress;ed. Lumbar puncture revesled a
crystal clear fluid under normsl pressure. Cell count 8 lympho-
cytes per cubic millimetre. Protein 20 mgm. per 100 c.c. The
fluid was cultured but no orgenisms grew. Coma and cyanosis
increased. The pulse beceme impércepﬁble at the wrist and the
rash hed formed into several hsemorrhagic sreas on the legs just
befére death took place 1 hour, 20 minutes, after admission to
ﬁospital. Blcod culture was not done owing to difficulty in
obtalning a specimen. Unfortunately, blood films were not taken.
Mutopsy. Post mortem exeamination was performed three hours
efter death. The rash was still obvious &s numerous petechlae and
large purple blotches on lower limbs, lumbar regiﬁn, and elbows.
Lividity well marked, skin discoloured pink to red. Lungs congested,

no pneumonia. Brain showed much congestion but no purulent»

meningitis; fluid in latersl ventricles clesr. Both suprarensals /
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suprarenals were seen to b_e purple in appeasrsnce, swollen, but
not enlarged. The upper half of each glend was seen to be
enveloped in a glary mucoid‘ substance suggesting fat necrosis

in’ the surrounding tissuels.' The capéule of the glé.nds was not
rupturéd. On section the suprarensls were seeﬁ to be the seat
of extensive haemorrhage. Extravasation of ‘blood had taken place
.i.n'bo both medullery snd corticsl portions. All other 6rgans
appearéd normal.

Cultures teken from the spleeﬁ and heart blood proved
sterile. '

Case 2. B. B',’. g femsle aged twelve years, admitted at 9 p.m.
on Janusry 22nd, 194l. She was a well built gi}l and in good
health before the onset of the disease. No history of recent
contact with infectious disease. There was a large militaryl
camp in the vicinity of her home. Previous illnesses, measles
end whooping cough. On the day prior to edmi ssion (Jenuary 2].s£)
she complained of feeling out of sortsand went to bed. She awoke
the nexﬁ morning with severe headache &and pain in the lower limbs.
She vomited. A rash was noticed on her legs. About 4 p.m. on the
22nd she beceme drowsy and was admitted to hospitel five hours
later.

On admission the patient was collepsed and in coma.
Temperature 98°F., pulse rate 96, respirations 32. Throat and
mouth clean. Tonsils injected. Rales were widespread over both

luhgs. Nuchel rigidity, slight head retraction and marked

Kernig's sign were noted. There was a widespread petechlal rash

on t.he'face, lower limbs, and abdomen. ' Cyanosis at first not /
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not marked, became the most prominent feature in this case and
quite out of proportion to the degree of lung involvement. It
was seen to commence at the extremlties and was first manifest in
the finger eand toe nails which became blue. By the second day
the entire body had assumed a faint purple hue and presented the
picture of a "heliotiopic" cyanosis. Lumbar puncture on admission
revealed a turbid fluid under pressure. Direct smear showed
polymorphs 95 per cent and scanty extracellular meningococei;
protein content of cerebrospinal fluid over 700 mgm. per 100 c.c.
The fluid was cultured and yielded a good growth of meningococci.
Blood culture was positive for meningococci. On the day after
admission (January 23rd) the condition of the patient was very
much worse. The petechiae had increased in size and number but the
rash was not confluent, nor did it become blotchy or echymotic.
Dyspnoea became marked. . ’Coma and cysnosis inc?eased. Bubbling
rales were heard throughout both lungs. Temperature 103°1"., pulse
rate 120, respirations 50. She died next day (January 24th)'
forty-five hours after admission. Prior to death the d$emperature
rose to 106°F. The entire body showed marked lividity. pog
mortem exsmination wes not performed.

Case. %Z. This cese, a female child aged three years, has not
been included in the present investigation of cerebrospinal fever
owing to the fact that the patient was found to have succumbed
during trensit to hospital. From the history of onset and the
fact that the child was admitted at the height of ‘the epidemic

it is probable that there was present suprarenal haemorrhage. The

cliniéal history so far as could be ascerteined is as follows:- the

/
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the child was well nourished and robust and was in perfect health
up ti11 the onset of the illness. During the evening of January
28th, 1941, the mother ﬁqticed that the child had become very quisét,
but she did not feel unduly anxious. The child was put to bed.

. Early the following morning (January 29th) the mother beceme
elarmed by the child's appearsnce and called in the family doctor.
The doctor arrived at 8 a.m. to find the child cometose and covered
from head to foot with a purpuric rash. 'fhe patient was seen forty-
five minutes leter in hospital and, #s already stated, was found

to have succumbed.

The sppearance of the body was typical of that already
descﬁbed in cases of suprarenal apoplexy. The body was covered
with & macular puxpuﬁc rash which hed become confluent and grossly
haemorrhagic over the abdomen and lower limbs. Cyax;oSis was
widespread and no srea of the skin seemed to have escaped.
Unfortunately the circumstences of the case were such as to render
impossible the performence of & personal post mortem exsmination.

I am indebted twthe family doctor for the deteails of the clinical
nistory. | |

_(_‘é_g_e_ﬁ_. P.T., & femsle aged six years, admitted at 1.70 p.m.
on February 1lst, 1941. A well developed and well nourished girl.
No history of recent contact with inféctious disease. Previous
illnesses:- meé.sles, whopping-cough, and chickenpox. Prior to
orget of infection patient had been in good health. Onset sudden,

with sickness, vomiting, and severe abdominel pain, all occurring

within a period of forty-eight hours prior to admission to hospitel.

No diarrhoes. Rash first asppeared four hours prior to admission to
hospital. .
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On admission the patient was semicomatose and delirious.
Temperature 101.2°F., pulse rate 116, respirations 24. Mouth dry and -
tongue coated. Throat clean. Chest clear, Marked nuchal ﬁg_idity
end positive Kernig's sign. Labial herpes. The body was covered
with_ a purpuric rash confluent on legs and trunk. There was a
well marked cysnosis. Iany of the confluent patches on the buttocks
end iegs repidly _developed into large haemorrhagic areas. The dusky
discolouration end blotchy appearsnce of the skin were typical.

Lumbar puncture revealed a turbid fluid under pressure, conteining
nunmerous intre-and extre-cellulsar gram negative diplococci. Culture
of the fluid produced a pure gro&th of meningococel. A siﬁu‘.lar result
was obtalned from blood culture. The following morning arbilateral

~ bronchopmeumonia hed developed and the patient was now moribund.
Temperature rose to 106,49 F., pulse rate 140, respirations 63. She
died without recovering ‘consciousness twenty-four hours after

admi ssion: to hospital.

Permigsion for a post mortem“ examination was not granted.

Case 5. D.' McD.‘, a male child aged three yéars,. admitted to
hospital at 9 p.m. on February 4th, 1941. Previously in good heelth.
No history of recent contact ﬁth infection. Previous illnesses:-
chickenpox and "chest trouble" one year previously. Onset sudden
with restlessness, distressed breathing, sickness, and vomiting,
twenty-four hours prior to admission to hospital. Rash first noticed
shortly before admission., Eighteen hours after the patient's admission
to hospital a mnmber. of thé same family, H.McD., a female aged two

years (Series B. Group IV) was admitted suffering from cerebrospinal

fever. She made a good recovery. This is the only known instance in

/
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in the present series of cases where two members of one family
contracted the infection within a f‘ew'hours of each other.

On admission the child was pale and toxic looking and comatdée.
Respiratory embarrassment was marked. Pulse soft and thready.
Temperature 101.2°F., pulse rate 170, respirations 40. Tongue, throat
and mouth clean. Bilateral bronchopneumonia. Marked nuchal rigidity.
Positive Kernig's sign. Cyanosis not prominent. Purpuric rash
widespread on face, limbs, end trunk, becoming confluent over limbs.
Lumbar puncture revealed a turbid fluid heavily infected with
meningococeci. Blood culture ylelded a heavy growth of the organism.
By the following day (February S5th) petechiae had increased in size
and number. Commencing cyanosis was noted at the extrenities.
Pulmonary involvement more widespread. Child remained in a collapsed
and comatose state. Pyrexia continued (102°F.) and she died on
February 6th at 2.3 p.m. without recovering consciousness,
approximately forty hours after admission to hospital.

Autopsy. Post mortem examination was performed two hours
after death. Rash as described. Genersdlised pink discolouration
of the skin. Bilateral bronchopneumonia. i.éft lung at base
consolidated and bound down to the diaphragm by strong adhesions.
Marked congestion and distension of the superficial vessels of the
brain. A large subarachnoid haemorrhage was present over the
vertex. Purulent exudate seen in the sulei and along the course of
the engorged vessels. Extensive deposits of pus at thé base of the
brain and on the surface of the cerebellum. Fluid in the lateral
ventricles opalescent.' There was no dilatation of the ventricular

system. Culture of the meningeal exudate yielded a pure growth of



of meningococci. Both suprarenal glands were purple in colour
but not distended. Both glands were seen to be grossly haemorrhagic,

on section. Other organs appeared normal.

Histopathology. A study of the sections of the suprarenal

gland in this case would seem to corroborate the theory held by
some writers that the haemorrhage occurs first in the medulla.
There were large areas of haemorrhage in the medulla interspersed
with areas of normal parenchyma, and from this portion of the gland
the blood seemed to have extended and infiltrated between the omllp,ms
of cortical cells, seen in some places to be disrupted (Fig. V).
While the architecture of the medulla was in great part destroyed,
the structural design of the cortex was little affected and showed
only small areas of cellular destruction. Sections of the gkand
stained by Gram's method for meniﬁgococci proved negative.

Case 6. C.H., a female aged twenty-one years, admitted at
2 p.m. on April 9th, 194l. She was well nourished and had enjoyed
good health up to the onset of her illness. No history of recent
contact with infection. Rheumatic fever three years previously.
The patient first felt unwell on the afternoon of April 7th when she
complained of drowsiness and headache. She went to bed. Her
condition had not improved by the following dey. She vomited
frequently and the headache became more severe. During the course
of the evening she lapsed into a semicomatose state. The rash was
first noticed in the morning of February 9th, the day of admission

to hospital.
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On admission the patient was collapsed and in deep coma.
Temperature 102.4°F., pulse rate 124, respirations 20. Tongue dry
and furred. Fauces injected. Chest clear. Heart sounds poor in
quality but pure. Marked nuchal rigidity. Positive Kernig's sign.
The body was covered from head to foot with a confluent purpuric
rash showing typical haemorrhégic areas. The several elements of
the eruption were seen in various shades from the pink colour of‘the
early lesion to the deep purple of the fully developed macule. There
was no cyanosis. Lumbar puncture revealed an opalescent fluid
under pressure and heavily infected with meningococcli. Blood culture
was positive and yielded a profuse growth of meningococci. Protein |
contént of the spinal fluid amounted to 140 mfm. per 100 c.c. The
following morning bubbling rales were detected throughout both lungs.
"Pulse imperceptible at the wrist. Large areas of cutaneous haemorrhages
The body hed now assumed the appearance of generalised lividity.
Temperature 105°F., pulse rate 160, respirations 60. Patient died
at 1.7 p.m. without recovering consciousness, approximately twenty-
‘four hours after admission to hospital. ‘

MAitopsy. A post 'mortem examination was performed six hours
after death. Lividity marked. BRash as described. Lungs congested
1;ut no cénsolidation. Spleen enlarged, soft and haemorrhagic, with
a fresh infarction about the size of a florin on the anterior surface.
There were seversl large vegetations on the mitral valve. The surface
of the brain was congested but there was no evidence either on the |

vertex or at the base of purulent exudate. Fluid in the latersal

ventricles clear. No dilatation of the ventricular system. Kidneys
congested, cspsules stripped easily. On the surface of both kidneys /
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kidneys and confined largely to the upper poles, were multiﬁle
points of haemorrhage, varying in size from 2 to 4 millimetres in
dismeter (Fig. VII). Suprarenals swollem and purple in colour
and the seat of extensive haemorrhage. On section the interior

of both glands was seen to be filled with hasemorrhagic and necrotic
debris (Fig. VIII).

Histopathology. Sections of the suprarenal glands showed the
haemorrhage to be confined largely to the medulla. Its internal
structure was disorgenised and many of the cells took the stain
badly and were ill-defined (Fig. VI). Haemorrhage in the cortex
took the form of numerous scattered areas, the intervening portions
being very vascular but containing apparently normal gland cells.
ASections of the gland stained by Grem's method for meningococci
proved negative.

Sections of a vegetation from the mitral valve were stained by
Gram's method. Masses of gram positive coccl were seen round the
periphery of the vegetation (Fig. IX).

A section taken through the splenic infarction was stained by

Gram's method. Numerous gram negative diplococci were seen.

Case 7. R.M., a female child aged four years, adxﬁittea to
hospital at 2 a.m. on April 14th, 1941. A well developed girl and
in good health up to the onset of infection. No history of recent
contact with infectious disease. Previous illnesses, measles and
whooping cough. The onset was sud&en with headache, sickness, vomiting

and diarrhoea, all developing within twelve hours prior to admission °

to hospital. The extreme' restlessness of the child and the appearance
of "spots"™ on the face led the mother to seek medical advice.

»
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On admission to hospital the child was deeply comatose and
collapsed. Temperature 98‘.2'5h F., pulse rate 104, respirations 24.
Tongue clean. Throat clean. Stools green. Chest clear. No sigs
of meningitis. Marked labial herpes. The face, trunk and limbs
were covered with a purpuric rash. There was present a generalised
cyanosis. Lﬁmbar puncture produced a crystal clear fluid under
normal pressure with a cell count of 10 lymphocytes per cubic
millimetre and a protein content of 3 mgms.per 100 c.c. The
spinal fluid was cultured but 'no organisms grew. Blood culture
proved negative. By the evening of April 14th the child's condition
had become much worse. The typicel dusky appearance of the skin
was now well demonstrated, the rash blotchy in character. The chest

renained clear, Heart sounds feeble and pulse imperceptible at

the wrist. A second blood culture taken at this time proved negative.

Temperature rose to 106° F., pulse rate 150, respirations 50. She

died at 3 a.m. on April 15th without recovering consciousness just
over twenty-four hours after admission to hospital.

Autopsy. Post mortem examination was performed seven hours

after death., Rash still well marked. Lungs clear. Brain congested

and superficizl vessels engorged but no evidence of exudate, either
on cortex or at base. Fluid in ventricles clear. No dilatation
of the ventricular system. ‘Spleen enlarged and friable. Liver

pale and showed on section numerous yellow fatty patches. Supra-
renals swollen and discoloured but not enlarged. Both showed

extensive haemori-hagic necrosis. Other organs appeared normal.

Cultures taken from the fluid in the lateral ventricles, from

the spleen, and heart blood, proved negative.
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Histopathology. Sections of the suprarenal gland showed

complete disintegration of the cellﬁlar elements of both medulla

and cortex (Figs. X and XI). It was difficult to find any area of
normal parenchyma. Numérous scattered nuclei interspersed with red
blood corpuscles and areas of local necrosis were all that could be
made out. There were to be seen collections of brown granules due
probably to breskdown of haemoglobin. Sections of the gland were

stained by Gram's method for meningococci with negative results.

Case 8. A.G., an adult female aged thirty-six years admitted
at 10.70 p.m. on April 18th, 1941. Well nourished and in good health
up to the onset of her illness. No history of recent contact with
infectious disease. Previous illnesses, whooping cough, measles,
end chickenpox. $he was sent home from her work in the morning of
April 18th when she took & headache followed by a "shivering attack"
and diarrhoea. She went to bed and fell asleep until the evening,
when she was seen by the family doctor. She was mentally confused
and semicomatose and numerous petechiae were noticed on the trunk.

On admission to hospital the patient was collapsed and in deep
coma. Temperature 104°F, » puise rate 136, respirations 32. Throat and
mouth clean. Tongue furred. Labial herpes. Chest clear. Kernig's
sign positive. There was a generalised cyanosis well seen on the
finger and toe nails. Rash pupuric in character on face, trunk and
1imbs, and confluent over pressure arsas such as buttocks and elbows.

Lumbar puncture revealed an opalescent fluid under pressure with a

protein content of 360 mgm. per 100 c.c. No organisms were seen on

direct film but there was a good growth of meningococci from a culture
of the spinal fluid. Blood culture was positive for meningococei.

Genersl condition rapidly deteriorated. Chest remained clear. Pulse y
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Pulse rapid and thready. ~ Temperature rose to 105°F., vulse rate 140,
respirations 40. Complete éuppression of urine resulted.
Catheterisation failed to obtain a specimen. Patient died at 1 p.m.
on April 19th without recovering consciousness, approximately fifteen
hours after admission to hospital.

Autopsy. Post mortem examination was performed four hours
after death. Rash was still obvious and showed typical haemorrhagic
areas. A striking feature was the pink appearance of the skin.
Lumgs congested, no pneumonia, Brain showed intense congestion of
the superficial vessels. Purulent exudate scanty and confined to
scattered areas ovei' the cortex along the course of the vessels.

No pus was seen at the base of the brain. Fluid in the latersal
ventricles opalescent. No dilatation of the ventricular system.
Suprarenals distended and discoloured and obviously the seat of
hsemorrhage. Destruction most marked in the right gland which was
converted into a "blood eyst." Other organs appeared normal.

Hi stopathology. Sections of the suprarensl gland showed

scattefed areas of haemorrhage in the medulla. Extravasated blood
had infiltrated between the columns of cortical cells resulting
in mechenical disruption and localised cellular destruction. The
cortex was \}ex'-y vascular and the normal arrangement of the cells
which took the stain well eas easily recognised. OSections of the
gland stained by Gram's method for meningococel proved negative.
Case 9. J.N., an adult female aged fifty-six years, admitted
at 7.7 p.n. on May 16th, 1941. Well nourished and well developed
and in good health up to the onset of illness. No history of recent

contact with infectious disease. Onset sudden during the afternoon of

/
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of May 15th and accompanied by severe headache and green
sickness. These symptoms persisted and the patient was admitted
to a nursing home in the city during the early hours of May 16th,
A rash appeared during the course of the day and lumbar puncture
performed in the nursing home revealed a turbid fluid. Treatment
was commenced immediately and the patient was transferred to
Ruchill Hospital.

On admission the patient was noisy end delirious but not
comatose. Temperature 97.6°F. (prior to admission 101.8°F.), pulse
rate 116, respirations 22, Fauces injected but clean. Tongue
heaﬁly coated. Chest clear. Kernig's sign positive but no
" nuchal rigidity. No cyanosis. Widespread purpuric eruption over
face, 1limbs and trunk., Lumbar puncture revealed a turbid fluid
heaviiy infected with meningococci, with protein content over 700
mgm. per 100 c.c. Blood culture yielded a profuse growth of
meningococci. The following morning (May 17th) the patient was
still noisy and had to be restrained. She was conscious and able
to receive treatment by mouth. The temperature remained normel. |
Rash more widespread and petechiae more numerous but not confluent.
Lumbar puncture on the morning of May 18th showed the fluid to be
turbid and heavily infected with meningococci. A developing
cyanosis of the finger and toe nails was noticed for the first
time. On' the evening of May 18th she lapsed into coma. She was
observed closely and the following day the cysnosis was seen to
spread throughout the body surface to give the typical dusky

appearance associated with suprarenal haemorrhage. Temperature

rose to 101.4°F., pulse rate 160, respirations 40. She died on /
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on May 19th at 3.7 p.m. approximately sixty-eight hours
after admission to hospital (see Temperature Chart).
Autopsy. A post mortem examination was performed eighteen
hours after death. Rash still present as described. Generalised
-1lividity prominent. Lungs songested, no pneumonia. Surface of
brain congested and covered with & mucolid exudate. No pus seen.
A few flekes of purulent exudate were seen on the surface of the
cerebellum (see Figs. XIII and XIV). Kidneys congested and
' showed multiple petechisl haemorrhages. Suprarenals swollen
and discoloured and both glands filled with haemorrhagic and
necrotic debris (Figs. XV and XVI).

Hiétopathologx. The parenchyma of the medulla of the
suprarenal gl;nds was partially disorgenised by large areas of
haemorrhage. The cortex was very vascular and contained distended
capillaries, some of which had ruptured between the columns of
cells. Apart from a few small scattered areas of haemorrhage
there was little destruction of the cortex or interference with
its normal architecture. Sections of the gleand stained by Gram's

method for meningococeci proved negativs,

Comment.

The series of cases which has been described as illustrating
the Waterhouse-Friderischen syndrome differs from previous
records in that it contains no cases in the age group 0 - 2 years
(Teble I). When Aegerter reviewed the literature in 1936 he

found that 70 per cent of the cases were two years or younger.

Figures are as yet too few to make a definite statement but recent

reports would appear to indicate that in the present incrsased

/
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increased prevelence of cerebrospineal fever at ‘any rate, the

condition tends to occur at higher age groups.
Age Incidence in Suprarenal Haemorrhags.

Age Group | O-| 2-| 5-| 104 20-| %0-| 40-60| Total

Cases - {132 1 1 1l 1 9

In six out of the elght cases where the meningococcus was
isolated from the cerebrospinal fluid the organism was also gromn
from the blood. Bacteriological investigations of the blood and
cerebrospinal fluid both before and after death failed to discover
the causal organism in two cases; in these, bilateral suprarenal
haemorrhage was demonstrated post mortem. Attention has already
been drawn to the common occurrence of meningococcal septicaemia
without meningitis in the Waterhouse-Friderischen syndrome. It will
be noted that in the eight cases where lumbar puncture was performed,
six revealedra turbid or opalescent fluid on admission to hospital
(Table IIT).

With one exception &ll cases were seen on the first or
second day of illness (Table II). In only one case (Case 9)
might the condition be said to have developed after admission
to hospital. | |

The incidence of this syndrome in the total 256 cases

was 3,12 per cent.



\

SUPRARENAL HAEMORRHAGE COMPLICATING

CEREBROSPINAL FEVER.
Case 9.

Patient J.N., set. 56 yrs.

