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INVESTIGATIONS INTO CASES OF CEREBROSPINAL FEVER 
IN 'l'HE NORTHERN COMMAND OF THE ARMY DUIUNG 
1931, CONCLUDING WITH A PLEA FOR THE EARLY 
DIAG~OSIS OF THE DISEASE. 

By MAJOR W. WALKER, M.C., 
Royal Army Medical Oorps. 

(Continued from vol. Zix, page 409.) 

LABORATORY TECHNIQUE. 

Media Employed. 
Pea-trypagar was obtained in bulk from the Pathology Department, 

Royal Army Medical College, London. Before use, a saline dilution of 
human blood was added as . enrichment. This was prepared by adding ten 
cubic centimetres of blood to 100 cubic centimetres of saline in a flask and 
then ten cubic centimetres of ether; the whole was agitated until complete 
hmmolysis had taken place. This blood dilution 'was added at the rate of 
five per cent to the trypagar, previously melted in the steamer and cooled 
to 50° C. It w;18 found that without the enrichment there was a long ',' jag" 
period during which no growth was apparent in plates inoculated at ~. con
siderable distance from the laboratory. On this medium the meningoc9Ccus 
colonies have a characteristic appearance. In a twenty-four-hour cu'lture 
the colonies average about one millimetre in diameter, while in a forty-eight
hour culture they may increase up to three millimetres. For primary 
subculture blood-trypagar slopes were used as it was found by experi
ence that plain trypagar was not absolutely reliable for this purpose. 
Subsequent cultures grew readily' on the stock trypagar. Egg-medium 
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2 Oerebrospinal Fever in the N01·thern Oommand in 1931 

was found satisfactory for maintaining cultures over long periods and for 
transmitting cultures by post.· . 

Plates were carried to the cases in cylindrical metal Gontainers provided 
with a water-jacket, the whole being conveyed in felt-lined boxes. The 
warm carriers lost heat at the rate of from gEl C. to 6° C. an hour, depending 
on the intensity of the weather. 

The Isolation of the Meningococcus. 

(a) From the Cerebrospinal Fluid.-At first it was the practiCErto make 
cultures from the cerebrospinal fluid only at the bedside, twelve to fifteen large 
loopfuls being spread over each plate. It was found that when relatively 
few meningococci were visible in stained deposits from the fluid, the isolation 
of the meningococcus was not always assured by this ~(:lthod of plating. 
The method subsequently adopted was: (a) to plate at the bedside ; (b) to 
spin a portion of the fluid and plate out the deposit; (c) to incubate another 
portion of the fluid overnight at 37° C., the fluid acting as a' culture medium . 

. If no growth was apparent on (a) and (b) plates after eighteen to twenty
four hours the deposit from (c) was inoculated on to further plates. I have 
not yet been able to obtain a growth of meningococci from cerebro
spinal fluid incubated overnight when the other cultural methods were 
nnsuccessful. 

Of the twelve cases, cultures from nine only were investigated in the 
Command Laboratory. Cultures made from the cerebrospinal fluid at the 
diagnostic lumbar puncture of the nine cases resulted in the isolation of 
the meningococcus in five cases. In three out of the four unsuccessful 
cultures the cerebrospinal fluid was clear. In the stained deposits from the 
fluids one case showed no organisms, one a single pair only of diplococci, 
while in the third only a very occasional meningococcus was seen after a 
prolonged search. In the remaining case the fluid was slightly turbid but 
the organisms seen were rare and most.ly intracellular. 

(b) From the Nasopharynx.-West's swabs were employed for removing 
material from the nasopharynx. After a little practice no difficulty was 
experienced in passing the covering tube up behind the soft palate and in 
swabbing the upper posterior portion of the pharynx of contacts, carriers 
and individuals suffering from simple catarrhal pharyngitis. The estab
lished case of ceresbropinal fever was difficult to swab. He often lay 
huddled up in bed. In his apathy he made little attempt to open his 
mouth. Some degree of nausea was usua!Jy present, so that when the 
covering tube of the swab touched the back of his tongue retching very 
frequently resulted. There was hypersensitiveness of the fauces and soft 
palate, so that when these structures were touched explosive coughing 
often resulted. 

The material'from the swabbing was at once conveyed to warm trypagar 
plates. The swab was rubbed lightly over a small portion ofthe medium at 
the edge of the plate; the material was then spread by charging a platinum 
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W. Walker 3 

loop from this area and making ten or twel ve strokes across the medium, 
recharging and spreading being twice repeated. In this way an even, but 
not top luxurious, growth was obtained. The plates were examined after 
twenty-four hours and again after forty-eight hours' incubation. It was 
found that many of the contacts, on first swabbing, produced pure, or 
almost pure, plate cultures. Cases of meningococcal pharyngitis produced 
typically pure plate cultures. 

