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ON THE VIABILITY AND POSSIBLE VARIATION OF THE
BACILLUS TYPHOSUS.

By Masor W. H. HORROCKS.
Boyal Army Medical Corps.
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—_—

THE VIABILITY OF THE BACILLUS TYPHOSUS.

TaE experimental work recorded up to the present has appeared
to prove conclusively that the life of the B. fyphosus in unsterilised
soil and water is short. Experiments made in conjunction with
Colonel Firth showed that in sewage-polluted soil the fyphoid
bacillus did not live longer than seventy-four days. Houston's!
work on the vitality of the B. typhosus in raw Thames water
demonstrated that 99 per cent. of the typhoid bacilli disappeared
during the first week of storage, but a few, specially resistant baeilli,
sometimes persisted for several months.

In all these experiments with soil and water pure cultures of the
B. typhosus were added to the varions samples of earth and water.
Morgan and Harvey, working with the urine of a typhoid carrier,
found the duration of life of the B. typhosus under natural conditions
to be limited to about thirty hours.

Impressed with this result, I determined to repeat their experi-
ments, employing as the infecting material urine and feces of
typhoid carriers and of recent cases of enteric fever. The results of
these experiments are given in Table A. It will be seen that under

! This paper was written before the publication of Dr. Houston's Sixth Report
on Research Work.

16



"1 F1| 03 pasodxa ysepL C1[IOUg
proqdiy peorddy pamejuco ouln siyg

(L¥g 'd #as tog snqpovg) 1oo g
pue snsoydfi; i usamjaq BjEIpOWII) UL
WO} € 5% 1 UM} PIMOYS 3010l
oq) Jo Apnys Jeqgang [ smusoydfiy g
pamiejnod  eunm  eag} junl  Judnorny
sEM 1 Undaq sem juamiadxa siqy uaAy

"BlIajORg
pajeraosse  jo wmonesidijnur  payieut
¢ L1oyuroqu] a3 Ul 4ySi| 0 pesodxa ysw(g

"BIIBJON PAJRIDOSSE JO WOLND
-1jdiynum paxaeur £ yrep ag) ul jdey yseg

‘GOGI ‘FT 2unp uo Lap aynb ros
P wEr ou ! QEpUBIaA uo pasodxyy

03311

‘sanyeradunsg
posmofe  |log

fioqeaoqe; e f1p o

EMATIEY]

siep
L uern) ssay

S4B OT
siup 7

s{ep 11
siwp &

slwp 01
g |

41 sdup L

|
1

0161

‘g *as(] uC puncj
nweq  proyddy  oN
o0 2ad OO'OT

‘161 '0F J8quIBA0N
00

aed 00T ‘606T ‘€8 AvIy
(pg eunp wo oo Jed §
‘oroun puo oo aad §)0)

00 tad g ‘GOBT ‘€ Ay

gLk

aed 00z ‘606T ‘08 LBy

[105 jo ‘wad

xad 8% “GOGT ‘¥I eunp

[tos jo *uwd

[0S jo umad

1ad 0gg ‘606T ‘FT AvIy

wd op ‘G06T ‘T Ley | jo mad

]
1
1
i
|
¥
1

I97EM
jo o0 aad 000'000'T

EELLTTY
jo o0 1ad 0O'0L

Ja)EAL u.n_ oo
aad 0o0'00T 98T IV

d230a JO 0D

aed Qp0'% 9s®el IV
JIBJEM JO "0D

aad QpO'0g 3sEI[ IV
[1o8
aad 991
[1os
a=d pon'g

[108
jo ud Jad Q00T

jo und

OTBT ‘T 399
-maoa  Caegua dey o
pappe 'Y 1849] 9100 JO

5L JUIDFI[RAUCD JO BOTI] ‘TITA

0161 ‘0T
Iaquiaion “Jajem dey of
PAppe 'S 1943] ol18jU8 JO
85B0 JUAIEA[BATIOD JO O[]
GOGT
‘gx Arpr caepem deqy o
pappe "D J19LAAE]) JOo 0095
GOGT
‘7e ounp  casyem dey o)
pappe ‘] 19111¥0) Jo aula)
GOGT 8T LeIy  ‘19jem 09
pappe " J9UI8) JO [005
GOBT “F ounp ‘I aeLiien
Jo aumLn s paus
~STOLL U@pPARE UI0a] SNUINE]
GOGT ‘L AvIy ‘T Iaruau)
Jo eumn WM pauay
-SI0TI USPIES Woa] snmnpy
. GO6T ‘L
.,hr.__!“—__ﬁ T“_“ uﬂ_.h.......n_u H.n__ n_..H._HH..
.n_“_#_._.b .m_m.._uuum.mﬁ..nﬁ- _._.n_w hnﬂ_.n..mm

‘ITA

TA

AT

111

IL

s xa
1] 0 SU0E P
D[] Japun
sngundfiy g J0
A1 J0 oLy

PUTOY 1IN 0 Joquin

e LraA0ded J0 E1Ep Eagr]

quandrad s sy
Jo Supnurdag aiy e
Juasand 1) @wg proday
10 TACURILN BEO0Lg

ajep pun juaunmadxe o) Jo aanjusg

¥ HIdVL



‘wagsds gouea) aiy uo sedwj jo [wsodsip eyy Wi YA jemx eq o)
A[eq1] suOIIPUeD BPUN AAIAINS PInos snsoyd/i) ‘g o1} Buol moy urwiiedse oj seam joslqo ey CIIIN puE ‘IIX sjuauriadxy up—ajoN

|
‘00 1ad 00 | GOGL ‘0 PUNp CTAX Ul
[BIINSU SULN JO WOIDEIY | ** SYIUOW FT | 000'000'T ‘0T6T £ “3deg | 1ad 000‘000°T 18ua 1y | se ydey ‘T 191318 jo euM[] ‘TITAX
EANSU SUIAN JO TOT3aRa)] ‘00 aad ; B0BT ‘9% ABIL ‘TAX ur
‘GO6T ‘gR dy uo papuadxe euran eyg [V | Bqjuot TT (000 000°T 'OT6I ‘85 m._n.a. =+ 00 1ad ono'o00'T | 5@ jdey T aslaxen) Jo eulA] 'TIAX
BOGT
‘eAnp "1q8i o3 pasodxa

pu® [oOM UO0JOD TIIM

"GORT __ 00 aad QOO"0T gsuar peddnid equiy-gse; ® ul
'ap 1aquasoy] wo pepuadxa surin ot IV | mhum_ Le |1t ‘BORT ‘AR 19qIaAOA] | ‘00 Jad gon'zT | peoerd g aswrien Jo enla) ‘TAN
_ OTBL ‘8T L2y aqdi
*urad aad 1700 g O0O'T WENY) S83] Uy | 1e03s jo "wad aed [oogs jo | 07 pasodxa ayjjoq ssuld v
-u00 0} pareadde [ooys sigy passed uaypy | -- sfep 1 | 000'08 ‘0161 ‘g Lepy | uad asd 00'000%0T | nt jdey 'p emaeD _mEEm ‘AX
BOBT ‘1T ARIY
q8i o3 pesodxa wagy
..._.mu_.._w__ Mmm.._..r..m. .—.umfhmb_u_n. :.uw oPs ﬂmﬂﬂ.—ﬁ___r... ..h..n_u..m hm._ﬂdm
‘urex Lavoq oy pasodxe [og | - oniT | -ea gou snsoydfp g |jo cwad aed oog'EF | 01 peppw ' aeNiIRD JOSUNI ‘AIX
606T ‘8T LBy
‘giase  mapawd M
- omug |t . Toonug )|t = O3 | PRI24A0D ") I0T11EN JO [o0)g CTITX
PaIaACISIp B0 PIOOD GOGT ‘FT ARI{

s{ep |smeoydfly g oy jo |eanjxruxjo- mmafaad | 'mjama  uwapaed  uIa
‘pavoqdno xaep v up jdeyy | 4, ueny ssorp | sufis ouw 183®[ HoeM ¥V | 000'000'T uRQ) S0y | PRI ‘0 ISIIED JO [0S CTIX

0161

‘T 19007120 “I9)EBM B[119)E

i ©} poppe weyy puv Jusi|

" Jo samymod aand ® aq o} pareadde 91 (syyuoun 00 Jad 1ajes | 09 pasodxe aqng 3593 ¥ ul
19jEM 91} 0} PAPPE SEM SULIN aT3 UL | F) ealle [[9E | 000°0T ‘TI6T ‘L "qog |jo oo aad ppo'oor | 3dex T aswmam) jo eump IX

Ioyum

..ﬁ_._u—_“—..-m v s +.Uu.n_.m-“H aw am A .Uuu.m-“—.- Mﬁ- 5 ...-m.m -...”_E;m._” v s s 5w = -QﬁH uuﬁ.

B0O6T

sfep |GOBT 0T AInf mo punog apes |4 Smp casgem dey o

14811 03 posodxd Nse[y (g uwyy ssoy |jouw yqeq proydiy [jo 0o ed 0‘06T | PAPPE D ML) Jo [0038 'XT




228 Taability and Variation of the Bacillus typhosus

these conditions the wiability of the B. typhosus is much shorter
than when pure cultures of the microbe are employed. When
typhoid urine and fmces are thoroughly mixed with water or earth
the specific bacilli rapidly disappear, and a week after the pollution
99 per cent. of the added bacteria seem to have been destroyed.

The rapid disappearance of typhoid bacilli from typhoid dejecta,
whether intimately mixed with earth, or merely covered over asin
a trench, or simply deposited on the surface of the ground, is very
remarkable, and forms a marked contrast to the prolonged life of the
B. typhosus in urine kept in flasks. When the urine of a typhoid
carrier was kept in flasks exposed to light in the laboratory and
frequently opened to the external air, 1,000,000 typhoid bacilli per
cublic centimetre were found at the end of fourteen months. It was
noted that the specimens of urine in which the typhoid bacilli
maintained their existence in practically undiminished numbers
showed no change in reaction during the whole of the time the
samples were under observation. The specimens contained strepto-
cocel, B. coli, B. fluorescens liquefactens and non-liquefaciens, and
a bacillus corresponding very closely to the B. fecalis alkaligenes ;
these microbes were present in comparatively small numbers as
compared with the typhoid bacilli and showed no sign of multipli-
cation in the urine, dilutions above 1,000 always giving practically
pure cultures of the B. typhosus; yet the moment such a urine was
diluted with water an enormous increase of the associated microbes
occurred and the typhoid bacilli rapidly disappeared. The following
experiment illustrates this point very well : A specimen of urine
from a typhoid carrier was plated in various dilutions on bile-salt
neutral red lactose agar and found to contain more than 6,000,000
typhoid bacilli and less than 1,000 colon bacilli per cubic centimetre.
A sample of water which did not contain B. coli in 5 cc. was mixed
with this urine in the proportion of one part of urine to five of
water, so that each cubic centimetre of the mixture contained over
1,000,000 typhoid bacilli and less than 200 colon bacilli; six days
later 6,000,000 colon bacilli per cubic centimetre of the mixture
were counted, and at the end of the seventh day they had increased
to 7.000,000,000 per cubic centimetre.

The constancy of the cultural characters of the typhoid baeilli
isolated from the urine kept in flasks is also worthy of note. The
urines were examined weekly, and the typhoid bacilli which lived
in one specimen for more than fourteen months gave reactions
identical with those obtained at the first examination; they, how-
ever, showed a remarkable resistance to the action of the agglu-
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tinins present in an antityphoid serum. The following table gives
the results obtained :(—
Typhoid bacillus o ?ﬂ‘;:ﬁ“ “i.“i};',"' o
Strain I. isolated after 4 weeks .. ok o+ - + +
4 vy 14 months .. 4 + b 0 0

Laboratory strains—
B. typhosus R and E o i + + + -+

In view of the feeble reaction of strain I., 1solated after fourteen
months in urine, and to prove its identity with B. fyphosus, the
culture was injected into a rabbit to see if it would produce
agglutinins specific for the typhoid bacillus. The following results

were obtained :(—
Dilations of rablut serum injected with Strain 1.

Typhoid bacillus 1—a) 1—40 1—100 1—200 1— 500 1—1,040
Laboratory strains—
B. typhosus B. and E. + + + + + sc

Homologous strain—
B. typhosus 1. i + + + 0 0 0

It will be seen that the titre of the serum was higher for the
laboratory strains than for the homologous strain.

Major Cummins also examined the rabbit serum for opsonins
and reported that it had a marked opsonic reaction for a virulent
strain of B. typhosus.

As a final test the strain I. was examined as to its power of
absorbing agglutinins from a known typhoid serum ; the following

results were obtained :(—

Dilutions of serum untreated
1—20 1351 1—1ip} 1—5)  1—1,000

Tested with B, {yphosus R. - + L + o L
Dilutions of serum after absorption with Strain 1.
Tested with B. {yphosus R. i 0 0 0 0 0

Experiments were then made to determine the wvirulence of
B. typhosus excreted in the urine of typhoid carriers 1. and S. after
the urine had been kept for various periods at the laboratory
temperature exposed to light.

Ezperiment 1.—The urine of carrier 1., passed on June 6th, 1909,
was plated in January, 1910, and a pure culture of B. typhosus
recovered. A subculture on agar was prepared and after twenty-
four hours’ incubation at 37° C., {%; of the growth was injected into
the peritoneal cavity of a guinea-pig. Next morning the animal
was found dead, and from the peritoneal fluid and spleen a pure
culture of B. typhosus was isolated.
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Experiment 2.—The urine of carrier I., passed on March 25th,
1909, was plated on March 23rd, 1910, and found to contain 1,000,000
typhoid bacilli per cubic centimetre. A subculture from the agar
growth of one of the colonies was incubated for twenty-four hours
at 37° C., and one standard loopful, weighing 2 milligrammes, was
injected into the peritoneal cavity of a guinea-pig. Next morning
the animal was found dead and a pure culture of B. typhosus was
i1solated from the peritoneal fluid.

Experiment 3.—The agar slope used in Experiment 2 was kept
at the laboratory temperature for three weeks and subcultured.
One standard loop, 2 milligrammes, of the culture was injected into
the peritoneal cavity of a guinea-pig. The animal remained
perfectly well.

Eaxperiment 4.—The urine of carrier 8., passed on April 12th,
1910, was plated on April 21st, and found to contain typhoid bacilli.
A subcalture on agar was made from one of the colonies and one
standard loop of the twenty-four hours’ growth was injected into the
peritoneal cavity of a guinea-pig. The animal was found dead next
morning. No typhoid bacilli, however, could be found in the peri-
toneal fluid, which contained a pure culture of a Gram positive
streptococcus giving the following reactions : Glucose, acid, no gas ;
mannite, acid, no gas; lactose, acid, no gas; duleite, unchanged ;
salicin, acid, no gas; cane sugar, acid, no gas; neutral red,
unchanged (aerobic conditions); broth, diffuse growth consisting
of short chains ; gelatine, not liquefied.

[ Note.—This streptococeus is apparently identical with the one
isolated in Experiment II. and during the subsequent intraperi-
toneal passages. See p. 239.]

Frperiment 5—The culture employed in Experiment 4 was
again subcultured on May 7th, and tested in the usual manner; it
appeared to be quite pure, no streptococei could be detected. A
standard loop of the twenty-four hours’ growth was then injected
as in the previous experiment. The animal remained perfectly well.

Experiment 6.—The urine of carrier I., passed on June 22nd,
1909, and kept in a test-tube exposed to light in the laboratory for
a year, was still found to contain 1,000,000 typhoid bacilli per cubiec
centimetre. Two colonies isolated from the plate containing
toosoon ¢c. were planted on agar and labelled I.B. Colony 1 and
LB. Colony 2.

I.B. Colony 1.—One standard loop of a twenty-four hours’ sub-
culture on agar was injected into the peritoneal cavity of a guinea-
pig. The animal was found dead next morning. From the heart’s
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blood a pure culture of B. typhosus was isolated, but the spleen
and peritoneal fluid contained in addition to the B. typhosus a
motile Gram negative bacillus which gave the following reactions :
Glucose, acid and gas ; lactose, acid and gas ; mannite, acid and gas ;
duleite, acid and gas; salicin, unchanged ; cane sugar, unchanged ;
neutral red, gas and fluorescence ; broth, no indol ; litmus milk,
acid, no clot ; gelatine, not liquefied.

A broth culture from the original agar slope used in this experi-
ment was carefully examined and found to give all the cultural
reactions of B. typhosus. The broth culture was then planted on
agar and a standard loop of the twenty-four hours’ growth was
injected into the peritoneal cavity of a fresh guinea-pig. The
animal remained perfectly well, and from the peritoneal fluid a pure
culture of B. typhosus was recovered.

I.B. Colony 2.—The agar growth from this colony was ex-
amined in the same manner as colony 1. The guinea-pig which
received 2 milligrammes of the twenty-four hours’ growth was
found dead next morning. From the peritoneal fluid, in addition
to B. typhosus, a coliform bacillus was isolated ; but the cultures
from the spleen and heart’s blood proved to contain only typhoid
baeilli.

Ezxperiment 7.—The urine of carrier 1., passed on June 22nd, 1909,
and preserved in a test-tube until September 3rd, 1910, was still
found to contain 1,000,000 typhoid bacilli per cubic centimetre. On
September 8th, one standard loop from the agar growth of one of
the colonies was injected into the peritoneal cavity of a guinea-pig.
Next morning the animal, being ill, was killed with chloroform,
so as to obviate posé-mortem changes, and cultures were made
from the peritoneal fluid, spleen, and heart’s blood. In the spleen
and peritoneal fluid a bacillus belonging to the coli group was
present in pure culture ; the blood, however, contained only a pure
culture of B. typhosus.

In order to ascertain whether the coliform organism had any
connection with the typhoid bacillus a culture was injected into a
rabbit. No typhoid agglutinins, however, were produced: in spite
of repeated injections the titre of the serum never rose above a
dilution of 1—20.

The eculture also failed to absorb agglutinins from a known
typhoid serum. ]

Ezperiment 8.—The culture of B. typhosus used in the previous
experiment was kept at the laboratory temperature for fourteen
days; a standard loop of the agar growth was then injected into
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the peritoneal cavity of a guinea-pig. The animal remained perfectly
well, and B. typhosus in pure culture was recovered from the
peritoneal fluid.

It 1s difficulf to explain these irregular results. The guinea-pigs
were quite healthy when the experiments were commenced, and
post-mortem examinations made after the injections revealed no
signs of disease. The same amount of culture, 2 milligrammes,
was weighed in the standard loop for each experiment, and the
guinea-pigs were of approximately the same weight. The only
variant was the unknown bodily resistance of each guinea-pig. It
will be seen that the B. typhosus, which survived in urine for a
year, was apparently just as virulent as a strain isolated only nine
days after the excretion of the urine. The rapid loss of virulence of
the strains affer subeculture in broth and on agar is worthy of note.

Ox THE PossiBLE VARIATION OF THE B. TYPHOSUS.

The experiments on the viability of the B. typhosus having
shown that the vital action of the associated bacteria, and possibly
the toxins derived from them, appear to cause a rapid destruction
of the typhoid bacillus, it seemed desirable to study the effect of
symbiosis with these bacteria and the action of their toxins
separately, so as to ascertain whether the B. typhosus, under certain
conditions, might not change its cultural characters, and so escape
recognition.

SymMBIosis oF B. TYPHOSUS WITH B. FLUORESCENS NON-
LIQUEFACIENS.

A culture of B. jfluorescens non-liquefaciens was isolated from
the urine of “typhoid carrier” S., and planted out in the usual
media. The cultural characteristics were as follows :—

Glucose, faintly acid, no gas: mannite, lactose, salicin, dulcite,
cane-sugar, unchanged ; neutral red, slight yellow colour ; hitmus
milk, faintly alkaline ; gelatine, not liquefied, green pigment present ;
broth, diffuse growth, green colour present, no indol formation ;
morphology, very motile bacillus, Gram negative ; growth at 37° C.,

ood.
- A twenty-four hours’ broth culture of this bacillus was prepared,
and 0'5 ce. of it and 0'5 ce. of a twenty-four hours’ broth culture of
B. typhosus were added to 9 cc. of tap-water. The tube was
placed in a dark cupboard of the laboratory.

Dilutions from the mixed growth were then made up to 100,000
millions and plated on MacConkey’s bile-salt media. After
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forty-eight hours’ incubation the plates showed that 95,000 million
typhoid bacilli were present in the tube. A week later the contents
of the tube had a marked green colour, and 200,000 million colonies
of the fluorescent bacillus per cubic centimetre were counted.
Further examinations were made at intervals of a week for the next
four months. It was soon found impossible to isolate the typhoid
bacillus by * direct plating "’ as the B. fluorescens had increased so
enormously ; but when the dilutions were enriched by growth in
MacConkey's bile-salt broth for twenty-four hours and then plated,
it was quite easy to separate the two organisms. It was noticed as
time went on that the B. typhosus diminished in numbers, but
at the end of four months it was still present in 55000 ce. of the
original tube, its cultural reactions were quite unchanged, and it
was still agglutinated by antityphoid serum.

Result.—The toxins of the B. fluorescens non-liguefaciens appear
to have no influence in producing variation of the B. typhosus.

SyMBIOSIS OF B. TYPHOSTUS AND B. coLl.

Euxperiment 1.—In this experiment the symbiosis of B. typhosus
(R) and a type of B. coli isolated from the urine of a typhoid carrier
(Bomb. S.) was studied. The cultural characteristics of the B. coli
were as follows: Glucose, acid and gas; mannite, acid and gas ;
lactose, acid and gas; salicin, gas, acid slight; dulcite, gas, acid
slight ; cane sugar, unchanged ; litmus milk, acid and clot in seven
days ; broth, no indol reaction; gelatine, not liquefied ; neutral
red, gas and yellow colour in seven days; morphology, short
bacillus, Gram negative; actively motile. A small particle of a
twenty-four hours' growth on agar of each organism was added to
10 cc. of sterilised tap water and the whole thoroughly mixed.
Dilutions were then made and plated, and counts showed that
600,000 million typhoid bacilli and 300,000 million colon bacilli
were present in each cubie centimetre of the infected water.

Ten days later an examination showed typical colonies of
B. typhosus and others white and opaque. The latter when fished
and planted in the usual media did not ferment any of the sugars
in twenty-four hours and the growth on agar was thick and rather
opaque. After forty-eight hours there was slight acid in mannite,
but no other sugar was fermented even in seven days. The agar
growth was planted out again on agar and the resulting growth
tested in sugars. ‘Typical reactions of B. typhosus were now
obtained.

The infected water was plated from time to time and B.
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typhosus was recovered in gradually decreasing numbers for two
months. Examinations at later dates were negative as regards
B. typhosus, only B. coli being isolated.

Experiment 2.—This experiment was carried out in the same
manner as the one just described, a different strain of B. typhosus
(Bombay) being employed. By plating dilutions of the infected
water 5,000 million typhoid bacilli and 38,000 million colon baeilli
were found in 1 ce.

A week later no signs of typhoid bacilli could be detected. The
colon bacilli were still present to the extent of over 1,000 million
per cubic centimetre and their cultural characteristics were un-
changed.

Ezperiment 3.—This was a repetition of experiment 2. By plat-
ing dilutions, 19,000 million typhoid baeilli and 36,000 million colon
bacilli were foundin 1 ce. of the inoculated water. A week later more
than 1,000 million typhoid bacilli were still present. At the end of
two months no typhoid bacilli could be 1solated ; but on adding 1 ce. of
the inoculated water to MacConkey's bile-salt broth and plating on
lactose bile-salt litmus agar a few blue colonies were seen. These
were found to consist of a bacillus which did not ferment any
sugar, and produced an alkaline reaction in milk. At later exam-
inations only B. coli was recovered.

Fzxperiment 4.—In this experiment a small particle of a twenty-
four hours’ agar growth of B. colt was added to 2 ce. of urine passed
by typhoid carrier I. At the time of the experiment the urine had
been kept in a test-tube exposed to light in the laboratory. It was
known to contain 10,000,000 typhoid bacilli per cubiec centimetre;
B. coli was also present, but the numbers were only about 1,000 per
cubic centimetre. Counts were made frequently, but during the whole
time the urine had been kept in the laboratory the B. ecoli had not
increased appreciably. After adding the culture of B. coli from
the agar slope counts showed that the urine contained at least 3,000
million colon bacilli per cubic centimetre.

Three days after the inoculation the urine was again plated in
dilutions from 1545 c¢. t0 toooooos €¢- N0 signs of the B. typhosus
could be discovered, although the uninoculated urine still showed
10,000,000 typhoid bacilli per eubic centimetre.

The inoculated urine was then enriched by adding 0'5 ce. to
10 ce. of broth. A marked growth occurred after twenty-four hours
incubation at 37° C., but on plating the broth no signs of B. typhesus
could be discovered.

Ezxperiment 5.—This experiment was a control of No. 4; but
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instead of a pure culture of B. coli a small particle of normal solid
feeces was added to the urine. Counts made by plating the inoculated
tube showed at least 60,000,000 colon bacilli had been added to the
urine. Five days later at least 10,000,000 typhoid bacilli were still
present. At the end of a week, however, all the typhoid bacilli
had disappeared. Enrichment methods and selective media were
tried, but with uniformly negative results.

Femarks—These experiments show clearly that B. coli has an
inimical influence on the B. fyphosus. Experiment 1 indicated
that changes were commencing, and in Experiment 2 a variation
to a non-fermenting type was apparent.

On THE EFrFEcT oF THE Toxins PRESENT IN WATER AFTER
ADMIXTURE WITH FaEcES AND URINE oF TyrpHOID CARRIERS.

Nine experiments were made with feces and twenty-three with
urine.

Eaperiments with Feces.

In eight of the experiments an attempt was made to extract
the toxins present in the dejecta by thoroughly shaking weighed
quantities with tap-water until a thin uniform emulsion was pro-
duced ; this was then filtered, and the filtrate inoculated with a
strain of B. typhosus. Dejecta from three * carriers” were used,
and the toxins were extracted after the fieces had been kept for
varying periods at laboratory temperature. In the ninth exper-
ment the rich emulsion of faeces and water was allowed to stand
for six days at the laboratory temperature, exposed to hight so as to
allow toxins to be formed by the bacteria present in the water and
feces. Table B gives the results obtained. It will be seen that
the B. typhosus was not changed in any way, and its wviability
apparently depended on the length of time the particular stool had
been kept before the extract was made. It is of interest to note
that the extract from a stool rich in B. coli destroyed the typhoid
bacillus more quickly than a corresponding extract from a stool
containing comparatively few B. coli. The reaction of the filtrate
was neutral in each experiment.

Ezxperiments with Urine.

In this series definite quantities of urine were added to water,
and the mixture was kept for varying periods in flasks at room
temperature and exposed to light. The contents of the flasks were
then filtered through sterile Doulton or Pasteur (F) candles; no
pressure was employed. The filtrate collected at the end of three
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hours was tested for sterility and then inoculated with a strain of
B. typhosus.

Twenty-three experiments were made on these lines, but only
four yielded positive results. These will now be considered in
some detail.

Heperiment I. (33 in the Register).—On August 8th, 1909, a
specimen of urine from typhoid * carrier”™ 5. was diluted 1 in 10
with tap water, placed in a flask, and exposed to daylight.
Eleven days later the mixture of urine and water was filtered
throngh a Pasteur candle (F) without pressure. The (filtrate
collected after three hours was plated on large bile-salt neutral
red lactose agar plates, 0'5 ce. of the filtrate being carefully spread
over the surface of the sohd agar i the plates. The plates
remained quite sterile after prolonged incubation at 37° C. The
filtrate was then inoculated with a small particle of a forty-eight-
hours’ agar growth of B. typhosus, isolated from the stool of
“carrier ” C. After thoroughly mixing the agar growth with the
filtrate, dilutions were made and plated; the counts showed that
the inoculated filtrate contained 480,000,000 typhoid bacilli
per cubic centimetre.

On August 25th, 1 ce. of the inoculated filtrate was diluted up
to 1,000,000,000, and plated on bile-salt neutral red lactose agar.
In the plate containing y5455 ce. six colonies were seen; two of
these were fished and planted out in the usual media. The
following results were obtained :—

y : 1 v Apolutinati
Glacose Mannite Lactose Ealicin Duleite E.:,r.?:r L:;'m:ﬂ Braoth ﬂ#:’ hﬁ;‘:*‘im‘ Motility 'l.r?ﬁ}:i%?}jéﬂt
Col.1 .. 0O Arid 0 0 0 0 Acid, then No NL 0] = 0
alkaline indol
Jol. 2 .. O 0 0 0 0 0 TUnchanged, No NL 0 4 0

then alkaline indol

In the plate containing g5 ce. there were numerous colonies
like those of B. typhosus; two were fished and planted out in
the above media. The first colony gave all the reactions of B.
typhosus ; the second colony appeared to be identical with colony 2
in the 15355 ce. plate.

On August 28th the inoculated filtrate was again diluted and
plated ; colonies were fished and planted out as before; none of
these fermented any of the sugars, and they appeared to be identical
with colony 2, isolated on the previous occasion.

The inoculated filtrate was again examined during September,
October, and November, 1909; no signs of the B. typhosus were
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ever discovered; all the bacteria present gave the reactions of
colony 2.

Ezperiment II. (35 A in the Register).— A sample of urine
from a typhoid carrier S., passed on September 24th, 1909, and
containing 3,890,000 typhoid bacilli when received next day, was
diluted 1 in 10 with tap water, and placed in a cupboard of
the laboratory, protected from light. On October 8th the mix-
ture of urine and water, which was now turbid and yellow in
colour, was filtered through a sterilized Pasteur candle (F), at
ordinary atmospheric pressure. At the end of three hours the
filtrate obtained was placed in two sterile test-tubes, and 2 ce. of
it was added to sterile broth ; after seventy-two hours incubation
at 37° C. the broth tube remained quite sterile. One of the tubes
containing the filtrate was then inoculated with a small loopful
of a twenty-four-hours’ agar culture of B. typhosus (R), the stock
typhoid culture employed in the manufacture of vaccine at the
Royal Army Medical College. The inoculated tube and the un-
inoculated tube, which served as a control, were placed in a dark
cupboard. On Oectober 14th and 20th a portion of the contents
of the inoculated tube was diluted and plated on neutral red bile-
salt lactose agar; 338,000,000 typical typhoid baecilli per eubie centi-
metre were isolated. On October 25th the control tube was plated in
the same manner; no growth oceurred in any of the plates. On
November 11th dilutions of the inoculated tube were again plated,
in the plate containing ;554000 c¢. forty-two colonies appeared ;
one of these, labelled 35 A, colony 1, gave all the reactions of the
typhoid bacillus (R), but twelve of the remaining colonies did not
ferment glucose ; one of these, labelled 35 A, colony 2, was then
planted out in the usual media, when the following results were
obtained :(—

: - - Aprlutination
Glucose Mannite Lactose Baliein Duleite :;‘::L'i_ L:'l:’i':;:'s Broth Gelatine :'\-li:::.ll'ﬂi Motility  with anti-
g typhoid seram

d54, Col. 2.. O 0 0 0 0 ] Acid Neo Nat (W] -4
indol liguefied
85A, Cel. 1.. A A 0 0 A 0 Acid No Not (1} +- +
NoG No G No G indol liquefied (1—1,000)

On November 11th the contents of both tubes were again
plated. The plates made from the contents of the inoculated
tube showed colonies, all of which gave the same reactions as
35 A, colony 2, just described, except that the litmus milk, which
was first rendered acid, became distinztly alkaline at the end of
seven days’ incubation at 37° C.; no signs of the B. fyphosus could
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be found in the plates. The contents of the control tube showed
no growth after the plates had been incubated for four days.

On January 1st, 1910, a large loopful of the inoculated filtrate
was plated on glucose bile-salt litmus agar and 1 ce. of the control
filtrate was added to broth. The control after seven days’ incuba-
tion at 27° C. showed no growth, but in forty-eight hours blue colonies
appeared in the glucose plates. These colonies when tested in the
usual media again failed to ferment any sugar and produced an
alkaline reaction in milk.