Temperature Chart to illustrete course of the Illness.
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THE WATERHOUSE-FRIDERISCHEN SYNDROME.

Table ITI.

Analysis of Cases.

Age Day of Illness| Initial T& . Temp. priorjDuration |
Case | in on (°F.)! to Death(°F}. of |
Years Admi ssion. Illness |
(hours)
1 4 1 101.8° - 1%
2 |12 2 98.0 106.0° 45
3* 1 3 1 - - -
4 6 3 101.2 106.4 24
5 3 2 101.2 102.8 40 t
[ 21 2 102.4 105.0 24
7 6 1 98.2 106.0 24 §
8 | %% 2 104.0 1105.0 15 z
9 56 2 97.6 101.4 6 [
% Dead on admission to hospital.
Table III.
Bacteriology.
CEREBROSPINAL FLUID. BLOOD.
CASE Meningocogcl Protein
Character in Content Culture.
DF. - Qe mem. per 100 cc.
1 Clear Neg. Neg. 20 Neg.
2 Turbid Pos. Pos. 700 Pos.
3% - - - - -
4 Turbid Pos. Pos. 80 Pos.
6 Opelescent| Pos. Pos. 140 Pos.
7 Clear Neg. Heg. D Neg.
8 Opealescent| Neg. Pos. 260 Pos.
9 Turbid Pos. Pos. 700 Pos.

3% Dead on admission to hospital.

DF = Direct film.
Pos = Meningococci present.

C = Culture of C.S.F. on blood agar.
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Diagnosis.

The condition has to be distinguished from the ordinary
fulminating type of cerebrosgpinal fever if the patient is to be
given the benefit of adrenal extracts and sodium chloride. The
chief points of differences sre the rapid onset, cyancsis and rash,
followed by collepse. Generalised cyanosis, seen to commence &t the
extremities in the early stage of the infection, is & feature peculiar
to suprerenal heemorrhage. The profuse haemorrhegic cutaneous eruption
appearing with startling suddenness and progressing in a matter of
hours to generalised purpura is so dramatic an episode in the
evolution of the Waterhouse-Friderischen syndrome thet once seen
is unlikely to be forgotten. Locali'sing signs are infrequent but
tenderness eand rigidity of the sbdominal muscles in conjunction with
the clinicel picture provide strong presumptive evidence of
vhaemorrhage into the suprarensls. Rolleston (1919) has pointed out
that the disease may suggest the "acute abdomen" and has tc be
differentiated from conditions such as internel stranéxﬂ_ation,
intussusception, and fulminating purpura. Signs of meningitis if
present are not slways well marked, due to the collapsed condition
of the patient.

The age of the patient is not likely to be of much help in
diag;losis. The disease is not likely to be confused with the neo-
natal type of suprarenal haemorrhage which occurs as & fatal
complication of the intense hyperzemia accompanying the physioclogical
involution of the cortex and which 1s seen during the first few days

following birth.



Symptoms of scute adrenal insufficiency such s peripheral
" eirculetory feilure, muscular flaccidity,and falling blood pressure,
are importan£ diagnostic points and should be sought for in suspicious
ceses. The majority of cases when first seen in hospitel are well
advenced eand 1t is of paramount importance that they be recognised
immediately if any success is to be achieved with present-day therapy.
Bacteriologicsl diegnosis is therefore a secondary consideration to
be established later. Blood cultures should be done and lumbar
puncture performed in all patients. Direct smears from £he blood or
from the purpuric patches will often revesl the meningoccccus as
the caussel agent. Blood cultures from the spleen and heart blcod
immediately after death may establish the disgnosis where the causal
orgenism has not been isclated during life. If the clinicel findings
of suprarensl haemorrhage are to be confirmed at post mortem
examinetion, investigations must be commenced within twenty-four
hours following death, since the suprarenal glands readily undergo
autolytic changes.

Ireatment.

Any method of treatment to be effective must be instituted at the
earliest possible moment. Unfortunately, suprarenal haemorrhage
complicating septicaemia is rarely suspected during life. Many
cases have been diagnosed post mortem and only after autopsy have
the symptoms of the disease been correlated with the characteristic
pathologicel findings. The increased prevelence of acute meningococcal
infection has been largely responsible for focuséing attention once
more upon & clinicel entity too often neglected, end it is to be hoped

thaet its wider recognition will be followed by an increased endeavour
to prevent or arrest the evolution of this syndrome which invariably /
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invariably progresses to a fatal termination.

While the majority of cases show almost complete destruction
of the medulla, it would seem that attention must be directed
primarily to the cortex, proved to be the essentiel element of the
suprarensl glend. It has been shown that the administretion of
extracts of cortex can prolong indefinitely the lives of adrenslecto-
mised animals which would otherwise have died. Treatment should
therefore consist of large repeatec doses of corticsl extract
administered to &ll patients in whom there is the slightest suspicion
of commencing suprarenal demage. By the time both glands are
involved, it is unlikely that eny form of therapy would be of aveil.
With regerd to the question whether the adrenal cortex cen regenerate
sufficiently end with a rapidity necessary to prevent the development
of acute insufficiency, Simpson has pointed out that such reéeneration
if it occurs is far too slow and uncertsin. Cpecific measures in
the form of serotherapy and chemotherapy should be commenced, even
in the absence of s bacteriologicsl diagnosis. Since svaileble
evidence tends to support the view that most of the cases are acute
méningocoécal infections, mgningococcus entitoxin administered in
large doses to combat the toxsemia in conjunction with intravenous
sulphonamides repeated until the patient is able to take the drug
by mouth, would sppesr to be consistent with the best principles
of treatment.

The repid loss of sodium from the blood, hypoglycaemisa, end

dehydration esre the most prominent features resulting from damage

to the suprerenals. This loss must be made good by vigorous

intravenous therspy even at the expense of lowering the concentration

/
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concentration of the sulphonemide drug in the tlood stream.
 Sodium chloride and glucose solution should be administered
preferably by the continuous drip method. They can be given
simulteneously with antitoxin. Adrenzlin would naturally suggest
itself as the most eppropriszte cardiac stimulant.

Sulphepyridine end glucose-selines were employed in the eight
treated ceses elong the lines ocutlined sbove. Three ceses recelved
sglines by the intraperitonesl route and two of the earlier cases -
were given meningococeus antitoxin intravenously or intraperitoneslly.
The clinicel experience geined led to & better understanding and
an earlier recognition of this type of infection and = method of
therapy was evolved and espplied &8 a routine measure to subsequent
cases {7, 8 and 9). Each patient on admission received intrsvenously
one pint of glucose-saline sclution to which were added one grenme
of the sodium salt of sulphapyridine and 60 c.c. cf memingococcus
antitoxin. The treestment was repeated at four to six-hourly iniervals.
In addition, eucortone (Allen and Hanbui'y) was given in 6-hourly doses
of 1.0 c.c.  Adrenslin wes administered subcutaneously in doses of
5 minims every four hours. It may be significent that the last case,
seen presumably at an early stage of the infection, survived
longest with this mode of therapy. The raepidity with which the
condition is recognised,perhaps at a stage where one glend only is
involved, and the early institution of trestment, would eppear to
offer the only hope of success. Cures, bowever, must be recorded

with cantion. Grace et al., (1940), Harries, (1940) and Carey, (1940)

have reported recoveries in adults from meningococeel infections which
agreed with the clinicsl description of the Waterhouse-Friderischen

- syndrome. Recently it has become the practice in this hospitel to
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to administer adrenel extracis as a prophylactic measure to all
cases of cerebrospinal fever where the cliniczl picture is at sll
suggestive of impending suprarenel damege.

At the present time one can only hope that the above metheds of
therapy, if not gusranteeing & cure, will prolong life sufficiently
to allow a more thorough investigation into a clinicel entity, the
prognosis of which must be regsrded as almost universslly fatsl.

Before concluding this chapter I should like to re-emphasise
briefly the therapeutic measures which personal experience has prompted
me to recommend in the treatment of suprarenal haemorrhage in
cerebrospinel fever.

(1) In order to compensate for the loss of sodium from the
blood, hypoglycesemia, end dehydration, one pint of a 10 per cent
solution of glqcose—saline is administered intravenously. This
meesure is repeated at 4 - 6-hourly intervels, or preferably
intravenous medication msy be carried out by the continuous drip
method.

(2) To allay toxasemia, €0 c.c. of meningococcug antitoxin (Ferry)
is administered aslong with glucose-selines. This dosage is repeated
gt 4-6-hourly intervels.

(3) Chemotherapy is commenced immediately end all patients
receive an initial intravenous injection of 1.0 g. of sulphapyridine
or en equally active intravenous sulphonamide preparation such as
sulphathiazole or sulphadiazine., Intravenous therspy is repeated

&t 4-hourly intervels until the patient is able to take the drug by

mouth, If the patient is comscious end able to swallow on admission

to hospitel, oral therapy is instituted immedietely but these /
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these petients are zlsc given the benefit of an iritisl intravenous
injection of the drug.

(4) Bucortone is administered intremusculsrly in doses of
1 c.c. repeated at E-hourly intervals,

{5) Adrenelic is administered subcuteneously in doses of

5 minims 4-hourly.

Hotes on & Becent Case.

I was recenily czlled to see in consultstion a case of sudden
{llness essocisted with an intense purpuric eruption occurring in
a member of the nursing staff of the hospitsl. The patient was
twenty-two years of age, of excellent physigue, and had enjoyed good
heslth up to the onseil of her illness. BShe commenced her nursing
career as a probationer on February 1si, 1979, when, in accordsnce
witk the practice of the hospital, she was medically exeamined snd
subsequently imwunised agsinst scerlet fever, diphtheris, snd
enteric fever, Latterly her activities were confined solely to
smbulance duties and she was responsible for the carerof patients
during trensit from home to hospitsl. These dutles she wes carrying
out up to and including the day of illness, OShe was therefore in
contact with 211 types of infectious disesses. Two days prior
to the onset of sympitoms she admitted to the hospitel = case of
cerebrospinsl fever.

The patient ceme off duty at 8 p.m. on May 9th, 1942, snd was
apperently in normel heslth. At midnight she felt "shivery"™ and did
not sleep #ll night. At 7 e.m. the following momrning (May 1l0th) she
reported sick., Her temperature was teken and found to be 107F.,

pulse rate 112, respirstions 28. Throst clesn, no Koplik's spots, [/




spots, face flushed, eyes cuffused. OShe complained of pains &ll
over her body and of headache when she sat up in bed. There was no
evidence of @ rash. The patient was seen by & member of. the
recident medical steff a few hours leter but exemination revesled
nothing to suggest the mature of the disease. Iileasles was suspected.
The teapersture remasined elevsted and st 5 p.m. the home sister
reported the presence of a rash which she afterwsrds described to
me as & discrete tluish spots appearing first on the arms Her
throst was exzemined but the buccsl mucosa was pronounced clean.

I first saw the patlent at 7.3 p.m., just after she had
been admitted to zn observstion ward and two and a half hours from
the time when the rash was first noticed. Her sppearence was
startling and rendered her zlmost unrecogniseble. From the foot of
the bed she locked literslly black in the face and a closer
inspection showed the dlscolouration toc be due to a confluent
haemorrhagic eruption which covered the body from head to foot.
There were large sress of scchymosis and In only a few scattered
aress on the trunik could sn early discrete macule be discerned.
It was difficult to find even & smell ares of the skin surface
which was not the site of haencrrhsge or grossly discoloured by &
deep cyamosis. The colour of the rash could not be described as
purple. On entering the ward, one's first impression was that
the patient's fzce had been daubed with charcoel,

The tempersture on adwission to the ward was lOéQF,, pulsze
imperceptible, respirations %6. Systolic blood pressure 70 m.m. of
mercury. The diastolic pressure could not be recorded on the
aphy@mmammeter, The petient was conscious and her chief complaint
was gbdominsl pain, The mucosa over the gums, cheek, and soft /
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soft palete, was covered with a haemorrhagic eruption. There
'was po clinical evidence of meningitis. A few crepitations were
heard at the bases of the lungs. Tenderness was elicited on
palpation and the muscles were rigid over the left side of the
abdomen. This might have been due to constipation. An enema
administered on admission produced a very constipated result.
Lumbar puncture revealed a crystal clear fluid under normal
pressure and containing 12 celle per cubic millimetre;‘ lymphocytes
80 per cent, polymorphs 20 per cent. The fluid was centrifuged
and a loopful, teken from the bottom of the tube, was inoculated
on to a blood agar slope. Ten cubic centimetres of blood were
withdrawn from the median basilic vein and inoculated on Hartley's
broth.

A tentative diagnosise of haemorrhagic measles had been made
but the history of the onset followed by the striking clinicsl
picture with which I was elreasdy familiar led me to suspect &
fulminsting meningococcal septicaemia complicated bj suprerenal
haemorrhage. The abdominal pain and rigidity assoclated with a
léystolic blood pressure of 70 mm. of mercury presented evidence
strongly suggestive of scute suprarensl damsge. On the s%rength
of these findings, treztment was instituted along the lines
alreedy described in deeling with cases belonging to the Waterhouse-
Friderischen syndrome. In a further attempt to isolate the csusal
orgenism one of the purpuric patches was punctured with a sterile
needle and smears prepared from the expressed fluid were stained by

Gram's method for meningococei. The results proved negative.
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The only factor which could be sald to weigh ageinst the
diagnosis was the absence of coma or delirium,so commonly seen
as &n early sequel in fulminaéing meningococcal infections. From
the beginning the patient was fully conscious and was able to
answer rationally all questions put to her. There was no apparent
glterstion in the clinical condition six hours after she entered
the ward. Her chief complaint at this time was of pains in the
arms end legs. The temperature remeined elevated, the pulse
imperceptible. The presence of peripheresl circuletory failure
was wéll illustrated by the anxiety of the patient concerning the
coldness of her feet, & feeling of chilliness which was not
relieved by the spplication of heat in the form of several
hot water bottles. ©She continued to retain her normal mental
faculties. Talking to the patient it was difficult to persuade
oneself that here was another instance of fulminating meningococcal
septicaemia which,- if experience of previous cases was to be any
criterion, must soon terminste fatally. Nevertheless, in spite of
treatment, death took place on the morning of May 11th at 6.2
a.m,, approximately thirtx hours from the onset of the symptoms.
She was conscious to the last, death resulting from circulatory
failure. During the last two hours it was noticed that in seversl
areas over the body the epidermis was raised into large bullae
filled with @ark stained fluid.

Culture of the cerebrospinal fluid proved negative but the
diagnosis was confirmed by the blood culture which, after d.period

of twelve hours' incubation, yielded a heavy growth of meningococeci.
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In the absence of a post mortea bexamination one can only presume
the presence of suprarensl haemorrhage, but the clinicel picture was
so typicel as to leave no doubt in the mind of the observer that
had such an examination been carried out the characteristic
pathology would have been in evidence.

The question naturally arose as to the source of infection
and it was presumed that the nurse became infected from the case of
cerebrovspinal fever she had brought into hospital two days prior
to her own illness. I was therefore greatly interested on going
over the patient's mediceal record to find that she went off duty
on March 2lst, 1942, with an 1llness which was diagnosed as erythema
nodosum. It seems that she compleined initiaily of pains in the
legs and became slarmed by the sppearance of spots on the skin. The
lesions were confined to the legs, deep red in colour, reised and
very painful to the touch. There was no pyrexia. She was put to
bed and aspirin was prescribed, but two days later treatment was
changed to sulphapyridine, followed by the disaﬁpearance of the
cutaneous lesions within forty-eight hours. The nurse wes back on
duty within seven days from the onset of the infection and as far as
I am aware there was no recurrence of the condition. It might well
be that these cuteneous lesions were the manifestations of a chronic
meningococcel septicaemia to which Stott and Copeman (1940) have
~drawn attention in a recent article. They record seventeen cases, two
of which were originally diagnosed as erythema nodosum, and they

believe that this type of meningococcal infection is common whenever

meningococcal meningitis becomes prevaelent in a community.
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Comment.

Two observetions might be stressed further in connection with
the above case. Firstly,it would appear that while the toxaemia
was controlled, the irreparable aamage to the suprerenals could
not be compensated by substitution gland therapy and was responsible
for the circulatory failure which led to a fatal issue. This
point is of importance in view of the fact that the case described
occurred in circumstances which allowed for early diagnosis and
immediate treatment. Secondly, the possible association with
chronic meningococcal septicaemia emphasiees the importeance of
taking blood cultures in ell caeses of erythema nodosum, &s already

pointed out by Stott and Copemen.
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Fig.

Fig.

Fig.

Fig.

Suprerenal Haemorrhage
.in

Cerebrospinal Fever.

(Wwaterhouse-Friderischen Syndrome).

V - Case 5.

Explanation of Plate I.

Heemorrhage into medulla of suprarenal
glend. Note haemorrhage extending
and infiltrating between the

collums of cortical cells.

x 55.

VI - Case 6. Haemorrhage into the medulla of the

suprarenel gland.

x 55,

VII -~ Case 6.Left kidney and suprsrenal glend

attached. Note suprerensl haemorrhage
and petechial haemorrheges on surface
of kidney.

VIII - Case 6. Left kidney end suprerensl gland

sectioned to show extent of
supraren&al haemorrhage.






Explanation of Plate II.

Fig. IX - Case 6. Section of a vegetation from
the mitrsl valve stsined by
Gram®s method to show
gran positive diplococei.

x 1800.



PLATE I1.



PLATE ITI.




Explenation of Plate III.

Fig. X - Case 7.

Fig. XI - Case 7.

Fig. XII.

Suprerensl haemorrhage showing

extensive haemorrhagic necrosis
of the suprerenal gland with
destruction of the cortex and
medulls.

x 55.

The same section at a higher
magnification. Note the collections
of scattered nuelei, red blcod
corpuscles, snd areas of necrosis.

Suprarensl glend of guinea-pig
(H & EJ to show the normal histology
of the cortex and medulle.

x 50.
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Fig. X

Fig. XIL



PLATE IV.




Explanation of'Plate Iv.

Fig. XITT - Case 9.

Fig. XIV - Case 9.

Fig. XV - Case 9.

Appearance of brain in the fulminating
form of cerebrospinal fever associated
with suprarenal haemorrhsge. There is
mucoid exudate but no pus on the
vertex. Note scsttered aress of

hsemorrhage.

Base of brain. Note the ebsence of
purulent exudate.

Kidney end suprarenal gland attsched.
Note suprarenal haemorrhage and
multiple petechial haemorrhages on
surfece of kidney.

Kidney and suprarensel gland sectioned
to show the extent of suprarenal
haemorrhage.
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ANALYSIS OF FATAL CASES.

Of the 256 cases of cerebrospinal fever treated with the
sulphonamide drugs, thirty seven died, representing & case
fatality of 1l4.45 per cent. When one considers the results
obtained by other workers this figure must be considered high.
An analysis of the éases however will show that the majority
were acutely 111 on admission to hospital and that in several,
death was due to a sudden overwhelming toxaemia where the
fulminating charecter of the infection forestalled any curative
effect likely to be exercised by the chemotherapeutic agent
employed. In others there were present pre-existing
complications often non-meningococcal in character such as
enteritis and bronchopneumonia, all of which contributed largely
to a fatal issue. Moreover it must be remembered that the
present investigation was carried out during & high epidemic
prevalence of the disease and was therefore designed to test the
sulphonamide drugs under severe conditions.

Post mortem investigations including histological
examinations were conducted personally with the emception of one
case for the reasons indicated. Plates illustrating the
pathology of the disease are reproduced at the end of this
chapter. The macroscopic and microscopic changes found in
suprarenal haemorrhage are shown in the plates included in
Chapter V1.

Cases will be arranged and discussed‘with reference to the
various drug groups. Some of them have already been described

in previous chapters to which the reader is referred.



‘(May ~ December 1940)
Group 1 - Sulphanilamide.

In this group there were two deaths in the thirty sewen
cases treated, representing a case fatality of 5.4 per cent.
Case 1.~ M.M'P. - male aged 8 months admitted to hospital
on 3rd. dey of illness. Extremely ill and in convulsions on
admission. Pale, toxic-looking and poorly nourished. There
were present nuchal rigidity, head retraction and opisthotonos.
Fontanelle depressed. Internal strabismus of right eye.
Temperature 99.7o F., pulse rate 140, respiration rate 4O.
‘Heart sounds of poor quality, pulse of poor volume. Chest
clear, Enteritis with green and offensive stools. Lumbar
puncture revealed a turbid fluid under pressure and containing
abundant intra- and extracellular meningococci.

The age of the patient in association with the state of
nutrition, and the presence of enteritis made the prognosis
grave in this dase. Specific therapy was commenced immediately
and syrup of chloral in combination with lumbar puncture helped
to control the convulsions. Heat was applied and stimulants
administered. Intraperitoneal salines were given twice per
day. Signs and symptoms persisted and the cerebrospinal
fluid remained turbid and infedted after forty eight hours.

The child's condition rapidly deteriorated and was aggravated
by severe enteritis. The temperature which had at first shown
signs of falling gradually rose, and Jjust before death on the
‘morning of the third day after the patient's admission to
hospital, reached 102.8° Fe
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Case ll.- J.McG. - male aged 1 year admitted to hospital on
2nd. day of illness. Comatose on admission, colour pale,
well nourished. Marked head retraction, fontanelle bulging.
Temperature 103o F., pulse rate 160, respiration rate 56,
Heart sounds of poor quality, pulse thready. Chest clear,
Iumbar puncture revealed a turbid fluid under pressure and
heavily infected with intra- and extracellular meningococci.
Culture on blood agar produced a heavy growth of meningococcus
colonies.

There was no response to suxphanilamide. The patient
‘ remained in a comatose state and pyrexia continued between
102° - 103° F. The pulse increaded to 160 per minute and
soon became imperceptible. The chest remained clear. Death
took place on the second day after the patient's admission
to hospital. |

Group 11 - Sulphthiazole.

