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CEREBROSPINAL MENINGITIS IN THE SALISBURY 
PLAIN AREA DURING THE EARLY PART OF 1915: 
A LABORA'rORY STUDY. 

By LIEUTENANT C. H. TREADGOLD. 
Royal Army Medical Corps. 

PART 1. 

GENERAL OBSERVATIONS. 

(1) Statistical.-Between February 9 and April 11 the throats of 
594 soldiers were examined. The meningococcus was found in 
128 (21'2 per cent). At the time of writing (April 16) 85 are still 
carriers. In 30 of these the germ has persisted for more than It 

month, while in 3 cases two months have elapsed since the first 
examination. These 594 men represent the contacts of 31 cases of 
cerebrospinal fever, of which 19 occurred between February 9 and 
March 11, and 12 between March 11 and April 13. That a definite 
decrease has taken pJace may be regarded as satisfactory, when the 
constant influx of fresh troops into this area is taken into account. 
One of the earlier cases still harbours the meningococcus, although 
he has been convalescent for some weeks. 

(2) How does Infection of Contacts Occur .i-That the germ is 
aerially transmitted from throat to throat, and that close contact 
facilitates such transference, is generally admitt!3d, and abundant 
evidence in support of this view was obtained. Men, crowded 
together in huts in which one of their number developed meningitis, 
usually showed a high proportion of positives, while in contacts who 
had not slept in the same room with the case, and in hospital 
orderlies, the percentage of carriers was ma.rkedly reduced. 'Thus, 
in -a batch of 39 contacts 32 had slept in the same hut with A-
the man who developed meningitis-and of these no fewer than 21 
were positive. The remaining 7 met him in the office, and 2 of 
them were positive, but on inquiry it was found that these 2 
alone sat at the same table with A, thus coming into closer contact 
with him than the other 5, who were negative. One more instance 
may be given: 12 contacts were swabbed, only 3 of whom had 
slept in the same room with the case; 2 of these were positive, 
only 1 carrier being found in the remaining 9. 

I may here state that I came across no evidence in favour of 
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222 Cerebrospinal Meningitis in the Salisbury Plain Area 

this disease being transmitted by blood-sucking insects such 
as lice. 

(3) The Relation between Pharyngitis and Positive Contacts.
It has been stated that the presence of the meningococcus in the 
nasopharynx is invariably associated with pharyngitis. It has even 
been suggested that routine bacteriological examination is un
necessary, and that the swabbing of those contacts who complain 
of sore throat would meet all requirements. Such an attitude 
cannot be too strongly condemned. Although pharyngitis is 
undoubtedly present in a fair proportion of carriers, its course is so 
benign as to produce no objective symptoms in the vast majority 
of cases. Contacts who complain of sore throat only show a slightly 
higher percentage of positives when contrasted with those in 
whom this symptom is absent. At Tidworth the question was 
put to every contact before being swabbed, and out of 48 men who 
complained of sore throat only 13, or less than 28 per cent. were 
positive. Clearly this symptom is of no practical importance. 

(4) The TTeatment of Oontacts by means of Vaccines. - The 
production of an active immunity in contacts is obviously a 
prophylactic measure of great importance. So far as I am aware, 
the only statistics at present available are those of Sophian.1 Eleven 
students were injected in varying doses, the resulting immunity 
being controlled by agglutination and complement. fixation tests. 
Later, about 280 families' were inoculated in Kansas City. Three 
injections were given at intervals of a week in doses of 100 million, 
500 million, and 1,000 million. In none did the disease subse
quently occur. So far as the 11 students were concerned, the 
reaction consisted principally of some local inflammation at the 
site of injection, and usually some trivial general symptoms. All 
symptoms had much improved, or entirely subsided, in twenty-four 
hours. However, ,this author states that "as a result of the injec
tions the patient may suffer from intense headache, may have some 
general bodily pain, nausea and vomiting, with rise of temperature 
to 1029 , 1030 or 1040 F., although these severe symptoms are some
what unusual." In favour of giving smaller doses of vaccine than 
those employed by Sophian it may be urged that the meningococcus, 
being a germ of low virulence, only a very small proportion of those 
exposed to infection ever develop meningitis; moreover, cerebro
spinal fever is prqbably the only form of meningitis in which 

