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CERCEROSPINAL FEVER OCCURING ON TRANSPORTS
CAILLING AT CAFE TOWN, AND IN THE CAFE ;
PENINSULA , SOUTH AFRICA , FROM JUNE ; ) ;'
1916 TO OCTORBER 1917.

The occurrence of Cerebrogpinal Fever on
Augtralian and other Trangports calling at Cape Town
was & matter of concern both to the Military and Ccivil
authorities, especially as no cages of this disease
had occurred among the civil population for gome yeaxrs|

Arrangements were made for Bacteriological
examinations of cases and Carriers to be performed by
'me , the work being done in the Government Bacterio-
:logical Laboratory, by kind permigsgion of Lit.-Col.
G.W, Robertson, Government Bacteriologist, and Officer

| -
Commanding No. 5 Laboratory S.A.M.C.

1. ROUTINE FROCEDURE . All trangports are inspected

by the Port Health Officer and by a Military Medical

1

Officer, who, upon finding any cases suspicious of

Cerebrospinal Fever, report by phone to the Senior

Military Medical Officer and to the Government Health
QOfficer, who inform me., I proceed at once to the
:ship and consult with the oﬁher Medical Officers, who
arrange for the patient's removal to the City
infectious Diseases Hospital if the case is probably
Cerebrosgpinal Fever. Meanwhile I investigate in ordexr
to get as many of the close contacts as possgible. On -
account of ghip life this ié sometimgs a matter of
difficulty but it has been found that the contacts

most likely to be Carriers are (1) those sitting close




clogse to the patient at mess (2) those sleeping beside
him (%) any special friends (4) hospital attendants
if he has been ill for any length of time, and patiaﬁé
in the same ward. It has been my practice to have
the whole unit paraded and gradually dismiss ﬁhose
men not wanted. I have found the New Zealanders and

Augtralians particularly good at volunteering necess-

ary information about themselves and .at coming for- ;
|

waxrd . Nasopharyngeal swabs are taken of all the

cloge contacts, who are segregated and kept isolated

on the ship until a report is obtained. Thoge men

in whose nagopharynges Meningococei are found are
removed to the City Hogpital as Carriers, and are
kept there until at least two negative swabs have
' been obtained.

In some cases patients have been lumbar
punctured on the ship, ut usually the cerebro—spinal
fluid is sent to the Laboratory from the City Hos-
pital by Dr. Jasper Anderson, Medical Officer of

Health, City of Cape Town who has charge of all the

ratients for tre&tmant. f
Owing to the bellef held by some that there isj
& catarrhal stage in the disease, in many ingtances |
the thrdats of everyone on board have been inspected
and swabs taken from thoge with acutely inflamed
throats, but I cannot gay that this hag given any
_increase in the positive results. This procedure
hag however , rendered it possible for me to compare
the results of the swabs from contacts and non-contads.

On many ships throat painting and sgprays have been
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been vigorously used by the Medical Officers.
I
The swabs are brought by motor—car to the _
Laboratory in fifteen to twenty minutes and immediate—

1y plated.

o.  CASES OF CEREFROSPINAL FEVER.

During the period compriged, fifty—five

cagses of acute Cerebrospinal Fever were treated at

Cape Town. In this number are NOT included (i) ten
Ecases'&t ona_time guspicious who did not develop the
digseasge (ii) three convalescent cages. There were
falso seven eases of Meningitis other than Meningo-
Ioocc&l, five being caused by the Streptocooéus and two
| by the Tubercle Bacillus.

The cases of Cerebrospinal fever occurring
on Transports dealt with before they reached Cape Town

numbered geventy—-five: these were put ashore at some

other port or died at sea, and where possible, con-

tacts of these cases were examined in Cape Town.
Of the fifty-five casges treated at Cape Town

_ fifty—one were military and four civil. They occurred

ag followg:—
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- It will be seen that no well marked incidence
curve can be made. BEnduiry as to the weather on the
voyage always elicited the fact that when there were

many cases the weather had been bad and the men there-

that the disease was more likely to develop if there
wore other sickness on board with consequent crowding

'of the Hospitals etc.

Hes EXAMINATION OF CEREBROSPINAL, FLUID.

The C.S. £luld was submitted for examination
from 35 patients with a definite olinical diagnosis
of C.S. Fever, In some ca.sés geveral specimens
were exemined from the same patient (see below) ..
'In %2 casges gram negative diplococcl micros—

copically indistinguishable from Meningococel were

Military cases Total Civil Cases |
at Cape Town., Mil. Cases at CATE TOW
on Trans-— : T
ports at
& before '
CAFE TOWN. %

1916 Tune s i L1 11 - !
7578 ) 3. 1%. - *
Auvgust .. ¥ 125 -
September 5. 15 -
October.. B 4., —
November . i L0 s -
December. 2 14 . -

1‘;}17 J&nu&rl L) 2 * 5 * >
February .. = 65 -
March, ... = B 1558

SAPTIL SR e - NS
May .. g s 4, -
J'I.J.Ile ® 8% v 8 v . l - 2 . —
VN v e Bl 1RSI -
Avgust ..... b 4, —
September.. — - 15
October.... — - 5
TOTAL Bl. 126 4.

fore more confined below deck. Further, it appeared |

il

]
i
|
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i
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were found and in 28 cages Cultures of Meningococci
were obtained.

In acute cages the fluids were usually distinctly i
turbid, often with masses of pus cells, and less turbié
in milder cases.,

A clear fluid is found (a) in the very early
(Septicaemic) stages of an acute case (b) in slight
cages (c) in cases which have become chronic.

The following table shows (&) the macroscopic
characters of the fluid on primary puncture (b) whethcf
& culture was obtained and where possgible the type
{c) whether meningococel were present in the Nasopharynx
and where possible the type. (d) the number of speci-
mens of C,S., Fluid examined with positive results

{e) Result of disease.

NO. NAME | DATE| SHIP. (&) (b) | {c) (@) (o)

1 El  12/6 Bel Turbid FPos. Not '1  Died
Type examined.
not
tested.
2. D1 | 18/6 4Asl ' Clear No N.E. | O died ear
' | growth . Jyctdn
; digease.
B. Hu 2%/8 Orl Turbid Tipe Type 2 Died
| : C C : |
l ® ° i
4. Ll 29/8 Mil Clear No No 0 Recovery
Growth Growth |
b oML 29/8 Mil Feaintly Pos. No 1 Recovery
Turbid . Ty pe Growth,
not
tested.

638 g1 29/8 M1l Paintly Pos. Pos.Type 1 Recovery
i Ty pe not tested |
not
- tested,
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' 23/6

Clear No growth"

NO. NAME. DATE. SHIP, (a) | (b)  (e¢) {a) (e)
7. M2 | 29/8 Mil Faintly No growth, Pos. 'O Re-
i | i Turbid. ty pe covery
5 ‘not
tested.
8. GL  18/9 Bo2 Turbid. Type A. Type A. 1l Died.
oo ] 18/9 Bo2 Turbid. Type A. Type A. 1 |Re-
covery
10. W1 18/9 , Bo2 Turbid Type A. Type A. 3  Died.
11, I2 3/10 P.S1 Faintly Type B. Type B. 1 Recov-
Turbid. ory .
12, A1 11/10 Ma2 Faintly Type B, Type B. 2 Recov-
Turbid. ery .
15, Gl  23/10 Nel Turbid Type C. .Type C. 2 Died.
14, A2 14/11 Bo% Clear Type C Type C. 1 Recov—
ery .
15, 12 17/11 Asl Turbid Type B. not ex— 1 & "
amined . b
16, B2 17/11 Asl Faintly Type B. Type B. 2. "
turbid.
L7+ M3 | 17/11iP Ml |Turbid {Type C. Type C.i1 | ®
18. @2 | 25/11 Bo4 | Turbid " C-A " C-4 1 Died.
19. W2 | 4/11 Bo5 Turbid Type B. Type B. 2 Recovi
! . ery .
20. K1 11/12 81  Turbid Type B. Type B. 2 Recov-
! ) em’l. L
21. M4 12/1 Me3 Turbid Type A Type A. 2 Died.
22, BL 12/1 Me? Turbid Type A. Type A. 7 Died.
23, B2 [6/3 Wil Clear No growth No growth O Recov-+
; ory .
b4, K2 22/% Civil Turbid  Type C. not exam— 1 Died
D5, 02 (20/4 Civil Turbid Type C not exam— 3 Died.
" i _ inE‘d-
26,N84 10/5 Bo4  Blood~ Type C. " " 1 Died|
f ~ stained. 5 e
27 3 'Shl " 0 Recov

 ery
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NO. NAME . DATE. SHIFP. (a) b)Y (o) (@) (e)

28 . M5 20/7 Hol Clear Pos Tipe Pos Type 1 RecoV

not testednot tesgt- ery
ed.