In this group there were six deaths in the twenty-nine
cases treated, representing a case fatality of 15.38 per cent.
Case l.~ J.S. - male aged 8 months admitted to hospital on lst.
day of illness. Acutely 111 with marked’nuchal rigidity.
Fontanelle bulging. Nutrition poor. Temperature 101° F.,
pulse rate 14, respiration rate 38. Heart sounds of good
quality, pulse irregular in rhythm and of poor volume.
Widespread bilateral bronchopheumonia and enteritis with
green stools. Lumbar pﬁncture revealed a turbid fluid very

thick in character and containing abundant meningococci the



- 200 -

majority of which were extracellular.

This child was in an obviously dying condition when
admitted to hespital. It was very doubtful if treatment
although commenced immediately could be of any avail., Within
four hours convulsions develeped and in spite of lumbar
puncture and the administration of sedatives they became
continuous. Temperature bose to 105° F., pulse rate 160,
respiration rate 40. Death took place eleven hours after
admission to hospital.

Qase 1l.- E.S. - female aged 9 months admitted to hospital

on lst. day of illness. Acutely i1l with marked nuchal
rigidity and head retraction. Fontanelle not bulging.
Impetigo of scalp. Well nourished, pale and toxic-lodking.
Temperature 98° F., pulse rate 130, respiration rate 56.

Heart sounds of good quality, pulse of poor volume, Chest
clear. Lumbar puncture revealea a turbid fluid under presaure
containing numerous intra- and extracellular meningococci.

It was considered that this child had a good chanee of
recovery. The drug was well tolerated and the temperature
although irrégular showed signs of settling. Unfortunately
within twenty-four hours convulsions developed and in spite
of treatment became more and more frequent. The temperature
again became elevated and the child became much worse.

Death took placé on the second day after admission to hospital.
Case 111.- C.D. - male aged 9 months admitted to hospital
on 3rd. day of illness. Acutely ill with nﬁchal rigidity,
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head retraction and opisthotonos. There was present a
faint petechial rash on the lower limbs. Fontanelle not
bulging. Colour poor with slight facial cyanosis.
Undernourished and dehydrated. Temperature 101° F., pulse
rate 140, respiration rate 4j. Heart sounds of poor quality,
pulse of poor volume. Chest clear. Lumbar puncture
revealed a turbid fluld under pressure and containing
abundant intra- and extracellular meningococci.

There was little or no response to:sulphathiazole.
Signs and symptoms persisted unchanged for two days when a
L8-hour lumbar puncture was performed. The fluid was still
turbid and just as heavily infected with meningococci.
Intraperitoneal salines helped to conﬁrol dehydration but
with regard to the meningitis there was no obvious improvement.
The temperature ultimately rose to 103o F., and the pulse
became imperceptible. Death took place the following morning
on the third day after admission to hospital.
Case 1V.; T.A. - male aged 1 year admitted to hospital on 2nd.
day of illness. Comatose on admission. Thin and emaciated.
There were present nuchal rigidity and a positive Kernig's
éign. 'Fontanelle not bulging. Temperature 99o F., pulse
rate 128, respiration rate 36. Heart sounds of pobr guality,
pulse imperceptible. No evidence of pneumonia or enteritis.
Lumbar puncture revealed an opalescent fluid under pressure.

The diredt smear showed scanty intra- and extrecallular

meningococci.



The patient became moribund soon after admission to
hospital. When first seen it appeared doubtful if any form
of therapy would be effective in promoting recovery. The
temperature subsequently rose to 102.L|.o F. The patient
lapsed into convulsions and died within twelve hours.
gcase V.- R.W. - female aged 19 years admitted to hospital on
6th. day of illness. Acutely ill on admission. Comatose
and delirious with convulsive spasmodic twitching of the
arms and legs. She was of poor ghysique and looked toxic.
Marked nuchal rigidity, head retraction and positive Kernig's
sign. Incontinence of urine. There was an extensive labial
herpes and an internal strabismus of the fight eye.
Temperature 99o P., pulse rate 96, respiration rate 28. Heart
sounds of good quality, volume of pulse good. Chest clear.,
Lumbar puncture revealed a turbid fluid under pressure
containing numerous intra- and extracellular meningococci.
Blood culture sterile.

The previous history is of interest and may have had an
important bearing upon the course of the disease. The patient
was transferred to Ruchill Hospital from a General Hospital in
the city where she had been admitted three weeks previously
as a case of chorea. This cleared up and the patient was
discharged at her own request after fourteen days in hospital,
but\she was readmitted a week later with a recurrence of her
symptoms. On this second occasion she was restless and

delirious. Lumbar puncture was performed and the diagnosis

/
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of cerebrospinal fever established.

- There was no apparent response to sulphathiazole. Signs
of meningeal irritation increased in intensity. Sedatives
were administered to allay the convulsive twitching which
never ceased, but without avail. The patient's condition
rapidly deteriorated. Temperature rose on the second day to
101o ¥., pulse rate 140, respiration rate 30. The convulsive
movements became more violent and the patient passed into a
comatose and collapsed state. A terminal bronchopneumonis
developed and the patient died on the morning of the third day
after admission to hospital.

It may be that the disease from which this patient died
was a relapse of a previously mis-diagnosed meningococcal
infection. If this were so significance ié attached to the
choreiform movements which suggest the presence of an internal
hydrocephalus, a possible eequel of an untreated case of
cerebrospinal fever. A similar case will be described later
in this chapter. Unfortunately a post mortem examination
was not obtained so that one can only theorise on such a
possibility.

Case Vl.- M.M. - female aged L} years admitted to hospital

on 6th. day of illness. Acutely 111 and in a comatose
condition with incontinence of urine. Well nourished and

of good physique. Nuchél rigidity, positive Rernig's sign
and a marked labial herpes. There was present a fading
petechial rash on the trunk and limbs. Temperature 99.7° F.,
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pulse rate 92, respiration rate 36. Heart sounds of good
quality, pulse of good volume. Chest clear. Lumbar
puncture revealed a turbid fluid under pressure'and containing
abundant meningococci the majority of which were extracellular.
Blood culture sterile.

It may be that this case was too late in coming under
treatment. In spite of intensive intravenous and intramuscular
sulphathiazole the infection progressed. Meningesl signs
persisted and the patient went into deep coma. The rash
disappeared within twenty-four hours but the temperature rose
progressively from 99.2° F. - 101.2° F., with a corresponding
increase in the pulse rate and respiration rate. Her
condition rapidly deteriorated and the patient died on the
decond day after admission to hospital.

Comment.

In Series A comprising seventy-six patients treated dufing
the period October - December 1940 there were eight deaths,
representing a fatality rate of 10.52 per cent.

Of the eight fatal cases, six were under two years of age,
and of thene,‘four were complicated by convulsions,
bronchopneumonia or enteritis.

In five cases death took place on the second day after
admission to hospital, the remaining three cases surviving till
the third day.

The age distribution was more favourable with regard to
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to the higher age groups in the sulphanilamide treated
patients, but both groups had a fairly even distribution
of cases under the age of two years viz., thirteen and
fifteen respectively. The greater number of deaths
among the sulphathiazole treated infants can only be
ascribed to fortuitous eircumstances which resulted in

the more seriously ill of these patients falling into

this group.



- 206 ~

SERIES B.
(January - March 1941)

Group 111 - Sulphanilamide.

In this group there were six deaths in the forty cases
treated, representing a case fatality of 15 per cent.

Case 1.- D.S. - male aged 4 months admitted to hospital on
Lth. day of illness. Acutely 111, and toxic looking but well
nourished. Nuchal rigidity and positive Kernig's sign.
Anterior fontanelle bulging. Temperature 98.7°‘F., pulse rate
160, respiration rate 36. Heart sounds of good quality,

pulse of good volume. Chest Clear. No enteritis. Lumbar
puncture revealed a turbid fluid under pressure and containiﬁg
numerous intra- and extracellular meningococci.

The prognosis was considered to be good in this case.
Primary pyrexia continued for seven days. Signs and symptoms
cleared up in four days with the exception of the anterior
fontanelle which remained tense and slightly coﬁvex. The
cerebrospinal fluid was sterile in forty-eight hours and clear in
ninety-six hours. The drug was discontinued on the tenth day
although it was observed that the fontanelle was still tense.
LIumbar puncture was performed on the twenty-first dsy when the
fluid was found to be clear and sterile, pressure was thought
to be slightly increased but the cell count was normal.

Three days later the patient developed an enteritis with green
stools. From this time the condition of the child gradually
deteriorated. He became pele and listless and refused his

feeds. Temperature 98° F., pulse rate 110 - 130,
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respiration rate 30. The enteritis cleared up after a

few days treatment but there was no improvement in the

general condition. On the thirty-seventh day after admission
to hospital, sudden violent convuisions'developed, the
temperature rose to 100° F., and death occurred a few hours
later.

Autopsy. Respiratory System - Bronchopneumonic consolidation
of middle and lower lobes of right lung.

Alimentary Tract - No evidence of disesse.

Brain - Cerebrospinal fluid increaded in amount but
clear. Great difficulty was experienced in removing the
brain intact due to generalised softening, and oedema.
Flattening of the convolutions had occurred. There was no
evidence of meningitis or purulent exudate. On section the
lateral ventricles were seen to be grossly distended.

Other organs - No significant pathologica14changes seen.

The case was one of internal hydrocephalus following
cerebrospinal fever. The meningitis had cleared up
satisfactorily. The only indication that all was not well
during early convalescence was a persisting fullness of the
anterior fontanelle.

Case ll.- D.S. - male aged 7 months admitted to hospital on
12th. day of illness. Acutely i1l with head retraction,

nuchal rigidity and positive Kernig's sign. of good colour
and well nourished. Temperaturevlbo.zo F., pulse rate 136,

respiration rate 36. Heart sounds of good quality and pulse
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of good volume. There were a few scattered crepitations

to be heard throughout the left lung. Marked enteritis
with green stools. Lumbar puncture revealed a turbid fluid
under pressure and heavily infected with meningococci, all
of which appeared to be extracellular.

Enteritis and bronchopneumonia in combination with
cerebrospinal fever is of grave omen. Resolution was slow.
The disease ran a course somewhat similar to case l. Primary
pyrexia lasted for one week. Signs and symptoms cleared up
within six days. The cerebrospinal fluid became sterile
within forty-eight hours and clear within ninety-six hours.
During the second week there was an occasional temporary
rise of tempersture but the child appeared to'be making good
- progress. A lumbar puncture however showed that the
cerebrospinal fluid although sterile was faintly opalescent.
Sulphanilaemide was continued at a reduced dose until the end of
the second week, the temperature remaining settled. The
cerebrospinal fluid now became clear and the child appeared to
be making a good recovery. Toward the end &f the third week
a change was noticed. The patient was pale and listless and
would not take his feeds. There was no pyrexia. The
cerebrospinal fluid was clear and sterile and under slightly
increased pressure: cell count normal. In the course of the
next three weeks the child's condition remained stationarye.
Subsequently vomiting after his meals became of frequent

occurrence and a commencing dehydration was controlled by
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by intraperitoneal salines. He developed an enteritis
and a terminal bronchopneumonia. Death took place on the
forty-fifth day after admission to hospital.

Autopsy. Respiratory System - Vesicular emphysema with
bullae discrete and confluent over the surface of both lungs.
Some of these bullae contained blood-stained fluid. There
were scattered areas of bronchopneumonic consolidation
throughout both lungs.

Alumentary Tract - Inflammation of the mucosa of the ileum.

Brain - Cerebrospinal fluid clear. On the surface of
the temporal and frontal lobes there were light deposits of
gelatinous exudate but no pus was seen on any part of the
brain. Entire brain soft and oedegatous. On section
there was noted a gross dilatation of the ventricular system.

The case was one of internal hydrocephalus following
cerebrospinal fever. The meningitis had cleared up
satisfactorily. The course of the disease was similar
to that of Case 11.

Case l1lll. - O.M. - male aged 3 years admitted to hospital
on 2nd. day of illness. Semi-comatose on admission, pale
and toxic. Nuchal rigidity, head retraction and positive
Kernig's sign. Internal strabismus right eye. Well
nourished and of good physique. Temperature 100° F.,
pulse rate 130, respiration rate LO. Heart sounds of poor
quality, pulse of poor volume. Chest clear. Iumbar

puncture revealed a turbid fluid under pressure and
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and containing abundant intra- and extracellular meningococci.

There was a good response to sulphanilamide. The
temperature rose to 102.4° F., twenty-four hours after
admission but thereafter declined gradually and returned to
normal within five days. Nuchel rigidity and Kernig's sign
disappeared after four days. A 48-hour lumbar punctﬁre still
Ashowed organisms in the cerebrospinal fluid but similar
investigations proved negative at the end of ninety-six hours.
The fluid remained slightly opalescent, and the protein content
vcontinued to be high viz., 170 mgm. per 100 c.c. |

The pﬁtient recovered from coma on the second day. By
the end of the fifth day when all signs and symptoms of the
disease had disappeared the child looked much worse. His
lips were cyanosed and resPirations were increased. Examination
of the chest revealed moist crepitations at the bases of the
lungs. When seen the following morning he wasrin a comatose
state. There was a widespread bronchopneumonia. Rales were
widespfead throughout both lungs. Temperature 99o F., pulse
rate 150, respiration rate L40. Death occurred on the
‘morning of the sixth day after admission to hospital.

Autopsy.~ Respiratory System - Bilateral bronchopneumonia
with scattered areas of consolidation throughout both lungs.
Pus exuded from the bronchioles on compression of the lungs.

' Brain - Appearance was that of a resolving meningitis.

The surface of the brain was congested with a few small

deposits of pus in the sulci and on the surface of the
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cerebellum. The cerebrospinal fluid wes very faintly
opalescent. No dilatation of the ventricular system.

Other organs - No significant pathological changes seen.

Death was precipitated by bilateral bronchopneumonis.
The infection had respénded well to sulphanilamide.,
case lV.- J.G. - male aged 5 years admitted to hospital on the
2nd. day of illneaé. Acutely ill, noisy and delirious.
Nuchal rigidity, head retraction, positive Kernig's sign and
opisthotonos. There was a widespread petechial rash on the
face,trunk and limbs. The patient was well nourished and of
good physique. Temperature 99.6o F., pulse rate 120,
respiration rate 32. Heart sounds of feir gquality, pulse of
poor volume. Chest clear. Lumbar puncture revealed a turbiad
fluid under pressure and containing abundant intra- and
extracellular meningococci. Blood culture sterile.
| Resolutipn was slow. The patient recovered from delirium
on the second day. Opisthotonos cleared up in three days but
nuchal rigidity, head retraction and a positive Kernig's sign
persisted for ten days. Primary pyrexia continued for eight
days. Meningococci were isoclated in the cerebrospinal fluid
on the third day after admission to hospital and although
subsequent specimens were sterile the fluid was still opalescent
on the tenth day, a sign of grave prognostic significance.

There was a definite improvement in the patient's condition
by the end of the first fortnight. Iumbar puncture on the
eleventh day revealed a clear and stefile fluid. Sulphanilamide
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which had been administered from the day of admission was

stopped. Progress continued to be satisfactory.
Convalescence was interrupted by an occasional rise of
temperature to 990 F. Lumbar puncture on the twenty-seventh
dey showed the fluid to be clear and sterile and under normasl
pressure: cell count 5 lymphocytes per cub. mm. The patient
was discharged well on the twenty-eighth day after admission
to hospital.

The patient was readmitted to hospital six weeks later.:
There was a recent history of 'FPits' but there was no
evidence on admission of meningea} irritation. The boy
looked well and was of good colour. Temperature 98.4° F.,
pulse rate 116, respiration rate 24. Lumbar puncture
revealed an opalescent fluid under pressure and sterile.

Sulphapyridine therapy was commenced but was replaced
by sulphanilamide, due to the development of haematuria.

The fluid remained sterile but never became clear. The
temperature remained normeal. On the fifth day after
readmission a change was noted. The patient now became
listless and apathetic and would not answer when spoken to.
fhroughout the following day a continuous blinking of his
deft eyelid was observed. Twitching of the facial muscles
on the left side followed soon after, and only ceased during
sleep. A remarkable change took place in the course of the
~next few days. Violent and continuous choreiform movements

of the left arm and left leg develo?ed. The boy became



- 21% -

/

became rapidly exhausted and alarmingly emaciated. Sedatives
failed to control the convulsive movements which spread to
involve the right arm and right leg and became more violent,
ultimately continuing throughout the few hours the patient

was able to sleep. The temperature rose from 98°‘F. - loh.o F.,
the pulse rate from 100 to 160. A terminal bronchopneumonia
set in and death took place on the eleventh day after the
patient's readmission to hospital.

Autopsy. Respiratory System - Bilateral bronchopneumonia.

Brain - Entire brain soft and oedematous. Flattening
of convolutions. Gerebrospinél fluid opalescent. on
section the lateral ventricles were seen to be grossly dilated
occhpying almost the whole area of the cerebral hemispheres.

The case was one of internal hydrocephalus following
cerebrospinal fever. Although the subsequent course of the
disease led me to fear the development of internal hydrocephalus,
it was not foreseen that this complication would arise six
weeks after the patient was discharged apparently well from
hospital.

case V. B.B. - female aged 5 years admitted to hospital on
2nd. day of illness. Died on the second day after admission
to hospital. Diagnosed clinically as a case of suprarenal
haemorrhage complicating cerebrospinal fever. For details

of this case see Chapter Vl.

Case Vl. J.L. - female aged 38 years'admitted to hospital



on 2nd. day of illness. Comatose and wildly delirious:

of good colour and good physique. Nuchal rigidity and
positive Kernig's sign wedl marked. Temperature 102° .,
pulse rate 96, respiration rate 32. vHeart sounds of good
quality, pulse of good volume. Chest clear. Lumbar
puncture revealed a turbid fluid under pressure and containing
abundant intra- and extracellular meningococci. Blood
culture sterile.

This patient never came out of coma. Primary pyrexia
continued for five days but signs and symptoms persisted
until the day of death. The bacteriostatic effect of the
drug was negative in this case. Lumbar puncture performed
at 48 hourly intervals produced a turbid fluld heavily
infected with meningococei. The protein content of the
cerebrospinal fluid rose progressively reaching 500 mgm. per
100 c.c. on the day prior to death. On the second day the
patient developed labial herpes and the same evening a
petechial rash appeared on the trunk and limbs.

The condition of the patiént rapldly deteriorated.

The rash became more widespread, the extremities blue, and
the pulse thready, a clinical picture not unlike that seen
in suprarenal haemorrhage. A terminal bronchopneumonia
developed and the patient died on the seventh day after
admission to hospital.

Autopsy. Respiratory System - Bilateral bronchopneumonia.

Brain. - Surface of brain congested with engorgement
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of the superficial veins. Cerebrospinal fluid turbid. There
were large deposits of purulent eiudate in the sulei over the
vertex, on the frontal lobes and the base of the brain.

Suprarenal Glands - Owing to post mortem changes
consequent upon the delay in obtaining permission for the
examination, it was impossible to say if the suprarenal
glands were haemorrhagic.

Other Organs - No significant pathological changed seen.

Death was due to an overwhelming meningococcal infection.

There was no response to suiphanilamide therapy.

Group 1V - Sulphanilamide plus meningococcus antitoxin.
In this group there were five deaths in the forty

cases treated representing a case fatality of 12.5 per cent.
gcase le- J.McC. - male aged 9 months admitted to hospital

on hth. day of illness. Comatose on admission. Nuchal
rigidity, head retraction and positive Kernig's sign:-
internal strabismus right eye. The anterior fontanelle

was bulging. The baby had a cleft palate. He was well
nourished but}cyanosed and showed respiratory embarrassment.
Temperature 101o F., pulse rate 160, respiration rate 60.
Heart sounds of good quality, pulse soft and thready. There
was a widespread bilateral bronchopneumonia. Lumbar puncture
revealed a turbid fluid containing abundant intra- and ‘
extracellular meningococci: protein content of cerebrospinal

fluid 380 mgm. per 100 c.c.
The child was obviously il a dying condition when first
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seen in hospital. Treatment was commenced immediately.
Stimulants were administered and the child was given continuous
intranasal oxygen. Death occurred eight hours after admission
to hospital.

Autopsy. Respiratory System - Bilateral Bronchopneumonia.
The disease was extensive involving all lobes. Compression
of the lungs produced a purulant exudate. There was an area
of subpleural hermorrhage over the lower half of the left lung.
The pleural cavities contained an abnormal amount of fluid.

Brain -~ Surface of brain intensely congested with
engorgement of superficial veins. Cerebrospinal fluld was
turbid. There were extensive deposits of thick pus over the
vertex and on the frontal and temporal lobes. (Fig.XV1l) The
structures at the base of the brain were obscured by massive
collections of purulent exudate. There was no dilatation of theA
ventricular system.

Spleen - congested, soft and friable.

Suprarenal Glands =- nOrmal. |

Other Organs - No significant pathological changes observed.

Death was precipitated by bronchopneumonia. In an
overwhelming infection such as this it is doubtful if any

form of therapy could have been effective.

Case 1l. A.C. - female aged 1 year admitted to hospital on Lth.
day of illness. Acutely ill on admission but signs of disease
not marked. There was present slight nuchal rigidity but

Kernig's sign was 'negative. A scanty petechial rash was
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observed on the trunk. Patient was of gooa colour and

well nourished. Temperature 101.2° F., pulse rate 140,
feSpiration rate 45. Heart sounds of good guality, volume
of pulse good. Chest Clear. ILumbar puncture revealed

a turbid fluid containing numerous intra- and extracellular
meningococci: protein content of cerebrospinal fluid LOO mgm.
per 100 c.c.

The patient appeared to make a good.resﬁanse to therapy.
While all signs and symptoms of the infection had disappeared
by the second day, the temperature remained high rising to
10!4o F. The explanation was forthcoming in the evening of
the second day when examination of the chest revealed a
commencing bronchopneumonia with crepitations at the bases
ofthe lungs. The lung infection advanced with great rapidity.
By the following morning the child was collapsed and
cyanosed and bubbling rales were now widespread throughout
both lungs. The child was too ill for a second lumbar
puncture. Preliminary muscular twitching heralded the
onset of convulsions and sedatives were administered. The
child's condition rapidly deteriorated and death occurred on
the e?ening of the third day after admission to hospital.