1 Sopbian: "Epidemic Cerebrospinal Meningitis," London, Henry Kimpton, 
1913. 
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c. H. Treadgold 223 

recovery takes place at all. One is therefore entitled to expect 
that small doses of vaccine-doses which fall short of producing 
noticeable general reactions-will prove sufficient to prevent the 
development of the disease, even in relatively susceptible persons. 
. Personal Experiences.-A polyvalent vaccine made from seven 
local strains was used. 'lihe organisms were emulsified in normal 
saline, killed by heating for one bour at 56° C., and counted in'the 
usual way; dilutions were made with normal saline,' to which 
lysol, in the proportion of t per cent, had been added. Comple
ment fixation work being impracticable, I intended controlling the 
immunity produced by agglutination tests. Unfortunately it was 
impossible to obtain agglutinable strains. Strains obtained from 
cases of cerebrospinal fever, from carriers, and also a polyvalent 
formalized emulsion, kindly supplied by Drs. Ledingham and 
Arkwright from the Lister Institute, all failed to agglutinate with 
sera obtained from both acute and chronic cases, even in so low a 
dilution as 1 in 10 after twenty-four hours. It was then determined 
to find out the minimum dose capable of producing a reaction. For 
this purpose 10 positive contacts were taken and put on a four
hourly temperature chart. The initial injection of 10 million 
cocci produced no reaction whatever, either local or general. On 
the third day 25 million cocci were injected, and in 7 cases a 
transient erythema at the site of the injection was the only sign. 
In the remaining 3 slight swelling and stiffness of the arm were 
noticed in addition, while the temperature varied between normal 
and 1000 F. during the next twenty-four hours. This slight 
rise was followed· by a corresponding fall, the temperature remain
ing subnormal for a day or two. However, the normal was 
regained by the fourth day, when a further injection of 50 million 
was given. The next 32 positive contacts were given an initial 
dose of 25 million, followed by a further dose of 50 million on 
the fourth or fifth day. A definite, though variable, local reaction 
occurred in every case. The morning- and evening temperatures 
were taken during the ensuing twenty-four hours, but no rise was 
detected. It was therefore determined to inoculate ali future 
con:tacts with 50 million cocci, followed after a week by a further 
dose of 100 million in those cases which turned out to be positive. 
Nearly two hundred men have now been inoculated. Not one has 
complained of feeling even temporarily unwell as a result of the 
injections, and in no case has a temperature of over 1000 F. been 
recorded. Up to the present time there has been 1 case of 
cerebrospinal fever amongst 49 unvaccinated carriers, whilst no 
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224 Cerebrospinal Meningitis in the Salisbury Plain Area 

case has occurred amongst the 79 who were inoculated. Of course 
these figures are far too small t.o enable one to draw any con
clusions, but whether the above-mentioned doses are sufficient to 
ensure protection or not, it is evident that their employment 
ca.nnot give rise to severe general reactions; moreover, all danger 
of producing a. negative phase is abolished. 

CHART 1. 

No local treatment Nasal douching 

Nos. March 17 & 18 March 24 March 26 March 29 April 9 April 15 
----- --1.-1---+--.1----- ----- --+-------+--

Vaccine 
treatment 

No vaccine 

2 + + + + 
3 + + + + 

-- -----------1------1---- ----
4 + + 
5 + 
6 + 

+ + + 7 

8 
------1----- --------------

+ + + 
9 + + + + 

-------------1-------------
10 + + 

----.-. ---------I---------~--· 
11 + 
12 + 
13 + + + + 
14 + + + + + 
15 + + 

·16 + 
17 + + + 
18 + + + + 
----- -- ----. - ----------

19 + + + + 
20 + 
21 + + + + -;;-[--+---- ---=- -=-- ----_._-

---'-------_._------ ---------
U + +. - -
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c. H. Treadgold 225 