On February 3rd and March 2nd, 1910, similar results were
obtained. On March 24th a loopful of the inoculated filtrate was
again plated, but no growth occurred, showing that the bacteria
were diminishing in numbers. Four cubic centimetres of the
inoculated filtrate were then added to broth, which was incubated at
37° C. A growth occurred in forty-eight hours and a loopful of this
was plated on MacConkey's medium. In the plates large and
small colonies appeared; the large colonies consisted of a Gram
negative motile bacillus which gave the same reaction as 35 A ; the
small colonies were made up of a rather large Gram positive coccus.

The latter organism when tested gave the following reactions :
Glucose, acid, no gas; mannite, acid, no gas ; lactose, acid, no gas ;
salicin, acid, no gas; duleite, unchanged; cane sugar, acid, no
gas; broth, diffuse growth, no indol; litmus milk, acid and clot;
gelatine, not liquefied ; neuntral red (anaerobic condition), yellow.
This streptococcus has a close resemblance to the Streptococeus
Jfecalis. 1t is possible, of course, that the streptococcus might have
been a contamination introduced from without, 1n view of the
length of time the inoculated tube had been under observation and
the frequency with which it had been opened. KExperiments to be
recorded later, however, seem to show that the streptococcus might
have been produced from the bacillus present in the contents of the
inoculated tube.

Experiment I11. (37 tn the Register). A specimen of urine passed
by “carrier ” I. on September 24th, 1909, and containing more than
a million typhoid bacilli when received next day, was diluted 1 in 10
with tap water and poured into a flask, which was then plugged with
cotton wool and placed in a cupboard of the laboratory. On
October 8th, the mixture of urine and water was filtered through
a sterilised Doulton candle at atmospheric pressure. The filtrate
obtained at the end of three hours was placed in two sterile test-
tubes and 2 cc. of it was added to sterile broth. After seventy-two
hours’ incubation at 37° C., the broth tube showed no signs of
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growth. One of the tubes containing the filtrate was now inocu-
lated with a small loopful of a twenty-four-hours’ agar culture of
B. typhosus (R). The inoculated tube and the second tube, which
served as a control, were then placed in a dark cupboard.

On October 14th, the contents of the inoculated tube were
plated and typical typhoid colonies, giving the same reactions as
B. typhosus (R), were obtained.

On October 20th, an examination showed only typical typhoid
bacilli to be present in the inoculated tube. On November 4th,
typical typhoid bacilli were once more isolated from the inoculated
tube.

On November 10th the contents of the inoculated tube and the
control tube were plated. The control tube proved to be quite
sterile, but in the inoculated tube no signs of the B. typhosus could
now be discovered, it appeared to be replaced by a bacillus giving
the same cultural reactions as 35 A in experiment IT.

Eaxperiment IV.—In this experiment the urine of “carrier” 8.
was mixed with an equal quantity of water in a flask, and exposed
to light in the laboratory for four months. The mixture was then
fillered through a sterile Doulton candle without pressure; only
12 cc. of filtrate was obtained at the end of two hours, of this
2 cc. was added to broth and incubated at 37° C. during the whole
time the experiment lasted; no growth occurred in the broth.
The 10 ce. of filtrate remaining was inoculated with a small
particle of a twenty-four hours’ agar growth of B. typhosus (R). A
week later &; cc. of the inoculated filtrate was plated, but no
growths occurred in the plates. Three cubie centimetres of the inoeu-
lated filtrate were then added to broth and incubated at 37° C.
After three days’ incubation the broth showed a growth, which was
plated on glucose bile-salt litmus agar; after twenty-four hours at
37% C. the plates showed only blue colonies, consisting of baeilli,
which, when subeultured, did not ferment any sugar, and produced a
faintly acid reaction in milk. The microbe appeared to be identical
with 35 A when that organism was first isolated.

The details of the remaining nineteen experiments are
summarised in Table C. It will be seen that the reaction of the
filtrates varied considerably; in those which became markedly
alkaline the duration of life of the B. typhosus was short. That
the wviability of B. typhosus does not depend entirely on the
reaction of the medium is evident from the results of Experiments
21 and 22.
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FurTHER TESTS TO SEE IF THE BacILLus, 35 A, DESCRIBED IN
ExpERIMENT II. 1s ABLE To ABSORB AND PRODUCE AGGLU-
TININS SPECIFIC FOR THE B. TYPHOSUS.

The culture was planted out on three agar slopes, and the
resulting growths were then used to absorb the agglutinins from
a known anti-typhoid serum. After absorption the serum was
tested with a laboratory culture of B. typhosus (strain Bombay).

Another portion of the same serum was absorbed with a culture
of the B. fluorescens non-liquefaciens (isolated from ecarrier S.s
urine) and then tested with B. fyphosus (strain Bombay). The
following results were obtained :—

Diilutions of serum untreated

1—JiHy 1—50 1—1000
Tested with B. fyphosus (Bombay) .. i -+ -+ +
Dilutions of serum absorbed with B, typhosus{ Bombay)

th L1 ] 1y =k ERE ﬂ [} {:'
Dilations of serum absorbed with eulture 35 A

3 ¥ - .. . = g 0
Dilutions of serum absorbed with B, fuorescens

3 3 " e i =+ 'i' =

As the culture 35 A appeared to have a slight power of absorb-
ing agglutinins from antityphoid serum, it was decided to inject
the culture into a rabbit to see if agglutinins specific for the
B. typhosus would be produced. The following results were
obtained :—

Dilutions of rabbit's serum
1=20 1=40 1=50 1—160
Tested with Bacillus 35 A e o o4 o+ + 0
B. typhosus (R) .. - R . et e == 0

In spite of repeated injections the titre of the serum remained
as shown in the table. The agglutinins were completely removed
by absorbing the serum with either B. typhosus or culture 35 A.

These results being indecisive, it was then determined to try
the effect of intraperitoneal passage through a series of guinea-
pigs. It was thought that if the bacillus (culture 33) isolated in
Experiment I., and the bacillus (35 A) obtained in Experiment IL.,
were derived from the B. typhosus, passage through a warm-
blooded animal might cause these bacteria to revert to the original

type.
PassacE oF CULTURE 33 THROUGH A SERIES OF GUINEA-PIGS.

A twenty-four hours’ agar growth of the culture was emulsified in
normal salt solution, and, approximately, one-tenth of the slope was
injected into the peritoneal cavity of a guinea-pig, the fluid with-
drawn after an interval of three hours was subeultured on agar,
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and 4 of the growth then injected into another guinea-pig. The
peritoneal flumid was removed after eighteen hours, planted on an
agar slope, and the resulting growth injected into a third guinea-
pig. After three passages the culture was unchanged except 1n
one experiment, in which the fluid was removed from the same
guinea-pig after six hours and again after twelve hours. The fluid
removed after six hours contained a short Gram negative bacillus,
like B. coli, which produced acid and gas in glucose, lactose,
mannite, cane sugar, dulcite, and salicin ; 1t also clotted mulk, pro-
duced indol in broth, and a yellow colour in neutral red. The fluid
removed after twelve hours, however, contained a bacillus which
gave the same reactions as the bacillus originally injected into the
peritoneal cavity.

There appear to be two possible explanations for this result :
(@) The B. colt was derived from the intestine of the guinea-pig,
or (b) the culture 33 was changing its cultural characters, but was
not yet stable and reverted to its original shape after twelve hours
in the peritoneal cavity. Experiments to be recorded later suggest
that the latter is the more probable explanation.

Passace oF CULTURE 35 A THROUGH A SERIES OF (GUINEA-PIGS.

The culture was left in the peritoneal cavity of each guinea-pig
of the series for a period gradually increasing from six to eighteen
hours. After six passages the culture was quite unchanged, but the
fluid removed after the eighth passage, when planted in broth, gave
a growth consisting of cocci, or very short bacilli in pairs and
short chains. The broth was plated on agar; two kinds of colonies
appeared : (1) Medium sized, made up of bacilli, like the original
35 A ; and (2) smaller colonies, consisting entirely of cocci in short
chains. Colony (1) was fished and planted in broth; a growth of
cocel appeared. This was then planted on agar, when only bacilli
were seen. The agar slope was then tested in sugars, &ec., with the
following results: Glucose, acid, and gas; lactose, acid, no gas;
mannite, acid, no gas; cane sugar, acid, no gas; dulcite, un-
changed ; litmus milk, acid and clot; neutral red, gas; gelatine,
not liquefied.

As the morphology of this organism was found quite unstable,
Gram negative bacilli or cocci appearing in the various media
employed, 1t was determined to repeat the intraperitoneal passages,
commencing this new series with a fresh culture isolated from the
inoculated filtrate on January lst, 1910. Before injection this
culture was tested in sugars, &c., and found to give the original
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reactions of 35 A. From the first to the fourth passage the culture
was left in the peritoneal cavity of each guinea-pig for six hours,
from the fifth to the eighth passage for eighteen hours, and from
the ninth to the seventeenth passage for twenty-four hours. Up
to this passage the culture remained absolutely unchanged, but
after the eighteenth passage it gave the following reactions :
Glucose, acid and gas; mannite, acid and gas; lactose acid, no
gas ; salicin, acid, no gas; dulcite, unchanged; cane sugar, un-
changed. This culture was at once injected into another guinea-
pig, making the nineteenth passage. The growth obtained from
the peritoneal cavity of this guinea-pig did not ferment any sugar,
and gave the same cultural reactions as the culture at the com-
mencement of the series of passages. This result is extremely
interesting as it seems to indicate clearly that as the culture, which
after the eighteenth passage fermented certain sugars with the
production of acid and gas, reverted to the original type, it must
have been derived from the original culture, and was not a con-
tamination from the peritoneal cavity. A subculture from the
agar growth obtained at the eighteenth passage was planted from
agar to agar and the third subculture obtained, which still fer-
mented glucose, lactose, mannite, and salicin, was again passed
through the peritoneal cavity of a fresh series of guinea-pigs.
After six passages the same sugars were still fermented, but the
oas formation was increased ; litmus milk was also clotted with
an acid reaction, and a yellow colour was produced in neutral
ved ; there was, however, no indol formation in broth. Two
further passages were made, but the culture still gave identical
reactions. The culture, which reverted to the original type on
the nineteenth passage was subjected to six more passages, but
no change in the cultural reactions occurred, the bacillus still did
not ferment any sugar, and caused an alkaline reaction in milk.
At the next passage, however, a pure growth of a Gram negative
bacillus was obtained, which produced slight acid in glucose,
lactose, salicin, and cane sugar. On planting this bacillus in
broth, chains of Gram positive cocei appeared mixed with baeilli,
and on plating this broth culture two kinds of colonies were
obtained—i.e., (1) Medium-sized white colonies made up of Gram
negative bacilli which did not ferment any sugar and produced an
alkaline reaction in milk, and (2) small colonies made up of Gram
positive cocel which produced acid, but no gas, in glucose, mannite,
lactose, cane sugar, and salicin, and clotted milk. The Gram
positive coccus was passed through three guinea-pigs, but main-
tained its characters, no signs of bacilli being seen.
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Fi1a. 1.—Growth on agar after incubation for twenty-four hours at 37° C. x 1000.

F16. 2. —Growth on agar planted in broth and incubated for twenty-four hours
at 37° C. x 1000,
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It would be natural to suppose that this Gram positive coceus
was an impurity derived from the peritoneal cavity of the guinea-
pig. Against this view is the fact that the agar slope of the growth
from the peritoneal cavity was kept for a week and stained
frequently, but no Gram positive cocci appeared. On planting the
growth on the agar slope in broth, however, definite chains of Gram
positive cocci appeared in twenty-four hours (see figs. 1 and 2). It
should also be noted that the streptococcus is apparently identical
with that obtained in Experiment II.

The breaking up of a Gram negative bacillus into a Gram posi-
tive coccus 1in both series of passages seemed so extraordinary that
it was determined to repeat the first series of passages, commencing,
however, with the culture in this series which was quite unchanged
in its characters after six passages. After passing this culture
through another guinea-pig, this being the seventh passage, the
bacillus was again recovered quite unchanged. At the next passage,
however, the agar growth from the peritoneal fluid showed Gram
negative bacilli and Gram positive cocei. This growth was planted
in broth, next day the same bacilli and cocei were seen. The broth
was plated and colonies, some consisting apparently of bacilli and
others of cocel, appeared ; when fished and planted out in broth,
each of the colonies again produced Gram positive cocei mixed with
bacilli. Owing to want of animals this line of investigation could
not be pursued further. The results, while strongly pointing to
a definite change in the culture 35 A, Col 2 by intraperitoneal
passage, did not show that this culture had any connection with
the B. typhosus.

FurTEER EVIDENCE AS TO THE POSSIBLE VARIATION OF THE
B. TYPHOSUS.

On October 12th, 1910, the urine of a typhoid convalescent case,
T. 8., from whose blood Major Cummins had previously isolated a
pure culture of B. typhosus, was diluted and plated on bile-salt
glucose litmus agar. In the plates containing 1558550 ce- a bacillus
was present which after three days' incubation at 37° C. gave the
characteristic sngar reactions of B. typhosus. At the end of a week,
however, there was slight production of acid in lactose, salicin, and
duleite, marked indol formation in broth, and neutral red showed
a slight yellow colour; moreover, the bacillus was only feebly
motile, and was not agglutinated by anti-typhoid serum. Obviously
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at this time the urine of the patient contained a miecro-organism
intermediate between B. typhosus and B. coli.

The culture, labelled S. bacillus, was then injected into a rabbit
to see if agglutinins specific for the B. fyphosus would be produced.
Ten days later the serum of the rabbit was tested with a laboratory
strain of B. typhosus and with the homologous bacillus ; the follow-

ing results were obtained :—
Dilutions of serum

1—10 1—50  1—100 1—200 1—300 1—1,000
Homologous bacillus &, + 0 0 0 0 0
B. typhosus, & .. w + + o+ + + 0

The rabbit was then given a second injection and a week later
the serum was again tested for agglutinins and opsonins. It was
then found that the titre of the typhoid agglutinins bhad fallen and
the laboratory strain of the typhoid bacillus was not completely
agelutinated by the serum diluted only {}5. Major Cummins, who
kindly tested the serum for typhoid opsonins, reported that the
rabbit appeared to be suffering from a negative phase, the phago-
eytes ingesting only about half as many bacteria opsonised with the
serum as compared with the control specimens made with normal
serum. A week later, however, the agglutimins for the B. fyphosus
had again increased and the results given in the previous table were
obtained once more. Moreover, at this time a marked opsonic
reaction for B. typhosus was given by the serum.

The S. bacillus was next tested as to its power of absorbing
agelutinins from a known typhoid serum which had a titre 1,000
for a laboratory strain of the B. typhosus. It was found that all
the agglutinins specific for the B. typhosus were removed.

It was then determined to apply the test of deviation of com-
plement. Captain L. W. Harrison, who has had considerable
experience of this test, carried out the necessary manipulations, and
reported that the serum of the 8. bacillus rabbit deviated comple-
ment in the same manner as a known anti-typhoid serum. The
effect of intraperitoneal passage through guinea-pigs was next tried,
controlling each passage by subcultaring the original culture of
8. bacillus from agar to agar.

After four passages of the bacillus the power of fermenting
lactose appeared to be lost and the micro-organism only differed
from a typhoid bacillus in that it was feebly motile and produced
a trace of acid in salicin. It was thought that by continuing the
passages a true B. typhosus might be obtained. After four more
passages, however, there was a complete reversion to the original
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type and the cultural characters were exactly the same as those of
the strain cultivated from agar to agar.

A second specimen of urine passed by the typhoid convalescent,
T.8., on November 17th, 1910, was diluted and plated on Novem-
ber 18th, to see if the S. bacillus just described was being excreted
continuously. No signs of it were detected, but 1 ce. of the urine
now contained one million bacilli giving all the cultural reactions of
B. typhosus. This bacillus was motile, readily agglutinated by
antityphoid serum in a dilution of 1 in 1,000 and also absorbed all
the agglutinins from a known typhoid serum.

CONCLUSIONS.

I. The Viability of the B. typhosus.

The experiments seem to indicate that the duration of life of
the B. typhosus, as at present recognised, 1s very short under
natural conditions; it is unlikely that the artificial conditions in
a sterile test-tube, under which the typhoid baecillus survived for
over a year, will find a parallel in nature. Whenever typhoid urine
and fmces gain access to wells, springs, or cesspools, it seems
probable that the action of the associated bacteria will cause the
typhoid bacillus to disappear in a few days.

Soil bacteria appear to have a similar destructive power. Also
when facal material is lightly covered with earth, or exposed to
the atmosphere, the colon bacilli present exercise a marked inimical
influence on the typhoid bacilli. If the dejecta contain many B. coli,
millions of typhoid bacilli disappear in two or three days, and even
if the typhoid bacilli are a thousand times more numerous than the
B. coli, a similar result follows in about a weel.

II. The Possible Vartation of the B. typhosus.

(1) Symbiosis of the B. fluorescens non-liquefaciens, present in
the urine of typhoid carriers, and the B. typhosus does not cause
any change in the cultural character of the latter microbe.

(2) Symbiosis of B. coli and B. typhosus appears to cause a rapid
destruction of the typhoid bacillus; in two experiments there was
evidence of a change in the typhoid bacillus, but many more experi-
ments must be undertaken before a definite statement can be made
on this head. Possibly, if a smaller dose of B. coli had been used
more definite results would have been obtained.

(3) The toxins extracted by water from the faces of typhoid
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carriers do not appear to produce any changes in the cultural
characters of the B. typhosus.

(4) The toxins formed in a mixture of one part of urine from
a typhoid carrier and nine parts of tap water after varying periods
at the laboratory temperature, in four instances caused the typhoid
bacillus to change into a bacillus having a close resemblance to the
B. fwecalis alkaligenes. Intraperitoneal passage through a series of
guinea-pigs did not again convert this bacillus into the B. typhosus,
but a bacillus having many of the characters of B. coli appeared.
When introducing a foreign microbe into the peritoneal cavity of
a guinea-pig 1t i1s always possible that the injection may cause
a change in the coats of the intestines, and so lead to a passage of
B. coli from the intestine into the peritoneal cavity. This might be
the explanation of the results obtained in the intraperitoneal
passages made in connection with experiments I. and II., but that
a real variation of the bacillus into a coli type occurred seems
probable from the following facts :—

(@) In the intraperitoneal passage made with the bacillus 33,
after three passages the B. coli type was recovered after six hours
and the original type after twelve hours, from the same guinea-pig.
If the B. coli type recovered after six hours had been an exudation
from the bowel, 1t should have been present after twelve hours in
even greater numbers. It might, however, be argued that the
B. eoli exuded had been destroyed by phagocytes after twelve hours,
and the bacillus then recovered was derived from those originally
injected which had proved more resistant to the action of the
phagocytes.

(b) In the experiments with bacillus 35 A the same change into
a coli type occurred in three series of passages. In one of the
series, on injecting the coli type recovered after eighteen passages
into another guinea-pig, a reversion to the original type occurred.

(¢) The guinea-pigs were killed with chloroform and a careful
post-mortem examination revealed no signs of peritonitis.

(5) A mutation, ¢.e., a complete change of form as well as of the
cultural characters, of the bacillus 35 A through a coli type into
a streptococcus having the cultural characters of S. fecalis occurred
as a result of intraperitoneal passage. The objections mentioned
under (4) might be advanced against this change, but the following
points in favour of a mutation appear to have considerable weight : —

(@) The mutation from the coli type to the Gram positive
streptococcus was gradual, at first the cocei obtained did not retain
the Gram stain.
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(b)) The coccus type at first was very unstable, a change to
a bacillary type readily oceurring on changing the nutrient medium.

(¢) The streptococcus obtained in each series had the same
cultural characters.

(6) The isolation of the 8. baecillus from the urine of a patient
who was known to have suffered from a definite attack of enteric
fever appears to be a strong proof of the possible variation of the
B. typhosus. The 8. bacillus had cultural characters intermediate
between B. typhosus and B. coli, yet it produced in an animal
agglutinins specific for the typhoid bacillus, removed agglutinins
from a known typhoid serum, formed opsonins for the typhoid
bacillus, and finally produced a serum which deviated complement
in the same manner as a known typhoid serum.



PARATYPHOID FEVER IN INDIA.

By Masor H. W. GRATTAN axp Capramy J. L. WOOD,
Royal Army Medical Corps.

RECENT experiences, as the outcome of the application of modern
laboratory methods in the diagnosis of the pyrexias, have empha-
sized the extensive prevalence of paratyphoid infection among Kuro-
pean troops serving in India. The question of paratyphoid fever
has received, and is receiving, considerable attention in Hurope.
Judging by some recent papers on the subject,! we infer that Huro-
pean writers are more or less unanimous in applying the term para-
typhoid fever to the infection caused by the Bacillus paratyphosus B,
and that they regard this micro-organism as the most common
representative of the paratyphoid bacilli o be met with in, so-called,
paratyphoid fever as observed at home and in Europe generally.
We believe that it is not generally recognized that paratyphoid
fever is widespread in India, and, further, still less appreciated that
the causal micro-organism of the paratyphoid fever of India is not
the B variety, but the B. paratyphosus A. The records of cases
due to the B wvariety in India, where the diagnosis was based
on the isolation of this micro-organism from the blood, are very few
and not free from criticism. The Enteric Fever Commission in
India, 1906-8, described two cases of fever due to the B. para-
typhosus B ; in one case the bacillus was 1solated from the urine,
and the blood serum of the other case in a dilution of 1 in 1,500
agglutinated the bacillus. The present paper contains the results of
our own experiences and is a plea for a wider view, if not an
actually different view, as to what is the cause of the clinical entity
we call paratyphoid fever. Before we discuss the definition, sym-
ptomatology and epidemiology of paratyphoid fever in India, it may
be useful to refer briefly to some previous literature on the same
subject.

Paratyphoid fever has been recognized in India only since the
causal micro-organisms were 1solated from patients by the members
of the Enteric Fever Commission of 1906-8, when the £B.
paratyphosus A was isolated from four patients.* In the cold

! Bee papers by Bainbridge and Dudfield, Bainbridge and O’Brien; also by
Trommsdorff, Rajchman and Porter in Journal of Hygiene, vol. ix, No. 1, March,
1911.

* ¢ Seientific Memoirs,” issued by Government of India, N. 8., No. 32, 1908.
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REFERERCES.

The spot ® indicates stations where men bave contracted paratyphoid fever and
from whom the Bacillus paratyphosus A was recovered at the time or during con-
valescence, and was identified in this laboratory.

The spot () indicates that this bacillus was recovered from the blood of patients,
and was identified in other laboratories.

The eross + indicates stations where men have contracted a fever which produced
in their blood agglutininsg for B. paratyphesus A. The charts and case sheets of these
patients were in keeping with the diagnosis of paratyphoid fever suggested by the
Gruber-Widal reaction.
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weather of 1908-9, Captain Morrison, I.M.S., isolated the B. para-
typhosus A from the blood of two cases in Lucknow. One of
us also cultivated the same micro-organism from the blood of two
patients at Bareilly about the same time. In 1909, Major D.
Harvey, R.A.M.C., described ten cases of paratyphoid fever due to
the A variety of the bacillus, which had been isolated from the
blood or excreta of these patients at Naini Tal.® Further, in 1910,
Major D. Harvey and one of us described a small epidemic of eight
cases of paratyphoid A infection at Naini Tal, the causal organism
baving been isolated from the blood of seven of these patients.!
Lately, the same writers investigated a similar outbreak at Benares
caused by an acute carrier.”

DEFINITION.

In this paper, where writing of paratyphoid fever, we refer
entirely to fever caused by the B. paratyphosus A, unless the
confrary is stated, and, in attempting to define paratyphoid fever,
we would describe it as an acute septicemic fever due to the
presence in the blood stream of the B. paratyphosus A. It 1s a
fever which varies clinically within wide limits, from the ambulant
case on the one hand, which does not come under the notice of the
medical officer, to the severe ecase on the other hand, which 1is
diagnosed as enteric fever clinically, and from which disease it can
only be differentiated by bacteriological methods.

SYMPTOMATOLOGY.

The incubation period, which is marked by headache and general
malaise, 18 about the same as in enterica ; but as the period varies
in this disease, chiefly, we imagine, according to the dose and viru-
lence of the bacillus coupled with the resisting power of the patient,
so it varies in paratyphoid fever. We have recovered the bacillus
from the blood of two patients who undoubtedly contracted the
fever within ten or fourteen days of landing in India. We are of
opinion that the average inenbation period 1s fifteen days.

The onset 1s gradual —the patient complains of severe frontal
headache and pains in the back and limbs ; the attack might easily
be mistaken for the onset of influenza, or even rheumatic fever.

*JourNAL oF THE Rovan Army Mepican Comes, April, 1910.
i Itnd, January, 1911.
* Ibid., August, 1911.
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[ about half the cases there are symptoms of bronehitis and sore
throat. The conjunctive are suffused and the tongue is moist and
furred. When the temperature i1s recorded from the commence-
ment of the illness the characteristic ‘‘ staircase ” rise is seen and
it reaches its maximum by the fifth or seventh day. The fever
does not rise as high as in enterica, 1025 to 103*'5 being the average
highest points reached. The fall is by lysis and reaches normal
about the ninth to the fourteenth day. The pulse differs from that
of enterica, it is more rapid and more in keeping with the tempera-
ture. A pulse of 112 per minute is quite a common feature, in
contrast to the slower pulse of enterica, and is not so much an
indication of a severe attack of the fever as would be the case in
the more serious disease.

The respirations are inereased in proportion to the degree of
lung complications present. The abdomen is slightly distended and
the abdominal reflex 1s absent, some enlargement of the spleen and
liver may be noticeable. Constipation is the rule. We have
observed a variety of rashes (in addition to “‘rose spots”) of a
morbilliform, erythematous and purpuric character ; a rash is not so
common as in enterica. Epistaxis occasionally occurs.

Patients are not nearly so dull and heavy as in enterica, they are
much brighter, and take more interest in their surroundings. The
above is a description of an ordinary case of the fever (vide Chart 4).
We recognize two other distinet types : (2) the mild, and (3) the
severe.

In a mild attack, the patient may report sick with “a touch of
fever,” which may easily be mistaken for malaria. Chart 1 illus-
trates such a case, which would have been overlooked if the
B. paratyphosus A had not been isolated from the blood. This
patient was not at all ill in the ordinary sense of the term.

The severe type is clinically indistinguishable from an attack of
enterica. The fever lasts from twenty-one to thirty-six days, and
may be accompanied with all the clinical manifestations of ordinary
enteric fever, and occasionally with those of a severe attack of that
fever (vide Chart 2). Toxeemia, however, is not so marked as in
the more serious disease, and convalescence is more rapid.

COMPLICATIONS.

The very mild attack may be followed by a relapse, and in our
experience the relapse is more common than in enterica, probably
on account of the smaller amount of care taken with regard to food,
&ec., both by the patient and attendants, owing to the mild nature
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of the disease and the rapid convalescence. In many cases the
relapse begins with a sudden rise of temperature, tenderness over
the gall-bladder, and a * dysenteric " attack. The abdominal reflex
1s diminished, or lost during the relapse.

Philebitis and *“ Enteric Leg’ are almost as common as 1n
enterica.  Perforation occurred once in our experience (the
B. paratyphosus A was recovered from the gall-bladder).

Cholecystitis 1s not uncommon and manifests itself by acute
pain over the gall-bladder and a sharp rise of temperature. Chart 5
illustrates the type of fever associated with this condition.

Anemia—An ordinary attack of the fever may produce a degree
of an®emia (as judged by the appearance of the patient) quite out of
proportion to the severity of the disease.

Pneumonia and Bronehitis are common, but are in reality part
of the disease and hardly complications.

Laryngitis.—We have seen one case of laryngitis with partial
loss of voice. We have not observed peripheral neuritis or arthritis.

MORBID ANATOMY.

‘We only know of three cases which died from paratyphoid fever
and in which the diagnosis was made certain by blood culture. Inonly
one of these cases was a post-mortem examination made. In this
instance the man died from perforation of the only ulcer which
could be found at the autopsy. The Peyer's patches were not
obviously enlarged, but the lower part of the ilenm showed signs of
inflammation, the spleen weighed 6 oz., the wall of the gall bladder
was thickened, and on microscopical examination its lining mem-
brane was found to be the seat of a small round cell infiltration.
The bile contained a pure culture of B. paratyphosus A.

BAcTERIOLOGY.

The isolation of the causal organism from the blood stream is a
comparatively easy matter during the first four or five days of the
pyrexia. The chances of a successful blood culture are greatly
diminished by the eighth day, even when the usual 5 ce. of blood
is withdrawn—in marked contrast to the case in enterica. We
prefer to use sterilized ox bile as the culture medium, and after
twenty-four hours incubation sub-cultures from the mixture of blood
and bile are made on to the original Conradi-Drigalski medium.
All the members of the typho-colon group grow readily on this
medium and are not inhibited, as is the case on the more modern
selective media. Affer a further twenty-four hours incubation the
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colonies are tested with sera specific for B. typhosus, B. para-
typhosus A, and B. paratyphosus B. The B. paratyphosus A is
indistinguishable 1n appearance from B. typhosus on Conradi-
Drigalsk: plates.

Characters.—A non-Gram staining short motile bacillus, which
1s agglutinated at once by specific sernm. In media composed of
1 per cent peptone and 05 per cent sodium chloride in water to
which 1 per cent of the following sugars and alcohols have been
added, the bacillus gives the following reactions in twenty-four to
forty-eight hours, which do not alter up to ten days, although some
re-absorption of gas may take place and fluorescence disappear.

Glucose Lactoze Mannite Cane sugar _ Duleite
Acid and gas No change Acid and gas No change Acid and gas

The amount of gas formed in glucose 1s small, the Durham'’s
tube may show none, or at the most be a quarter full of gas. There
may be no change in dulcite for two or three days when abundant
oas is formed. The amount of gas formed in Mannite varies from
a fourth to complete filling of the tube. In neutral red glucose agar
shake cultures, gas is always shown by splitting of the media.
Fluorescence is variable. TLitmus milk is not clotted in ten days,
and the primary acidity noted is permanent. Indol is never formed
in peptone water as tested with the paradimethylamidobenzal-
dehyde and persulphate of potassium test after ten days incubation.
We consider these fests sufficient in the case of an organism
1solated from the blood. In our experience organisms giving all the
above reactions in “ sugars” and which are agglutinated microsco-
pically at once by specific paratyphoid A serum occur in the feces,
but they are not necessarily paratyphoid A baecilli, and need further
differentiation.

We differentiate such bacilli by the absorption method of
Castellani, which we carry out as follows. A twenty-four hours
growth of the suspected organism on agar is emulsified in about
02 ce. of paratyphoid A serum ; the dilution of the serum is varied
according to its titre, the object being to have an excess of bacilli
for the amount of agglutinins present—for example, the titre of our
serum 1s 1 to 300 and we use a 1 to 10 dilution of this serum. The
emulsion is incubated for two hours at 37° C. and then centrifuged,
the clear supernatant serum is put up in a series of dilutions in
sedimentation tubes and its agglutinating power tested against our
stock B. paratyphosus A. If the organism tested be B. para-
typhosus A, then the specific agglutinins are completely removed.
Before accepting a suspected organism we require that it shall
completely remove the agglutinins specific for B. paratyphosus
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A. As controls we have frequently tested heterologous organisins
such as B. typhosus, B. paratyphosus B, and B. coli, against our
paratyphosus A serum, but have never removed the specific
agglutinins for B. paratyphosus A.

SERUM Diacnosis.

As in enterica so in paratyphoid fever, the phenomenon of
agglutination of the causal organism by the patient’s serum is seen,
but with, we think, a marked difference in degree, time of appearance,
and permanency of the agglutinins. Antityphoid inoculation, as far
as we have observed in some hundreds of cases, seldom if ever
produces any agglutinins for paratyphosus A, with the result that
a positive agglutination for this organism in a dilution of 1 to 20 is
11 our opinion very strong evidence of the nature of the patient’s
fever. A difficulty in diagnosis arises owing to the fact that if the
serum of an inoculated patient is tested against B. typhosus alone,
the agglutination ¢itre is found to rise considerably, though the cause
of the disease 1s the B. paratyphosus A, as proved by the isolation
of this organism from the blood. Speaking generally, we would say
that in an inoculated man suffering from paratyphoidfever, the original
agglutination #itre of his serum to B. typhosus due to his inoculation
rises about the eighth day and reaches its maximum about the
eighteenth, thereafter gradually declining during the next three
months, whilst the agglutining for paratyphosus A do not appear
much before the twelfth day, reach their height about the twenty-
fourth day, and totally disappear within two months.

