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lReport. 

REPORT ON CEREBROSPINAL FEVER IN THE LONDON 
DIST~IOT, DECEMBER, 1915, TO JULY, 1916. 

By CAPTAIN MARTIN FLACIe 
Royal Army Medical Corps. 
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114 Cerebrospinal Fever w the London District ' 
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1. 

THE following is a report of observations and investigations made 
with regard to cerebrospinal fever amongst troops in the London district 
from D~cember 6, 1915, to July 31, 1916. 

Labomtory Techniczue.-The technique pm sued in the London district 
Oerebrospinal Fever Laboratory has been that recommended by the 
Officer-in-Ohiuge of the Oentral Oerebrospinal F~ver Laboratory. Owing 
to the proximity of the Laboratories it has been possible for me frequently 
to consult Lieutenant-Colonel M. H. Gordon, R.A.M.O., and I wish to 
express my thanks to him and his staff for the very kind way in which 
they have given me every possible assistance. 

Media Ernployed.-The medium in general use has been the pea 
extract trypagar medium issued by the Supply Department of the Oentral 
Laboratory, of which Major Hin~, R.A.M.O., is in charge. For primary 
growth of the coccus from cerebrospinal fluids a small quantity of fresh 
human blood is spread over the smface of the plates. ,For the primary 
growth of the coccus from swabs of the nasopharynx, two per cent of 
normal horse serum is added to the medium immediately before pouring 
the plates. For the purpose of subculture, the medium is employed as 
issued. For" storage" of the coccus, stabs of starch agar, or more 
recently" germ" agar, have been used. This latter medium consists of 
pea flour trypagar, to which an extract of the germ of wheat has been 
added. 

Ider;,tijication of the li!eningococcus.-"':The identification of the meningo
coccus has been almost exclusively by serological means. At first· 
differentiation by cultmal and fermentative characters was practised in 
addition, but it was found that by the fermentation of sugars and growth 
at 23° 0., organisms were isolated other than those which have been 
shown to be associated with epidemic cerebrospinal meningitis. For 
this reason these tests were early abandoned and the coccus identified 
solely by the agglutination test. The agglutination test· .is performed by 
the macroscopic method as follows :-

The suspected coccus is raised in pure cultme from a single colony, 
emulsified with 0'8 per cent saline, heated to 65° O. for half an hour to 
inactivate the autolysin, and standardized to 2,000 million per cubic 
centimetre, 0'5 per cent of phenol being added. This emulsion is tested 
against normal'serum, giving an ultimate dilution of 1 in 50 and also in 
ultimate dilution~ of 1 in 100, 1 in 200, and 1 in 400 against the specific 
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Martin Flack 115 

univalent sera for each of the known epidemic. types of meningococcus. 
As a control experiment, cocci oBhe standard types are tested in similar 
dilutions against normal serum and their homologous sera. The test is made 
in, small tubes; into each tube is placed ! cubic centimetre of serum 
dilution and ~ cubic centimetre of emulsion. The tubes are. then well 
plugged with cotton wool and placed ii' an incubator for twenty-four 
hours at 55° O. The results of the test ~ay be exemplified as follows :-

N.S. rrype I serum 

Cocci ~-I------

Type II serum .Type III serum I TYI.e'IV serum 

Remarks 

"A" 
"B" 
"0" 
"D" 
"E" 
" F" 
" G" 
"R" 
"J" 

1/50 1/100 1/200 1/400 1/100 1/200 1/400 1/100 1/200 1/400 1/100 1/200 1/400 

- + + + + + + -' - - - - - - - -
- - - - ++ ++ ++1 - - - - - -
- - - - - - -. ++ ++ ++ - - -
- - - - - - - - - - ++ ++ ++ 
- ++ ++ ++ - - - ++ + (+) - - -
- - - - ++ ++ ++ - - - ++ + (+) 

+ +1- -[+ + 
++ ++ ++ ++ +~I~+ +-+~+ ++ ++ ++ ++ ++ 

Type I agglutination. 
" 11 " 
" III " 
" IV " 
"I-Ill " 
"II.IV " 

Group agglutipation. 
Flavus 
Negative 

Note :-+ + = Oomplete agglutination. 
(+) = Slight agglutination. 

+ = Partial agglutination. 
N.S. = Normal serum. 

It will be seen that a meningococcus of epidemic, type is completely 
agglutinat~d by one or ,other of the standard sera. As a rule the 
differentiation is sharp, but in some cases an epidemic strain, in addition 
to complete agglutination with its type serum, is also agglutinated· in 
part by certain of the other standard sera. There is no agglutination 
with normal serum. Thus, as shown in the table, a Type I coccus is 
agglutinated completely by Type I serum and sometimes also in part 
with Type IH serum. Again, Type H coccus may be agglutinated in 
part by Type IV serum. Other variations are also possible. Iu most 
cases the type of coccus is indicated by the serum with which it .shows 
the most complete agglutination, but in cases of doubt the exact type 
of coccus is finally determined by employment of the absorption of 
agglutinin test. ,/ 

Nasopharyngeal cocci culturally resembling the meningococcus, but 
failing to qualify serologically, may give on~ of three results. 

(a) Oomplete agglutination by nor~al serum and by all the standard 
sera, such a coccus being probably that which has been designated by 
v. Lingelsheim as M. flavus III (Flavus agglutination). 

(b) No agglutination by normal serum, but a partial agglutination to 
a dilution not exceeding 1 in 100 by all or one of the standard sera. 
This has been designated "group" agglutination. 

(c) No agglutination by the sera, rf'ormal or standard. Such a coccus 
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116 Cerebrospinal Fever w the London District 

belongs to the group of cocci which are perhaps best termed" pseudo_ "
meningococci. (This is termed here· "negative" agglutination.) 

n. 
Routine Procedu1·e.-When information of a suspected case of cerebro

I:lpinal fever is received, the routine procedure adopted is as follows:-
If, the case be already in hospital, details as to his unit, etc., are 

ascertained at once by telephone. If the unit be in the London area, the 
immediate contacts are segregated by telephone, pending investigation of 
the case. . If it appears in the least degree probable that the case is one of 
cerebrospinal fever, it is lumbar-punctured forthwith and, after withdrawal 
of the cerebrospinal fluid (usually about seventy cubic centimetres) a thirty 
cubic .centimetre dose' of anti-meningococcal serum administered intra
thecally. A nasopharyngeal swab is also taken. If, on the other hand; 
as happens not infrequently, it appears that the case isnot one of cerebro
spinal meningitis at all, only a swab of the nasopharynx is taken. In 
pro.bable cases contacts are swabbed without waiting for a positive 
diagnosis. In this way.several hours of quarantine are saved. 

In regard to the hospital contacts, these are determined by the follow
ing considerations. If the case has been admitted but a few hours it is 
deemed sufficient to swab the patients in the two or th,ree beds on either 
side, and in the four or five beds opposite, together with the nurses and 
orderlies in attendance on it. If, however, the case has been in the wards 
for several days or longer, all the inmates of the ward and members of 
the nursing staff in attendance are swabbed. 

In regard to the regimental contacts, a somewhat similar method of 
procedure is adopted. In the first place it is deemed sufficient to swab 
,only such intimate friends of the man as can be found, and those men 
who occupy the sani.e hut or.barrack room. , If, however, the hut be of 
large dimensions, then it is held to be s~fficient to swab the thirty to fifty 
men in the immediate vicinity of the patient's sleeping place. Should, 
however, a large percentage of positive contacts be found among these, 
then it is deemed advisable to swab on a considerably larger scale. Any 
friends of the positive ·carriers who have not already been swabbed are 
then swabbed, and if any such be found to be carriers, then members of 
their hut or room are also .swabbed. By this means· a large number of 
carriers not direct contacts of the case may be detected. 

All nasopharyngeal swabs are plated on the spot and the plates carried 
in the heated water-jacketed tins supplied for the purpose. The cerebro
spinal fluid removed from the case is also kept from cooling in o~~er that, 
if possible, a growth of the meningococcus may be obtained. 

When a positive diagnosis has been made, the case is removed to . 
special cerebrospinal fever wards .for treatment. Positive carriers are' 
oSent to isolation wards at another military hospital. 
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Martin Flack 117 

Ill. 

Oases of Oerebrospinal. Fever. 

During the period comprised, sixty-one military cases of cerebrospinab 
fever came under investigation in the London district. This number
includes a case (R. H.) which was possibly one of mild cerebrospinal fever 
supervening upon tuberculous meningitis. The cerebrospinal fluid of this 
case remained persistently clear, and although at first Gram-negative cocci 
were found microscopically, no growth of the meningococcus was <?btained· 
from the cerebrospinal fluid or from the nasopharynx. Neither this case 
nor one (D. B. H.) of whom information was only obtained a month after
death, and in which the diagnosis is by no meflons certain, is included in 
the subsequent tables:' , . ' 

Distribution of Oases.-Of the sixty cases (including one Pte. D., 
treated at Bristol), twenty-nine occurred among London district troops, 
and thirty-one were men from overseas or other commands who developed 
the disease within the London area. The distribution of the London 
district cases may be summarized as follows :-, 

St t' I Numbe~ :Type [Type Type Type Remarks 

__ ~~_,o_n ____ O_f_ca_s_eS_i_I_)_1_1 __ 1_1_1 _1_V __ --'-______ -'-___________ _ 

" A "Depot . . 7, 1I .. 7 . . . • These cases were distributed among 
, I five different regiments. 

" B" Depot 4 i .. 4 

" 0 " Oamp 2 1 

" D " Barracks .. 2 I' 
" E "Hospital .. 1· 1 
"F" Army Office 1 

"G" Camp 1 1 

1 

1 

One case developed while on leave at 
Bristol. 

Oases from different regiments which 
had no contact with each other. 

Probably infected by case in same ward. 
Ooccus not examined by London Dis

trict Laboratory. 

" H " Hospital 1 1 Orderly of hospital. 
"I" Camp 1 1 
" J "Barracks. . 1 1 
"K" Depot 1 
"L" Oamp 1 1 
"M " Barracks 1 Found dead. No culture. 
"N" Depot 1 1 
Positive contacts 4 1 3 

developing dis- I 
'ease in isolation --------1------,------

Totals .. 29 4 19 . . 3 ' .. ' 
\ , 

There was nothing of the nature of an epidemic among- one particular
regiment. 

