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REPORT FROM THE CEREBROSPINAL FEVER 
LABORATORY, CAMBRIDGE, JULY, 1915. 

By CAPTAIN J. F. GASKELL, M.A., M.D., D.P.H.CANTAB., F.R.C.P.LoND. 

Royal Army Medical Oorps (T.F.). 

INTRODUCTION. 

THE special Cerebrospinal Fever Laboratory at Cambridge was 
opened on March 4. In order to make the report for the district 
as complete as possible, I am also including cases occurring before 
this date, many of whom were in the First Eastern General Hospital 
at that time, and whose puncture fluids had heen sent to me for 
examination as Pathologist to the Hospital. 

At the beginning of the special work on cerebrospinal fever, I 
found myself greatly hampered from want of an assistant to carry 
on the laboratory work while I was away visiting billets and taking 
swabs of contacts; however, on March 10 Captain Hele very kindly 
agreed to put in all spare time at his disposal in assisting me, 
which he continued to do till the end of June. As he was doing 
this work, the Registrar of the First Eastern General Hospital 
excused him some of his other duties. 

On March 22 I received still further assistance. Mr. Vines 
was appointed by the Insurance Act Research Committee to 
investigate the question of the identification of the meningococcus 
and problems arising therefrom. I put him in charge of the 
investigation of known strains of meningococci which were being 
obtained by lumbar puncture. The remarks on the biological 
characters of the strains of meningococci obtained, as also a con
siderable part of the work on the identification of the meningococcus 
obtained from the throat, must therefore be considered as a joint 
report. Captain Rele was mainly concerned with assisting me in 
analysing plate cultures obtained from throat swabs, and endeavour
ing to differentiate and classify the various Gram-negative diplococci 
found. Re kept alive and under observation in subculture for 
some months many of the strains obtained, and was able to 
substantiate the constancy of such properties as sugar fermentation 
in the various groups. 

The part of this report dealing with the differentiation of throat 
diplococci is therefore a joint report of Captain Rele and myself. 

The number of cases personally dealt with up to the end of 
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J. F. Gaskell 287 

June is thirty-eight, fifteen of whom died. All these cases were 
treated at some period of their illness at the First Eastern General 
Hospital, and all were proved bacteriologically by lumbar puncture. 

In addition to these, three doubtful cases were admitted during 
June, being in all probability mild cases of the disease. Bacterio
logical proof by lumbar puncture could never be obtained, but in 
one case an organism apparently identical with the meningococcus 
was grown from a throat swab. 

Three cases occurred who died before they could be admitted to 
the First Eastern General Hospital. One case, which presumably 
recovered, was seen in the Northampton Borough Hospital, and left 
under treatment there. 

I have also been informed of three other cases primarily occurring 
in the district, who died early in the year, one at Bishop's Stortford, 
and two in the Highland Division, stationed at Bedford. The 
particulars of these three are here given, as they will not be further 
referred to in this report :-

(1) Private McI., 1626, 4th Gordons. January 28, First 
Southern General Hospital, Birmingham, influenza. February 15, 
1-1ittle Bromwich Hospital. C.S.M., March 4, died. 

(2) Private T., 861, 6th Argyll and Sutherland Highlanders. 
March 1, Renfrew (home), from Bedford. March 9, died, C.S.M. 

(3) Case died at Bishop's Stortford before February 20. No 
particulars are known to me. 

The percentage of deaths among known cases treated at the 
First Eastern General Hospital is therefore 39'4 per cent. 

1£ the three doubtful cases are also included, this falls to 30'6 
per cent. 1£ all known cases which have occurred in the district 
are included, the death-rate is 46'6 per cent, which falls to 
43'8 per cent when the three doubtful cases are included. 

Three convalescent cases were admitted from the Front. As 
they were well on arrival, and swabs of their throats proved negative, 
they will not be further referred to. 

The method which I have adopted in dealing with cases in the 
district alloted to me will now be described. Arrangements were 
made with the Registrar of the First Eastern General Hospital so 
that, immediately a suspected case was notified, a motor ambulance 
was sent off and the patient was brought to the hospital and 
admitted to Ward 19, a portion of which was set apart for cerebro
spinal fever cases. 1£ considered justifiable a lumbar puncture was 
done as soon as possible. The puncture fluid was examined at 
once for pus cells and intracellular diplococc.i or other organisms, 
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288 Report from the Oerebrospinal Fever Laboratory 

but the diagnosis was never considered to be satisfactorily estab
lished till a culture of the meningococcus had been obtained. 

While these investigations were being carried out, the medical 
officer of the unit to which the patient belonged was recommended 
to isolate the contacts of the case.1 In certain districts, notably 
at Peterborough, this was most efficiently and satisfactorily done 
by making use of the local small-pox isolation hospital. In other 
places such accommodation was not available, but the medical 
officer in charge was advised to remove the contacts from the 
billet in which the case occurred to the largest and best ventilated 
accommodation available. On a case proving positive, a visit was 
made by motor, the billet was inspected, and swabs were taken of 
the contacts. The swabs were sown on the spot on to plates, which 
were spread on returning to the laboratory. With the assistance 
of Lieutenant-Colonel Woodhead, an efficient form of travelling 
incubator was made. The sterilizable plate-carrying case was 
.carried in a close-fitting felt-lined tin, having double walls; the 
intervening space between these could be filled with water at 
37Q C., thus acting as a water-jacket to the central cavity. This 
tin was carried in a wicker basket lined with felt, padded with 
cotton-wool. The whole apparatus though somewhat bulky could 
.be carried very conveniently in a motor car. 

I have carried this apparatus in a car for eleven hours and the 
iemperature has fallen less than 10 C. in that time. 

The number of positive contacts in this district has been very 
small, so that it has been possible to deal with them as follows: 
They have been admitted to the First Eastern General Hospital 
and kept there till two throat swabs have proved negative. When 
the original swabs proved negative, contacts were released and 
allowed to resume their ordinary duties. Certain contacts from the 
Norwich district, who have been found repeatedly positive by Dr. 
Claridge, have also been admitted to the First Eastern General 
Hospital and have been dealt with by me. 

This report will now be treated under the headings given in 
the scheme prepared in concert by the War Office Committee for 
Medical History of the War and the Medical Resea.rch Committee. 

1 Contacts were taken to be all men who slept in the same billet, or hut, or 
who had been in close attendance on the patient after the onset of the disease for 
.any length of time, short or long. 
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290 Report from the Oerebrospinal Fever Laboratory 

I.-MoDE OF SPREAD OF THE DISEASE. 

(a) General Weather Gonditions.-A chart showing the dates of 
occurrence of cases, the barometer reading and rainfall in decimals 
of an inch at Cambridge is given in this report; the cases are 
noted on the day of onset, which in most cases has been quite 
clear. Usually the onset has been sudden, occurring more 
frequently in the evening than in the morning. On this chart 
those cases which have recovered, those which have died, an<l 
those which have not reacted in the slightest degree to treatment 
and have died within five days of onset, are indicated differently. 
In addition four which were never admitted to the First Eastern 
General Hospital are shown; of these, three died. Also three 
doubtful cases are recorded, shown by a triangular marking. 

The number of cases is too few to enable any conclusion as 
to influence of weather conditions to be drawn. The cases have 
tended to occur on a falling barometer, but usually early in the 
fall, before the lowest reading has occurred. On the other hand, 
the largest group, which occurred in April, of eight cases in nine 
days, followed a very large fall of the barometer, when the 
subsequent rise was taking place. The lowest reading of the 
barometer obtained, on February 14, which was accompanied by 
prolonged rainfall and a very irregular barometer chart for the 
following days, did not bring on any number of cases, one case 
only occurring on the 14th itself. 

Similarly, the relationship of rainfall to the occurrence of the 
disease is not very obvious. r.rwenty-nine cases occurred on days 
in which no rain fell at Cambridge, while only 16 occurred on days 
with rain. On the contrary, a conspicuously heavy rainfall, as 
on January 21 to 23, February 13 to 18, March 22 to 25, was 
followed by an absence of fresh cases. The recrudescence of 
the disease in May does seem to bear a slight relation to the heavy 
rainfall of May 11 to 13, but the first case of this group did not 
occur till four days later (May 17). 

To sum up, there appears to be some relationship between 
unsettled weather, as shown by rapid variations in the barometer 
readings, and the incidence of the disease; cases tend to occur 
with a rapidly falling barometer. The influence of rainfall is 
apparently slight, but the rainfall at Cambridge is not necessarily 
an indication of the rainfall at the places where the cases occurred, 
such as Aylesbury and Maidenhead. Certainly the dry weather 
which started on April 13 was coincident with the suppression of 
the main outbreak in this district. The small fresh group of four 
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J. F. Gaskell 291 

cases in May followed at some slight interval a marked group of 
rainy days, which occurred in the particular dry period in April 
May and June. It is thus possible that frequent wettings may 
act as a predisposing cause to the onset of the disease, by lowering 
the general well-being of the man temporarily-an effect to some 
extent comparable with that of a previous illness, which, as will 
be discussed later, seems to have been a factor in a number of the 
cases. 