Many authorities state that the organism which 1s agglutinated
in the higher dilution by the patient’s serum is the causal organism
of the fever, and recommend this means of differential diagnosis
between enterica and paratyphoid fever. In our opinion this will
lead to a large percentage of errors in diagnosis, especially if only
one or two observations are made. For example, we have seen
cases of paratyphoid fever in which agglutination for B. typhosus
was marked, and that for B. paratyphosus A absent even ir 1 to 10
dilution throughout the disease (vide Chart No. 3). Again, we
have met with cases in which the paratyphoid agglutinins never
reached the high level of the enteric agglutinins, and still another
type of case (severe) in which first the one and then the other
organism agglutinated in the higher dilution (vide Chart No. 2).
In this chart the .—.— line shows the agglutination curve for
B. typhosus, and the ---- one that for B. paratyphosus A. In all
these fevers the diagnosis was made by the isolation of the B. para-
typhosus A from the blood.
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In cases which showed agglutination both for B. typhosus and
B. paratyphosus A we have attempted to demonstrate which was
the specific agglutination as the result of the fever, and which was
the group agglutination. Our method has been as follows: the
patient’s serum was dilated 1 to 5, and was divided into three
portions. In one portion a thick emulsion of B. typhosus was
made, in another, B. paratyphosus A was emulsified, and the third
portion was kept as a control: These emulsions were left on the
bench for twenty-four hours and then centrifuged. The agglutina-
tion power of the clear supernatant serum was then ascertained
against the two organisms, this being also done with the control.
We expected to find that absorption of the seram with B. typhosus
removed all the agglutinins in the case of a convalescent enteric
patient and vice versa, with the reservation that in the case of an
moculated man, absorption of his serum with B. paratyphosus A
would not entirely remove the agglutinins for B. typhosus due to
his inoculation. Unfortunately this test when applied in known
cases of enterica or paratyphoid {proved by blood culture) gave
results which were not in accordance with the theory, and hence
we abandoned the test.

EPIDEMIOLOGY.

The question of the epidemiology of paratyphoid fever is one
about which all that has been written with regard to enterica
may be equally well applied. We have reason to believe that the
disease 1s widespread in India (see map). The grounds for this
belief are that we have been informed that fevers of seven to
ten days duration occur in all the military divisions of India, and
from our own observations on such fevers in the Lucknow and
Meernt Divisions a large majority of them are paratyphoid fever.
For example: During the last twelve months 126 blood cultures
have been received in the Lucknow Divisional Laboratory for
examination, and in spite of the fact that in many of the fevers
the cultures should have been taken earlier, positive results were
recorded in fifty four cases. The B. typhosus was 1solated thirteen
times and the B. paratyphosus A forty-one times.

It 1s difficult to speak with any certainty of the protection
afforded against this disease by our present anti-enterie inoculation.
Theoretically, this should protect to some extent, but 1n practice,
whilst enterica has decreased we find that since the introduction of
modern methods of diagnosis (blood culture), a large proportion of
cases hitherto returned as simple continued fever and pyrexia
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of uncertain origin are, in reality, paratyphoid. What we mean by
theoretically is, that if experiments be carried out on healthy men
who are inoculated against enterica, we can demonstrate specific
amboceptors to paratyphoid in apparently equal amounts to the
specific amboceptors to B. typhosus, though the man had never
had paratyphoid.

TaE CARRIER.

By the term “chronie carrier” we mean a patient who con-
tinues to excrete the B. typhosus or B. paratyphosus for more than
three months after the termination of his fever. During 1910-11, at
Naini Tal Convalescent Enteric Depot, ten carriers were detected out
of 157 convalescent paratyphoid cases. Only one of these carriers
was chronic, according to the above definition, and this man ceased
to excrete the bacillus within five months. It will be remembered
that in enterica the chronic carrier occurs in about 2 per cent of all
cases. Accounts of two outbreaks of paratyphoid fever in India,
both of which were traced o acute carriers, have been published ;
reference was made to these at the beginning of this article.

From the above facts it will be noted that whereas the chronic
paratyphoid carrier is uncommon, it is not so in the case of the
acute carrier. An epidemiological feature which applies to para-
typhoid much more strongly than to enterica is the comparative
mildness of the great majority of the cases and the small death-rate
as compared with enterica. This brings several interesting points
into view ; in the first place, owing to the mildness of the disease
in some instances, patients are not diagnosed paratvphoid, but
influenza, tonsillitis, pyrexia of uncertain origin, rheumatism or
pneumonia, with the result that they are sent out of hospital
within a few weeks of going sick, and may return to barracks
while still infectious. In the second place, such convalescents are
frequently sent with other debilitated men to the hills during the
hot weather, and thus the hill stations where men of several corps
mix together may serve as distributing centres of the disease.
Furthermore, the ambulant case is a reality, and of such we give
the following example.

Some cases of paratyphoid fever having occurred in a battery of
Artillery during March, 1911, a preliminary attempt was made to
pick out a carrier before examining each man seriatim. Every man
was asked if he had recently had fever, and his medical bistory
sheet was examined. It was noted that two men in room A and
five men in room B looked debilitated without any apparent canse.
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Their blood was therefore tested for agglutination against B. para-
{yphosus A, but with a negative result, on March 8. Between
this date and March 20 the sernm of every man in room B was
tested 1n a similar manner, also with a negative result. We then
passed on to examine the occupants of room A, and, by mistake,
omitted to tell the medical officers, who kindly obtained the blood
capsules for us, that we had already examined the blood of two
debilitated men in this room on March 8. Thus it came about that
the blood of one, Bombardier J., was tested a second time with an
interval of twenty-one days bebtween the observations. At the
second observation on Mareh 29 his blood agglutinated B. para-
typhosus A in dilutions of 1 to 10, 1 to 20, and 1 to 40.
Bombardier J. was sent for, and he then stated that he had felt
ill for ten days; his symptoms being those which we associate with
paratyphoid fever. He was sent to hospital, and thence trans-
ferred to Naini Tal Enteric Convalescent Depot. The examination
of his excreta was commenced on April 11, and the B. para-
typhosus A was recovered from his stools on April 11, 12, and 14 ;
all subsequent examinations being negative. The organism gave
the cultural reactions of B. paratyphosus A, absorbed all the
agglutinins for B. paratyphosus A from specific serum, and
furthermore, after injections into a vabbit, produced specific
agglutinins for our stock B. paratyphosus A.

When investigating an outbreak, one is frequently struck by
the apparent lack of any common factor in the immediate past
history of the patients. To illustrate this point we give a list of
men in a recent epidemic in the order in which they fell ill :—

First day of

Number Patient 1lness Regiment or Corps

1 .. Pte. H. .. Feb. 11 .. 8&ith Hussars.
2 S 21 .. King's Own, H. Company.
8 R 5 23 .. Highland Light Infantry, G Company.
4 S 5 24 .. King's Own, B Company,
5 L March 2 .. King's Own, Band.
(5 Gr. B - = 2 U Battery, R.H.A.
T Jia L o o i
a e b3 R‘- 53 3 L} ] LR
8 s Bhaa W = " 4 King's Own, Band.

10 B A e T U Battery, R.H.A.

11 .. Dr. M. 9 20th Battery, R.F.A,

Every European corps in the station was thus represented.

The difficulty of tracing the source of such an outbreak must
be evident. What we think usually happens is as follows. An
epidemic is started from one acute carrier, the nature of whose
illness is not recognized owing to its mildness. He infects other
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men, some of whom are recognized as cases of paratyphoid; others,
again, are not diagnosed, and possibly others never report sick at
all. These men soon refurn to barracks and come in contact with
other men in soldiers’ homes, &c., and, though probably only
infectious for a few days, manage thus to disseminate the disease.
In fact, we consider the acute convalescent carrier to be the chief
cause in perpetuating the disease in India; and in this respect the
epidemiological aspect of paratyphoid differs in degree from that
of enterica, for in the latter disease the diagnosis 1s seldom mis-
taken, the man is 1solated, and never returns to his corps till
certified free from infection.

EFFECTS OF SANITARY KFFORT.

Outbreaks of paratyphoid have occurred among units in which
there was a high degree of sanitary discipline (lines clean and well
cared for, with latrines and urinals free from flies). Some medical
officers are of opinion that the remarkable fall in the incidence of
enterica that has taken place in India during recent years is largely
due to the introduction into the British lines of the wet system of
conservancy (saponified cresol). Where this system is properly
carried out, the latrines and urinals are certainly free from flies
and the trenching grounds no longer act as huge fly nurseries.
Notwithstanding this satisfactory state of affairs, outbreaks of para-
typhoid fever continue to occur. The incidence of enterica, which
1s becoming less and less each year, points to some condition or
conditions at work which have a cumulative effect; we believe
that these factors, in order of dominancy, are :—

(1) Segregation of the convalescent enteric patient, until he is
proved to be free from infection.

(2) The elimination of the chronic carrier.

(3) Inoculation.

(4) General all-round improvement by attention to sanitary
details.

The risk of the soldier contracting the disease is much greater
in a large station than in a small one, owing to the constant
fluctuations of the military population in the former ; these
fluctuations being due to athletic gatherings, rifle meetings, courses
of instruction, and polo tournaments which are held in the larger
stations and attract considerable numbers of men from other
smaller cantonments.

Just as this paper was completed, we received the May number
of the JOURNAL oF THE Rovan Army MEepican Corps, containing
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Major McNaught's article on paratyphoid fever in South Africa.
His description of the clinical symptoms agrees closely with our
own experience, so much so that it is difficult to withhold the con-
clusion that the paratyphoid fever of South Africa is the same as
the paratyphoid fever of India. He states that the B. para-
typhosus B is usually found in these South African cases. We
confess that we do not understand the situation, as in all our
experience in India we have not yet met with a case from
which we have been able to izolate the B variety of this miero-
organism. It is obvious that the whole question of the identity of
the causative organism in these cases needs critical inquiry. It may
be that workers who find the bacillus B in paratyphoid fever are
not applying sufficiently accurate methods for differentiation and
are relying too much on serum reactions. To discuss the fallacies
underlying the serum reactions would make this paper too long, but
we would remark that the apparent anomaly between our Indian
experiences and those of observers in South Africa is a matter
which we, in the Corps, might well attempt to elucidate.

When compiling this paper we have made full use of the
records at the Naini Tal Enteric Fever Convalescent Depot, and of
the observations of Major D. Harvey, R.A.M.C., for which we are
greatly indebted. Our thanks are due to Major Blackwell, of the
Corps, for numerous blood cultures, charts, and clinical observa-
tions ; we are also indebted to the Divisional Sanitary Officers, for
their trouble in collecting information for us, while to Captain
Gregg, R.AM.C., we owe much for kindly help in the laboratory.

SUMMARY.

We are of opinion that a considerable proportion, probably a
third, of the cases returned in India as pyrexia of uncertain origin
are in reality cases of paratyphoid fever due to infection by the
B. paratyphosus A. What this means in extent of prevalence will
be apparent when we add that no less than 4,386 cases of pyrexia
of uncertain origin occurred among British troops in India in 1909.
The highest incidence was during the months of April and May.
Under the same heading in 1910, the cases dropped to 2,733.
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GRANULE SHEDDING IN TREPONEMA PALLIDUM AND
ASSOCIATED SPIROCHATAE.

By Carrain W. R, O'FARRELL, R.A.M.C,, axp ANDREW BALFOUR, M.D.
Director Wellcome Tropical Research Labovatories, Gordon College, Khartoum.

In the Jowrnal of the Royal Army Medical Corps for
June, 1911, one of us (A. B.) drew attention to the phenomenon
of granule shedding in Treponema pallidum when this spiro-
chate is submitted to the action of salvarsan. A similar dis-
charge of what are possibly spore-forms had been demonstrated in
S. granulosa penetrans (n. sp.),! the fowl spirochmte of the Sudan,
In its case the granule shedding occurs both naturally and under
the influence of salvarsan. The occurrence of two cases of syphilis
which came under the care of one of us (W. R. O'F.) has given us
the opportunity of studying not only T'. pallidum but other spiro-
chates associated with it in the primary lesion and we have
found :—

(1) That granule-shedding in T. pallidum occurs before any
treatment of the case is begun. It is, therefore, in all probability
a feature in the life-history of the spirochate. It is not so marked,
however, as 1t 15 when salvarsan has been administered.

(2) That the same is true of other spirochmtes associated with
that of syphilis and is specially well seen in the case of S. refringens.

The following is an account of the cases mentioned :—

1 Balfour, A. (April 1, 1911), “The Infective Granule in Certain Protozoal
Infections, as illustrated by the Spirochetosis of Sudanese Fowls.”"—British
Medical Jowrnal.
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The material for examination was obtained from two cases of
syphilis.

Case No. 1.—A soldier, aged 23, first seen on May 21, 1911.
Infection had taken place about three and a half months previously.
He presented a clinical picture of the advanced secondary stage of
the disease and might well be described as a case of florid syphilis.

The trunk and limbs were covered with an ecthymatous rash,
the scalp was involved and the hair showed signs of epilation ; the
corona venerts was well marked.

The left tonsil was ulcerated and the whole fauces and throat
injected. The superficial lymphatie glands were generally enlarged,
and the left inguinal chain showed signs of suppuration.

The chancre situated on the glans was typically indurated, there
was slight phimosis and a purulent balanitis was present.

In the folds of the groin the skin was moist and ulcerated in
places. The skin between the toes was ulcerated and the big toes
showed signs of commencing onychia.

Skin Lestons.—A microscopical examination of the serum from
the scraped surface of one of the ecthymatous patches, when
examined by the dark background illumination method, revealed
the spirocheta of syphilis in considerable numbers. Careful
observation showed certain of the parasites to be shedding small,
highly refractile granules, and these latter were present in the
medinm and exhibited a certain amount of what appeared to be
true motility. No other spirochsetes were present.

On May 22, 006 grm. of salvarsan was Injected intramus-
cularly, suspended in olive oil, the intra-scapular muscles being
the site selected.

Ezxamination of the Skin Lesion.—Four hours after the salvarsan
had been given the skin lesion was again examined. The tre-
ponemata were still present, but they now presented a much greater
activity than formerly, undergoing what has been described by one
of us (W. R. O'F.) as the dog-shaking movement, an action associated
with a rapid discharge of granules from the cell membrane, the
granules racing up and down the length of the spirochztes and finally
being, as it were, flicked off from one or other extremity of the
parasite.

It was noted more than once that the granule was shot out some
little way into the medium and this sometimes served to distinguish
the spirochzte granule from other granules, probably of the nature
of hemiconia present in the film. The T. pallidum is so fine and
pointed at the ends that the closest observation was required to
make certain of this granule discharge, but it was witnessed by both
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of us too often to leave any doubt in our minds as to what actually
occurred. As a result of this granule shedding, certain of the
spiroch®tes became very faint, lost their silvery appearance and
eventually came to rest, either as wholly empty periplasts or as
flattened cell membranes still containing one or two bright but
motionless granules. Not infrequently such a granule was observed
at one or other extremity as though the expiring spirochw®te had
just failed to expel it. There were also spiroch®tes which had been
killed outright as an effect of the drug and appeared normal save for
the lack of any motility.

May 23.—On this date blood-stained serum derived from the
same skin lesion showed only free granules which from their size
and motility appeared to be undoubtedly of spirochatal origin, blood
oranules, a few of these being the product of leucocytes, and small
elumps of empty and motionless periplasts. No living spirochmtes
could be found.

May 24.—Only granules present. No signs of spirochates or
empty sheaths. On May 27, a similar result was obtained and by
this time the skin lesion had greatly altered and was little more
than a pigmented patch.

Ezamination of Chancre.—May 21. Before the administration
of salvarsan a dark field preparation of slightly blood-stained serum
from the lesion showed a vast number of spirochasetes. T. pallidum
was in evidence in well-nigh every field, but Spirocheta refringens
was more common and exhibited great activity. In addition other
species were present, some short and thick, others long and thin
which we are unable to name; amongst them a pseudo-pallidum
form was conspicuous, only to be differentiated from T'. pallidum by
its much greater motility and by the fact that its spirals were
slightly better defined. As the result of prolonged observation it
appeared to us that every one of the species of spirochmta present
was engaged in shedding granules. This phenomenon was of
course best marked in the case of the large and comparatively stout
S. refringens, the granules from which were brighter and larger,
and possibly more active than those shed by T. pallidum and
formed the majority of the varieties present.

May 22.—Four hours after the admimstration of salvarsan a
film was put up and examined. The microscopic field presented an
extraordinary appearance. The more active species of spirochstes
were rushing about hither and thither, pausing, shaking themselves
violently, and rapidly shooting out granules which went dancing
about, the whole field soon becoming full of spirochete granules
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mixed with hsmiconia and other granules derived from the blood,
those from the lencocytes frequently having a vesicular appearance
which served to distinguish them from the other forms. The
T'. pallidum participated in the granule shedding, but in the crowded
field it was not so easy to observe them in action as it was in the
case of S. refringens. Verysoon, in addition to granules, motionless
periplasts could be seen together with spirochates which had
evidently been killed outright by the salvarsan, and still presented
the usual silvery cylindrical aspect, but showed no sign of motility.
At a later period a tendency to clumping on the part of the empty
sheaths was noticed.

May 23.—A film examined on this date showed only one living
spiroch®te, a S. refringens, which was engaged in granule shedding.
The granules were in evidence, and there were clumps of empty
periplasts, those of T. pallidum being clearly distinguished from
those of the coarser spirochetes.

May 24.—No T. palitdum found and no clumps seen. A few
thick, sluggish spirochstes were found and seen to be granule
shedding. It is believed that these were derived from the accom-
panying balanitis, the secretion from which contained on this day,
as formerly, numerous spirochaetes-—S. balanitis ?

May 27.—A scraping from the nearly healed chancre showed
nothing but a few granules, the exact source of which it was
impossible to indicate.

Stained Films.—The results obtained by the dark-field observa-
tions were confirmed by the examination of films stained by the
Leishman and Giemsa methods, and by the Tamamato-Levaditi
process. The Romanowsky-stained slides gave no evidence of
granules either inside or outside the spirochmtes. Possibly stain-
ing was not sufficiently prolonged, but there is no doubt that the
free spiroch®te granules have but a feeble affinity for polychrome
methylene-blue and eosin.

Films treated by the silver process, on the other hand, showed
up the granules well. The latter were stained a jet black and
contrasted markedly with the brown or brownish yellow colour of
the spirochmtes which contained them, or near which they lay free.
Not infrequently a spherical black granule was visible at one
extremity of the parasite. The free granules are not always easy
to distinguish from stain deposit, but some of the slides showed
very little of the latter, and none of the dark spherical dots of
precipitate stain, which closely resemble the infective granules.

Films made before and after the administration of salvarsan
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also showed spirochwmtes staining darkly through their whole
length, these being parasites which had either not started granule
shedding, or had been killed outright by the drug. The clinical
aspects of the case accorded well with the microscopical observa-
tions, and were briefly as follows :—

On the morning of May 23, the day following the salvarsan
injection, the rash had faded off the thighs, the part least affected,
the skin lesions and sore were remarkably vascular. On May 27,
this vascularity had disappeared and the signs of the disease had
nearly all vanished except for the pigmentation of the rash. The
temperature between the 22nd and 27th had oscillated between
99° and 1017 in the morning and evening respectively; between
the 25th and 27th the temperature descended rapidly to normal.
Whether this temperature, after the salvarsan injection, was due to
constitutional disturbance, the effect of absorption of the drug, or
the result of the granule discharge and possible liberation of toxins
it 1s impossible to say, but the possibility of the last supposition
must not be overlooked.! On June 5, all swelling, the result of the
injection, had subsided, and the left inguinal glands were normal.
The patient was discharged from hospital to attend for observation-

Case No. 2.—A soldier, aged 23, was first seen on June 3, 1911.
Infection had taken place fourteen days previously. He presented
an indurated sore on the prepuce with enlarged and indurated
glands in the left groin.

On examining with the dark background illumination blood-
stained serum obtained from scraping the chancre surface, the
syphilis and other spirochztes were found to be present in large
numbers, and some were observed shedding granules.

On June 4, the patient was given salvarsan. Four hours after
the njection, serum from the chancre, when subjected to examina-
tion, was found to contain spirochmtes, but a great many of these
had been killed outright by the drug. A few were observed
granule shedding ; their action was, however, very feeble, and they
did not appear to have strength enough to complete the expulsion
of all their granules. A relatively larger number of granules were,
however, present than on the previous day.

June 5.—Granules present, but no spirochtes or periplasts.
The vascularity of the lesion was well marked.

These cases confirm the observations already mentioned as

! This pyrexia was not due to syphilis alone. Prior to the injection the
temperature was only slightly raised above normal.
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having been made on the effect of salvarsan on the T. pallidum,
but they also show that granule shedding occurs independently of
the action of the drug, and the phenomenon is not confined to the
spirochaete of syphilis, but is one exhibited by the other spirochs:tes
commonly associated with it in primary syphilitic sores. Salvarsan,
however, greatly increases this granule discharge, which we still
think is evidence of a protective action on the part of these spiro-
chaetes, undertaken by them with a view to prevent their total
extinction, the granules being of the nature of resistant spores, the
further history of which remains unknown, but which, so far as
those derived from T. pallidum are concerned, doubtless play an

important part in relapses, and in the later manifestations of
syphilitic infections.



SOME OBSERVATIONS ON BODY TEMPERATURE.

By Capraix P. DAVIDSON, D.5.0. axp Carraiy N, DUNBAR WALKER.
Royal Army Medieal Corps.

THESE observations were made by the officers specializing in
physical training during their course at the Royal Army Medical
College. All the temperature records, except those before rising,
were taken in the rectum, with half-minute clinical thermometers
retained for a full minute. All temperatures are Centigrade readings,
and for convenience the corresponding Fahrenheit values are also
given.

Many observers have drawn attention to the fact that a rise of
body temperature occurs during muscular work and all are agreed
that it 1s physiological, but that the rise of temperature may be of
assistance to the body 1s not wholly understood. That the respir-
atory centre is rendered more sensitive by, and that the extensibility
of muscle increases with a rise of body temperature are two points
quoted in the textbooks. ILately Barcroft and King (Journal of
Physiology, vol. xxxix) have shown that the dissociation of
oxyh@moglobin is facilitated by a rise of temperature, as “‘it appears
that the oxygen dissociates from the hsmoglobin about twice as
rapidly at 41°C. as at 36°C.” ; they argue that this helps the
mechanism for meeting the increase of metabolism in muscle which
ocecurs during muscular work, because ‘“each corpuscle spends a
much shorter time in the capillary than when the muscle is at rest,
and therefore it must divest itself of oxygen at a greater rate than is
normally necessary.” In *Further Advances in Physiology,”
Pembrey states: “It appears that a rise in temperature within
certain narrow limits 1s beneficial. The chemical changes associated
with muscular work are probably facilitated by a temperature a
degree or two above the temperature during complete rest.”

The point at which this rise may become pathological is of
importance. In the “ Second report on the physiological effects of
food, training and clothing on the soldier "’ the committee state that
““no abnormal results were observed when the rectal temperature
of some men reached 388" C. (102° F.), but above that point ineffi-
ciency and a rapid irregular pulse were observed.” The range of
temperature in a normal man is less than 2° C. (3'5° F.) (Pembrey,
““ Animal heat, ‘ Schiifer's Physiology’ ), and only once in our records
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was this exceeded. Tt is probable that in the relationship of surface
and deep temperature will be found an indication of 1mpending
pathological conditions, and it is in this direction that more work
is required.

The results of eight marches carried out by five subjects are here
charted and all particulars will be found in the tabulated diary.
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Cuarr 1.—The average rise for the five subjects for eight marches.

Date of march: Feb, ¢ Feb. 7 Feb.9 Febh. 11 Feb. 13 Feb. 14 Feb. 15 Fab. 17

EXTERMA T',E.'«_.";"'"S.‘;’ 3s 38| 2e536] a8 asd a7 as] 26 ] 45 40| 46 48
TEMPERATURE|DB2B 20| 238 28] 2asaa| 4038 | 42 20d a7 29] a7 47] a1 s
B =
F |
c. F 1
383 1oip ; =
G tatal it ﬁf‘ m
38 — SEHiPrrr H n AN
278 me | (S ;;!‘ ! i I 1
= 1 -l | z i
378 -El - - H
T
37 —— ST
a6 -;_% }
of i i . ‘
e 1 | 11
— gii 1 I I 1
| 2345 IE_.',!.#.!E | 2345 1 2345% 123351 12345 ]| 12345 | 234

CeaRT 2,—The average rise of the five subjects during each of the sight marches.
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Cuarr 3.—The average individual hourly temperature during the eight marches.

(1) Temperature on rising,

(2) 5 at end of 1st hour's marching (10 minutes’ halt).
{2) o i Zod . {lunch halt, 30 minutes).
(4) a 1 3rd o (10 minutes’ halt).
(3) e on return home.
Mean weight of each subject (stripped) - .. 682 kilos. (10 st. 10 1b.).

' o »»  (loaded) - -« 784 .. {1286 51b.).
The average distance marched. . s = .. 24+4 kilometres (15} miles).
" rate of march .. 5 . .. 98 metres per minute.
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» »  relative humidity .. =7 -. T7 per cent.
Individual age, height and weight (stripped) :—
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Crarr 4.—Variation in body temperature throughout the whole day on which
a long walk was taken. (Subject: N. D, W.)

Particulars of walk : Distance 32:18 kilometres (20 miles) at 97'5 metres per minute, no
wind, cloudy and rain last 2 miles. Body weight 80 kilos, calories expended 1,704,

This chart is inserted to give some idea of the changes in body
temperature before, during, and after a long walk. The unbroken-
line curve, together with the hours above, represent height of and
times of taking the temperature during the walk; the dotted-line
curve and hours Below are the average hourly variations per day of
a medical student, representing some 343 observations. (Pembrey
and Nicol, Journal of Physiology, vol. xxiii, 1898.)

Consideration of these records, in relation to the following :—

(1) Weork done.—This has had no influence, as the amount
performed did not vary greatly, although the rate of marching, an
important factor in heat production, showed considerable variation.
The average weight carried was 10 kilos. (22 1b.).

(2) Clothing.—All the subjects wore ordinary dress with ruck-
sacs every day except on the 17th, when three (D., W, and F.),
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wore ‘‘ shorts,” which appeared to make no difference, a result to be
expected considering the season of the year.

(3) External Temperature—~This, which is generally acknow-
ledged to be the most important factor of all in heat production
during muscular work, has here had no influence, as the daily
temperature varied so little. TLater we shall discuss this point,
comparing our figures with some obtained in India which have been
placed at our disposal.

(4) Food.—* The effect is to slightly raise the temperature of
the rectum.” (Pembrey and Nicol, Journal of Physiology, vol.
xxiii, 1898.)

In Chart 1, the rise after lunch is seen even when the tempera-
ture is already above 37°7° C. (100° F.). Chart 2 demonstrates this on
all days except the 6th, when there is no change, and the 11th, which
shows a slight drop. In Chart 3 of individual averages all show
rises except subject W., who at lunch ate far less than the others.

(5) Training.—It is well established that this may considerably
lessen the rise. Quoting again from the “ Second report of the
committee on physiological effects of food, training and clothing
on the soldier,” the experiments ‘‘ show that after three weeks
practice a trained soldier in full marching order can march the
same distance over the same road with less fatigue than that
produced when he performed the first march of the series in
ordinary dress,” as shown by a diminished rise of the rectal
temperature. Also A. Mosso (“ Life of Man in the High Alps,”
p- 132), summing up the results of some experiments with students
climbing to a height of 400 metres, says “ We see thus that training
gradually lessens the increase of temperature after exertion.” It is
of course a well-known fact that with practice muscular work can
be performed more economically and hence with less combustion, or
as Mosso puats 1t, “ Training is an unconscious instruction, which we
give to the nervous system, which is thus taught to effect the
contraction of the muscles without unnecessary expenditure of
chemical work.” All the subjects on this occasion had been living
a somewhat sedentary life for the previous three months but had as
a rule been accustomed to regular exercise. Here we find no
reduction in the level attained in the later marches (see Chart 2);
perhaps the number of marches was not enough to show this.

(6) Fatigue (see Chart 5).—0On Febuary 9, the third march of the
series, subject 5. B,, the only one of the party really fatigued, shows
a high temperature at the finish which continued for some hours.
This may have been due to delayed combustion of metabolites.
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CHART 5.—February 9, 1911 : March of 274 km. (17 miles), rate of
march 977 metres per minute,

Average of four subjects ; subject, S.—B. (dotted).

(T) Individual Idiosyncrasies.—Asis well seen in Chart 3, some
of the individuals attained their maximum temperature at the end
of the first hour, while in others the temperature rose more slowly ;
the level maintained throughout the march varied n different
individuals.

General Conclusions—It would appear, provided the heat
regulating mechanism of the body is not interfered with by causes
such as unsuitable clothing or a high wet-bulb temperature, that there
is a ‘“ normal rectal temperature ” for marching, in exactly the same
way as there is a normal rectal temperature in bed after a night’s
rest. One might say that there is an optimum temperature for
different amounts of body work, and in marching this appears to be
somewhere between 387'8° C. (100° F.), and 383° C. (101° F.).
Referring to Chart 1, we might go further and say that it was
somewhere between 379 C. (100:2° F.) and 38.1° C. (100-6° F.).
Similar observations to these made at the same time of the year in
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1910 show that the average marching (33 observations) of three
subjects was between 37-9° C. (100-3° F.) and 38'1° C. (100°5° F.).

One of us (N. D. W.) has made some further observations after
bicycling and playing squash-racquets. They were obtained in the
same way, using a one-minute Kew-certificated clinical thermometer
retained for two full minutes. All these observations were made
during the months of March and April, 1910. Walks taken during
the same period are also tabulated and all records are for one hour's
exercise.

3 " ' Number Averagze tem- Averaze tem- |
Fﬁmu":r U::'.Hr':]"“ ult:ﬂ:::: 1-!!;?;&?&;" DTy after | Difference |  Remarks
| Degrees Dhegrees Degrees
Walking .. | Ordinary 8 | 37-1(98'8) | 981 (100-5) | 0-96 (1°T) | 4 miles per
dress hour
Bicycling .. | Ordinary 6 | 37'3(991) | 38-1 (100-6) | 0'81 (1-5) | 11 miles per
dress | hour
Squash-racquets f Flannels 8 37-7 (99-9) | 38-5 (101-4) | 0-81 (1-5) | Closed court

From the above table it will be seen that the highest tempera-
tures occurred during squash-racquets, the maximum rise was 1-4” C.
(2:4° F.). It should be noted that the starting temperature was high ;
this is because all the observations except one were made between
4 p.m. and 6 p.m., the time of the highest daily variation (Pembrey
and Nicol, Joxrnal of Physiology, vol. xxui, 1898). It seems
immaterial at what temperature one starts playing ; on one occasion,
starting at 10 a.m., it was found that the temperature rose in half
an hour from 37-2° C. (99° F.) to 383" C. (101° F.). All the observa-
tions were made on separate days. The bicycling was over
undulating country, and where more than one observation was made
on the same day one hour's rest always intervened. In walking,
each observation is that of a separate walk. The light clothing
worn when playing squash-racquets and the rapid passage through
the air when bicycling no doubt increased convection and evaporation,
and hence the *“ difference ” ! is not so great as in walking, but we
do not think the figures are comparable by estimating ““ difference.”
It would appear that what has been suggested about optimum
temperature may also apply here and that for a more rapid and
violent exercise such as squash-racquets a higher level 1s attained
than in walking, to facilitate the more rapid chemical changes that
are 1n progress.