RO el S G 2 Oligagts 0 = e S e e

0. M6  25/7 Hol Turbid no growth no growthO "

3l. 82 27/7 Hol Turbid Type B. Type U ]

B [ ] - :

32 . K3 14/9 Civil Turbid Type D. Type D. 2 "

amined .
54 . P2 2/310 0% Clear No growth Pog. Type O Re—

BB Totii14/10. 701 Turbid Type B, Type B. 1 Died

Thus from twenty fluids which were turbid,

cultures of Meningococci were obtained in 19 cases:

from geven feintly turbid fluids ( including No. 26),

in gix cases; Tfrom eight clear fluids in three

cages.

Twenty—one aft of twenty—seven cames in which

the C.8. fluid and nasopharynx were oxamined were
pogitive 1in both. 1In addition to the above there

were Tifteoen other cases in which the nasopharynx

only wag examined, of which fourteen were positive.

In every casge in which Nasopharyngeal and
. Spinal Meningococcl were obtained the organisms prqved
to be of the same type. Where more than one case
occurred on the same ship, the type found present was
the same for all the cases on that ship.

"Two cases in which the Meningococcus was
obtained P.M, are not included; nor ig included a.

case complicated by double otitis media in which the

3%. P1 2/10 Civil Turbid Type C. not ex— 1 Died.

not tested. covexry

-
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" These results are shown ag follows:—

the organism wag obtained at operation (See below) .

No, of Culture
Cages. oObtained FPercentage
C.8. Fluids examined 35 28 80 .00
Cases with turbid C.S. f1uid20 19 95 .00
_ " Faintly " " 7 6 8. /71
= " Clear .- C.8. fluid 8 3 37«50
" in which nasopharynx
was examined 41 35 85436
" in which both C.S.
fluid and nasgopharynx ;
were examined 27 21 Lilnld
from both
G e &

Nagophar .

The following Table showg the numbers of the

different Types in 25 cerebrosgspinal strains tested:—

Percentage
No. Recovered. Died Mortality .
Type 4 5 1 - 80%
Type B 8 7 1 12.5%
Type C 9 2 7 778%.
Type D 1 1 — ER
Total 23 11 12

52 2%

is therofore probably of good

Cultures of Meningococci were
from G,.3:.

toxie than either Type A or C.

It will be seen that Type B Coccus was much less

The finding of Type B

prognostic value.

obtained on
fluids from

1 occasgion
17 patients.

L] w "

were
_ from C.S.

obtalned on
fluids from

2 occagiong
9 patients.

1] " W

were
~_Trom C.S.

obtained on
fluidg from

3 ocoasions
2 patiends.

" " " —WeTo
from C.S.

obtained on
fluids from

/ occasions
1 patient.

(Further reference is made under Miscellancous facts
of interest G o ER
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4. BAGTERIOLOGIG&“ BXAMINATION OF CONTACTS AND
NON-CONTACTS .

In order to obtain uniformity of results as
far as possiblé, the selection of the contacts as
already described and the taking of nasopharyngeal
gswabs were performed by myself. Cultures on human-—
blood-nasgar plates were made by touchinglth@ nasgar
with the swab over a very gmall area and spreading the!
blood with a bent capillary pipette. Experiments
showed that if the swabs were sufficiently saturated
with nagopharyngeal mucus to prevent drying, the
'moningoooccus if present would remain alive in this
climate for at least 2 hours. As & rule, however,
eultures were made within 30 minutes after the swabs
wore tékon in order to be upon the safe side. Great |
care was taken to avoid contamination of the swab by
salivary organismg of the mouth, but it was found to

‘|be perfectly practicable to use an ordinary diphtheria

swab with careful technidue.

Detaills of the methods of examination are
given below. |
The results obtained are expressed in the

following table:—
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No. of No. of - Percentage
Contacts . Contact— of Contact—
. Carriers ., Carriers.
Contacts swabbed _
on ghips sive 844 T4 8 e 74%
Contacts of -
Civil cases .. 77 7 9.09%
TOTAL, CONTACTS 921 gL « 879%
No. of non—- No. of Percentage of
Contacts . non-Contact non-Contact

Carriers. Carriers.

Non~Contacts

swabbed on ships 310 6 1.93%

\C

Non—contacts other
than on ghips ... . 141

N

2.12%

TOTAL, NON-CONTACTS 451 9 1.99%

Total Contacts and non-contacts swabbed 1,%372.

The carriers were further examined at freduent
intervals and remained in @solation till two conse—
cuﬁive-nasopharxngeal gwabg proved negative.

The total number of days in Hospital of 82
carriers wag 3049 days which gives the average time

per Carrier of 37 days.
Three of these Carriers remained positive for

120, 12?‘and 174 days respectively . Bxcluding these,
the average time in hospital per carrier was_35% daisS.

These were made up as follows:-—

TIME ; , NQ . OF G&RRIERS.

10 to 14 days 0

Under % weeks 2%,
Under 4 weeks : 164
- Under 5 weeks 125
Under 7 weeks ' o De
Under 9 weeks e
UnderlO weeks _Z.
Underl2 weeks : . 5
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| Expressed generally , the Carriers usually
‘took three weeks to a month to be completely free. The

Carriers were under the care of Dr. Jasper Anderson

M.0.,H. for City of Cape Town, for treatment and were
kopt in the open air as much as possible. Various

|
kindg of sprays, paints and gargles were employed. I i

am informed by Dr. Anderson that the large amount of
gopon air made possible in this country by the climate
was one of the most important therapeutic factors.
When the steam—gpray method of inhalation was first
described by Col. M.H. Gordon the question of its
introduction was discussed here. As it was not possible
to get a complete apparatus local efforts were necessamy
I succeeded in getting & spraying-nozzle manufactured
and connected this to the exhaust jet of an autoclave
Lith pressure tubing and to a reservoir of chloramine
(2%) or Zine Sulphate (1%). A small room in the
Laboratory was set apart-as an inhalation chamber.
The supply of Chloramine available at that time in
Cape Town was exhausted in two days and thefoafter
zine Sulphate wag employed. The latter has the advan—
tage of being less irritating to the eyes ete. than
Chloramine . Three patients received Spraj treatment:-
(1) One patient Ke who after fecovering from C.S,.
fever continued to have a practically pure culture of
Meningococci present in the nasopharynx for 5 months.
(This organism wag of special interest as it did not
belong to any of the known Types. See bolow),.
(2) Two Carriers of two weeks duration before
gpraying . Nagopharyngeal swabs were taken before

and after spraying and plated on blood mnasgar at
once . The results are as follows:-




Ke> . BAILEY JONES .
Eefqre after Before after Before After
February 6th Pos. Pos. Pos. FPos. Pos . Pos.
February 8th Pos. Neg. N.E. N.H. N.E. .N.E.
Februaxry l1l2th Pos. Neg . Pog. Neg. Pos. Pos.
February 15th Neg. Neg. Neg. Nea. Pog.  Pos.
February 15th N.E. N.E. Tos . Neg . Pos. Neg .
February 19th Pos. Neg. Pos. Pos. Pos. Pos,
Februaxy 20th N.E,. N.EH. Pos. Neg. Pos. Pos .
ebruary 25rd NE. N.E. Neg. Nesg. Pog. Posg.
F‘ebruary o5th Pos. Neg. Neg. Neg. Pos. Neg.
Farch.lst Neg. Neg. ©Neg. Neg. Neg. DNeog.
Varch 5th Neg. Neg.  Neg. Neg. Neg . Neg .
Nardh 8th Neg. Neg.. Nog. Neg. Neg. Neg .