(b) Particular Circumstances of Exposure to Infection.-In the 
particular district with which I had to deal, namely Northampton
shire, Huntingdonshire, Cambridgeshire, Bedfordshire, Hertford
shire, and the Tring Division of Buckinghamshire, a particular 
focus of infection was not very obvious. Table I gives the dis
tribution of cases for each station and the dates on which these 
occurred; the only places in which a considerable number of cases 
occurred are seen to be Bedford and Peterborough. The cases in 
both these towns are seen to be scattered fairly regularly through
out the early part of the year, and can hardly be looked upon as 
forming anything in the nature of an epidemic. The rest of the 
table is remarkable for the occurrence of only one or two cases in 
a particular locality, and if more than one, they are frequently 
separated by a prolonged interval. The small outbreak which 
occurred in the huts of the 11th Suffolks, stationed at Cherry 
Hinton, Cambridge, is of interest, as five cases occurred within a 
month; the conditions under which this outbreak took place will 
be dealt with in the next paragraph (c). 

There is therefore nothing to point to any particular place in 
the district in which conditions were more favourable for infection 
than in any other.l 

By far the larger number of Cases occurred when the men 
were in their billets or huts, but in five cases the man became ill 
while on leave in his own home. The full details of each case are 
given in Table I. In the case of A., on leave for fourteen days 
when attacked, it is possible that infection took place at home; 
in the other four cases, those of R., M., Mt., and An., this possibility 
is to be borne in mind, though the first three had only been on 
leave three days; the last was doing his training by going to 
London daily and sleeping at home. The fact that R. and M. 

1 There was no other series at all comparable with that at Cherry Hinton. 
I am fully aware that in the absence of any statement of the number of troops 
at any place, which I am unable to supply, this remark can only be taken 
as representing an opinion. 
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292 Report from the Cerebrospinal Fever Laboratory 

both became ill at Littleport within eight days of each other 
may have been due to their infection on arrival at Littleport 
from some local source there. 

In some other cases the possibility of infection while on leave 
must be considered. In ten cases it was ascertained that the men 
had not been on leave at all for over a fortnight, but in eleven 
cases fairly recent leave had been given or the men had been 
recently shifted from some other district. 

If it is allowed that infection took place during this leave, the 
following places would be eliminated as sources of infection: 
Bishop's Stortford, Houghton Regis, St. Albans and Saffron 
Walden. It is of interest in this connexion to note that in 6 cases 
the men were on leave in places in which considerable numbers 
of cases have, I believe, occurred-in 2 cases Birmingham, in 
3 cases some part of London, and in 1 case Norwich. 

The question of leave is brought out very strongly in the group 
of exceedingly fatal cases in April; out of 9 cases in the month, 
in 6 a history of recent leave was obtained, and in the other 3 
no particulars were got. N one of these 3 men was ascertained 
not to have had recent leave. In 5 cases the disease appeared 
within two days of the man's return from leave, a point which is 
worth considering when discussing the question of the incubation 
period. 

Another question also arises in regard to the particular cir
cumstances of exposure, viz., the debilitating influence of a 
previous illness. I am strongly of opinion that the previous 
illnesses observed were not an early mild stage of cerebrospinal 
fever itself, but were correctly diagnosed, and acted as a predis
posing cause for the later, often extremely acute, commencement of 
the attack of cerebrospinal fever. 

The particulars are given in the final column in Tables II and 
Ill. In six cases a definite previous illness had occurred, in five 
of which the man had recovered sufficiently to be sent home on 
sick leave (Table I). 

I therefore regard the lowered health thus produced as also 
acting as a predisposing factor in some cases. One other point 
has also cropped up. Three cases have occurred in men recently 
inoculated against typhoid fever. In the case of J., this had 
taken place twelve days before, and is therefore probably neglig
ible; in the case of D., the second inoculation had taken place four 
days previously, and in the case of Y. the first inoculation was 
practically coincident with the onset of the disease. Seeing that 
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J. F. Gaskell 293 

very large numbers of troops were being inoculated at the time of 
the main incidence of cerebrospinal fever, it is almost impossible 
to regard these cases as more than coincidences; it is just con
ceivable, however, that in these cases the malaise following 
inoculation may have been a contributory cause to the ease of 
infection. 

TABLE I. 

Station First day's Name Previous leave. I Dates I Place illness Days before 

---------- -----------.------
Amersham, Bucks .. 1'3 C. ? .. .. 
Bedford .. .. 26'2 My. None .. .. 

" 
.. .. 27'2 Wg. ? .. . . 

" 
.. .. 6'3 Ht. None .. .. 

" 
.. .. 8'3 Js. ? .. .. 

" 
.. .. 10'4 Rw. ? .. .. 

" 
.. .. 25'5 Ty. Visited by friends the day before. 

" 
.. .. S'6 O. 13 days 22.5 to 26.5 Ashford, 

Kent. 
Bishop's Stortford .. 14'4 Br. 1 day 10.4 to 14.4 Unknown. 
Cambridge .. .. 14'1 B. ? .. .. 

" 
.. .. 20'1 Rk, ? . . .. 

" 
.. .. 21'1 Jh. ? .. .. 

" 
.. .. 1'2 Ak. ? .. .. 

" 
.. .. 10'2 Hs. ? .. .. 

Diss, Norfolk .. 9'4 F. See Dr. CIaridge's re port. 
Fenny Stratford .. 9'3 H. None .. .. 
Hemel Hempstead .. 16'6 Me. ? .. .. 
High Wycombe .. 10'2 G. ? .. .. 
Houghton Regis .. 6'4 Bd. 1 day 1.4 to 5.4 Birmingham. 

" 
.. 21'5 Dn. 7 days Moved from Hitchin . 

Kettering .. .. 1'3 Wr. None .. . . 
Littleport .. .. 3'2 R. 4 days On leave from Bury. 

" 
.. .. 11'2 M. 3 days On leave from Felixstowe. 

Maidenhead .. 10'3 Tp. None .. .. 
Northampton .. 27'2 Hk. ? .. .. 

" 
.. 16'3 Tu. 1 day 13.3 to 16.3 Birmingham. 

" 
.. 24'3 As. ? .. .. 

Peterb~rough 
.. IS'5 Wd. None .. .. 
.. 3'2 Ss. ? .. .. 

" 
.. 4'3 St. 2 days 27.2 to 2.3 Norwich. 

" 
.. 17'3 N. 14 days 3.3 Unknown. 

" 
.. 30'3 Tm. None .. .. 

" 
.. 8'4 Gr. ? .. .. 

" 
.. 10'4 D. 12 days 26.3 to 29.3 Docking, 

Norfolk. 
St. Alban's .. .. 21'4 Sw. 4 days 17.4 only Bermondsey. 
Saffron Walden .. 14'2 Bo. 7 days For firing Luton. 
Stansted .. .. 27'1 Mr. ? .. .. 
Towcester .. .. S'3 Y. None .. .. .. .. .. 19'3 Ct. None .. .. 
Watford .. .. 11'4 An. Daily to London for drill. 

" 
.. .. 11'4 J. 1 day 5.4 to 10.4 Streatham. 

" 
.. .. 17'5 Yg. None .. .. 

Whittlesford, Cambs 1'3 A. 14 days on leave from Bury St. Ed-
munds. 

Wilburton, Cambs •• 10'6 Cl. ? .. .. 
Worthing, Norfolk •• 6'6 Mt. 3 days on leave from Colchester. 
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Recovered. 
Name 

Date 
of 

onset 

Days 
to 

admis· 
sion 

Lengt.h 
of illness 

Days 
In 

hos· 
pital 

Age Length 
of service 

TABLE H. 

Catarrljl Cubic 
at I space In 

onset billet 
I per man 

Flool' 
space 

per lllan 

Vent.ila. Numher 
tion area of con· 
per man tacts 

--_._------------- ----------- --- ----------- --
Tm. 
Rk. 
H. 
Ty. 
Wg. 
Wd. 
Yg. 
Wr. 
Tp. 
Mr.' 
Bo. 
G.' 
Sw. 
N. 
St. 
Ak. 

R. 
Js. 
M. 
B. 
Tu. 
Rw. 
Jh. 

Cl. 
O. 
Me. 

Hk. 

•• I 

:: I 

"1 
.. 
"I 

30.3 
20.1 
9.3 

25.5 
27.2 
18.5 
17.5 
1.3 

10.3 
27.1 
14.2 
10.2 
21.4 
17.3 
4.3 
1.2 

3.2 
8.3 

11.2 
14.1 
16.3 
lOA 
21.1 

10.6 
8.6 

16.6 

27.2 

1 
1 
3 
1 
5 
3 
5 
9 
4 

28 
3 

27 
3 
3 
7 
4 

30 
7 

29 
9 
1 
5 
8 

1 
2 
5 

11 days 
11 " 
15 " 
15 " 
21 " 
22 " 
25 " 
25 " 
26 " 
28 " 
30 " 
32 " 
36 " 
38 " 
41 " 
48 " 

56 " 
62 " 
6i " 
72 " 
86 " 

100 " 
102 " 

73 
18 
48 
52 
72 
74 
55 
54 
50 
10 
71 
48 
~O 
43 
53 
87 

61 
76 
59 
94 

I 137 

1

106 
94 

17 5 months 
27 110 weeks •• 
20 7 months 
19 7 " 
17 7 " 
18 9 " 
26 6 " 
23 4 " 
19 7 " 
21 7 years .. 
18 6 months 
38 4 " 
26 4 years .. 
19 6 months 
21 6 " 
22 4 months 

22 6 
27 5 
24 3 " 
19 ? 
26[ 6 months 
23 6 " 
17 3 

No 

Y~s 
No 

? 
No 

" 
" 
" 
" 
" 
" 
" 
" 
" ? 

No 
? 

No 

" 

468 
C.H. 
322 
327 
400 
493 
540 
576 
459 
? 

197 
? 