1 ¢ Difference ” is the rise of temperature between the beginning and the end of
the exercise,
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To medical officers, this subject is of interest when considering
the load carried and the clothing of the soldier when marching,
and also the atmospheric conditions during marches. Zuntz
and Schumburg (** Physiologie des Marches,” p. 309), say : “ Heat
production is four or five times greater when marching than at
rest,” and again, p. 128, “It is interesting to note that a load
of 31 kilos. (68 lb.) in favourable weather causes approximately
the same rise of temperature (38°-39'7°) as a light one (22 kilos.
or 48 1lb.) in tropical heat.” It should be noted these observers
took the temperature in the urine stream. It is to prevent such
physiological rises of temperature as we have recorded from
becoming pathological that recommendations of medical officers
should be directed and further research engaged in. The regimental
officer now realizes the importance of the clothing, load, and march
as discipline factors. The danger of the physiological temperature
becoming pathological liesin “ the fact that once the balance of the
mechanism of heat regulation in the human body has been definitely
upset by high external temperature, combined with almost total
abolition of heat loss in evaporation, a vicious eircle is established.
The internal temperature rises, and as a result the oxidation
processes and therefore the production of heat also increase, so
that the body temperature rises still further, and so on.” (Sutton,
Journal of Pathology and Bacteriology, 1908, vol. xiii, p. 62). Tt
is the difference between the dry and wet-bulb temperatures to which
we wish to direct attention. Haldane (Jowrnal of Hygiene, vol. v)
in his broad conclusions says, “ During muscular work in still air,
the limit of wet-bulb temperature which could be borne without
abnormal rise was much lower” (than when at rest). “ At a wet-
bulb temperature of about 87° F. (30°5° C.) the rectal temperature
rose about 3.5° F. in an hour. In an air current of 135 linear feet
per minute, a wet-bulb temperature of about 84° F. (29-5° C.) could
be borne without abnormal rise of body temperature, but 87° F.
(30-5° C.) was beyond the limit."”

By permission of the Professor of Hygiene we have been
allowed to examine Captain L. E. L. Parker’s observations made
in Poona, 1909. These have been compared with the results in the
“ Second Report on the Physiological Effects of Food, Training and
Clothing on the Soldier,” and are here charted and diagrammatically
represented.

The diagram shows the rise of rectal temperature after marching
two hours (about 7 miles) with a ten minutes halt at the end of the
first hour. At Aldershot one of the marches (ordinary dress, with
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jacket) was without a halt and another march (marching order, with
jacket) was only of one hour’s duration.

T::P:_F#' ORDINARY DRESS DRILL ORDER MARCHING ORDER Full Hﬂrtﬁnl;
FEF.
Cegroes WithJacket |NoJacket |WithJacket|No Jacket [|Withdacket] No Jacket Ordor
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A comparison of the effect of different amounts of clothing and equipment on men
marching at Poona and Aldershot. (Average of five men at Poona and four men at
Aldershot. )

Captain Parker on both occasions superintended these marches
and they differ only in the following points :(—

Paints of difference. Aldershot Poona

(1) Dress : .. | Serge, with trousers | Drill with * shorts.”
(Z) Hour of st-e.-rtmg 11 a.m. - 8.30 a. m.
(3) Average starting I}ud\ tem- | 87-5° C. (99-45 5° F. }| 37-2° C. (98-95° F.)

perature
(4) Average wet bulb tem- [ 60° F. L -« | 85° F.

perature
(5) Relative humidity .. | 73 per cent. (average) | 58 per cent.

| Humidity (mean) at 8 hours for
| May, 1910, Bombay Gazetle
J Supplement, Part II.
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The rectal temperature (average of four men at Aldershot and
five at Poona) after marching two hours at Aldershot and Poona
charted for comparison. The marches are recorded in sequence,
irrespective of clothing worn and equipment carried. (See table
below.)

There was a ten minutes’ halt at the end of the first hour, except
on August 21, when the march was only for one hour and on
August 22 and 23, when there was no halt.

TaprLe oF CLOTHING WORN AND KMQUIPMENT CARRIED.

Dite—1M05 Aldershot Diata—1000 Pooni
Aug. 21.. Marching order. May10.. | Ordinary dress with jacket ; no
equipment,
s»» 22.. In shirt sleeves, overcoat car-| ,, 1l..|Ordinary dress, no jacket or
ried on the back. | equipment.
s 23.. | Ordinary dress. s 12.. | Drill order, no rifle or jacket.
=R . . ,»  no jacket. gy 18s. 7 y» o rifle.
T 4 o iy [
w  29.. | Drill order, no jacket. +» 17.. | Marching order, no jacket or
greatooat.
s il e »» 18.. | Marching order, no greatcoat.
Sept. 3.. o i s 19.. | Full marching order.
»s G6.. | Marching order, no jacket or| ,, 20..| ,. 5 »  With 100
overcoat. ronnds ball ammunition.
sy .. | Marchiug order, no jacket. »e 21.. | Marching order.
B e i ;s and100rounds| ,, 24.. o i
| ball ammunition. w 25.. | Ordinary dress.

Notge,—The five men at Poona had all been in India from two to five years,

It 1s significant that the point to which the body temperature
rose in Poona, with an average wet-bulb temperature approaching
Haldane's limit (on the three last marches passing it) should not be
greater than that at home in Aldershot, though the “ difference”
appears greater in the diagram on account of the starting tempera-
ture in India being lower, the earlier hour of starting possibly
accounting for this. But in Chart 6, where the average march
temperatures are recorded in sequence without comparing load or
clothing, the lower level of body temperature maintained at Poona
is very evident. With the lowered metabolism of KEuropeans in
tropical climates, it might @ priori be expected that the body
temperature would be maintained at a lower level than in temperate
climates; on this point the evidence is conflicting. Rattray
(mouth), Davy (mouth), and Crombie (mouth and axilla) say it is
raised. Boileau (axilla) confirmed by Thornley and Furnell,
Pinkerton (axilla), and Wick (mouth), all maintain there is no
change. Johnston (axilla) records an actual reduction. We can

19
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find only one authority (Crombie) who has made any observations
on rectal temperature in the tropics regarding this point, and he
only states ““ that in healthy Europeans in India the rectal tempera-
ture is higher than that in the axilla.” A series of rectal observa-
tions on new arrivals and those long resident in the tropics to clear
up this matter would be most valuable. It should be noted that in
the Poona experiments the difference between the wet and dry
bulbs iz very considerable, and that on no occasion did the atmo-
spheric conditions approach saturation. At Aldershot the relative
humidity was considerably higher than at Poona, and this with the
difference in clothing at each station may partly explain the lower
level maintained at Poona. It is of interest to note that with
a thermometer below zero Linhard [* Danmark Expeditionem Til
Gronlands Nordoskyst,” 1906-8, vol. iv, No. 1 (see British Medical
Journal, April 8, 1911)], says, ““ that on going for a walk with the
thermometer 36° C. below zero the rectal temperature rose.” These
experiments in India tend to bear out our contention that there is
an optimum marching temperature somewhere between 37-8° C.
(100° F.) and 38-3° C. (101° F.) provided every facility is afforded to
the natural means of heat regulation.

Our thanks are due to Captains G. A. K. Reed, W. W. Browne,
R. H. Bridges, H. H. J. Fawcett, and C. R. Sylvester-Bradley for
placing their results at our disposal and to Lieutenant-Colonel
C. H. Melville for kind assistance with suggestions.
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EXPERIMENTAL KALA-AZAR IN THE GREY MONEKEY
OF THE SUDAN (CERCOPITHECUS SABAEUS).

By Lievrexavt W. E. MARSHALL.,
Royal Army Medical Corps.
(From the Floating Laboratory of the Wellcome Tropical Research
Laboratories, Khartoum.)

SuccEssFUL experimental inoculation of animals with kala-azar
has become a well-recognized fact in the case of the parasite of
infantile kala-azar (Leishmania infantum). Nicolle and his col-
leagues, pioneers in this work, have frequently infected monkeys
and dogs. So far they have only succeeded in infecting these
animals by intraperitoneal inoculation, and subcutaneous injection
has only given a local reaction without general infection. They
also found that passage of the disease from monkey to monkey
attenuated the virus, but the same phenomenon did not occur in
dogs. They recognize differences in the infection in these two
animals. In the monkey there 1s marked enlargement of the
spleen, and the disease resembles the human type of the disease.
In the dog the spleen is only slightly enlarged and the infection is
insidious. One of the dogs inoculated with the disease, and which
died seventeen months after inoculation, showed no symptoms for
fifteen months. They also found that in a series of dogs there
was great variation in the susceptibility of the individual animal.
With regard to immunity they have found that in an animal
incompletely cured, or only just recently recovered, a second inocu-
lation produces a severe and fatal result, whereas in an animal
cured for some time immunity is conferred. Immunity is also
produced by the virus of Oriental sore. Excision of the spleen
in the dog has produced no effect on the course of the disease.

Nicolle and his colleagues have also found that Leishmaniosis
occurs as a natural infection in the dog, and this has recently been
confirmed by Gabbi and Basile in Italy, Critien in Malta, Alvarez
in Lisbon, and the Sergents in Algiers. Basile recognizes two
different forms of natural infection in the dog, the acute and
chronic, and he thinks that the former, which affects principally
young dogs and lasts from three to five months, plays a more
important part in the spread of the disease. He was able to
infect three young dogs by keeping themn beside cases of infantile
kala-azar, and he thinks the flea (Pulex serraticeps and perhaps
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P. irritans) is the likely transmitting agent. Jemma, Gabbi, and
Alvarez and Pereira da Silva have all succeeded in infecting dogs
intraperitoneally with L. dnfantum, and Jemma has also pro-
duced infection by intravenous inoculation.

Laveran and Pettit, besides infecting dogs, have tried infecting
rats and mice, but could not produce a general infection.

Novy, by the use of large and repeated doses of cultures of
L. infantum on Novy and MacNeal's medium, has been able to
produce infection in the dog.

Patton, working with Indian kala-azar, failed to infect dogs
even with repeated inoculation, but probably he killed his animals
too soon to say definitely that infection does not occur.

PRESENT INVESTIGATION.

The following experiments were carried out with parasites
obtained from cases of kala-azar in Sennar Province in the Anglo-
Egyptian Sudan. In this province the disease affects chiefly children
about 12 years of age, though adults are also occasionally infected.
So far we have found the best method of infecting monkeys is from
a splenic puncture during life. An ordinary sterilized hypodermic
syringe is taken, washed out with sterile citrate solution, and
spleen puncture carried out in the ordinary way, the contents of
the syringe being immediately injected into the peritoneal cavity
of a monkey.

Twelve monkeys were used in these experiments, and the
results are shown in the following table. Eight monkeys were
infected with kala-azar, in three the experiment failed, and in one
the result still remains doubtful.

INFECTED CASES.

Of the eight infected cases, five were infected intraperitoneally,
one subcutaneously, one subcutaneously and intravenously, and one
was naturally infected.

Of those infected 1intraperitoneally, monkey B was chloro-
formed on the 62nd day, when the spleen was found to be enlarged,
and Leishman bodies were present in moderate numbers; no
parasite could be found in the liver, so probably the spleen becomes
infected before the liver.

Monkey D died on the 65th day from a mixed infection of
tuberculosis and Leishmaniosis, and it is interesting to record
the degenerate nature of the parasites in this case. The parasites
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were most degenerated in the spleen, which was heavily infected
with tubercle, and were best preserved in the bone-marrow, where
the tubercles were scanty. The post-mortem examination was done
immediately after death, so the change in the parasites could not be
a post-mortem one.

Monkey E was infected by the 54th day, became very 1ill with
diarrheea on the 143rd day, and was chloroformed on the 145th
day. It was heavily infected with parasites.

Monkey N, inoculated intraperitoneally from monkey E, re-
mained quite well, but, owing to Leishman bodies being present
in monkey S (vide infra), liver puncture was carried out, and
doubtful Leishman bodies were seen 35 days later, the 155th
day ; the monkey died, and the post-mortem examination showed
the spleen to be enlarged, and parasites were found in the spleen,
liver, and bone-marrow. There was a small uleer in the ileum.

Monkey P, which died on the 134th day, was heavily infected
with parasites.

Of those infected subcutaneously, in the case of monkey R the
injection was made into the subcutaneous tissues of the thigh with
a post-mortem splenic emulsion from a case of kala-azar. On the
150th day the spleen was found to be enlarged, and liver puncture
showed the presence of Lieishman bodies. On the 156th day the
peripheral blood was examined, and in the fifth slide three parasites
were found inside a large mononuclear cell. This monkey is still
alive.

Monkey L received an intravenous and subcutaneous injection ;
it was intended to inject intravenously, but only the first portion
of the virus entered the vein, the remainder entering the sub-
cutaneous tissues of the forearm. Kxamined on the 161lst day
the spleen was found to be enlarged, and spleen puncture showed
the presence of Leishman parasites. This monkey is also still alive.

The remaining monkey, which was a very young animal, was
put in the same cage as monkey N on the day that the latter
was inoculated intraperitoneally from monkey E. It remained
in that cage, and on the 112th day it became 1ll. On the 117th
day liver puncture showed the presence of Leishman bodies, and
on the 121st day it died, thirty-four days before monkey N. It
was very heawvily infected, parasites being present in large numbers
in the spleen, liver, and bone-marrow.

With regard to the negative cases, monkey H was inoculated
with a splenic emulsion from a case of kala-azar, the emulsion
being made eight hours after the death of the patient, when no

18
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Kala-Azar in the Grey Monkey of the Sudan

parasites were visible in the spleen smears (monkey E was success-
fully infected from the same case during life).

Monkey C was inoculated with a spleen emulsion from monkey
B, but was not infected by the 108th day, when it was chloroformed.
Probably, as Nicolle has pointed out, the parasite tends to lose its
virulence when inoculated from monkey to monkey, and this might
account for the non-infection in this case, though the positive
results obtained in monkeys L. and N show that infection can be
conveyed from monkey to monkey. In the case of monkeys Li
and N, however, the inoculation was made from a splenic puncture
during life, and in the case of monkey C a post-mortem splenic
emulsion was used.

Monkey O died 42 days after inoculation. There was no
apparent cause of death, and no Leishman bodies were found.

Monkey K, which was inoculated subcutaneously, and which is
still alive, shows definite enlargement of the spleen, but one liver
puncture and two spleen punctures have so far given negative
results.

The Presence of Parasites in the Peripheral Blood of Infected
Monkeys.—Parasites are present in the peripheral blood of infected
monkeys, but are difficult to find. In two infected monkeys, still
alive, we have searched carefully for parasites in the peripheral
blood. In one monkey we found in the fifth slide three parasites
inside a large mononuclear cell ; in another monkey, out of seven
slides examined, we found one parasite inside a polynuclear cell.

Captain Archibald, R.A.M.C., has also successfully infected the
red monkey of the Sudan (Cercopithecus ruber) with the disease.

We have tried inoculating dogs, but so far have failed to infect
that animal as, with one exception, all the animals died soon after
inoculation. We have also not yet met with spontaneous Leish-
maniosis in the dog.

In the Sudan form of kala-azar the parasite is present in the
peripheral blood in over 80 per cent of the infected people. The
parasite morphologically resembles that of Indian kala-azar and
infantile kala-azar; growth into flagellate forms has been obtained
in 10 per cent. citrate, on Novy and MacNeal's medium, and on
Nicolle’s modification of that medium. Full details of these inves-
tigations will appear in the reports of the Wellcome Tropical
Research Laboratories at Khartoum.

CONCLUSIONS.

(1) The ordinary grey monkey of the Sudan, Cercopithecus
sabeus, can be infected with kala-azar.
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(2) It can be infected by intraperitoneal or by subcutaneous
inoculation of the parasite.

(3) It can also be infected naturally, an uninoculated monkey,
living in close contact with an infected monkey, having contracted

the disease.
(4) The parasites are present in the peripheral blood of infected

monkeys.
(5) So far we have found that the best method of infecting the

monkey is by injecting into the peritoneal cavity the contents of a
spleen puncture taken during life.

I beg to acknowledge my indebtedness to Captain D. S. B.
Thomson, R.A.M.C., who was associated with me in investigating
kala-azar in Sennar Province, for help and advice, and to Captain
R. G. Archibald, R.A.M.C., for carrying on the experiments while
we were both absent on leave.

LITERATURE.

ALvARreEz BT PEREIRA DA Sinva (1910). * Sobre e I'existencia do kala-azar espontaneo
no cio em Lisboa,”' Medicine Confemporanea, 22 di Maio, 1910, p. 162,

Basite (1910). *¢Sulla Leishmaniocsi del Cane e sull’ ospite intermedio del kala-azar
infantile,"” Rediconti della E. Accademia det lincei, vol. xix, November 20, 1910,
p. 523.

CrITIEN (1910). * Kala-azar infantile & Malte.” Note préliminaire. Archiv. de I'Inst.
Pasgt. de Tunis, 1910, vol. ii, p. 49.

Gaesr (1910). *“Intorno al kala-azar. Il focolaio endemico di 'Bordonaro. Studio
clinico. Studi intorno ad aleune malattie tropicali della Callabria e della Sicilia.
Sezione di malattie esotiche del R. Instituto di clinica mediea di Roma,” Aveliiv. de
U'Inst. Past, de Tunig, 1910, vol. i, Analyses, p. 46.

JeEmma (1909). *°Sopra un caso di ansmia splenica infantile da corpi di Leishman
osservata a Palermo,” Arcliv. de U'Inst. Past. de Tunis, 1910, vol. i, Analyses,
p. 45.

Jemma, D1 CrIsTIRA U. Canwara (1910). “ Experimentelle infektion mit ¢ Leishmania
infantum * bei Hunden,” Centralbl. f. Bakt., Bd. 57, Heft 1, December 17, 1910,
p. 99,

Laverax BT PErTIT (1909). © Infections légéres du rat et de la souris par la Leisi-
mania donovani,"” Compt. rend. Soc. Biol., 1909, vol. Ixvi, p. 911.

Laveraw BT PETTIT (1909). * Infections expérimentales légéres on latentes du singe et
du chien par le kala-azar tunisien,” Bull. Sce. Path. Krot., 1909, vol. ii, p. 584.
Nicorre (1909). * Le kala-azar infantile,” Annales de U'Insf. Pastewr, vol. xxiii,

pPp. 361 and 441,

NicoLLe (1910). ** Etat actuel de la gquestion du kala-azar infantile,” drehiv. de I Inst.
Past. de Tunis, 1910, vol. iii, p. 109,

NicoLLe ET ComTE (1909). *‘Kala-azar expérimental du chien,” Archiv. de I'Inst.
Past, de Tunis, 1909, vol. iii, p. 136 ; and 1909, vol. iv, p, 199.

NicoLre ET ComTE (1910). * Kala-azar expérimental du chien. Quelques observa-
tions nouvelles et quelques faits nouveaux."” Immunité par premiére atteinte
aprés guérison compléte, Arehiv, de I'Inst. Past. de Tunis, 1910, vol. 111, p, 103.

NicoLre ET Manceavux (1909). * Kala-azar expérimental du singe,” drchiv. de I'Tnst.
Past. de Tunis, 1909, vol. iii, p. 133.



Kala-Azar in the Grey Monkey of the Sudan

Niconre et Maxceaux (1909). * Résistance du singe an virus du kala-azar aprés
passage de ce virus par le singe,” Avchiv. de U'Inst. Past. de Tunis, 1909, vol. iv,
p. 188,

Niconre Er Maxceaux (1909). ‘< Résistance conférée par le virus du bouton d’Orient
contre le kala-azar expérimental du singe,” dvchiv. de U'Inst. Past. de Tunis, 1909,
vol. iv, p. 193.

NiconLe et Maxceaux (1909). ¢ Inoculation sous-cutanée du virus du kala-azar an
singe,” drehiv. de I'Inst. Past. de Tunis, 1909, vol. iv, p. 195.

MNicorLe ET MamceEaux (1910). *Inoculation sous-cutanée du virus du kala-azar
au chien et au singe,” Archiv. de I'Inst. Past. de Tunis, 1910, vol. iii, p. 107.
Novy (1908). ** Successful Canine Infection with Cultures of Leishmania Infantum”

(C. Nieolle), The Jowrnal of the Medical Association, October, 1908, vol. xli, p. 1423,
Parron (1908). * Imoculation of Dogs with the Parasite of Kala-azar (Herpetomonas
{ Leishmania| donovani), with some Remarks on the genus Herpefomonas,”
Parasitology, December, 1908, No. 4, p. 311.
SERGENT (Epymorp) ET SERGENT (ETIENNE) (1910). *‘Kala-azar. Existence de la
ILeishmaniose chez les chiens d’Alger,” Bull. Sec. Path. Exof., 1910, vol. iii,
p. 610,






CHRONIC BACILLARY DYSENTERY DUE TO A
HITHERTO UNDESCRIBED BACILLUS.
By Maor W. 5. HARRISON.
Royal Army Mediecal Corps.

AurHoucH bacillary dysentery has been attributed at various
times to many other members of the coli group besides the Shiga,
Kruse, and Flexner bacilli, I have thought it would be useful to
put on record the following case which seems to have been caused
by a bacillus which, so far as I have been able to trace, has not
been previously described.

The patient, a man aged 35, was taken ill whilst in Morocco in
September, 1909, with a disease characterized by fever, diarrhoea,
and the passage of blood and mucus; he was extremely ill at the
time, and from his statement the symptoms were those of a pretty
severe attack of dysentery. This first illness lasted for about two
weeks, after which he recovered sufficiently to resume his work ;
but between that time and the end of 1909 he had two acute
relapses, each lasting three or four days, during which he passed
blood and mucus. From January, 1910, until the time he con-
sulted me at the end of April in the same year he suffered
continually from dyspepsia, irregularity of the bowels, with frequent
diarrhcea and the passage of quantities of mucus, occasionally
bloody, and his general health became seriously impaired. When
I first saw him the patient was pale, sallow, and emaciated, he was
easily exhausted, and his general aspect was that which is so
common in cases of chronic tropical diarrhcea; his appetite was
poor and ecapricious, and he was passing three or four watery
offensive stools daily ; there was a good deal of abdominal pain of
a griping character, but he did not suffer from tenesmus. The
tongue was coated with a thick yellow fur, and there was an area
of marked tenderness over the splenic flexure of the colon, but
no thickening of the gut could be felt. A white cell count of the
blood showed 9,800 lencocytes per cubic millimetre, with no altera-
tions from the normal in the percentage of the different white cells
present. His sernm failed to agglutinate laboratory strains of
Flexner's and Shiga’s bacilli or Paratyphoid B, but it agglutinated
the bacillus which was isolated from his stools, and which will be
desecribed later, in a dilution of 1 in 60 in an hour. The stools were
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watery, extremely offensive, and contained numerous fragments
of undigested food and a considerable quantity of mucus; there
were a number of polymorphonuclear leucocytes present, but no
blood cells or amoebae were found either at the first or subsequent
examinations. Culture of the mucus on neutral red bile salt
lactose agar gave an almost pure growth of an apparently non-
lactose fermenting organism the details of which will be given
below. Buaecillus coli was conspicuous by its absence. Treatment
consisted in putting the patient on a milk diet with 4 oz. of
mutton or chicken daily, and a small quantity of bread ; in addition,
he was given 10 oz. of a milk culture of Massol's bacillus daily.
The colon was irrigated daily with two litres of saline solution,
followed as soon as this was evacuated by two litres of a 1 1n 1,000
solution of quinine hydrochloride in saline which the patient was
instructed to retain as long as possible. The irrigating solutions
were run into the bowel through a long tube from a height of
18 in., the temperature of the fluid being 103” F. in the can. In
addition, considering that the bacillus which was present in such
numbers in his stools seemed to be the cause of the trouble, he was
given weekly doses of 100 millions of a vaccine made from it.
Under this treatment he very rapidly improved, the diarrhcea
was replaced by constipation requiring castor oil, muecus very soon
ceased to be found in the stools, and the irrigation was discontinued
at the end of two weeks. The organism referred to, however, con-
tinued to be present in the fmces to the exclusion of all B. col,
until May 14, when cultures failed to give any growth at all (this
result may have been due to the fact that the sample was collected
after the quinine irrigation). On May 21 the cultures showed large
numbers of B. coli, with only six colonies of the non-lactose
fermenting organism on two 12-in. plates. On May 28 the stools
appeared to be perfectly normal, there was no mucus, the feces
were almost free from smell, and gave a copious growth of B. coli,
with only three non-lactose fermenting organisms on two plates.
The patient’s general health had improved very much, and his
subsequent convalescence was uneventful ; at the last observation
of the faeces no non-lactose fermenting colonies were o be found.
Characters of the Organisms in the Feces.—Of a very large
number of colonies which were tested, some twenty or thirty,
all but one corresponded to the characters described below; the
one exception was a colony which proved to be composed of
Flexner’s bacillus; it was found at the first examination and never
subsequently. The other organism produced colonies resembling
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those of B, typhosus on neutral red lactose bile salt agar; it was
a non-motile rod, about as long as a typhoid bacillus, but somewhat
thicker, growing 1solated, but occasionally seen in chains of two or
three elements. It did not stain by Gram's method, and did not
Liquefy gelatine. Culture in broth gave a diffuse growth, litmus
milk became acid in twenty-four hours, and the acidity was per-
manent. In the first experiments with the freshly isolated eulture
there was no clotting of the milk, but in later tests with the culture,
after it had been subcultured on agar for about a month, the milk
became clotted on the tenth day, indol was formed in peptone
and salt solution within five days. The bacillus produced acid and
gas 1n glucose and maltose media within twenty-four hours, and in
duleite media in three days. Sucrose, mannite, raffinose, inulin,
and salicin were unchanged after fifteen days; there was no
fluorescence produced in neutral red glucose bile salt agar. The
reactions with lactose were somewhat peculiar, the original colonies
had all the appearance of those of a non-lactose fermenting
organism, and with the earlier cultures lactose was unchanged
after fifteen days. DBut on again testing the same strains, after
several subcultures on agar, it was found that the bacillus had
acquired the power of fermenting lactose; in these later tests
there was no change until the end of the seventh day, after which
acidity slowly developed and was marked by the tenth day; no
gas production occurred in the lactose cultures. The results of
simultaneous tests, made on the same batch of media to compare
the organism with Morgan’s bacillus No. 1 (A), and the bacillus of
Hog cholera (Macfadyean), are given in the accompanying table :—

Patient's bacillns Morgan 1 A Hog cholera

Days 1 | 3 ¥ 14 1 ] [ 14 1 J 3 T 14
Litmus milk.. | A |A 4| Bleached | Clot |A + | Alk/Alk. +Alk. ++JA+| A | A lA%
Glucose AGAG AG AGIGIAG AG AG AGAGIAGIAG
Lactose — || = A+ Al ] = = = I =l
Bucroza - - - = = = = | SN
Mannite o= = - — i | fEs i | W EE| (e | T
Maltose . [AGIAG AG AGIAGIAG| AG AG _;,_, - | =
Dualeite - |AG Al AG) - | - - - -1 = | = A=+
Raffinosza i = = = s = Ml I S
Inulin — | = e - — = = = M W e (|
Balicin vn | = | = = = ) e = = s et IR
Neutralred .. | — | — = = e = = L |
Indaol .. g 4= i 4 | o o o= o (e | - | -

It will be seen that the bacillus differs from Morgan 1 A 1n
producing permanent acidity and eventual clot in milk, that it
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ferments lactose with the formation of acid after seven days, also
that it produces acid and gas in duleite media. It differs from the
bacillus of Hog cholera (Macfadyean) in producing the late clotting
of milk, in forming acid and gas with dulcite, also in the fact that,
like Morgan 1 A, it forms indol.

The bacillus was tested for its pathogenie properties on rabbits
and guinea-pigs. In doses of § c.c. of a twenty-four hour broth
culture given hypodermically to rabbits, it killed the animal within
eighteen hours with symptoms of diarrhcea. Post-mortem : there
was a large gelatinous exudate at the point of inoculation, with
general and severe congestion of the vessels of the abdominal wall
and numerous subcutaneous hamorrhages; there was a quantity of
blood-stained serum in the peritoneal cavity, and the whole length
of the small intestine was acutely inflamed. The large intestines
and ceecum were much distended with gas, but were not inflamed.
The spleen was not enlarged. Caultures from the heart blood
gave a copious growth of the organism. On the other hand, the
same culture administered to rabbits by the mouth in repeated
doses of 2 to 5 c.c. produced no symptoms whatever, and similarly,
a dose of 10 c.c. of a filtrate of a ten-day old broth culture gave no
result when administered hypodermically to rabbits. The virulence
of the organism was lost after a month’s sub-culture on agar. In
guinea-pigs a hypodermic inoculation of 5 c.c. produced a large
induration at the point of injection, which subsequently gave way
to a large slough ; there was no diarrheea, and the general health
of the guinea-pigs was not impaired. The culture of Flexner's
bacillus, which was isolated on one occasion, produced no effect
on either rabbits or guinea-pigs, whether injected hypodermically
in a dose of 5 c.c. of the broth culture, or administered by the
mouth.

My reasons for thinking that the organism which has been
described was probably the cause of the patient’s illness are: It
was a pathogenic bacterium having a special affinity for the bowel,
and was present in enormous numbers in the stools and especially
in the muecus; it was agglutinated by the patient’s serum in a
dilution of 1 in 60, and not by normal sera in dilutions above 1 in 5:
its decline in numbers and eventual disappearance from the fmces
coincided with the improvement in the patient’s general and
bowel condition. It is justifiable also, I think, to believe that the
rapid improvement after administration of a vaccine made from the
bacillus was some evidence that 1t was this germ which was
causing the trouble; it might be retorted to this, however, that
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the other treatment which the patient received was the cause
of his improvement. I can only answer that the patient was
practically free from bowel symptoms a fortnight after the com-
mencement of treatment, an unusually rapid progress in cases of
chronic bacillary dysentery treated on general lines without vaceine.

My reasons for excluding the idea that the case was one of
infection with Flexner’s bacillus were: the patient’s serum did not
agglutinate this germ, and the single colony of Flexner's bacillus
which was found was not pathogenic. An interesting point in the
reactions of the bacillus is that after sub-culture 1t developed some
power of fermenting lactose and clotting milk, and that its activity
in fermenting maltose and dulcite was much increased after living
on artificial media for a month.



INCINERATION IN CANTONMENTS IN INDIA.

By Capraiy P. 5. LELEAN.
Royal Army Medical Corps.

CANTONMENT incineration presents many inherent difficulties
which do not hamper the practice of this conservancy method in
the field, and, in view of these special difficulties, the whole problem
calls for re-consideration as we face afresh the familiar questions :—

(A) Is ineineration practicable in cantonments ?

(B) Will 1t inerease the cost of conservancy ?

(C) Will its adoption increase military efficiency ?

A. PRACTICABILITY.

Unfortunately this 1s not merely a matter of physics—rather 1s
it a question dominated by the obstructive wmsthetic, the myopic
economist and the unspeakable mehtar. We want to know that
we can incinerate excreta without causing undue offence, with the
material at hand and without running up the conservaney bill, and
without overtaxing the intelligence and reliability of the sweeper.

The hygienic desiderata are that potentially infective dejecta
should be rapidly destroyed, while being protected meanwhile from
all disseminating agencies, especially from flies which incidentally
should be reduced to minimal numbers.

(1) Dusposal of Urine.

The matter would be reduced to comparative simplicity if some
means could be devised for safely disposing otherwise of the great
bulk of the 300 odd gallons of urine passed daily by 1,000 men.
Various methods have been adopted or suggested :—

(a) Distant Trenching.—If solids are to be burnt and urine
trenched, it is clear that maintenance of this dual organization
must milifate against economy. Moreover, cartage of urine alone
will lead to dumping of considerable quantities on eantonment
outskirts, which eould not oceur if the carts contained mixed filth.

(b) Surface Irrigation after Heat-Sterilization.—No suggested
device has provided automatic security against the chance of
possibly infective urine being run, unsterilized, on to the surface
soil of cantonments. Hitherto strong exception has been taken
to this method, and especially so in stations deriving their water-
supply from shallow wells in or near the lines.