N.E. = ©Not examined.

It is realised that the possible presence
of Zinc Sulphate on the swab taken after inhalation may
influence the growth. This would show, however, that
the antiseptic had reached the area where it was required.
The result wasg gpecially gratifying in the
cagse of Ke who had been, as already remarked, a carrier
for 5 monthg. The effect of Zinc Sulphate was not so
much to reduce the number of organismg in the naso-
pharynx, but to favour the growth of the hardier
gtrainsg at the expense of the more fragile and more
pathogenic¢ ones., In the case of Ke, the meningo—
coccl were gradqally replaced Iy & pure culture of

Staphylococcus Aureus.
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This 1% Zinc Sulphate Spray wag also tried
as & troatment-for acute Catarrhal conditions but did

hot prove a success.

5. METHODS FOR IDENTIFICATION OF MENINGOCOCCUS .

At the time when these observations were first
begun there were marked differences of opinion amongst
bacteriologists what tests should be used to determine
whether certain meningococcug—like organismg were or
were not ‘true meningococoi; This wasg & matter of
importance as it was necessary to do evertthing |
possitﬂe_to minimise the outbreaks of cerebrospinal
fever on troopships and to prevent if possible the
apPeardncn of the disease aghore at Cape Town. The
latter exercised the minds of the Public Health
Authorities particularly because there had been no
cages amongst the civiliansg for gome jears. The
problem was further complicated by the faet that it
weg imposgsgible to onforge gtrict quarantine owing to
war—-oxigoncies.

It wag left for me to devise means of detect-
ing the Carriers liable to spread the diéease.
Bramination of gram-negative diplococel in direet
smearsg made frdm.nasoph&ryngeal'swabé showed thesge
to be so numerous and varied as to render such an 7
examination of little value. Attention had therefore
to be turned to Cultural methods.

At that time the following tests were

recommended :—

(a) Cultural appearance.
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(b) Microscopic appearance. - i
(¢} PFailure to grow at 23° C. '
(d) PFermentation reactions

and by some {(e) Agglutination reactions.

(a) & (b)  As a result of the work of Weichselbaum,
(1) Von Lingelsheim (2) Flexner (%) Gordon (4) Elser

i
I
and Huntoon (5) Sophian (6) ard others the cultural |

and microscopical appearances of true meningococci had!

|
e
(e) Gordon had shown the value of differenti—

been accurately determined.

ation by testing whether the organism could grow at
230C. | gt ' ' |
(d) The fact that the Meningococcus fermented
glucose and maltose and did not ferment saccharose,
laevulose, mannose, lactose eotc. had beon established
by’ Dunn & Gordon (7) and V. Liﬁgelsham1(8). Minor
differe rces were pointed out by Elser and Huntson (5).
These workers further investigated M. Catarrhalis and
other gram-negative cocci, descriptions of the chromo-
genic group and M. pharyngis siccus being given by

N Lingelshgim. Though it was thus possgible to
distinguigh the majority of the gram negative diplococa
found in the nasopharynx from true meningococci, when
the evidence from these tests was taken as a whole,
there remained & certain number of organigsmg whose

nature wag doubtful .

FIRST SEROLOGICAL EXPERIMENTS .

{e) I naturally turned to the agglutination
test in the hope thaf it would prove more definite.

I therefore tested the gera of 5 casges of C.8 . fever

s
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fever with emulsions of three strains of meningococel
The reactiong were performed microscopically with

the sera in dilutions of 1 in 40 and 1 in 80, readings
being taken up to 50 minutes. Controls of normal
gerum and normal saline were made. It was found that
in these dilutions the sera of two patients agglutin-
éted emulsions of two cocei but did not agglutinate
the third coccus. Thé sers from remaining three
patients did not agglutinate the first two cocci hbut
did agglutinate the third coccus. It was therefore
decided to prepare immune sera with these organismg
and with meningococcus — like organisms recovered from

the nagopharynges of carriers.

In the meantime, agglutination tests were
porformeod with therapeutic antimeningococcal sers.
It was obvious that if & large number of doubtful
gtrains redquired to be tested ét ono time the microg—
copie method would be inadedquate. A macrogcopic
method was therefore adopted. Dilutions of serum
were made and an equal proportion of emulgion of the
coccus to be tested were added so that the final
dilutions were 1 in 50, 100, 150, 200, %00, 400, 600,

800 and 1600 . Controls of Normal serum and Normal

Saline were set up, the emulsions of coccus were
standardiged by opacity to contain approximately
10 mgm of moist growth per c¢.c. Comparative tests atg
37°C and 55°C were done. ;
- The results of tests with Therapeutic Anti- }

!

meningococcal Bera were indefinite and unsa.t.isfa.ctory1
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ungatisfactory . I had therefore to wait till my

own antigsera were ready.

(b) LITERATURE ON AGGLUTINATION .

The literature on the subject showed that
the problem was somewhat complex. In 1906 Von
Lingelsheim (8) fourd that all his 63 strains of
me ningococcl agglutinated with sera prepared from two |
of thom but left the question of whether certain |
gtraing from the nagopharynx of healthy persons should
be regarded as pseudo-meningococci for_furthgr reosearch.
The work of Kutscher(9) Hubener and Kutscher (10)
Eberle(1l) and Arkwright (12) showed, however, that
the problem wasg complex. Elser and Huntoon (5)
described “agglutinable” and "inagglutinable” strains
and Mayer (13) described as" pseudo-meningococci
throat straing which agreed with his standrad straing
in all respects except agglutination. Friege and
Muller {(14) and Lieberknecht (15) did a large number
of comparative tests at 37° and 55°C. and found that
on the whole 55° C was the better. ( Re temperature

seo Miscellancous facts of Interest see below).

In 1909 Dopter (16) GQSGribed certain organismsg
differing serologically from maningoéoéci as "para-—
meningococei.”  He considered them nearly allied and
adviged that ﬁcrsons in whose throats they were found

should be regarded as Carriers of the meningococcus.
Msyer, Waldmann, Purst and Gruber (17) found 1.75%

of Carriers among 9,111 heoalthy and coneluded that the
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the meningococcus must be regarded for practical
purpoges ag ubigquitous and that bacteriological
examination of throats was impracticable as a useful
;aid to prophylaxig in time of epidemic. Further work
on agglutination tests was reported by Sachs-Muke (18) )
and on complement fixation tests by Arkwright (19) in
1911. |

In 1912 an advance was made by Dopter (20) who
reported 12 casges of clinically typical C.S. fever due
to pare~meningococci in which &nfggggingocoocal gerum
proved successful. In 1914 Darre and Dumas (21)
obtainod parameningococci serologically different from
those of Dopter, and in the same jear Dopter and Pauron
(22) differentiated three groups the L ,B and J : |
varieties of parameningococeci. Much of thig was
junknown to me at the time, but in any case the gonoial:
feoeling waé that the agglutination test was unroliableE
as a meang of identifying the Meningococcus. I was

therefore keen to gee if the difficulties could not

be overcome .

(¢) PREPARATION OF ANTIMENINGOCOCCAL SERA .

For this purpose rabbits were used, all injections
being made intravenously into the marginal vein of
the ear, ]

— — e e b e e e

A . Four rabbits each received living emulgions

in ,85% Saline of 20,000 million organisms of strains
Hul Sp, G1 Sp and W1 Sp ( All from C.S.F.) and An.
{iggﬁphar.). &llﬁ;himalS‘wero very-~1ll, Hul Sp
end W1 Sp dying within 3 days. Post mortem did not
ghow anything definité; :

B, The dose given to the surviving Gl Sp and
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and An. (Nasoph) rabbits was reduced to 10,000
million.

Inoculation of 4 other rabbits was commenced
with the samé dose Vviz. Hui Sp, WlﬁSp, An.Sp. and
Ho Np. All animals were at first ill and Ho Np.
died.  The other animals received 7 further dosos
at intervals of 6 to 8 days. The sera were found !
10 days later to have a titre of approximately 1 in
1600 for the homologous coccus.