Autopsy. Respiratory System - Widespread bronchopneumonia
throughout both lungs: patchy consoclidation with purulent
exudate in the bronchioles.

Brain - There were present all the signs of a severe

meningitis. The superficial veins on the surface of the
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brain were engorged, more especially over the right
cerebral hemisphere. Pus was seen in the sulci and along
the track of the superficial vessels. There were large
deposits over the surface of the hemispheres and at the base
of the brain; the cerebellum was bathed in purulent exudate.
There was no dilatation of the ventricular system.

Other Organs - No significant pathological changes observed.

Case 1l. was similar to Case 1 in that death was precipitated
by bronchopneumonia. There was no evidence that any

resolution of the meningitis had taken place.

Case 1l1ll. E.H. - female aged 3 years admitted to hospital

on 3rd. day of illness. Acutely ill and delirious on
admission. Nuchal rigidity and positive Kernig's sign
present. A petechial rash was present on the buttocks.

The patient was of good colour and well nourished. Temperature
98° F., pulse rate 96, respiration rate 26. Heart sounds

of good quality, pulse of good volume. Chest clear. ILumbar
puncture revealed a turbid fluid under pressure, dut no
organisms were isolated either in the direct smear or on
culture; protein content of cerebrospinal fluid over 700 mgm.
per 100 c.c.

The patient died twenty~four hours after admission to
hospital following a sudden onset of violent convulsions.
Shortly before death the temperature rose from 98° F. - 100° 7.
and the pulse rate increased from 120 - 160. 'There was no

clinical evidence of intrapulmonary disease.
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Permission for a port mortem examination was refused.
The sudden onset of convulsions was unexpected. In
the absence of this complication there was good reason to

believe that the child would have recovered.

Case 1V. P.T. ~ female aged 6 years admitted to hospital

on 3rd. day of illness. Died with twenty-four hours of
admission to hospital. Diagnosed clinically as a case of
suprarenal hermorrhage complicating cerebrospinal fever.

For details of this case see Chapter V1.

Case V. M.B. - female aged 25 years admitted to hospital
on 3rd. day of illness. Acutely 111 on admission, comatose
and wildly delirious. Nuchal rigidity, pesSitive Kernig's
sign and opisthotonos well marked. There was aiso‘present
a bilateral strabismus. A scanty petechial rash was visible
on the trunk and limbs. Her colour was poor. She looked
extremely toxic. Nutrition good. Temperature 100o Fo,
pulse rate 90, respiration rate 26. Heart sounds poor in
quality, pulse of good volume. Chest clear. Lumbar
puncture revealed a turbid fluid under pressure and containing
abundant meningococci, Examination of the direct smear showéd
large collections of extracellular meningococci scattered
throughout the field. Protein content of the cerebrospinal
fluid 700 mgm. per LOO c.c. Blood culture sterile.

The primary pyrexia continued throughout the céurse of

the 1llness ranging between 99° - 104° F.  Signs and
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symptoms never completely disappeared. Nuchal rigidity
and Kernig's sign were present until the day of death. A
widespreadllabial herpes developed on the second day. She
recovered from coma on the third day but never regained her
normal mental faculties. Oon the fifth day she complained
of'seeing double'. Lumbar puncture was performed at L8-
hoﬁrly intervals. On each occasion the fluid was turbid and
"heavily infected with meningococei.

During the second week the patient developed persistent
sickness and vomiting. She lost weight rapidly. Fluid loss
was compensated by intravenous glucose-saline administered
usually twice per day. Sulphanilamide was continued in
h-hourly doses. It was obvious that the patient was not
responding to therapy. The temperature remained high and
signs and symptoms continued unchanged. Lumbar punctinre
was performed on three occasions during this second week,
and in all specimens meningococci were isolated. The fluid
continued to be turbid and it was noted to be under greatly
increased pressure. The patient was now mentally unbalanced
and unable to co-operate in any way.

During the third week in hospital the patient drifted
into a semi-comatose state. She developed & persistent and
distreééing hiccough. Two lumbar punctures were performed in
the course of this week. The cerebrospinal fluid was still
under increased pressure, opalescent and sterile. She became

much worse and gradually passed,intn deep coma. Death
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occurred on the twenty-fourth day after admission to hospital.

Autopsy. Brdin - Brain substance was soft and oedematous.
Flattening of the convolutions'had occurred. Brain surface
congested. Cerebrospinal fluid opalescent. Apart from a
few small deposits of mucopus the surface of the brain was
clear. When the pons and cerebellum were removed the
cerebrospinal fluid gushed from the agueduct of Sylvius and
continued to pour out under pressufe for some few seconds
thereafter. The aqueduct was enommously dilated measuring
almost four millimetres in diameter. On section of the
brain the hemisphered were seen to be almost hollow, to such
an extent had the lateral ventricles become dilated under the
pressure of the cerebrospinal fluid. The fluid in the
ventricles was opalescent and contained flakes of fibrinous
material.

Other Organs - No significant pathological changes seen.

The case was one of internal hydrocephalus following
cerebrospinal fever. In no other case of internsal
hydrocephalus was there seen such & gross dilatation of the
whole ventricular system. The initial meningitis had
responded satisfactorily but slowly to sulphanilamide.




Comment .

In Series B comprising eighty patients treated during
the period January - March 1941 there were eleven deaths,
representing a fatelity rate of 13%.75 per cent.

Of the eleven fatal cases, four were uﬁder two years
of age. In four the disease was complicated by bronchopneumonisa,
in four by internal hydrocephalus, in two by suprarenal
haemorrhage and in three by convulsions.

In four cases death took place within two days of
admission to hospital.

The fatel cases were fairly evenly distributed among
the various sge groups.

In Series B, compared with Series A, there was an
inckease in the incidence of bronchopneumonia and hydrocephaluse.

In Series B where routine post mortem examinations were
carried out, it will be seen that in the majority of cases
the complications of the. disease, and not any inability on the
part of the drug, contributed to a fatal issue.
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SERIES C.
(April - October 1941)

Group V - Sulphapyridine.
In this group there were eighteen deaths including two

cases of meningococcal septicaemia without meningitis in 100

treated cases, representing a case fatality of 18 per cent.

Case 1. S.H. - female aged 1 month admitted to hospital on 6th.
~day of illness. Delirious and in a semi—cométose condition.
Nuchal rigidity and positive Kernig's sign present. Anterior
fontanelle not bulging. Marked pallor. Well nourished.
Temperature 100° F., pulse rate 156, respiration rate 60.
Heart sounds of poor quality, pulse of poor volume. Chest clear.
Severe enteritis with green stools was present. Iumbar puncture
revealed a thick turbid fluid, obtained with difficulty due
to clots of fibrinous exudate blocking the needle. Examination
of the direct smear showed abundant clusters of meningococci
mostly extracellular in the field. The number of organisms
seen was comparable to the profuse growth of organisms seen
in pneumococcal meningitis: culture on blood agar produced
a heavy growth of meningococci. Protein content of the
cerebrospinal fluid 600 mgm. per 100 c.C.

The profound toxaemia associated with the disease and
aggravated by a co-existing enteritis made the prognosis
grave. Drug therapy was commenced and intraperitoneal
salines administered but the infant made no progress.

Twelve hours after admission to hospital the patient went



went into convulsions. The temperature rose to 1050 F., and
death occurred one hour leter.

Autopsy. Brain - The pathology was characteristic and
presented a now familiar picture. There was no apparent
resolution of the meningitis. Marked engorgement of the
-superficial vessels. Cerebrospinal fluid turbid. Surface
of brain from vertem to base bathed in a thick purulent exudate.
No dilatation of the ventricular system.

Alumentary Tract - Intense congestion and inflammation
of the mucosa of the small intestines.

Other Organs - No significant pathological changes observed.

The case was one of fulminating cerebrospinal fever. Death
was accelerated by the presence of a severe enteritis. There was

no evidence of resolution of the meningitis.

Case 1ll. B.N. - male aged 2 months admitted to hospital on
3rd. day of illness. Comatose, slight nuchal rigidity.
Pale and toxic. Not well nourished. Temperature 99.ho F.,
pulse rate 140, respiration rate L48. Heart sounds poor in
qualify, pulse thready. Chest clear. The viscid nature of
the cerebrospinal fluid did not permit of more than a few drops
being obtained. Examination 6f the direct smear revealed a
profusion of extracellular organisms similar to that seen in
Case 1. There was & heavy growth of meningococci on culture.
There was insuffieient fluid to determine the protein content.
The child was in a dying condition on admission to
hospital. Although drug therapy was begun immediately the



- 225 -

the diseese progressed to a fatal issue within ten hours.

AutopaxQ Brain - Congested and oedematous. Convolutions
filled with pus.(Fig. XV111). The entire surface of the
brain was covered with greenpurulent exudate from the vertex
to the base posteriorly and to the tips of the frontal lobes
anteriorly. The pathological picture was not unlike that
seen in pneumococcal meningitis. A loopful of pus from the
brain surface however, inoculated on blood agar confirmed the
bacteriological findings of the cerebrospinal fluid during
life. A heavy growth of meningococcli was obtained. There
was no dilatation of the ventricular system.

Other Organs - No significant pathological changes seen.
The case was one of fulminating cerebrospinal fever. Death

took place before the drug could have any appreciable effect.

Case 11l. I.B. - male aged 5 months admitted to hospital on
2nd. day of illness. Convulsing on admission. Signs of
meningeal irritation few. Slight nuchal rigidity and
doubfful Kernig's sign. Anterior fontanelle bulging. Colour
poor, undernourished:"Pigeon' chest. Temperature 100° F.,
pulse rate 136, resPirétion rate 32. Heart sounds poor in
quality, pulse of fair volume. Crepitations were heard at
the base of the left lung. There was also present enteritis
with green and very offensive stools. Lumbar puncture
revealed a turbid fluid under pressure and containing abundant
intra- and extracellular meningocdcci. Protein content of

cerebrospinal fluidlhOO mgm. per 100 c.cC.
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The presence of a co-existing enteritis and clinical
evidence of a commencing pneumonia made the outlook in this case
very poor. Previous experience with similar cases pointed to
a poor response to therapy. Primary pyrexia lasted for five
days. Apart from a bulging anterior fontanelle signs and
symptoms had disappeared by the second day but their absence
could hardly be attributed to favourable progress. The child
was becoming weaker and was soon too 111 and collapsed to
‘show signs of meningeal irritation. In spite of active
measures in their control convulsive fits continued to be of
frequent occurrence. Bronchpneumonia became widespread in the
left lunge.

Lumbar puncture was performed at h8-hourly.intervals. Oon
each occasion abundant meningococci were isolated in the
cerebrospinal fluid. The fluid showed no signs of cleéring
but remained turbid. From an initial reading of LOO mgm. per
100 c.c. the protein content had only dropped fo 300 mgm. by the
end of the fifth day of treatment.

The child's condition rapidly deteriorated. Repeated
convulsions led to exhaustion; emaciation and dehydration
follawed enteriiis. Latterly acute distension of the
abdomen rendered hazardous the further administration of
intraperitoneal salines. Death took place in the evening of the
fifth day after admission to hospital.

Autopsy. Respiratory System - Partial conéolidation lower
half left lung. Purulent exudate in the bronchioles.

Alimentary System - Severe enteritis with haemorrhage into

Peyer's patches.
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Braln - Appearance of brain was similar to Cases 1 and 11.
The brain substance was oedematous, the convolutions flattened.
Marked congestion of the superficial veins. Cerebrospinal fluid
‘turbid. Large deposits of thick pus covered the brain surface
from the frontal lobes over the vertex to the base where
extensive deposits obscured the stractures.

Other Organs - No significant pathological changes observed.
Death was accelerated by enteritis and bronchopﬁeumonia. In
spite of five days' treatment there was no fesponse to

sulphapyridine.

Case 1lV. I.H. - female aged 7 months admitted to hospital on
3rd. day of illness. Child acutely ill on admission, very
restless and screaming. Nuchal rigidity and positive Rernig's
sign present. Anterior fontanelle bulging. There wes &
scanty petechial rash on the trunk. Pale and toxic. Vell
nourished. Temperature 100.60 F., pulse rate 130,

respiration rate U48. Heart sounds of good quality, pulse

of good volume. No clinical evidence of disease in the

chest. There was present an enteritis with green stools.
Lumbar puncture produced a turbid fluid under grestly increaded
pressure. Examination of the direct smear revesled enormous
collections of meningococci mostly extracellular. There was
a heavy growth of organisms on culture. Protein content of

cerebrospinal fluid not ascertained.

The patient showed little response to therapy. Pyrexia
continued until the day of death. Dehydration gquickly ensued
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and intraperitoneal salines were administeeed freely. She
took frequent attacks of screaming fits and could not be
gquietened. On the second dey sickness, sccompanied by
'plack' vomiting, commenced and recurred at frequent intervals.

Lumbar puncture performed forty-eight houra after admission
to hospital showed no change in the cerebrospinal fluid. The
fluid was turbid and just as heavily infected with meningococei
as was the specimen examined on admission. The anterior
fontanelle which had remained tense and bulging became relaxed
slightly after 4O c.c. of spinal fluid had been removed.

The child's condition was seen to be much worse on the
evening of the second day. Enteritis was not so severe as in
previous fatal cases. » The chest appeared to be clear.
Respiration rate increased, the lips became’cyanosed and there
was marked pallor of the face. Thelpulse was thready and
almost impefceptible. Death occurred on the morning of the
third'da& after admission to hospital. |

Autopsy. Respiratory System - Patchy bronchopneumonic
consolidation throughout both lungs. Probably a terminal
phenomenon.

Alimentary Tract - Some slight inflammation of the mucosa
of the small intestines.

Brain - Typical of a severe meningococcal meningitis.
Intense congestion with engorgement of the superficial vessels.
Plattening of the convolutions. Cerebrospinal fluid turbid.
Large deposits of pus in the frontai, temporal and occipital

areas. Extensive deposits of purulent exudate at base of brain.



Fluid in the ventricles was turbid. There was no dilatation
of the ventricular system. -

Other Organs - No significant pathological changes observed.
The case was one of severe meningococcal meningitis. The
enteritis was not severe but no doubt helped to contribute to
the fatal issue. The bronchopneumonia found post mortem was

probably a terminal phenomenon.

Case V. M.W. - female aged 1 year admitted to hospital on

10th. day of illness. Acutely ill with nuchel rigidity, head
retraction and positive Kernig's sign. Anterior fontanelle
tense and bulging. Child was collapsed and dehydrated. She
was poorly nourished, toxic looking and listless. Temperature
98° P., pulse rate 140, respiration rate Y44. Heart sounds of
good quality, pulse of poor volume, The mother explained that
her child had had a 'bad chest' since bipth. It was observed
that on admission the patient had a harsh spasmédic cough.
Ronchi were heard throughout both lungs. Stools unformed,
foul smelling but not green. Lumbar puncture revealed an
opalescent fluid under increased pressure and containing abundant
intra- and extracellular meningococci.

Drug therapy was begun and intraperitoneal salines were
administered twicd daily during the first three days. The
child took 1little fluid by mouth. Primafy pyrexia continued
until the day of death. Head retraction increased and by
the evening of the second day there had developed a well marked
opisthotonos. The child looked desperately ill and her
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her condition was aggravated by respiratory embarrassment. On
the third day convulsiops developed but were controlled by
Jumbar puncture and sedatives. Signs and'symptoﬁs continued
unabated. Attention was first drawn at this time to the
patient's eyes which appeared fixed and staring.

Lumbar puncture was performed at L48- hourly intervals
during the first eight days. Five such operations were
performed. All specimens of fluid examined were turbid,
under greatly increased pressure, and heavily infected with
meningococei. The protein content of the fluid remained
persistently high between 200 - 300 mgm. per 100 c.c. The
fontanelle which was tense and bulging became temporarily
relaxed after each lumbar puncture. It was obvious that
the patient was not responding to sulphapyridine.

| The patient's eyes were examined by Mr. Marshall,
consultant ophthélmologist to the hospital. His report is
as follows:- "There does not appear to be any perception
of light present. The fundi are normal. There is a bright
surface reflex in the disc - macular area but the discs are
definitely not swollen. Conjugate deviation to the right
is present." This report in conjunction with the clinical
course of the disease was strongly suggestive of internal
hydrocephalus,

Convulsions and twitching of the limbs became a constant
feature during the last few days of the illness. As the

child's condition became worse head retraction and opisthotonos

graduélly disappeared. Ronchi continued to be widespread
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throughout the lungs but no moist sounds were heard. The
temperature 1ncr¢ased to 101;O F., just before death on the
eighth day after admission to hospital.

Autopsy. Respiratory System - A few scattered patches
of consolidation were present in both lungs. The base of
the left lung was bound to the pleura and diaphragm by
strong adhesions,

Brain- Surface of brain dry and convolutions flattened.
Massive deposits of pus over the vertex and base of brain. A
loopful of pus from the surfaée of the brain was inoculated
on blood agar. A heavy growth of meningococci resulted.

On section of the brain the ventricles were widely dilated
and full of turbid fluigd. There was marked dilatation of
the aqueduct of Sylvius.

Other Organs - No significant pathological changes obserwved.

It would appear that internal hydrocephalus was established
before this case came under treatment. The ﬁatient was not
seen until the tenth dsy of illness. The clinical course
of the disease suggested the presence of such a complication.
Case V1. Double Infection of the Meninges with Meningococcus

and Pneumococcuse.

The unigueness of the following case Jjustifies its being
recorded in some detail. The patient in the course of
meningococcal meningitis succumbed to a pneumococcal

meningitis. There are several published reports of double

infection of the meninges. Caffney (1940) reports a case
of mixed infection of the meninges with the H.Influenzae and/
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and pneumococcus. Reid and Lipscomb (1940) record an
instance of streptococcal meningitis and pneumococcal
meningitis in the same patient. More recently in February
1941 Drs T. Anderson and K.J. Guthrie recorded a case of
double infection of the meninges with the meningococcus and
Gaertner's bacillus, admitted to Ruchill hospital. Double
infection of the meninges with the meningococcus and the
pneumococcus is rare. In Muir and Ritchie's Manual of
Bacteriology (1937) Chapter V1ll, reference is made to mixed
infection of the meninges. It is stated (p.362) that

'the pneumococcus has been found associated with the tubercle
bacillus and also with the meningococcus, sometimes appearing
as an additional infection to the latter'.

Published reports on mixed infection of the meninges
‘with the meningococcus and pneumoc¢occus are few. . Worster-
Drought and Kennedy quote examples by Sophian who recorded
instances where cerebrospinal fever was complicated by a
secondary pneumococcal meningitis during the Texas epidemic
of 1912. Wilson et al. (1916) mention two cases. Netter
and Salanier (1917) have tabulated twenty-three cases of
secondary pneumococcal meningitis occurring during the course
of cerebrespinal fever. The importance of culture of the
pneumococcus before cases of double infection can be accepted
as proven has been emphasised by Worster-Drought and Kennedy.

Dr Tom Anderson has kindly furnished me with details of

a case of mixed meningococcal and pneumocoecal infection in
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in an adult male aged thirty-seven years,which ceme under his
care in Ruchill Hospital in April 1939. The diagnosis of
cerebrospinal fever was confirmed bacteriologically on the
patient's admission to hospital. Sulphapyridine therapy
was instituted. The temperature appeared to settle on the
third day of treatment but rose again twenty-four hours later
when lumbar puncture revealed a turbid fluid under pressure.
A sharp elevation of temperature on the seventh day pointed
to the possibility of drug fever and treatment was discontinued.
Lumbar puncture on the eighth_day of treatment produced a
turbid fluid from which meningococci and pneumococci grew

on culture. The latter organism when submitted to further
examination was identified as a type XX1ll pneumococcus;
sulphapyridine was recommenced. A few hours before the
patient's death on the ninth day after admission to hospital
a pure growth of pneumococcus type XX111 wasfdbfained from
culture of the patient's blood. An extensive purulent
meningitis was found pbst mortem. There was no evidence of
pneumonisa. Cultureé from the lungs and spleen proved
negative but a pneumococcus type XX111 was grown from
purulent exudate at the base of the brain and,frﬁm necrotic
and caseous material in the right middle ear. There is no
doubt that an etitis media of which there was no clinicsal
evidence during life was the primary focus of a secondary
pneuﬁococcal meningitis. | .

The only other recent report of mixed meningococcal and
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and pneumococcal meningitis is, as far as I am aware, that
published by Rosenblum and Pearlman (1942). The patient, a
female aged seventeen years,after apparent improvement from
cerebrospinal fever treated with sulphanilamide and
antimeningococcus serum had a recurrence of symptoms. Examination
of the cerebrospinal fluid revealed a pneumocéccus type V1.
Sulphapyridine therapy was instituted and recovery eventually

took place in spite of a relapse on five occasions. The case

bears a striking resemblance to the one about to be described.

Case History.
The patient was a female aged 1 year admitted to hospital

on 1st. day of illness. Her previous medical history was
uneventful. This was her first illness,

First week. The patient was admitted to a hospital in the city
suffering from convulsive fits. Lumbar puncture revealed a
turbid fluid and she was transferred the same dﬁy to Ruchill
Hospita;. On admission the child was seen to be acutely ill,
pale and toxice. She was very restless and just recovering
from a convulsive seizure. There had been much sickness and
vomiting. There was slight nuchal rigidity but Kernig's sign
was doubtful. The anterior fontanelle was not bulging; She
was well developed and well nourished. Temperature 102o F.,
pulse rate 160, respiration rate 36. Heart soun@s of good
quality, pulsé of poor volume. Chest clear. Lumbar puncture
revealed a turbid fluid @nder pressure and containing numerous

intra- and extracellular meningococci. Protein content of
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of cerebrospinal fluid 500 mgm. per 100 c.c.