525 
866 
470 

C.H. 

Home 
? 

Home 
C.H. 
765 
? 

C.H. 

11 days I 34 1
20 I 26" 51 19 

26" 40 28 

Doubtful Cases. 

7 months I No I C.H. 
8" ,,240 
6 years .." ? 

52 
C.H. 

40 
38'5 
50 
58 
60 
72 
54 
? 

26 
? 

60 
97 
55 

C.H. 

Home 
? 

Home 
C.H. 
90 
? 

C.H. 

Cases Treated Elsewhere. 
Treated at Northampton I No I 352· 44 

Borough Hospital 

• Oonvalescent on admission. 

3 
C.H. 

~ 
1~ 
1~ 
1~ 
4 
1~ 
4 
? 

1 

3ll 
4 

4~ 
3 

O.H. 

Home 
? 

Home 
O.H. 

5 
? 

O.H. 

O.H. 
1~ 
? 

C.H. = Cherry Hinton huts, Cambridge. 

1 
? 
7 
3 
6 
1 
4 
1 
1 
? 
3 
? 
2 
1 
7 
? 

? 
None 

" ? 
1 

None 
? 

? 
5 
? 

1 

Fatigue 

No 

" 
" 

y~s 
No 

?' 
No 
? 

No 

" 
" Chronic 

ill·health 
No 
? 
? 
? 

No 
? 
? 

No 

" ? 

No 

Previous illness 

No. 

" 
" 

Infl uenza,'22. 2 to 26.2. 
No. 

?' 
No. 

? 
No. 

Sore throat: 7.2 to 27.2. 
No. 

" ? 
? 
? 

Influenza, 2.3 to 7.3. 
No. 

? 

No. 

No. 
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TABLE I1t.-FATAL CASES. 

Drlte Days Length Days Length Catarrh Cubic Floor I Ven tila· Num-
Died. of to of in Age of at space ill space tion area bel' of Fatigue Previous illness Name onset admis. illness hos· service onset billet per man per man con-

sion pital per man tacts 

------------ ----_ .. --- - ---_._- ------------------ -----
Days Hours 

Bd. " 6.4 1 36 hours 12 20 6 months No 333 33 i sq. ft. S No No. 
Hours Days 

Hs. " I 10.2 12 1~ days 1 36 3 
" " 

C.H. C.H. C.H. ? ? ? 
I Days 

As. I 24.3 2 4 2 21 3 years ? ? ? ? 2 ? ? .. 
I " .. 

C. " 1.3 3 4 
" 

1 ? ? ? 440 52 Nil S ? ? 
J. .. 

I 

11.4 1 5 
" 

4 34 2 years .. No 380 45 ~ 6 No Inoculation 12 days. 
Dn. " 21.5 1 5 

" 
4 19 7 weeks .. " 

Army .. .. 10 " 
No. 

tent 
F. I 9.4 3 5 2 19 1 year See Dr. Claridg~'s Report. .. 

" .. 
Ht. .. 6.3 4 5 

" 
1 18 2 years .. No Good .. Good ? ? Convalescent from 

measles. 
My. .. 26.2 2 5 

" 
3 24 ? " 

375 50 4~ 1 No No. 
Mt. .. 6.6 11 15 

" 
4 41 10 months " 

Home .. Home 30 " " Ss. .. 3.2 4 19 
" 

15 17 3 " " 
? ? ? ? I ? ? 

An. " 11.4 2 23 
" 

21 17 4 weeks .. " 
995 117 7~ 2 

I 
? ? 

Home Home I 
A. .. 1.3 4 49 R.* 45 21 29 

" " " 
Home 

" 
? No Influenza: home 

D. .. 10.4 4 51 days 47 20 3 months 
" 

640 80 5~ 13 Inocula-
7 days. 

Cold 29.3, 12 days. 
tion,6.4 

Y. .. 8.3 4 63 " 60 22 5 weeks .. Yes 480 60 1 2 Inocula- No. 
tion, 8.3 

TABLE IIIA.-FATAL CASES NOT ADMITTED TO FIRST EASTERN GENERAL HOSPITAL. 

Died. Date of Length of Catarrh at Cubic space Floor space, Ventilation Number 
Age in billet area of Fatigue Previous illness Name onset illness onset per man per man per man contacts 

---------------------
-~----;;2-1--:6--i-~~-I---;--I-~-- 1O.4~otqUitew~~ Br... •• 14.4 5 days ? 

Ct. .. .. 19.3 1~ " ? Yes 540 72 I 4 I 1 , No No. 
Gr ... .. 8,4 12 hours ? No 576 I 72 l~ 1: No No. 

I I I 

* R = Relapse. C.H. Cherry Hinton huts, Oambridge. 
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296 Report from the Oerebrospinal li'ever Laboratory 

To sum up: there is a distinct connexion between the giving 
of leave and the incidence of cases in this district, men thus 
becoming exposed to infection and either developing the disease 
while on leave or within a fairly short time after returning-in 
some cases almost immediately after. A previous illness also is a. 
factor in predisposing any particular individual to an attack, acting 
by reducing resistance in the same way that weather conditions, 
already discussed, also do. 

(c) Overcrowding and Lack of Adequate Ventilation. - The 
cubic space per man found in billets and the ventilating area are 
given in each case in T~bles II and Ill. The number of cases in 
which this cubic space has been ascertained to be 400 cubic feet 
or less is 11; the number in which it has been above this is 15. 
In this latter group, however, in 1 case the ventilation was practi
cally nil, the men being billeted in a garage; in 4 cases the venti
lating area was below 2 square feet per man, and in 3 other cases 
it was below 4 square feet. In only 7 cases of the 26 in billets 
were the conditions of cubic space and ventilation adequate. In 
one of these, at any rate (Tu.), the man had returned the day 
before from sick leave following an attack of influenza; the billet 
conditions had therefore little to do with his attack. 

The conditions in the huts at Cherry Hinton, Cambridge, in 
which the cases in the 11th Suffolk Regiment occurred, are interest
ing; the letters C.H. in Tables II and III refer to these huts. 
The cubic space per man was 200 cubic feet, 30 men being in 
each hut and the ventilation area 2 square feet per man. Five 
cases occurred here within a month very early on in the year (see 
Table I); and during this period facilities available for ventilation 
were little made use of. Lieutenant-Colonel Woodhead, however, 
took the matter in hand and secured adequate ventilation, with the 
result that the disease completely ceased, and no further cases were 
observed through the rest of the period in which cases were occur
ring elsewhere. I conclude, therefore, that insufficient cubic space 
per man and inadequate ventilation are powerful predisposing 
causes. 

(d) Fatigue.-This factor is also tabulated in Tables II and III, 
and is, in my opinion, of very little importance. 

In almost all cases the men had been carrying out their ordinary 
duties and had had no extraordinarily hard work. In one case, Ak., 
the man had been in chronic ill-health and therefore was liable to be 
easily over-fatigued. In the case of Yg., his regiment was march
ing from Watford to Saffron Waldron, and Yg. was taken severely 
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ill on the way. He was, however, already out of health on the 
day he started from Watford. Fatigue, therefore, seems of little 
importance. 

(e) Age of Patient.-As is seen in Tables II and III the ages 
range from 17 to 42. Twenty-three cases occurred in men between 
the ages of 17 and 22, of whom 9 died; 13 occurred in men between 
the ages of 22 and 30, of whom 2 died; and 4 between the ages of 
34 and 42, of whom 3 died. 

As the number of young recruits in the forces stationed in my 
district considerably outnumbered men of a more mature age, little 
can be argued concerning susceptibility according to age; on the 
whole it is probable that the percentage incidence was fairly 
uniform. The death-rate, however, varies considerably, being 
40 per cent. under 22, and only 15 per cent. between 22 and 30. 

Among the few older cases, however, it is high, being 75 per 
cent. It appears, therefore, that the chances of recovery increase 
with arrival at full maturity, while over 30 years they again diminish. 
The figures are small as a basis of inference, but the percentage 
difference is large. 

(f) Length of Service in the Army.-This is also tabulated in 
Tables Il and Ill, and ranges from four weeks to seven years. Of 
those under four months' service 6 out of 9 died, while among those 
of longer service, but recruited since the outbreak of war, only 2 
out of 20 died. The outlook is apparently worse, therefore, in fairly 
recent recruits. The incidence of the disease does not appear to 
depend on the length of service in any way. 

(g) Catarrh is, in my opinion, not a predisposing factor; and the 
catarrhal stage of the disease, as described by the Aldershot workers, 
is remarkable by its absence. In only one case, that of Corporal H. 
was there any definite sore throat at the onset. The remarkable 
thing about many cases was the extreme suddenness of definite 
meningeal symptoms in a man previously absolutely well. 

H.-CONTA.CTS. 

The identification of the meningococcus from the throat is a 
matter of difficulty in our experience. The tests recommended 
have been mainly relied on, namely the power of growth at 230 C. 
and the power to ferment glucose and not saccharose. Other 
sugars have also been tried and will be referred to later. 

We do not consider for many reasons that these methods are 
in our hands entirely satisfactory. 

We have studied, often for months, the properties of various 
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298 Report from the Oerebrospinal Fever LaboratoTY 

strains of meningococci obtained by lumbar puncture, and have used 
them for comparison with organisms obtained from the throat. 
With one exception all these meningococcus strains have been 
uniform in fermenting glucose in fluid solution to a greater or less 
degree, that is to say, to an extent which is identifiable with 
certainty if control tubes are used. The one case (Tu.), a strain 
of which has been submitted to the laboratory at the Royal 
Army Medical Oollege, for a long time did not ferment glucose. 
After about three months' artificial cultivation, however, it gradually 
gained, or rather manifested, the power to do so. The probable 
explanation of this will be discussed later, when trea,ting of the 
nature of the sugar reaction. . 