At this point one animal Hul Sp became very ill,

and showed clinical appearances tipical of Meningitig.
| As this is of great interest further details are
| givwn below on p&ge.?igz. The titre of serum.obtainaé
was approximately 1-1600. _

Two other rabbits G1 Sp and W1 Sp received 7
more inoculations of 10,000 million each’ ( making
a total of 15 injections) but without the production
of symptoms . The titre of the soia‘of these rabbits

romained at approximately 1-1600 during this period.

C. A series of rabbits was inoculated intravenous—
1y with strains W2 Sp., Coh. Sp iii and Ken. Sp 1.

A dose of 2000 million killed cocci in 1 c.c. of

«85% Saline ﬁas‘given (a) in the morning (5) in the
evening (¢) the following morning. With an interval
of two days, three similar doses of living coceil were
given, and again with the same interval three.doses
~of 3000 or 4000 million. After 8 days serum with
& titre of 1 in 800 to 1 in 1600 was obtained. None

of the animals became 1ill.

The results of Agglutination tests are given later.
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METHODS OF IDENTIFICATION.

; |
As a basgsig for study of Meningococci, especiaﬂy
with a view to identifying nasopharyngeal straing, I

made & close study of Gram-negative diplococci

recovered from the Cerebrogpinal fluid of casges tipiecal

of Cerebrosgpinal fever. The examination ineluded

(1) direct microscopieal examination of centrifugalised

deposit, (2) the study of macroscopical and micros— |

copical cultural characters, (3) fermentation tests,
(4) agglutination and (5) absorption tests.

After thoroughly studying Strains Hu Sp,
Gl Sp and W1 Sp, I wag in & pogition to detect
probable n&sophaixngaal meningococei. - There 'is no
need to refer further to (1) and (2) above.

| (d) FERMENTATION TESTS .

These were done with known meningococci and
with gram-negative diplocoeci of doubtful nature. Ab
first I used the "sugars" prepared for routine pur—
posges in the Laboratory ( i.e. Veal broth with 1%
Peptone and 1% Sugar with specially prepared blue
litmus to a deep blud) with the addition of 6 drops
of sterile horge-gerum to 1 c.c. of medium. ( The
addition of sterile ascitiec fluid was also tried but
was inferior to horse—~serum.) Tﬁa tests were con-
conveniently carried out in tubes of 4 ins. by & in.
The reactions, however, were only slowly produced, '
and the prosence of the smallest contamination with
Streptococoi vitiated the results. It was further
necessary to check the growth by Subculture. I
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I therefore adopted & solid medium of 1itmus—starch— i
-nasgar with 1% of the test "sugar" added. A reactioﬁ
was usually obtained in 12 to 24 hours with streak
cultures and the method avoided the disadvantages
of the fluid media. Gontaminationé were easily
detected. ;

The ofganisns most likely to be confused with
meningococeli were unfortunately thogse in which the
fomentation reactions were the most similar. For a
shprt time M. Pharyngis Siccus, M. Flavus 1 and 11
and M, Catarrhalis were tested but those causing real
difficulty were M. Flavus 111 and possi?le "pseudo—
meningococci” . in young colonies 6f M. Flavus 111
the pigment is ofton very slight, and the fermentation
of laevulose 1s thus of -value. It is obviously
necessary to be sure of the purity of the "Sugars" and
with specimens of absolutely pure laevulose, meningo-
cocci ( i.e. from the C.S. fluid of cases of C.S . fever)
did not show production of acid on Solid_Laevulose'
Media . An acid reaction was frequently followed by
an alkaline reaction, especially with laevulose, in
cages of M. Flavus 111, but this also occurred with
Meningococei and M. Flawvusg 111 in Glucose and Maltose

to a less extent. This does not seriously affect the

test.




. No .of Glu- Mal- Laevu— Saecha— Lac- Man-—

2k f

TABLBE. 2
217 Sugar reactions.

- M. Flavus 11 fermented Glucose, Maltose and Laevulose

Stminscoge tose lose. rose. toss nite. REMARKS.

1 _

16 - - - - = - All M. Catarr.
eZcept one viz.
L. =C.8.F.
Meningo . (see
below) .

11 G oQ @2 @ & —~ All M. Flavus

] T ooxr il or M.EBJ

Siccus. 4

96 @ - G [@@) - - — All M. Flavugllli

90 @G o - = - - 32 CS8.F. Mening

cocel, 55 Naso—
phar. ? Meningo
& % M. Flavus
111.

4 - m — et — S yer] l Cos -\Flo M@ningc
coccug & A Nago-—

Phargngeal
meningococci.

217 gram-negative diploecocel were tested
regarding their action on Glucose, Maltose, Laevulose,
Saccharose , Lactoge and Mannite, Of these, (a) 125
Were culturally :— 15 M. Catarrhalig, 11 M. Flavus
1,11, and M. P. Siccus, 99 M. Flavus 111.

(b) 92 were culturally meningocoeci, made up
of 34 gtraing from C.S. Fluid and 58 from Nasopharynges
Re {a) All 15 M. Catarrhalis failed to ferment any of
the above "Sugars”.  The 11 strains of M. Flavus 1,
pnd 11 and M.P. Siecus fermented Glucose, Maltose,

Laevulose and Saccharose. 96 of the 99 strains of

only, but 3 strains with undoubted Flavus pigment did

not ferment Laevulose and only fermented Glucose and

Maltose.

(0]

Re (b) 32 of the %4 Meningocoecci from C.S. fluids and
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and 55 of the 58 Nagopharingeal meningocoecci formontodi
Glucosgse and Maltose only . Of these, 17 produced &
gtronger reaction in Maltose than in Glucose. And in
7 the reaction in Glucose was stronger than in Maltose.
One cerebrospinal strain and 5 Nagopharyngeal strains
fermonted Maltose only .

It was found that the strains which fermented
Maltose more than Glucoge belonged chiefly to Types

A & C ag did the strains which fermented Maltose only,
but it was impossible to make a definite classification

on this basgis,.

In one ingtance a Cerebrospinal strain Gl.

failed to ferment any of the six "Sugars". This was

an undoubted meningococcus from a case which proved é
fatal, and it was found to belong to Type A (_Gordon's%
Type 111 ) by agglutination and absorption tests, and
by agglutinogenie capacity. The fermentation reactiong
wore tested frequently at intervals and in no insgtance

was any sugar fermented,

Had this organism been recovered from the

nagopharynx and subjected only to microscopical,

Cultural and fermentative tests its identity as &

meningococcus would probablx'hava'been migsged.

Though the fermentation reactions were of great
assistance in identifying doubtful orgasnisms, in many
cases investigation reguired to be continued and To—
peated in order to obtain satisfactory rosults.,  On

the other hand as aecurate & diagnosis as possible was

required with as little delay as possible. I there-—

fore felt the great need for a gatisfactory agglutin-

:ation tost as confirmatory evidence.
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' (e) AGGLUTINATION TESTS .

| - As has been stated, erperiments with thera—
peutie antimeningococcal sera were indefinite and un-
satisfactory .

As soon as agglutinating sera ceould be ob-
tained from rabbits as deseribed above, tests were made

to establish a standard method .

(a) Bmulsions were made from slopes of Starch—Nasgar
and heated to 65°C for % hour. Results with heated
emilsions were fournd to be more uniform than with
unheated emulsions.

(b) A measured sample wag withdrawn and diluted with
«85% Saline to 1000 million per ¢.c. estimated by
opaeity . The bulk was then titrated from this
calculation to 10,000 million per c.e. Fhenol was
added to make .5 per cecent present. ( Later, the
method desgeribed by Gordon of diluting .l c.c. With
tap-water till it is Just turbid was adopted. This
end point ig taken to represent 100 million per c.e
and the bulk was titrated accordingly.) A portion
of the bulk emulsion is diluted to 200D million per
e.e., With .85% Saline and .5% Phenol, and the re-
mainder kopt. :

{e) It was found by comparative experiments that it
was possible to make readings with cocei in final
dilutions of 500 million, 1,000 million, 2000
million and 4000 million per c.e¢., other conditions
being the same, and all the organisms in each test
being at the same dilution. With 500 million the
emulsions were too thin, and a final dilution of
1000 million per c.e. was seleeted as being the
most dilute emulsion with which good readings could
be made .