Of the four carrier cases that developed meningitis in isolation, one 
had been in quarantine for six weeks, and the others for about a week to 
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118 Cerebrospinal Fever in the London District 

ten days. The case in " E " Hospital developed while the ward was in 
quarantine for a case which had been removed two days previously. 

The cases which occurred in the London area among troops other 
than those of the London district may be synopsized as follows :~ 

. . ",'00 ~:= ''I'' 'if' I . '1:1" I 'r~' 
France -.-. --. -. -,-.-. ---.. ---.-.- --1-2- --2-- --9--' 1--.-. - --1--

DardaneUes 2 1 (One not exa mined) 
Aldershot .. 2 1 1 
Bushey Park 1 1 
Colchester .. 1 1 
Epsom 1 1 
Horn church 1 
Larkhill 1 
Lydd 1 
Prees Heath 1 
Pirbright .. 1 
Salisbury Plain 1 

1 

1 

J 
1 

Shoreham .. 1 1 

1 

1 

Sittingbourne 1 1 I 
Wendover .. 1 I 1 
Witley . . . . . . . . . . 1 1 . . I .. I .. 

~~~O~ ___ . '-Tia~-"--'-' ---3~ -'-:'8-' -1~1---1---\--'i-

'l'ime of Occurrence of Oases. 

No cases occurred in the London district during November. Since 
then the number of cases has been as follows :-

I' 

Total cases Cases among London Cases from other Corn· 
district troops mands or Overseas 

December 7 3 ,4 
January .. ' 7 3 4 
February 5 2 3 
March 19 12 7 
April 8 5 3 
May 5 2 3 
June 4 1 3 
July 5 1 4 

It will be seen that cases among the London district troops followed 
a well-defined curve, whereas there is no such marked curve £o~ cases 
coming in from ,overseas ,or outside commands. 

The increase in cases during July is due almost solely to the disease 
developing among men from France, three of the four outside cases being 
recent arrivals from the front. 
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Martin Flack 119 

Type of Case, Clinical Symptoms, etc. 

In the early months, certain of the cases given above were not seen by 
the bacteriologist in charge, but were early"removed to isolation,pospitals. 
Later in the s€'ason, the majority of cases were first seen by the 
bacteriologist, and were subsequently treated in wards allotted for this 
purpose. The following synopsis of signs and symptoms ill based chiefly 
upon the latter cases. I 

Onset.-In general, the onset of the disease was acute, but in a small 
minority of cases there was a history of a gradual onset. . 

Headache.-Intense headache was present in every case. 
Vomiting.-Vomiting was present generally, although in one or two 

cases which were early diagnosed there was a history of nausea only. 
Mental Conditions.-This showed var:iation. • Frequently there was 

well-marked. delirium, while in other severe cases the mental condition, 
I although somewhat d'ulled, was relatively good. In some cases with 

gradual onset, mental. confusion or loss of consciousness was the first sign 
of the disease. One case subsequently diagnosed as cerebrospinal fever 
was found wandering in the Edgware Road suffering from loss of memory 
and practically no other symptoms. The first symptom in another case 
was that he fell down unconscious on parade. 

Neck, Rigidity.-This was present in every case save one, namely, the 
case found wandering from loss of memory; On the first day of the 
disease, except in fulminating cases, the rigidity is slight but distinct, 
becoming generally well marked on the second day of the disease. 

Head Retraction.-In many case"s the rigidity of the neck is also 
associated with marked retraction of. the head. 

Temperature,'-In the early stages in the acute cases there' was a 
marked pyrexia often introduced by a rigor. In less se'vere acute cases, 
there was also a ,considerable rise of temperature. In cases of gradual 
onset, there was little or no pyrexia observed. 

Eyes.-Examination of the eyes generally showed some abnormal' 
condition.' In many cases the pupils were found to be greatly dilated. 
In some cases one pupil was observed to be considerably larger than the 
other. In several cases a lateral nystagmus was observed. Generally 
speaking, photophobia was not present. 

Pulse.-In the majority of cases, a pulse slow in comparison with the 
degree of pyrexia was found. In general, the pulse showed no relation
ship to fluctuations of temperature, and frequently showed a marked 
irregularity of rate, often a sign of considerable import. 

Abdominal Reflexes.-In the majority of cases these were found to be 
. Slither markedly heightened or abolished. 

Bladder.:"-Retention of urine was present in a number of·cases; in 
others, the urine was passed involuntarily . 

. Oonstipation.-This was frequently 'present in the early stage~, 
becoming very marked in the course of the disease. 
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12Q' Cerebrospinal Fever in the London District 

Kernig's Sign~-This' was found in almost every case, being slight but, 
definite on the first day of the disease and prominent later. It is to be 
noticed, ho'wever, that Kernig's sign, of a certain degree was obse,rved at 
the onset of other cases of fever which were undoubtedly not cerebrospinal 
fever, namely, influenza, measles, and German measles. 

Knee-jerks.-These were sometimes found to be increased, sometimes 
normal, and occasionally abolished. Plantar reflexes also gave i.ncon
clusive evidence. Investigation of knee-jerks and plantar reflexes is not 
of great value in the diagnosis of cerebrospinaUever. 

Ertlption.-This was present in a minority of cases. 
The points, upon which the greatest value was placed in making a. 

provisional diagnosis of cerebrospinal fever in the London district cases 
were :-

(1) Intense headache. 
(2) Vomiting. 
(3) Stiff neck. 
(4) Increased' or abolished abdominal reflexes. 
(5) Abnormal condition of the eyes . 

. (6) Presence of Kernig's ~ign. 
(7) Slow pulse in relation to the degree of fever, with irregularity 

of pulse frequency. 
(8) General mental' condition. 
The relative severity of these fifty-nine cases of the London district 

together with their percentage mortality is shown in the following 
table:- ' 

Total cases 

Fulminant cases 
Severe cases 
Moderately severe 
Slight cases 

59 

7' 
28 
15 

9 

Deaths 

17 

7 
8 
2 

Percentage 
mortality 

28'98 

100'00 
28'57 
13'33 

The two fatal cases classed as moderately severe died of acute tuber
culosis supervening upon a moderate attack of cerebrospinal fever. In 
both cases 0lld, as well as ,new, tuberculous lesions were found,post
mortem. Six of the cases were of gradual onset. In these cases the 
symptoms were somewhat indefinite, diagnosis depending"as mentioned 
later, upon a few Gram-negative cocci in a clear cerebrospinal fluid, and 
the presence of ~he meningococcus in the nasopharynx. The following is 
a history of such"a case until first seen, as given by the Medical Officer ;-

," Reported sick on Monday, March 6, complaining of slight giddiness. 
Detained. 'Evening temperature 99'6° F. Complains of no pain: 
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Martin Flack 121 

March 7.-Reiention of urine. Thirty ounce~ drawn off. 
March_ S.-Had a comfortable night, complains of. no pain, no 

vomiting, no heatlache, ,no rash; passed eighteen ounces of urine, no 
albumen, no sugar. ' 

Still has marked vertigo and sways when standing. 
Nystagmus when asked to fix his eyes; range of VISIOn appears 

normal, pupils equal" react normally. Slight increase of reflexes. 
Distinct blurring of speech. Decubitus. I~ies on side. No marked 
retraction of head and not inclined to curl up. Pulse 6S; temperature ;-. 
normal." 

When seen later in the day, patient had marked headache, tempera
ture 99° F., mental condition dull, slight but definite stiff neck, abdominal 
reflexes + +. On lumbar puncture, seventy cubic centimetres of clear 
fluid were drawn off. This contained: polyrnol'phonuc,lears . in small 
numbers, some Gram-negative cocci, which, when cultivated, were:found 
to be Type II meningococcus. The swab from the nasopbarynx .showed 
abundant colonies of meningococcus Type IL 

The case suJ;>sequently became very severe and developed well-marked 
typical symptoms. 

As already mentioned, anotber case was fo~nd wandering in the 
Edgware Road in hospital clothes, and brought to the hospital by the 
police. The patient had completely lost his memory. He complaIned of 
his head; his pupils were markedly.dilated, and .he liad great pain in the 
back of his eyes. The abdominal reflexes were abolished, and a slight 
Kernig was present. . 

After being convalescent for some time, the case developed pressure 
symptoms, which were markedly relieved by a lumbar puncture without 
serum. In this case the cerebrospinal fluid contained large flakes of 
fibrin, polymorphonuclears in slight numbers, and Gram-negative cocci 
intracellular and extracellular which failed to grow. The ~eningococcus 
was found in the nasopharynx. 

Bacteriological Findings. 

The actual diagnosis of cerebrospinal fever was ,based upon the result 
of the examination of the cerebrospinal fluid and of the nasopharynx. 
Generally speaking, a positive diagnosis was made (1) when the meningo
coccus was grown from the cerebrospinal fluid; (2) when the gram
negative cocci were seen microscopically in the cerebrospinal fluid,. and 
a growth of the meningococcus was obtained from the nasopharynx" 
In the absence of growth of the. meningococcus from the fluid, it is 
impossible to give an absolutely positive diagnosis of cerebrospinal fever, 
since other Gram-negative cocci' are said to have been foulld in meningitis, 
e.g., gonococcus, M. flavus Ill, and M. catar;'halis. But ,the presence of 
an ,epidemic type of meningococcus. in the na.sopharynx, together with 
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122 Cerebrospinal Fever in the London District 

clinical evidences of meningitis and the presence of Gram-negative cocci 
in the cerebrospinal fluid has been held to be ·sufficient to warrant a 
diagnosis of cerebrospinal fever. Fo~ administrative purposes, segre
gation of a patient with the meningococcus in the nasopharynx is 
important· and necessary during an epidemic. 

In actual practice it· has been found that all cases which have been 
diagnosed as cerebrospinal fever from the presence of Gram-negative 
cocci in the cerebrospinal fluid, and have been immediately removlld to 
the cerebrospinl11 wards, have grown the meningococcus from' the naso
pharynx .. :j3'or this reason a swab from the nasopharynx is always taken 
at the same time that the lumbar puncture. is made; and in cases in 
which the cerebrospinal fluid is at first indeterminate microscopically, or 
from which a growth of the meningococcus is not obtained, a growth of 
the meningococcus from the nasopharynx is exceedingly helpful in making 
a diagnosis. . 