(¢) Disposal in Buried Soakage-pits.—It is suggested that urine



Incineration in Cantonments in India

from the urinal trough be piped direct through a buried iron lid
into an underground pit filled with cinders. This certainly prevents
dissemination of urinary organisms by flies and wind, but other
aspects require very careful consideration.

On the one hand we know that B. fyphosus cannot be re-
covered after the third day from soil contaminated by bacilluric
urine ; nor, after the fourth day, even from urine containing
originally 60,000,000 B. éyphosus per cubic centimetre.

On the other bhand there are these factors: (1) The rains raise
the subsoil water into direct communication with all urine pits and
all wells in the station; (1) Percolation can carry the B. typlosus
through a 15 ft. belt of sand; (iii) B. fyphosus and its allies are
far more motile than B. coli, which frequently finds its way into
filtered water supplies. Direct flow, percolation and motility may
all combine to carry infective organisms from the pits towards the
wells. In stations obtaining drinking water from a distant source
cutting of the pipes at any time, by accident or by the enemy, would
force large bodies of troops to drink water drawn from wells in
subsoil levels saturated with percolating urine. He would be a bold
man who would recommend this measure for general use while
realizing that our knowledge of the transition and involution forms
of specific organisms in thewr saprophytic phase still consists of
a few scattered negations,

(d) Evaporation—Three chemical firms having declined to
make an offer for residual urinary selids obtained by evaporation,
it 1s doubtful if this by-product can be worth anything approach-
ing the sum stated; as, however, 1t 1s evident that 1ts inorganic
salts alone must possess a very definite manurial value, experiments
have been persevered with. This question being the erux of the °
whole incineration problem, the time spent in briefly summarizing
the results of those experiments will not be wasted.

Exzperiment 1.—The urine of a company (200 pints per diem)
was all passed into a receptacle containing 90 lb. of sawdust,
and having a surface exposed to permit evaporation. During
the first four days, the season being the monsoon, the whole
of it was evaporated. On the fifth day some effluent appeared,
but this was inodorous. In order to delay the appearance of
the effluent until the eighth day, and maintain 1t sterile indefi-
nitely, the sawdust bad to be increased to 270 lb. The sawdust
at the end of the week contained some 13 per cent of its weight
of urinary solids. The salinity of the urine in the upper layers
was not, as was hoped would be the case, so great as fo arrest
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fermentation, and great complaints of smell were made. It is clear
that flies, offence and cost of material make the adoption of
this method impossible.

Experiment 2.—Charcoal was tried next, an improved V-shaped
trough being made of layers of charcoal upheld and enclosed by wire
netting. The dry season results were: 225 lbs. of charcoal were
needed per company ; 1 per cent of effluent appeared on the sixth
day, being sterile, odourless and so saline as to'be anti-bacterial ;
flies abounded and the ammoniacal smell from the upper layers
was much complained of.

Ezperiment 3.—The apparatus used is diagrammatically shown
in fig. 1. A 3 ft. cabe frame was enclosed with wire ganze. Urine

Fiz. 1.—Urine Evaporator.

was conveyed by means of a tap into a shallow gutter in the roof,
in which one end of a piece of calico, 60 ft. long by 3 ft. wide
was fixed. The urine was sucked up by capillarity and flowed down
the length of the calico, which zigzagged down the chamber, turning
over horizontal wires at each side alternately. The flow of urine
was adjusted by a tap so as to keep the whole of the -calico
moist. The total evaporating area (on both sides of the calico)
was 360 sq. ft., and free access of sun and wind was secured, the
folds being edge-on to the prevailing wind.

Theoretically the evaporation should be 15 gallons per hour at
85° F.; experimentally 1t was found to be 10 gallons, owing to
lowering of the temperature by evaporation. This would appear
to be most satisfactory, but strong complaints were made of ammo-
niacal smell, and it was found practically that the material sagged,
so that urine dripped straight through the centre and the periphery

24
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dried up, while the loose stuff threw off a fine spray as it flapped
in the wind. The gauze kept flies away, but the spray was carried
to a considerable distance, and this was an obvious danger. The
little effluent that came through was sterile owing to excessive
salinity caused by concentration.

Experiment 4.—Dishes contaiming 100 grm. of water, with
3 sq. in. of surface, were exposed for an hour in the hot-air sterilizer
at a temperature of 80" C. The evaporation amounted to 226
orm., which could be increased 25 per cent by adding sawdust, and
37 per cent by adding charcoal to the water. The sawdust sanl
when saturated. The evaporation of water without the addition
of charcoal or sawdust is equivalent to roughly 0-23 gallons per
square foot per hour.

Having thus proved that 1 sq. ft. of water gives off 5} gallons
in the twenty-four hours at a temperature of 80° C., it was thought
that the temperature of an incinerator furnace should reach 60° C.,
and at that heat it should induce an evaporation of 3 gallons per
square foot of fluild surface per twenty-four hours. This raised
hopes that evaporation of urine from trays in incinerator furnaces
might be adopted in place of open-air evaporation, which had not
been found practicable.

Ezperiment 5.—Details properly belonging to a subsequent
section may here be anticipated in order to follow consecutively the
development of this line of investigation. The evaporating tray
adopted is shown in fig. 2. It forms a shallow receptacle fitted to
form a false roof to the furnace—where the full heat is utilized
by convection—and it is then extended to form the floor of the
3 ft. wide flue, where its water surface i1s exposed freely to the hot
air which it was hoped thus to saturate with water-vapour. The
furnace is connected with the flue by means of a funnel in the tray.
The tray is fed with urine from a tank on the roof by a tap, which
is automatically controlled by a ball-valve, so that the tray may
neither overflow nor dry up and burn through. Provision is made
for the tray to slide out for removal of the urinary sohds deposited
by evaporation. The following results were obtained :—

(i) With a tray of 9 sq. ft., evaporation never exceeded 25
gallons per square foot in the twenty-four hours.

(ii) On increasing the area to 17} sq. ft. the total amount of
fluid evaporated only increased by 3 gallons (from 23 to 26 gallons)
in the twenty-four hours, ‘while the rate per square foot per
twenty-four hours fell to 144 gallons.

Disposal of only 26 gallons certainly did not justify continuance
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of a device which added considerably to the cost of incinerafion
and, although mechanically successful, was open to legitimate
objection as being complicated and liable to get out of order.
(in) It was further found that the evaporation was reduced to
but 2 gallons per twenty-four hours if the fires were damped down
by moistening the fuel and thus reducing the combustion rate, i.e.,
so much of the caloric value of the fuel was absorbed in evaporat-
ing the fluid from the saturated litter fuel in the furnace, that little
remained when the air reached the urine in the tray; hot air left
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Fic. 2.—Incinerator with urine evaporating tray.

the furnace nearly saturated with water-vapour. This aspect will
be more fully dealt with when we come to consider the physies of
incinerators. It is sufficient here to point out that these experi-
ments wholly contra-indicate the wuse of accessory evaporating
devices in incinerator furnaces.

The conclusions drawn from this series of experiments may be
thus summarized :—

(1) In the present state of our knowledge it is unjustifiable to
dispose of urine by running it unsterilized into the subsoil of
cantonments.
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(i1) Maintenance of an organization for separate trenching of
urine beyond cantonment linits is costly and difficult to safeguard.

(1) Evaporation of urine in the open air cannot be conducted
with economy and safety.

(iv) Evaporating trays in incinerator furnaces are complicated
and unnecessary, considering that litter 1s capable of evaporating
more than its own weight of hiquid, if it be fully saturated before
being used as fuel.

. (2) Offence.

It needs but the whisper of ‘incineration’™ to convert the
‘“ delightfully familiar odour of burning peat—so reminiscent of the
cotter's Saturday night at home,” into the “intolerable stench and
noxious efflnvium from the burning of indescribably objectionable
matter.” It is some satisfaction to relate that one lady, anxious to
launch her protest at the earliest opportunity, was unfortunate
enough to apply the latter description with eager haste when a new
incinerator was being tried with wood only, as a preliminary to
commencing work proper! It is, however, immaterial to consider
whether there is any essential difference between the smells of
various burning organic matters or whether there is hygienic as
well as msthetic objection to the products of their combustion ;
unless the objection can be met, public opinion will crush the
progress of incineration.

Two main types of incinerators have been designed, the open
type and the closed type.

(@) Open Types.—It is impossible to review this subject without
a tribute to the important part played in the evolution of this
method by the initiative and energy of the mmventor of the * Raitt
pattern,” to whom we owe a debt for his able demonstration of its
general applicability. The value of that pioneer work 1s in no
sense diminished by the fact that open types of incinerator must
now be admitted to be unsuited for cantonment use. The best
type of open iucinerator is probably that adopted at Mhow, and it
is sufficient to quote the opinion of the Principal Medical Officer
5th Division on that station, where this type was worked under
the personal supervision of the inventor: ““The pungent odour
from the night-soil incinerators was an intolerable nuisance.”

‘(b) Closed Types—These marked a distinct advance, in that
combustion was more complete and offensive products were more
fully oxidized, becoming simple and innocuous bodies. Such pat-
terns as Haines's, Young’s, Hawes’s and Cameron’s still proved to
be objectionable, as is shown by the fact that the chimneys had to
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be heightened until they discharged some 20 [t. above ground level.
Such a type is in use in my own station—a Sialkote with a 20 ft.
high chimney—and I have to record that, since writing my first
article, I have become aware of a steadily inereasing and more
influential volume of complaint against this type. The station
extends for about two miles in the direction of the prevailing wind,
and the leeward end 1s constantly under a heavy pall of smoke
and never free from an acrid smell, which becomes acute on wind-
less days and especially towards nightfall. This will have to be
remedied or our inecinerators will be closed down. It is fortunate
that we have a device which has been proved to deal most effectu-
ally with this difficulty and which is as simple as it is effective. If
the top of the chimney be splayed out into a chamber, which 1s
plugged with a bundle of dried litter, the retarded current of air
deposits the greater part of its smoke and some condensed steam
upon this litter filter. In addition, there is a heavy deposit of tarry
material, to which carbon particles adhere. The resulting exten-
sive surface of water and carbon absorbs a large proportion of the
foul gases evolved during combustion, as well as entangling the
soot. The more the chimney is splayed out, and the greater the
resultant retardation of the current through it, the more completely
will the deposition and absorption be effected.

One such incinerator has been in action for two years within
30 yards of a barrack-room, without any complaint being made by,
or elicited from, the men. One officer, admittedly opposed to
cantonment incineration, was taken directly up the wind towards
this installation and failed to detect its presence until within
50 yards or so, although it was then working at its usual pressure
and the chimney was but 12 ft. high.

It is probable, however, that the offence complained of is caused
less by the escape from the chimney than by that which results
from the constant opening—and leaving open—of the lid by the
sweeper when stoking and feeding the furnace. It is obviously
preferable to empty each gumlak as soon as used rather than to
adopt the objectionable alternative of storage in balties ; the
tendency of the sweeper to leave the lid open must be checked.
This has been done by fitting the lid with a water-sealed rim and
hinging it with a counter-balancing weight and a flange, so that it
1s opened by the foot of the sweeper to only a certain angle and
slowly closes of its own weight as soon as his foot is removed from
the lever. Dusting of gumlahs with lime is found to be most
effective as a means of keeping flies away, and the covering of dejecta
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with a layer of ash prevents offence while the gumlah is being
carried from the latrine to the incinerator.

(3) Fuel.

This most important consideration controls not only the cost
but the practicability of this method of conservancy. It will be
best approached by the tabulation of certain essential data.

(@) Amounts of Excreta, €c., to be Consumed.—
Oz. PEr. Heap 1w TwesTy-Four HoUns.

British Native Bazaar

troops troops population
Fieeal solids .. o S s i 1 13 wi 13
Fluid in fieces 21 s & £ 3 o ﬁ&. - 64
Urine passed with feces s 5 i 3 i ]
Antiseptic fluid in gumlals i s 10 s — o —_
Washing water e = 233 £ - i 10 i 10
Urine collected separately.. it 3 45 80 . 10

Ounees total fluid 63 e 6l . 311_!;

(vALs. PER 1,000 STRENGTH 1IN TwENTY-FOUR Houns.

British Mative Bazaar
troops LrnopsE pepunlation
Gumlal contents, without antiseptic .. 50 o 72 s 72
i i with antiseptic* = 112 2] sl 4 it
Total, without gumlah antiseptic .o 431 . 322 = 199
with = - e A94 il — " =

Noles.

(i) Europeans pass daily feces 4 oz., of which 75 per cent is water (3 0z.). Natives

ass daily feces 8 oz, of which B0 per cent is water (63 oz.).

(ii) Tt is difficult to get natives to use urinals. The 30 oz, given above represents
probably considerably more than the average per head collected daily from native units.
The amount collected from bazaars was twice measured, it was respectively T per cent
and 16 per cent of the total calenlated to have been passed. This will cause no sur-
prise bo those conversant with native habits,

(iii) To is probable that lime is as effective as liq. cresyl. in keeping flies away from
latrines; this is very important, as present regulations result in the addition of a con-
siderable bulk of fluid to that which has to be disposed of.

(b) Amounts of Fuel Available—(i) A cavalry regiment re-
ceives 2,400 1b. of bedding grass per diem, of which it 1s estimated
that one half is eaten or stolen, thus leaving 1,200 lb. available.
To this must be added the droppings, at 12 lb. per animal per
diem, i.e., 4,800 lb., or a total of 6,000 Ib. a day. Actual measure-
ments for a month showed that 415 cubic ft. were collected on
an average a day, which, at 15 1b. per cubic ft., gives 6,225 1b. a day.
(¢i) I have no idea of the amount of sweepings available from

ey - — —

* Mot nsed in native latrines,
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dismounted units. BSuch rubbish 1s valued at one anna per cart,
which, at 10 Ib. per cubic ft. and 40 cubic ft. per cart, amounts to
400 1b., or say 300 Ib.

(241) A practically unlimited supply of grass i1s available; at
orass-farm rates this costs 5 annas per 100 Ib.

(¢) Amounts of Fuel Required.—As fecal solids provide for
their own combustion, the matter is much simplified by the pre-
ceding table, which reduces the whole problem to the evaporation
of so much fluid for each class.

All available data have been carvefully collected. It is regretted
that they are incomplete in most instances, but striking of averages
for all comparable conditions has enabled many gaps to be filled.
From the mass of results thus digested, there has been worked out
the one essential datum, which is that showing how many pounds
of fluid have been evaporated per pound of fuel expended.

(i) Orrx PATTERNS.

Lb. flnid per 1 1b. fuel
e

Station Ty e During monsonon Dy season
Average of six Ei Raitt 5 .. Impracticable .. 080
Average of five R Hunt e B 025 e 095

(ii) Crosen PATTERNS.
Dehra - o Young o e £ 075
Wellington .. £ Wellington .. i e 0-72
Ambala o e Ambala “B” 9 o 0-80
Landour .. v Landour (model} .. - 7 1-00
Meerut B i Lancer cie e 1-23 s 1-34

Notes.—(i1) The Lancer pattern referred to above is one in
which there is a urine evaporating tray in the furnace. These
observations are now two years old. They were most carefully
made daily from June 8 to November 20, and included exact
weighings of fuel and measurements of fluid disposed of, throngh
the monsoon and on into the dry season. The results obtained
are so much better than those resulting from the use of other types
that the following experiment was conducted to serve both as a
control and to afford a comparison between the maximum evapora-
tion from tray and furnace combined and that from the furnace
only. Of the 1:23 1b. of fluid per 1 lb. fuel, 03 was evaporated from
the tray and 0'93 from the furnace.

Experiment.—A foot-cube model was made of iron, of the type
which will be described as our latest modification. Tt is evident
that this small model could not be expected to give as good results
as the incinerator itself, but the fuel and flmid were most carefully
measured, and it was proved by five trials that the model would
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casily deal with 1 1b. of liquid per 1 lb. of fuel consumed. Although
there was no cause to doubt the accuracy of the Lancer pattern
results—taken by three men over so long a period—it was satis-
factory to have the added assurance of experiments conducted in
the laboratory, and 1t was also satisfactory to find that the furnace
alone was capable, even in this small model, of dealing with
82 per eent as much liquid as from tray and furnace combined.

(11) Careful serutiny of the figures will detect disparity between
the ratio given and the claims advanced on behalt of the open
types. This is explained by the recorded measurements of
the amount of urine actually collected 1n bazaars, where these
installations have mostly been used. Measurements havs not
been given, but it has been broadly stated that incinerators of
certain dimensions have disposed of the total solid and fluid excreta
of so many persons. The report has been quite true, but the urine
collected and thus disposed of has, as shown, amounted to but a
fraction of that passed, e.g., it is stated that a 7 ft. diameter Raitt
will deal with the total excreta of 750 persons—i.e., 250 gallons,
or 7 gallons per square foot. Experimentally it was found, how-
ever, that the maximum charge of fluid per square foot of surface,
which did not drip right through within a couple of minutes,
was 05 gallon, so that it would be necessary to have urine
sprinkled on it at least fifteen times in the twenty-four hours,
which could not be done, as the sweepers work only twelve hours
a day.

We are now in a position, with the foregoing data, to state the
actual fuel requirements as follows :—

I.e. oF Lirrer ok Grass Fuern ReEgouirEp Per 1,000 StrexctH PER DAY.

British Native Bazaar
troops troops population
Gumlah contents, without antiseptic .. 400 s 574 < 574
0 o with 5 - B96 - e —_
Total, without gumlah antiseptic .. 2,648 . 2,660 . 1,592
,»  With o - . 8,152 i - i —

For natives this provides for a considerable margin over the
amount of fluid actually collected.

The factor used in this ealculation is 1:23, viz., the amount of
fluid evaporated by 1 lb. of fuel at Meerut during the monsoon.
That this fisure does not represent the possible maximum 1s shown
by the fact that on July 18 the fluid evaporated per 1 lb. of fuel
was 16, while on August 10 it rose to 1'7, but it should be noted
that on those dates facilities were afforded for rough-drying the
litter beneath an open shed.
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It will further be noted that there is much less difference than
would have been expected between the results obtained during the
dry and wet seasons; this is probably accounted for by the fact
that the relatively high temperatures at which this experimental
incineration was conducted made the humidity of the external
atmosphere of comparatively little consequence.

Conclusions.—(1) The total fluid and solid exereta can be dis-
posed of by incineration with 2} Ib. of fuel per head per day.

(i1) Using this quantity of fuel, the litter of one cavalry regiment
will dispose of the total excreta of 2,000 men,

(4) Flies.

With regard to flies, we wish to prevent their gaiming access
to human dejecta, and, as an extra precaution, to reduce their
numbers,

All modern latrines now have an enclosed space for the re-
ceptacle, which is supposed to be fly-proof. Actually 1t seldom
is 80, and hence the following routine has been adopted : Gumlahs
have a thick layer of ash placed in them, on which is dusted some
lime ; immediately after use it is the duty of the sweeper to cover
the dejecta with ash and empty it forthwith into the furnace. The
ash 1s sufficient to absorb all the dejecta, and the whole contents
fall out in one mass, leaving the gumlal quite clean and dry so
that 1t has no attraction for flies. Practically it 1s found that,
although some flies may gather about the incinerator, attracted by
its moisture, there are very few in latrines in which this routine
is properly carried out.

The prevention of fly-breeding in litter is more difficult, but
is surmountable with a little care, although the difficulties are
enhanced in the rains when the litter must undergo some pre-
liminary drying. All litter should be carried daily to the drying-
shed beside the incinerator. This shed consists of a metal roof
with fly-proof gauze sides and iron bars about a foot above the con-
crete floor. It has a feed-hole at the top of one end and a rake-
hole at the floor level of the other end; both holes are protected
by fly-proof doors closing by gravity. The litter is thus passed
through the chamber, which should not be of a capacity of more
than two days’ supply. Some provision must be made for removal
of the drainage which drips through the bars on to the floor; this
18 necessary not only on account of flies, but also to prevent it
affording breeding groundsfor mosquito larve. This is secured by
raising the floor somewhat and giving it a slope, so that shallow
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runnels lead the water to a pipe opening into a properly lidded
receptacle which should be emptied daily.
(5) Types.

We now come to the most interesting part of this complex
problem-—the consideration of various types of incinerator. It 1s
hoped that none of the many details hitherto dealt with has been
irrelevant, and their consideration has, incidentally, disposed of
many preliminaries to a review of the numerous types which have
been described.

(@) Open Tiypes.—It has already been shown that these types are
not suitable for cantonment use owing to the offence to which they
oive rise. It has also been shown that they will not deal with the
amount of fluid which it is essential to dispose of. It may be here
pointed out also that they will not work in the rains unless covered,
while they are sources of very considerable danger of dissemina-
tion of infective material by wind unless they are also enclosed by
wind-screens. If they must be roofed and enclosed 1t 1s clear that
they approximate to the closed type; but they cost more than the
latter, while their combustion is less under control. In short, for
use 1n British lines they are obsolete and discredited.

(b) Closed Types.— (1) Primitive patterns. These—of which
Hawes's was the pioneer and the Sialkote 1s the modern representa-
tive—consist merely of a furnace in which the mixed fuel and
excreta are burnt together and the fumes are led off by a chimney.
The creation of a nuisance has not been obviated by the heighten-
ing of the chimney, although that now discharges 20 ft. above the
ground- level (vide supra). Various attempts have been made to
destroy these fumes, and the suggested devices may be divided into
two groups, according as the dejecta are burnt with, or in a separate
chamber from, the fuel.

(1) Dejecta in a Separate Boiler.—Thompson’s (Quetta) : This is
shown in fig. 3 (a) (i). The fumes pass from the boiler down a
central pipe and so escape through the fire, which is supposed to
oxidize them. At first it was found that the contents frothed over
and put the fire out. This was prevented by the addition of a
perforated diaphragm (shown dotted), which broke up the froth
and allowed the fluidd to run down its upper surface into the
boiler again. It was found that it took over twenty-four hours
to burn out and was costly in' fuel.

Dehra Dun, shown in fig. 3 (a) (ii): This is somewhat similar,
and it * took sixteen hours to incinerate, with excessive fuel con-
sumption.” It is evident that the combustion of excreta and fuel in
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separate chambers must involve enormous waste of the latter, and
this idea was therefore not pursued further.

(2) Dejecta and Fuel Mized.—Attempts were made to pass the
fumes through a secondary fire, through a part of the main fire,
through a deodorant fluid, and through litter used as a filter.

Meerut.—The flue was taken down to ground level, where 1t was
splayed out to permit of deposit of heavy soot particles. The flue
then narrowed to the chimney foot, where a small brazier of

() With a separate boiler for Huids,

(1} Quetta |-= -

i ¥

I,K

.

(4 Meerut

Warer seal
! deodarant)

(b) Fuel and dejecta mixed in the furnace.
Fic. 3.

charcoal was inserted. It was hoped that the amount of carbon
monoxide present would prevent rapid combustion of the charcoal
and maintain it economically at a dull red heat, which would
destroy the fumes passing through. Also, by thus heating the air
in the chimney, it was hoped to secure extra forced draught
through the furnace. Practically this device served its purpose,
but it burnt out in a few minutes and proved too costly for use.
It is shown in fig. 3 (b) (1).

Theoretical.—Shown 1in fig. 3 (b) (m). It was proposed to set
the furnace at an angle, so that the red-hot layer would slide
down into one corner. The fumes were to be brought by a pipe
which discharged beneath that corner, so that they passed up
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through it, to escape by a small chimney immediately above.
This escape chimney being below the main body of the fire, it was
thought that no fumes wonld escape directly by that route.
Unfortunately there were no means of preventing chokage of the
end of the pipe by ashes falling directly into its mouth ; moreover,
there would obviously be great difficulty in establishing and main-
taining a through draught, therefore the idea was abandoned as im-
practicable. At this time it was realized that, if any such simple
device were feasible, it would long since have been taken advantage
of for commercial purposes, and not left to wounld-be devisers of
incinerators to evolve.

Deodorant Fluid.—The next suggestion was that the escaping
products of combustion should be bubbled through a deodorant
flnid—an excellent idea if 1t could be carried out. It could
be done if the excreta were consumed in a boiler separate from
the fuel, but this procedure has already been shown to be too
costly in fuel. From experience of the ordinary * hubble-
bubble,” 1t is apparent that, to be effective, the gases must
be passed through a considerable depth of liqgnid. The diffi-
culties will be apparent from a glance at fig. 3 (b) (i),
First, it is obvious that 1t will require some force to take the
fumes through the deodorant fluid in the U-shaped bend, and
it is further equally obvious that, i1f the furnace were got going,
and the U-shaped bend then filled, the expanding air in the
furnace would take the route of less resistance and blow back
through the firebars rather than ascend the chimney. It would
therefore be necessary to secure a suction effect by a secondary
fire near the top of the chimney—as indicated at ““ X" —which
would involve all the expense indicated under that proposal
initially. Further, some device would have to be adopted by
which the supply of fluid in the bend would be renewed auto-
matically; and there is the great objection that the sweeper would
have to be responsible that the fluid was renewed when the
deodorant was exhausted ; while, finally, as an additional complica-
tion, the supply of deodorant would have to be maintained.

Litter Filter.—This has already been discussed. The design
is shown in fig. 4. It has the advantages of being so simple as to
be within the scope of even the sweeper's intelligence, of requiring
only material always at hand, of costing nothing, and being renew-
able in a few seconds, of being itself combustible, owing to the
condensation of the products of partial combustion in its interstices,
and, finally, of being of proved efficiency. It can be inserted at
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any point in the ascending flue, the unly essentials being that the
sides of the chimney beyond it should be air-tight, and that the
door through which it is inserted should fit so closely as to prevent
short-ciremiting of the forced draught produced by ascent of heated
air through the chimney. Its efficiency becomes greater as the
tarry deposit increases, it is advisable that two such filters should
be used in the circuit, to be renewed alternately on alternate days,
or as may be found necessary.
Patterns Fitted with Devices for Aiding Evaporation.

In the simplest of these designs a receptacle from which urine
was evaporated was placed in the furnace. The smell of urine in-
creased the offence considerably without an adequate return, for it
is clear that a tank affords so little surface in proportion to
bulk as to make the amount of urine thus disposed of inconsiderable.
In other patterns the urine, after it had been supposed to be boiled,
was drawn off by a tap, and thrown on the surface soil. The
decision as to whether the urine were sterile or not was left to the
discretion of the sweeper!

Next came the era of trays, of which the Wellington and Meerut
were the pioneers. That at Meernt has been described—it has the
advantage that urine is evaporated completely, while the exposure of
the large area of 17} sq. ft. for 6 in. of depth enabled 26 gallons
to be disposed of in the twenty-four hours. Difficulty arose,
however, from the need of some automatic device to prevent the
tray being overfilled, thus flooding the fire. For the first time this
installation enabled the whole exereta, fluid and solid, of a unit to
be disposed of with a moderate consumption of fuel.

This was followed by a most ingenious invention at Ambala.
There the urine was placed in eylinders in the furnace. The
cylinders had a number of small perforations in the base, which
were covered with a layer of 1% in. of wood ash. When the urine
boiled, the ebullition allowed the urine to drip through the ash on
to secondary evaporation trays placed beneath. There are, however,
two very strong criticisms to be offered to this installation: (a) It
is clear that, if the urine 1s to be boiled in these cylinders, there
must be fierce combustion in the furnace, and a large proportion of
the caloric value of the fuel must be wasted as the heat passes the
cylinders to the chimuney. This 1s evidenced by the fact that the
fuel required in this pattern is 60 per cent greater than that of the
Lancer pattern. It would appear that this ingenious idea might be
turned to better advantage if it were applied to a shallow tray of
large area, so as to secure a uniform distribution of urine upon the
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mass of litter in the body of the furnace. It is a mistake to
suppose that leading the fumes from the cylinders into the
chimney has disposed of the offence which is inseparable from
the evaporation of urine. A certain amount will doubtless be
absorbed by the soot in the chimney, but that will be but a small
fraction of the whole. Without some means of dealing with the
nuisance, this installation is just as offensive as the Sialkote type,
and it has been shown that strenuous objections are being made
to the latter.

Suggested pattern for Landour. It is advisable to pause here
and, in the light of the practical experience gained, consider the
physics of the means whereby we hope to attain our triple aim,
of (&) maximum evaporation, (8) minimum offence, and ()
minimum fuel expense.

The caloric value of the fuel consumed in incineration is
expended on :—

(1) Evaporation of fluid.

(2) Maintenance of the draught necessary for continued com-
bustion.

(3) Lioss through the chimney of heat in excess of that needed
for dranght.

(4) Lioss of heat by radiation, &ec., from the exterior.

Now (4) is probably a constant, whatever our rate of combustion,
and not worth the cost of prevention by building a fuel chamber
around the furnace. (3) should be capable of reduction to small
dimensions by practical application of sound principles. (2) is
a matter of friction and 1s intimately concerned with the removal
of nuisance caused by the smoke and fumes. If this can be assured,
the extra expense of fuel incurred thereby is well spent. (1) is the
most important hygienic consideration, as upon it depends our
ability to dispose safely of urine.

To return to our aims—

(@) Mazimum evaporation.—The ideal method is that which
sccures an intimate admixture of excreta with a “ matrix” fuel,
which provides the fluid with an enormous evaporating surface in
proportion to its bulk, forms a spongy mass, through the interstices
of which hot air percolates until saturated with water vapour, and
automatically ensures that the fuel cannot burn until its charge of
moisture has been evaporated., If the liquid be separated from the
fuel by enclosure in a boiler, the furnace heat only transmits a part
of its value to the boiler contents, while the remainder roars to
waste up the chimney. The importance of this point is evidenced
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by the fact that, as shown, the matrix-fuel method requires but
62 per cent of the fuel needed by the alternative boiler method.

It was hoped to ascertain, by the model referred to, whether
slow or rapid combustion gave the better result—the rate of
combustion being controlled by differential temperature readings
from thermometers in the furnace interior and 1n the external air.
The records have unfortunately been lost, but it is highly prebable
that slow combustion is the better, and, if so, this affords an
additional argument in favour of the matrix-fuel method, which
works continuously throughout the twenty-four hours.

(B) Minimum of Offence.—This raises some interesting points
for consideration. The only practicable and effective means
evolved so far is that of the litter filter, the efficiency of which
depends upon its extent of surface, the moisture of that surface,
the retardation of the current through it, and the filter being left
long enough to be coated with a carbonaceous tarry deposit. Extra
fuel must be used to overcome the additional friction thus thrown
into the circuit, though this may be lessened by heightening the
chimney.

It is found experimentally that, if the caloric value of the
fuel be utilized to within 5 per cent of saturation point by water
vapour, the remaining energy is sufficient to afford the necessary
balance for meeting friction and loss. At that point water is
progressively deposited in the litter filter if that be placed in an
external chimney. It is obvious that the litter filter must be placed
in the ascending chimney so that the ascent of the hot air on
the distal side of the filter secures aspiration and forced draught
sufficient to maintain combustion. The objection to this is that a
certain amount of water condenses continuously and either has
to be evaporated afresh or else causes nuisance by soaking through
the chimney and running on to the ground. Also the cooling
of the hot air in the interior of the chimney throws extra work
on the furnace, and mght just be sufficient to determine the
equilibrium point at which the fire would be put out if it were too
much damped down at night.

It is proposed to meet both these difficulties by taking the
flue through the heart of the furnace, before it turns to ascend
through a fuel drying chamber on the furnace roof. The litter
filter would then be inserted in a box on the portion of the flue
inside the furnace, the box having an iron door in the furnace
wall. By this means water would condense at once on the filter,
but, once deposited, would be maintained at that amount by the
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balancing forces of condensation and evaporation—with the cooling
action of radiation from the door just turning the balance.
Moreover, the temperature inside the flue would adjust itself
to that of the furnace and energy would thus be economized, with
a consequent lessening of any tendency for the fire to go out.
it is probable that this is not actually necessary, for the Lancer
pattern described worked night and day for twelve months, daring
which time i1t only went out accidentally twice.

() Minimum Fuel Exrpense—This has been sufficiently dis-
cussed under the two preceding headings.