(@) It was found that ineubation at 55°C overnight

gave better results than at 37°C. This could be

expoeted from consideration of the nature of the

test . ( Purther remarks on this are m&de'bgéow.)
See page 55

METHOD FOR AGGLUTINATION.

(a) Dilution of Serum.

Large test—tubes contalining 1-25, 1=50, 1-100
1=200, 1-400 dilutions of each test serum are -
arranged in rowg of five. Dilutiong are m&de w1th"
froshly prepared .85% Saline in gufficient quantity
t0 8llow .5 c.¢. Of each dilution for each coceusﬁr

' 40 be tested and econtrols. One testftube with 1-25
Normal rabbit—serum and one with .85% Saline aTre

added .
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For eaeh test serum a plagtieine tray is
prepared by plaeing small tubes 2 by five-sixteenths
inehes in as many horizontal rowg of five as there
are eoeeli to be tested including controls. On one
tray the number in each horizontal row .is tnereased
to seven to provide for one Normal gserum eontrol
and one Normal Saline control of each eoccus . Two
extra tubes are placed on each of the other trays
to provide for Normal Serum and Saline Controls for
the homologous ceontrol coccus. Into each vertical
row of these small tubes .5 c.c. of the corres—
ponding dilution of gerum or normal saline is now
placed. A fresh clean gterilized pipette is
required for each serum. Pipettes used are .5 c.c.
and 1 c.e¢., graduated to .05 c.c. A rubber nipple
is used. :

(b) .5 e.c. of a 2000 million emulsion of cach
coceus to be tested is then added to the tubes in
onn of the rowgs of each plagticine tray i.e. to a
geries of dilutions of each test serum, to 1-25H
Normal serum and .5 c¢.c. of .85% Saline . 35 Ge@e
of a 2000 million per c.c. emulsion of the homo-
logous coecus 1s added to a series of dilutions of |
the corrosponding gserum as a control, to 1-25 Normal
gerum and to .5 e.ce. OFf .85% saline. A fresh cloan
sterilized pipette is used for each coceus. The
tubes are well shaken and are then either covered
by a "blanket" of plasticine or tightly plugged
with ecotton wool. They are then placed in the
55°C incubator over-night.

READING RESULTS .
The tubes are examined in the following order: -

(1) Normal-rabbit-serum control coceus, and
normal galine control coccus.

(2) Control homologous coecus with corres-—
ponding serum 1-50 to 1-800.

(3) Normal serum and Normal Saline controls
of first test coccus.

(4) FPirst test eoecus with dilutions of

agglutinating serum 1-50 to 1=800.

and so on with each test coccus, the normal serum and

.saline controls being examined first. It is advisgeable

for two people to work together when possible, one

recording results as each tube is emamined. In order

that the readings may be impartial , numbers are used




uged and & key of the eoecci concerned is made before
the coccal emulsions are added. This key is congulted
only when the results have been recorded. The signs
;uaod for‘different degrees of agglutination are given
below, Unless the controls are satisfactory no con-—
clusions ean be made.

In order that the tests may be comparative it is
necessary that the titre of each serum is approximate-
1y the same, This is aecomplighed by dilution of the
stronger sera in bulk with .5% Phenol in ,.85% Saline

go that when used in a test they give complete

agglutination at 1-400 and a partial reaction at 1-800%,
When this is once accurately done the same dilutions |
i

ean be used throughout subseduent tests with all the

gera .

(f) RESULTS OF AGGLUTINATION TESTS.

The first tests were performed with three
sera prepared from ecerebrogpinal strains Gl Sp. Hu Sp
Wl Sp. which were the firgt three strains recovered

b&" me .
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In Teble 2 the results of agglutination of
24 Meningococel with sera W1 Sp and W2 Sp. are given.
The organismg tested were taken at random and during
the tests were represented by a number,

The results are noted in the table without
re&rr&ngomcnt but numbers replacod by recognisable
gigns . Sprinal and Nasopharyngeal straing are indi-
cated by Sp. and np. respectively. Roman numerals
indicate the number of particular strain from patient
0.8, Bl Sp. vii is the 7th Strain obtained from ﬁho

7th specimen of C.S5. Fluid from pateint Bl.

SERUM W1 Sp.

It will be seen that (1) G1 Sp., Bl Sp. vii

at 1-400 and Mul Sp. at 1-200 with serum W1 Sp. and
pf&ctically not at all with serum WZ Sp.
(2) Strains Gill. Sp., N 84 Sp., Hul Sp., Dev.

Etion with serum W1 Sp. but not with serum W2 Sp.
(3) Strains Ho Sp., W2 Np., W2 Sp., Clen Np.
Dyb. Np., C. Mor. Np., Key. Sp. 11 give no agglutin-
ation with serum Wl Sp. but are strongly positive

with serum W2 Sp.
(4) The five straing from patient Ke. Viz. Ke
Sp. 1 & 11 and Ke Np. 1,11 and 111 all fail to .

agglutinate with either gerum.

and the homologous c¢ocecus W1l Sp. completely agglutinate

Np iv., Coh. Sp 111, Greg. Sp., give partial agglutin-—
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(5) Bro. Np 1 & iv give approximately equal

reactiong with both sera respeetively.

SERUM W2 Sp.

Teking the serum W2 Sp. table as a whole,
6 cocel give complete agglutimation at 1 in 400 and

1 coecus at 1 1n 200, whilst 14 eocci give no more than

a partial reaction at 1-50, 2 cocei full agglutinationi
at 1-50 and 1 coccus at 1=100. :

From these tables it is clear that:-— i
(1) G1L Sp., Bl Sp. vii, and Wl Sp. are serologically
nearly related and distinet from the rest,
(2) 7 coecl are able to be serologically distinguished

by serum W2 Sp. from the remainder.

(3) 9 oﬁher cocci show relationship chiefly to W1 Sp.
(4) 5 coceil from patient Ke. show no relationship to !
either serum. :

From the last named two groups two coeci were

glocted viz. Coh Sp 1ii and Ken. Sp. 1 and antisers

Wwere prepared from these.
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With refarenae to Serum Coh.Sp. 111l. it can be

gtated that complete agglutination took place with

(1) Gill Sp., N84 Sp., Greg. Sp. and homologous
coecusg Coh., Sp. 111 ét 1-400,

(2) G1 Sp. and Hul Sp. at 1-200.

(3) C. Moxr. Np.‘at 1-100. With this slight exception
no reaction took place with any of the 7 coecci which

agglutinate with gerum W2 Sp.

All 5 Xe. cocel are negative with Serum

Coh'. Sp. 111.

Reference to Serum Ken. Sp. 1. will show that

Ke.Sp. 1 and 11 both coﬁpletely agelutinate at 1-400
and the Ke. Sp. 1, 11, and 111 all gt 1-200 whilst,
apart from & reaction aﬁ 1-50 wiﬁh Bro., Np. iv, none
of the other coeci show any reaction with this serum.
Further observations regarding the cocci from this

patient are made below,

The main results are summariged in Table 4.
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From the above table it will be seen that

(1) By the aetion of Serum W2 Sp. the eoecei
ean be resolved into two main groups. Ag this was
the second serum to be tried, tho gooup agglutinating
'with this sérum wag named Type B,

(2) The first four coeel agglutinate better
with gerum W1 Sp. than with Serum Coh. Sp. 111 and
|were named Type A.

(3) The following five coeci fall in a group
named Type C.

(4) There is & varying relationship shown by
agglutination test betweoen members of Types A & C
but both these types are distinet from Type B.

(5) Coeel Ke. Sp. 1 and 11, and Np. 1,11, and
111 are serologieally distinet from these three types.

(6) Three Np. cocei Bro. N.P. 1, and iv and
Dev. Np.iv remain as a "scrap-heap", it being doubtful

whether they are meningococeci at all.