A few difficulties met with will first be discussed, and then the 
value and reliability of the tests. 

(1) Vitality. 

An initial difficulty was found to be the successful subculture 
of a particular strain. This holds not only for the meningococcus 
but also for other types of Gram.negative diplococci as well. If 
sown from the culture in the ordinary way in minimal amounts 
the subculture usually fails to grow. If, however, a large amount 
sufficient to cover the needle is taken, subcultures can almost always 
be successfully obtained. Another point is to select a tube or plate 
freshly made with plenty of moisture-a subculture has often failed 
owing to the tube on which it was made being too dry. The 
difficulty mainly arises when the strain is first obtained, and it is 
worthy of note that it has practically never arisen in the tube in 
which the first sowing from a plate has taken place, but quite 
frequently at the second subculture. However, with the precaution 
of sowing very thickly on to a moist tube strains practically never 
fail to subculture. With the media supplied, the only safe method 
to preserve a strain has been daily subculture. We, however, now 
find that a cornflour starch medium, recommended by Vedder, and 
suggested to us by Dr. Flexner, of New York, will keep the 
organisms alive on slopes for four to six days and in stabs for as 
long as a fortnight. 

(2) Streptococcal Contamination. 

Owing to the necessity of subculture in mass it has frequently 
been extremely difficult to eliminate streptococcal contamination. 
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As these organisms ferment both glucose and saccharose with 
rapidity, errors in fermentation tests can only be safeguarded by 
always subculturing at a suitable interval the sugar tubes used. 

(3) Constant Ternperature in the 23° C. Incubator. 

Unless checked by keeping a chart of readings of a maximum 
and minimum thermometer, quite large variations in temperature 
may be missed, especially at night. This was a source of error 
early in our work. 

(4) Want of a really Successful, Constant and Easily Sterilizable 
Sugar Solution. 

In our experience the mixture recommended in Major Gordon's 
report is an extremely tricky one to make up satisfactorily with 
certainty, more especially in the case of glucose. The trouble 
appears to be the exact point in neutrality necessary for successful 
sterilization and to prevent subsequent alteration in colour on 
incubation. Frequently two or three days' incubation changed 
the original blue colour of the litmus to a dirty brownish-blue, in 
which small changes of acidity, such as many meningococci give, 
are very difficult to detect. This may partly depend on the 
glucose used; for instance, a sample sent us from the Royal Army 
Medical Corps store at Wool wich was absolutely useless, becoming 
strongly acid merely as the result of a day's incubation. As the 
meningococcus reaction takes on the average four days to become 
undoubtedly plain, this question of slow breakdown of sugar solu
tions is a very important one. The addition of fresh serum also 
renders the possibility of contamination a factor, but by making 
use of the sterilizable bulb filler invented by Dr. Cobbett we have 
had no trouble from this source, with the exception of the occasional 
use of serum already contaminated in bulk. 

'rhe complicated proteid mixture present, lemco or veal broth, 
peptone and fresh serum, when such.a delica.te reaction is being 
tested, is eminently undesirable, and considerable numbers of 
experiments have been undertaken in an attempt to improve on 
this. We are now working on a cornflour starch mixture which is 
promising, has the advantages of comparative simplicity, an easily 
obtainable sky-blue colour, and can also be sterilized completely 
in the same manner as peptone water sugars. 
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300 Report from the Oerebrospinal Fever Laboratory 

(5) The Slowness of the Reaction of Sugar Media with both 
Meningococci and certain other Groups. 

We endeavoured to overcome this by making use of a different 
indicator, using neutral red instead of litmus, as its neutral point 
is much more on the alkaline side and much sharper than that of 
litmus. While this indicator showed change two or three times as 
quickly as litmus, it was not found that the change of colour was 
sufficiently distinctive in certain groups. It distinguished quickly 
the groups that we call pharyngis siccus, von Lingelsheim, and 
flavus I, the change being complete overnight, but in the other 
groups the change was not sufficiently marked to be absolutely 
reliable. It is, however, of some value in quickly eliminating the 
groups mentioned. An additional drawback is that the strain of 
Micrococcus catarrhalis that we used also caused a slight acid reac
tion in glucose with this indicator. This will be further referred to 
in discussing the nature of the sugar reactions. Solid media were 
also to some extent tried, but were found to be even less reliable 
than the fluid media, so their use was abandoned. 

Growth in the Gold Incubator at 23° G.-In our experience this 
is a useful help to differentiation, but is open to fallacies, and taken 
by itself cannot be a safe guide. 

The occurrence of copious growth at this temperature overnight 
or within two days is sufficient to eliminate any particular organism, 
but for the differentiation of the more difficult groups it is, in our 
experience, merely confusing. 

For instance, some strains of meningococci when first obtained 
undoubtedly showed slight growth in forty-eight hours, more 
especially if sown on blood agar. The growth, though slight, was 
quite distinct. On the other hand, certain individuals in the groups 
we call flavus 11 and III have shown no growth at a lower 
temperature than 24° C. and only grow feebly between 24° C. 
and 25° C. 

It may also be mentioned here that constant su bculture at 37° c. 
has definitely removed the power to grow at 23° C. in practically 
the whole group of Gram-negative diplococci which have been 
obtained from the throat and studied. A series of thirty-two 
strains belonging to different groups have been under study for 
some weeks, the longest having been under culture for over four 
months, and except in the group flavus I, in which feeble growth 
occurred in three to four days, the amount of growth was neglig
ible. On transference to the 37° C. incubator on the fifth day, 
luxuriant growth was obtained in all tubes. 
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The minimal temperature for a particular organism of the 
Gram-negative group is therefore a variable factor. Another 
fallacy, which may occur in using the cold incubator test, is due 
to the question of the vitality of the subculture and the necessity 
of thick sowing. This has been guarded against by always trans
ferring tubes back to the bot incubator on the third day, and only 
counting the test satisfactory if growth then occurs. All strains 
of meningococci met with grow freely in the hot incubator after 
having been in the cold three days. 

Differentiation by the Sugar Reactions.--This is the method 
which has been mainly relied on, and the following provisional 
·classification has been made of the group of Gram-negative diplo
cocci as found in the posterior pharynx; the groups are given and 
also their sugar reactions. Thirty-two organisms have been selected 
and thoroughly and frequently tested over a prolonged period :-

Orga.nism 

M. pharyngis 
siccus 

M.flavus I 
" II .• 
" Ill .. 

M. calarrhalis 

Meningococcus 

GLUCOSE SACCHAROSE 

...-"--. ...-"--. 
Rp-ac- Time Reae-
tion in days tion 

+ 1 + 
+ 1 or 2 + 
+ 4 + 
+ 3 or 4 a 
a a 

+ 4 a 

Time 
in days 

1 

2 
4 

+ == acid. a == alkaline. 

MANNOSE GALACTOSE INt'LIN 
,--'--., ~ ---'-----

Reae- Time Reac- Time Heae- Time 
tion in days tion in days tion in days 

+ 1 

+ 3 

+ 4 

+ 3 or 4 
a 

{ t n 
- = no change. 

M. pharyngis siccus is an extremely adherent organism, 
growing freely on the media used, and often in a young culture 
forming a skin which can be removed off the surface of the colony. 
Later the whole colony becomes densely adherent. These 
characters may be lost quite quickly on subculture and the culture 
resemble closely that of a meningococcus. The colour is white. 
It grows freely in the cold at 230 C. and ferments glucose, 
.saccharose, and mannose with rapidity, the reaction usually being 
practically complete in twenty-four hours. Under a low power of the 
microscope the colony is a clear orange brown. 

M. flavus I.-Yellow in colour. The colonies tend to slide 
about over the surface of the medium and can be picked up whole 
by the needle. In some of this group, however, the organism has 
a more stringy growth, fairly easy to get on the needle but difficult 
to sow off again. It grows freely in the cold at 23° C., and ferments 
glucose, saccharose, and mannose, but not so rapidly as M.pharyngis 

22 
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302 Report from the Cerebrospinal Fever Laboratory 

sicC1ts. Usually the reaction takes two to three days to be com
plete, though showing in glucose in twenty-four hours as a rule. 

M. flavus II differs from the preceding group in being much 
more delicate, and fermenting the sugars much more slowly and 
often less completely. 

It is also yellow in colour. The colonies tend to coalesce into a, 
rather sticky mass, often coming away in strings when touched by 
the needle; it is, however, usually easier to sow off than similar 
organisms of the group flavus 1. It grows feebly in the cold 
at 23° O. in forty-eight hours. It ferments glucose, saccharose and 
mannose, but no distinct change is often apparent under three to 
four days, the time of reaction approximating to that of the two 
groups flavus III and the meningococcus. Often the change 
is first apparent in the saccharose tube rather than the glucose 
one, probably owing to the greater ease with which a satisfactory 
saccharose tube can be made. 

This organism is comparatively rare-only having been met with 
on three occasions for certain. 

M. flavus IlL-Yellow in colour, but usually more of a canary
yellow than fla.vus I and 11. The consistency of a colony resembles 
paint, and is thus very like that of the meningococcus. 