(5) Do Vaccines help in Ridding the Throat of the Meningo
coccus ?-To elucidate this question, the positive contacts of two 
successive days' swabbing were taken. Their number amounted 
to 23; 13 were inoculated, while 10 were left alone-local treat
ment being avoided in all cases for the first fortnight. After this all 
throats were sprayed twice daily with 1 in 1,500 potassium perman
ganate solution. The appended table, Chart I, indicates the results 
obtained. It also indicates the advisability of a second negative 
report before letting a suspected carrier go. It will be seen that 
a,fter : four weeks 12 men were still caxriers or suspects, and that 
7 of these had been inoculated. The first 4 on the list received 
a third injection of 250 million on April 9, but 3 out of the 4 
were still positive on April 15. These results show that vaccine 
treatment is of no great utility-at any rate in small doses. 

(6) The Treatment of Cerebrospinal Fever by means of Auto
genous Vaccine. - This was tried in 4 cases. In 2 of them, 
3 injections of 5, 10 and 25 million cocci were given every other 
day. In the third case an initial dose of 50 million was given, 
followed by 100 million on the. fourth day. There was an entire 
absence of response in all 3. In the fourth case 50 and 100 
million were given as before, but were followed up by a further 
dose of 250 million the next day. This last injection produced 
a slight local reaction, but had no obvious effect either on the 
temperature chart or the condition of the patient. I have no 
information as to the results obtained by other observers; however, 
these doses would'iiikem to be insufficient. 

PART H. 

BACTERIOLOGY. 

(1) Technique.--- The technique employed for isolating. the 
meningococcus from throat swabs is sufficiently well known; how
ever, one or two points may be emphasized. One plate is sufficient, 
provided the end of the swab be brought into contact with the 
water of condensation and the resulting emulsion lightly rubbed 
over the surface of the medium by means of a small glass spreader. 
When examining a number of contacts several of these spreaders, 
about three inches long, are stood upright in a fragment of plasti
cine, each being flamed immediately after use. If the water of 
condensation be insufficient, a large loopful of sterile water placed 
on the under surface of the lid gives equally good results. Discrete 
colonies, are ahp.ost invariably obtained by. this method, and much 
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'2'26 Oerebrospinal Meningitis in the Salisbury Plain Area 

time and trouble are saved. The plates may be examined the next 
morning-personally, I prefer to leave them in the incubator for 
thirty-six hours. Touching the sugars, several potential sources of 
error exist. (a) A strongly acid reaction is almost certainly 
due to contamination, as the quantity of acid produced by the 
meningococcus in the litmus - lemco - glucose - serum medium is 
small. (b) When no glucose fermentation has taken place, one 
must be certain that growth has occurred before ruling' out the 
menmgococcus. 

(2) Doubtful Meningococci.- I have several times met with 
meningococcus-like colonies, composed of Gram -negative cocci, 
which gave a good emulsion and the correct sugar reactions, and 
yet showed growth on serum agar in fortyreight hours at 23° C. 
I have also encountered colonies which differed from the previous 
ones in that neither glucose nor cane sugar was fermented, while 
serum agar slants showed no growth after incubation for forty-eight 
hours at 23° C. 

Possibly the incubator was at fault in the first case, although 
it had been previously tested with a maximum and minimum 
thermometer; in the second case the organism was probably not 
the meningococcus. Failure to grow on the optimum medium in 
forty-eight hours at room temperature, together with the correct 
sugar reactions, are perhaps the most satisfactory corroborative 
tests. 