Up to this time I had carried out the above
éwork independently but my attention was now drawn to
| the work being done upon the subjeet by Lt.—Col.
Mervyn Gordon and his cblieaguos (23) and by the
Medieal Officers of the Loeal Government Board of
England (24). Through the kindness of Capt. E.G.

| Murray R.A M.C. who vigited me here, I was enabled
to send live cultures of 30 strainsg of meningococel
to Lit.~Col. Gordon. These wore grown asg Stabs upon
St&rghrnasgar, the plugs being sealed with wax, and
during the journey from South Africs were subjected

to ordinary temperature. Three strains were found
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found to have gurvived. That so many had died
ig not so surpriging asgs that any had survived.

Col. Gordon reported that two strains belonged
to his Type 11 and one to his Type IV. By the time
thig information was received I had unfortunately
lost the strain of this last organism,

Later, I digpatched 37 killed Coccal emulsions
to Col. Gordon and received the results of his exam-
inations after the work recorded below was completed.
Further reference is made below.

'The questions that presented themselves_werc:~

(1) Will this method satisfactorily

differentiate true Meningococci from other gram-—
negative diplogoecci?

(2) Is this grouping a permanent and a
gound one?

(3) If reliance is put on this method will
ary true Moningococci be excluded?

Col. Gordon and his colleagues considered that
the first two questions should be answered in the
aeffirmative. On the other hand the Medical Officers
of the Loeal Government Board congidered that the

last question should be answered by “"Yes".

(g) ABSORPTION OF AGGLUTININS .

Thig wag ecarried out with 45 strains of
organisms whieh had the ocultural, mieroscopiel and
ferment&tive charaeters of Meningococecl and with one ',
typieal strain of M. Flavus 1ll. ('One exception
already referred to, differed in fermentative

charaeters .)




Of the Meningococei, 14 were strains from C.S, fluids
of definite cases of C.S8. fever, 6 were from
Nagopharynges of patients with C .S. fever, and 25
were Nasopharyngaal strains from contacts of cases.
 The method adopted was based on the modification
of Castellamt's method described by Gordon in the
R.A. Medical Corps Journal Vol. XXV No. 4.
Modifiecations were found necessary as follows:Q

(A) A gingle saturation at 37°C was found to be

Ansufficient fou _

At test coecus to remow all the agglutining with
whigh it would combine. Hence,

(1) the original serum dilution was made 1 in 12.5;
(2) 5 e.c. of diluted serum plus .5 c.c. of test
%ggg%l emulsgion were incubated for 24 hours at

“(55 bﬁntrifugalised for % hour.

(4) .5 c.c. of supernatant plus .5 c.c. of test
coccal emulsion were incubated for 24 hours at
37°C. :

(5) The final dilution was thus 1 in 50 of a serum
with titre giving complete agglutination at 1 in 400
and partial agglutination at 1 in 800 with homologous
coccus. '

{6) After being again centrifugalised for % hour,
the supernstant from each tube wag diluted and tested
for agglutin&tion with the homologous eoccus. Controls
of test coccus and " absgorbed" serum were made in

every case, and were réguired to be negative before

any conclusion could be drawn.
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(B) . Emulsions of 2000 million per c.c. (i.e. 1,000 |
million organisgms in each absorption) were found to |
be too dilute and 8,000 million per c.c. Were there-— §
fore employed for saturation. For all the actual |
ageglutination tests, including that of gupernatant
with homologous coccl, emulsions of 2000 million were
used.

In the agglutination tests previously recorded
24 eocel were used and the results recorded in tables
in the order in which the tubes happened to come.

In the following "absorption tests"” the same
4 gers were used but 46 cocci were tested, including

gsome of those appearing inthe Tables above. The

results of absorption tests with 36 of these appear |
in the following four tables. During the tests %
the numbers in the table were employed, the coccil |
being in no arranged order . After the results were
noted the names were filled in from a key and the

results arranged according to reactions as follows.
The remaining 10 coccli are congidered in separate

tables later.,
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TABLE 5 SHOWS:-—

(1) W1 Sp. "absorbs" fully the agglutinins of homo-—
logoug serum, ;
(2) Mul Sp, Bl Sp VII, G1 Sp absorb almost complete-

1y as do also Ca Np and Br Np. lower down in the series.
Tl Np does so to a glightly less degree.

(3) The group from W2 Sp down to Da Np inclusgive,
which do not agglutinate, do not appreciably absorb
any agglutinin,

(4) Of group Coh Sp to Hu Sp, whieh show gome
agelutination, 4 coeci show glight absorption and 3
do not.

(5) The 2 Spinal and 4 Nasopharyngeal strains from
same patient Ke, whieh do not agglutinate, show no
absorption. Thus, W1 Sp down to Tl Np probably belong -
to the same group whilst Coh Sp down to Br Np belong
to a separate but assocliated group. ( The reason for
including Ca Np and Br Np here will be seen later)

In Table 6 which follows, it will be seen
that none of the eoceli absorb agglutinin from Serum
W2 Sp. except those from W2 Sp down to Da Np which
constitute the group referred to in para (3) above.
All of these coccl give "one plus" agglutination at
1l in 400 or 1 in 800. The correspondence of ab-
sorption results with those of agglutination is most
gtriking. P

La Np gives "one-plus"” agglutination at

1 in 200 but does not appreciably absorb.
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In Table 7 :—

(1) Though 7 strains of the first two groups
down to Da Np agglutinate well at 1-50, of these
only G1 Sp. gives one plus at 1 in 400. None of
these two groups absorb.

(2) From the homologous eoccus Coh Sp down to
Br Np. both agglutination and absorption are corres—
pondingly well marked, in all nine the reactions
being practically perfect.
Hu Sp. is sglightly emceptional but reference
to Table 5 will show that both reactions are greoater |
with Coh Sp Serum than with W1 Sp serum.

(3) Ca Sp. and Br Np. are found to agglutinate
to full titre and to absorb the agglutining perfeetly
whereas in Table 5 it is seon that they only '
agglutinate with W1 Sp serum to 1 in 50 and 1 in 100
but absorb as well as any member of Type A except the
homologoug @OeCUS. They must thorefore be classed |
as Types C and A. :

or absorb. :

(4) None of the Ke strainsg either agglutinate ‘
1
|

Table 8 whieh follows ig of special interest:—

(1) As the serum Ke Spl was preparod from a
pathogeniec meningococcus whieh does NOT agglutinate
with any of the Type Sera 1 to IV supplied by Lt.-Col.
Mervyn Gordon, nor with sera Types A, B. and C above.

Two Spinal and four nasopharyngeal gtraing
which agglutinated to 1 in 400 or 1 in 800 all com-—
pletely absorbed the agglutining from the serum pre—
pared from the firgt spinal strain.

(2) Agglutination with the 30 other cocci was
practically nil as was algo absorption.
Table Y 1is a summary of the preceding four tables
giving the titre at which complete agglutination or

absorption takes place.
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Tables 10 to 13 constitute the "scrap—heap"
of those cocci which camnot from the absorption test
be placed in any of the types represented in the
preceding tables. The first four came from the game
? contact and are chiefly of interest on account of
the variability of reaction in cocci from the same man.,
The succeeoding two also came from one other doubtful
contact. The remainder were from civiliang who could
not be congidered as close contacts of a cage of C.S.

fever . ( A gpecimen of Flavus 111 has been included

for comparigon and will not be referred to further.)
%NOs. 21 ,42 ,40 and 36 are probably not meningococci at
%&ll and the others are probably a sub-group of Type B.
For administrative purposes they were regarded as
Meningococci. Patient "Bro" continued a carrier for
127 days.,.

The organisms in these tables have been
gseparated in order to bring out as clearly as possible
the grouping, but the tables containing them have been
included to complete the series tested which was
abgolutely unselected and made up of cocci from various
SOUTCesS . A Summary of these 4 tables appears as

Table 14.

6 .DISCUSSION.