With respect to its growth in the cold at 23° C. a subdivision may 
be made, IlIa growing strongly in the cold in twenty-four hours, 
IIIb refusing to grow at all at 23° C. and only growing slightly at 
24° to 25° C. It ferments glucose and mannose, the reaction being 
evident in four days, but does not ferment saccharose. 

~[. catarrhalis.-This organism was only met with early in the 
investigation, and only one strain survived to be put through 
extended tests. Growth is like paint, easily emulsified in water. 
The colour is white. In the cold at 23° C. its power of growth was 
at first small, doubtful results only being obtained. Later after 
subculture for some weeks it failed to show any growth in forty
eight hours. 

It did not ferment any of the sugars, though a slight temporary 
change became sometimes evident in glucose tubes on the third day. 
Both glucose and saccharose tubes were by the fourth or fifth day 
markedly alkaline. 

Meningococcus.-The growth is like paint. easily emulsified, and 
the colour is white or very faintly tinged with yellow. In the cold 
at 23° C. it usually does not grow at all, but slight growth has been 
occasionally observed. It ferments glucose in about four days but, 
not saccharose. The reaction with mannose is of interest as it 
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apparently differentiates it quite distinctly from flavus Ill. At 
first in about three or four days a slight but distinct acidity appears, 
later in six or seven days this has completely disappeared, and 
the tube may even become more alkaline than the control. 

The acid change is always temporary and always slight. 

The Sugar Used. 

(1) Glucose.-The reactions of the various groups have already 
been given, all fermenting glucose except M. catarrhalis. 

The difficulties in getting an efficient mixture have already been 
touched on. 

(2) Saccharose.-Fermented by flavus I and II and M. pharyngis 
siccus; not by any of the others. 

Never any serious difficulty in getting a good medium. 
(3) Mannose.-The sample used was Kahlbaum's. Fermented 

by M. pharyngis siccus, flavus I, 11 and III but not by the 
meningococcus to any extent. Not by catarrhalis. 

The experiments with mannose are at present few, and the value 
of this sugar to differentiate the meningococcus and fla.vus III is 
to be further tested. 

(4) Galactose. - Specially made and purified by Professor 
Hopkins, of the Biochemical Laboratory, to whom our best 
thanks are due. We have tested this sugar on our strains three 
times in all, and have never found the slightest sign of fermentation 
with any Gram-negative diplococcus even at the end of a week. 
The organisms all grew well, and subcultured freely out of the 
medium. We therefore are in agreement with Elser and Huntoon 
on this point, and presume that the positive results obtained by 
other workers are due t9 difficulties in getting a reliable medium. 
We have ourselves found that still greater care is necessary with 
this sugar than is the case with glucose. 

(5) Inulin.-This was tried as the power of the meningococcus 
to grow on starch was found to be so marked. The results were 
throughout negative. 

We are well aware that the differentiation, as far as throat 
organisms are concerned, is incomplete, and that other organisms, 
such as the pseudo-meningococcus, are included in our meningo
coccus group. We are therefore hoping to investigate the 
removal of agglutinating power, which in the hands of Elser 
and Huntoon seemed to be of considerable value. 

The differentiation by fermentation is, however, probably good 
enough for practical purposes, as the organisms which would be 
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included wrongly in the meningococcus group are not wide
spread. 

By far the greater number of the Gram-negative cocci met with 
fall in the first two groups pharyngis siccus and flavus I, which 
are both easily eliminated. 

The direct differentiation on the primary plate by means of 
incorporating glucose and neutral red has been advocated by 
Buchanan, but our experience leads us to believe that this 
method is open to grave objection, and has many fallacies. 

Our working method is, therefore, to get a pure culture, and 
then sow in bulk into glucose and saccharose broth. A culture is 
also sown on a slope and put in the cold incubator. A stock 
-culture is also made in a starch stab in case further tests are 
necessary. 

On the second or third day a subculture is made from the broth 
tubes to establish growth in them of the pure organism, and if no 
growth is apparent on the tube in the cold incubator, this is then 
transferred to the hot incubator to be sure the culture is alive. 
1f the organism gives the sugar reaction of the groups flavus III 
-or meningococcus, it is also sown into mannose. By the sum
mation of the results of these tests the organism can usually be 
differentiated accurately. In our opinion the whole of these tests 
must be rigidly performed in the case of a doubtful organism. 

The groups M. pharyngis siccus and flavus I are, of course, 
-easily eliminated with certainty by the sugar tests or cold test alone. 

As has already been mentioned, we do not consider the sugar 
media entirely satisfactory, and think that there is room for 
improvement in this direction. 

The differentiation of the meningococcus from closely allied 
organisms, such as pseudo-meningococcus, also is desirable. The 
·differentiation of the meningococcus and M. catarrhaUs also is a 
matter open to argument, more especially in the light of the 
-occurrence of diplococci from the fluid of true cases of cerebro
spinal fever, such as that of Tu. in one series, which do not 
ferment glucose. The cold incubator test is also not conclusive, as 
the few strains of catarrha,lis that we have tested have grown very 
feebly at 23° C. Investigations that Mr. Vines is now making on 
the nature of the ferment action of these organisms may throw 
further light on this matter. 

The present position of this research may be briefly sketched. 
It has been found that meningococci grown in a fluid medium 
-similar to that used for testing sugars, but with the sugar left out 
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and just distinctly acid in reaction, in the course of a week or ten 
days commence to turn the medium more and more alkaline. 'l'he 
strain from Tu. was notably rapid in doing this, about twice as 
quick as any of the others tested. This alkali production is in 
all probability due to proteolysis, whether due partly to an extra
cellular ferment or not is at present uncertain. 

On the other hand, from sugar tubes in which fermentation of 
glucose has taken place, a ferment can be separated which will 
cause acid production from glucose in a sterile medium, the 
sterility being checked from time to time by subculture. By the 
processes employed the bodies of bacteria are almost entirely 
removed. 

It "'ppears, therefore, that in a sugar fluid medium a double 
action is going on: an acid production from sugar due to an 
extracellular ferment and an alkali production from the protein 
present. The curious case of 1'u. could thus be explained, the 
unusually rapid production of alkali masking the acid ferment 
reaction. It is possible also that M. catarrhalis has a similar 
double fermentative power, and that the alkali production is still 
more rapid. Indications have already been given that a slight acid 
reaction may appear in the early days of the fermentation. At 
any rate, the production of a strong alkaline reaction is a very 
marked feature of the growth of M. catarrhalis in glucose broth, 
and occurs very early. Further researches on these lines are being 
carried on. 

The agglutination reactions of a number of strains of meningo
cocci have been also studied by Mr. Vines by the macroscopical 
method, and the reactions at the end of four days are shown in 
the accompanying Table IV. The strains were tested against a. 
polyvalent serum kindly sent me by Dr. Flexner from the Rocke
feller Institute in New York, against a serum of one of the patients 
(D.'s serum) and against Mr. Vines' own serum, which was taken 
as a normal serum. 

As is seen in the table the results with the different strains, 
vary considerably. With normal serum only one, however, was 
completely agglutinated at a dilution of 1 in 10, and it is remark
able that this strain was also only agglutinated by the Rockefeller 
serum at the same dilution though tried twice. \Vith D.'s serum, 
however, complete agglutination was also obtained at a dilution of 
1 in 100. Both the Rockefeller and D.'s serum agglutinated all 
strains at 1 in 10 except in one case with D:s serum. At 1 in 100 
D.'s serum agglutinated all but three completely, while the 
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Rockefeller failed completely to agglutinate seven. At 1 in 1,000 
.complete agglutination occurred three times with D.'s serum and 
not at all with the Rockefeller serum. 

TABLE IV. 

B. Final result. Agglutination. ,-
Rockfeller serum D:s serum Normal serum Time = 4 days 

Strain 

·b5 1 1 j 1 1 1 _1_ 1 1 Notes 
Too 500 Tooo 'Io 100 Tu5'O 10 Tot) TooO" -D. .. + + p + + + s s s Chronic case. 

J. .. + + - + + + p s s Acute case. 
An. .. + + p .. + + - s s s Chronic case. 
A. .. + p .. s + + p p p s Chronic case. 

As. .. {t p .. ~} + + + p s s Acute case . + .. 
. F. .. + p .. s + + p p s - Acute case. 
.sw. .. + + .. p + p s s - - Chronic case. 
'Tm. f+ - .. -) + + + s Mild case . .. 1+ -J P P s .. 
N. .. + p .. s + p s p p s Mild case. 
Rw. .. + p .. p p p s p s - Chronic case? Sugar 

reactions. 
Tu. .. + + .. - + + p p s s Chronic. No sugar 

reactions. 
Bd. .. + + .. - .. .. .. .. .. .. Acute case. 
Tm. throat + p .. s + + p p s s Mild case. 

+ = complete reaction. p = partial. s = slight. - = no reaction. 

The results obtained vary so considerably among these known 
meningococcal strains that all idea of using the agglutination 
reaction for the differentiation of throat cocci was abandoned. 
Our conclusions are thus in agreement with those of Gordon, 
Elser and Huntoon and many other workers. Even the Rocke
feller serum is shown to be quite unreliable at a dilution of 1 in 100. 
As has been mentioned elsewhere, we are hoping to investigate the 
method of absorption of aggIutinations, on which EIser and 
Huntoon report so favourably. 

IlL-CARRIERS. 

The number of positive contacts or carriers encountered depends 
entirely on the strictness with which bacteriological differentiation 
is carried out, and is to that extent unsatisfactory, as our methods 
of differentiation are at present difficult and still almost in the 
experimental stage. 