Primary pyrexia continued until the fourth day when the
temperature settled. Signs and symptoms had subsided by the
beginning of the third day. There was one convulsive seizure
on the second day. The child remained pale and toxic but
her condition was considered satisfactory.

In all, four lumbar punctures were performed during
the first week. The ceredbrospinal fluid was sterile in
forty~eight hours and was subsequently pronounced clear on the
seventh day of treatment. There was a progressive drop in
the protein content from 500 - 300 - 220 - 50 mgm. per 100 C.Ce
Everything pointed to a good recovery.

Second Week. A recrudescence of the infection occurred on the
ninth day of illness, less than twenty-four hours after
sulphapyridine had been discontinued. The drug was recommenced.
The temperature which had been normal from the fourth day rose
within twenty-four hours to a maximum of 103o P, Nuchal
rigidity-and positive Kernig's sign were well marked. A
widespfead labial herpes made its appearance. Lumbar puncture
produced an opalescent fluid under pressure. The direci smear
was negative but meningococci were isolated on culture.

The course of the recrudescence was similar to the initial
infection. The pyrexis continued for five days. With the
exception of lablal herpes signs and symptoms had disappeared
after three days.

Two further lumbar punctures were performed, the first

at the end of forty-eight hours. The fluid was opalescent.
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The direct smear was negative but meningococci were isolated
on culture. At the end of ninety-six hours the cerebrospinal
fluid was found to be clear and sterile.

The child made a good recovery and the drug was stopped
elght days after the onset of the recrudescence.

Third Week. Twenty-four hours after the drug had been stopped
the temperature rose to 102.80 . Lumbar puncture was
performed but the cerebrospinal fluld was found to be clear
and sterile. The temperature quickly settled.

Two days later the child was acutely 111 with a
temperature of 103o F., nuchal rigidity, head retraction, and
a positive Kernig's sign. A second lumbar puncture was
performed and an bpalescent fluid was obtained. There were
abundant intra~ and extracellular meningococct in the direct
smear while culture on blood agar produced a heavy growth of
organlsms. On the assumption that the organism had become
insensitive to sulphapyridine the drug was changed to
sulphanilamide, administered in doses of 1.0 gramme L4-hourly.

In the course of the next few days the child's condition
rapidly deteriorated. Pyrexia continued. She developed a
‘marked opisthotonos and ptosis of the right eyelid. Internal
hydrocephalus was suspected.

Lumbar puncture performed on the fifth day after the
onset of this second recrudescence revealed a turbid fluid
under increased pressure. Examination of the direct smear
shdwcd enormous collections of gram negative and gram positive

fliplococei, the latter predominating. Culture of the fluid
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fluid on blood agar produced & heavy growth of flat green
colonies. The colonies when submitted to further examination
were identified as a pure growth of type V1 pneumococcus.

Death occurred on the twentieth day after admission to
hospltal. 1

Autopsy. Brain -~ Generalised oedema and softening.
Convolutions flattened. Cerebrospinal fluid turbid. The
entire brain surface was bathed in a green purulent exudate
which filled the sulci and obscured the vessels. (Plate X1X).
There were extensive purulent deposits at the base especially
marked round the optic chiasma.(Plate XX) The brain was soft
and friable and adherent to the vault of the skull. It was
impossible to remove it without causing damage to the brain

'surfacq. The ventricles were dilated and full of turbid fiuid.

A loopful of pus from the brain surface was inoculated on
blood agar. A heavy growth of type V1 pneumococcus resulted.

Respiratory System - Bilateral bronchopneumonia.

Middle Ears - Nof diseasegd. Swabs taken from the widdle
ears were inoculated on blood agar, but proved negative.

Other Organs - No pathological changes observed.

The case was one of pneumococcal meningitis superimposed
upon cerebrospinal fever. It is assumed that the recrudescence
of the meningococcal infection was due to the fact that the
drug was stopped too soon.

The pneumococcal meningitis was apparently secondary to

intra-pulmonary disease not diagnosed furing life.



- 228 .

It is of interest to note that the patient had been

receiving sulphapyridine almost continuously for two

weeks prior to the onset of pneumococcal meningitis.

Case V1l. D.McD. - male aged 3 years admitted to hospital on
3rd. day of illness. Death occurred within forty-eight
hours. Post mortem examination disclosed bilateral
suprarenal haesmorrhage. For details of this case see

Chapter V1.

Case V11l. C.W. - female aged 4 years admitted to hospital on
1st. day of illness. Death occurred within two hours.
Post mortem examination revealed bilateral suprarenal

haemorrhage. This case is discussed in detail in Chapter V1.

Case 1X. Sagittal Sinus Thrombosis Complicating Cerebrospinal

Fever.

B.F. - a female aged 4 years was admitted to hospital on
2nd. day of illness. Acutely ill with nuchal rigidity,
head retraction, positive Kernig"s sign and commencing
opisthotonos. A petechial rash was observed on the abdomen.
There was an extensive labial herpes. The patient was
pale and toxic, but well nourished. Temperature 100° P.,
pulse rate 140, respiration rate 32. Heart sounds of
good quality, pulse of good volume. Chest clear. Lumbar
puncture revealed a turbid fluid under pressure and
containing abundant intra- and extracellular meningococci.

Protein content of the cerebrospinal fluid 500 mgm. per 100 c.c.




The clinical course of the disease augured well for the

recovery of the patient. Primary pyrexia lasted for twenty-four
hours, thereafter, apart form two temporary elevations which
occurred in the course of the two following days the temperature
remained normsal. All signs and symptoms had disappeared by

the end of the fourth day when the child was pronounced well

out of danger.

A L48-hour lumbar puncture produced a turbid fluid. No
organisms were seen in the direct smear but #here was a scanty
growth of meningococci on culture. At the end of ninety—six
hours the cerebrospinal fluid was clear and sterile and registered
a protein content of 200 mgm. per 100 c.cC.

The patient collapsed suddenly on the morning of the fifth
day in hospitedl. The pulse was imperceptible and the respirations
markedly distressed. Death occurred within a few hours. In
view of the favourable progress of the disease a sudden fatal
issue was quite unexpected.

Autopsy. The brain exhibited the most intense congestion
yet seen in these fatal cases of cerebrospinal fever. The
supeeficial veins were swollen, engorged, and tortuous. The
surface of the brain showed & faint pink discolouration. There
was an area of haemorrhage in each frontal lobe, more extensi&e
on the right side where the haemorrhage had extended below the
surface causing destruction of brain tissue (Figs. XX1 and XX11).
Numerous smaller haemorrhages were present over the surface of
the brain. There was & thrombosis of the sagittal sinus.

There were a few small deposits of pus in the sulci and at
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at the base of the brain but the meningitis was obviously
resolving and had responded well to sulphapyridine.,

Other Organs - No significant pathological changes observed.

Case_X. R.M. -~ female aged 6 years sdmitted to hospital on
lst day of illness. Death occurred within twenty-four hours.
Post mortem examination revealed bilateral suprarensal

hermorrhage. This case is discussed in detail in Chapter V1.

Case Xl. M.T. - female aged 17 years admitted to hospital on
Lth. day of illness. Death occurred one week after admission
to hospitsl. The patient apparently made a good recovery from
cerebrospinal fever. Death was attributed to drug toxicity.
For details of this case see Chapter V11ll.

Cese Xl1l. Purulent Pericarditis and Mesenteric Thrombosis

Complicating Cerebrospiﬁal Fever.
M.K. - female aged 19 years was admitted to the’Boyal Infirmary,
Glasgow, on May 1lst. 1941 suffering from acute sbdominal pain.
A diffuse petechial rash was noted on admission to hospital.
The following day the patient suffered from severe sickness
and diarrheoa. During the early hours of the morning of
May 3rd., the patient became comatose. Nuchal rigidity
and a positive Kernig's sign were present. Lumbar puncture
was performed and revealed a turbid cerebrospinal fluid
containing intra- and extracellular gram negative diplococci.

She was transferred the same day to Ruchill Hospital.



On admisgion to Ruchill Hospital the patient was seen
to be in deep coma. 8light nuchal rigidity and positive}
Kernig's sign were present. The ebdomen was distended due
to an acute retention of urine. A widespread petechial
rash was present on the face, limbs and trunk. She was
well nourished and of good physique. Temperature 100O r.,
pulse rate 110, respiration rate 28. Heart sounds of good
quality, pulse of good volume. Chest clear. Lumbar
puncture revealed a turbid fluid under pressure and containing
numerous intra- and extracellular meningococci. A heavy
growth of organisms was obtained on culture. DProtein content
of the cerebrospinal fluid 500 mgm. per 100 c.c. Blood culture
sterile.

The patient had received a total of 5.0 grammes of
sulphapyridine given in repeatec intramuscular doses of 2.0 g.,
1.0 g., and 2.0 g. respectively, prior to admission to
Ruchill Hospital. Intravenous drug therapy was begun
immediately but the patient made little progress. -The
temperature ranged between 99° - 105o F., the pulse rate and
respiration rate steadily increased. Retention of urine
continued and necessitated catheterisation at intervals.

The day after admission to hospital she céme out of coma
sufficiently to take sulphapyridine by mouth but is was

" obvious that her condition was deteriorating rapidly.
Intravenous glucose-salines were administered twice per day,

to which was added 1.0 gramme of the sodium salt of



of sulphapyridine. When seen during the evening of the
second day she was once more in deep coma. A severe epistaxis
occurred shortly afterwards. Death took place at 1.0 a.m. on
the morning of the third day after admission to hospital.

Autopsy. Respiratory System - Terminal bronchopneumonia.

Brain - Typical appearances of a severe meningitis. Congestion
of superficial vessels. Cerebrospinal fluid turbid. Large
deposits of pus filled the sulci and obscured the structures
at the base of the brain. There was no dilatation of the
ventricular system. Fluid in the ventricles turbid.

Cardio~vascular system - The pericardium was filled with a
purulent exudate. The anterior surface of the right ventricle
presented the typical 'bread and butter appearance’. The
cavities of the heart were not dilated. No pafhological
changes were found in the valves or valvular cusps.

Alimentary System - There was a large Meckel's diverticulum
8i1x inches in length attached to the ileum about one foot from
the ileo-caccal valve. The terminal three feet of the ileum
including the diverticulmm was greenish black in colour and the
site of a commencing gangrene. The bowel wall was thinned
out but intact. There was no free fluid in the abdomen.

Other Organs - No significant pathological changes.

Genito-urinary System - There were no pathological changes
in the uterus. A purulent exudate was present in the cervix.

Direct smears were examined and cultures on blood agar

were made from purulent exudate from the brain, pericardium,

/



- 24% -

/

cervix and lungs. No organisms were isolated.

The pathology of the case indicates a widespread blood
infection. The state of the ileum due presumably to a
mesenteric thrombosis would account for the acute abdominal

rain, sickness and diarrhoea, of which the patient initially

complaeined.

Case Xl1ll. C.H. - female aged 21 years admitted to hospital
on 2nd. day of illness. Death occurred in twenty-four hours
and was due to suprarenal haemorrhage. This case is

discussed in detail in Chapter V1.

Case X1V. C.N. - female aged 32 years admitted to hospital on
6th. day of illness. Delirious and scresming on admission,
but conscious. Nuchal rigidity and positive Kernig's sign
were marked. ILabial herpes: petechial rash on chest. The
patient was three months pregnant. She was well nourished
and of good physique. Temperature 100.2° F., pulse rate
100, respiration rate 32; Heart sounds of good quality,
pulse of good volume._ Chest clear. Lumbar puncture revealed
a turbid fluid under pressure and containing numerous
meningococei mostly intracellular. Culture of the cerebrospinal
fluid produced a heavy growth of organisms. Blood culture
sterile. _

Within twenty-four hours of admission to hospital the
patient collapsedsand died. Shortly before death a widespread

cyanosis involving the face trunk and limbs was noted.
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Suprarenal haemorrhage was suspected, but the sudden fatal
termination did not allow time for a full clinical
investigation,

Autopsy. Owing to suspiclous circumstances attending the
pregnancy the post mortem examination was performed by the
visiting pathologist to the hospital. Sudden death was
unexpected and it was thought thet there might be a contributary
factor in connection with the pregnancy. The pathologist's
reportis quoted in full:-

'General Appearances. The body was that of a fairly well
dcvelbped.but poorly nourished womanj it was slightly jaundiced.

Body Cavities. No excess of fluid had collected in any
of the body cavities. A few firm fibrous adhesions had formed
between the apex of the left lung and chest wall.

Respiratory System. The mucous membrane of the trachea
and bronchi was not inflamed; the air passages contained a
small emount of viscid mueo=-fluid. Some basal congestion
was present in both lungs.

Cardio~-vascular System. The heart was of average size

and conical in chape. ‘ The bloocd vessels on the surface were
not tortuous. The cavities of the heart were not dilated.
No pathological changes were found in the valves or valvular
cusps. The cardiac muscle was pale in colour and soft; its
wall was not hypertrophied. No marked degenerative change
was present in the aorta or coronary vessels.

ILiver. The liver was of avérage size, reddish-brown in

colour, and somewhat congested.The gall bladder contained /
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contained dark greenish bile.

Urinary System. The kidneys were of average size. Their
capsules stripped easily exposing a smooth surface. The
renal substance of both kidneys was deeply congested but
the architecture was not altered. Thé right ureter was
somewhat dilated. The lining of the urinary bladder was
not inflamed.

Suprarenal Glands. The right suprarenal gland showed
no changes. The left appeared congested but no haemorrhage
had occurred into it. Sedtions were taken for micfoscopical
examination.

Genmerative Orgaens. The uterus contained a foetus of the
size generelly found after 3 - 31 months' pregnancy. No
changes of primary pathological importance were found in
. the uterus or its adnexae. ‘

Other Organs. The spleen, pancreas, and alimentary
tract showed no changes of primary pathological importance.

Cranium and Contents. The skull cap was thicker than

average. The dura mater was not unduly adherent to it or

to the underlying leptomeninges. Generally, the cerebrospinal
fluid was increased in amount and it was somewhat turbid;

over the base of the brain, and in the spaces between the
cerebral convolutions over the vertex, the cerebrospinal

fluid was pale yellowish in colour and purulent. Flattening
of the cerebral convolutions had occurred. A small

'pressure cone' had developed oh the under-surface of the

cerebellum. No gross lesion was found in the substance of



of the brain or brain stalk.

Commentary.

The case was one of meningococcal meningitis which

had been Qonfirmed during life by bacteriological examination.'

Report of Microscopical HExamination.

"Suprarenal Gland.

‘The small capillary blood vessels are mﬁrkedly congested
but no haemorrhages have occurred into the substance of the
gland. No other changes of primary pathological importance
have been seen.

Pons.

Several of the pontine blood vessels are congested and
around several of these, polymorphonucleated cell infiltration
has occurred giving the appearances commonly described as
‘cuffing'. No pathological changes have been seen in the

substance of the pons."



- 247 -

Case XV. A.G. ~ female aged 36 years admitted to hospital on
l1st. day of illness. Death took place just over twenty-four
hours after admission to hospital and was due to suprarenal

haemorrhage. This case is discussed in detail in Chapter V1.

Case XVl. C.G. - female aged 56 years admitted to hospital on
lst. day of illness. Decply comatose. Nuchal rigidity,
head retraction and positive Kernig's sign present, pale,thin
and toxic. The thyroid gland was enlarged. Temperature
99.2o F., pulse rate 1l4ily, respiration rate 28. The urine was
loaded with albumen: there was a trace of acetone. Heart
sounds poor in quality, pulse very irregular and of poor volume.
Chest clear. Lumbar puncture produced a turbid fluid under
pressure and containing abundant intra- and extracellular
meningococci. Ppotein content of cerebrospinal fluid not
ascertained. Blood culture positive for meningococci.

The patient made no apparent response 1o treatment. Pyrexia
continued throughout the course of the illness. She remained
in a comatose state until death occurred on the seventh day
after admission to hospital. Nuchal rigidity persisted for
8ix days. A herpes labialis developed on the fifth day. She
was unable to take anything by mouth. The passage of a nasal
tube was accompanied by much retching aend vomiting and this
method of administering the drug was abandoned. Treatment
consisted of intravenous sulphapyridine‘given along with
glucose-salines.

Lumbar puncture was pérformed at 48-hourly intervals. All
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All specimens of cerebrospinal fluid were turbid,under pressure,
and heavily infected with meningococci, with the exception of
the last specimen taken before death, when the fluid was found
to be sterile.but amber in colour. A blood culture on the
day before death proved to be sterile.

Autopsy. Brain - Congestion of the superficial veins.
Cerebrospinal fluid opalescent. Small collections of pus over
the vertex and at the base of brain but no large deposits seen.
The meningitis appeared to be resolving. The f£luid in the
ventricles was opalescent and contained flakes of fibrinous
exudate. There was no dilatation of the ventricular system.

Suprarenal Glands. Both glands were soft and necrosed.

Their extremely frisble nature rendered it difficult to remove
them without causing damage to the internal structure. Owing

to the length of time which elapsed before the post mortem
examination could be carried out it was impossible to say whether
the state of the suprarenals was due to disease or to post
mortem changes.

Thyroid Gland. The gland was much enlarged, the right lobe

extending upwards to the angle of the Jjaw. There were scattered
irregular areas of fibrosis. A piece of the gland tissue
removed for microscopical examination was unfortunately

destroyed in error.

Other Organs. No significant pathological changes observed.

Although the age of the patient would render prognosis

unfavourable there is no satisfactory explanation why the
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the patient should have remained in coma for seven days

without making any response to drug therapy. One of my
colleagues investigated the drug levels in the ﬁlood and
cerebrospinal fluid on the fifth day of treatment. The
congentration of the sulphapyridine in the blood was 16.0 mgm.
per cent, while the concentration in the cerebrospinal fluid
was 1l4.5 mgm. per cent. In addition to the toxaemia associated
with the infection it was thought that disease of the thyroid
gland constituted a contributory factor in producing a fatal

issue.

Case XV1l. J.N. - female aged 56 years admitted to hospital on
2nd. day of illness. Death took place on the third day |
after adnission to hospital and was due to bilateral suprarenal

haemorrhage. This case is discussed in detail in Chapter V1.

Case XV1ll. C.N. - female aged 57 years admitted to hospital
on 5th. day of illness. Comatose and deeply dyanosed on
admission. Convuisive twitchings of the facial muscles and
upper limbs. Nuchal rigidity and positive Kernig's sign were
present, Marked labial herpes. Well nourished. Temperature
100.60 F., pulse rate 110, respiration rate 32. Heart sounds
of poor quality, pulse thready. There was marked respiratory
embarrassment. Examination of the chest revealed bubbling
rales throughout both lungs. Lumbar puncture produced a turbid
fluid under pressure and containing abundant meningococci
mostly extracellular. Protein content of cerebrospinal fluid
over 700 mgm. per 100 c.c. Blood culture positive for

meningococei. ‘ /
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The patient was obviously in a dying condition on

admission to hospital. Severe bronchopneumonia accompsnied
by distressed respirations obscured all other signs and
symptoms of meningeal infection. The patient wasvpfopped up
in bed and intra-nasal oxygen administered. Sulphapyridine
was given intravenously in 1.0 gramme doses u-hourly. The
temperature rose to 105o F. Death occurred twenty-four hours
after admission to hospital. A post mortem examination:

was not obtained.

The case was one of fulminating meningococecal infection.
Death was accelerated by bronchopneumonia. Had a post morten
examination been performed there is no doubt that the
characteristic pathology of acute meningococcal meningitis

would have been in evidence.



Comment .

In series C comprising 100 patients treated during the period
April - October 1941, there were eighteen deaths representing a
fatality of 18 per cent.

Of the eighteen fatal cases, six were under two years of age
and three were over fifty years of age.

In three, the disease was complicated by enteritis and
bronchopneumonia, in one by enteritis alone, and in three by
convulsions. In one case the disease was complicated.by internal
hydrocephalus. Six patients succumbed to biléﬁeral suprarenal
haemorrhage. Sagittal sinus thrombosis and purulent pericarditis, -
rare complications in cerebrospinal fever contributed to a fatal
issue in two patients. One patient died following double infection
of the meninges. One death was attributed to drug toxicity.

In ten cases death took place within forty-eight hours of
admission to the hospital and in half of these there was little
time for the drug to exercise any influence upon the infection.

The incidence of fatal cases tended to be greatest in the
lowest and highest age-groups.

The incidence of fatal complications in this group is high.
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Conclusion.

There were thirty-seven deaths amongthe 256 cases treated
during the period May 1940 - October 1941, representing a
fatality rate of 14.45 per cent. This figure is high compared
the results of other workers. It is pointed out however,
that in contrast to the majority of published reports the
number of cases considered is a large one; furthermore, it
is reasonable to assume that the case fatality is higher
during epidemic prevalence of the disease as opposed to
inter-epidemic periods when the cases aré fewer and less
severe. It must also be borne in mind that the investigation
takes no account of adolescent or adult male patients
suffering from cerebrospinal fever, so that the sample of
cases contains a high proportion of children. Of the
256 patients, 124 or 48.43 per cent were under the age of
five years.

When the infection is complicated by bronchopneumonia
or enteritis the prognosis is grave. Should these
complications be well established before the case comes
under treatment the response to therapy is poor and in many
cases ineffectual. Of the thirty-seven fatal cases thirteen
children between the age of one month and three years developed
bronchopneumonia or enteritis. In seven both these complicatians
were present. In table 1 is shown the incidence of broncho-
pneumonia and enteritis in fatai cases belonging the age group

0 - 3 years.,




Iable 1.

Incidence of Bronchopneumonia and Enteritis,

Fatal Cases O - 3 years.

Days 111 Daration of
Number Name Age prior to Broncho- Enteritis Illness.,
Admission. pneumonia - (Days)
1 S.H. 1 mth. 6 - + 1
2 D.S. o L + + 3T
3 I.B. 5 " 2 + + 5
4  Ds. 7 " . 12 + e 45
5  I.H. 7 " 3 * + 3
6 J.s. 8 1 + + 1
7 J.McP. 8 " 4 - + 3
8 M.McC. 9 " 4 + - 1
9 A.C. 1yr Y + - 3
10 M.W. 1 10 + s 8
11 Jor. 1 1 + - 20
12 0.M. 30" 2 + - 6
13 D.McD. 3 " 2 + + | 2

+ =~ Present on admission to hospital.