. The a15glutination test alsobas been found to furnish valuable in
formation for the purpose 6f diagnosis. In three cases in which. the 
meningococcus could not be grown from the cerebrospinal fluid, but was 
grown from the nasopharynx, it was found that the blood of the patient 
taken between the fifth and tenth day of the disease agglutinated the 
same typeo£ coccus as was found in the nasopharynx, but not the other 
types of meningococcus. According to the day of the disease, the 
agglutination was positive up to 1 in 40 on the fifth day, and to 1 in 100 
on the tenth day. The method used was the macroscopic one, the results 

,being read off after twenty-four hours at 55° C. Controls with normal 
human serum were carried out in each case. 

The Character of Cerebrospinal Fltlid. 

Generally speaking, the cerebrospinal fluid was found' to be very 
turbid in severely acute cases, turbid in the less severe cases, and faintly 
turbid or clear in what may be termed the slight cases. . These last are, 
as a .rule, mostly cases which have been diagnosed early, and have 
received specific treatment from the onset. In cases of slow onset the 
fluid is generally clear or faintly turbid. 

In the' following table is given (a) the character of the fluid on 
primary punctl.lre, (b) the type of coccus found in the fluid when growth 
was obtained, (c) the type of coccus found in the nasopharynx, and 
(d) the result of the disease. 

From the above it will be seen that in the fifty-six cases examined, the 
cerebrospinal fluid was turbid in twenty-seven cases (the case punctured 
post mortem is not included), faintly turbid or with fine flocculi in thirteen 
cases, and clear in, fifteen cases. The meningococcus was grown from the 
cerebrospinal fluid in thirty-nine cases or 69'64 per cent "of the total 
number of cases.' From turbid fluid. the meningococcus was grown in 
twenty-.six, while from clear fluid growth was obtained in five cases. 
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Character Df Type of coccus Type of coceus 
Name Age cerebrospillal fluid from cerebro~ from Result of disease 

onprimary puncture spinal fluid nasopharynx 
----.---- ----------------------- --------

1 B.l .. 23 Not examined Recovery. 
2 N. l •. 19 Turbid .. I. Not examined 

3 P' l " 21 I. 
in early stage 

Not examined .. Death. 
4 M.l .. 25 1. " " 5 A'l" 38 

'1 1. Not examined 
in early stage 

6 P'2 " 22 No growth Not examined 
in early s'tage 

7 W· l ·. 30 
" 

n. Not examined .. 
" 8 T'l .. 44 Not examined I. Not examined by Recovery. 

LondonDistrict ' 

9 D. l ·. 21 Turbid .. n. 
Laboratory 
n. .. " 10 H· l •• 22 

" 
n. n. Death. 

11 T'2 " 23 Clear No growth n. I Recovery. 
12' M. 2 .. 21 Faintly turbid n. n. 

" 13 C' l " 20 
" 

n. n. p 

14 P's " 29 .Turbid .. I. I. 
15 R.I • . 17 Faintly turbid I. I. 
16 D'2 " 20 Clear lI. n. 
17 B., " 20 Turbid .. n. n. 
18 K., .. 19 Clear No growth n. 
19 M., .. 23 Turbid .. n. n. 
20 ·N·2 .. 21 

" 
IV. IV. 

21 R'2 " 23 Clear n. n. 
" 22 lVI. ... 27 Turbid .. IV. Not swabbed, Death in seven· 

ante·mortem teen hours. 
23 F., .. 19 

Tu~bid L. punc· 
n. n. Recovery. 

21 F'2 " 27 ? Death. 
ture. P.M. 

25 H. 2 •• 21 Clear n. Il. Recovery. 
26 A'2 " 28 Turbid .. n. Not swabbed, lJeathin twenty 

too ill hours. 
27 F.g " 22 Faintly turbid No growth n. Recovery. 
28 T.; .. 22 Clear 

I. [ i~' 29 0'2 .. 27 Turbid .. 
30 B.3 • • 28 Clear n... . 'I n. 31 W· 2·· 21 

" 
No growth.. n. 

32 F .•.. 20 Turbid .. 
IV. l 33 S'l " 19 Clear No growth " n. ,-

34 S'2 .. 22 
Tu;bid .. 

" " 11. Death. 
35 O. 21 n. ,. .. n. 

" 36 N.s .. 19 Clear No growth .. In. Recovery. 
37 B., " 20 Faintly turbid " .. lli. " 38 w.3 .. 20 Clear 

Faii~d on sub. 
II. 

39 B.5 " 23 Faintly turbid n. 
culture 

40 S.s " 29 Clear No growth n. 
41 D., .. 27 Turbid .. n. n. 
42 D., .. 40 

Fai~tly turbid 
I. I. ,. 

43 B .•.. 19 No growth 1. 
44 W., .. 24 Flocculent I. 

De~t'h. 45 N .• " 21 Faintly turbid n. n. 
46 L. " 32 Turbid .. n. n. 

Red~very. 47 0'3 .. 22 
" 

n. .. n. 
48 H.g " 38 1. 1. Death. 
49 D'5 " 38 

" n. n. 
" 50 w:5·· 23 Faintly turbid IV~ IV. Recovery. 

51 H., .. 19 Turbid .. n. n. Death. 
52 M. 5 •• 20 Olear No growth n. Recovery. 
53 S., .. 25 Faintly turbid No growth 
54 B., " 22 

Tu;bid .. " 
n. In. Rec~vering. 55 P .• " 33 Ill. nI. 

56 F'5 " 24 Olear .. n . n. Recovery. 
57 N.5 " 19 Faintly turbid IV. IV. 
58 MeN. 39 Much blood No growth IV. 
59 G. .. 20 Faintly turbid n . n. 

" 
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124 Oerebrospinal Fever in the London District 

The meningococcus was, however, obtained from the nasopharynx in forty
seven cases, i.e., in every case but one from the time when. this poil)t was 
studied. 

The exception was a case which had been treated in a wlJ.rd for over 
three weeks as acute. rheumatism. Two days after discharge the patient 
again became ill with signs of meningitis. The cerebrpspinal fluid on 
lumbar puncture was found to be flocculent. One man who had occupied 
a bedroom with 'him, three patients in the ward, and the staff nurse of the 
ward were found to be carriers. 

The above results are.for convenience tabulated below :-

Number Coccus Percent-
,Of cases grown in age 

Cases ex~mined (excluding case-lumbar punc.1 

--------
56 39 69'64 

tured post-mortem) I 
96'29 Cases with turbid cerebrospinal fluid .. 27 26 

Cases with faintly turbid cerebrospinal fluid 13 9 69'23' 
Cases with clear cerebrospinal fluid " 15 5 33'33 
Cases with much blood in fluid 1 
Cases in which the nasopharynx was examined 48 47' 97'91 
Cases in which both nasopharynx and cerebro- 47 32' 66'66' 

spinal fluid were examined from both 
C.S.F. andN.P. 

I The case in which the coccus did not grow was not diagnosed early. It was treated 
as acute rheumatism for twenty. three days. ,Six positive carriers were found. 

The table also reveals the fact that the coccus in cases of cerebrosBinal 
meningitis was always of known epidemic type; also that where the 
meningococcus was cultivated from both the cerebrospinal fluid and the 
nasopharynx it was, with one exception, always the same type. The 
exception was probably one in which both types of coccus were present 
in the nasopharynx, since of two positive contacts of the case one yielded 
Type I and the other Type IV. Both contacts had been in intimate 
association with the case. Unfortunately, owing to pressure of work 
at the time, the absorption test could not be applied to these two cocci. 

The type of meningococcus found in the cerebrospinal fluid and in the 
nasopharynx of the cases as a whole is given in the following table:- . 

Type clal'sificatif>n 
of 39 cocci from 

cerebrospinal fluid 
Percent.'go 

1'ype classification 
of 55 cocci (includ_ 
ing t.hose in which 
growth occurred in 
the nasopharynx 

only) 

Percentage 

--------------------·----1--·------- -------
Type I 
Type II 
Type IU 
Type IV 

10 
23 

1 
5 

25'64 
59'00 

2'56 
12'82 

12 
36 
1 
6 

21'81 
65'45 
1'81 

10'90 
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Martin Flack 125 

The question as to whether more than. one type of meningococcus 
occurs' in a casesim'ultaneously has been studied by the agglutination, 
from time to time, of the cocci both from the nasopharynx and from the 
cerebrospinal fluid of cases. In regard to the nasopharynx, the routine 
procedure'followed has !?een to swab the Cases from time to time to prevent 
them being discharged while carrying the meningococcus. Some con
valescent cases have become chronic carriers, and aU"the available evidence 
shows that the' coc~us of the nasopharynx has remain.ed of the sa~e type 
as was found at the first examination.' For example Ps, originally, infected 
with Type I coccus, was found to be carrying the same organism in the 
nasopharynx four months from the onset of his attack. It may be added 
that this patient .had, been carrying this same type for six ,weeks before 
he was attacked by' the disease which he developed in isolation. 

B 2, infected by Type Il, was carrying this S!l.me organism three months 
after the onset; and Ta is still carrying Type Il four months from the 
development of the dise~se. N 2 infected by Type IV coccus was found 
to be carrying this' type in his nasopharynx in practically pure culture 
three months after the onset. Several other instances might be quoted. 

In regard to the. types of cocci in the cerebrospinal fluid, it is seldom 
that the opportunity offers for re-examining the' coccus from the cerebro
spinal fluid after any reasonable lapse of time from the first examination. 
In the case of Ps, however, where such opportunity did occur, the coccus 
found in the cerebrospinal fluid several weeks after the first examination 
was of the same type'-':"'(l) in the nasopharyngeal secretion while the 
patient was in isolation as a carrier; (2) in his cerebrospinal fluid when 
he developed the disease; and (3) in his nasopharynx at the time of the 
second examination of the cerebrospinal fluid. 

It has been found, moreover, that when emulsions have been prepared 
from several sirigle colonies of the original cultlire plate of the cerebro
spinal fiuid that such emulsions have always, up to the present, given the 
same agglutination reaction., 

PREVALENCE OF TYPE. 

There is to some extent evideuce of a seasonal prevalence of type. 
Thus, the majority of the early cases yielded Type 1. Later came Type II 
cases, especially among troops of the London District.· In March the first 
Type IV case occurred, while a case of Type III did not appear until 
July. 

TREATMENT. 

Place of Treatment.-Owing to a special arrapgement made by the 
D.D.M.S., cases 6f cerebrospinal fever occurring in the London District 
have been treated in special wards' allotted for the purpose. This not 
only provided· opportunity for early diagnosis, .but has facilitated the 
application of specific treatment at the earliest possible moment, resulting 
in a benefit to the patients which it is difficult to over-estimate. 

-, 
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126 Oerebrospinal Fever in the London District 

Mode oj' Treatme~t.-Capt. A. C. E. .. Gray has been in charge of the 
cerebrospinal fever wards, where all those suffering from the disease have 
been treated with anti· meningococcal serum. The degree of success which 
has been obtained in the treatment of cases is due in no small degree to 
the skill and care with which he has treated them. 

In practice, Mulford's serum was found to be distinctly disappointing. 
The new Millbank-Lister Institute serum supplied from the Royal Army 
Medical College,_ however, has yielded exceedingly satisfactory results. 
This serum was prepared by Dr. Mf!,cConkey from Types I and II of the 
meningococci forwaTded to him from the Central Laboratory as well as 
from other- strains. 