In my particular district the number of contacts per case was 
very small, averaging under four per case, so that the total number 
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of contacts examined has been small. This is due to the great 
majority of cases having occurred in billets. 

From my district 155 contacts in all have been examined, 
7 of whom have been positive, giving a percentage of 4'5. One of 
these was found early on in our work, and is probably doubtful, 
which would reduce the percentage still lower. Three positives 
had to do with one case (Yg.), one of them being a man billeted 
with him, and two others men who followed on in the billet three 
or four days after the patient had left. This would point to 
an intermediate carrier, or might merely be a coincidence. An 
intermediate carrier could, however, not be found. 

A good many of the positive carriers dealt with have been men 
from the Norwich area, sent to us by Dr. Claridge, who had found 
them repeatedly positive. We have also had some patients whose 
throats contained the meningococcus when they were in the con
valescent stage. When the main epidemic was declining the staff 
of Ward 19 was examined, and among eleven nurses and seven 
orderlies all were negative except one. This positive was the ward
master, who had only been in the ward ten days. I was then 
inclined to suppose that it was possible that a positive phase had 
also been passed through by some of the other members of the 
staff, who had all been in the ward for a month or more. But 
quite recently a swab from the throat of this ward-master (Corporal 
W.) has again turned out positive, so it is more likely, as he has 
so constantly yielded cultures for months, that he is a more 
efficient carrier than the others, and that his case affords no 
evidence that a transient phase is frequently passed through. 

I do not, however, think that the probability of a transient 
positive phase is at all unlikely; if true, it would assist considerably 
in elucidating the extremely scattered incidence of the disease, the 
intermediate carriers being practically impossible to trace. For 
instance, this may well have happened in the case of the three 
contacts of Yg. Other evidence of value in support of this is 
the fact that some of the contacts found positive on first swabbing 
have been found to be negative by the time (about a week) that 
the examination of the swab has been completed and they have 
come into the hospital. 

As my experience is so small, answers to most of the headings 
in Section In would be valueless. I may only remark that our 
experience of nasopharyngeal catarrh in carriers is entirely negative. 
I have, on the contrary, been struck by the absolutely normal con
dition of all throats in which the meningococcus has been found. 
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308 Report from the Oerebrospinal Fever Laboratory 

Plenty of throats 1 have been examined in which signs of catarrh 
have been seen, but have all proved negative. The same remark 
applies to that peculiar spotted condition of the throat which has 
been looked upon with suspicion by some. The inference is very 
tempting, that a confusIOn has arisen between the Meningococcus 
and Micrococcus ca,tarrhalis in respect to catarrh of the throat. 

Another point that is more and more evident on examining the 
posterior pharynx of a large number of people is the variability in 
appearance and colour under normal conditions. I hesitate more 
and more to call a merely red throat an inflamed throat. 

The length of time carriers may carry the meningococcus is 
very variable and often is prolonged. In the case of one of the 
cerebrospinal fever convalescents (Tm.), positive swabs were 
obtained for over a month, notwithstanding treatment. We have 
now still in hospital one of Dr. Claridge's contacts who has been 
positive to our knowledge for two months. This man is suffering 
from chronic ear trouble, and it is possible that the Eustachian 
tube forms a nidus for the organism. Tm. had greatly enlarged 
tonsils and also adenoids, and these may have been the cause of 
his persistent carrying of the organism. His tonsils and adenoids 
were removed and it was thought in subsequent examinations that 
he was free. An organism, however, which was obtained shortly 
after the removal and was at first considered to belong to the flavus 
group, on further study has been found to be suspiciously like the 
memngococcus. 

My present opinion on this question is as follows: There is 
usually a reason for the continued persistence of the organism in 
the throat, i.e., either connected with enlarged tonsils or adenoids, 
or with an abnormal condition in one of the many cavities which 
are connected with the posterior pharynx and nose. 

The evidence tends to the view that a person with a normal 
throat is only a transient carrier of the meningococcus. 

As regards treatment, my experience is again small. The 
method found most satisfactory is nasal douching three times 
daily with permanganate solution. The solution is poured with 
a nasal douche right to the back of the nose and returns in con
siderable quantity through the mouth as well as the nose, thus 
thoroughly drenching the posterior pharynx. This method un-

I These include those who have been in contact with a definite case of cerebro
spinal fever, and some who have been examined as "contacts," but who later 
were found not to have been in contact with a definite case of the disease. 
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doubtedly temporarily removes the organism from the posterior 
wall of the pharynx. Sprays and gargles have been found practi
cally useless, the posterior pharynx hardly being touched by them. 

Before a case under treatment by douching is examined by 
swabbing, two days are allowed to elapse so as to allow the 
orgamsm again to appear If concealed in some accessory smus. 

IV.-CASES OF CEREBROSPINAL FEVER. 

(1) Incubation Period.-The information concerning this which 
I have been able to collect is extremely vague, and mainly depends 
on indirect evidence, such as the occurrence of a case in a place 
previously free in a man who had recently been on leave. The 
question of the influence of leave on spreading the disease is 
discussed in Section I (b), and for the purpose of discussing the 
incubation period '.rable I may again be consulted, in which the 
period of leave is noted in the last column but one. 

In five cases the disease developed within two days of the man's 
return from leave, the period between the commencement of leave 
and the onset of disease being three days, four days, five days (twice) 
and six days respectively. Three of these cases were the first cases 
of the disease noted among soldiers in the locality, one being at 
Bishop's Stortford, one at Roughton Regis, and one at Watford. If 
it is allowed, therefore, that these cases became infected while on 
leave, the incubation period appears to be a short one. The second 
case at Roughton Regis also occurred within seven days of the 
man's arrival at that place, and can almost be grouped with the 
other five, though a maximum limit is not here to be obtained. 
The same applies to the case from Saffron Walden. From the first 
five cases the incubation period would appear to be between three 
and six days. 

The cases which occurred in men actually on leave give less 
direct evidence, and can be taken in two ways. Three of the men 
had been home between three and four days when attacked, and 
one fourteen days. This latter case occurred in a man on leave 
whose sister was extremely ill, and it is just conceivable that the 
sister was suffering from cerebrospinal fever and infected the man. 
I have, however, no information on this point. The matter is so 
uncertain as to be of no value for the present discussion. 

In the case of the other three, however, two occurred within 
eight days of one another at Littleport in men on leave from 
different stations, Felixstowe and Bury St. Edmunds. There is 
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thus here presumptive evidence that the disease was contracted by 
both after arrival at Littleport, which would again bring down the 
incubation period to three days or less. As, however, I have no 
information concerning the occurrence of cases at Bury St. 
Edmunds and Felixstowe, the argument is not a strong one. 
The three remaining cases in which return from leave occurred 
within fourteen days of the onset of disease occurred at Bedford 
and Peterborough, both places in which some other cases had 
occurred; they are therefore devoid of value for the present 
argument. 

To sum up, the little evidence available points to a compara
tively short incubation period, lying between three and seven days. 

Another point may be discussed here: Can a carrier carry the 
disease in his throat for some time and then under suitable 
conditions develop the disease? Of this all the evidence I have 
is in the negative. The number of carriers found in this district 
has been extremely few, so again my evidence is extremely scanty, 
but among the few carriers found no illness has ever developed, 
and catarrh of the throat has been conspicuously absent. Some 
carriers have been under observation for months, so there is 
ground for supposing that they are, similarly to diphtheria carriers, 
practically immune to the disease in the majority of cases. 

(2) Diagnosis.-Clinically the differential diagnosis of cerebro
spinal fever is a matter of considerable difficulty. Not only are the 
signs and symptoms extremely variable in undoubted cases of the 
disease, so that hardly anyone is constant throughout, but also they 
are dependent on pathological conditions in the brain and spinal cord, 
which can be brought about by other infections of these organs 
beside that of the meningococcus. 

In Table VII is given a list of cases, twenty-seven in all, which 
have been sent in to the First Eastern General Hospital as possible 
cases of cerebrospinal meningitis, and have ultimately been shown 
to be of a different nature. 

A purulent infection of the brain and cord can be brought about 
by many organisms, and cases of such infection due to the 
pneumococcus, streptococcus and staphylococcus have all occurred 
in this list. The finding of a purulent exudate in spinal fluid 
removed by lumbar puncture is, therefore, not conclusive of cerebro
spinal fever, using this term to designate meningococcus infections 
only. 

Infections by the tubercle bacillus also can be very confusing, 
as in the later stages of cerebrospinal fever little or no pus may 
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be found in a puncture fluid, and the amount of fluid obtained 
may be very similar in the two conditions. 

Two cases of this nature have occurred in the First Eastern 
General Hospital. 

The general character of the cerebrospinal fluid obtained by 
lumbar puncture is therefore no reliable guide to diagnosis. 

The matter is different if the bacteriology of the fluid is taken 
into account, and, as a rule, examination of films, and more especi
ally culture of the fluid is reliable. The diagnosis is only certainly 
clinched by obtaining a pure culture of the organism, and by 
subjecting this to tests proving it to be the meningococcus. 

In every acute case coming under observation this has ultimately 
been done, though in some the difficulties of obtaining a culture 
have been great. 

In the majority of cases all the early punctures have grown 
freely, but in a few, notably those of Wr. and Js. in Table V, only 
one late puncture fluid has grown, while in the cases of H. and Ty., 
in Table VI, only the first puncture grew. In four cases the first 
puncture failed to yield a growth, while in one, that of Y., the third 
and fourth punctures were the only successful ones. In most cases, 
therefore, the diagnosis is settled by the successful culture of the 
organism from the first, and occasionally from the second, puncture. 