+ = Developing during course of the illness.
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With the exception of four cases (2,9,11, & 12) one
or other condition was present on the patient's admission
to hospital. The duration of illness was short or the
patient lingered on to die of internal hydrocephalus
(cases 2, L4, and 10) or succumbed to a secondary infection
of the meninges (case 11). Where the duration of the
illness was less than five days clinical and post mortem
findings showed that, in spite of treatment, there was
no evidence of any attempt at resolution of the meningitis.

Pive patients died following the development of
internal hydrohydrocephalus. Of these, four were children,
the oldest of whom was five years. - The average number of
days of illness prior to admission to hospital in fatal
cases of internal hydrocephalus was 6.2 days. There is no
doubt that, irrespective of the drug employed the.likelihood
of this complication occurring increased in proportion to
the duration of illness prior to the institﬁtion.of therapy.
Once an obstruction has developed mo amount ef drug
therapy can hope to restore the normal circulation of
the cerebrospinal fluid. For this reason it is better that
the drug be changed to another sulphonamide if a satisfactory
response is not obtained within four days.

Fatal complications such as saggittal sinus thrombosis
and purulent pericarditis are fortunately rare.

It is of interest to note the occurrence of a pneumococcal
infection following a meningococcal infection treated
intensively with sulphapyridine and sulphanilamide.
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With regard to the fulminating type of infection it is
doubtful if any form of treatment can be of avail. Of the
thirty-seven fatal cases nineteen died within forty eight
hours of admission to hospital and of these eight were
cogiplicated by suprarenal haemorrhage (See Table 11). When
death takes place in such a short space of time adequate
treatment is impossible. A study of the post mortem reports
shows that in the majority of cases where the patient survived
beyond the fourth day, there was evidence of resolution of
the meningitis.

in Hospital.

Deaths occurring
Group within over Total
12 nrs. 24 hrs. L8 hrs. 72 hrs 72 hrs.

1 - - 1 | - 2
11 1 1 2 2 - 6
111 - - 1 - 5 6
1v 1 2 - - 2 5
\4 3 2 5 3 5 18

TOTAL 5 5 9 6 12 37
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Of the sixteen fatal cases over the age of five years,
routine blood éulture was carried out on admission to hospital.
Of these, six or 37.5 per cent, produced cultures positive
for meningococeci. The initial bacteraemia would seem to
have some prognostic significence in view of the low
incidence of positive blood cultures in the recovered cases.

The average number of days which elapsed between the
onset of symptoms and the commencemént of treatment was 3.3
‘days in the fatal cases. The average duration of illness
in hospital was 6.16 days. When these cases are excluded
where the i1llness was prolonged due to hydrocephalus and
double infection of the meninges, and if the one instance
where death was ascribed to drug toxicity is discounted, the
average duration of illness in the fatal caseg 1s reduced to
2.5 dayse.

The incidence of fatal cases as in the days prior to
chemotherapy still tends to be highest in the early and late
years of life. Of the eighty three cases under two years of
age, sixteen terminated fatally representing a fatality rate
of 19.27 per cent. In the age group LO - 60 years there
were four deaths in the nineteen female patients treated,

representing a fatality of 21.05 per cent.(Table 111)



Table 111.

Deaths arranged according to Age Groups.

Case Fatality
Age Cases Deaths Rate

(Years) per cent.
0o - Lo 11 22.45

1 - 34 5 .70

2 - L1 5 12.19
5 - 22 3 13.63

10 - Lo L 10. 00

20 - 51 5 9.80

Lo - 60 19 L 21.05

TOTAL 256 37 W45
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Appended below (Table 1V) is a list of the complications

associated with the fatal cases occurring during the investigation.

Table 1V.

COMPLICATIONS ASSOCIATED WITH THE THIRTY SEVEHN FATAL CASES.

Compliecations Number of Cases.
Bronchopneumonia and Enteritis 13
Convulsions 10

Suprarenal haemcrrhage

Internal hydrocephalus
Secondary infection of meninges
Sagittal sinus thrombosis

Purulent pericarditis

M M e WU o

Drug toxicity







Chapter Vil.
ANALYSTS OF FATAL CA3ES.
Explanation of Plate V.-

Fig. XV1l - Case 1l.(Group 1V) Purulent menincdococcal meningitis.
Vertex of brain showing extensive deposits
of thick pus over the vertex and on the frontal
and temporal lobes. Note the engorgement of the
superficial vessels. The appearance is that
typically seen in the acute fatal type of case.

Fig.XV1ll - Case 2. (Group V) Purulent meningococcal meningitis.
Base of brain. The entire brain is congested and
oedematous. There are extensive deposits of pus
at the base of the brain. Clinical course of the
infection was similar to case 1, death taking
place within a few hours.

Figs. X1X & XX -~ Case 6 (Group V)

| Double infection of the meninges with the

meningococcus and pneumococcus. The vertex and
the base of the brain are shown. Note generalised
oedgma, congestion, and flattening of the

convolutions. The entire brain is bathed in

purulent exudate.



PLATE V.

Fig. XVIII






Explanation of Plate Vi.

Figs. XX1 & XX11 - Case 9 (Group V)

Sagittal sinus thrombosis complicating
cerebrospinal fever. The base of the
brain is shown in plate XXl. Note

- haemorrhage at tip of right frontal
lobe. .

| In plate XX11 the right cerebrall
hemisphere has been sectioned to show
the area of haemorrhage in the brain

substance.




PLATE VI.

Fig. XXI, Fig. XXII,
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CHAPTER VIII.

COMPLICATIONS OF THERAPY.

A. Chemotherapy.

It is now considered that while the side effects attributed
to the sulphonamide drugs are many, relativeiy few are of serious
import. Minor corﬁplications may occur within the first ten days
of therapy but the more serious complications are usuelly seen at
a later date. Experience has shown that prompt recognition of
toxic manifestations followed by proper measures in their control
will greatly diminish if not prevent ény adverse influence these
drugs might have upon the patient. If the general priaciple be
adopted of reducing or stopping the drug in the presence of toxiec
| reactions, and at the same time, forcing fluids, the risks of drug
poisoning can be reduced to a minimum. |

It will suffice here to record briefly the minor reactions
met with under the various modes of therapy. Two cases which
sere followed by cerebral symptoms and anaemia respectively, will
be described in more detail. A note will be added on the

complications of serotherapy.

Cyanosis.

Cyanosis, the commonest complication to be observed is no

longer looked upon as a serious toxlc menifestation of the sulphonamide
drugs. Specific therapy was not discontinued in the presence of
this complication, nor was it reduced in dosage unless this

procedure was justified by the favourable progress of the infection.

These cases where cyanosis was present in conjunction with broncho-
pneumonia have not been included in the recorded observations.



Rash.
Drug rashes observed were morbilliform in character with the

exception of two instances of generalised erythema recorded in the
sulphathiazole series. It was considered advisable to stop the
drug in all cases of morbilliform eruptions, but in one case where
the rash appeared early on the second day of treatment, a reduced
dosage was maintained without any ill effects.-

Tever.

Similé.r precautions were taken in respect of drug fever.

It is not always easy to distinguish between fever produced by the
drug and fever produced by the infection. The same difficulty was
encountered where the administration of meningococcus antitoxia
was followed by serum sickness. Consequently only those cases
have been tabulated where the nature of the condition was beyond
all reasonable doubt. A sharp elevation of temperature occurriang
after the fifth day of treatment when all clinical signs of the
disease had disappeared, and when the possibility of a recrudescence
of the infection had been eliminated by lumbar puncture, was taken
as evidence of drug fever. The fall of temperature consequent
upon discontinuing drug therapy is, of course, diagnostic.
Acidosis.

The risk of a dangerous acidosis developing in patients
treated with the sulphonamide drugs is slight. The majority of
reports upon the occurrence of this complication have been based
presumahly on the finding of acetone bodies in the urine. Ketosis,

the term applied when abnormal quantities of aceto-acetic acid, or
of p-hydroxybutyric acid, or of their salts, or of acetone, are /
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are present in the body fluids or urine, is not necessérily
associated with an acidosis, and can be prevented by supplying
a sufficlency of carbohydrates. Harrison maintains that in non-
diabetic ketosis there is seldom any need to worry at all about
the finding of acetone bodies in the urine. In these non-
diabetic conditions there is often no acidosis at all, or where
there is acidosis, it is compensated.

‘In the present investigation there was no concrete evidence
to show that ketosis, or to be more precise ketonuria, was due to
the administration of the sulphonamide drugs and in no case were
the symptoms of acidosls encountered. In the large majority of
cases the presence of acetone bodies in the urine was associated
with excessive vomiting or unconscious and semi-comatose states.
The urine cleared rapidly following the administration of
carbohydrate. Where vomiting was persistent and keto.nuria

continued, the patient was given slkeli in order to prevent the

- possibility of a lowered bicarbonate content of the blood and the

development of acidosis.

Benal Complications.
Renal complicationé were few and were confined to albuminuria

and haematuria. No sulphonamide crystals were demonstrated in

specimens of urine.

Sickness and Vomiting.

It is difficult during the initial stages of cerebrospinal
fever to differentiate between the sickness and vomiting due to

the infection and that due to the drug. For this reason a

statistical comparison of the sulphonsmide drugs on these grounds



grounds must necessarily have little significance., A clinical
impression of the total cases treated, however, leaves no doubt
in the mind of the observer that sickness and vomiting is a
toxic manifestation common to sulphapyridine, but seldom
constitutes a problem in patients treated with sulphenilanide
ané sulphathiazole. Sickness and persistent vomiting increased
markedly and a striking contrast was observed in the genersal
welfare of the patients when sulphenilemide end sulphathiszole
were repleced by sulphapyridine as the sole means of therspy in
Series C.
mgi_i@;

Dehydration was noted as & common accompeniment of the
acute stage of the disease. It is necessarily more serious
in the presence of persistent vomiting. Notably in f(,he treatment
of infants especiel care hed to be taken to make up the loss
of fluid which for reasons alreesdy stated, was greatest in
sulphepyridine treated cases. It is adviseble to furnish
increased quantities of fluids to patients treated with
sulphenilemide and sulphathiazole; it is essentisl to &dminister
fluids frequently and regularly by all available routes to
patients, especiglly infants, treated with sulphapyridine.
Reference has glready been made (Chapter I) to the slow
urinery excretion of sulphepyridine compeared with sulphanilemide

and sulphathiazole.
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117 patients received sulphanilemide. This number includes
forty patients (group IV) who receix;ed in addition meningococcus
antitoxin. |
Cyenosis.

Forty-two, or 35.89 per cent developed cyanosis (Teble I).
0f the forty-two cases, twenty-nine showed the complicetion on
the third or fourth day after the institution of therapy.
Thirty-one, or 73.8 per cent were over five years of age.

Ieble I,

Incidence and Time of Occurrence of
Cysnosis in Sulphanilemide-Treated

Patients.
Days of Treatment. s 1 (2} 3} 4 .5 6 | Totsl
Group I ! - 16151212 - “"1"5»
" oITI i baistag-t 10
" IV - i;1 6} 7 211 17 _
Total - |71i5i14f 51} 4

Cyenosis rapidly disappeared following reduction in dosage or

stoppage of the drug.

Besh.

Three, or 2.54 per cent develcped a morbilliform rash. In one
instance the rash appeared early on the second day after the
institution of therapy in a patient aged twenty-nine years. The
remaining two patlents, aged six years and thirty-three yeers
respectively, menifested this complication on the ninth dey of
treetment. In the first case where the rash eppeared early the

drug was reduced in dosage; in the other cases it was discontinued.
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No 111 effects were observed and within forty-eight hours the
rash had completely dissppeared in all three petients. In one
patient the rash was accompanied by drug fever.
Tever. )
Nine, or 8.54 per cent of the cases treated with sulphanilemide
developed drug fever (Table II). This complication occufred in
seven out of nine patients between the fifth and ninth day of
treatment. The remaining two did not show drug fever until the
twelfth day, (two days after the cessation of therapy), and the
seventeenth day, (during therapy) respectively. In only one
instance, in a male patient sged two years, was drug fever recorded
under the age of five years. HNone of these patients was unduly
upset and when it was ascertsined thet the cerebrospinal fluid was
clear the drug was discontinued. This was followed by a rapid fall

in the temperature which returned to normsl in all cases within

forty-elght hours.
Teble II.

Incidence and Time of Occurrence of
Drug Fever in Sulphenilemide-Treated

Patients.
Days of Treatment. | 5} 6 |7 8112} 17 |Totel
Group I -l -i3{=-{ -} - z
" III 1}1}-,-y 1} - 3
"IV -1=-1111] -1 1 3
j Total 1141 1 1 9

Renal Complicstions.

There was one. case of haematuria following sulphanilemide, cccurr-

ing in & woman aged thirty-three years, on the ninth and last day of

treatment. The patient had a prolapsed uterus. The condition lasted
for two days , during which time repeated examination of catheter

/
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catheter specimens of the urine failed to detect the presence

either of casts or sulphenilsmide crystals.,

SULPHATHI AZOLE.

Thirty-nine patients recelived sulphathiazole.

Cysnosis,
No cases of drug cysnosis were observed.

Rash,

Three, or 7.69 per cent of the cases developed drug rashes.
A morbilliform rash involving the trunk and limbs was noted in a

girl of five years occurring on the tenth day of trestment. Two
patients, both over five years of age, developed & generslised
pink erythema on the second day of therapy. While in the first
case the glmg was discontinued, no ill effects followed routine
administration of sulphathiazole in the two rengining éases. nl
three rashes were of short duration.

Fever.

“There was one case of drug fever in the thirty—nine petients
treated, representing an incidence of 2.57 per cent. The
complication occurred in a femsle patient aged forty-elght years
on the ninth day of treatment. The drug was discontinued and the
temperature returned to nommel within twenty-four hours.

No other toxic manifestations were observed in the sulphathiazole

treated patients.
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SULPHAPYRIDINE,

100 patients received sulphapyridine.

Cyenosis,

Twelve per cent developed drug cyemosis (Teble III). In
two-thirds of the cases the complication occurred on the third
or fourth day of treatment. Two-thirds of the petients were over
five years of age. The &ppearence of the condition was similear
to that seen in the sulphanilemide-trested patients and the

effect upon the patient was likwwise negligible,

Teble III.

Incidence and Time of Qccurrence of
Drug Cyenosis in Sulphapyridine-
Treated Patients.

Days of Treatment.] 1| 2 |3 |4 |5 | Total

Group V -{116(21|31] 12

Rash.

Fourteen per cent of the cases developed drug rashes (Table IV).
A11 were morbilliform in character sand, es was noted especially
with sulphapyridine, showed a striking resemblance to measles..
Four of these patients compleined of headache, end &ll cases showed
some degree of conjunctival injection. The absence of coryza and
Koplik's spots end the presence of the rash on the palms of the
hends served to differentiste the condition from morbilli. All
rashes occurred between the sixth and ninth day of therapy and in

nine cases were accompsnied by drug fever. Six out of the fourteen

patients, or 42.85 per cent were over five years of age. In /
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In &ll ceses the rash disappeared within forty-eight hours following
the stoppage of the drug.
Table IV.

O . O e——

Incidence and Time of Occurrence of

Drug Rash in Sulphapyridine-Treated
Patients.

Days of Treetment. 3 7 8 9 |Total.

Group V 2121416} 14

Tover.

Ten per cent of the cases develcped drug fever. The condition
occurred in all cases between the sixth and ninth day of trestment.
Fifty per cent of these patients were over five years of sge.
Lumbar puncture was performed in &ll cases at the onset of pyrexia
to exclude the possibility of a recrudescence of the infection;
thereupon the drug was discontinued, to be followed by & repid
return of the temperature to nommal.

Renal Complications.

* A boy aged five years, discharged well one month previously, was
readmitted to hospitel with a relapse. He was treated in the first
instence with sulphenilemide end no toxic manifestations resulted.

On readmission sulphaspyridine was exhibited. Two days later he
developed albuminuria emd haemasturis. No crystels of sulphapyridine

were found in the urine. Sulphenilemide was substituted eand the

urine cleared within two days.
Sickness and Vomiting.

Nauses, sickness, &snd vomiting were noted to be of more common

occurrence in sulphapyridine-treéted patients as compsred with these

patients who recelived sulphenilemide and sulphathiazole. These /
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These observations are based on a purely clinicsel impression,
since it was difficult in meny ceses to differentiate sickness
and vemiting due to the infection and that due to the drug. For
this reason the incidence of sickness end vomiting could not be
tabulated with the seame reliability as drug reshes, fevers, etc.
Reference has already been made to the dangers sssocisated with
persistent vomiting and dehydration, especielly in infants. One
feels therefore that in children sulphenilsmide or sulphathiazole
which are more readily tolerable than sulphapyridine and cause
less vomiting, could be glven with greater adventage both to the

patient and to the course of the disease.

Comment.,

It will be seen from Tables V, VI, end VII that cysnosis was
more common with sulphemilemide than with sulphepyridine, while it
did not occur with sulphathiazole. Drug rashes were seen more
frequently in the sulphapyridine treated patients. There was little
difference between sulphenilesmide and sulphapyridine with regard to

the incidence of drug fever.

Table V.
Sulphenilamide. | Incidence.%.]Day of Onset. [ Percentage over 5 years
Cyanosis 25.8 2 -4 73.8
Rash 2.54 2-9 100
Fever 8.54 5-9 88.8 I
Table VI:.
Sulphathiazole. { Incidence %.{ Dey of Onset. Percentage over 5 yeers
Cyanosie Nil _ - -
Rash 7. 65 2-10 100

Fever 2. 57 9 100
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Table VII.

Sulphapyridine.| Incidence #.} Day of Onset.| Percentage over -5*;;;;33

Cyanosis 12 3-4 66.6

Resh 14 6-9 42,85

8 -9 50.0

L et ol

Fever 10

With regerd to the time of onset of these toxic manifestations,
it will be noted that cyanosis most commonly occurred between the
third and fourth day of treatment. Drug reshes were seen easrly on
the second day of treetment, but like ’drug fever, they were more
usuelly of later occurrence on or about the ninth day.

Drug cyenosis, reshes, end fevers, were seldom met with
in infency. They were more prevelent over the age of five years
when sulphenilzmide eand sulphathiezole were used. With sulphapyridine
therapy these complications tended to show themselves more frequently
in the &ge group 2 - 5 years compered with the other chemotherapeutic
agents,

. Renel complications were rare and were confined to
sulphanilamide and sulphepyridine treated patients.

Sickness and persistent vomiting constituted a problem with
regerd to sulphapyridine only.
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The Development of Acute Haemolytic Anaemia
during the Administration of Sulphepyridine.

Long et al. (1940), have enalysed the incidence and type of
toxic reactions occurring in hospitalised adults, 1000 of whom were
treated with sulphanilamide, 297 with sulphapyridine, and 291 with
sulphathiazole. Acute haemolytic snaemias occurred in 1.8 per cent
of adult patient.s who received sulphenilamide, end in 0.6 per cent
of those who received sulphapyridine. It had not been reported in
the course of sulphathiazole therapy. Recently, Quick and Lord
(1941) have described a case of acute haemolytic anaemia occurring
in & youth of nineteen years following the administration of
sulphathiazole.

The following case occurred in the sulphapyridine-treated
paetients. An infant aged six months was admitted to hospital om
May 25th, 1941, end found to bé suffering from cerebroépinal fever.
Sulphepyridine therspy was instituted immediately. The child on
admi ssion to hospitel was well nourished and of good colour. On the
morning of May 27th when a totel of 6.5 gremmes sulphapyridine had
been administered, a change in the appea.rance of the patient was
noted. There had developed overnight an intense pallor involving
the face, conjunctivae, end mucous membranes. There was no jaundice,
The spleen was palpable below the costal margin. A 48-hour lumbar
puncture revealed an opalescent fluid containing numerous meningococci.

The drug was discontinued and a complete blood examination was carried

out with the following result:

97.5.41. Red Blood Corpuscles 3,400,000
White Blood Corpuscles 18,000

Haemoglobin 80%.
Colour Index 1.16
Normohlasts 13, 6%,

Megaloblasts 16.0%.



oy
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Differential White Cell Count.

Polymorphonuclears 4. 6%.
'Band' Cells 3. 5.
Myelocytes 0.7%%.
Large Lymphocytes 5.0%.
Smell Lymphocytes %2, %%,
Monocytes 3. %%,

There was marked anisocytcsis of the red cells. Blood platelets
appeared normel.

On the morning of May 28th the blood picture remained unchanged
and the cerebrospinal fluid still contained meningococci.
100 c.c. blood was introduced through the fontenelle into the
longitudinal sinus end it was thought advissble in view of the
cerebrospinal fluid findings to resume treatment. Accordingly,
on May 29th sulphapyridine was again given in 4-hourly doses of
0.5 gramme. Therapy was continued until June 2nd, 1941, and a
careful daily watch kept on the blood picture, which gradually
improved. There was a simulteneous improvement in the clinical
picture. The temperature returned to normal 'an.d thé cerebrospinal
fluid became sterile on the elghth day after admission to hospitel.
Recovery was uneventful.

A record of the blood exeminations is shown in Table VIII. The

rapid improvement in the blood picture following blood transfusion

three days after blood transfusion. The reticulocyte count returned

to normel within ten days.

The blood picture is illustrated in photomicrographs of blood
films (PlateVI) teken during the first few days of the patient's
illness. In Figs. I and II normoblasts sre seen. In Fig. III
megaloblasts are shown in the field. Fig. IV is included to show &
normoblast and a myelccyte. The lobed nucleus of the normoblast is
well demonstreted in Pigs, T and IV,

b
i

will be noted. Normoblasts and megaloblasts disappesred from the blood
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Table VIIT.