From experience gained in the course of the epidemic the routine at 
present is as follows: At the time of the first diagn'ostic lumbar puncture 
thirty cubic centimetres of serum are administered intrathecally, followed 
up on admission to the cerebrospinal fever wards by at least two further 
doses at intervals of twenty-four hours, no matter how great an improve
ment occurs after the first dose:' Generally speaking, a case of average 
severity requires from four to six doses, very severe cases from six to ten 
doses, while cases which fail to improve before ten doses of serum have 

. been administered usually prove fatal. It is well to continue the 
administration of serum intrathecally until the patient's temperature 
has been normal for at lealit two days. 

The mortality in the London District is. synopsized in the following 
table :-

Total Deaths Percentage 
mortality 

-----------------------,---- -----------
I 

All cases, including those found dead or moribund I 59 17 28'98 
'All cases treated in cerebrospinal fever wards of the 46 10 21-73 

London District 
Cases treated with Millbank-Lister serum 43 8 18'60 
Cases 'treated with Millbank-Lister serum; treat- 6 3 50-00 

ment began after seven days 
Cases treated with_ Millbank-Lister serum; treat- 37 5 13-51 

ment beginning on seventh day or before 
Cases treated with Millbank-Lister serum; treat- 33 3 9-09 

ment beginning on third day or before 

For comparison I give the results quoted by Kutscher in his article on 
cerebro~pinal fever, in Kolle and Was,serman's Handbuch der pathogenen 
1Ylikro-organismen (Second Edition). Jena, 1912. Bd. IV, pp_ 589-654. 

Netter 
Dopter 
Flexner 

Author '['reatment begun before 
- _ third day 

Percentage mortality 
7-14 
8-20 

14-9 

... 

Treatment after 
seve~th day 

Percentage" mortality 
23-5 
24-1 
36:4 
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From the above table of London District cases it will be seen that if 
treatment is begun before the seventh day of the disease the mortality is 
13'51 per cent, whereas if on the third day or earlier it is but 9'09 per 
cent. From this the importance of early diagnosis is easily seen. Several 
cases which have died aft~r coming under treatment in the Londo~ District 
have been those in which diagnosis has been delayed.· For example, in 
one case various tentative diagnoses were made for a month before that 
of cerebrospinal fever was established, the case then dying in a few days 
of hydrocephalus. Another fatal case, wa~ treated for ten days as 
influenza. \ 

No undesirable symptoms, with the exception of a serum rash, have 
ever been observed from the giving of the serum in the manner recom
mended. No anaphylactic phenomena ha.ve been noticed in the London 
District. 

It has .sometimes been necessary to .perfo.rm lumbar puncture without 
the advantages that obtain in a hospital ward. ,Under these circum
stances I have found the following procedure to be ,helpful in securing 
the correct direction of the needle. After the patient has been placed on 
his side and the spine well flexed by pushing his head as far as possible 
between his knees, the site for puncture is ascertained in the usual way 
and the needle is pushed directly inwards through the skin between the 
third and fourth·lumbar spaces in the middle line to a depth of about half 
an inch. The position of the umbilicus is now noted and the needle 
continued inwards in the 'direction of this landmark. The advantage of 
this procedure is that it ensures the needle being kept in the middle line 
after it has traversed ·the skin and subcu,taneous tissue, thus securing 
uniform success of the puncture even under unfavourable circumstances. 

In practically all cases a general amBsthetic is used for the lumbar 
puncture. The amount of cerebrospinal fluid which can be withdrawn 
under general anresthesia is greatly in excess of that which can be 
obtained when puncture is performed without such anresthesia. 'Ihe 
semi-a"sphyxial condition due to t~ anresthetic causes a rise in the cere
brospinal fluid pressure so that the 1tuid runs freely from the needle until 
70 to 100 cubic centimetres are withdrawn. Usually no such amount 
can be withdrawn without ge~eral anresthesia. For instance, in a very 
severe case with failing heart's action, only fifteen cubic centimetres of 
fluid were obtained by puncture without general anoosthesia. Two 
hours later, under general anresthesia, eighty cubic centimetres were 
drawn off. 

No untoward symptoms have followed the use of a general anresthetic ; 
in fact, when cases are bad, it is frequent fot the patient to ask for an 

. anresthetic and a lumbar pnncture to relieve the ~ntense headache. A 
lumbar puncture under general anresthesia is usually followed by a period 
of beneficial sleep and a marked improvement in the condition of the. 
patient. On the other hand, when no general anresthetic is. used the 
patient awaits in a state of anxiety his nex~ puncture. 
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128 Oerebrospinal Fever in, the London District 

Over and above the advice that serum should be given for at least 
three doses, no matter how great the improvement, it should be empha
sized that serum should be persisted with in cases which improve slowly. 
There is but litHe doubt that Case 14 relapsed three times owing to the 
fact that serum was' being given spasmodically at odd intervals and 
stopped too early on signs of. improvement instead of being given at 
regular twenty-four hour intervals until improvemen't was well:sustained. 
When such doses were eventually given, the case cleared up well, and 
was discharged within si,x weeks of the last dose of setum. ' 

In some cases a lumbar puncture without serum may be required 
during convalescence to relieve pressure. 

The following case may, perhaps, be interpreted as furnishing an 
indirect control of the value of the Millbank-Lister serum. A case of 
acute meningitis occurred recently, with polymorphonuclear cells in the 
exudate, which, even after six successive doses, f~iled to respond to the 
serum. Cultm;es,from the cerebrospinal fluid in the first instance were 
nega'tive, but as the case became worse a po~itive growth was obtained of a 
bacillus having the morphological and cultural characters of the influenza 
bacillus. 

Further evidence in favour "of the serum is the fact that with the 
earlier serum, Type IVeases did not respond so well as cases of Types I 
and H. With the most recent serum, in the preparation of which 
Type IV meningococcus has been included, the Type IV Cases (e.g., Cases 
50 and 57) have shown quicker improvement after the administration of 
serum. In the single case in which the infecting coccus has been 
Type HI, t~e patient did not make such rapid progress towards recovery 
as was seen in the case of other patients infected by Types Hand' IV, 
and under treatment at the same time. 

But perhaps the most conclusive evidence of the value of the Millbank
Lister serum is the singularly low mortalityam,olJ.g patients to whom it 
has been administered in the m~nner described. ' 

In cases which have improve*810~ly a sensitized vaccine prepared 
from patient's own coccus has been used. This appeared of undoubted 
value in Case 32, a Type IV case, the same being true of another 
Type IYcase, treated elsewhere. 

Mode of Action of the Serum.-Theamount of evidence to be offered 
on this point is not large. In cases in which large numbers of cocci! have 
been present in the cerebrospinal fluid at the first puncture it has been 
noticed that they are much diminished after the first dose of serum, and 
have almost disappeared after the third dose .. 

The serum produces a marked leucocytosis in the cerebrospinal fluid 
by its intrathecal injection. This has been observed both in clear fluid 
cerebrospinal fever cases 'and also in a case with clear qerebrospinal fluid 
which turned out not to be cerebrospinal fever. 

The Influence of Age of Patient,-Although the disease generally 
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Martin Flack 129 

attacks the younger 'men, there is not any conclusive evidence to offer in 
the present series that it is more fatal to older men, since in the cases of 
the three men over 36 years of age who died, specific treatment was 
delayed for seven days or more. It appea~s to be the rule, however, that 
when attacked, older men suffer much more severely. Both the older 
men (Cases 42 and 58), in which treatment was begun early, recovered; 
indeed, both made a most remarkable recovery from a very severe attack. 

Oomplications arising during the Oourseof the Disease.-Although they 
cannot be classed as complications it may be mentioned here that con
stipation was almost invariably a prominent symptom, and retention of 
urine not infrequent. Several of the fatal cases developed hydrocephalus. , 
The most common complication was arthritis, which was present in four 
cases. This generally cleared up quite well. One case became stone 
deaf within forty-eight hours of onset. Conjunctivitis was present in one 
case, broncho-pneumonia in one, and endocarditis in another. Thelast 
case also had very marked arthritis. One case had marked weakness of 
th'elegs, which gradually disappeared. The only complication which 
appeared likely to be persistent in a case which recovered was a paresis 
of the right arm. The same case had marked nephritis during the course 
of the disease, with blood and sugar in the urine. The kidney trouble 
cleared up fairly quickly. This case was one of the early ones, and was 
treated with Mulford serum. ' 

The Period /Tom the beginning of Treatment to Convalescence.- This is 
the time that elapses from the beginning of treatment until the case is well 
enough to get up. In many cases this period has been remarkably short, 
even in very severe cases. It should be emphasized that the cases in the 
cerebrospinal fever wards are often kept in bed even until several days 
after they are on full diet and the patient clamouring to get up. So far 
as can be seen, the shortness of convalescence and the absence of ill 
effects on getting up must be ascribed to the mode of treatment, since it 
has been noticed that severe cases treated with serum in the cerebro
spinal fever wards, of the London District have progressed much more 
rapidly than, somewhat apparently less severe ~ases which have not been 
treated in the same way. I I 

Predisposing Oonditions.-From the table it will be seen that several 
cases developed cerebrospinal fever while recovering, or just, after 
recoveri'ng, from German measles. Three cases were under treatment 
for phthisis or being watched from the' point of view of phthisis. Two 
moderately severe cases died of acute phthisis, which lit up from old 