Fuel
dr‘yrng
shed

Feed hole

Landour
partern .|E =

Conelusions.—(1) That the admixture of excreta with matrix
fuel and combustion in a furnace affords the maximum evaporation
of which the caloric value of the fuel is capable.

(i1) That this simple method obviates the necessity for any
accessory means fo evaporate fluids.

(i) That offence can be obviated to a large extent by the use
of litter filters at a small increase to fuel expense.

(iv) That such litter filters are best situated in a portion of
the flue taken through the furnace for that purpose and for the
more certain maintenance of combustion.
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It only remains to remark that the drawing of this type, now
in course of erection, appears in fig. 4 and that its soundness
of principle has been thoroughly demonstrated by experiment
with a 1 ft. cube iron model, which has disposed of 1:25 lb. of
water for each 1 lb. of fuel consumed, and when once heated,
burns quite steadily without extra forceda draught.

(B) Cost oF CONSERVANCY IF INCINERATION IS ADOPTED.

This section, fortunately, can be dismissed in a few words. It
has to be considered from two standpoints, according as the value
of the litter to the grass-farm authorities is, or 1s nof, taken into
account.

(1) Not considering the value of litter to the grass-farm.— Tt
has been estimated that, at Meerut, the cost of conservancy to one
British cavalry regiment has been Rs. 373 per 1,000 strength per
annum less since incineration was adopted.

At Dehra Dun it has been calculated that the cost per annum
per 1,000 strength of native infantry has been reduced by Rs. 216
per annum.

At Ambala it is stated that the comparative costs are ‘about
the same” for the conservancy of British troops by the two
methods.

At Meerut 1t 1s estimated that the establishment of forty-seven
incinerators in cantonments has resulted in an economy of Rs. 4,000
per annum, the population being approximately 12,000, this amounts
to a saving of Rs. 350 per 1,000 strength per annum.

These 1illustrations suffice to show that incineration enables a
definite economy to be effected.

(2) If the value of the litter to the grass-farm be considered.—1t
has been seen that the litter from one British cavalry regiment
amounts to 6,000 1b. per diem. The grass-farm authorities claim
that this litter enables them to surface-trench six acres per annum,
with an increase in the grass crop from 100 to 600 maunds per
annum for eight years. Before this estimate can be accepted, infor-
mation 1s required showing how much of this increased crop is due
to turning over the soil, and how much to the manurial value of
the litter. Until that information is forthcoming it is impossible to
say what the net cost of incineration really is.

(C) EFFECT OF ADOPTION OF INCINERATION UPON MILITARY
EFFICIENCY.
With so many improvements in the hygienic conditions of the
troops in India, and marked advances in the art of preventive
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medicine, it is impossible to allot to any one measure its share of
¢redit for the remarkable diminution of sickness amongst the troops
in India which has characterized the last few years. It is, however,
significant to note the unanimity with which those most directly in
touch with the advances and shortcomings of Indian sanitation—
the divisional sanitary officers—attribute, in their annual reports,
a large share in the diminution of sickness in their respective
divisions to the more general adoption of incineration as a means of
disposing of dejecta. It may well be that only on general principles
are we entitled to that belief, but none the less is that belief in its
turn entitled to credence if based on the application to conservancy
methods of definite knowledge of specific disease acquired by the
accumulated experience of many years of patient research. This
much at least is certain—the sanitation of native units more
especially has left, and still leaves, much to be desired, and the
attention that has been drawn to sanitary conditions (or perhaps
one should rather say to insanitary conditions) by the introduction
of incineration has already had a most beneficial effect in its educa-
tional influence upon the attitude towards sanitary matters adopted

by both officers and men.



QUININE AS A MALARIAL: PROPHYLACTIC:
A CRITICISM.

By Capramy P. 5. LELEAN.
Royal Avmy Medical Corps.

TuHERE are few questions of tropical preventive medicine of
more practical importance than that of the value of quinine n
malarial prophylaxis—an importance enhanced by recent advocacy
of a policy of reliance upon this method of prevention, to the
exclusion or diminution of efforts directed towards reducing mos-
quito prevalence. That policy appears in India to be due largely
to a somewhat enthusiastic representation of the success of quinine
prophylaxis in reducing malarial incidence upon certain jail popu-
lations. One such representation has been circulated by the civil
authorities in pamphlet form, and contains this summary of the
views of its responsible medieal author: “Take quinine regularly
and one 1s absolutely malaria-proof ; neither mosquito campaigns
nor mosquito-nets, nor any other wonderful contrivance or device
to deal with these insects is required.”

Such a dictum on an important and complex problem would be
comparatively harmless if presented only to professional men in a
position to gauge its value accurately; it must, however, be con-
sidered seriously when cited by a non-expert administration as justi-
fying the adoption of a policy so ineffective as to be ultimately as
costly as it is initially cheap. The unfortunate consequences of this
professional hemianopia were prominently brought to our notice in
connection with an appeal for civil co-operation in dealing with the
notorious unhealthiness of a military station, garrisoned solely on
civil considerations. The reply to that appeal consisted of an
expression of the pleasure felt in bringing to the notice of the
military medical authorities a means of malarial prevention so
simple as to render all other measures unnecessary—as shown by
an enclosed copy of the pamphlet referred to above.

A study was at once made to see whether the available data
afforded any support to these extreme views. The observations
then made were so strikingly and unexpectedly adverse to the
claims put forward that they have been revised and extended. The
conclusions drawn from them have confirmed the initial observa-
tions to an extent which leads to the hope that their publication
may prove interesting to those striving to combat what—in the
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light of these data—cannot but be regarded as a policy likely to
prove disastrous to the health of the Army in India. The con-
clusions drawn may be thus impartially summarized in the words
of the Senior Medical Officer of the station referred to above: “1
am greatly disappointed to find that my experience here does not
support my previous ideas about quinine prophylaxis. Everything
was done here last season to give it a chance, and yet I must admit
that it has done little good.”

These data may be dealt with under the headings of jail and
military statistics in India, per mille rates being adopted throughout,
and the latest figures obtainable from official returns being embodied.
The jail rates are those for India and Burmah.

JAIL STATISTICS FOR INDIA AND BURMAH.

A.—Analysis of the General Admission, Death, and Case M. ortality
Rates.

Confidently postulating able medical administration, it was
expected that the prophylactic use of a drug capable of rendering
prisoners ‘‘ absolutely malaria-proof ” should afford striking evidence
of its value when the above rates were charted. As the value of
the method was demonstrated and more widely recognized, its more
general adoption should have been reflected by a progressively rapid
decline in the malarial admission-rate. The charts are reproduced,
and it remains to consider to what extent they represent the actual
prevalence of malaria and the influence of prophylactic quinine upon
that prevalence. (Chart 1.)

If statistics affecting large numbers and extending over a series
of years show, when charted, an unmistakable and well-marked
general tendency, 1t 1s permissible for purposes of demonstration to
bridge by a dotted line isolated years which break the uniformity
of that general tendency. The malarial admission-rate of a jail
population averaging over 97,000 shows during the past twenty
vears a general decline. That general decline is broken by two
rises which, while larger than the actuarial limit of statistical error,
are yet within the limits of seasonal variation. Comparison with
the total-mortality and case-mortality rates makes it evident that
1901 and 1905 are the abnormal years ; they are therefore bridged
and the three curves, thus modified for facility of comparison, are
projected to scale upon the same chart thus (Chart 2) :—

To what extent do these figures indicate the actual prevalence
and severity of malaria ?—Three essential factors are indicated by
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the BSanitary Commissioner as influencing the value of malarial
statistics of the jails. The following attempt is made to gauge their
value.

(a) ““ Great Divergence in Diagnostic Practice.”

CHART 1.—IIndian Jail Stafistics.

General malarial admission, death and case-mortality rate, per mille.
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There is little room for doubt that this factor tends constantly to
augment the malarial returns. In considering the malarial
admissions of a series of years, it is evident that their relation to
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each other is therefore only affected by variations in the degree of
that augmentation. With so large and scattered a population
and so many workers, variations in diagnostic practice should
tend to equalize each other and balance out in the annual returns.

CHART 2.
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N.B.—The bridged years 1901 and 1905 are shown by dotted lines.

That this argument is sound is shown by the table of compara-
tive admissions, for (a) all causes, () malaria, (¢) the alternative
headings under which malarial cases might be returned. It is clear
that any tendency to return malarial cases under alternative
headings would be shown by a marked difference in the normal
ratios of those headings.

{a) 1] (c) AvTERNATIVE HEADINGS
e T —
Pyrexia of Debility
All canses Malaria uneertain origin Influenza and anemia
1900-1904 - 781 im 270 4 117 os 123 5 1%6
19(}5 = s Eﬁl = 13‘2 . ﬂ-'? v e 11‘5 ] 11"]
1906 = - G0 w5 208 e 99 - 59 i 12-5
1907 i e 521 s 191 v i | b 4-9 ci 11-2
1908 o o Gob - 197 o 9-4 - 4-2 - ¢ 11-8
1904 . . 635 - 172 v 10-8 4k 15 2 11-8

Average

1905-1909 o 618 5 190 iia 89 . 56 o 116
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The percentage reductions which have occurred in the figures of
the two quinquennia work out thus:—

Admissions from all causes it i .. reduced to 79-1 per cent.
o for malaria .. i i S o T0-4
o of three alternative headings 19 i 67°4 ks

It is evident that the entries of the combined alternabive
headings have fallen more rapidly than the malarial rate itself, so
that there is no question of their having been inflated. Moreover
their total combined figure is but 132 per cent of the malarial
admissions, and variations must be enormous if sufficient to alter
appreciably the malarial rate.

(b) “Aseribing to Malaria Deaths due to some other Cause.”—
Malaria affords the simplest diagnosis, and easiest treatment, for a
number of grave conditions associated with fever—whether inter-
mittent, remittent or hyper-pyrexial. Conversely, relatively few
malarial deaths appear likely to be ascribed to other causes—such
being certain rare forms of “cerebral ” and “‘algide” varieties,
which are themselves uncommon. Here again we have a factor
with a constantly augmenting influence upon the malaria statistics
and hence one of which the fluctuations, rather than the total
amount, need be considered with regard to the relationship of
individual years of a series. This is supported by the fact that in
some districts as many as 25 per cent of cases of post mortem
examinations on deaths attributed to malaria showed the true cause
of death to have been other than malaria.

Even after making allowances for errors of diagnosis and the
probable limits of statistical error, and after considering Chart 1
as unmodified, there appears no reasonable doubt that the decline
in the malaria death-rates which characterized the quinquennium
1900 to 1904 has not been maintained since 1904. This applies in
greater force to the case-mortality rate which declined from 1900 to
1904 ; rose from 1904 to 1909; and stood in 1909 a few points
higher than 1n 1900.

Statistical logic teems with intricacies and the path of the
statistician with pitfalls, but the conclusions to be drawn from
Chart 2—f its general accuracy be admitted—are so interesting and
apparently conclusive that the path must be followed.

(1) If the total and case-mortality rates both rise and the latter
the more steeply—as shown in Chart 2—it can be mathematically
shown that this feature can only be produced by the association of
two factors acting together. Those factors are (i) progressive
diminution in the malarial admission-rate and (ii) progressive
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increase in the relative tendency to a fatal ending of the malarial
cases admitted. |

These factors need consideration in the inverse order.

Factor (ii.)—Progressive Increase in Mortality among Cases
admitted for Malaria.—Assuming that treatment has not become
less skilful during the last decade, there remain two possible ex-
planations of such an increase :—

(1) That quinine has lost its curative efficacy. This, in turn,
must be due to:—

(a) A larger proportion of quinine-resisting, malignant infections
among the admissions, which, apart from alteration of the normal
ratio by elimination of mild cases from the returns, there is no
reason whatever to believe has been the case, or—

(b) Increased resistance of malarial plasmodia to the curative
action of quinine, of which the reasonable explanation is that
constant use of ineffective ‘‘ prophylactic” quinine has produced
strains of plasmodia habituated to, and thus resisting, that drug.

(2) That mild cases have been eliminated from the returns, thus
artificially increasing the proportion of malignant, resistant infec-
tions among the admissions.

To recapitulate—either prophylactic quinine has actually in-
creased the number of deaths from malaria (by producing quinine-
resisting strains), or else mild cases have been excluded from
returns. The former alternative can hardly be acceptable to the
advocates of this method; 1t remains to see whether the latter
proves so. This brings us to:—

Factor (1.)—Progressive Diminution in the Malaria Admission-
rate.—This may be real or artificial. It has just been shown that,
if the mortality rates be approximately correct, a real diminution
in the admission-rate must have been associated with an increase in
severity, which, in turn, proves unacceptable. The only alternative
is that the diminution must be artificial, and the result of omission
of cases from statistics. It has also been shown that malarial
cases have not been returned under alternative headings; they
must, therefore, have been treated as out-patients and omitted from
returns altogether. This constitutes the third consideration raised
by the Sanitary Commissioner :—

“(¢) Treating Cases of Malaria without admitting them to
Hospital.”

It is evident that admission (and return) of only relatively severe
cases must proportionately raise the case-mortality, while having
but little effect, per se, on the total malarial death-rate, which is
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so largely maintained by those malignant forms on which quinine
admittedly has slight action. It follows that the disparity between
the total and case-mortality rates thus affords a gange of the extent
to which it has been the practice to exclude slight cases of malaria
from the returns. The formula by which our chart may be thus
corrected is simple :—

(Total malarial deaths per mille x 1,000.

| Per mille mortality of malarial admissions.

Malarial admissions per mille =

It having been shown that the rise in case-mortality seen in
Chart 2 cannot be accepted, it is instructive to re-chart the last
quinquennium as it would appear without that rise.
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It 18 seen that, in place of a reduction, there has actually been
a considerable increase in the prevalence of malaria during the past
quinquennium. This alternative, therefore, would not appear to be
any more satisfactory than the former, and the findings on either
count are adverse to the contention that administration of guinine
has rendered the jail population of India ¢ malaria-proof.”

Even if the malaria case-mortality rate be regarded as having
remained constant during this quinquennium, the fall in malarial
admissions shown by Chart 2 could only be associated with a
45 per cent error in the returns of malarial deaths, which cannot
be regarded as possible. So much for the last quinquennium—
what of that of 1900-1904 ? It is apparent that the decline in this
period is an actual decline. It does not, however, necessarily follow
that it is the result of prophylactic quinine, in fact consideration
shows that the evidence points to the contrary. The argument
is a brief one:—

(i) Quinine has least action on malignant infections, to which
are due the greater proportions of deaths.

(i) Therefore the results, if due to quinine, must show a greater



Quinine as a Malarial Prophylactic

fall in admissions than in deaths, associated with a rise in case-
mortality. The chart shows precisely the contrary in each respect;
the fall in deaths exceeds that in admissions, while the case-mortality
rate has fallen also.

In concluding this section, it is as well to refer to the general
experience of clinicians with regard to the relative inefficacy of
quinine in malignant infection, as diagnosed microscopically. This
relative inefficacy is referred to by Castellani and Chalmers.' It is
therefore obvious that the naked merozoites of malignant plasmodize
must be more resistant to curative quinine than the plasmodia of
the benign infections. It would be most difficult to prove that the
same holds good with regard to the resistance to prophylactic
quinine, but, in the absence of proof absolute, we are justified in
assuming that the naked sporozoites do not differ in this respect
from the merozoites. If curative quinine will not destroy the
latter, why should it be supposed to destroy the former ?

A study of this chart suggests that its explanation must lie in
improvements in the general hygienic conditions of the jails, redue-
tion of the mosquito-breeding places affecting the admission- and
death-rates equally, while better housing and food further reduce
both the total and the case-mortalities. Possibly the introduction
of pure quinine, instead of the crude material, may also have
assisted treatment and favourably influenced both mortality rates.

B. Sidelights from the Statistics of Individual Jails.

(@) Instances in which Prophylactic Quinine has been ecxperi-
mentally tried.

(1) Peshawar and Dera Ismail Khan.—These malarial stations
were selected for comparison of the malarial incidence upon groups
of prisoners. The groups were of equal numerical strength and
average physique. Prophylactic quinine was administered to them
in definite amounts, one group having all quinine withheld as

a control.
Malarial admissiona,

Year Men Quinine given Total

1‘ a8 Mil.. n S " uia 25

J 1908 1 53 5 gr. daily o = 49

Podaar | T
L 1909 J 30 b gr. dm]}r - . ]

| 30 15 gr. on two days per 1.!.eek e 1

47 Nul - - o & 26

Dera Ismail 1909 { 47 & gr. daily S - 7

47 15 gr. on two days per wa&k s 2

I« Manual of Tropical Medicine.”
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If the three experiments be summarized, the groups of 130 men
each give malarial admissions per mille for the period of the
experiment as follows :—

Total Per mille
(a) Getting no quinine.. o oa 62 . . 476
(b) Getting 5 gr. daily .. ¢ ac 62 i .at 476
(¢) Getting 15 gr. twice a week m 56 s i 430

It may be assumed that, in view of this being an experiment,
there was no doubt but that the prisoners actually took their
quinine and that it was given in an assimilable form. In spite of
this the reduection in the amount of malaria achieved by this means
was less than 5 per cent, while in the first experiment—made in
a bad malarial year—the adoption of quinine prophylaxis doubled
the malarial admissions.

Possibly the term *‘ absolute immunity ™ is sufficiently elastic to
cover admissions up to 50 per cent of the strength per annum. In
any case, however, the Inspector-General of Jails attributes the
“yelative immunity” to malaria of Peshawar prisoners to other
factors than quinine prophylaxis, to wit—* sleeping in airy barracks
which afford no cover for mosquitoes,” whereas the police, in
adjacent quarters swarming with mosquitoes, give four times the
malarial admission-rate of the prisoners. It is clear that the
Inspector-General of Jails holds no brief for quinine prophylaxis.

(i) Gorakhpur and Saharanpur.—* Two usually very unhealthy
jails  were selected for a special experiment in prophylactic quinine
in 1908. It is interesting fo compare the total and malaria
admission rates since 1907.

Admissions for all

Malarial admissions other canses

{ 1907 o - 516 s «o 1,015
Saharanpur 1908 o “e 336 = - 856
1 1909 Fi e 238 “s “e 638

Reduction since 1907 by 47 per cent .. 63 per cent

1907 ey s 227 e . 045
Gorakhpur { 1908 ' . 233 - - 770
1909 i e 167 .a .u 408

Reduction since 1907 by 26 per cent .. 47 per cent

It is evident that the general hygiene has improved in these
jails to such an extent that the total admissions from all other
causes than malaria have diminished more rapidly than those for
malaria—in Saharanpur to the extent of 16 per cent and in
Gorakhpur to the extent of 21 per cent.

There appears, therefore, to be no more logical reason for
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denying the influence of improved hygiene upon the malarial rates
than there is for attributing to quinine prophylaxis the greater
diminution in the admissions from all other causes combined.

(b) Instances in which Prophylactic Quinine has not been used. —
The most striking example of diminution in malaria, which, to
whatever other cause it may be actually due, is certainly not due
to the effects of prophylactic quinine, is that afforded by the
Lucknow jails and the Central Lucknow Jail in particular.

PER MILLE ADMISSION RATES.
Lucexow

AvL Ismiax Jans - =+ - Jairs oF Grove IV
Central District
. et ——— e e e
Malaria E::‘JEEE Malaria mﬂllea Malaria mﬁh‘ﬂ Malaria m‘tgu
1907 1913 .. o2l 270 .. 165 Y28 .. 345 i
1908 197-7 .. 656 83 .. 140 465 .. 828 2515 .. 957

It is seen that, in 1908—the most malarial season for many
years past—the Lucknow Central Jail gave an amount of malaria
which was but 42 per cent of that of the rest of India and only
3'3 per cent that of the jails of the group to which Lucknow
belongs, while the Sanitary Commissioner remarks *“ in this year
(1908) Liucknow district and town suffered severely from malaria,”
so that the local conditions were unfavourable. Certain possible
explanations were considered :—

(i) This is not a snap figure from a small jail—the 1907 rate
was also a very low one, while the annual average strength in 1908
was 1,7535.

(i1) Nor is it due to statistical dexterity—the total admissions
fell by 15 per cent from 1907, they were but 21 per cent of the
figure afforded by the conviets of India in 1908 and there was no
case returned as pyrexia of uncertain origin in either year.

There was, therefore, a genuine and qu1te remarkable freedom
from malaria in a most malarial year and in a malaria-infested
district. To what was that freedom due? ** The jail was three
miles from the city and.the superintendent attributes the exemption
from malaria to the general excellence of the hygienic conditions.

: No special anti-malaria measures appear tﬂ have been
adﬂpted and there was no prophylactic issue of gquinine.’

It is interesting to make a comparison between this dictum on
an 83 admission-rate and that on a 2048 admission-rate, 1.e., over
twenty-four times as high: ‘' I can state without hesitation that the
source of immunity, and practically the only source, was the dosage
of every prisoner with quinine 15 gr. per week.” One is tempted to
ask—what immunity ? If a rate of 234 per mille is the expression
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of being absolutely malaria-proof, one also wonders what figure
would represent malaria liability.

If the Lucknow relative immunity were not the result of general
sound hygiene, then it was the result of coincident factors of which
we know nothing, but which are possibly dominant factors. It is
clear that mere opinions are worthless and scientific investigation
of facts is essential. As the Sanitary Officer of the Pindi Division
condenses the matter: “For some years, indeed, investigatory
work 1s more needed than any other form of energy.”

(Since writing the above a communication has brought welcome
indication that this view is also held at headquarters.)

(¢) Seme Apposite Figures from the City Jail of the Particular
Military Station referred to above.

While quinine prophylaxis was being brought to our notice, and
every sanitary canon was being meanwhile outraged by the civil
population in the immediate vicinity of the garrison, the malaria
admission-rate in the city jaill was steadily rising, 18 per cent
in two years.

1907 DMalaria admissions per mille = 245
1908 % iy 7 = 285'1
1909 iy o i = 2055

An interesting light is thrown on these figures by the most
instructive observation—made by no less an authority than the
Director of the Malarial Research Laboratory—that, despite pro-
phylactic quinine, of the prisoners in this jail in the autumn of
1909, the blood of 37 per cent of those examined contained malarial
parasites.

INDIAN MILITARY STATISTICS.

It is a relief to step from the shifting morass of statistical
argument on to the terra firma of established facts, which leads
to the explanation that, but for this solid take-off, the plunge into
the morass would never have been essayed.

The following tabulated information was obtained from stations
in the division in which at least 20 per cent of malarial diagnoses
had been confirmed by the microscope. Of the whole series,
64 per cent of bloods were examined, and of these 62 per cent
confirmed the diagnosis, i.e.,, 397 per cent of the malaria admis-
sions were proved to be malarial. T'hat figure, however, must not
be taken as the final word ; prolonged search, examination of the
visceral blood, and especially a cyto-index, would have converted
many of these negatives into positives.
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Benign parasites.. .. 66T per cent.
Results {I&lalignant parasites .. 286 ,,
Unclassified parasites .. 47 |

It is important to note that the per mille rates given are those
which would have obtained had the admission-rate for the period
of quinine prophylaxis been continued for the year. They have
been adopted as the only means of rendering comparable the vary-
ing periods of prophylaxis which have been adopted in different
stations.

(Quinine was in all instances given in solution, thus obviating
any idea that unassimilable tabloids were used. It was given at
compulsory parades, carried out under regimental orders, and
absentees were reported by the assistant surgeon or medical officer
who administered the dose. In some instances, the medical officer
(as at Delhi) secured that it was not only taken, but swallowed, by
making the recipient answer to his name after taking the dose.
There 1s thus no reason for doubting that the prophylaxis was
maintained.

The dosage and intervals adopted were:—

10 gr. on two consecutive days per week = Delhi, Muttra, Agra and Roorkee.

10,, at three.day intervals .. .. = Bareilly, Delhi and Meerut.

10 ,, at two-day intervals i »» = Dehra Dun,
15 ,, on two consecutive days per week — Dehra Dun.

from which it is seen that a thorough and varied trial was made.

Resvrts oF PropHYLACTIC QUININE OoN MArariA ApMmissioN BRATES
OF SOME STATIONS IN THE TrHE Divisiox, 1w 1909,

ot s Admissions
station Strength oyl prophylaxis  (Getualy)  Permillefors year
Bareilly " 1,024 - 60 . = 148 = 878
Dehra Dun .. - 625 s 120 o 140 «is 672
Delhi .. o o 497 S5 270 o 370 w1008
Muttra i s 488 e 150 o 14 e 73
Roorkee i o 308 e 90 . 69 < 908
Meerut o2 i [ . 60 e 186 . 960
Agra Fort .. S 350 L 270 ‘e 251 .» 1,088

These figures were so opposed to one’s preconceived ideas of the
value of quinine prophylaxis, and present so overwhelming a case
against its use, that hesitation was felt in accepting them. It was
feared that our precautions must have left some loophole for error,
and hence it was decided to collect similar data for another year as
a control.

It was also noted that Muttra was the only station in which
the results were acceptable as conforming in any degree to our
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expectations. Muttra reported, moreover, that the regiment there
had spent considerable sums on the surface drainage of the station,
while prophylactic quinine had not only been administered to the
men, but to all families and followers, even including private
servants in officers’ bungalows. That note was communicated to
the other stations, and Roorkee replied that they had experienced
far better results since they had adopted similar thorough measures.
It was thus felt desirable that the controls for 1910 should be
carried out on similar lines, including the administration of quinine
to all followers and their children, both in the lines and as far as
possible in the bazaars also.

It is important to add this most relevant remark, by the Senior
Medical Officer at Muttra, re the energy spent on surface drainage
and anti-mosquito measures, “ . . . the paucity of mosquitoes
was noticeable.”

Another important point which i1s brought out is that the
benign malarial parasites formed 66°7 per cent of the total malarial
parasites found in the blood of men taking prophylactic quinine
regularly. This 1s, perhaps, the most significant fact that we have
to face.

ReEsurTs oF PROPHYLACTIC QUININE ON DMALARIA ADMISSION RATES OF SOME
STATIONE IN THE TTH Iivision mw 1910.

Admissions per mille

Station Do Hixia  Per amnum-i¢ rate of e g e o
Delhi A 230 i TH6 o 56 per cent .. 78 per cent
Roorkee .. 141 5 315 £ 03 b s 1 | o
Muttra .. 140 L G35 o a6 i S i
T T 639 AT gl

Note 1.—0One Native Infantry Regiment at Delhi gave admis-
sions for malaria at the rate of 1,071 per mille for the prophylactic
period of 214 days.

Note 2.—Quinine was administered in solution in all cases as
follows : Delhi and Roorkee, 10 gr. on two successive days per
week under the supervision of the medical officer at Delhi, also an
extra 5 gr. was given on the intervening days of the worst period
(vide infra). Under the supervision of an assistant surgeon all
followers and children were given equivalent doses, and at Roorkee
those in the bazaars as well as those in the lines.

Muttra.—Fifteen grains once a week to all strength and
followers. The Senior Medical Officer remarks, ““ I sometimes saw
it made up, and always saw it administered, while I invariably
looked for iridescence in the mixture before it was administered.”
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Agra.—Ten grains on Thursdays and Sundays, which was
changed during the worst period for a daily dose of 5 gr. Followers
were similarly treated from July 14 to October 9, while children got
from 3 to 5 gr., both in the lines and bazaars.

There appears no doubt that every means was taken in these
stations to secure the success of this method of prevention.

Note 3.—The increase in the percentage of benign parasites in
the blood of the persons so dosed with quinine is noted specially.

Note 4.—The percentage of cases returned as “ initial attacks”
is very high, but, pending adoption of the malaria case-sheets
recently ordered, this value is only of relative importance. The
percentages worked out thus: Delhi, 91 per cent; Roorkee, 82 per
cent ; Muttra, 22 per cent ; Agra, 56 per cent.

Generally 1t may be remarked that these extended observations
fully confirm the approximate accuracy of those of the previous
year. The hope that more universal dosage of followers with
quinine would produce results elsewhere comparable with those
obtained at Muttra, has proved vain—in fact, Muttra, in spite of all
its zeal, shows an admission-rate which has risen from 73 to 635
per mille since the previous year.

Measures have been organized by the Principal Medical Officer
of this division to ensure complete returns of similar data, which
will be available at the end of the present year. Meanwhile he is
of opinion that the first figures and their controls are so obviously
confirmed and so universally important that they should not be
withheld longer.

In considering their bearing and significance, it will be better to
concentrate on one station—Delhi—which will give ample material
for careful consideration and anxious thought.

Delhi.—(1) Has quinine been taken ?

(@) With regard to the troops—yes. It has always been
administered in the presence of the medical officer, who has made
each man answer his name after taking the dose into his mouth.
Absentees from the quinine parades have invariably been reported,
and with rare exceptions brought up for their dose next day.
Quinine has been given in various ways: on two consecutive days
per week, every third day, every day and, finally, small daily doses
combined with larger doses twice a week.

(b)) With regard to followers, there has been difficulty. It is
not an easy matter to get at the purdah families, but a determined
attempt has been made, and it has proved generally successful by
mingled persuasion, tact, and threats of eviction. The punkah
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coolies have proved intractable however—they refused to take
quinine ; the contractor could not replace them with men who
would take it; 50 per cent of them had enlarged spleens. Capital
probably will not be made out of this fact when we come to con-
sider the presence of malarial parasites in the blood of those who
undoubtedly were getting quinine.

(2) Value of the statistics.

The opinion of the Senior Medical Officer—quoted on p. 464—
shows that he brought to the study of this matter a belief in prophy-
lactic quinine, and his confession of disappointment adds point to
the statement that everything was done to make it a success, as
well as to the guarded admission that it has done little good.

Overwhelming as the admission-rates in the above tables appear,
they do not represent anything like the full extent of malarial
prevalence. In 1909, the malaria admission-rate for the British
garrison of Delhi amounted to 1,144 per mille, but there were also
181 admissions for *‘ pyrexia of uncertain origin,” which shows that
no clinically uncertain cases were returned as malaria, while over
half the cases were proved by microscopic examination to have
parasites in their blood. To the above enormous rate we have to
add the malarial attacks treated without admission to hospital.
For the whole of India the Sanitary Commissioner in 1909 gave the
ratios as respectively 202 : 96, while in Delhi itself in September of
that year an independent observer (Lieutenant-Colonel P. Hehir,
I.M.S.) reported that ‘“‘It is considered that detentions to actual
admissions are as 8% :1.” The former estimate makes the malarial
attacks 1,700, and the latter makes them 4,000 per mille per annum.

(3) The relation between the relative amounts of malaria and
prophylactic quinine is best shown by the following chart for

1910 :—
CrarT 1V,

Malarial Jan, Feb. Mar. Apf. May June July Aug. A .
per mille_rate i S “-5"1 ug- Sep. Oct. Nov. Dec.

120 r g
100 - — Sy
80 I B s

a0 e p
a0 — S S N
* o -
20 b
[ Jﬂ -
Malarial admissions 45 59 44 6 20 94 54 28 72 (27 0/ 96
Quinine - gr. X tfwice weekly.

Quinine - gr. V daily, extra

(4) The malarial conditions characterizing Delhi Fort.
It is fortunate that these have been investigated by two quite
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unbiased observers, whose standing is sufficient authority for their
findings. One was Lieutenant-Colonel P. Hehir, I.M.S., and the
other Lieutenant-Colonel J. R. Adie, I.M.S., both specially selected
for malarial investigation work. The data and quotations in this
section are from the reports of these officers.

September, 1909.—Anopheles larve were found in each of
twenty-nine bela pools examined; the imagines were carried
thence into the fort by the prevailing wind.

Of the Myzomyia culicifacies captured in the fort, 35 per cent
harboured malarial parasites.

Of the followers’ children in the casement quarters, 58 per cent
of those examined had malarial parasites in their blood.

November, 1910.—Of the followers’ children in the fort, 43 per
cent of those examined had malarial parasites in their blood.

