D W > 7. W S e o

CLINICAL AND CHEMOTHERAPEUTIC STUDIES

IN

EPIDEMIC CEREBROSPINAL FEVER

BY

Jemes Howat Lawson, M.B., Ch.B., D.P.H.,
Senior Resident Assistant Physician, City of Glasgow
Ruchill . Fever Hospitel.

e e e



P " HE $%& W

+ - + + - S { ) , 1)
( ( -, F ( +
+( 0 1 0o * ( (
( 1 ( -
##23 4 5. 2 +) * 6 ( - )
(- - /2 80 $- % (
L, o+ & -9 HH#2.
HHt2.
8 &( & 1 (/71()
<



(1)

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.



- 12 -

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.
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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
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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 /
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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%




- 63 -

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 /



- 64 -

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.



- 65 -

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 /



- 65 -

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 /

































































































































































































































































































