tuberculous lesions during the course of the disease. Reference has already 
been made to a doubtful case which died of acute miliary tuberculosis. 

It cannot be said that any marked relationship existed between 
influenza or other catarrhal conditions and cerebrospinal fever. One, 
case had had a severe cold for a month' previously, and another 'had been' 
warded for influenza.. As shown later, several influenzal patients were 

9 

I 
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130 OerebrOEpinal Fever in. the London District 

swabbed, and in one case only was the meningococcus found in the naso-, 
,pharynx. 

In three cases there was evidence of the disease following upon 
exhaustion after heavy route 19arches. One of these; cases was regarded 
as exhaustiot;l and sunstroke for several days before the diagnosis of 
cerebrospinal fever was made. Since, however, 'many of the cases occur 
in recruits of but a few months', service, it may be that fatigue is to a 
certain extent a predisposing factor in some cases. 

It cannot be said that there were many cases to be attributed to over
crowding. In one encampment (" B" depot), in which four cases occurred, 
and in which very few carriers 'rere found, it was noticed that there was 
a very large percentage of sore throats of streptococcal origin. There were 
relatively a large number of cases of German measles from this camp; and 
it may be that a streptococcal sore throat predisposes to the disease once 
the meningococcus finds lodgment in the nasopharynx, but the evidence 
is not sufficient' to wan:ant more than a surmise to that effect. 

The Spraying Capacity of the Patient.-lt was noticed that a case which 
had a had cough frequently infected more'men in his surroundings than 
did one who had no cough. Thus the case mentioned later, where twelve 
men in his barrack room were found to be carriers, had been lying on his 
bed with a bad cough for several days before he went into hospital. 'He 
also infected patients in a ward, and a sister and an orderly in attendance 
upon him. ' 

Evidence of Direct Infection of Cases from Cases.-In many cases so
called evidence of infection is capable of double interpretation. While the 
supposition that the first of two cases infected the second is probably in 
most cases true, it is sometimes possible that the first case was infected 
by the second while the latter was only a carrier, and that the carrier 
developed the disease subsequently to the case which he in reality 
infected. 

Here are given what appear to be some instances of direct infection:- _ 
Example i.-Case 4 (Table Il, p. 18) was treated at home for fatigue 

and possibly sunstroke for fourteen days before a diagnosis of cerebro
spinal fever was made. On the seventh day of the disease his mother, 
who was nursing the case, developed similar symptoms and subsequently 
died. From the cerebrospinal fluid of both cases the meningococcus 
(Type Il) was grown. His brother, sister, and the man who had slept 
next him in his quarters were all found to be carriers of the same type of 
meningococcus as this case. ' 

Example II.-Case 12 was being treated at a military hospital for 
German measles. In' the same ward there were 'three other cases also 
convalescent from German measles. Swabs, from the three men showed 
one man to be negative, one with a few meningococci in the nasopharynx, 
and the third with nearly a pure plate of meningococcus. On the fifth 
day, after swabbing, the last-named developed the disease. From the, 
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Martin Flack 13.1 

cerebrospinal fluid and the nasopharynx of both cases, Type II meningo
coccus was grown. 

Example III.-In a ward of "E" Hospital, a case of very severe 
cerebrospinal fever (Oase 23) developed. While the ward was still in 
quarantine a second case occurred. This patient was in the direct lil}e 
of the spray from the cough of the first patient. From the cerebrospinal 
fluid and the nasopharynx of the first case, Type II meningococcus was 
grown. A coccus of the same type was found in the nasopharynx of the 
second case, but could not be grown from the'cerebrospinal fluid, probably 
because he was punctured on the first day of the disease, and after the 
administration of s~rum it is difficult to grow'the meningococcus from the 
cerebrospinal.fluid. 

Example' IV.-While at an isolation hospital for the purpose' of 
'swabbing a carrier, my attention was drawn to two cases of cerebrospinal 
fever, mother and son. The mother had been taken ill with the disease 
after she had been nursing her son for a few days. From the boy's throat 
menirigococcus (Type I) was obtained, and a coccus of the same type 
was found in the cerebrospinal fluid of the mother. 

Example V.-Oase. 14, P. 3, was isolated early in December from 
contacts. of Oase 2. He had been sleeping in the next bed to the case. 
On January 24, six weeks after being isolated, he developed the disease. 
The coccus from the cerebrospinal fluid of the first case was' Type 1. 
From the nasopharynx and from the cerebrospinal fluid of the second 
case Type I cocci were isolated. This, however, appears to be a case in 
which it is possible that the second case in reality infected the first case 
aud did' not develop the disease himself until six weeks later. 

Example VI.-From among the contacts of a case from" A" depot, 
there were isolated eight carriers of the same type as the case (Type II). 
One of these carriers subsequently developed the disease. After seven 
days his temperature suddenly went up and he manifested the symptoms 
of cerebrospinal fever. Despite early treatment the case died of acute 
phthisis which lit up from an old lesion during the course of the disease. 

. IV.-POSITIVE OONTACTS OF OASES. 

The Presence of the Meningococcus in the Na.sopharynx of Non-contacts 
from Non-epidemic Areas. 

The routine procedure in connexion with the swabbing of contacts 
has already been outlined: By the policy of swabbing contacts of doubt
ful cases ,without awaiting a definite diagnosis, it has happened that from 
time to time numbe.rs of men have been swabbed who have not been 
contacts of cerebrospinal meningitis. This has served the useful purpose 
of giving8an indication of the percentage presence of the meningococcus 
in the nasopharynx of non-contacts. In' addition, thirty-seven cases of 
influenza have been swabbed and are included in the figures . 

., 
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132 Ce1oebrospinal F',ever in .the London District 

Of a total of 275 nori~contacts th.us swabbed, six, or 2'18 per cent, 
were positive: one case only of influenza proved to' be a carrier of the 
meningococcus. . 

Of these 275 persons examined, forty yielded ·Gram-negative cocci, i.e., 
14'54 percent. Particulars of these cocci are as follows ::-

Result of agglutir,ation test Number . Percentage of 
nuillber swabbed 

. Percentage of 
number 

agglutinated 

-----------_._-- ------------- ---------
Positive agglutination 
Flavus agglutination 
Group agglutination 
Negative agglutination I 

6 
12 

7 
15 

2'18 
4'36 
2'54 
5'45 

15'0 
30'0 
17'5 
35'5 

The percentage of 2'18 agrees in the main with the result of other 
workers. Thus, in 1907, Hubener found eight in 400 men (two per cent). 

Other similar figures for epidemic-free times are: Schumacher and 
Aumann (1908), just over two per cent in 1,500 soldiers; Mayer and 
colleagues (1909-1910), 158 in 9,111 (1'73 per cent), 

During an epidemic Mayer and his colleagues found 2'46 per cent 
carriers among 1,911 persons who had had no demonstrable contact with 
the disease. 

The above figures are quoted from Mayer's article in J ahresbericht 
iiber die Ergebnisse der Immunitats-forschung, Band vi, 1910, p. 227. 
Similar figures have been obtained by various other observers. 

The Presence of the Meningococcus in the Nasopharynx of Non-.contacts 
from Epidemic Areas.-Early in December a case of cerebrospinal fever 
occurred in one of the military offices in London. The patient had been 
working i~ a large, over-crowded room, the atmosphere of which was 
rendered considerably worse by the windows being closed, in order to 
obtain the high temperature (over 700 F.) favoured by _the inmates. Only 
the men working i.n the actual vicinity of the case were swabbed at the 
time of the case. Since over 1,000 men were working under the above 
conditions, considerable anxiety was felt as regards a possible outbreak of 
cerebrospinal fever. Permission was therefore obtained to swab fifty men 
.taken .at haphazard from various parts of the room in order to see if there 
were a wi'de distribution of the meningococcus. Of these fifty men, seven 
were found to be harbouring the meningococcus. At a second swabbing, 
two were negative and five positive. Enquiry elicited the fact that of 
these five, four were recent arrivals from areas in which there had been 
cases of cerebrospinal fever. It was therefore decided to swab all men 
who had recently arrived at the office. 

First were swabbed the arrivals during the past three months from 
"X." At" X " there had been something in the nature of an epidemic. 
From sixty-two men five positive carriers were obtained. 

Next were swabbed the arrivals from" Y." Fifty-five men were 

--
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Ma1~tin Flack· 133 

swabbed and four carriers found. At" Y" at the time there was a more 
localized epidemic than at "X." 

.. After removal of these carriers another sample of men was taken at 
random from the office. Now from fiHy-two men swabbed only one 
carrier was found, who cleared up almost at once. 

These results are tabulated below ;-

i Number of Number Number Number 
I cases in which Number showing showing showing 
; cocci were posit.ive flavus agglu-' group agglu- negatiye ag. 
I agglutinated tination tination glutination 

-------------[------1--.:-.-- ---------\ ------
, I 

Sample 50 men swabbed . 13 I 
62·new men from X 14 
55 " "Y 12 
52 sample of remainder 4 

7 
5 
4 
1 

o 
,0 
3 
2 

1 
2 
1 
o 

5 
7 
4 
1 

From another office four carriers were isolated from sixty-five men. 
In view of these results it was suggested to the authorities that all 

men should be swabbed who entered the office from epidemic areas. This 
offer was gladly accepted. Indeed, since that time, every man entering 
the office has been swabbed whether from an epidemi,c area or not. This 
has necessitated the swabbing till the end of July of 832 men. Of these, 
forty-one have be'en found to be carriers. This is 4-93 per cent of the 
men swabbed.· 

The agglutination test was deemed necessary in 205 cases. The 
results may be tabulated as follows;-

Po~itive agglutination 
Flavus agglutination .. 
Group agglutination .. 
Negative agglutination 