Acute Haemolytic Anaemia during the Administration of Sulphapyridine.

RED ELOOD CELLS. WHITE BLOOD CELLS.

DATE. R.B.C. Normo- Megelo- | Retlculocytes.]| . g, c, | Poly- |Eosino-t Baso- 'Band' | Lympho-|Mono-

blasts. blasts. morphs.| phils. | phils. | cells. | cytes. |cytes

28.5.41 | BLOGD TRINSFUSION. |

29.5.41.{ 3,500,000  50%. 15%. a5g. 55,000 | 60%. %. 2. 5%. 20%. 16%.

Sulphepypidine 0.5 u@u 4-hourly

0. 5.41.} 3,800,000, 30%. - 6%. 20%. 66,000 60%. 4% Nil % 254 10%

31.5.41.] 3,950,000 5. 5% 0% 70,000 | €0% 4% Nil Nil 24% 122
1.6.41. 20% Jm 24,000

2.6.41.| Sulphapytidine discontinued 16,500 | 55% % Nil Nil | 258 10%
| 4.6.41. 8% 14,000

6.6.41. 4% Nil i 10,000 €0% % Nil Nl 2%t 5%

7.6.41.14,500000] Nil Nil 1% 8,400 | 64% 1% Nil N1 | 3% =%

9.6.41.5190,000 |  Nil Nil 1% b 8,50 | 0% | 1% N1 | N1 | 2% )




Comment.

Ian the absence of an examina£ion of the patient's blood
on admission to hospital one cannot prove conclusively that the
drug was responsible for the development of snaemia. The
sudden onset on the second day of drug therapy together with
the clinical picture and blood picture are, however, in
accord with previously published descriptions of acute
haemolytic anaemia during the administration of sulphonamide
drugs, and make it reasonable to assume that sulphapyridine was
the causal factor.

Haemolytic snaemia is one of the few major complications
of chemotherapy which occurs early in the disease, when it is
obviously inadvisable to stop treatment. Experience of this
case and that of other writers suggests that no harm results to
the patient if the drug is continued following blood transfusion
and a careful watch kept on the blood picture. The meningitls
and not the haemopoistic system must be the primary c;)nsideration

in the further regulation of the drug.



Cerebral Symptoams oceurring during
Sulphapyridine Therapy in Cerebro-
Spinal Fever.

Jomstone and Forgacs (1941) have reported five cases, two
of which were fatal, of cerebrospinel fever showing persistent
cerebral symptoms. They suggest that these symptoms were due to
the toxic effect of sulphepyridine. The case to be described
would seeam to substantiate their view, It will also serve to
- show the risks attendant upon continuing therepy in the face
of ominous toxic manifestations.

A female, M.T., aged seventeen years, (group V), was admitted
to hospital on April 2lst, 1941, in her third day of illness.

On admission the patient was delirious; temperature 100.4°F.,
pulse rate 96, respiration rate 24. There was marked nuchal
rigidity, labial herpes, and a positive Kernig's sign. No rash
was seen nor did it develop. Lumbar puncture revealed a turbid
fluid heavily infected with meningococci. Blood culture proved
sterile. The patient was able to swallow and sulphepyridine was
given in a dosage of 2.0 grammes 4-hourly by mouth. This dosage
was maintained until a period of forty-eight hours had elapsed,
when a second lumbar puncture showed the cerebrospinal fluid to
be opalescent. A few meningococcl were seen on the direct film,
while culture on blood agar produced a scanty growth. The drug
was reduced to 1.5 grammes 4-hourly. Meanwhile the delirium had
increased. The patient became extremely restless and very noisy,
and sedatives in the form of syrup of chloral had to be administered

frequently. Pyrexia continued between 99° - 100°F., , and the pulse

rate showed a gradual increase from 90 - 120 per minute. On the /



the morning of May 25th, ninety-six hours from the patient's
admlission to hospital, the temperature settled and the pulse
rate decreased. Lumbar puncture revealed a faintly opalescent
fluid in which no organisms were found either on direct film or
on culture. With the exception of a positive Kernig's sign, all
physical signs had now disappeared, but the patient was mentally
confused, delirious, and very noisy. It was decided therefore in
view of the increased severity of the mental symptoms and the
appearance of the most recent sample of cerebrospinal fluid, to
maintain sulphapyridine at a dosage of 1.5 grammes 4-hourly, in
spite of the fact that the temperature ar‘ld pulse rate had
settled. The patient up to this time was able to swallow. and
fluids were administered ad. 1ib. Meningeal irritation and not .
drug toxicity was thought to be responsible for the patient's
mental condition.

In the evening of the following day (Mey 26th) lumbar
punéture revealed a clear and sterile fluid. The drug was
t‘herefore discontinued. The patient had received a total of
55.5 grammes of sulphapyridine over a period of five and a half
days. Mentel confusion and delirium continued unabated. By the
morning of May 27th the patient's condition had deteriorated.
She was not drinking well and one pint of glucose-saline was
admini stered intravenously with beneficial effect. Exemination

of the blood revealed the following:- red blood corpuscles 4,500,000,
white blood corpuscles 20,000, haemoglobin‘éo per cent. Blood

films showed no abnormality. There was no evidence of
agrenulocytosis. Intravenous glucose-salines were continued at
6-hourly intervals.
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Due to unforeseen circumstances I was celled away from
hospital and the patient temporarily passed out of my care.
The clinical notes are as follows:- During the afternoon of
May 27th the temperature which had been normal, rose to 102°F.
(see Chart). This sudden pyrexia was taken to be a recrudescemce
of the infection and sulphapyridine was recommenced with an
initial dose of 2.0 grammes, followed by 1.0 gramme 4-hourly.
The following day a widespread morbilliform rash involving the
face, trunk,and limbs made its appearance, and the temperature
rose to 105°F, The patient was seen by me the same evening.
She waé in a collapsed condition. Intravenous glucose-ssalines
were given and stimulants admini stered. Death took place a

few hours later. Cerebral symptoms were present up to the end.

Autopsy: -
Respiratory System: Some basal congestion present in both

lungs. Trachea and bronchi normal.

Cardiovascular System: Heax;t of average size. No
pathological chaanges found in the valveé or valvular cusps.
Cardiac muscle pale but not hypertrophied.
Liver: BEnlarged and pale.
~ Spleen: Enlarged, soft and friable. A small infarct
present on anterior surface. Y
Suprsrenal glands: Normal.
Brain: The appearance was that of a resolving meningitis.
The surface of the brain was congested but apart from a few
scattered flakes of mucoid méterial in the sulci, was clear. There

was no evidence anywhere of purulent exudate.

Other Organs: No significant pathological changes seen.




Comment.

When one considers the appearance of the cerebrospinel
fluid, the best indication of response to treatment, it is
difficult to ascribe the persistence of cerebral symptoms in
this case to an infective origin. Irritability, restlessness,
and delirium continued to be a prominent feature after
resolution of the meningitis had been effected, a fact confirmed
at the post mortem examination. That these symptoms were
due to the toxic effect of sulphepyridine is therefore a
reasonable assumption.

One cannot say what is the incidence of cerebral symptoms
as a complication of sulphapyridine therapy, but it would appear
that the condition is rare. With regard to the diagnosis, it
is obviously imperative to perform lumbar puncture in all cases
where cerebral symptoms persist after the first few days of
treatnents If the fluid is clear the drug should be stopped
immediately, Although this procedure was actually carried
out in the case quoted, the cerebral symptoms being ascribed
to meningitis and not to drug toxicity, the patient received
a relétively larger amount of sulphepyridine over a given period
than did the average case. The subsequent development of drug
rash and drug fevér forty-eight hours after treatment had been
stopped pointed to a dangerous accumulation of the drug in the
tissues. It is unfortunate that in these circumstances
sulphepyridine was recommenced. There is no doubt that such a

procedure aggravated the symptoms and might well have weighed
the balance against recovery.



B. Serotherapy.

Forty patients (group IV) received meningococcus antitoxin
in eddition to sulphanilamide. Of these, fifteen or 37.5 per
cent developed serum sickness between the sixth and thirteenth
day of treatment. The presence of this complication not only
caused considerable constitutional upset in recovering patients,

but it also served in some instances to confuse the clinicsal

picture. All suffered in varying degrees from headache, sickness,

and joint pains, added to which was the discomfort associated
with an urticarial rash. The symptoms lasted from two to

five days. It was necessary especially where the fever
preceded the rash, to submit some of these patients to an
additional lumbar puncture in order to ensure that the condition
was due to a serum reaction and not to a recrudescence of thelir
original infection. Under such circumstances it is doubtful

if the administration of antitoxin is justifiable in the
treatment of cerebrospinal fever unless it can be shown that
its employment confers upon the patient & therapeutic effect

sufficient to outweigh 1ts obvious disadvantages,

Summary.
The toxic effects of the sulphanilamide drugs met with in

the treatment of 256 cases of cerebrospinal fever are recorded.
Cysnosis as a complication of therapy is a negligible

factor and need not occasion the stoppage of the drug.

Where drug rashes or drug fevers occur, the drug should be
stopped immediately. Where this procedure is inadvisable, a /
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a careful watch must be kept upon the patient. Fluids should
be forced and hlood examinations made at frequent intervals.
Fortunately in the majority of cases these complications occur
towards the end of the period of treatment.

Rensl complications were few and were confined to
sulphanilamide and sulphapyridine.

A case of acute haemolytic anaemia occurring during the
second day of sulphapyridine therapy has been described. No
ill effects followed the continued use of the drug after a
blood transfusion had been carried out.

A fatel case of drug poisoning is described in which there
occurred persistent cerebral symptoms, drug fever, and drug rash.

Al though the numbers are admittedly too few to draw
conclusions, it would however appear that sulphathiazole is the
least toxic of the three chemotherapeutic agents employed in
this study.

Sulphanilamide and sulphathiazole are more tolerable than
éulphapyridine and, in infents especially, are better suited to
the treatment of cerebrospinal fever.

The disadvantages attendant upon the administration of
meningococcus antitoxin render its use unjustifiable in the

treatment of cerebrospinal fever.



CHART.

CEREBRAL SYMPTOMS OCCURRING DURING SULPHAPYRIDINE

THERAPY IN CEREBROSPINAL FEVER.

Case M.T., eset. 17 yrs. (Group V).
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The Development of Acute Haemolytic Anaemia
during the Administration of Sulphapyridine.

(Patient F.0'B. aged 6 months. Series C, Group V).

Explanation of Plate VII.

Figs. I and IT - EBlood film showing normoblasts.
Note the lobing of the nucleus
of a normoblast in Fig. I.

x 350.
Flg. III ~ Blood film showing a collection
of megaloblasts in the field.
x 350.
Fig. IV. © = Blood film showing a normoblast.

with lobed nucleus and a
myelocyte in the field.

X 3%0



Fig. I.

Fig. III.

PLATE ¥l1,

Fig.

IT.
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CHAPTER IX.

CONCLUDING REMARKS.

In the preceding chapters I have recorded
observations and results of clinical and chemotherapeutic
studies in epidemic cerebrospinal fever. The major
part of the discussion has been directed towards two
main problemse.

(1) Prognosis in cerebrospinal fever under modern
methods of chemotherapye.

(2) T™he relative therapeutic efficiency of
Sulphanilamide, Sulphathiazole, Sulphanilamide plus
Meningococcus Antitoxin, and Sulphapyridine in
cerebrospinal fever.

In the consideration of both problems stress has
been laid upon the importance of statistical analysis,
and tests for "significance" in the form of the standard
error of difference between values, and the X2 test, were
generally empployede

Factors which were found to have a significant bearing
upon the outcome of an attack of the disease were as
follows:- |

(a) Number of days ill prior to admission to hospital.

(b) Agee

(e) fnitial Temperature and Respiration Rate.

(d) Presence on admission of Coma.

" " " # Delirium.

" " " " Convulsionse.
" " " ¥ Headache.

H [ ] [} "

" Rasn,

" " Opisthotonus.

R A ===
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The results of this part of the investigation have shown that

even in patients teeated by chemotherapy there are still some
important factors to be considered in determining prognosis of

the disease. This is one aspect of the disease which has been
neglected by the majority of present day writers, Dr. Banks

has touched upon the subject in his review of cerebrospinal

fever but his assumption that age-groups, for instence, in patients
suffering from the infection count for little in prognosis, cannot
be accepted in the light of the findings in the present
investigation. As far &s I am aware, no previous investigations
have been undertaken to determine prognosis in~cerebrospinal

fever elong lines similar to those employed in this study.

It has not been possible therefore to compare my own results

with those of other writers. It is to be regretted that in the
vast majority of published reports upoﬂ the present epidemic

of cerebrospinal fever, the writers have failed to utilise the
large amount of clinical data at their disposal and have relied
largely on clinical impressions rather than on statisticsl
enalysis in arriving at their conclusions.

With regard to the second problem, it was found that
sulphanilamide and sulphathiazole were superior to sulphapyridine
in the treatment of cerebrospinal fever in two important respects:

(a) Sulphenilemide and sulphathiazoie were able to effect =
more rapid resolution of the meningitis, thus diminishing the risk
of those complications likely to lead to permanent sequelae or

perhaps to a fatal issue.
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(b) Sulphenilsmide end sulphathiazole, especially the
létter drug, were less toxic than sulphapyridine and in infants
particularly were better suited to the trestment of cerebro-
spinal fever. |

Meningocoécus antitoxin as an adjuvant to chemotherspy
possessed no obvious advantage except perheps in the fulminating
form of the infection associated with meningococcel septicaemia
and suprarensl haemorrhage.

The results in respect of therapeutic efficiency are not
in agreement with the views expressed by Benks snd now genersally
accepted, that sulphapyridine is the drug of choice in cerebro-
spinal fever. His findings have been based largely on the
relatively small amount of sulphapyridine required, compared
with sulphanilesmide, to effect cure, and on its maintensnce in
adequate concentration in the cerebrospinal fluid.
Sulphepyridine was advocated by Banks becsuse in his opinion
a greater l&titudle in dosage appesared to be permissible., But
it has been shown by Beeson and Westermen (1943) in an snslysis
of 3,575 case reports of cerebrospinal fever that hundreds of
patients recovered satisfactorily when one~half to two-thirds the
dosage recommended by Banks was edministered; conversely 58.4
per cent of the patients who died received a dosage equel to
or greater then the schedule of Banks. If such & considerable
veriation is possible, it is obviously fallacious to compsare

the sulphonamide drugs on the basis of dosage. It would appear

also that a drug which is maintained in higher concentrations in

the blood and cerebrospinel fluid is not necessarily the most

/



most efficient. In a recent War Memorsndum entitled, "The Medicsl
Use of Sulphonamides", published by the Medicel Research Council,
sulphethiazole is given as first cholce for cerebro spinal fever

although it is mentioned that the concentration of that drug
atteined in the cerebrospinal fluid is only 15 - 40 per cent of

that in the blood compared with the corresponding figures for
sulphapyridine and sulpheadiazine (50 - 70 per cent), and
sulphenilemide (90 - 100 per cent), It is spparent that the
decision as to what constitutes the best chemotherapeutic agent
in cerebrospinal fever cennot rest on optimum dossge.

It is true that Banks has recently come to favour
sulphathiazocle; but here again in his investigations, like
those underteken in connection with sulphanilamide and sulphapyridine,
Benks has seemingly failed to appreciate the importance of the
initial planning of his clinical trigls. In all his comparative
studies of chemotherapy in cerebrospinal fever he has not shown
that the groups of patients he has compared are the same in all
essential respects except treatment, so that it is doubtful if
fve cen infer enything whatever about the advantage of the
specific treatment. Such problems, however they are approached,
are necessarily stetisticel and must be dealt with by statistical
methods. For this reason great care was taken in the initial
planning of the present experiment and later in the collection of
date from which would be decided the criteria to be used as

evidence of the effects of treatment. Each series of patients was
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was treated contemporaneously; the method of rendom allocation
of patients to alternate drug groups eliminated the possibility
of "selection"; all treatment groups were proved comparable |
before the methods of therapy, in‘which they differed, were
compared. In these importsnt respects this study differs

from 811 previously published reports on the chemotherapy of
cerebrospinal fever and in consequence it is mainteined that
the views expressed, built as they are upon & secure foundation,
are less likely to be open to criticism. It is suggested that
in future clinical research in the chemotherepy of cerebrospinal
fever more attention be paid to the collection, presentation,

and interpretation of date.



APPENDIX.

In the following pages are tabulated the
clinical, bacteriological, and biochemical data
concerning the 256 cases which formed the material
.0of the Investigation. The observations set forth

are arranged according to the several treatment groups.



APPENDIX 1.

Treatment Groups 1 - V.

Name and Age.

Number of Days ill on admission to Hospital.

Initial temperature, Pulse rate and Respiration rate.
Duration in Days of Primary Pyrexia, Therapy, and
Stay in Hospital. '
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Total 219 Recovered Patients.
Duration of Primary Pyrexis.

Serieé.
Number A B 3] Total
IE§§> Gfi?p ggiip %iiif G§3up :ggggp_ Egggg?red
0 1 1 3 5%
1 5 2 1 L 2L 36
2 L 13 13 7 19 56
3 5 10 3 3 6 27
4 L 3 6 9 22
5 6 3 7 3 6 25
6 5 3 I 9 22
7 Y 2 2 2 10
8 1 2 2 5
9 1 1 1 3
10 1 1
11 1 1 2
12 1 1 2
W 1 1
15 ) 1 1
21 1 1
Total ,
Cases 35 33 3h 35 82 219

¥ In 5 of the 219 recovered cases temperature was normal

throughout the course of the illness.



Total 219 Recovered Patients.
Duration of Ssay in Hospital.

Series.

Number A B C Total

of __Group Group __ Group Group Group Recovered
Days 1 11 111 iv \'4 Pases.
18 1 . 1
19 1 2 3
20 15 28
2l 1 15 37
22 32
23 21
ol 16
25 11
26
27
28
29
30
31
32
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Cases 35

33

3k

35 82

219.




. | IX 11.

Treatment Groups 1 - V.

Effect of Treatment on Bacterial Activity.
Estimation of Protein in the Cerebrospinal Fluid

(Groups 111 - V)



Series A.

Effect of Treatment of Bacterial Activity.
Group 1 - Sulphanilamide.

c BROSPINAL BLU

Oon

o
g
=
[4s]
|92}
hire
(o]
=

hrs. 0 hrs. 9
¢ T DF C T

Name
M.R.
A.B.
C.B.
E.M. '
A.K.
A.McA.
C.W,
Ww.T.
A.L.
3.M.
L. F.
J.McG.
EO B.
J- G‘o
R.0'B.
B.C.
Hu Lo
- M.H.
J.H.
Rc co
G.McC.
H.B.
P.F.
A.S.
C.Y.
NIOI‘H.
I‘v’I' B'
C. Sl
M. G.
A.0'P,
M. Mo
Ro Co
A.T.
To s.
J‘ B.

+i+ 3

- -

i >
i ‘g-b‘
[ I R ] (]

L1+ 11 Q
i+
!
¥

I+
[}
i
i
i
i

) !
I i
] i
i
1
i

i
i
i

(NS

[ B A |

BEEE
;
i
i

i
i
s
§
|

I+ + 1+
+
+
]
]
|

Pl
" T I |

i
§
I+ 1+ .
I +
i
+ & 111
+ 1 v i
I T T I )

SRR AEEEEE LU Ik R R dh
+ 1+

i+ 11+ 1+ b ++ i Fr L+ T

H+++++H++++++++++r+ A+ S

Cerebrospinal Fluid Turbid.

H
+
Y

Cerebrospinal Fluid Opalescent.

I+
it

T - = Cerebrospinal Fluid Clear.

IF Direct Pilm of Cerebrospinal Fluid.

il

¢ = culture of Cerebrospinal Fluid

A blank space denotes lumbar puncture not done.




Series A
Effect of Treatment on Bacterial Activity.

Group 11 - Sulphathiazole.

CEREBROSPINAL FLUID.
On admission L8 hrs. 0 hrs. 6 hrs.

Name
P.T.
JeWe
A.McL.
M.G.
W. O.
A.R.
M.S.
E.B.
M.C.
C' I)O
J.R.
w.D.
D. M.
H.McF.
E.McG.
! E- So
M. G.
‘Nn G’o
A.3B.
A.McE.
M. T.
I.R.
M.McL.
J. M.
A. MQ
H.McQe.
J.We
M. T.
A.0'H.
B.H,
M.Me.
M.McL.
M.C.

+ - -
o

9
T DF C T DF C T

i+

1

|

i
=

i1 Qo

L}
i
i

I+ 1
I+
(I
i
(I
i1

I+
i
I
|
i
i

1
i
i

+ +
+
|
]
i
i

i
i
i

I+ 1 1+l+

i
(|
(|

NI R R R A S Sh AR g -

++ 4+ +++t+++ A+ 3
T T T T I N O S T N O N T T I I I L O O B B O B O B e

P T T R S
0+
U080

I+ +1+ 1+

+ 1 001 1
+ 4 08 v

T + = Cerebrospinal 7Pluid Turbid

T + = Cerebrospinal Fluid Opalescent.

T = = Cerebrospinal Fluid Clear..

DFF = Direct Film of Cerebrospinal Fluid

C culture of Cerebrospinal Fluid.

i

A blank space dengtes lumbar puncture not done.



Effect of Treatment on Bacterial Activity.

Series B.

Group 111 - 3ulphanilamide.

CEREBROSPINAL FLUID.