Established cases of cerebrosplllal fever produced, as a rule, very few 
meningococcus colonies. There was frequently a heavy overgrowth of 
Staphylococcus albus, alone or associated with streptococci. In one only 
out of nine known cases swabbed have I been able to recover the 
meningococcus in anything lIke a pure culture. So constant was the 
finding of a mixed culture of many S. albus and few meningococcus 
colonies from the nasopharynx of bacteriologically diagnosed cases of 
cerebrospinal meningitis that when it came to differentiating thlli disease_ 
from an acute meningococcal pharyngitis, the greater the number of 
meningococcus colonies found in the nasopharyngeal culture the more 
likely was the .disease to .be a simple pharyngitis. 

Serological Tests.-At the outset an attempt was made to type all 
menitlgococci, both spinal and nasopharyngeal, isolated. The results were 
so unsatisfactory that attempts at typing were limited to meningococci 
isolated from cases of the disease. The typing serums available appeared 
to be lacking in type specificity. Many meningococci failed to agglutinate, 
others agglutinated to an equal titre with two of the typing serums, while 
others did so with more than two. The recent Ministry of Health review 
on cerebrospinal fever 1 calls attention to this difficulty in present-day 
differentiation of the four serological types, and attributes it to the 
deterioration of the strains now in use for the preparation of typing sera, 
since their isolation during the last great epidemic. Hood and Little,2 
during the Aldershot outbreak, experienced the same difficulty when deal
ing with the organisms isolated. 

In carrying out the agglutination tests, eighteen- to twenty-four-hour 
cultures on trypagar were washed off with sterile saline, and were beat/a to 
650 C. for thirty minutes and afterwards diluted down to 2,000 million 
organisms per cubic centimetre. During the test they were left in 
the water-bath at 550 C. for twenty-four hours. Gordon's standard 
techniqueS and Dreyer's method were tried, but the final results were 
unsatisfactory in both. 

1 Reports on Public Health and Medical Subjects, No. 65, Ministry of Health, London, 
1931, pp. 11 and 18. 

2 Armstrong, C., Fotheringham, J. B., Hood, A., Little, C ,T. H., and Thompson, T. O. : 
"CerlJbrospinal Fever in the Aldershot Command," JOURNAL OF THE ROYAL ARMY 
MEDICAL CORPS, London, 1931, lvii, pp. 335 and 337. 

3 Gbrdon, M. H. "Studies in the Bacteriology, Preventive Control,and Specific Treatment 
of Cerebrospinal Fever among the British Forces," 1915-19, Medical Research Committee, 
Special Report Series, No. 50, 1920, p. 54. 
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4 Cerebrospinal ]/'ever in the Northern Command in 1931 

It thus came to pass that in dealing with organisms from the naso
pharynx it was not possible to differentiate the true epidemic strains of the 
meningococcus from theirharmlesa brethren of identical cultural character
istics and morphological appearance. It naturally follows that, undoubtedly, 
many innocent individuals were labelled meningococcus carriers and 
compelled to undergo the discomforts of isolation who were, in reality, 
merely harbouring a non-patbogenic Gram-negative diplococcus. Again the 
carrier rates of untyped meningococci can only be taken as relative. 

Meningococci isolated from the cerebrospinal fluid of cases gave the 
following results on serological examination: Type I meningococcus, 2 
cases; 'l'ype II meningococcus, 1 case; inagglutinable strains. 2 cases. 

The occasional typing of nasopharyngeal meningococci resulted in the 
following findings : Type I (or Type I-Ill), 6; Type Il, 2; Type IV, 1. 

The Clinical Investigation Of Cases. 

Two of the twelve cases were not available for investigation as they had 
been sent direct to local infectious diseases hospitals on purely clinical 
grounds. The remainder were investigated from tbe Command Laboratory, 
nine by the writer and one by Major R. W. Swayne, O.B.E., Medical 
Specialist, York, to whom 1 am indebted for a copy of his notes on the 
case. 

After some experience was acquired regarding the difficulties in diagnosis 
in early cases of the infection, a systematic scheme for the investigation of 
all such cases was made out and subsequently applied to all suspected 
cases. The information collected regarding tbe eailier cases is not complete 
in many details. The scheme of investigation included the following :-

(1) Information from the Patient.-The nature of the complaint, its 
duration and mode of onset-this last being gone into very carefully. Any 
recent catarrhal or influenzal-like infection? Any vomiting? 

(2) Clinical Examination of Patient.-Temperature, pulse and respira
tion, noted.. General appearance, toxic or otherwise. Mental attitude. 
Rash: if present, its character and extent. Headache: its severity, location 
and persistence. Throat: condition of fauces, soft palate and pharynx, 
degree of catarrh, bremorrho.gic spots. Mouth: tongue. Neck: pain, 
tenderness, . discomfort, stiffness, limitation of movements, retraction. 
Abdominal reflexes and knee· jerks : normal, exaggerated, sluggish or absent.' 
Kernig's sign: absent, frankly positive, suggestion of. 

(3) Special Examinations.-Nasopbaryngeal swab for culture. Direct 
smear from nasopharynx, stained by Gram's method, for immediate 
examination. 

Blood examination, total and differential white blood-cell count. 
At this point advise as to further procedure. ,If indicated proceed to :
Lumbar puncture. Note: pressure, appearance and amount of cerebro-

spinal fluid withdrawn. 