Knmber 

41 
34 
29 

101 

Percentage of total 
swabbed 

4-93 
4'08 
3'48 

12-13 

Percentage 'of cocCi 
agglutinated 

20'00 
16-58 
14'14 
49-26 

Analysis of the figures as to the place from which the men came gives 
the following results ;-

I 

I 

Types . Number Xnmber Per - swabbed positive cent I 
I 

I 1I III 

--------------- ----------------____ 1' ___ 

"y" area .. .- .. 460 24 5-22 7 17 
I --

"X" area -- -- -- 191 12 6-27 7 4 1 
" Z" area .. -- .- 126 4 3-17 2 2 i o. 

I 
Other places .. -- -- 55 1 1-81 1 / .. I --

I 

It is of interest to note that so recently as the beginning of July. 
twenty-six men ~rrived from" X " and were swabbed. These men had not 

\ 
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134 Oerebrospinal Fever in the London District 

been at " X" during the time of the epid!lmic, having arrived but two or 
three months ago from overseas. They had, how'ever, mixed freely with 
men who had been at " X " during the time of the epidemic. From these 
men three carriers were isolated. ' 

The swabs of twenty-two men from cc X " area are of interest. These 
were taken from men who had arrived but ten days before from overseas. 
Two of them were found to be positive, possibly indicating that they had 
brought the meningococcus to this country with them. 

Percentage of Positive Contacts among Contacts of Cerebrospinal Fever 
Cases in the London .District. ' 

In connexion with the sixty cases of cerebrospinal fever occurring 
in the London District, 1,629 contacts were swabbed. In this number 
are included the contacts of a case taken ili while on leave at BI$tol and 
treated there. Of the 1,629 contacts swabbed, 139, or 8'53 per cent, were 
found to be positive. 

For arriving at this result, the agglutination test was necessary 1ll 

331 cases, with the following results tabulated below, :-

Positive agglutination .. 
Flavus agglutination ... 
Group agglutination 
Negative agglutination .. 

139 
48 
42 

102 

Per cent of 
total 

swabbed 

8'53 
2'94 
2'57 
6'26 

Per cent of 
total 

agglutination 

42'00 
14'50 
12'68 
30'82 

Since a considerable number of cases occurred among men from other 
commands, it frequently happened that the number of contacts in the 
London District was not large; most of the contacts being in another 

J command. For this reason the contacts are best viewed in accordance 
with the grouping of the cases given previously, viz., London DistriCt troops 
and other commands. In connexion with a case among London District 
troops, both troops and hospital contacts are swabbed. In connexion 
with a case from an outside command passing through London or on leave 
there, the contacts are generally hospital or other contacts who have 
been but a short time in contact with the case .. 

The results of the swabbing are seen in the following table :-

London District (regimental contacts) 
London District (hospital contacts) . . . . 
Outside commands (hospital and other contacts) 

Number I Number I Per. 
swabbed ! posi.tiye centage 

774 1-~-11-~0'98-' 
367 27 . 7'16 
488 27 5'53 

It will be seen that the percentage of contacts is distinctly higher 
among troop contacts than among the hospital or other contacts, indicating 
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Martin Flack 135 

that the disease is best combated by swabbing among the troops. The 
percentage of hospital contacts among London District cases'is markedly 
increased by the inclusion of a number of carriers who were probably 
infected by a carrier nurse. In a ward of thirty-one men, eight positive 
contacts were found, five of whom were of different type from the "case, 
but of the same type as the carrier nurse. 

In regard to housing during the winter season, the troops have been 
chiefly living in huts, barrack rooms or billets. ~ With troops in billets, 
tihe spread of" the disease is limited, but in two cases room mates have 
been found to be positive carriers. It is not possible to d.raw anyl marked 
distinction between rooms and huts, although the' greatest number of 
carriers was found in a barrack room, where twelve men out 0'£ thirty
one were found to be positive. This case well illustrates the c()rrespond
ence of type of the coccus among case and carrier~. The case was that 
of B 2 , and was the first to occur in "A') Depot. From the cerebrospinal 
fluid of the case and the nasopharynx a coccus of Type II was isolated. 
Of the thirty-one men of the barrack room, twenty-one had Gram
negative cocci in the nasopharynx, and the agglutination test resulted 
as follows:- "" 

TABLE SHOWING THE RESULT OF AGGLUTINATION TEST UPON THE OOCCI OF THE 
OElREBROSPINAL FLUID AND 'rHE NASOPHARYNGEAL SWAB OF THE CASE AND 
OF GRAM-NEGATIVE OOCCI FOUND IN THE NASOPHARYNX OF TWENTY-ONE Ro.OM 
MATES. 

Not'mal Serum I Norma-l Serum II 
serum serum 

Cocci --- ---

1/100 1/100 '1/200 1/400 1/100 1/100 
1 

1{200 1/400 

----------------------
Standard cocci v. sera .. - ++ ++ + - ++ ++ ++ 
(Oase) B, O.S. F. .. - - - - ++ ++ ++ 
(Oase) B, swab .. .. - - - - ++ ++ ++ 
G. 1 Pte. W. G. O. .. - ++ (+) - I ++ (+) -
G. 2 Pte. L. J. S. .. - - .- - i ++ ++ ++ 
G. 3 Pte. W. T. S. .. - (+) - - ++ ++ ++ 
G. 6 Pte. G. H. .. - - - - ++ ++ ++ 
G. 7 Pte. W. H. .. - - - - ++ ++ ++ 
G. 8 Pte. G. B. .. - - - - - - -
G. 9 Pte. G. L. - - I - - - -.. 

1"= G. 10 Pte. W. S. .. - - - ++ 
I 
++ ++ 

G. 11 Pte. W. F. .. - - - - - -
G. 12 Pte. J. '0. - I - - I - - -, .. -

G. 14 Pte. A. W. .. - - - - ++ ++ ++ 
,G. 17 Pte. W.B. .. - - - - ++ ++ ++ 
G. 18 Pte. W. 8 2, .. - - - - ++ ++ ++ 
G. 20 Pte. W. R. .. - - - - - - -
G. 21 Pte. R. G. .. - - - - ++ ++ ++ 
G. 22 Pte. S. P. W. .. - - - - ++ ++ ++ 
G. 25 Pte. H. .. .. - - - - ++ ++ ++ 
G. 26 Pte. B. .. .. - - - - ++ ++ ++ 
G. 28 Pte. J. L. M. .. ++ ++ ++ (+) ++ ++ ++ 
G. 29 Pte. R. T. .. - - - - - - -
G. 31 Pte. N. .. .. - - -- - - - -
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136 Oerebrospinal Fever in the London District 

The above table shows that of the twenty-one ooooi agglutinated, 
twelve yielded positive results, the ooocus in every case being Type H. 

In all, fourteen ward contacts of the case were swabbed. Of these 
,it was necessary to agglutinate the cocci of six. Two of these yielded 
positive results, both of the same type as the case; 

Seventeen members of the nursing staff and orderly staff were swabbed. 
Of these, the cocci of three were submitted to the agglutination test, 
two being positive (Type Il). 

TABLE SHOWING TYPE OF COCCUS IN CARRIER AND POSITIVE CONTACTS. 
, 

Case Type Number of I Number of Type of positive 
contacts swabbed po~itive contacts contacts 

-------------------,------- -----------
1 ? 8 3 I 
2 I 16 1 I 

12 II 63 4 sII ; ,I 
13 II 91 2 II 
15 I . 44 2 ,I ; ,Il 
16 II 13 1 II 
17 II 113 24 II 
18 II 15 1 II 

I 19 II 30 4 II 
21 II 91 10 II 

, 22 IV 29 2 ,II; ,IV 
23 II 26 3 II 
24 ? 74 9 II 
25 II 51 3 II 
26 II 23 2 II 
29 I 12 5 ,I; .Il 
30 II 38 8 II 
31 II 17 1 "'Il 
32 IV 26 2 ,I; ,IV 
36 II 23 1 II 
40 n 39 8 .II ; .1 
41 r II 54 8 7II ; ,I 
43 I 49 8 21 ; ,,II 
44 I 30 

\ 
5 31 ; .Il 

45 II 60 3 ,II ; 21 
46 II 55 3 2II; ,I 
49 II '" 19 2 II 
51 II 3 1 II 

'53 ? 40 5 .II; ,IV 
.54 II 35 4 

I 
3Il; ,I 

56 II 
I 

10 '- I II 

Owing to the high percentage of positive contacts in the barrack 
room it was deemed necessary to swab any intimate friends of these 
men. Two such friends, Privates PI and, P 2, were discovered and found 
positive, (Type Il).· It was therefore considered advisable to swab 
,the room mates of both these men. From Pte. P 2's room, twenty-seven 
men were swabbed. Of these the cocci of six were agglutinated and 
two found positive. From Pte. PI'S room twenty-two men were swabbed. 
Four were agglutinated and found to be positive (Type II). In addition, 
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Martin Flack 137 

the serjeant who was placed in charge of the isolation huts where the 
men were segregated pending investigation of the swabs was eventually 
found to be positive, although a previous swab had been nt:lgative. It 
will be seen "that, in all, twenty· four positive contacts were found, all 
giving the same type of Ibeningococcus as the case. 

The correspondence of type between case and carrier may be further 
illustrated by a table showing the type of coccus of case and carrier in 
all cases where positive carriers have been found. This is given in the 
table on page 136. 

It will be seen that among the 119 positive contacts of cases in which 
the type of coccus was known, ninety-four were of the same type as the 
case. Most 'of the carriers of a different type of coccus were found in 
cbnnexion with the later cases. In some instances, as . mentioned above, 
there is evidence of a dissemination of the meningococcus among the 
contacts by a carrier of a type different from that present in the .case. 

In order to compare the distribution of types of ,meningococcus in 
cases and those in contact with them at the time when they were ,taken 
ill, it is necessaJ,"Y to deal exclusively with the sixteen cases that actually 
contracted cerebrospinal fever while they were stationed in the London 
area. Details with regard to the types of meningococcus found in these 
sixteen cases and their contacts respectively are as follows :-

Oases 
Positive contacts 

Type I 

2 
13 

Type 11 

13 
78 

Type III 

The correspondence of type revealed by this table is striking. 

Type IV 
1 
1 

, " The constancy of type in one locality is also noticeable. An the 
seven cases from" A " Depot were Type n. From these cases fifty-four 
positive contacts of the same type were isolated. Among the contacts 
<;>f one of the later cases four Type I carrie'rswere found; three or" these 
cleared up pending investigation of the first swabs, showing that they 
may have been recently infected by the fourth man who had probably 
brought the type from elsewhere. 

Evidence of Infection of Cas.es by Carriers. 

Evidence of infection by carriers is' difficult to obtain, since it is seld'om 
that a person is proved to be a carrier before he is examined in connexion 
with a case with which he has been in contact. The following instances, 
however, are instructive. 

I.-Sapper Bs. returned from France on April 9, ·1916, and had been 
complaining of headache and pains in the back and legs, while in the 
trenches a few days previously. There is no evidence that he had had 
any meningitis. Two days after his arrival one of his children was taken 
ill and removed to a gene.ral hospital with symptoms of cerebrospinal 
meningitis. Next day another child was taken ill and remov.ed to an 
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isolation hospital, where he died of the disease. The father was now 
isolated, and found to be a carrier of Type n meningococcus. A few 