Of 150 men of the garrison doing duty and not on the sick list,
“ More than a fourth are carrying about malarial parasites in spite
of the large amount of prophylactic quinine that they are taking.
It iz a most interesting and surprising investigation.” “It seems
to me that, pending nnprovements of drainage, you must go in for
more and more efficient mechanical protection. I doubt if you can
give much more prophylactic quinine and expect the men to do
their ordinary round of duty.” In other words this means that
quinine prophylaxis has hopelessly broken down and that, if pressed
further, it will break down the garrison also—truly an inspiriting
expert opinion for the advocates of this method to ponder upon!
So far as this series of observations is concerned, quinine prophy-
laxis not only fails to justify ifs ambitious claims of rendering
persons “ absolutely malaria-proof,” but is very hard put to it for
ground which will even justify 1ts existence.

Quahty of the quinine used during the periods under review.—
This appears to be the only avenue of retreat left open; it must
ruthlessly be closed. Not only did these men get quinine, but
they got quinine of excellent quality.

The first thought on scrutinizing the statistics for 1908 was,
that some impure article had been substituted for quinine. Silence
was maintained as to these suspicions until later, when the extended
observations were well under way. The Senior Medical Officers of
the four stations chosen were then asked to personally take samples
from the stock bottles actually in use and forward them, securely
sealed, for analysis. They kindly took these samples and adopted
full precautions as requested.

The full results had better be appended as showing the general
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accuracy and completeness of the analysis. Owing to limitations
of the laboratory, only three samples and the standard could be
tested at the same time. The samples thus analysed were from
Delhi, Muttra and Agra.

The quinine sulphate was separately estimated by acidimetric
and gravimetric methods. The greatest difference in the results by
the two methods was 06 per cent, and the gravimetric result was
higher in each case. The mean of these two estimations is given
in the appended table of results.

RESULTS oF ANALYSES oF THREE (JUIKISE SAMPLES.

Standard Sample I. Sample 1L Eample T11.
Quinine sulphate G cxe. OT000 .. 9840 .. 974D .. 765
Cinchonidine s e e i 14 .. AR ‘18
Quinoidine and Cinchonine .. trace .. ‘05 .. trace .. trace
Ash.. s " o o 1 [ L AR a5 .. -3
Water s 4 3 o LU 290 .. 250 .. 2-45

100:47 .. 10050 .. 100:28 .. 10050

It is seen that the analytical error in no instance amounted to
as much as 1 per cent ; the variation in the result is probably largely
due to difficulty in obtaining absolute accuracy by the gravimetric
method.

Lastly, what evidence 1s there of the effect of the administra-
tion of prophylactic quinine upon the amenability of subsequent
malaria to the curative action of that drug ?

Statistics have been kept which show the relapses occurring
among a total of 1,053 malarial patients who attended hospital at
Meerut for three months subsequent to their discharge. During
that period they received 15 gr. of quinine on two days per week.
The drug was administered in solution and in the presence of an
assistant surgeon, who kept a roster of these men and strictly
enforced their regular attendance. It is unfortunate that the infor-
mation cannot be expressed in precise terms of the per mille rate
of relapses per annum among these men. We do not know what
the mean daily strength was exactly, but it must have been approxi-
mately 170, for the eighteen months during which the results were
kept. In that period there were 734 recurrences among these men
—i.e., at the rate of 489 per year. It is, of course, obvious that this
1s but an approximate calculation—but it shows a per mille per
annum attack rate among these men of no less than 2,876, which
affords a considerable margin for error without losing its startling
character.

Within comparatively recent years it has been taught that the
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action of quinine upon malarial parasites was so certain that
quinine could be relied upon for clinical diagnosis. Was that
teaching correct? Has quinine lost that specific curative action?
If so, 1s that loss due to changes in the resisting powers of the
parasite? If so, has the parasite become quinine-fast? If so, 1s
that in any degree the result of constant habituation to small doses
of quinine given prophylactically? These are questions of the
utmost practical importance, and, moreover, of an urgent import-
ance. They are questions to which everyone who has the health
of the Army in India at heart wants an authoritative answer.
They are questions compared with which those of the time, energy,
and money spent on quinine prophylaxis sink into relative
insignificance.

In submitting this eriticism it is not suggested that quinine
prophylaxis, if properly safeguarded, has no value under any ecir-
cumstances ; but it 1s essential that a protest be made against the
one-sided view, that in the wholesale administration of prophylactic
quinine we have a simple and royal road to malaria prevention,
warranting the withdrawal or omission of all other measures. In
the light of the foregoing data, no more dangerous doctrine than
this could be advocated, yet its advocacy by their medical advisers
has been seized upon by the civil administration as an argument
for abandoning more radical measures. It is hoped that this
critical analysis of official statistics may draw attention to a most
important matter, and enable some of the facts concerning it to
be seen in their proper perspective.



AN OUTBREAK OF PARATYPHOID B FEVER IN
MALTA.

By Masor M, H BABINGTON.
Royal Army Medical Corps.

TowarDs the end of August, 1910, there was a sudden outbreak
of fever in the 1st Battalion Suffolk Regiment. The outbreak was
preceded by a few isolated cases earlier in the year. The first case
was admitted to hospital on May 29, 1910, from St. Andrew’s
Barracks. He was discharged to his barracks on July 25, 1910,
his excreta having been examined and found free from infection.
Sixteen days after this patient’s discharge, Private L., the second
case, felt 1ll. The intervals in days between the return of the first
case to barracks, and the onset of the disease in the succeeding
cases, 1.e,, the second to the fourteenth in the series, were as
follows : 16, 25, 29, 30, 31, 32, 32, 31, 33, 83, 34, 86, 51. All the
cases but one came from the Suffolk Regiment occupying St.
Andrew’'s Barracks, the exception was Case No. 11, who belonged
to the King's Royal Rifle Corps living in the adjoining St. George's
Barracks.

The table below shows the cases in the order in which they
were admitted to hospital. The temperature charts are those of
some of the cases in which the bacillus was found in the blood.
The number on the temperature chart refers to the number of the
case in the table.

CriNicAaL NoTES oN THE CASES.

Case No 1.—Private D. resembled an ordinary mild enterie.
Blood culture 5 c.c. in ox bile remained permanently sterile.
There was no diarrhcea. Kpistaxis was noticed on the fifth and
eighteenth days. Convalescence was protracted by a weak and
rapid heart.

Case No. 2.—Private L. felt remarkably well during the attaclk,
the only symptom being headache during the first few days. For
four days the pyrexia was continuous. For the remaining eighteen
days temperature was intermittent, never rising much above
1115 il o

Case No 3.—Private F., practically the only symptoms were
slight headache and malaise. The temperature seldom exceeded
100° F., and was intermittent throughout.
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Case No. 4.—Private P. was similar to No. 3.

Case No. 5—Corporal B. admitted on the fourth day of his
disease with a herpetic eruption on the right side of his mouth.
He suffered from persistent headache for some days, otherwise
no special symptoms.

CASE N& 7.
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Case No. 6.—Private K. Temperature 102'8° F. on admission.
Had been ill for three days before coming to hospital. Had
irregular intermittent fever for nine days. The only symptoms
were headache, retention of urine, and pain over liver.
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Case No. 7.—Private N. after admission became rapidly delirious
and semi-conscious. Abdomen distended, and face cyanosed. Began
to improve on sixth day. A very profuse rash appeared on eighth
day. Thrombosis of long saphenous vein supervened on the
twenty-second day. The rash was composed of spots resembling
enteric spots. See chart, Case No. 7.

Case No. 8.—Private T. became delirious on the seventh day of
his 1llness. Hamorrhage from the bowel occurred on the eighth,
tenth and twelfth days. The h@morrhage on the twelfth day was
very profuse, leaving the patient almost pulseless, and necessitat-
ing the use of subcutaneous saline infusions. This was the only fatal
case. See post-mortem report and temperature chart, Case No. 8.

Case No. 9.—Serjeant S., a mild case. Rash, which was scanty,
appeared on the sixth day and resembled a typical enteric rash,
After the first few days patient had no symptoms.

Case No. 10.—Private H., a moderately severe case admitted on
the first day of the disease. Felt perfectly fit on the day before
admission. Suffered from severe pain in the muscles of the back
on the fifth, sixth and seventh days. Had epistaxizs on the first
and tenth days. Nunerous rose spots on abdomen. See tempera-
ture chart, Case No. 10.

Case No. 11.—Private T.; this was the only case not belonging
to the Suffolk Regiment. The diagnosis was based on the serum
reaction, and on the recovery of the bacillus paratyphosus B in the
feeces. A very mild case. Pyrexia, remittent in type, lasted only
five days.

Case No. 12.—Corporal A., diarrhcea on admission, afterwards
retching and vomiting. Very numerous rose spots appeared on
the third day of the disease. A mild case.

Case No. 13.—Private G., the mildest case in the series. Ad-
mitted on the first day of his disease with a temperature of 102° F.
On the three following days temperature rose to just over 99° F.
Only symptoms were thirst and slight abdominal pains. Serum on
the third day of the disease in a 1 in 10 dilution was negative to the
paratyphoid strain isolated from Case No. 10; but on the ninth day,
i.e., five days after his temperature had become normal, the serum
in a dilution of 1 in 320 completely agglutinated the same strain.

Case No. 14 —Private C., practically the only symptoms were
pyrexia and epistaxis. Bee temperature chart, Case No. 14.

DiacNosIs.

In seven cases the diagnosis was made on the result of the
blood culture. In the remaining cases the diagnosis was based on



M. H. Babington 5

the serum reactions. (See Table.) The strain of paratyphoid B
bacillus used for this purpose was that isolated from Case No. 10.
This strain proved to be quite reliable for this purpose. Normal
serums in a dilution of 1 in 10 failed to cause any agglutination
with emulsions of this bacillus, and serum in a 1 in 20 dilution
from undoubted cases of enteric fever caused only incomplete
agglutination. Since this epidemic I have put up numerous
samples of serum with emulsicns of this bacillus but have never
found one to agglutinate it. For statistical purposes only the seven
cases from whose blood the bacillus was isolated were returned as
paratyphoid B fever.

PosT-MORTEM NOTES.

Extract from post-mortem report of Case No. 8. * The mucous
membrane of the duodenum and jejunum appears healthy, but in
the 1leum the intestinal wall is thin and atrophied. Peyer’s patches
are very distinet but show no signs of inflammation or of ulceration.
The large intestine is intensely inflamed throughout its whole
length. The mucosa is deep red in colour and studded thickly from
the ileocecal valve to the anus with innumerable ulcers varying in
size from a pinhead to a sixpence. The ulcers are largest in the
cecum and the necrosis is here very deep, extending to the
peritoneum. The mucosa of the cecum is almost completely
destroyed by ulceration, what remains is of a greemish colour and
appears to be gangrenous.”

DETAILS A5 TO PREVIOUS INOCULATION AGAINST ENTERIC FEVER.

Case No. 5.—Received the following doses of antityphoid
vaccine.

November 7, 1907, 0°45 c.c.; November 22, 1907, 1'0 c.c.;
March 29, 1910, 0°5 c.c.; April 16, 1910, 1-0 c.c.

Case No. 7.—Was inoculated with only one dose at Woolwich,
in 1907.

Case No. B.—A fatal case. Had not been inoculated against
enteric.

Case No. 9.—Had not been inoculated against enteric.

Case No. 10.—Inoculated in February, 1910, receiving two
injections.

Case No. 12.—Had not been inoculated.

Case No. 14.—Received one injection at Woolwich, 1907, also
one injection at Malta, 1909,
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CAUSE oF THE OUTBREAK.

As the cases came from a considerable distance I was unable to
investigate the epidemic on the spot. The regiment had a good
sanitary reputation, in fact, in attention to sanitary detail it was
considered second to none on the island. It will be noted that the
first case occurred in May, and that there were no other cases until
after the first had returned to barracks. This first case was a
married man lhiving in quarters; on his return to barracks he was
in no way concerned in the preparation of food; so that it is
difficult to imagine in what manner he could be responsible for the
outbreak. A spot map showed that the cases came from no par-
ticular room or block of buildings. The fruit contractor to the
regiment was discovered to have his fruit stored outside of
barracks in a very filthy room, in which he also kept pigs. This
was considered to be the source of infection from which the disease
originated. Many of the patients, however, did not eat this fruit.
Several of them stated that they had never eaten fruit in Malta.
The fruit therefore could not have been an important factor in
disseminating the disease. The barracks have a water-carriage
system of sewage disposal. The water supply is that known as
the Wigancourt and was being used without bad effects by several
units, moreover for six months before the outbreak all drinking-
water had been boiled.

BACTERIOLOGY.

Blood cultures were made from nine of the cases. From seven
of these the paratyphoid B bacillus was isolated—two of the eul-
tures remained permanently sterile. The method employed in the
majority of the cases was as follows: 10 c.c. of blood was withdrawn
by means of an antitoxin syringe from a vein at the bend of the
elbow, and introduced into four test-tubes, each containing 12 c.c.
sterile ox bile. One cubic centimetre of the blood was put in the
first tube, 2 c.c. in the second, 3 c.c. in the third, and 4 c.c. 1n the
fourth. After about sixteen hours at 37° C., agar slopes were
inoculated. Hanging-drops made about six hours later from the
agar slopes showed numerous bacilli when the blood culture was
successful. In two cases the method of adding 2% c.c. of blood
to 250 c.c. of sterile water was tried, and in both cases successful
results were obtained, but more time was required than with
samples of the same blood in ox bile.

The biochemical reactions of each culture were then examined,
and a diagnosis made. By this means it was possible to say thirty-
four hours after making a blood culture that the cases were not enterie,
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and at the end of three days, when the litmus milk had become
definitely alkaline, the cases were diagnosed paratyphoid B fever.

In October, 1910, Major W. S. Harrison wished to examine the
culture isolated from the blood of the fatal case. I was fortunately
able to accede to his request for a sub-culture. This he examined,
and found it to be paratyphoid B. All the cultures but one which
was being frequently sub-cultured for use in the laboratory
gradually died out. This one was obtained from Case No. 10 in
- the series, and has been sub-cultured on agar at intervals of a month
since it was first isolated.

After reading the articles which have appeared recently in the
JOURNAL oF THE Rovarn Army MEepican Corps, I thought it
advisable to have an unbiassed opinion on this bacillus. I therefore
sent a culture of this organism, isolated from Private H., Case
No. 10, to the Royal Army Medical College, giving no information
as to its source, and requesting that I might be informed whether
it was paratyphoid A or B. This investigation was ecarried out by
Major S. L. Cummins, whose report I append.

“ REPoORT BY MaJor S. L. ComMINs o CULTURE SENT BY MAJOR
BABINGTON FROM MALTA—SOURCE NOT STATED.

“ Morphology.—Short motile bacillus ; negative to ‘ Gram.’

“ Cultural Characters.—Forms acid and gas in glucose, mannite,
maltose, and dulcite ; no change in lactose, cane sugar, salicin, and
inulin. Litmus milk, in twenty-four hours, slightly acid; in three
days, alkaline. Indol nil, or slight trace in nine days.

““ Agglutination.—Unaffected by paratyphoid A serum (Lister) ;
agglutination complete to ;15 (one hour), with antityphoid serum
(Burroughs Wellcome and Co.).

“ Absorption.—It removes from a typhoid serum the group
agglutinins affecting paratyphoid B ; and paratyphoid B removes
from a typhoid serum the agglutinins affecting the ‘ No. 10’ strain.

“ Further Tests.—(1) A rabbit immunized against the ‘No. 10'
strain developed agglutinins for both ‘No. 10’ and paratyphoid B.

“(2) A rabbit immunized against paratyphoid B, agglutinated
both paratyphoid B and the ‘ No. 10" bacillus.

“(3) The ‘No. 10’ strain absorbed all agglutinins both for
Paratyphoid B and the ‘ No. 10’ strain.

““ (4) Paratyphoid B absorbed all agglutinins both for ‘No. 10’
bacillus and paratyphoid B.

“Tests ‘3" and ‘4’ were carried out with both sera,.

“There is no doubt that ‘No. 10’ strainis a true paratyphoid B.”

e —— e ————

John Bale, Sons & Danielsson, Ltd., 33-91, Great Titchfield Street, London, W.






FURTHEER INVESTIGATIONS ON THE USE OF
SALVARSAN IN SYPHILIS.

By Maror T. W. GIBBARD, Masorn L. W. HARRISON axp
LirvuTeranT A. S. CANE,

Royal Aviny Medical Corps.

SUFFICIENT has been written by ocurselves and others to show
that salvarsan has a more rapid effect than mercury on the
symptoms of syphilis and that it almost always suecceeds where
mercury has failed to arrest the progress of syphilitic lesions. We
have also shown by its effect on the Wassermann reaction and in
causing Spirochete pallide to disappear from such lesions as
chancres and condylomata that it is not merely a symptomatic
remedy, but a specific one, and that in this respect its action is
much more intense than that of mercury. Though we have
recognized, with everyone, the very great advantage which would
acerue 1if salvarsan could completely replace mercury, and our
investigations have been directed towards ascertaining if this is
possible, our results have not so far ]ustlhed us in saying that
treatment by salvarsan alone is sufficient to insure the recovery of
every case of syphilis. As we have mentioned in previous papers,
we have tried the effect of one injection, intramuscular or intra-
venous, two intravenous and four intravenous injections respectively
on successive groups of cases, our aim being to find the simplest
and most effective method of using salvarsan. Some clinical relapses
have occurred, however, in each of the four groups and in more
cases the Wassermann reaction has either remained persistently
positive or has again become so after being converted to negative,
so that we cannot say we have yet succeeded in discovering a
method of using salvarsan which will invariably insure the destrue-
tion of every S. pallida in the patient’s body.

As 1t seemed to us probable that relapses after salvarsan treat-
ment were not due to the generation of salvarsan-resistant strains
of 8. pallida, seeing that further treatment of relapse cases
with this remedy was just as effective as in the first instance, and
and as we inclined to the belief that the first injection of salvarsan
did not reach every parasite on account of some being buried in
thrombi, &c., we determined to try the effect of an initial full dose
of salvarsan followed by nine injections of mercurial cream and,
lastly, another full dose of salvarsan. Our object was to destroy
every S. pallida which could be reached by salvarsan and to
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commence a process of repair in sclerosed areas; to keep up a
constant attack with mercury on the previously buried parasites as
they became exposed by the vascularization of thrombi, so as to
prevent them from causing any more scleroses, and, finally, to
destroy them with salvarsan. We have treated eighty-five cases in
this manner, but though no relapses have occurred in this group,
sufficient time has not yet elapsed to enable us to compare it fairly
with others.

Other workers, notably Gennerich and Neisser, recommend the
combined use of salvarsan and mercury, and it seems very probable
that a method of treatment on these lines will be that adopted in
future.

We propose in this paper to indicate, as far as we are able at
present, the effect which the more general use of salvarsan is
hkely to have on the treatment of syphilis in the Army, to mention
some points of importance in the technique of administration and
to outline a preliminary scheme for the management of cases
treated with salvarsan.

Regarding the effect which salvarsan is likely to have on the
treatment of syphilis, it 1s necessary to compare the bebaviour of
this disease under purely mercurial treatment with that when sal-
varsan is used, either alone or in combination with mercury, as
above mentioned. For this purpose we have examined our notes on
such of our cases as had received no treatment whatever up to the
time of the first injection of salvarsan and were subsequently kept
under observation for four, six and nine months respectively, and
have recorded 1n each case (a) whether any recurrence of
symptoms occurred after the lesion for which the patient was
adimitted had healed, and after what interval from the date of the
first injection ; (b) the average length of stay in hospital on first
admission, and (¢) the average length of stay in hospital on
re-admission for relapse. We had eighty-eight cases under observa-
tion for four months, seventy-five of these were under observation
for two months longer, and forty-five of these were observed for
nine months in all. In every case the diagnosis was absolutely
assured by combined clinical and laboratory examination.

For comparison with the behaviour of these salvarsan cases,
we chose at random eighty-eight recent syphilis case-sheets of
patients, treated with mercury only, and extracted from them similar
particulars relating to a period of four months; from the first
seventy-five for a period of six months and from the first forty-
five for a period of nine months.
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The result of the examination 1s shown in Table I, from
which it will be seen that the salvarsan cases not only suffered
considerably less from recurrence of clinical signs, and con-
sequently spent a much shorter total time in hospital, but enjoyed
a much greater interval of freedomm between the first and any
further outward manifestations of the disease.

TABLE I.—To ILLUSTRATE THE EFFECT OF SALVARSAY axD MERCURY RESPECTIVELY
IN PREVENTING oR PostroniNG THE RECURRENCE OF ACTIVE SIGNS IN SYPHILIS.
= Tatal Average Avernoe
=z | - : Average | GO
R ) ryY
Cases under | ¥ 5 | g, oo | Relapsed | Relapsed | rurl;:::.h{:cr..tf‘ "]E‘L::ﬂ | duration 'l"r:;:_“,'?“"f
observation | = = '-1'il§.i.|| between | between | 1.1'.iLII:I|i:|: lh-1,1.1: Nan of stay in [Fre }‘“?'1[ -
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| !

* Each of these numbers is included in those above it in the same column.
1+ Average caleulated from all available cases, viz., 11.

i e % ,» the 75 cases which relapsed.

It 1s not sufficient, however, that we should merely state the
bare numbers under each of the headings we have mentioned;
to obtain a correct estimate of the different effects of the two
methods of treatment it is also necessary to give particulars of
the treatment administered, especially 1n the case of those
patients who were treated with mercury. The result of our
scrutiny showed the following :—

I. (4) Of the B8 cases treated with mercury and observed for
four months:—

(1) Sixty-mine were treated with regular injections of mercurial
cream (Hg. gr.i in each), salicylate of mercury (gr.1'5 in each),
or partly calomel cream (Hg,Cl, gr.i in each) and partly
mercurial cream, and 52 of these relapsed at the following

periods :—
1 after the 3rd injection 3 after the 8th injection
9 g et = R andth o,
211 R L & 2 IR i
11 A 5 I ey 18th

{i » " ?th ry
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Of those cases which relapsed subsequently to the sixth
injection, in 8 the first course consisted of 6 injections only ; of
those which relapsed -subsequently to the seventh injection, in
1 the first course consisted of 7 injections only; of those
which relapsed subsequently to the eighth injection, in 2 the
first course consisted of 8 injections; with these exceptions all
who relapsed subsequently to the ninth injection received 9 weekly
injections in the first course.

The 17 cases under this heading which did not relapse within
four months were treated as follows during that period: 2 had a
course of 6 weekly injections, a rest of four weeks and then 4
more injections; 10 had a course of 9 weekly injections and no
further treatment till the end of the four months: 1 had a course
of 10 weekly injections and no further treatment till the end of the
four months; 1 had a course of 11 weekly injections and no
further treatment till the end of four months; 2 had a course of
9 weekly injections, a rest of four weeks and 2 fortnightly injee-
tions; 1 had a course of 9 weekly injections, a rest of six weeks,
and 1 further injection.

(2) Five cases were treated with inunctions only, and all
relapsed within the four months. Particulars of their treatment
up to the date of relapse were as follows: 1 had received 12 out
of a course of 42 daily inunctions at the Royal Herbert Hospital,
Woolwich: 1 had received 15 inunctions at Windsor; 1 had
received 26 daily inunctions at Woolwich, was transferred to
another station, and treatment omitted till he relapsed two months
later ; 1 received 40 daily inunctions at the Royal Herbert
Hospital, was recommended * two months’ interval,” and relapsed
eight weeks later; 1 had 42 daily inunctions at the Royal
Herbert Hospital and relapsed five weeks later.

(3) The remaining 14 of the 88 cases were treated partly
by inunctions and partly by injections, and 11 of these relapsed
after receiving an average of 15 daily inunctions and 4 weekly
injections.

The 3 cases which did not relapse within four months
received treatment as follows during this period : 2 had 40 and
42 inunctions respectively at the Royal Herbert Hospital, a rest
of four to six weeks, and then 4 injections; 1 had 12 inunctions
in South Africa and then 6 weekly injections.

(B) Of the 75 cases which were treated with mercury and
observed for six months, 63 relapsed within this period ; the
treatment of 57 which did so within four months has already been
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detailed.. The treatment of the remaining 6 cases up to the date of
relapse was as follows: 1 had a course of 9 weekly injections,
and relapsed at the end of the two months’ rest which followed ;
1 had 11 weekly injections and relapsed at the end of two months’
rest ; 1 had 9 weekly injections, two months’ rest and 1 injection of
the second course; 1 had 9 weekly injections, two months’ rest and
2 injections of the second course; 1 had 9 weekly injections, two
months’ rest and 3 injections of the second course; 1 had 42 daily
imnunctions at the Royal Herbert Hospital, six weeks’ rest and 4
injections of the second course.

Of the 12 cases m this group which did not relapse within six
months, 10 received 9 weekly injections, six to eight weeks’ rest and
a second course consisting of 3 to 6 fortmightly injections; 1 had
6 daily inunctions at the Royal Herbert Hospital and 6 weekly
injections in the first course, two months’ rest and 4 fortnightly
injections of the second course; 1 had 12 daily inunctions, followed
by 6 weekly injections in the first course, two months’ rest and then
4 fortnightly injections in the second course.

(C) Of the 45 cases treated with mercury and observed for nine
months, 40 relapsed within six months, and their treatment has
already been detailed. Of the remaining 5 cases, 1 relapsed between
six and nine months and was treated as follows up to the date of
the relapse: 10 weekly injections, six weeks’ rest, 6 fortmightly
injections and three weeks rest ; the 4 cases in this group which did
not relapse at any time during the nine months were treated as
follows: 1 had 9 weekly injections, eleven weeks’ interval, and then
6 fortnightly injections; 1 had 4 inunctions followed by 6 weekly
injections in the first course, two months’ rest, 4 fortmightly
injections, two months’ rest and 1 injection of the third course;
1 had 9 injections in the first course, two months’ rest, 6 fortnightly
injections in the second course, and then a rest; 1 had 9 weekly
injections, five weeks’ rest, 6 injections in the second course, and
then a rest. It will be recognized, therefore, that in the very great
majority of the mercurial cases mercury was given a fair trial.

II. The salvarsan cases were treated as follows: 16 had an
initial intra-muscular injection of 0°6 grm ; all were under observa-
tion for the full nine months, and 2 relapsed within four months ;
1 between four and six months and 1 between six and nine
months : 6 had a single intravenous injection of 0'5 to 06 grm.;
all were under observation for nine months, and 2 relapsed within
four months: 1 between four and six months and none between
six and nine months : 20 had two intravenous injections of 04 to
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(6 grm. at intervals of two weeks; all were under observation for
nine months, and 2 relapsed between six and nine months : 34 had
an initial intravenous injection of 05 to 0'6 grm. followed by 3
intravenous of 0°2 to 0'3 grm. at fortnightly intervals. All of these
were under observation for at least six months ; 9 for at least nine
months; 6 for at least eight months; and 12 for at least seven
months : 1 relapsed between four and six months and 1 between
six and nine months : 12 had an initial intravenous injection of 06
grm., 9 weekly injections of mercurial eream (Hg. gr.i in each) and,
finally, an intravenous injection of 06 grm. salvarsan: 6 of these
were under observation for at least six months and 6 for at least
five months ; none relapsed.

Of the cases which did not relapse, eight were subsequently
given an intravenous injection of 06 grm. salvarsan on account of
the Wassermann reaction being positive. Hxcepting local treatment
to primary sores, this was all the treatment which the respective
cases received.

TAELE II.—To ILLUSTRATE THE EFFECT OF SBALVARSAN AND MERCURIAL TREATMENT

REesSPECTIVELY I¥ PREVERTING oR PosTrowiNG THE OCCURRENCE OF SECONDARY
SysproMs WHEN TREATMEST I1s COMMENCED IN THE PRIMARY STAGE.

1 |
[
Number
Total cases which sab- Pﬁfh?:::t'
Method of treatment under each sequently el Remarks
treatment | developed | _ o d'l.pri =
secondaries | P,
Salvarsan alone or com- 38 2 6.2 *Mine were treated with a
bined with mercury* combined course of sal-
Mercury alone .. =i 38 36 94'8 | varsan and mercury, as
: . mentioned in the text,
[ | |

In order to compare the effect of salvarsan with that of mercury
in preventing the onset of secondary symptoms when treatment is
commenced in the stage of the primary sore we have examined the
notes on thirty-eight cases of primary sore which were treated with
salvarsan, and compared their behaviour with that of thirty-eight
similar cases which were treated with mercury only. The case-
sheets of the latter were selected with two stipulations only : (1)
that S. pallide were found in the sore and (2) that treatment
commenced before the onset of any secondary signs. In each
of the primary sores of the salvarsan series S. pallide were demon-
strated in the sore previously to the commencement of treatment.
All the cases were under observation for at least four months, and
the minimum period of observation was in one of the two mercurial
cases which did not show secondaries. Table II shows the result
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of the scrutiny and demonstrates the superiority of salvarsan. It
should also be mentioned that one of the two cases which developed
secondaries in the salvarsan series first had a recurrence of the
primary sore after transfer to another station, and was put on
mercurial treatment, receiving a course of nine weekly injections,
two months’ rest and four fortnightly injections of the second course
up to the date of onset of his secondary symptoms, which occurred
twenty-five weeks after the sore returned ; so that, strictly speaking,
this is a case where mercury failed to prevent secondary signs.

The treatment of the mercurial cases was as follows: Of those
which did not show secondaries, one had 9 weekly injections
a rest of two months, 3 injections of the second course and then
passed to the Army Reserve; one had 10 weekly injections, 7
weeks' rest, 6 further injections, three months’ rest, 4 more in-
jections and then went to the Reserve; the remaining 36 cases
which developed secondary symptoms did so as follows :—

4 after the lst injection 2 after the 6th injection
e e T Tt s v N
4 s ord 3 3 T = Skh -
g » dth % 13 e lakh i
1 1 1 5th 11 3 53 ,,. 10th iy

I a2 ,» 11th i

The 3 cases which developed secondaries after the tenth injec-
tion had received 9 injections in the first course, then two months’
rest, and the symptoms were noted immediately before the second
injection in the second coarse. The last case had 11 injections
in the first course. In no case did the first course consist of less
than 9 injections. All were treated at Rochester Row.

The salvarsan cases were treated as follows: Of those which
developed secondaries, 1 had an intramuseular injection of 06 grm.,
the sore recurred one month later, and he was put on mercurial
injections as already detailed ; secondary symptoms occurred twenty-
five weeks later.

One had 2 intravenous injections of 04 and 05 grm. at an
interval of two weeks and developed secondaries thirty-four weeks
later.

Of those which did not develop secondaries, 3 had an intra-
muscular injection of 06 grm. and 1 of these was given an
intravenous injection of 0'6 grm. for a positive Wassermann
reaction twenty-six weeks later; all were under observation for at
least nine months : 2 had an intravenous injection of 06 grm.
and were under observation for at least nine months; 5 had 2
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intravenous injections of 04 and 05 grm. at two weeks’ interval,
and all were under observation for at least nine months; 17 had
an initial intravenous injection of 06 grm. followed by three intra-
venous injections of 02 to 03 grm. at fortnightly intervals ; 6 of
these were under observation for at least nine months; 3 for at
least eight months ; 6 for at least seven months; and 2 for at least
six months ; 9 had an initial intravenous injection of 06 grm., nine
weekly 1njections of mercurial cream and, finally, an intravenous
injection of 06 grm. salvarsan; 3 of these were under observation
for at least six months ; 4 for at least five months ; and 2 for at
least four months.

TABLE I1I.—To InnusteraTe THE Errecr oF MeERcURIAL INJECTIONS ON THE
WasserMASY REACTION IN SYPHILIS.