(3) Vitality of tlte Meningococcus.- All observers agree that 
subculture every two or three days is necessary if the organism 
is being cultivated on solid media. In fluid media the meningo
coccus lives much longer;, according to Gordon,! a successful 
subculture from ascitic broth incubated at 37° C. may be obtained 
after a fortnight. However, I can find no details as to the vitality 
of the meningococcus in the absence of such media, and. like 
Gordon, I have been unable to find particulars of any experiments 
made to determine the vitality of the meningococcus when dried 
in the body secretions. The following investigations were 
accordingly made:-

(a) Isolated colonies from original serum agar plates, or the, 
first subcultures from these, were touched with dry sterile West's 
swabs, the swab being immediately withdrawn into its sheath. 
Fresh plates were inoculated after varying intervals ofl time and 

1. Gordon: "Report to the Local Government Board on the Micrococcus of 
Epidemic Cerebrospinal Meningitis and its Identification, 1907." 
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O. H. Treadgold 227 

incubated at 37° C. These experiments were repeated on several 
strains, but no growth ever resulted after exposure to daylight and 
room temperature for more than one hour. When the swabs had 
been previously moistened by dipping them into sterile water, 
meningococcus colonies developed after exposure to daylight and 
room temperature for two hours, but not longer than this. If day
light and desiccation were avoided, colonies developed after a 
considerably longer period; the exact limit has not yet been 
determined. 

(b) The vitality of the meningococcus in swabs from the 
throat was tested in the following way: 8 carriers were chosen, 
3 swabs being used for each, or 24 in all. Control plates were 
inoculated from the third swab in each case, and meningococcus 
colonies subsequently developed in 6 of them. The remaining 
16 swabs were divided into four lots, the corresponding plates 
being inoculated three, six, nine and twelve hours after the 
swabbing, and then incubated at 37° C. In the interval, the 
swabs were left on the laboratory bench at room temperature; 
they were nearly dry in six hours and absolutely dry after nine 
hours. In no case did meningococcous develop, although the 
plates, with one exception, showed numerous colonies, among 
which other Gram-negative cocci were well represented. In the 
next experiment 22 swabs were used for 11 carriers,the first 
swab in each case being used as a control. The remaining 11 
were placed in a dark cupboard, plates being inoculated every hour 
after the swabbing, starting at two hours. None of the swabs were 
completely dry, even after twelve hours. 

Resu,lts.-A summary of results will be found in the accom
panying table, Chart H. It is noteworthy that a plate inoculated 
eleven hours after the throat was swabbed showed a copious growth 
of meningococci when examined thirty-six hours later: This 
experiment shows the meningococcus to possess considerable 
vitality in the absence of light and desiccation. Should it be 
impossible to inoculate plates immediately after swabbing, growth 
may be reasonably anticipated up to twelve hours, if the numbered 
swabs be placed in an air-tight receptacle. 

(4) The Relation of the Meningococc1tS to Cerebrospinal Menin
gitis.-That carriers of the meningococcus so seldom develop 
cerebrospinal fever isa striking epidemiological fact. The usual 
explanation given is that the vast majority of people possess 
sufficient natural immunity to prevent the germ getting into the 
blood-stream. This is a reasonable supposition, but the possibility 
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228 Oerebrospinal Meningitis in the Salisbury Plain Area 

of other factors coming into play is by no means exhausted. For 
instance, Hort, Lakin and Benians 1 have recently suggested that the 
meningococcus may merely be a non-infective phase of the causal 
organism. They claim to have isolated Jaeger's coccus (Diplo
coccus crassus) from the blood, cerebrospinal fluid and urine 
of cases, and also describe a very pleomorphic orgaJ?ism obtained 
from a catheter specimen of urine after passage through a tested 
Berkefeld filter. The same colony showed Gram-positive and 
negative cocci and also Gram-positive and negative bacilli; some 
of the latter were granular and were seeu-to be breaking"down into 
diplococci indistinguishable from meningococci, while on subculture 
Jaeger-like organisms predominated. 

Name of carrier 

Knott 

Easy 

Urquhart 

CHART n. 

Result in 
conLrol plaLe 

Time of inoculation 
of second plate 

After 2 hours 

" 
3 

" 4 " 

Resnlt 

+ 

----·----------1-------·-------
Lusty + 5 + 
--------------------------
Thornton 6 
----------------_·_,-----·1-----
Bushell .• + 7 

Langley •. 8 
----------- ------------------
Milner ., 9 " -------------------------.---------
Douglas .. 