days after removal, the first child was discharged after what was termed 
" an abortive attack" of cerebrospinal meningitis. He was fetched by 
his sister on the Thursday. Up till then the sister had been quite 
well. She did not subsequently see her father at close quarters, but 
on the following SUJ?day she was taken ill in the morning, and died, 
within twenty-four hours. A swab from the child having the abortive 
attack showed the presence of the Type n meningococcus in the 
nasopharynx. 

There had belm no cerebrospinal fever in the borough for eighteen 
months until ,these cases occurred. . 

n.-Private P., A.S.C., returned from France on leave on July 18. 
'On July 27 one of his children was t.aken ill and died the next day of 
cerebrospinal fever. A swab from P. gave a plate showing many colonies 
of meningococcus (Type IV). His other three children ,were subsequently 
removed to a fever hospital. One child was suffering from pyrexia, with 
a, temperature of 1010 F., but no marked meningitic symptoms. The cere
brospinal fluid showed no cocci or increased cell content. From the fluid 
of a swollen knee-joint, however, the meningococcus was grown (Type 
IV). This appears to be an example of infection of the knee-joint without 
involvement of the meninges. A blood culture, taken one day after the 
knee had swollen, proVEild sterile .. 

IlL-Case 54 developed the disease at H. Military Hospital after he 
had been in there for two months on /account of an accident. Of the 
four positive contacts, three were' of the same type as the case. Two 01 

. these were in the beds on either side of the case, and the other was 
, the staff nurse of the ward. All the available evidence went to show 
that the nurse was a ehronie carrier, and inquiry revealed the fact that 
she had' started nursing in' the ward within two months, and had been 

, nursing several cases of meningitis a year before and had not been swabbed 
subsequently. It seems probable that the case was infected. by this, staff 
nurse. , The two other positive contacts cleared up quickly; the nurse 
is still 3, carrier.' 

, From time to time various men from other commands whose children 
have contracted the disease have been swabbed in the London District 
Laboratory. Five of these have proved positive carriers. In two 
cases the child developed the disease soon after the arrival home of 
the father. The evidence of infection is, however, only of a suggestive 
nature. ' 

The Development of the Disease by CaTriers ~vhile in Isolation. 

Reference has already been made to several carrie!s who developed 
the disease after being in isolation. +n the London District, four such cases 
have occurred,' one' after' six weeks, and Fhree after five to ten days. 
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Martin Flack 139 

One other case, a contact, developed the disease while his swab was 
being investigated. One hundred and eighty-five men were treated in 
the carrier wards . 

. Evidence of the Proximity of Positive Contact to Patient. 

Generally speaking the positive carrier is found to be in close 
proximity to the patient This is especially the case when the number 
of positive carriers is small. When the number is large,as in the case 
of the barrack room already quoted, then the probability is that many 
of the positive contacts isolated are infected only indirectly by the case . 
. Several examples of such propinquity have already been given, in the 
evidence above, of contacts who have subsequently developed the disease. 
Other examples may also be cited:-

(1) In connexion with Case I, the three positive contacts were as 
follows :-

(a) The mariwho occupied the same bedroom at the billet. 
(b) The man who sat next the case at the office. 
(c) A great friend of the case who was ofteri in his company. 
(2) The positive contact of Case 15, of the same type as the case,. 

slept exactly opposite him in the ward. The contact was a phthisical 
subject who eventually died of that disease (phthisis). It was found 
impossible to clear up his nasopharynx in twenty weeks, and it is quite 
probable that since he had .a distressing cough he may have infected the 
case, who did not develop the disease until three weeks after ,admission 
to h9spital. The other positive contact of a different type was not in the 
ward at the same time as the case, but since he entered the ward on the 
evening of the day the case was isolated he was swabbed with the rest 
of the ward. 

(3) The positive contact of Case 16 was in the next bed in th~ ward. 
(4) The positive contacts of Case 19 were as follows:-

(a) The man who slept next to him 'in his bedroom. 
(b) The man who slept exactly opposite to him. 
(c) The orderly in attendance on the case before it was removed 

to hospital. 
(5) Of the two positive contacts of Case 22, the one who had the same 

,type ~f coccus as the case was the only man who had slept in the same 
hut at' L. He, also saw a good deal of the case in the train to London. 
The other man of different type had no contact beyond sleeping in the 
same hut one night, and then several beds away from the case. 

(6) The contact of Case 31 was a friend of the case, helped him when 
he was ill and slept next to him. 

(7) Of the two contacts of Case 32,one slept exactly opposite in the 
bedroom, the other took him eighteen miles in an ambulance to 
hospitaL It is probable that this case had both Types I and IV in the 

. nasopharynx. 

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-28-01-09 on 1 January 1917. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


140 .' Oerebro{Jpinal Fev~r in the £oncZon District 

(8) The two positive contacts of Case 49, who was treated for ten days 
as infil,lenza, were the patient in the next bed but one,andone' of the 
orderlies in attendance on the case. 

(9) The positive contact of Case 51 was the patient's brother. 
(10) Among the carriers regarded as positive contacts of Case 53, who' 

was treated for over three weeks in a ward as a"case of acute rheu
matism, were the'staff sister of the ward and the two men j list opposite 
in beds on the other side of the ward. Two others yielding the same 
type as the case occupied the same billet, one \he same bedroom with 
the case before he first went to hospital. 
. (11) The positive contact of Case 56 was in t.he same ward, at right 

angles to the bed of the patient. 

Evidence of Dissemination oj the Coccus, by Carriers. 

Over and above the evidence of infection already gi;en other examples 
may' be quoted:- . 

Of the eight positive contacts of Case 43; only two were ofthe same 
type as the case and were in close proximity to the patient. 'The other 
six carriers were of different type. The probable explanation is as 
follows: One of these six cases was a nurse in the ward, who, accord
ing to her statement, attended to the dressings, etc., reqnired by the 
other carriers of this type.' It would seem to be the fact that the nurse 
in question helped to spread this type round the ward. 

The four contacts of different type from Case 29 were all together in 
a part of the ward farthest from the case: one carrier among them 
probably infected the others. One of these men subsequently developed' 
the disease after isolation in the carrier, wards. The contact who 
yielded the same type as the case slept in the next bed to the case. 

Evide1ice oj Cross Injection among Segregated Carriers. 

There is but 'little evidence of cross infection. The coccus of all 
carriers of long duration has been agglutinated from time to time during 
their stay in' hospital. It has been found that the type 'of coccus with 
one exception remained unaltered. . 

There have been more carriers of Type n meningococcus than of any 
other type. With one exception it has been found that carriers of ,this 
type have retained Type II coccus in the nasopharynx. A carrier of 
Type I who was warded almost exclusively with many Type n carriers 
retained Type I coccus over a period of eighteen weeks. At one period 
a carrier of Type IV coccus was for twelve weeks with sixty to eighty 
carriers of Types I and n. At the end of twelve weeks his coccus, however, 
was still Type IV. The first carrier 'of Type III coccus was found to 
still have Type III in the nasopharynx at the second agglutination three 
weeks later, although all the other carriers .were harbouring a different 
type of coccus. 
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Martin Flack 141 

The conditions "in hospital where the wards are well ventilated and 
the beds far apart are such that the danger of cross infection by carriers 
is small. 

The above-mentioned exception is of interest. The case was a carrier 
of Type II coccus, and had had one negative swab. Then he took to his 
bed :with signs of meningitis, and it was a question as to whether he 
should be lumbar punctured or not. 'It was, however, decided to wait" 
a swab only being taken. The symptoms speedily subsided. :From the 
swab Type I coccus was grown, which he harboured until he proceeded 
to a convalescent hospital. 

;Meningismus among Carriers. 

Several other cases of slight meningismus have been noticed among 
carriers, that is to say, cases who have complained of severe headache, 
pains in the back of the neck and generally in the back also. There is no 
vomiting, usually some pyrexia (1000 to 102°), and a slight Kernig may 
be present. A swab is taken which shows the presence of the meningo,
coccus, but inquiry ne'it day elicits,the fact that the case ia much better, 
or practically well. 

Such a case occurred in regard, to a Hebrew member of the Royal 
Flying Corps. ,This man had been in contact for a few hours with a 
case of cerebrospinal fever (Type IV) which had died in under twenty
four hours. He was swabbed and found. to be negative. The circum
I:ltance, however, preyed on his mind. A month later he went to a 
military hospital' complaining of his head, neck, and back, and stating 
that he had been in co~tact with cerebrospinal fever. A swab taken 
revealed the presence of the meningococcus, but not of the type of the 
case with which he had been in contact. 

A case' of suspected cerebrospinal fever was sent, from a military 
hospital to, a Metropolitan Asylums Board hospital as (?) cerebrospinal 
fever. The Metropolitan Asylums Board medical officer regarded the 
case as certainly not cerebrospinal fever, since there appeared to be 
little the matter with the man; on the other hand, the military medical 
officer had noticed distinct meningitic symptoms. A swab from the naso
pharynx of the case showed an almost pure plate of meningococcus 
(Type II). In the fluid from a lumbar puncture no evidence of.- meningitis 
was found. 

Other cases of similar nature have been seen. It should be noted, 