( 
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· TV .. Walker 5 

Examination of fluid :-
(1) At bedside: For globulin, Nonne-Apelt test; for glucose, reduction 

of Fehling's solution. Culture of fluid at bedside. 
At this point decide on the advisability of giving anti-meningococcus 

serum; if in any doubt whatsoever, give serum. 
(2) Laboratory tests. 
Cell count. 
Type of exudate, if any, as seen in stained smears from deposit. 
Orga:nisms, if any, seen in smears; their location. 
Culture of fluid from deposit; Incubation of portion of fluid for future 

culture. ' 
Blood-culture in the presence of profound toxremia associated with 

clear cerebrospinal fluid. 
A brief resume of the findings expressed in percentages, reduced to 

round numbers, reads as follows :-
In 80 per cent of cases there is a history of a catarrhal or influenza-like 

onset, in 80 per cent the outstanding initial symptom is headache, in 
70 per cent there is vomiting, and in a like percentage there is sore throat. 

After twenty-four to forty-eight hours, 65 per cent of cases have 
pyrexia, but in only 55 per cent is there a relatively slow pulse at 
this stage; 90 per cent exhibit a toxic appearance and in 65 per cent 
the outlook is apathetic. Every third case exhibits a rash of some 
description. Headache and pharyngitis are present in every case. 
All patients complain of neck symptoms in some degree; in 75 per cent 
these are confined to pain, stiffness, limitation of movement or mere 
discomfort. Head retraction is present in 25 per cent at this stage. In 
55 per cent the abdominal reflexes are either diminished or absent, in the 
remainder they are exaggerated. In about 55 per cent the knee-jerk!! are 
exaggerated, in 25 per cent sluggish or absent~ Kernig's sign is present in 
some degree in 65 per cent of all cases, but only in 45 -per cent is it definitely 
positive. 

Turning to the cerebrospinal fluid. At this stage the fluid is definitely 
under pressure in 05 per cent at the diagnostic lumbar puncture. In 45 per 
cent the fluid is definitely turbid, and in 55 per cent the cell count is 
increased, and meningococci can be demonstrated in stained smears prepareri. 
from the deposit, the majority being extra-cellular. Cultures made from 
the fluid within twenty-four to forty-eight hours of the onset of the disease 
may only be successful in about 45 per cent of the cases. From the naso
pharynx the organism should be isolated in over 50 per cent of cases at the 
first attempt. 

Total and Differential White Blood-cell C01mts.-A leucocytosis is 
constantly present in every case of cerebrospinal fever. In six cases 
diagnosed bacteriologically in :which a blood-count was done within twenty
four to forty-eight hours of the onset, the white blood-cells lay between 
15,800 and 21,000 per cubic millimetre. In no case was a lower total 
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6 Oerebrospinal Fever in the Northern Oommand in 1931 

white blood-cell found. No cell counts have been done on cases of over 
forty~eight hours' duration. 

In the differential white blood-cell counts carried out at the same time, 
the polymorphonuclear leucocytes, in four out of the six cases, lay between 
83 per cent and 90 per cent. In one case the percentage was 60 and in 
another it was 65. The former was associated with a leucocytosis of 15,800 
and the' latter with one of 19,000. 

The Cerebrospinal Fluid Cellular Exudate.-In order to determine the 
type of exudate in cases, films made from the fluid deposit, after spinning, 
were allowed to dry at air temperature aud, after fixing with alcobol for 
two minutes, were stained by Leishman's method. In all cases the exudate 
was polynuclear in type, the pet'centage ranging between eighty per cent 
and ninety-five per cent, the remainder being about equally divided between 
lymphocytes and large endothelial cells. Occasionally cells were seen 
resembling small nucleated red cells, the nucleus sometimes being single, 
sometimes in two or three large fragments. This method of staining showed 
up the meningococcus very well. Smears stained by Gram's method were 
also prepared at the same time in order to determine the staining reaction 
of any organism seen by the fir"st method. 

The Globulin Oontent of the Cerebrospinal Fluid.-The Nonn~-Apelt 
test for determining the presence of globulin in excess in the cerebrospinal 
fluid was employed. The test was done at the bedside as an additIOnal 
aid to the diagnosis of the case, the important point being the giving or 
withhold.ing of specific anti-serum, It was found that with the fain.test 
trace of turbidity the test was strongly positive. With an apparently clear 
fluid, but having a cell count of about fifty cells per cubic millimetre, there 
was a definite reaction. In one case, with the fluid crystal clear, a faint 
delayed ring at the junction of the fluid and the ammonium sulphate 
solution was observed. On doing a fluid cell count in this case, only two 
cells per cubic millimetre were estimated. 'fhe deposit obtained on 
spinning for fifteen minutes showed a few polynuclear cells and an 
occasional meningococcus. With a clear fluid a negative Nonne-Apelt 
must not be the deciding factor for the withholding of anti-meningococcus 
serum in the face of other definite indications of early meningococcus 
meningitis. 

The test is more delicate than the Fehling test for detecting the 
diminution in the glucqse content of the cerebrospinal fluid. In the case 
of the faint delayed ring, recorded above, there was a normal reduction of 
Fehling's solution. 