Richardson 

+ 
+ 

" 10 '" 

11 + --------------------------
Swanston " 12 

Personal Observations.-I frequently isolated rounded 'Jaeger-like 
diplococci from the throats of contacts. At first chiefly Gram
negative, they became almost completely Gram-positive after 
repeated subculture. On serum agar, the small transparent colonies 
changed on subculture into a fine bluish-grey growth. Both 
glucose and cane sugar were fermented by the strains examined. 
In two cases these cocci were cultured from the cerebrospinal 

I Brit. Med. Journ., March 27, 1915, p. 541. 
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O. H. Treadgold 229 

fluid. One of them was exceptionally interesting in that Jaeger's 
coccus was first obtained alone, although the meningococcus was 
found at a later date in pure culture. Soon after reading the 
article referred to above, I came across a case in which no cocci 
were noticed in stained preparations from the cerebrospinal fluid, 
while cultures remained sterile after forty-eight hours' incubation 
at 37° C. As this seemed to be a suitable case for experiment, a 
catheter specimen of urine and cerebrospinal fluid, removed with 
the usual precautions, were passed through a sterile Berkefeld filter, 

, the candle of which was impervious to meningococci. The filtrates 
were plated out on to serum agar. In both cases small, flat greyish 
colonies with irregular margins developed within twenty-four hours. 
Microscopical examination revealed the pleomorphism described by 
Hort and his co-workers, but these organisms differed in that no 
Gram-positive cocci were present. They never grew freely on 
serum agar and refused to grow on agar for some days. After 
passing through a phase characterized by the predominance of 
Gram-negative beaded and bipolar bacilli, which subsequently 
broke down into coccoid granules, the growth ultimately assumed 
the form of long filaments, in places resembling a simple mycelium, 
but no branching was ever detected. In the colonies from the 
cerebrospinal fluid, bodies resembling yeasts were noticed after 
several subcultures. A further attempt was now made to grow 
organisms from the unfiltered cerebrospinal fluid. A single colony 
developed after four days' incubation. It was rounded, rather 
opaque and viscid, and composed of Gram-negative cocci which 
emulsified freely; subculture on to serum agar at 230 C. showed 
a copious growth in twenty-four hours. Neither glucose nor cane 
sugar was fermented. The patient died, and permission for the 
autopsy was fortunately obtained. 

Autopsy.-Thick greenish pus surrounded the spin;;tl cord in the 
lumbar and lower dorsal regions. The subarachnoid space in the 
upper dorsal and in the cervical region was full of turbid fluid, as 
also were the cistern re at the base of the brain and the lateral 
ventricles. The cerebral convolutions were obscured, owing to the 
presence of greenish pus in the subarachnoid space. Microscopical 
examination revealed many encapsuled pneumococci, and colonies 
of these were obtained on serum agar. Rounded Gram-positive 
diplococci, which differed culturally from Jaeger's coccus, were also 
present. Gram-negative cocci, beaded Gram-negative bacilli and 
yeast-like organisms were also obtained. No growth resulted after 
passing ventricular fluid through a Berkefeld filter. 
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230 Cerebrospinal Meningitis in the Salisbtlry Plain Area 

In a second case-cerebrospinal fluid, rich inmeningococei, and a 
catheter specimen of urine were passed through the filter. The 
plates remained sterile. 

Conclusions.-These two cases were undoubtedly examples of 
pneumoeoccal and meningococcal meningitis respectively, the first. 
case being complicated by the presence of the pleomorphic and 
other organisms already described. In my opinion J aeger's ·coccus 
and the organism described by Hort, Lakin and Benians also merely 
represent secondary infections. That these secondary infections 
are of great interest cannot be denied, but the incrimination of 
such organisms as retiological factors in cerebrospinal meningitis, 
especially in the absence of post-mortem examination, would seem 
to be quite unjustifiable at the present time. 

I am indebted to my brother, Lieutenant H. A. Treadgold, for 
much help; he was entirely responsible for the agglutination work. 
I have also to thank Major Gordon, B.A.M.C., and Lieutenants 
Llewelyn and J ohnstone, R.A.M.C., both for suggestions and 
assistance. 
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