The medium which has yielded the best results for this purpose 
has been blood agar, prepared from the fresh aseptically obtained 
blood of the rabbit. The various media sent out from the Royal 
Army Medical College, Grosvenor Road, have also usually suc
ceeded, notably a mixture containing peaflour, which was found to 
be quite successful even without the addition of fresh sterile serum. 
Legumin agar subsequently supplied was found to be more uncer
tain and practically useless without the addition of fresh serum. 

The routine method of cultivation adopted has been to sow the 
puncture fluid as soon as possible after it has been obtained on 
to three or four tubes, distributing the fluid generously over the 
surface with a loop. The puncture fluid has then been allowed to 
stand undisturbed from twelve to eighteen hours in the 37 0 c. incu
bator, so that any pus present sinks to the bottom. Fresh tubes 
have then been sown from the sedimented pus. This second 
sowing has been successful in a certain number of cases in which 
the first sowing has failed. 

In all cases also films have been made both at once and after 
the incubation of the puncture fluid. Intracellular diplococci have 
been found in the great majority of cases in which pus has been 
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present, but often in extremely scanty numbers in the films of the 
fresh fluid. Their rarity has rendered the application of Gram 
stain difficult and rather unreliable, and methylene blue has been 
mainly used. The incubated fluid often shows diplococci in much 
greater numbers, though they are now no longer intracellular. 
They are, however, much easier to test by Gram stain. 

In our experience the substantiation of Gram-negative diplococci 
in these films is quite reliable, and has been of very great use in 
those somewhat infrequent cases in which the earlier puncture 
fluids could not be grown. 

Our routine method has therefore been to examine films, but 
to wait for the results of culture of the first, or if necessary the 
second puncture fluid, which have usually been obtained on the 
first two days, before definitely notifying a case as suffering fi.·om 
cerebrospinal fever. A pure culture of Gram-negative diplococci 
has then usually been obtained, which has put the case beyond 
doubt, for all such cultures have ultimately answered the test of 
the meningococcus. As has been mentioned in Section H, in one 
case, Tu., a Gram-negative diplococcus was obtained which did 
not ferment glucose; after some months of cultivation, however, it 
began to exhibit this power satisfactorily. 

In the few cases in which the first two punctures have not 
grown reliance has been placed on the evidence of films; in these 
cases the films of incubated fluid have proved especially useful. 
The cases of Js. and Wr. are examples of the value of this method. 

With the amelioration of the patient's condition, the puncture 
fluid became clearer and clearer, though often remaining at a high 
or even a higher pressure, and the fluids have ceased to grow or to 
show diplococci in film. In one case, therefore, which was obtained 
late in the disease, the puncture fluid proved entirely negative, 
and, on the whole, the earlier the case was punctured, the 
easier was the diagnosis. As puncture early in the disease is also 
of extreme value for the purposes of treatment, its advisability 
is obvious. 

The facility with which most of our puncture fluids have grown 
is probably partly dependent on being able to sow them and deal 
with them in a laboratory almost immediately after they were 
obtained, owing to the collection of all cases into the First Eastern 
General Hospital as soon as possible. 

Three cases only have proved doubt'ful in our series-the three 
which occurred in June; in none of these did films reveal any 
intracellular diplococci, and no cultures could be obtained. These 
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cases were all comparatively mild, though all gave clinically 
undoubted signs of meningitis. The course of the disease and the 
complete recovery which ensued, combined with the actual presence 
of polymorphonuclear cells in the puncture fluids, gave rise to the 
final conclusion that these were probably cases of a mild type. In 
my experience no other purulent affection of the meninges ever 
recovers. In one of the three (0.) an organism was obtained from 
the throat identical with the meningococcus. 

To sum up: The combined method of examination of films and 
culture of the puncture fluid enables a diagnosis to be obtained in 
practically every case in from two to three days, the diagnosis in 
the majority being clear in one day. This bacteriological method 
of diagnosis is essential, and the only reliable one. 

Cases of purulent meningitis due to other causes can also in the 
vast majority of cases be diagnosed by the same methods. 

In other cases sent in as possible cerebrospinal fever the 
puncture fluid, when obtained, was always found to be perfectly 
clear and normal, though it may be noted that in a few of the 
cases, notably acute influenza and pneumonia, the spinal fluid was 
found to be under considerably increased pressure. It is possible 
that some of the cerebral manifestations in these diseases may be 
directly due to this increased pressure, as distinct relief of such 
symptoms as intense headache was obtained on its removal by 
lumbar puncture. 

(3) Specific T'reatment.-The most successful treatment in our 
hands can be stated shortly. It is immediate and daily lumbar 
puncture so long as there are no marked signs of clinical improve
ment. If the improvement commences, but is not maintained, 
lumbar puncture should again be resorted to. 

Table V shows those cases which have recovered. The first 
seven cases all had illnesses lasting three weeks or under, the 
shortest period being eleven days in two cases. In all these lumbar 
puncture was performed daily so long as any clinical indication 
existed for it, except in the case of Wg., who appears to have 
been an exceptionally mild case, and was only punctured on the 
day of admission, the fifth day of his illness. In three out of the 
first four cases lumbar puncture was done within twenty-four hours 
of the onset of disease. It is also to be noted that no serum was 
given in any of these cases. The clinical effect of lumbar puncture 
is extremely striking, and the patients frequently become extremely 
desirous for it, as they obtain such relief. In the cases in which 
serum was injected after removal of the spinal fluid, this clinical 
relief was markedly absent. 
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TABLE V. 

---~--~------------~------~--~------~--~------------------
Recovered. Nu;:;ber 

Name punctures 

Tm ... 
Rk ... 
H. 
Ty. 
Wg ... 
Wd ... 

Yg. 
Wr .. , 
Tp. 
Mr .. , 
Bo. 

G. 
Sw •• , 
N. 
St. 
Ak. 

R. 
Js. 

M.* .. 
B. 
Tu .•. 

Rw .. , 

Jh.* .. 

2 
3 
5 
7 
1 

11 

10 
6 
6 
1 
5 

o 
8 
4 
1 

12 

2 
17 

2 
2 
6 

82 

12 

Days of illness on which L.P. 

1, 2 
1,2,3 

4,5,6,7,8 
1, 2, 3, 4, 5, 6, 10 

5 
5, 7, 8, 9, 10, 11, 12, 13, 14, 

16,20 
5,6,7,8,9,10,11,14,17,22 

3,10, 12, 15, 17, 19 
4, 5, 6, 7, 8, 9 

3 
8,4,5,6,11 

4,5,6, 7, 8, 9, 10,12 
3,4,5,9 

7 
5, 6, 8, 9, 11, 15, 16,18,26, 

35,86,88 

35,49 
8, 9, 11, 12, 14, 16, 18, 21, 

22,27, 85, 39, 41,42,44, 
48,51 

48,60 
11,12 

3, 9, 48, 67, 74,77 

5, 6, 7, 9, 10, 11, 18,14,15, 
16, 23, 25, 27, 29, 31, 32, 
33, 34, 86, 87, 38, 40, 41, 
42, 43, 46, 48, 50, 52, 56, 
58,60 

8, 9, 10, 11, 16, 18, 19, 22, 
24,81, 87, 48 

Mulford serum Number 
given growing 

3 (30 c.c.) 

3 
3 (5 c.c.), 4 (15 

c.c.), 5 (10 
c.c.), 6 (15 
c.c).,11(5 c.c.) 

16 (10 c.c.), 18 
(15 c.c.), 26 
(15 c.c.) 

77 (5 c.c.) of 
own serum 

2 
8 
1 
1 
1 
9 

5 
1 
6 

2 

7 
3 
o 
6 

1 
1 

o 
1 
4 

22 

6 

Days of illness 
on which they grew 

1,2 
1,2,3 

4 
1 
5 

5, 7, 8, 9, 10, 11, 
12, 13, 20 
5,6,7,8, 10 

19 
4,5,6, 7, 8, 9 

3,4 

! 4, 5, 6, 7, 8, 9, 10 
3,4,9 

I .. 
6, 8, 11, 15, 16, 18 

35 
21 

o 
12 

S, 9, 48,67 

5, 6, 7, 9, 10, 11, 
IS, 16, 27, 29, 
31, S2, 33, 34, 
36, 37, 38, 40, 
41,42,43,52 

9,10,11,31,37,48 

* M. and Jh. were readmltted. 

Length of 
illness, 

days 

11 
11 
15 
15 
21 
22 

22 
26 
27 
28 
30 

32 
36 
38 
41 
48 

56 
62 

64 
72 
86 

100 

102 

Course of illness 

Uninterrupted recovery. 

" 
" 
" 
" 
" 

" 
" 
" 
" 

Practically uninterrupted recovery. 
Fair recovery. 
Uninterrupted recovery. 

Fair r;';covery. 
" (?) 

Uninterrupted recovery. 
Fair recovery. 

" " Moderate recovery (heart). 
Gradual recovery. 

Int~;mittent 'recovery. 

Interr:;ittent and prolonged recovery. 

" " " 
Intermittent recovery. 

Intermittent and prolonged recovery. 

Note.-Lumbar punctures performed outside the First General Eastern Hospital by others indicated by black figures. 
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In the case of Bo., in whom serum was regularly used, the 
length of the illness does not compare favourably with the cases 
just quoted. 