Glucose in the . Cerebrospinal Fluid.-Normal cerebrospinal fluid 
contains, on the average, one hundred milligrams of glucose in one hundred 
cubic centimetres of the fluid. A sample of normal fluid will completely 
decolorize a quarter of its volume of Fehling's solution. To carry out 
the test, the Fehling's solution was diluted to four times its original volume. 
One volume of "the cerebrospinal fluid to be tested was addeato one volume 
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W. Walker 7 

of the diluted solution and the resulting mixture boiled. A trace of the 
original blue remaining indicates a definite reduction in the amount of 
glucose present in the fluid. No alteration in the colour of the niix~ure 
indicates a very considerable reduction. It was found that clear cerebro
spinal fluids were invariably associated with a normal reduction of Fehling's 
solution. In turbid fluids there was no trace of reduction. The test, 
therefore, as an additional aid to diagnosis, is of no real practical value. 

CLINICAL ASPECT OF CASES. 

The types of cases encountered can be classified into three main 
groups ;-

Group 

1. Very acute cases. (Survived 72 hours to 
die within 5 days) 

2. Acute cases .• 
3. Sub·acute cases 

~umber of 
cases 

4 

4 
4 

Mortality in the acute 
stag~ of the disease 

100 per cent 

50 per cent 
Nil 

One case, the child, survived the acute stage but died after a chronic 
illness lasting over four months. 

All cases but one receIved polyvalent anti-meningococcus serum at the 
diagnostic lumbar puncture. After this,the cases left our hands, further 
treatment being carried out at the various civil jnfectious diseases 
hospitals. 

In· eleven cases the diagnosis was· bacteriologically confirmed; in one 
case the diagnosis was based on clinical evidence only. 

The following cases are examples of some of the types encountered :-

(1) An Acute Case 10ith a Typical Onset. 
History of being taken suddenly ill during the night, the outstanding 

symptom being an acute headache. Later he vomited several times. He 
reported sick after twenty-four hours and was admitted to hospital. Next 
morning the temperature was 98° F., the pulse 80. He complained of 
severe frontal headache, pain and stiffness in the neck and backache. He 
had vomited several times. He looked 'extremely ill and toxic, and lay in 
a condition of apathy. rrhere was a petechial rash over the arms and trunk. 
The pharynx was acutely catarrhal. The head was slightly retracted, the 
abdominal reflexes and knee-jerks were exaggerated. Kernig's sign was 
definitely positive. 

A culture was made from the nasopharynx. 
A lumbar pUlICture was then made, under a general all1Bsthetic .. The 

cerebrospinal fluid was under great pressure and was. very turbid in 
appearance; forty cubic centimetres were withdrawn and thirty cubic 
centimetres of polyvalent anti-meningococcus serum were injected intra
thee ally. 

Laboratory findings. Cerebrospinal fluid: cell count, 23,OOOcell~ per 
cubic millimetre. Type of exudate: ninety-five. per cent polynuclear 
Organisms: numerous meningococci seen, mostly extra-cellular. Culture: 
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8 Oerebrospinal Fever m the Northern Oommand 'In 1931 

heavy growth of meningococci; inagglutinable, type not determined. 
Nasopharyngeal culture: meningococci present in practically pure culture. 
(This was the only occasion in which this type of culture was obtained 

. from the nasopharynx of a bacteriologically proved case of the disease.) 
The case.died on the fifth day after the onset of the disease. 

(2) A Very Acute Case with an Atypical Onset. 
The case was taken suddenly ill in the morning with severelJ:eadache 

and generalized body pains. He soon developed rigors and .vomited 
twice. At noon he reported sick and was admitted to hospital; his 
temperature was 101° F., and pulse 116. There were no nervous symptoms. 
He was treated as a case of influenza. He vomited his medicine twice, 
but otherwise there was no spontaneous vomiting. Later in the· day he 
developed a few petechial spots OIl the trunk. He spent a comfortable 
night. Next morning he confessed to feeling more comfortable. Tempera
ture 98° P., pulse 100. There had been no more vomiting. He looked 
very toxic and was generally apathetic. There were numerous petechire 
over the trunk and arms. The pharynx was acutely catarrhal. He com
plained of discomfort in the neck, but no stiffness or retraction was made 
out .. The abdominal reflexes aud knee-jerks were present but sluggish. 
Kernig's sign was frankly negative. 

A culture was made from the nasopharynx. 
A lumbar puncture was then made. The fluid was under slight pres

sure. It was crystal clear; twenty cubic centimetres were withdrawn. 
Anti-meningococcus serum was most unfortunately withheld. 

Laboratory findings. Cerebrospinal fluid: cell count, six cells per 
cubic millimetre. Type of cell: alllymphocytes. Organisms: none seen in 
films from the deposit. Culture: sterile. Nasopharyngeal swab: a lllixed 
growth, mostly Staph~ albus, with a few colonies of mellingococci. 

Next mornillg he became suddenly worse. He complained of severe 
headache; was very restless and later became delirious. There was 
definIte head retraction. Kernig's sign was definitely positive. 