Since this work wasg started there have
beon marked differences of opinion betweon bacterio—
logists as to the value of tho agglutination method.
To Lt.-Col. Mervyn Gordon R.A.M.C. belongs the credit
of having put this method on a practical basgis. On
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On the other hand a great deal of work was done by

the Medical Officers of the Local Govt. Board and
pullished (24) in & report in 1916 followed by further
reports in 1917 (25). In the former of these two
L.G.B. reports the general conclusion was that reliance
should be bassd only on microsgcopical and cultural
characters including fermentation tests. In the latte
it was clearly shown that meningococci could be divido&
into two main groups serologically, which groups could
again be subdivided serologically. A great mass of
evidence was further accumulated to show that the

gorotogical reactions of Nasopharyngeal coccli with

fication by means of type sera would be erroneous .

It is therefore of interost to see how far
the results given above bear out these contentions.
Referonce to preceding tables will show:—

(1) Though the use of agglutination with two
type sera viz. Types B & C would have identified -
very nearly all the true Meningococci, at least three
spinal strains from acute cases of C.8. fever would
have been missed.

(2) Use of three types of sera viz. A, B & C
identified both by agglutination and abgorption all
of the spinal straing with the single exception of
Ke Sp. which was from a sporadic civilian case ( as
an exception conversely compare Gl, under "Ferment—
ation reactions" whi d though a definite pathogenic
meningococcus of Type A, gave complotoly negative
fermentation reactions) .

(3) Bxcluding at present the Ke Strains, those
three sema failed 1o identify doubtful nagopharyng

strains from (a) two doubtful contacts and (b) three
civilians who cannot be regarded as close contacts

of & cage of C.8., fever, whoreas they identified
by both agglutination and abgorption tests, 17
nasopharyngeal coccl ag meningococci from cages or
close contacts.

characters of Meningococcl were so variable that identi-

I

pal
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(4) The agglutination test alone with three
typeo sera will identify in a manner and degree
gatisfactory for mogt practical purposes true meningo
coccli both spinal and nasopharyngeal, though con-
firmation is required from the absorption test in
some few doubtful cases.

|

(5) Bgcoptions occur among meningococcl
causing sporadic casges and some nasgopharyngeal coccl
as is well illustrated by the Ke Sp and Ke Np seories
which has been thoroughly worked out with a. view to
emphaging this. Theseo oxcoptiong are gpecially
interesting from a purely scientific point of view.
They indicate possihly that under certain circum—
stances nasophariyngeal cocci of doubtful nature maj
take on virulence and become pathogenic, though the
identification of these doubtful nasopharyngeal cocci
has little to do with the detection of carriers of

meningococci of known pathogenicity in an Epidemic.
The development of gporadic cases is a rare occurrenc

compared with the rapid spread of caseg of C.S. Fevexr
during an epidemic due to carriers. And thus
laboratory methods which detect nasopharyngeal
meningococcli capable of spreading the disease in an
epidemic are of the utmost value even though these
mothods may not detect gll the doubtful organisms
referred to above.

(6) In this connection I desire briefly to
mention the very sgimilar conditions seen regarding
other organisms such as Pneumococci, and the various
types of B. Dysenteriae,Dochez and AVP13 (26)
clasgsify Pneumococci into four groups of which Group
IV is & "scrap-heap" the members of which are on the
borderland between a saprophytic and a pathogenic lifa.
Lister (27) in this country has divided Pneumococci
into Types A,B,C etc. to K, but recognises that B
corresponds with Group_ 11 Hbchefoller C with Group 1
Rockefeller, E with Group 111, and that the remsinder
(except T;pp A) are as a rule more more confined to
sporadic cases though thej may give rise to local
opidemics. As an example of this I may state that
Type F ( included in Group iv ) was one of the very
virulent organismg during the Influenza Hpidemic of
1918 in Cape Town,

Regarding B. Dysenteriae, the work of E.G.
Murray (28) shows the same general principle viz. that]
gerological me thods can place by far the majority of |
true pathogenic B. Dysenteriae into one or other of the

well marked groups, but that there are no hard and




and fast lines between these groups. The importance
of this grouping is not only for identification for
diagnostic purposes hut for the manufacture of anti-
gera for treatment purposes. With refereonce to the
latter I need only refer to the work published by
Gordon under the augpices of the Medical Reseoarch
Committee (31).

There is no doubt in my mind that for practical
purposes as a hagis for gtudy Gordon was wise in
defining as Meningococcl gram—negative diplococci
recovered from the C.S. fluld of actual cases of C.S.
fever., I adopted the same basis independently , and
I feel that in a remarkable degree the work detailed
above brings one to the same conclusions asg those
arrived at by Gordon & Murrad. Reference should also
be made to Tulloch (29). I venture to repeat this
because owing to the interest attached to exceptions
there is danger that the valuable main results be

overlooked.

_ Regarding the éxccptions, I congider the
question ig bound up with far greater ones viz. "When
is an organism to be congidered pathogenic?" and
"What are the causes that lead ©¢ organisms, which
have been multiplying more or less harmlessly in
certain parts of the body for indefinite periods,

at some time acquiring virulent pathogenic properties

for that person or another?"

Though it is useful to detect the spread of

of organigmsg actually in a virulent state during an
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an epldemic, it is far more necessxy to determine if
possgible how to prevent the transition from comparative

harmlessness into active pathogenicity.

Bacteriologists using methods of identification
of the Meningococcus gimilar to those above have found
that high carrier rates are associated with overcrowd—
ing and other non=hjgienic conditions and at the saée
time with & spread of C.S. Fever. ( B.G. Glover
R.A M.C., Journal Vol, XXX No, 1 Jan. 1918 (32) ). |
This sugegests that, iIn addition to the more rapid
transference of pathogenic strains, the transition
indicated above is probably largelj dependant on such
non—-hygienic factors. It is a process somewhat
gimilar to the increase of virulence of organisms by’
passage, but on a finer scale and more difficult of

detection., There is therefore need for good admini-

gstration and especially for education of the public,

not only to avoid infection but to limit the opportu-
nities of the organismg for increasing their virulence.
So many infections are via the upper respiratory tract
that much may be done on these lines,

I have ventured to touch upon these matters
because while I believe that the work recorded above
illustrates the practicability and great value of such
bacteriological investigations of cases and carriers,
I feel that bacteriological, clinical aﬁd adminigstra—

tive efforts should all be parts of one harmonious

whole .




"MISCELLANEOUS FACTS OF INTEREST" .

P Under "Preparation of Antimeningococcal sera"”
above, it was noted that one animal Hul Sp. during
inoculations showed c;inical appearances typical of
Meningitis. The notes are as follows:—
"Conjunctivitis and general malaise noticed for some
dajs; not taking food., Yegterday wag worse and sat

with head raised and drawn in. To—-day , 1s definitely

retracted and gtiff neck present. When animal

is raised by fur over back, the head and neck arch
backwards instead of f&lling &8 is normal, There is
complete loss of power of limbs though they move
reflexly when stimulated. Sometimes attempt to
raise animal results in clonic nodding mowements of i
the head with neck still back and chin forward."

Ag this condition was clinically typical of
Meningitis the animal was (1) bled from the Carotid
(a) into lemco broth and other media and (b) some

blood collected for serum ( Titre found to be 1-1600).

Cultures and smears were made from the subdural fluid
from the 1ymph on brain and spinal Cord. The brain
and cord were then removed and Gultﬁres inoculated
from emulgions of them.

(3) .25 c.c. of an emulsion of brain in .85% Saline

were injected subdurally into another healthy rabbit

{2) The brain &nd spinal Cord Were exposed aseptically:;

brephined for the PuUrpose .

present but there wag no well=marked pus to the naked

!
|

There was intense congestion with flakes of 1ymph

€)0 .
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RESULTS .

The smears showed presence of gram-negative
diplococci with characters of Meningococci but in
gmall numbers, with some pus cells. |

The blood culture remained sterile as did
also the other Cultures . The rabbit injected subdurally

did not develop symptomg of the disease. Though the

evidence is thus partial, attention is drawn to two
facts:—
(1) The animal was undoubtedly suffering from

meningitis clinically, produced by intravenous inject—

ions of living cultures of meningococci.
(2) Meningococci were found in several slides from
lymph of both brain and spinal cord.

These facts were corroborated by Col. G.W.