_On admission L8 hrs. 96 hrs. 1LYy hrs.
Name T DF C P TDFC P TDFC P DrFrC P
JdeG. + + + 220 + = = 200 - - - 100
M.MeI. + + + 40O ++ = 300 - - = 200
R.G. + + + 300 +- ~- 210 -~ ~ 150
E.B. + + ad -t - - - -
J.B. ++ + 240 -=- = 220 - - - 100
M. K. + + 4+ + 4+ - - - = 220
MeO. + + + 300 - - -
WM. + + + L20 ++ + 80 -~ =
JeM. + + + 380 +=- = 300 -~ = 150
JoG‘o + + + 380 + - - 180 - - - L‘-O - - 30
E.McC. + = + 260 + - -~ 80 - - 60 - = 30
M.He + + + 150 ++ - 9 -~ - 90
I.D. + + + 150 ++ - 50 -~ = L0
J.K. + + + 250 -=- = 160 - - = 80 + +
J.A. + + + + + o+ - - -
Ge Mo + + + 300 - - = 150
L.R. + + + 260 £ - - 200 -- - 90
COHO _‘t + + 300 haadnd - 220
C.S. + + + 190 + - + 100 - - - 80
AG. ++ + 360 +~- - 230 -~ = 110
V.Le + + + 150 + - - 80 =~ - = 40
BoT' + + + i = + e am -
0.C. ++ + 100 ++ - 60 =-- - 50
M.E. + + - 220 + - + 220 - - ~ 100
E.D. ++ + 200 + - = 100 -~ - 90
M.T. + + + 220 -=- - 9 -- - 60
R.MeC. + + + 380 ++ + 180 -~- - 90 - = 60
M.P. ++ + 300 ++ + 500 + - = 280 - - 140
W.F. + + + 350 4= = 110 - ~- = 70
M.F. + + + 500 + - 4+ 220 - - = 100
D-c- + + - i bt - - e o
K. G. + + + 300 ++ + 250 ++ + 200 - = 70
H.C. + + + 110 ++ + 90 +- - 60 - -
M.McP. + + + 550 + - = LOO - - = 170
T + = Cerebrospinal Fluid Turbid.
T + = Cerebrospinal Fluid Opalescent.
T - = Cerebrospinal Flujid Clear.
P = Protein in mmg. per 100cc.
DF = Direct FPilm of Cerebrospinal fluid
C = Culture of Cerelrospinal fluid.
A blank space denotes lumbar puncture not done and protein

content of C.3F not estimated.



Series B.
Effect of Treatment on Bacterial Activity.

Group 1V - Sulphanilamide plus Meningococcus
Antitoxin.

CEREBROSPINAL FLUID.

On admission 48 hrs. 96 hrs. L hrs.
Name TDFC P TDFC P TDFC P TDFC P
M.J. ++ + 270 + + + 270 + - = 200 - - -
T.K. + + + 290 - - = 180
JeMe + + + 300 + - =250 - - -
T.H. + + + 360 + + + 310 ++ + 170 + + o+
M.C. + + + 100 + - = Lo - - - -
D.H. + + + 560 + + + 400 + + + 400 + - =
A.McI. + + + 120 - - - 4o -
A.K. + + + 260 - - =150
R.G. ++ + 300 + + + 240 - - = 140
J.wW. + + + 380 + - =100 - - - 90 - = - 80
J.W. + + + 360 + - + 140 - - = 50
T.N. + + + 380 + + + 260 + - =260 - - = 70
S.G. + + + 140 + - - 50 - - = 20
M.McL. + - = 360 + - = 100 -=- = 90
P.MeD. + + + + + + + - -
H.C. + + + L4oo + + + 420 - - =150
H.Z. + + + LOO + + + 260 + - = 200 - - = 80
M.Me. + + + + + = 130 - - =100 ‘- - = 70
M.S. + + + U440 + + - - - -
Je«D. + + + + - - - - -
E.I. + + + 520 + + + 300 -=- - 90
A.M. + + + + - = 100 - - = 100
M.V. + + + 240 + + + 220 - - - 180
M.S. + + - 280 - - =160 - - =100
M.McK. + + + 600 + + + 420 + - =210 - - -
c.C. + + + 180 + - = 110 - - = 70
M.McL. + + + 700+ + - - 540 + + + 380 - - =260
Qe Mo + + - 300 - - - 180 - - - 160
C.R. + - + 500 + + + 300 + - =210 - - =110
M.McW. + + + 320 + - = 310 - - =150
M. M. + + + 700+ + + + - - -
E.C. + + + 700 + + + 500 + - =200 - - =150
M. G. + + + 300 + - - 200 - - =160
T + = Cerebrospinal Fluid Turbid.
T + = Cerebrospinal Fluid Opalescent.
T - = Cerebrospinal Fluid Clear.
P = Protein in mmg. per 100 cc.
DF = Direct film of Cerebrospinal Fluid
C = Culture of Cerebrespinal fluid.

A Dblank space denotes lumbar puncture not done and protein
content of C.SF not estimated.



Series C.

Effect of Trestment on Bacterial Activity.

Group V - Sulphapyridine.

CEREBROSPINAL FILUID.

On admission LB hrs. 96 hrs. 1l hrs,

Name TDFC P TDFC P TDF C P TDFC P
A.R. + + - + - - + - = - - -
J.McG. + + + 500 + + + Loo + - = 100 - - -

I.5. + + + + + + 170 + = =130 - - - 70
A.8. + + + 700 + + + L20 + - - 110 - - - 80
B.R. + + + 560 + = = 220 + - =220 - - =
F.F. + + + 300 + + + 280 + = = 180 - = = 90
- M.C. + + + LoO + + + 200 ++ + 90 - - -
A.F. + + + 500 + = =400 - - =120

G.McI. + + + 40O + + + 300 + + + 150 - - =100
F.O'B. + + + 180 + + + 140 ++ + 90 + - - 50
w.W. + + o+ + + + £ - = - - -

Ww. 0. + + + 190 + + + 170 + - =100 - - - 90
J.PF. + + + 210 + + + 150 - = =130

M.S. + + + 150 + - - 90 -- -

D.A. + + o+ + - + - - =100

T.XKe + + + 260 + + + 200 + - - 80 - - - 60
D.C. + + + 500 + + + 260 + + + 200 + - =100
D.R. + + + + - + +r - - -- -
R.McA. + + = 260 + - =100 - - - 60

JQSO + + + 260 i - - 220 i - - 180 - - 90 .
A.A. + + + + + 4 + - = b w -
J.S. + + + + + + 130 - - =~ 100

S.H. + + + 210 + + + 180 ++ + 70 - - = 50
C.C. + + + 210 + + + 110 - + 70 -- -
R.McK. + + + 190 + - = 90 - - = 60

J.C. + + + 150 + - =130 - - =100

R.M. + + + - - - - -

JeM. + + o+ e -=- -

C.D. + + ~- 300 + + + 220 + - =130 - - - 80
K.McN. + - + 60 -+ + 20 -+ + 20 -=- - 20
G.S. + + + 150 ++ + 80 -+ = 50 - = = 30
A.B. + -~ = 360 ¥ - =100 == - 50

M.L. + = + 530 ¥+ +260 +- =100 -~ - 50
M.S. + + + 260 + - - 180 + - = 100 - - =100
P.Me + + + 380 + + + 140 + = -= 150 - - -
J.M. + + + £+ 4+ - = - - -

Me Mo + + + 170 + - - 50 - - = 20

JG 4+ + + + + 180 + - = 150 - - - 80
M.G. + + + 350 £+ +£250 +- -10 =-- -°50
S.8S. + + + 360 + + + 120 - - - Lo




Group V. (Contd.)

Series C.

CEREBROSPINAL FLUID.

On_aamission 3 _hrs. 96 hrs. _ 1L hrs.
Name TDFC P TDFC P TDFC P TIFC P
M.F. + + - 80 - - - 80
JeMcG. + + + 300 + - - 100 - - - 80
D.R. + + + - - =
I.Y. + + + 90 i - - 90 - - - 70
J.F. + + + 400 + - = 140 + - + LO - - = 30
J.He 4+ + + 360 + - - 180 - - -100
J.R. + + + 340 + - = 150 - - = 30
c.w. + = - 700 + - = Loo + = - 120 - - = 50
J.R. + + + U460 + - + 180 - = - 90 :
H.O'Ne + - + + - - - - - Lo
W.Le + + + 140 + - =100 -~ - 80
A.D. + + + 700 + + + 300 - - = 90
M.C. + + = 700 + = = 360 + = =300 - - =200
E.M. + + - 150 + = =« 110 - - = 100
A.McL. + + + 160 - - = 30
P.R. + + + 90 + - = 50 -=- = 30
I.F.  + + + 420 + + + 140 - - = Lo
A.P. + - - 500 - = = 80
M.De 4 + + 230 ++ + 90 + = - 90 - - - €0
M.S. + + + 260 + + + 220 - = = 100
P.McG. + - - 110 £= = 40O -~ - Lo
G.B. + + o+ + + + 280 - - =150
MeAe £+ + + 360 + + + 180 - - = 80
E.F. + + + 300 + + + 230 + + = 180 - - =130
E.McP. + + + 650 ++ + 300 - - - 150
S.R. + + + 220 + + + 150 - = = 60
E.McD. + + = 240 ++ + 80 ++ + 70 +- - 50
M.McC. + - - 230 +- =100 =- - 20
M. K. + 4+ 4+ + + + 110 - = =70
M.S. + + + + + o+ -—- -
M.D. + + + + 4+ o+ + - + -=- - 90
T.R. + - = 500 + - = 140 - - =100
MeF. + + + - - -= =
M.L. + + + 380 + = = 250 - - =130
P.T. + + + - - -- -
M.E. + + + 120 + - - 80 -- - 70
I.D. A - - :
E.W. + + + 500 + + + 340 + - + 70 + - - 50
M.P. + + + 180 £- - 9% -~ = 50
P.K. + + + 230 ++ + 220 £ - - 150 -=- =90
M.G. + + + 44O £- +220 +- -160 -- =100




APPENDIX 11l.
Analysis of the Thirty-seven Fatal Cases.

Name snd age.

Number of Days ill on admission to hospital.

Initial Temperature, pulse rate, and Respiration rate.
Blood Culfure;

Daration of illness in days in hospital.

Effect of treatment on Bacterial Activity.

Estimation of Protein in the Cerebrospinsl Fluid.

(Broups 111 - V)
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APPENDIX 1V.

Treatment Groups 1 - V.

Duration of Signs and Symptoms.



Group * - Sulphanilamide.
Duration of signa and symptoms in 35 recovered patients.

Number

of Headache Coma Delirium Convulsions Nuchal Head Brudsinski's Kernig's Opisth-
Days - . Rigidity Retraction Sign : Sign otonus
1 1 5 2 2 2 7 I 2

2 L ] 3 2 3 7 5
3 5 1 1 6 3 7 b
n 6 1 3 13 1 3 10 1
| 5 1 3 2 3 L
6 1 4 1 3
7 2 1 1
8 1 3
9 1 1 1 1
10 - 1

11
12

13
:z:. .
15 1
16 1
' Total .

Cases 19 10 9 3 35 17 27 34 1




Group 11 - Sulphathiazole. .
Duration of signs and symptoms in 33 recovered patients.

Number v
of Headache Coma Delirium Convulsions Nuchal Head Brudsinski's Kernig's Opisth- Total
Days Rigidity Retraction Sign Sign otonus Cases
1 3 3 2 1 1 5 1 16
2 5 4 3 6 3 L 6 31
3 6 1 1 8 L 3 8 31
4 3 8 1 3 8 23
5 1 2 1 2 3 9
6 1 2 3
7 2 2
8
9 2 2
10 1 1 1 3
11 1 1
Total

Cases 15 7 7 Co3 30 11 17 31 0 121

-




Group 11l - Sulphanilamide.
Duration of signs and symptoms in 34 recovered patients.

Number Nuchal Head Brudsinski's Kernig's Opisth- Total

of Headache Coma Delirium Convulsions Rigidity Retraction sign Sign otonos Cases
Days , _ .

1 7 3 3 3 1 3 6 1 27

2 7 1 6 6 6 8 10 1 45

3 3 1 1 10 6 9 5 2 37

L 1 & 2 7 16

5 8 1 6 15

6 1. 2 3 6

7 1 1

8 1 1

9 1 1
10 1 1l
Total

150

N
W
£
]
(8]
N
(o)
N
(&)
W

Cases 19 5 10




Group 1V - Sulphanilamide plus Meningococcus Antitoxin.
Duration of signs and symptoms in 35 recovered patients.

Number - ,
of Headache Coma Delirium Convulsions Nuchal Head "Brudsinski's Kernig's Opistho- Total
Days Rigidity Retraction sign _ Sign - tonus Cases
i - 3 2 5 2 2 2 16
2 6 L 3 1 2 2 11 L 33
3 2 1 L 8 L 6 5 3 33
L 1 1 2 5 2 5 1 17
5 2 2 2 2 L 3 2 17
6 8 1 3 L 16
7 1 4 2 7
8 2 1 L 7
9 1 1 2 L
10
11 -
12
13
1
15 1 1
Total .

Cases 15 8 16 1 34 13 27 31 6 151.




m&osv vV - mzwﬁwmw%wugwsm.
Duration of signs and symptoms in 82 wmoo<mwmm patients.

szW@d mmmmmowm coma Delirium Convulsions Nuchal  Head - Brudsinski's Kernig's QOpisth- Total

Deys Rigidity Retraction  sign n Sign  otonus Cases
1 12 L 11 B 5 11 o1 1 63
2 11 L 5 - | 22 3 18 15 - 78
3 8 1 5 , 19 8 19 : 60
L 2 1 17 2 7 17 1 L7
5 2 11 3 5 11 32
6 1 3 b
7 2 2 L
8 1 1

'otal

ases 35 9 22 0 80 13 50 78 2 289




. Total 219 Recovered Patients.
Duration of signs and symptoms.

Number .
- of Headache Coma Delirium Convulsions Nuchal Head Brudsinski's Kernig's Opisth- Total
Days — Rigidity Retraction sign sign otonus  Cases
1 23 17 2L 8 mﬁ 18 26 17 1 148
.2 33 16 20 1 38 17 L8 Lo 1 214
L3 2h L 12 1 51 17 33 L1 5 188
kL 13 2 6 49 6 15 L7 3 41
5 6 2 _ 26 8 15 27 2 86
6 2 15 1 5 15 38
7 1 10 1 6 .18
8 4 1 8 13
9 1 3 1 1 5 11
10 1 1 1 2 5
11 1 1
12
15
1
15 1 1 2
16 . 1 1
Total

Cases 103 39 6l 10 213 69 ptq 209 12 866




APPENDIX V.

Complications of Cerebrospinal Fever.



Complications of Cerebrospinal Fever
Occurring in the 256 Treated Patients.

Central Nervous System Cardio-Vascular System.
Internal Purulent Sagittal
Hydroceph- Mental Suprarenal Epis- Pericard- Sinus Mesenteric
roup ulus Ataxia Convulsions Instability Haemorrhage taxis itis Thrombosis Thrombosis
T OA AA OA AA OA AA QA _AA QA _AA OA AA OA AA OA AA
1 _ 1
11 1 2
11 3 1 1
v 2 1l 1 1
v 1 1 2 1 1 6 1 1 1
otal 3 6 - 3 - 3 - 2 1 8 - 2 - 1 - 1
ases 9 3 3 2 9 2 1 1
Ear Eye —
Nerve Inequality
Deaf- Otitis Strabis- Conjunct- Blind- Ptosis of of Nystag- Bleph- Iri
TOUP RESS Metia mis ivitis ness Eyelids Diplopia Pupils mus otitis tis
OA AA OA AX &W AA QA AA OA »W QA AA QA AA OA_ _AA OA AA OA AA O
1 1
11 1 1 2
111 2 5 1 2 1 1 1
v 2 5 1 2 1 1 1 1
v_1 1 2 8 1 1 2 11 2 1 2 1 _ 1
'otal 2 3 1 4 24 3 3 5 1 3 1 2 2 1 2 1 2 - 1 - =1
lases 5 5 27 8 L 3 3 3 2 1 1 |
OA = Complications present on admission to hospital.
AA = Complications occurring after admission to hospitale.




Complications of Cerebrospinal Fever (Contd.)

Paralysis , Joints
Group Facial Pharyngeal Arthritis
OA__AA OA AA OA AA
1 .
11
111 1 L
v 2 1l 3
A 1
Total 2 2 - 1 - 7
Cases L 1 7
| Broncho® Pneumococecal Streptococcal B.Coli Axillary 1{
Group Pneumonia Bronchitis Enteritis Meningitis Septicoemia Pyelitis Abscess .
” QA AA QA AA QA _AA OA AA QA _AA QA AA OA _AA
1 2
11 1 2 3 1
111 L 4 1 2 1
v 2 3 2 1 1 1
v 6 3 1 9 2 1 1
‘Total 13 10 T 18 5 - 1 1 - - 1 - 1
Cases 23 L 23 1 1 1 1




APPENDIX V1.
Complications of Therapy.

Treatment Groups 1, 111, 1V, and V.

Sulphanilamide Treated Patients.

Incidence of Drug Cyanosis, Drug Rash, and Drug Fever.
Sulphanilamide plus Meningococcus Antitoxin (Group 1V)
Incidence of Serum Sickness.

Sulphapyridine Treated Patients.

Incidence of Drug Cyanosis, Drug Rash and Drug Fevere.



 Complications of Therapy.

117 Sulphanilamide Treated Patients.

(Groups 1, 111, aand 1V.)

Incidence of Drug Cyanosis.

Age _Day of Treatment Total
Years 1 2 3 L 5 6
0-1 2 1 3
C2 - 2 4L 1 1
5 - 1 1 2 L
10 - 6 3 1 10
20 - L 3 7 n
Lo - €0 3 3
Total 1 6 16 14y L 1 L2
Incidence of Drug Rash.
Age Day of Treatment Total
Years _2 9
20 - 40 1 2 )




Complications of Therapy (Sulphanilamide) - (Contd.)

Incidence of Drug Fever.

Age — Day of Treatmenﬁ Total
(Years) 5 6 7 8 12 17
2 - ' 1 1
5 - 1 1 2
10 - 1 1 1 3
20 - 140 2 1 3
Total 1 1 L 1 1 1 9

\ L0 Patients Treated with Sulphanilamide.
plus Meningococcus Antitoxin.

Incidence of Serum Sickness.

Age Day of Treatment Total
(years) 6 8 9 10 11 13

0-1 2 3 5

2 - 3 3

5 - 2 1 3
10 - 1 1
20 - 1 1 2
4o - 60 - r 1

Total 1 2. 3. 7 1 1 15




100 Sulphapyridine Treated Patients.

7 (Group V)
Incidence of Drug Cyanosise.
- Age - Day of Treatment ' Total
- (Years) 1 2 3 N 5
0-1 2 2
2 - 1 1l 2
5 - 1 1l
10 - 1 1 2 L
20 - 1 1 2
4o - 60 1 1
Total - 1 6 2 2 12

Incidence of Drug Rash.

Age Day of Treatment Total
Lysars) 3 7 g 9

o-1 2 1 1 L
o . 1 2 3

5 = 1 1
10 - 3 1 L,
20 - 40 1 2

F

Total -2 2 4 6




Complications of Therapy (Sulphapyridine) - (Contd.)

Incidence of Drug Fever.

Age Day of Tréatment Total
(Years) 3 7 8 ¢
0-1 1 1l 1 3
2 - 1 1 2
5 - C
10 - 3 3
20 - 1 1l
1l

Lo - 60 1

Total 1 2 L 310




APPENDIX V11
Cerebrospinal Fever in Scotland

Some Recent Statisticse.



1.
Deaths and Fatallty Rates of Intimated Cases of Cerebrospinal Fever

in Scotland, 1507 - 191k.

Males Females A Both Sexes
Age 4 Fatality Fatality: Fatality

Group Cases Deaths Rate Cases Deaths te Cases _Deaths Rate
-1 166 45 89.8% 137 117 85.4% 303 266 87.8%
1- 5 L23 342 80.9% 346 267 77.2% 769 609 79+2%
6-10 207 138  66.7% 186 1 77.0% 393 282 71.8%

11-15 132 SO 68.9% 100 73 73 OF% 232 Hmu/ 70« 3%
16-20 99 6L 6L67 0 36 72.0% 149 100 67.1%
21-3¢ 102 75  73.5% 57 b1 71.9% 159 116 73.0%
31-4o L6 37 .80.4% 19 17 8l 25 65 54 83.1%
Li-50 23 13 56.5% 23 19 82 . 0% L6 32 69.6%
50+ 10 8 80.0% 5 5 100. 0% 15 13 86.7%

Total 1028 916 7548% 923 719 77.9% 2131 1635 76 7%




11.
Notifications, Deaths and Fatality Rates of Cerebrospinal Fever in
certain Age-Groups in Scotland (1912 to 1938)

%, S e o
o- 1 1388 1215 87.5%
1- 4 1580 1090 69. 0%
5-14 1291 713 55.2%

15-64 1526 102k 67.1%
654 2l 22 91.7%
A1l

Ages 5809 406l . T0.0%




111

BY MONTHS.

DEATHS FROM CEREBROSPINAL FEVER IN SCOTIAND, 1931 = L1,

Year Jan. Feb. Mar. Apr. May. June July Auge. Sep. Octe. Nov. Dec. Total
1931 27 31 32 31 29 25 21 19 i 25 17 19 290
1932 20 28 26 26 27 15 17 11 13 Il 13 19 229
1933 33 30 32 20 21 1 1, 11 11 8 9 16 219
193] 16 19 19 13 18 9 11 13 6 10 7 12 ‘153
1935 38 10 9 19 11 10 7 5 9 11 5 10 114
1936 10 10 15 11 p N 13 7 6 13 9 9 7 124
1937 12 23 19 13 L 17 13 3 7 5 5 8 I
1938 11 8 16 12 6 5 11 6 7 7 7 9 106
1939 7 13 7 Iy Y 1 1 0 6 L 9 5 61
1940 22 91 82 N L8 26 2L 21 25 20 31 28 L82
1941 32 50 ) 49 L1 23 15 12 11 15 22 16 332
Total 198 313 303 267 233 159 41 107 122 128 134 149 2,254

% 8.8 13.9 13.4 118 10.3 7.1 6.3 L.7 5.4 5.7 5.9 6.6 100
Median 16 23 19 19 18 1 13 11 11 11 9 12 (153)
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