A second lum.bar puncture was done. The fluid was under much 
pressure. It was fairly turbid ; fifty cubic centimetres were withdrawn 
and forty cubic centimetres of polyvaltmt anti-meningococcus serum were 
injected intrathecally. , 

Laboratory report: Cell count, 23,000 cells per cubic millimetre. Type 
of exudate: approxima'tely ninety-five per cent polynuclears. Organisms: 
nUillerous meningoc'occi present, all seen were extra-cellular. Culture: 
heavy growth of meningococci. Serological type: Type 1. 

The patient died within ninety-six hours of the onset of the disease. 

(3) An Atypical Mild Case Diagnosed Bacteriologically: 
Admitted to hospital in the forenoon complaihing of pharyngitis; 

temperature 1000 F",pulse 90. Nextday, temperature 100~2° F., pulse 96; 
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W. Walker 

Acute catarrhal pharyngitis and bronchitis present. Complains of frontal 
headache and slight stiffness of neck. No limitation of neck movements. 
Abdominal reflexes and knee-jerks apparently normal. Kernig's sign 
absent. 

The following day, temperature 100'6° F., pulse 100. Looks toxic. 
Vomiting-and epistaxis had occurred. Headache more severe. Neck stiff 
but no retraction; abdominal reflexes and knee-jerks absent. Kernig's 
sign definitely negative. . . 

A culture was taken from the nasopharynx. 
Lumbar puncture was done. Cerebrospinal fluid was under pressure 

and turbid; forty cubic centimetres escaped. Thirty cubic centimetres of 
polyvalent anti-meningococcus serum were injected intrathecally. 

Laboratory report. Cerebrospinal fluid: cell count, not done. Exudate: 
moderate number of cells found in the deposit. Approxi.p1ately ninety per 
cent polynuclears. Gram-negative diplococci seen, the majority intra
cellular. Culture: sterile. Nasopharyngeal swab: a mixed growth with 
a few meningococcus colonies present, overgrowth of staphylococci. 

(4) A Mild Case Diagnosed Clinically. 
Patient felt fit until one morning when he developed a headache and sore 

throat. He vomited once. At noon he reported sick and Was admitted to 
hospital. Temperature 103' F., pulse 80. He had a very toxic appearance. 
There was no rash visible. There was an acute catarrhal inflammation of 
the pharynx and the tongue was very dirty. These was no neck stiffness 
or head retraction, but the patient complained of some pain in the neck 
muscles. The abdominal reflexes and lmee-jerks were absent. Kernig's 
sign was definitely positive. 

A culture was taken from the nasopharynx. A direct smear, stained 
by Gram's method, showed a mixed infection with many Gram-negative 
diplococci. 

Blood examination: total white blood· cell count, 16,400 cells per cnbic 
millimetre. Differential count: polymorphonuclears, 84 per cent; 
lymphocytes, 12 per cent; monocytes, 4 per cent. 

A lumbar puncture was undertaken. The cerebrospinal fluid was under 
great pressure; it was crystal clear; fifty cubic centimetres were taken off, 
and forty cubic centimetres of polyvalent anti-meningococcal serum were 
introduced intrathecally. 

Laboratory findings. Cerebrospinal fluid: cell-count, five cells per 
cubic millimetre. Type of cell: alllymphocytes. Organisms: none seen. 
Culture: sterile. Nasopharyngeal swab : mixed growth, no meningo
coccus colonies present. . 

He was removed to the local infectious diseases hospital within two 
hours of the lumbar puncture. I went to that hospital next day to ascer
tain if any further developments had taken place. I found the patient 
covered with a profuse petechial rash. No further lumbar puncture had 
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10 Oerebrospinal Fever in the Northern Oommand in 1931 

been or was done during his stay in hospital. He was acutely ill for four 
days, after which he rapidly recovered. 

The accuracy of the diagnosis appears to be fairly certain. There was 
a contact carnerrate of twenty-three per cent in the barrack hut occupied 
by him prior to. the onset of his .illness. 

DIFFERENTIAL DIAGNOSES. 

During the course of these investigations many cases, other than 
meningococcus meningitis, were encountered. Over twenty~five such cases 
were seen, but, as the investigation of many did not get beyond a .white 
blood-cell examination, detailed records of all the cases examined were 
Dot kept. 

Examples from the various groups of cases are given below, with 
appropriate reasoi:ts for withholding a diagnosis of cerebrospinal fever. 

Types of Cases :-
(1) Acute· meningococcus pharyngitis with meningismus, 6 cases; 

(2) influenza with toxremia and meningismus; 2 cases; (3) tuberculous 
meningitis,l case; (4) primary pneumococcal meningitis, 1 case; (5) septic 
meningitis, 2 cases; (6) pharyngitis due to Friedlander's .pneumobacillus, 
6 cases;· (7) glandular fever, 1 case. 