Robertson, Government Bacteriologist and J.W. Campbell|,

Laboratory Assgistant. It is therefore considered

that meningitis was produced by intravenous injections|

of_living meningococci in this animal,

It appears possible that animals do not show
symptoms of meningitis when inocubted intravenougly
because they die in the Septicaemic stage. The
immunigation of this animal may have caused the disaasé
to become less acute and allowed the development of

meningeal signs to take place.

Iedes In the case of Bl, meningococci were obtained

from seven specimens of C.S. fluid. Agglutination |
reactions with these showed practically no variation j

from one another. Note also the close similarity of%
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of reactions of the Ke series. Agglutination was |
performed with 18 Nasopharyngeal strains from patient
Ke with four sera , the results being almost the same
in each cage. It is noteworthy that a nasopharyngeal
strain from & case of C.S. Fever usually agglutinates
fully to a slightly lower titre than the corrospondin%

spinal Strain.

111, Rogarding media , so much has been written
elsewhere that it is unnecessary to do more than
briefly state those found most satisfactory.

(1) Por primary cultures from C.S. fluld the most
important factor when the number of cocci is
small, is incubation of the fluid itself at 37°C
for 12 to 24 hours. The collection must therefore
be done in a perfectly aseptic manner. The
natural or centrifugalised deposit is then plated
on agar or maggar with two or three drops of blood |
on the surface. It is well to wait till the blood
has clotted and to remow the fibrin before spread-

ing.

(2) Primary cultures from nasopharyngeal swabs are |
made directly on surface—blood-agar plates.

(3) Defibrinated rabbit—blood nasgar or agar with
addition of 1% Glucose was found the best for
coaxing feebly growing gtrains and for procuring
a large growth.

(4) Vedder's corn=flour starch agar wasg used as

slopes or plates for producing cocci for emulsions
and as stabs for keeping strainsg alive. The latte:
should be covered with a rubber cap to prevent

evaporation. The plugs should be flamed before
roplacement in the tube to provent possible develdp
ment of mould spores . Meningococcl will keep aliVe
in this mammer for 6 wecks with safety and up to
thre- months in many cases, if incubated at 37°C.

|
Owing to the fact that I personally captured

Peptone and Nutrose in German territory I have
only recently adopted Trypagar, which however "isg

excellent.

(5) The same cornflour starch agar with addition
of 1% Sugars and of litmus is thﬂ most useful for

fermenbation tests.




 that this test is not one purely of agglutination of
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a During the past two jears the abovelmethods
have been used as & routine in the Govt. Bacterio—
logical Laboratory, Cape Town and 15 Meningococci
from gporadic cases have beon teosted with Type sera.
The results are ontircls'confirmﬁtor55 it having been
possible to place them according to their agglutinatio:
roactions as one or other of the types. In one case
affinnity was shown between Types 11 and 111.

I have not 1nciudad this work in this repor;
as I wish it to be purely a report of work done from
June 1916 to October 1917. I sincerely regrot that
extreme pressure of Military work has prevented the
completion of the report till now thﬁugh all the data.
had been carefully collected by then.

Vs I desire to draw attention to the fact

cocel; 1in reality it im a combination of agglutination

with a Precipitin test. This explainsg why &

tomporature of H5°C is especially favourable. No
doubt this temperature favours the combination of

cocel with agglutining and that the convection currents

set up are useful, but the large bulk of the doposit
cannot be accounted for by the magsing of all the
coccl when only 1000 million are used. From work
done in the Universgity of Edinburgh it was known to
me that 55°C was the temperature most suitable for
Precipitin tests, and that the Precipitum came a.lmost.l
ontireiy from the Serum, only Vvery dilute extracts of

|

orgenisms being required. These "extracts"” are

cr
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are present in the above test and the presence of the
cocci themselves also, does not prevent the ﬁost being
chiefly one of precipitation as well as of agglutinat— -
ion. This also accounts for the larger bulk of
deposit in those tubes containing the lower dilutions

of serum, and for the larger bulk of deposit in tubes |
|

of immune gerum compared with that of normal serum in

a . "Flavus reaction".

VI. It is unnecessary to gquote in detail the

rogults of the tests made &y Col. Gordon upon the 37 E
killed coccal emilgions gsent by me. In the R.A.M.C. |
Journal Jan. 1918 at the conclusion of his article(30)
he reports "Captain E Douglas Pullon, (Assigtant to
the) Govemrmment Bacteriologist at Cape Town investi-

gated a serieg of Meningococci obtained from casesg

of Cerebrosgpinal fever in S .Africa , and having different—

iated them with agglutinating sera prepared by himself)
forwarded suspensiong of these cocci to the Central
Laboratory for examination. The suspensions arrived
a few weoks ago and were tested againgt the four uni=
valent sera in the routine mamer, with the result that
of sixteen meningococci from cerebrospinal fluid nine
wore specimens of Type 1, five were speocimens of Type 2
and two wore specimens of Type 3. No example of Type 4
was found. On reference to the enclosure in Captain
Pullon's letter giving his own results, it was seen
that the clagsification of these arebrospinal fluid
strains effected by our sera wag identical with that

made by him; the only difference being that his
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his Group A was our Type 3, his Group B, Type 2, and
his Group C, Type 1. There is good reason to believe,
therefore, that & limit obtains with regard to- the

diversity of meningococci; and that at any rate the
most important pathogenic members of the group have

»
now beon dofinod .

VII. Col. Gordon suprlied me with his Type Sera
1l to IV and homologous cocci. I confirmed the
above in para VI by agglutinating my own cocci with
his sera. Further, his Type 1 cocous agglutinates
to 1 in 400 with my Serum Type C., his Type 1ll coccus
with my Serum Type B and his Type 11l coccus with my
Serum Type A. His Type IV serum did NOT agglutinate
Kol Sp or anj other of my cocci. ( I had thought '
previously that Ke might be Type 1V )

Though It is natural that I regreot that
Military work has prevented the completion of this
paper before the publication of gimilar results, it
is very gratifying to be able to bring forward results
which so strongly confirm how much can be done with
the agglutination and abgorption tests in the identi—
fication of the Meningococcus. And I would add that

the work itself was completed by the end of 1917.

: In donclusion I have the greatest pleasure
in th& rkir)g I.I-b -—OOl . G .W - RObOI"bSOl’l S n—A .M oc " 5 G’OVE*I'I'].—
ment Bacteriologist, for providing the necessary

| facilities and for his kindly criticism ; to Dr,.
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Dr. A Jagper Anderson, Medical Officer of Health .
for City of Cape Town, vwho treated cases and carriers|
and supplied much of the material: and alsgo to
Mr. J.W. &wmpbell; Laboratory Assisgtant, for his
technical assistance which he gave willingly, often
at personal inconvenience, in a true scientific

gpirit.
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S U M M A R Y.

(1) The percentage of Carriers amongst 921 close
contacts of C.S. fever was 8,79%; and amongst 451
non~contacts 1,99%.

{2) A condition clinically resembling meningitis
wag produced 1in a rabbit by intravenous injections
of living meningococci.

(3) 0f 91 Meningococci, 87 (32 C.S.F. & 55 Nasoph.)
fermented Glucose and Maltose only; 4 ( 1 C.S8.F. &
% Nasoph,) fermented Maltose only. 3 Flavus 111
fermented Glucose and Maltose ohly . 1 C.8. fluid
meningococcus fermented NO "Sugars”

(4) By agglutination tests 21 out of 24 meningo-
coccl were clagsified into Types A,B, C and D. Types
A and C are related.

(5) Agglutination and absorption tests with three
Type sewm A,B and C identified, (&) 15 out of 16
Spinal strains, the exception Ke Sp being from a r

the emceptions being of doubtful nature.

(6) Types C,B, and A correspond with Gordon's Typos;
1, 11 and 111 and were arrived at independently .

(7) Agglutination tests ( with rarely necessary
abgorption tests) with Type Sera, though not infallatl
provide a method of the greatest practical value for
identification of the Meningococcus for diagnosis
and specific serum treatment.

sporadic caseo . (b) 17 out of 25 nasopharyngeal coocT,

ble ,
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