however, that such symptoms also accord with other febrile conditions;, 
by far the greater number of cases, complaining of headache with slight 
stiff neck, and sometimes slight Kernig's sign, are of " influenzal " nature. 
From such the meningococcus is, in my experience, obtained neither from 
the cerebrospinal fluid when the case is punctured nor from the naso
pharynx. In such cases the cerebrospinal fluid is quite clear, with no 
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142 Oerebrospinal Fever in the London District 

signs. of cocci or polymorphonuclear leucocytes or other meningitic 
manifestations. 

Other carriers occasionally complain of headache, which mayor 
may not be connected with the presence of t~e meningococcus in the 
nasopharynx. 

': The Infl~lence of 1jClsophClryngeCll CCltClrrh. 

It cannot be said that· the carriers exhibited any marked naso
pharyngeal catarrh; generally speaking it was fo.und to be absent. When 
tonsillitis was present, it was fouIfd in several cases investigated not. to 
be of meningococcal origin. One point, however, deserves mention. It 
was noticed that, although nasopharyngeal catarrh was not caused by 
the menirigococcus, carriers who suffered from tonsillitis or pharyngeal 
inflammation were much more difficult to free from tp.e meningococcus, 
and many carriers of more than six or eight weeks' duration have had 
some tonsillitis. The same is true of convalescent cases. At the time 
of writing several cases who have long been ready for discharge are 
suffering from inflamed tonsils and still retain the meningococcus in the 
nasopharynx. 

JJ10de of PlClting SWClbs. 
\ 

The importance of plating swabs on the spot, and of carrying the plates 
in warmed tins, is shown by the following observations :-

On March 4, 1916, thirty-two carriers were swabbed and the swabs 
carried to the laboratory by motor-car and plated there. . The day was 
cold, and probably about one h~ur elapsed from the beginning of swabbing 
to the time of plating. Of the swabs thus taken twenty were negative. 
Three days later the men were again swabbed and the swabs ~ere pla:ted 
on the spot. As a result all save three were positive. A few days later 
the swabs were again taken to the laboratory before· plating, and of 
twenty-eight swabs taken twenty-three were negative. 

As a further experiment, forty-two carriers were swabbed and the 
swabs conveyed. in a heated tin with the lid off. Of the swabs, thirty
seven were. negative. Two days after, swabs were again taken and plated 
on the spot; twenty-four of the men previously found negative were now 
found to be positive. ,/ 

From this it would appear that the only satisfactory method of 
swabbing is to plate on the spot and carry the plates in water-jacketed 
tins warmed to about 37° C .. 

The Avemge DtlrCltion of Carrying by Carriers. 

In the London District 185 carriers were isolated. Of these, 124 may 
be said to be contact carriers and 61 to be "non-contact carriers." By 
"non-contact carrier" is meant one who was not swabbed because of 
actual known contact with a case of cerebrospinal fever, or o'ne having 
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Martin Flack 143 

been swabbed in connexion. with a case who has proved' to be a carrier 
of a different type of coccus from the case. The majority of non-contact 
carriers were swabbed previous to admission to an Army Pay Office. The 
average time of isolation for 124 true contacts was 4:65 w!3eks, arid for 
61 non-contact carriers 3·68 weeks. The lengtp. of stay of carriers is seen 
in the following table :- -

I 
Non-contact Contact Per cent c~rriers Per cent 

I 
, Under 2 weeks .. 

-~-I-- 16-12-··----~-1 -,-~-;-
2-4 weeks 
4-6 weeks 
6-8 weeks 
8-10 weeks 
1O~12 weeks 
Over 12 weeks ._ 

45 I 36'29 32 . 52-46 
26 I 20-97 5 8'19 
14 11'29 2 3'28 

4 3-23 7 11'48 
5 4'03 

10 . 8'07 3 4'92 

The percentage of carriers of more than four weeks' duration is 47'59 
per cent in the case of 124 true contacts, and 27'77 per cent in the case of 
61 non-contact carriers. On comparing the duration of carrying of ea6h 
type no evidence has been found to indicate that ,anyone type of meningo
coccus persists longer in the nasopharynx than another. 

RATE OF DISCHARGE OF CARRIERS IN DIFFERENT MONTHS. 

Meteo1'ological Oonditions. 

It was not until the month of ~arch that the carriers became sufficiently 
numerous to warrant any deductions as to the relationship of the rate of 
discharge to meteorological conditions. The impression obtained at 
the time was that whatever the form of treatment a spell of sunshine 
and dry weather markedly influenced the rate of discharge of carriers. 
Thus it was noticeable that in the dull weather of February and March 
the rate of discharge was slow, whereas, particularly with the fine weather 
at the beginning of April, the rate of discharge was rapid. i It was also 
noticeable that during this spell of fine weather, carriers who had been in 
isolation during most of February and March cleared !up and were 
d~scharged. In the following table is given for the months of February" 
Ma~ch, April and May-

(a) The number of carriers in isolation. 
(b) The number discharged each week. 
(c) The mean maximum weekly temperature. 
(d) The, mean minimum weekly temperature. 
(e). The rainfall in inches for .. each week. 
U) The average amount in hours per day of bright sunshine. 
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144 Oerebrospinal Fever in the London District 

I 
I 

I Number of Number Mean Mean Rainfall Bright sun-
'Veekending , calriers in discharged maximum minimum in shine, hours 

isolation temperature tempenttl1re inches per day 
---------------------------------

Feb. 5 .. .. 8 - 46'2 39'6 0'53 1'6 

" 
12 .. .. 14 , i 1 45'3 35'2 0'41 3'9 

" 19 " .. 17 1 50'9 37'0 1'02 3'8 

" 
26 .. " 23 

I 
1 37'18 30'7 0'79 0'9 

l\Iarch 4 ., " 29 5 41"20 32'2 0'60 1'6 

" 
11 ,. 

" 49 8 .. 39'00 30'9 0'61 1'4 

" 
18 .. '.' 54 1 49'3 40'1 0'82 0'5 

Ap;il 25 .. " 60 3 46'0 35'1 1'06 1'8 
1 .. " 85 2 48'7 33'4 1'21 4'9 

" 
8 .. .. 80 19 53'2 36'5 0'25 6'4 

" 
15 .. ,. 67 '20 54'0 39'0 0'26 6'9' 

" 
22 .. 

" 43 11 51'6 40'3 0'51 2'4 

" 
29 .. " 50 4 65'7 45'1 - 8'0 

May 6 .. " 54 
I 

16 63'9 46'9 0'74 3'7 

" 
13 .. ., 38 7 56'3 44'1 0'77 1'9 

" 
20 .. 

:: I 
36 I - 68'4 

I 
47'8 0'08 8'5 

" 
27 .. 42 

I 
19 68'9 48'7 0'04 8'3 

It will be seen that following a week of sunshine, with little rain; the 
. number of discharges is greatly increased. 

Treatment. 

Various forms of treatment with nasal sprays and douches were tried, 
but it cannot be said that anyone form of treatment was especially 
efficacious, Among the various formulre employed were :-

(i) The iodine and menthol spray recommended in the War Office 
memorandum. 

(ii) Euso!. 
(iii) Chlorine water (potassium chlorate, ten grains; hydrochloric 

acid, strong, two minims; water, to one ounce. 
(iv) Chloramine solution, one to two per cent. 
The first form of treatment was persisted in the longest, and was 

employed when the meteorological ~onditions seemed least favourable, 
namely, in February and March. . 

Chloramine appeared to be the most efficacious form of treatin~nt, but 
the evidence is by no means conclusive since the meteorological conditions 
at the time (April) were such that carriers on the iodine and menthol 
treatment were also clearing up. It should be noted, however, that the 
carriers who cleared up with chloramine were of longer duration than those 
who cleared up at the same time with iodine. 

Further observations are required with a control batch of carriers 
having no t'reatment save a saline douche to wash out the nose. 

More recently an attempt has been made in conj unction with Lieutenant
Colonel Gordon to rid the nasopharynx by exposing the carrier to an 
atmosphere impregnated with a disinfecting agent by means of an 
automatic steam spray. These results are dealt with elsewhere·.-(Brit.· 
lYIed. Journ., November 18, 1916.) 
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Ma1'tin 'Flack 140. 

On the Value of Swabbing for Limiting the Spread of Cerebrospinal Fever._ 

The following instance, which is within my own experience, and 
relates to an important -depot, may be given for the purpose of calling 
attention to the preventive value of swabbing widely at the beginning of 
an outbreak, using the type of meningococcus as guide. 

The depot in question serves as a collecting station where recruits to 
the several regiments' served by it are trained before joining their units 
wlolich are located in -four large barracks,' situated elsewhere. 

During the outbreak of 1915, nineteen cases of cerebrospinal fever 
occurred at the depot in question with eleven deaths; and manifestation 
of this disease at the depot was followed by its appearance at aU ofthese -
barracks and also at a temporary camp among men who had moved in 
from the depot. 

In February, 1916, cerebrospinal fever reappeared at the depot, and 
between February and April seven cases occurred. All of these seven. 
cases were found' to be infected by. the same type of meningococcus_ 
(Type II). All of them were treated by anti-meningococcus serum 
supplied from the Royal Army Medical College, and all recovered.- The 
point in question in the present instance, however, is the value of swabbing 
for preventing the spread of cerebrospinal fever. When the first case 
occurred at this depot in 1916, not only contacts of the case were
swabbed, i.'e., room-mates and personal friends, but also contacts of those 
found positive, and again contacts of the carriers thus discovered. In 
this way 113 men were swabbed in connexion with the first case, with 
the result that twenty-four carriers were found, all yielding Type II 
meningococcus. In connexion with the second case, ninety-one menwere 
swabbed, of which ten were positiv~, all again: yielding Type n. In 
connexion with the third case, fifty-one men were swabbed, with the result 
that two of them were found positive,and as before both carried Type IL 
These figures may be tabulated as follows :-

Case 

L 
2 
3 

Mell swabbed 

113 
91 
51 

lIen positive 

24 
10 

2 

PArcentage positive 

21 
10 

4 

. These carriers of the particular meningococcus locally operating were 
isolated forthwith. Now it is noteworthy that although during the 1916 
season this depot-was continually supplying the four barracks with me~, 
no C!i.se~ of cerebrospinal fever occurred in the barracks in question. In 
view of this result, it may reasonably be claimed that the wide swabbing -
practised on the appearance of cerebrospinal fever, and the early elimi
llation of carriers of the active organism at this depot, checked the spread 
of the disease. 

10 
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