(1) Acute Meningococcus Pharyngitis with Meningismus.-The differ
entiation of this condition from that of early meningococcus meningitis is, 
on occasions, extremely difficult. Increasing experience only adds to the 
difficulty in that it demonstrates, beyond a doubt, that these two conditions 
are but different manifestations of one and the same infection, the natural 
resistance of the individual, on the one hand, and the virulence of the 
infecting organism, on the other, being the determining factors in deciding 
whether the infection is to remain localized in the nasopharynx or whether 
it will proceed to invade the underlying tissues, and either precipitate a 
septicremia or, by simple extension, proceed to invade the meninges of the 
brain. The burden of responsibility is not lessened by the knowledge that 
a mistake, either way, may lead to serious consequences to the individual, 
if his early meningitis remains unrecognized, even for a few hours, or to 
the community, if the lesser malady is diagnosed the graver, entailing, as 
it does, the isolation and swabbing of contacts, the segregation and treat
ment of the unfortunate carriers, mass apprehension, official uneasiness, 
press publicity, to say nothing of all the additionalpaper.work involved. 

The question of the differential diagnosis of the two conditions will be 
fully discussed in Section Il, when the subject of the early diagnosis of 
cerebrospinal fever is approached. 

Example of this type of case :-
The man had been attending sick for past three days with a sore throat. 

Next morning, as he was feeling better, he was returned to duty. In the 
evening he suddenly developed a headache, aud later on vomited twice. 
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W. Walker 11 

He reported sick the following morning; complaining of headache, sore 
throat, and stiffness of neck. Temperature, 98'2° F., pulse 80. He had a 
flushed, toxic appearance. There was an acute catarrhal pharyngitis present. 
The neck muscles were tender, and there was a slight degree of stiffness on 
moving the head backwards and forwards. The abdominal reflexes and 
knee-jerks were exaggerated. There was a suggestion of Kernig's sign. 
Patieut was detained for observation. Nasopharyngeal swab was taken for 
culture and for direct examination. In the direct smear, pus cells and many 
Gram-negative diplococci were observed. Culture gave pure growth of 
meningococci~ Blood-examination: Total white blood-cell count, 10,200 cells 
per cubic millimetre. Differential count: Polymorphonuclears, 70 per cent; 
lymphocytes, 25 per cent; monocytes, 3 per cent; eosinophils, 2 per cent. 

After eight hours: Total white count, 14,200 per cubic millimetre. 
Differential white count: Polymorphonuclears, 76 per cent; lymphocytes, 
19 per cent; monocytes, 4 per cent; eosinophils, 1 per cent. Patient 
looked very toxic. Slight increase in neck stiffness, suggestion of Kernig's 
sign persisted. Knee-jerks brisk, abdominal reflexes rather sluggish. 

Following morning: Patient stated that he felt much better. Tem
perature 98° F., pulse 80. Looked less toxic and general outlook brighter. 
He only had a pain in the head when he coughed. There was still some 
stiffness ill the neck, but no pain was present. The abdominal reflexes were 
sluggish, the knee"jerks appeared to be normal. There was still a trace of 
Kernig's sign. Blood-examination: Total white blood~cell count, 9,800 
cells per cubic millimetre. Differential count :Polymorphonuclears, 69 per 
cent; lymphocytes, 27 per cent; monocytes, 4 per cent; basophils, 1 per cent. 

Next day he'was much better and the nervous symptoms had almost 
cleared up .. 

Here the line of action was to watch the degree of leucocytosis. This 
did not reach the 15,000 mark. The finding of meningococci in practically 
pure culture was more in favour of a simple meningococcus pharyngitis. 
For'these reasons a lumbar puncture was withheld. 

(2) Influenza with Toxcemia and Meningismu,s.-In the absence of 
cerebrospinal fever this type of case does not attract much attention, but 
when the meningococcus is abroad it assumes some degree of importance 
on account of the outward similarity of its symptoms to those of early 
meningitis. 

Pyrexiaand· a relatively fast pulse are the rule. The pharyngeal 
. symptoms are not so prominent or they may be altogether absent. There 
is generally a leucopenia with a relati ve lymphocytosis. 

Example of this type of case:-
There was a history of sudden onset with rigors, headache, nausea, but 

no vomiting. The headache was very severe and paroxysmal in character.' 
There was no catarrhal throat condition or cough. When seen next day 
the temperature was 1020 F., the pulse 120. Patient complained of severe 
occipital headache and pain in neck muscles, and looked toxic. The throat 
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12 Oerebrosp~nal Fever in the Northern Oommand in 1931 

appeare'd to be healthy. There was discomfort on moving the head, but no 
stiffness was present. Abdominal reflexes were sluggish. knee-jerks brisk, 
suggestion of Kernig's sign inbothlegs. Blood examination : Total white 
blood-cell count. 6,500 cells per cubic millimetre. Differential count: 
Polymorphonuclears, 78 per cent; lymphocytes, 29 per cent; monocytes, 
4 per cent. Under the circumstances, no, lumbar puncture was done. 
Cerebrospinal fever was definitely excluded. A diagnosis of acute influenza, 
with meningeal irritation, was made. The patient completely recoveted 
in a few days. 

(3) Acute Tubercular Meningitis.-This disease is rarely encountered 
in the wards of military hospitals; A fuller account of the case, has been 
recorded elsewhere.1 

The man was admitted with constipation and headache. Temperature 
100'2° F., pulse 76, respirations 20. Re developed pain in the neck. He 
vomited after meals. Abdominal reflexes were present, knee-jerks 'were 
absent. There was a suggestion of Kernig's sign in both legs. He lay on 
his side with his head retracted. 