Another group of cases which recovered lasted from twenty-six 
to thirty-two days. In three of these, Wr., Mr., and G., as is seen in 
Table n, admission to the First Eastern General Hospital did not 
take place till late. In two of them, lumbar puncture had been 
done elsewhere and serum had been given; in one no serum had 
been given and no puncture apparently performed; the duration of 
the illness in this case was thirty-two days. This may perhaps be 
taken as an indication of the course of recovery of an untreated case. 

It may be here remarked that the termination of the illness has 
been taken throughout to be that day in which all signs and 
symptoms, such as Kernig's sign and headache, have permanently 
disappeared, and tbe temperature has finally come down to normal. 

A fourth case in this group is that of Bo., already referred to. 
In a third group of cases recovery was gradual but more or less 

uninterrupted, lasting from thirty -six to fifty-six days. Two of 
these were obtained only late in their illness, namely St. and R., 
and in two others lumbar puncture was commenced rather late, 
namely in the case of Sw. and Ak., and in the remaining case 
(N.) might well have been continued daily for a longer period 
than three days. 

Finally, a fourth group ran a very prolonged and intermitten~ 
course. One of these, again (M.), was only admitted one month 
after the first onset; one (Tu.), was not punctured daily in the early 
stage of his illness. In one (Rw.), the first puncture only took place 
on the fifth day. In two (Js.) and (Jh.), it only took place on the 
eighth day, and in one (B.) it took place on the eleventh day and was 
not continued. 

In this table the cases in which serum was used do not compare 
favourably with the rest. 

The case of Tu. may be further mentioned. An extremely 
chronic condition of intermittent headache and other symptoms 
suddenly came to an end on the administration of 5 c.c. of his 
own serum. This may have been merely a coincidence, but it 
was tried as the result of agglutination experiments with the 
patient's own serum and serum kindly supplied me by Dr. Flexner 
from New York. The patient's own serum was found to be 
more highly agglutinating than the Flexner serum, and was there
fore tried. This particular case may point to serum, preferably 
from the patient himself, as being of value in chronic cases. 
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-
Died. Number of Days of illuess 
Name punctures on which L.P. 

Bd. .. 1 2 
Hs. .. 1 1 
As. .. 1 3 
C. .. 2 3,4 
J. .. 3 3,4,5 
Dn. .. 3 2,3,4 
F. .. 2 3, 4 
Ht. .. 2 4,5 
My. .. 4 2,3,4,5 
Mt. .. 0 0 
8s. .. 9 4,5, 6, 7, 8, 9, 11, 

13,14 
An. .. 15 3,4,5, 6, 7, 8, 9, 10, ' 

11, 13,14,15, 16, 
17,18 

A. .. 14 4, 21, 22, 23, 24,25, 
26, 28, 30, 33, 35, 
44, 46, 47 

D. .. 30 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 
16, 17, 18,20,23, 
26, 28, 31, 32, 34, 
35, 36,37,38,39, 
42,44,49 

Y. .. 15 6, 9, 11, 13, 40, 43, 
44, 46, 47,48,49, 
50, 51, 54, 56 

TABLE Vr.-FATAL CASES. 

Mulford serum Pus Number Days of illness 
given growing on which they grew 

-------- --------------------
.. Pus V .. 1 2 

1 (20 c.c.) 
" 

V .. 1 1 
.. 

" 
V .. 1 3 

3, 4 (15 c.c.) 
" 

V .. 2 3,4 .. 
" 

V .. 3 3,4,5 .. " 
V .. 3 2,3,4 .. 

" 
V . . 2 3,4 .. 

" 
V .. 2 4,5 

3, 4, 5 (15 c.c.) 
" 

B .. 4 2,3,4,5 .. 
" 

V .. 0 0 
7 (15 c.c.), 14 

" +++ + 9 4,5,6,7,8,9, 
(6 c.c.) 11, 13, 14 .. " +++ 15 3, 4, 5, 6, 7, 8, 9, 

10, 11, 13,14,15, 
16,17, 18 

.. 
" + R 11 4, 'U, 22, 23, 24, 

25, 26, 28, 30, 33, 
34 

Subcut.: 14, 15, 
" 

-ve . R 16 5,6, 7, 8, 9,10,15, 
18 (30c.c.), 21, 16, 26, 28, 32, 34, 
22 (25 c.c.) (B. 35, 36, 37, 39 
W. and 00.) 

.. 
" 

-ve . R 2 11,13 

H = hydrocephalus of third and fourth ventricles. 
V = vertex. 
B = base. 

Length of 
illness Course of illness 

36 hours Fulminant. 
36 

" " 4 days Unresponsive. 
4 

" " 5 
" " 5 
" " 5 
" J' 

5 
" " 5 
" " 15 
" " 19 
" 

Some response. 

23 
" 

Responded fairly. 

49 
" 

Responded well ; re-
lapse 20th day. 

51 
" 

Irregular; slight tern· 
porary response; 
complete occlusion of 
subarachnoid space 
in dorsal region 

63 
" 

Response very slight. 

I 
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J. F. Gaskell 317 

Turning now to Table VI of cases which died, the first group 
consists of nine, in which treatment seemed to have no influence 
at all. Two were fulminant in character, while the other seven 
all ran a course of four or five days. It may, perhaps, be remarked 
that none of these seven were punctured on the first day of illness 
and only two on the second day. It is perhaps unlikely that earlier 
puncture would have influenced them; as none of them responded at 
all when they were punctured, it is more probable that the disease 
here was so severe that no treatment could have influenced it. The 
post-mortem findings are here of interest. In the greater number 
the pathological condition was vertical to a marked degree, a most 
intense congestion of the whole of the meninges being accompanied 
by a wide distribution of pus scattered all over the vertex in patches. 
It is difficult to believe that such a severe comprehensive cranial 
affection could be influenced by any treatment. The next case (Mt.), 
lasting fifteen days, remained undiagnosed till the post-mortem 
examination and was never punctured. 

Disease 
Pneumonia 
Influenza 
Tubercular meningitis 
Pneumococcal meningitis .. 
Streptococcal meningitis .. 
Staphylococcal meningitis .. 
Subdural abscess .. 
Acute myelitis 
Cerebral embolism .. 
Cerebral tuberculosis 
Cerebral hoomorrhage 
Delirium tremens .. 
Convulsive hysteria 
N euromimesis 
Insanity .. 

Tonsillitis 
Pharyngitis 

TABLE VII. 
Number 

5 
6 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

Deaths 
1 
o 
2 
1 
1 
1 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Suspected C.S.M. cases. Negative 
Dp., Capt. Hn., Pr., Ps., Rs. 
K, Ep., Hy., Pe, Rv., Wa. 
Dt., Pt. 
Ry. 
Ms. 
L. 
J.R. J. 
Hg. 
Bt. 
Nh. 
Py. 
V. 
Bw. 
Ay. 
Ms. (Reported by Netleyas 

C.S.M.) 
Sw. 
Cu. 

{ 

5 meningitis } 
27 in all, with 7 deaths: 1 subdural.abscess These cases are in italics. 

1 pneumoma 

The cases of Ss. and An. are interesting. The pus in the spinal 
fluid, thick to start with, became increasingly difficult to draw off, 
till finally, in the case of Ss., only a thin serum could be obtained. 
Post-mortem, however, it was found that a dense glutinous pus 
completely filled the thecal space throughout the cord and coated 
over completely the base of the brain. Here again it is difficult 
to see what treatment could have been adopted to cause a thinning 
of this pus. 

23 
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318 Report from the Oerebrospinal Fever Laboratory 

The last three cases (A., D. and Y.) all showed post mortem a 
condition of marked dilatation of the central ventricles of the brain, 
and died with symptoms of excessive pressure on the fourth 
ventricle. 

A. suffered a true relapse, going on well for the first eighteen 
days of his illness, and then getting all signs and symptoms 
back in a severe degree, the spinal fluid again being found to be 
purulent and showing the meningococci freely. 

It is possible that more persistent lumbar puncture in the first 
instance might have averted the relapse. 

In the case of D. subcutaneous injections of serum were tried, 
but were entirely without visible or ultimate effect. Here, again, 
earlier lumbar puncture might have cut short the illness, the first 
puncture only taking place on the fourth day. The immediate 
~ause of death was complete occlusion of the subarachnoid space 
by scarring, so that the later punctures were useless to relieve the 
hydrocephalus. 

Y. was first punctured on the sixth day and next on the ninth, 
and then subsequently very intermittently till late in his disease. 
The late punctures all gave a clear fluid at high pressure. He was 
finally left seven days without puncture, and at the post-mortem 
a very large amount of fluid at high pressure was found in his 
third and fourth ventricles. 

The pathology of this ventricular dilatation, which markedly 
affects the central rather than the lateral ventricles, is probably 
after-scarring in the membranes foHowing on the primary acute 
infection, and the rationale of lumbar puncture is here the preven
tion of too high a pressure of approximately normal cerebrospinal 
fiuid, in contra-distinction to the reason for puncture in the early 
stages, which may be compared with draining an abscess. The 
failure of the first puncture to give a growth in some cases points to 
the similarity of the condition to that in an abscess-it is only when 
a flow is established into the cavity that live organisms can be 
withdrawn. 

The evidence obtained is therefore all in favour of early and 
frequent lumbar puncture, and throws grave doubts on any 
additional value of antimeningitis serum. 

It is perhaps possible to interpret the more favourable results 
following the introduction of the serum as being really due to 
increased lumbar puncture, which had to he performed in order to 
introduce the serum. 
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