Blood-examination: Total white blood-cell count, 10,200 cells per cubic 
millimetre. Differential white blood-cell' count: Polymorphonuclears, 
78 per cent; lymphocytes, 18 per cent; monocytes, 4 per cent. 

A lumbar puncture was made. The cerebrospinal fluid was under 
pressure and turbid; 35 cubic centimetres escaped; 25 cubic centimetres 
of polyvalent anti-meningococcus serum were injected intratbecally. 

Report on fluid: Cell count, 175 cells per cubic millimetre. Type of 
exudate: over 95 per cent lymphocytes. Organisms: tubercle bacilli found 
in films stained by the Ziehl-Neelsen method. 

, '1'he finding of the tubercle bacilli immediately established the diagnosis. 
Apart from the finding of the bacilli, the extreme type of lymphocytic 
exudate definitely ruled out meningococcus infection. 

(4) Acute Prima1'Y PneumocoCcal1l1eningit~s.-This is also a rare disease 
to encounter in military medical practice. In its onset and course the 
disease is indistinguishable from acute cerebrospinal fever. 

History of sudden onset with headache and vomiting on previous evening. 
Next morning, temperature 102·6°F., pulse 104. There was severe head
ache and frequent vomiting. He looked extremely toxic and was mildly 
delirious and very irritable. The neck was stiff and the head slightly 
retracted. Reflexes were difficult to elicit as the patient lay in bed with 
both legs acutely' flexed at the knees and hips. A lumbar puncture had 
been done by Major E. P. N. Creagh, Medical Specialist, Catterick, before 
my arrival, and anti-meningococcus serum had been given. The cerebro
spinal fluid was found to be under great pressure and very turbid. A cell 
count was not done. Films made from the deposit showed a heavy exudate 

1 Walker, W;, O'Meara, F. J.: "Apparent Recovery from an Attack of Acute Tubercular 
Meningitis," JOURNAL OF THE ROYAL ARMY MEDICAL CORPS, London, 1932, lviii, p. 50. 
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. W. Walker 13 

of cells, polynuclear in type. Pneumococci were seen III clumps within 
pus cells, occasional extra-cellular cocci occurred. Globulin was present in 
excess in the cerebrospinal fluid. There was no reduction of Fehling's 
solution. 

The finding of pneumococci facilitated the exclusion of meningococcus 
infection. Apart from the finding of pneumococci in this condition, 
cerebrospinal fever could be excluded by the fact that no meningococci . 
were. found in a fluid teeming with pus cells obtained on diagnostic lumbar 
puncture. 

(5) Acute Septic Meningitis. Two cases.-The onset was vague in the 
first case, the predominating symptom being severe headache. He was 
admitted to hospital with a temperature of 99° F., pulse 90. He was very 
irritable and inclined to be delirious. There was definite head retraction 
and Kernig's sign was frankly positive. The patient vomited frequently. 
A lumbar puncture was done. The cerebrospinal fluid was under much 
pressure and was very turbid. A fluid cell count was not done. Stained 
filnls made from the deposit revealed a heavy exudate of polynuclear cells. 
No organisms were found after a prolonged search. The fact that no 
meningococci were found in a fluid teeming with pus cells appeared to 
exchide the possibility of meningococcus infection. This diagnosis was 
withheld. The patient died within forty-eight hours. The post-modem 
examination reveafed a right frontal cerebral abscess' of ·streptococcal 
orIgIn. 

The other case gave a history of sudden onset with headache, pain in 
the bacl{ and in the right shoulder .. He became progressively wors~. 
Definite signs of pneumonia appeared in the right lung. The backache, 
not localized, increased. Head retraction and spasticity of the legs rapidly 
developed. The knee-jerks were excessive; Keruig's sign was frankly 
present. There was a gradual ascending line of anresthesia in both legs. 
The total white blood-cell count was 35,000 cells per cubic millimetre, with 
a differential count of 90 per cent polynuclears, 7 percent lymphocytes, 
and i:l per cent monocytes. A lumbar puncture was done. 'l'he fluid was 
not under pressure and was bright yellow in colour; twenty cu hie centi
metres were withdrawn. There was a cell count of seven. cells per cubic 
millimetre. Films from the deposit showed occasional lymphocytes. No 
organisms were seen. A guarded diagnosis of a pressure lesion of the cord 
was given. The lllan died two days afterwards. The post~mortem report 
stated that the body of the seventh cervical vertebra was the seat of an 

. acute osteomyelitis. The meninges and cord were acutely inflamed above 
the level of the bone lesion. Pus had collected in the posterior mediastinum 
and was tracking forward. A portion of the cord was received in the 
laboratory and from it Staph. aureus was isolated. 

(6) Acute Pharyngitis with Septiccemia and Meningismus due to Fried
lander~s Pneumobacillus.-One eveniug, six men from one barrack hut were 
admitted to the Military Hospital, Catterick, with symptoms suggestive of 
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14 Cerebrospinal Fever in the NortheTn Command in 1931 

. a COlllmon infection of an acute nature. All appeared toxic in some degree 
and all were complaining of headache and sore throat. Three had pyrexia 
varying fr6m 100°F. to 103° F.; the. remainder were apyrexial. All showed 
symptoms of meningeal irritation in some degree, in two case!; it was very 
pronounced. One case showed symptoms of early pneumonia in the right 
lung. The orderly medical officer performed a lumbar puncture on two of 
the more severe cases, which included the one with symptoms of ell.rly 
pneumonia. In the latter case, anti-meningococcus serum was given. In 
both cases he found the cerebrospinal fluid under moderate pressure, and 
crystal clear, the cell content being within normal limits and. the type 
lymphocytic. ,In. the fluid deposit of one case no organisms were 
seen, in that of the other many Gram-negative coccobacilli were observed. 
These lay either singly or in pairs, end to end. There were also other and 
larger forms of irregular size and sbape, including club-sbaped and long 
filamentous forms. ' 

I examined tbe cases within twelve bours. By that time three of the 
cases were feeling definitely better. Of tbe remainder, one had a slight 
leucopenia which put him outside the possibilities. of an acute meningo
coccus infection. The case in which Gram-negative coccobacilli were 
found in the cerebrospinal fluid still appeared acutely ill, the temperature 
being 102'6° F., t~e pulse 88. There was definite neck stiffness. The knee
jerks were absent. Kernig's sign was present in one leg and suggestive in 
the other. . 

There was a total white blood-cell count of 10,000 per cubic millimetre. 
Differential count: POlYlluclears, 70 per cent; lymphocytes, 20 per cent; 
monocytes, 10 per cent. 

A lumbar punctnre showed the cerebrospinal fluid to be clear and not 
under pressure. It bad a cell count of 190 cells per cubic millimetre, 95 per 
cent of which were lympbocytes. 

Gram-negative coccobacilli, as above described, were seen in large 
numbers in stained films from the deposit. 

Thus meningococcus meningitis was ruled out. and a diagnosis of acute 
meningitis d.ue to Friedlander's pneumobacillus was suggested. This 
appears to be a very rare condition. 

The early pneumonic case, who had received an intrathecal injection of 
anti-meningococcus serum twelve bours previously. appeared acutely ill. 
Temperature 100'2° F., pulse 88, respirations 20. There were early pneu
monic signs in the right lung. Neck stiffness, but no retraction, was 
present. Kernig's sign was present in both legs. Total white cell count 
17,400 cells. Differential count: Polymorphonuclears, 80 per cent; 
lymphocytes, 15 per cent; monocytes, 4 per cent; basophils, 1 per cent. 

A second lumbar puncture was made. The cerebrospinal:6.uid was 
faintly turbid and under slight pressure. It showed a cell count of 
2,900 cells, of which 90 per cent were polynuclear. No organisms were 
found in stained smears from the deposit. 
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A diagnosis of cerebrospinal fever was . withheld for the following 
reasons: The presence of a moderate polynuclear exudate with no visible 
organisms; The exudate was ascribed to a reaction· against foreign protein 
introduced in the form of anti-serum. The early pneumonic condition, 
alone, would account for the' moderate polymorphonuclear leucocytosis in 
the blood. 

The man developed right basal pneumonia from which he eventually 
recovered. 

Cultures were made from the cerebrospinal fluid in both cases, but they 
proved sterile. 
. Cultures from the nasopharynx in all cases produced luxuriant growths 
of Friedlander's bacillus, in pure culture in the pneumonic case, associated 
with streptococci and B. influenzCE in the case with pneumobacillus 
meningitis. 

(7) Glandular Fever.-This is a curious case of an uncommon disease 
being superimposed on an acute meningococcus pharyngitis. 

The patient gave a history of the onset of headache,. sore throat, and 
nausea four days previously. He was admitted to hospital with a tempera
ture of 99'2° F., pulse"rate 72. He complained of headache, stiffness of 
neck and sore throat. He looked somewhat toxic; his mentality was 
unaffected. There was acute congestion of the fauces and pharynx. The 
tongue suggested the H strawberry" tongue of scarlet fever. Therewasa 
scarlatinal rash on the back, chest and abdomen. The reflexes were normal; 
Kernig's sign was absent. A throat swab was taken and a stained smear 
revealed an infection of Gram-negative diplococci. A nasopharyngeal 
culture was then taken. Next day the plate showed meningococci in almost 
pure culture. (When typed it provided an indefinite Type I-Ill.) A white 
blood ceU-count showed a total count of 14,000 cells per cubic millimetre 
and a differential count of 16 per cent polYlllorphonuclears, 73 per cent 
lymphocytes, and 11 per cent monocytes. The patient was re-examined and 
a generalized enlargement of the superficial lymphatic glands was discovered. 
The meningococcus infection of the pharynx' gave way before a Vincent's 
infection of the throat. The man, after being acutely. ill for seven days, 
completely recovered. 

'l'his completes the differential diagnosis of cerebrospinal fever fro'm 
other infections met during the course of the investigation. There are 
other diseases from which the infection has to be differentiated, but as no 
cases of the latter were encountered during the year their inclusion is 
outside the province of this report. 

(To be continued.) 
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