ORIGINAL METOOD i STERN's MODIFICATION
Tested at end of | " I _————— —coo .
‘3",?:::_: Positive | Negative ﬁ:iﬁf& E‘:J’:; Positive | Negative i‘;ﬁﬁ;‘
1st course of 6-9 ; i | ' L
injections i | 66 23 741 39 ‘ 32 | 7 | 82-0
o amallel o N ——
8- weeks || 21 | 15 B Tl 14 11 3 785
and course of i-l_S. | el i | :_ | =
injections 80 48 | a7 587 | 36 | 29 9 | 750
T e | e e | | | e e | ——
2nd interval of ' |
2.3 months 27 19 8 70-3 I 24 23 1 916
| . — — — —
3rd course of 4 | [ = I 5
injections 80 42 38 02-5 46 | 35 11 TG0
%ed interval of | &g ‘ 7| e e
9.3 mounths 34 18 | 16 529 Gl | 18 [ 750
-_L_t.h course of 4 i ' &y i S = :
injections 121 43 78 855 | 90 i 53 87 588
: = — | —r= | -
d4th interval of , : | ! 3 ‘
1.6 months 4l |y 58-5 | 27 17 10 | 629
= | o |
a6h course of 4 _ ; - 3
injections 65 | 23 42 30°3 45 28 17 62-2
Sth interval of FT : : ] g r TN
4 weeks 60 | 16 44 251 4 | 26 18 590
Gth or Tth course & : Iy : | E
of 4 injections 1063 49 66 37°1 71 : AT 24 66-1
Thres ;ﬂ_nt.hs o Ui |
after end of . ; i il
usual period of 170 | 67 103 394 105 | 30 25 P61
treatiment { ) | |
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The behaviour of the Wassermann reaction under mercurial and
salvarsan treatment respectively is shown in Tables III and IV.
No case is included in Table IV which received any treatment
previcusly to the administration of salvarsan.

TABLE IV.—To ILLUSTRATE THE EFFECT OF SALVARSAN ON THE WASBERMARN
REACTION IN SypHILIS, THE PATIENT: HAVING RECEIVED N0 PrEvIOUS TREATMENT.

! ORIGINAL METHOD STERN'S MODIFICATION
Tested at the | ————— ———— —_—
i | Tt | Positive Negative | SeRCSHE | O | Positive | Negative | S
3-4 months. . ; T6 ., A% G4 157 | 66 18 47 | 27-6
6 months ..| 58 16 | M4g | zrs | 48 20 | 2 416
9 months .. 28 10 18 357 | 21 11 | 10 | 528
| | |

The great majority of the mercurial cases had received nine
injections in the first course, so that the end of the first rest
corresponds to three or four months from the commencement of
treatment, six months with the end of the second course, and nine
months with about the middle of the third course. The tables
illustrate the more intense effect of salvarsan and show that the
clinical results do not represent a mere cloaking of symptoms. At
the same time we are quite alive to the fact that an important
percentage of the salvarsan cases remained uncured at the end of
three, six and nine months respectively. Though this may be
accounted for to a certain extent by the fact that Table IV includes
a number of cases treated by intramuscular injection, and we
believe that better results will be shown by those treated on later
plans, the percentage of positive reactions remaining at the end of
the periods stated shows the necessity of including the Wassermann
test in the subsequent observation of cases treated with salvarsan.
The same remark applies equally to cases which are treated with
mercury ; in this connection, we would draw attention to the
results which were obtained by the Wassermann test three months
after the termination of the usual two years’ mercurial treatment,
averaging ftwenty-eight injections, and would take this opportunity
of urging that when patients are treated with mercury alone the
treatiment should be more intense, especially in the early stages.
Our plan is, at present, to arrange for cases which are treated with
mercury alone to have at least forty injections in two years.

Regarding the actual administration of salvarsan, as we men-
tioned in a previous paper, we have discarded the subeutaneous and
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intramuscular methods 1n favour of the intravenous. The sole
disadvantage of the latter method is the reaction which sometimes
follows the injection in a few hours, and we bave tried many plans
of eliminating this. It was at first attributed to the salvarsan, till
we remembered that similar reactions may follow the intravenous
infusion of plain saline. After varying the salt content of the
infusion without success, we noticed Wechselmann’s suggestion
that the reaction was due to micro-organisms in the salt solution
and distilled water. At first sight, this would appear to have little
foundation, seeing that we always antoclaved our solufions at
130° C. for at least twenty minutes previously to using them for
solution of the salvarsan. Wechselmann pointed out, however,
that when the salt solution and distilled water have been prepared
for some days micro-organisms grow in them and that injection
of their dead bodies is sufficient to provoke the reaction. Acting
on this, we commenced to make a practice of preparing the salt
solution on the same morning as the injection, autoclaving it
immediately after preparation, as we judged that bacteria would be
more likely to grow in normal saline than in distilled water.
Subsequently we began to distil the water on the same morning as
the injection and still later we took Merck's purest sodium chloride
into use. The results of these successive changes were as follows :
0Of 32 consecutive cases injected previously to introducing the
changes mentioned, 8 had a rigor ; 26 had a temperature of 100° F.
or over ; 17 vomited. When the salt solution was prepared on the
morning of injection, of 35 consecutive cases, none had a rigor;
15 had a temperature of 100" F. or over; 9 vomited slightly.
When, in addition, the water was distilled on the morning  of
injection, of 25 consecutive cases, none had a rigor; 6 had a
temperature of 100° F. or over; 3 vomited a little and 2 had slight
diarrhcea. When Merck's sodium chloride was taken into use, in
addition to the above, of 35 consecutive cases, 1 had a rigor;
10 had a temperature of 100° F. or over; 4 vomited slightly and
3 had mild diarrheea.

From this it 1s apparent that the preparation of the salt solution
on the morning of injection had the greatest effect in reducing the
number and severity of the reactions and that this was still further
enhanced by the fresh distillation of the water, but that the use
of Merck's sodium chloride had no advantage over that supplied
as pure by the contractors. The patients, being in bed, do not
notice a transient temperature below 102° F., so that subjective
symptoms have been very mild since the changes were introduced.
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It is not a matter of great difficulty to prepare the salt solution
freshly, but we can easily understand that in hospitals not provided
with a still which works rapidly 1t may not be easy to prepare the
distilled water on the same morning. In these cases we would
suggest that the water be distilled into Erlenmeyer flasks, which
have been thoroughly cleansed previously, that the water be
sterilized at once in the autoclave or steamer, or by boiling it for
at least half an hour, and that then the neck of the flask be closed
with a sterile rubber bung and tied over with sterile lint. When
the only means of sterilizing the salt solution is by boiling it for
thirty minutes, it is necessary to remember that this process con-
centrates the solution, and its volume must be made up to the
original with sterile distilled water afterwards. The upper level
of the solution should be marked on the outside of the flask ; there-
fore, before the solution 1s boiled, and this can be done more
accurately on an Erlenmeyer than an ordinary spherical flask.

We have modified the apparatus described in this Journal of
April, 1910, in a few respects and its present form is shown in
the illustration. The glass Y-piece, at which the two rubber
tubes (conveying salt solution and salvarsan respectively) meet,
has been placed much nearer to the two funnels. Each of the
latter has been fitted with a detachable strainer, which consists of
two wire rings, a larger one above to fit outside the rim of the
funnel and a smaller one below to fit inside it, the two rings being
joined by wire stays. A piece of fine muslin is placed over the
mouth of the funnel, and the wire frame then pressed into position,
as shown in the illustration. The funnels are sterilized with the
strainers in position, so there is no handling of strainer cloth after-
wards. A thermometer to register the temnperature of the solution just
before it reaches the vein has also been introduced at window C.
The latter is a glass T-piece, the stem of which is fitted with a
perforated rubber bung through which the bulb of the thermometer
is thrust. The thermometer should be kept in 1 in 1,000 per-
chloride of mercury when not in use and washed free of the
chemical under a hot water tap immediately before being inserted
in the T-piece.

To use the apparatus as it is now arranged, some salt solution
is poured into both funnels, clips 1 and 2 being closed and clip 3
open. The tubing is then held by the needle end as high as
possible above the level of the salt solution, and clips 1 and 2 .
opened. It is then slowly lowered till salt solution begins to flow
from the needle end. Clip 1 is then closed, but clip 2 left open
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till the solution in funnel L (which is intended for salvarsan) has
nearly reached the bottom of the funnel. The needle should be
fitted while the solution is flowing. Clips 2 and 3 are then closed
and clip 1 opened. The dose of salvarsan solution 1s poured into
funnel I, and enough salt solution into funnel R to reach the
100 cc. mark or over. The funnels are raised to a height of 4 ft.

above the level of the operating table, and all slack tubing coiled
into a bowl containing water at about 120" F. Clip 3 should then
be opened and the thermometer watched. The mercury will
probably fluctuate rather widely at first, but will presently become
steady at about 100° F. Clip 3 is then closed, and all is ready for
the operation. When the needle has been introduced into the vein
clip 3 is opened, and the solution in funnel R watched to see that
it is flowing satisfactorily. As soon as this has been ascertained,
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and it is seen that no swelling has formed round the vein, elip 1
is closed and clip 2 opened, and the salvarsan solution will flow
steadily into the vein. It will be noticed that we do not now wait
for blood to appear at the first glass window, but rely on the salt
solution flowing satisfactorily, and the absence of any swelling
round the vein, as indications that the needle has been properly
introduced. In fact, we raise the funnels well above the operating
table from the commencement in order to prevent blood from
Howing back into the tubing. The blood gives no more informa-
tion and might block the needle. It is easy to regulate the tem-
perature of the solution during the administration by adding hotter
water to that in the bowl in which the tubing is coiled, or removing
some of the tubing from the hot water, according to whether the
level of the mercury in the thermometer falls below or rises above
100° F. When the last of the salvarsan solution has passed clip 2
and just appears at the glass Y-piece, chp 2 1s closed and clip 1
again opened. Salt solution is thus allowed to flow from funnel R
till it has replaced the yellow salvarsan solution in window D,
The needle is then withdrawn. The patient should rest in bed
and be kept on a light diet till noon the following day.

We suggest the following scheme of treating syphilis with
salvarsan from the commencement with the full consciousness
that it may require some modification when suafficient time has
elapsed to allow us to judge of its imperfections rather more fully
than at present. We are well aware that some other workers,
notably Gennerich, recommend a much more strenuous treatment,
but while we aim at achieving the highest possible percentage of
cures we desire to do so by the simplest method which is compatible
with that end. So far we have obtained the most satisfactory
results with the scheme of management which we are now advo-
cating, and, as the great majority of Army cases are constantly
under careful supervision, a scheme on more strenuous lines can be
introduced later 1f the suggested scheme be found eventually to be
insufticient, without any harm having happened to the patients.
We therefore recommend the following :—

(1) No effort should be spared to make the diagnosis as early
as possible. This is particularly important in the primary stage,
and we cannot emphasize too strongly the 1mportance of searching
for the Spirocheta pallida, which can be found and the diagnosis
established long before the sorve is indurated. In fact, when indura-
tion has occurred our experience shows that the Wassermann
reaction has already become positive in the great majority of cases,
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and valuable time has been lost. The primary sore should be
treated with vigorous local measures, excision when possible, and
the nse of the thermo-cautery or 30 per cent. calomel ointment in
other cases.

(2) An injection of salvarsan should be given intravenously with
the least delay, and the dose should be the largest which the patient
is likely to stand. Almost every soldier can be given 0'6 grm.
withont fear. Some workers recommend that previougly to the
administration of salvarsan a course of mercury should be given.
Considering the immensely superior effect of salvarsan in arresting
the activity of the S. pallida, we can see no reason for such a
course. In faet, we hold very strongly that the first remedy to
administer should be the one which will at once deliver the most
erushing blow to the parasite.

(3) For reasons we have mentioned above, 1t 1s always desirable
to follow up the salvarsan with mercury, either in the form of
intramuscular injection or efiecient inunction. If the former be
preferred the course should consist of nine weekly injections
(Hg. gr.1 in each), or three of calomel cream (Hg,Cl, gr.  in each)
and six of mercurial cream.

(4) On completion of the course of mercury it is advisable to
administer another injection of salvarsan, giving the same dose
intravenously as in the first instance.

It is difficult at this stage to recommend a definite procedure as
to subsequent observation. On the one hand, we have shown above
by the fact that relapses occur in a certain proportion of cases and,
in more instances, the Wassermann reaction remains positive, that
not all cases treated by salvarsan are cured at once, so that it will
certainly be necessary to keep patients under observation after
completion of this combined course. On the other hand, we think
that this observation need not require the patient’s attendance so
frequently as under treatment by mercury alone. In order to arrive
at some conclusion as to the length of time it may be safe to excuse
the patient's attendance for examination immediately after the com-
pletion of the combined course, we have examined the histories of
81 cases which had previously received no treatment whatever and
were observed for three months after the last injection of salvarsan
in the initial course, as detailed below, to ascertain the number
which relapsed in this time. Of the 81 cases, 15 received an intra-
mwuscular injection of 0°6 grm.; 6 received an intravenous injection of
0°5-0°6 grm.; 20 received two intraveneous injections of 0-4-0'6 grm. ;
34 received an intravenous injection of 0'5-06 grm., followed by 3



T. W. Gibbard, L. W. Harrison and A. S. Oane 15

of 02-0'3 grm. at fortnightly intervals, and 6 received the combined
course outhned above.

Three of the above cases relapsed within the three months :
one after a single intramuscular injection and two after a single
intravenous injection. In two of the relapses it was the primary
sore which returned. On the strength of this, we think that it
would be safe to excuse the patient further attendance for three
months after completion of the combined course we recommend,
particularly if he is told to report sick in the event of any recur-
rence of active signs. At the end of the three months it 1s highly
important that the blood should be examined for the Wassermann
reaction, and this blood examination should be repeated at three
monthly intervals for the remainder of the two years from the
date of first injection. If on this or any subsequent occasion the
Wassermann reaction should be positive, the treatment should
be repeated at once. Though a positive reaction does not always
mean an imminent clinical relapse, yet in a high proportion of
cases which relapse clinically the Wassermann reaction becomes
positive some weeks previously, and, if we may judge from the
effect of repeating the injection in cases which do relapse, there
1s good reason to believe that a repetition of the treatment as soon
as the Wassermann reaction has been noted as positive will have
the effect of averting a large number of clinical relapses. Apart,
however, from the advantage of saving a certain amount of ineffi-
ciency through residence in hospital for relapses, our object must
always be to obtain a permanent cure, and it is reasonable to
suppose that this end will be more easily attained if we attack the
parasite when it 1s only sufficiently active to provoke a Wassermann
reaction, rather than wait till it has revived sufficiently to call forth
outward signs of syphilis.

Regarding the intervals which should elapse between clinical
examinations of the patient, we think that attendance every four
weeks after the three months has elapsed from the completion of
the combined course should be sufficient if the blood is examined
as we have recommended. It must be remembered that this
scheme applies only to cases which are treated from the first with
salvarsan, not to those in which this remedy is given after a more
or less extended trial of mercury; the latter would include a
number of intractable cases of older standing, and such, being
more prone to relapse, should be observed more frequently.

In view of the somewhat alarming reports which some authors
have made on the occurrence of disorders of the nervous system
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following the use of salvarsan, it 1s necessary that we should add
our own experience in this matter. In one only of all our cases
has any affection of the nervous system followed the admimstra-
tion of salvarsan, when no previous disease of the nervous system
existed. In this case the patient was admitted for secondary
ulceration of the tonsils, which had not yielded to calomel and
mercurial eream injections, the primary sore having occurred twelve
months previously. He was given an initial dose of 06 grm.
salvarsan, followed by three intravenons injeetions of 02 grm,
at fortnightly intervals. The throat healed promptly, but he
developed symptoms of spinal meningitis two months after the last
injection. These increased till he was re-admitted to hospital one
month later. On re-admission he was also suffering from gonor-
rhoea. He recovered sufficiently to return to duty a month after
this, but the symptoms subsequently returned, and he was
eventually invalided three months later. There seems to us no
more reason for attributing to salvarsan the symptoms which this
patient developed subsequently to the injection, than for ascribing
to the effect of mercury the ten cases of disease of the nervous
system, excluding parasyphilis, which developed under mercurial
treatment and were eventually treated by us with salvarsan. In
these cases, complete relief resulted in six, and marked benefit in
the remaining four. Finger states that 4 per cent of primary cases,
12 per cent of secondary, and 2 per cent of tertiary cases, which
are treated with salvarsan subsequently develop affections of the
nervous system in from two to eight months, and criticizes the
published statistics on this subject, on the grounds of insufficient
subsequent observation. We have treated 392 patients with
salvarsan, inelnding 66 primary, 281 secondary, 38 tertiary, and
7 parasyphilitic, and of all these, '
216 have been under observation for at least 4 months
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of the first injection; so that insafficient observation does not
account for the freedom of our patients from these nervous affec-
tions. As regards the question of disasters immediately following
the injection, we can only say that in 43 intramuscular and 791 intra-
venous injections administered up to the present date (December
6, 1911), we have had no death, and in one case only, a very early
one, has any local trouble followed an intravenous injection. In
this case some of the salvarsan solution had been i1nadvertently
injected into the tissues on the deep side of the vein, and the arm
was swollen for ten days afterwards. At the same time 1t 1s
necessary to remark that in admimstering salvarsan intravenously
it is essential that every detail of techmique should be strietly
observed. The fact that there is nothing in the technique which is
beyond the capacity of anyone with ordinary skill and intelligence
does not make salvarsan a remedy which can be administered care-
lessly with impunity.

—— — —

John Bale, Sons and Danielsson, Ltd., 83-00, Great Titehiield Street, London, W.










THE ANTI-BACTERICIDAL ACTION OF THE BILE SALTS.!

By Masor 8. LYLE CUMMINS.
Royal Army Medical Corps.

BiLE and the bile salts are substances of great importance in
connection with typhoid fever. On the one hand, they are exten-
sively used in differential media for the isolation of Bacillus typhosus
from the excreta, and in media designed to cultivate the bacillus
from the blood; while, on the other, the survival of the organism
in the gall-bladder and its association with gall stones and chole-
cystitis indicate that bile may play an important réile in the etiology
of the disease. It would appear, therefore, that a study of the mode
of action of bile in culture media for the isolation of B. ¢yphosus
might, apart from its bearing on bacteriological technique, inei-
dentally throw light on the far more important question of typhoid
fever and the production of typhoid carriers.

The action of bile and the bile salts in favouring the growth of
B. typhosus on differential media has been most ably investigated by
Dunschmann,” but that observer did not extend his work to
explaining the uses of bile in blood-culture, beyond the fact of its
“enriching " action on the growth of the typhoid bacillus, and its
power of retarding the growth of certain other organisms.

Eppenstein and Korte® called attention to the anti-bactericidal
action of bile, and Conradi,* recording further experiments to the
same effect, pointed to this anti-bactericidal action as explaining
the untility of bile in the culture of typhoid bacilli from the blood.
A feature of Conradi’s work was that he found bile to inhibit the
bactericidal properties of serum, a point to be borne in mind, as
Gildmeister, in a recent communication,® attributes the use of bile
in typhoid blood-culture entirely to its hemolytic action, which he
supposes to liberate anti-bactericidal substances from the dis-
integrated blood-cells.

Pies,® referring to Conradi’s work above quoted, lays stress on

I Reprinted by permission of the Editors of the Journal of Hygiene.
* Ann. Inst. Pastewr, January, 1909, p. 29.

i Miinch, med., Wochenschr., 1906, p. 1152,

s Tbid., p. 1361.

* Arb. a. d. Kaiserl. Gesundheitsamte, February, 1910,

& Awch. f. Hygiene, 1907, 1xii, p. 125.
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the high concentration of nutrient matter in the serum as an
important factor in the survival of typhoid bacilli.

Experiments carried out by the author in collaboration with
Major C. C. Camming, R.A.M.C.,” led us to the opinion that, in
the isolation of typhoid baecilli from the blood, the anti-bactericidal
action of the bile salts was of far greater importance than any
enriching quality that they might possess. The experiments about
to be recorded were undertaken with a view to elucidating as far as
possible this anti-bactericidal action in the hope that some light
might in this way be thrown on the survival of B. éyphosus in
“ carriers,” as well as on the properties of the bile salts as con-
stituents of media for the culture of typhoid bacilli from the blood
of cases.

Ezperiment 1. Object.—To confirm previous work in demon-
strating the anti-bactericidal action of sodium taurocholate.

An agar slope of B. T. ¢ Rawlings " was emulsified in 10 c.c. of
sterile normal salt solution.

A series of dilutions of this emulsion were prepared of the
tollowing strengths :—

One in 1,000; 1 in 10,000: 1 in 100,000 and 1 in 1,000,000. It
was desired to compare the bactericidal effect of a 1 in 8 dilution
of normal blood in sterile water with that of the same strength of
blood diluted with a 0'5 per cent solution of sodium taurocholate.
It was anticipated that on mixing known volumes of the blood
preparations with equal volumes of successive dilutions of the
typhoid emulsion, their relative bactericidal efficiency would be
manifested in their power of sterilizing the bacterial dilutions in
contact with them.

TABLE I.
rilution series, typhoid emulsion
J 1in 1in lin 1in
o 2 1,000 10,000 100,000 1,000,000
A. Blood, 10 c.mm. s
Water, 60 c.mm. ! ‘f‘;"‘:m;ﬁ Ly e s
Dilution of emulsion, 10 ¢.mm. } P !
B. Blood, 10 c.mm. ]
Taurocholate (-5 per cent solution, 60 | Findings ) L A ¢
c.mm. " on plates | +
Dilution of emulsion, 10 ecmm. |
4+ = growth, — = sterile.

Series 4.—To 10 e.mm. of each bacterial dilution were added
10 c.mm. of freshly drawn blood and 60 c.mm. of sterile water.

7 JourwaL oF THE Rovar Army Mepicar Cores, June, 1910.



The Anti-Bactericidal Action of the Bile Salts

Series B.—To 10 c.mm. of each bacterial dilution were added
10 c.mm. of freshly drawn blood and 60 c.mm. of a 0’5 per cent
solution of sodium taurocholate. The four preparations from each
series were incubated at 37° C. for twenty hours, and then spread
on plates. The result is shown in Table 1.

It will be seen that the mixture of blood and water was able
to sterilize a 1 in 10,000 dilution of typhoid emulsion ; the presence
of sodium taurocholate in a similar dilution of blood annulled all
bactericidal effect on even so high a dilution of bacterial emulsion
as 1 1n 1,000,000.

This experiment has been frequently repeated and always with
a like result. It might, however, be urged that the survival of the
bacteria 1n contact with sodium taurocholate was due, not to any
anti-bactericidal action of the salt but rather to the enriching power
claimed for it by Dunschmann. To settle this point, it was decided
to work out the enrichment power, if any, of the sample of sodium
taurocholate under examination, leaving the action of blood out of
the question.

Ezxpertment 2.—In separate test-tubes were placed 10 c.c. of
ordinary peptone and salt solution and 10 c.c. of a 0'5 per cent
solution of sodium taurocholate in peptone and salt. To each tube
was added 10 c.mm. of an emulsion of B. T. “ Rawlings,” and both
preparations were incubated at 37° C. for three days. A “count”
of each preparation was then made, with the result that the bile
salt peptone water tube contained 235,000,000 bacilli in 1 e.c., while
the peptone water contained 249,000,000 per 1 c.c.

It is obvious, therefore, that the sample of sodium taurocholate
under examination has no marked enriching effect in three days—in
fact rather the reverse.

It may then be taken as proved that sodium taurocholate is able
to inhibit the bactericidal action of normal blood.

Since it is well known that the bactericidal efficiency of the
blood-fluids increases during the process of clotting and is greater
in the serum than in fresh blood, it next became a question whether
the bile salt acted by preventing the elaboration of bactericidal
substances during clotting or interfered with their activities after
elaboration.

Ezperiment 3.—A broth-culture of B. T. “Rawlings”” was
diluted as in Expriment 1. A sample of blood was then withdrawn
by finger-puncture, a portion of it, in 1 in 4 dilation, treated at
once, and the remainder allowed to clot and the serum treated
in the same dilution after ten minutes, two hours and six hours
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respectively. All preparations were incubated for twenty hours and
plated.
The result is shown in Table II.

TABLE I1I.

Drilution series of typhoid broth culture

-

(i T
1 in 1in 1in 1in
1,000 10,000 100,000 1,000,000

A, Fresh blood, 5 ¢.mm.

i
05 per cent taurocholate solution, 10 ’ Findings | 3§ + +
c.mm. " on plates | ;
Imlution of emulsion, 5 e.mm. ,I
B. Asabove but with ** 10 minutes" serum G +- - + 4
G. As above but with “* 2 hours " serum % |- e ar ar
D. As above but with 6 hours " serum e + 1k -= ar

N.B.—The broth culture dilutions were kept at a temperature of 32° F. in the
intervals of being used, to prevent multiplication of the bacilli.

This experiment showed that sodium taurocholate acted, not by
interfering with the formation of bactericidal substances, but by
inhibiting their action.

Before proceeding further in the mechanism of this inhibition,
it seemed important to ascertain whether this power was shared
by the glycocholate of soda also, and whether the constituents of
these salts, taurin, glycin, and cholalic acid, were able equally to
interfere with bactericidal action.

Ezperiment 4.—Dilutions of broth-culture of B. T. ** Rawlings "’
were prepared as before.

Solutions econtaining 05 per cent of each of the above substances
were made in sterile water, and a mixture of one part of fresh blood
in three parts of each solution was then prepared.

To 10 c.mm. of each blood-mixture was added 5 e.mm. of each
dilution of the typhoid culture, and the preparations-incubated and
plated as before.

The result i1s shown in Table ITI.

TABLE IIIL

Dilution series of typhoid broth culture
[ = —
1in 1in lin 1in
1,00 10, (W0 100,000 1, D0, 000

A. Fresh blood 1 part
Sterile water 3 parts j
Dilution of eulture, 5 c.mm.

Fresh blood 1 part

10 e.mm. 1
0-5 per cent sol. of ta.ura-} 10 ¢.mm. ]il_
J

Findings |

on plates J. + & o -

=

cholate of soda 3 parts
Dilution of enlture, 5 e.mm.
As above, but 0'5 per cent taurin sol. o - -
As above, but 0'5 per cent glyco- | . ;
cholate of soda sol. i " g ; ;
As above, but 0'5 per cent glycin sol. = - — - -

As above, but 0-5 per cent cholalic
acid sol. }

HE Do
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It appears from the above that both sodium taurocholate and
glycocholate possess anti-bactericidal qualities, while glyein, taurin
and cholalic acid are without any such action, sterilization of the
culture being active when blood i1s mixed with solutions of these
substances.

The cholalic acid used was an old sample which had been long
in the laboratory, and it will be desirable to test this acid further
when a reliable preparation is available. It is curious that, in view
of the proved absence of anti-bactericidal action in taurin and
glycin, and the activity in this respect of the taurocholate and
glycocholate of soda, the cholalic acid should be without this quality,
but, assuming the sample used to be reliable, the above experiment
certainly indicates that this is the case.

It 18 now time to return to the mechanism of this anti-
bactericidal action of sodium taurocholate.

Regarding the disintegration of bacteria as a “ complement-
amboceptor ” reaction, it may be assumed that bactericidal activity
can be destroyed by preventing the action of amboceptor or of
complement or both. The elucidation of this question is com-
plicated by the difficulty of obtaining complement free from
amboceptor, but this can to a certain extent be got over by com-
paring two sera of different bactericidal * titre.”

Ezxperiment 5.—O0bject. To ascertain whether sodium tauro-
cholate interferes with the sensitization of typhoid bacilli by
amboceptor,

The serum of a rabbit possessing a considerable degree of
immunity to B. typhosus and agglutinating it in a dilution of 1 in
200, was heated for twenty-five minutes at 60° C. to inactivate its
complement. The serum of a normal rabbit was obtained at the
same time and treated in the same way. A twenty-four hours’
agar culture of B. T. “ Rawlings " was emulsified in saline.

The following mixtures were then prepared :—

(1) Heated immune serum .. e .. 1 part
0-5 per cent sedinm tfnumchulsl.t.c solution .. «+ 1 part
Typhoid emulsion. . AT ik En i .. 2 parts

(2) Heated normal serum . o .. 1 pact
0-5 per cent sodium taurocholate solution .. .. 1 part
Typhoid emulsion. . s s 5 o e .. 2 parks

(3) Normal salt solution s S - - .. 2 parts
Tvphoid emulsion. . i i 4 i .. 2 parts

(4) Normal salt solution ; o .. 1 par§
05 per cent sodinm taurocholate solution .. .. 1 part
Typhoid emulsion. . . o = .. 2 parts

These mixtures contained, in all cases, the same concentration
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of typhoid emulsion, and, where it was present, of sodium tauro-
cholate. They were left in contact, over night, at room tem-
perature to ensure sensitization of the bacteria, if this indeed
could take place in the presence of the taurocholate, in the serum
preparations.

The mixtures were then centrifuged for forty-five minutes, the
deposits washed in saline, and again centrifuged. After a final
washing the deposits were emulsified in saline, the emulsions being
“matched” by opaecity to eliminate as far as possible fallacies
arising through unequal multiplication and unequal “ deposit "—
the latter especially, as there was agglutination in both serum
preparations, though of course this was more marked in the
immune serumn.

It was expected that if the bile salt had not interfered with
the amboceptor in the heated immune serum, the bacteria in
“mixture 1" would be so far sensitized as to be able to deflect
complement to a greater extent than those placed in contact with
normal serum. The saline emulsion was introduced as a * control”
and the ‘‘ bile salt—saline ™ mixture to make sure that the sodium
taurocholate itself exerted no ‘‘ sensitizing ” action on the bacteria.
The four emulsions were handed to Major L. W. Harrison,
who very kindly undertook this part of the work. He examined
them without knowing which emulsion was supposed to be the
sensitized one, until the “ key ™ was consulted after the experiment,
and he reported as follows :—

Complete deviation oceurred when emulsion No. 1 was placed in
contact with 1 in 50 complement, partial when No. 2 was ditto,
and none when Nos. 3 and 4 were placed under the same
circumstances.

“From your key, it appears that bile salt did not affect the
amboceptor. Possibly there was enough amboceptor in your normal
serum, in the quantity used, to sensitize your bacteria; hence the
partial result with No. 2.”

The fact that there was agglutination with the “normal ” serum
would support Major Harrison’s surmise as to the possibility of the
presence of amboceptors.

The experiment goes far to prove that amboceptor is not inter-
fered with by sodium taurocholate, and the anti-bactericidal action
of this salt is therefore probably exerted through an inhibition of
complement.

Exzperiment 6. Object.—To ascertain whether sodium tauro-
cholate interferes with the action of complement.
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The serum of the immunized rabbit used in Experiment 5 was
heated for twenty minutes at 60° C. to destroy its complement,

Equal parts of this heated serum and an emulsion of B. T.
“ Rawlings " In saline were left in contact for one hour at 87° C.
The sensitized bacilli were centrifuged, the deposit washed in saline,
and the resulting emulsion diluted in series from 1 in 10 to 1 in
1,000,000.

A mixture of normal human blood one part and 0'5 per cent sodium
taurocholate solution two parts, was then prepared and allowed to
stand for one and a half hours. Ten c.mm. of this preparation was
added to an equal volume of each dilution of the emulsion of
sensitized cells. At the same time, as a control, 10 c.mm. of
normal salt solution was mixed with an equal volume of each
bacterial dilution.

Both series were then incubated for twenty hours and plated.

It was anticipated that, if complement were still active in the
blood-bile salt mixture, this would enable the already sensitized
bacilli to be dissolved, and the higher dilutions of bacterial emulsion
would be sterilized.

On plating, however, it was found that there was complete
growth in all the dilutions up to 1 in 1,000,000, proving that the
blood, when mixed with sodium taurocholate, was unable to ‘‘ com-
plement " the sensitized bacilli.

It is evident then that the anti-bactericidal action of sodium
taurocholate depends on interference with the complement, and not
on inhibition of the action of the amboceptor.

It 15 not suggested that the taurocholate can prevent the com-
plementing and digesting of sensitized typhoid bacilli when the
latter have been ingested by phagocytes. Such observations as
have been carried out indicate that phagocytosis and intracellular
digestion of typhoid bacilli can both take place in contact with a
05 per cent solution of sodium taurocholate in citrated normal salt
solution, though the destructive action of the bile salt upon the
blood elements renders the observation difficult and unsatisfactory.
But short of interfering with phagocytosis, the ¢ anti-complement "
action of the bile salts may perhaps have an important réle in
typhoid fever and the production of “ carriers.”

It may be permissible to consider for a moment the conditions
obtaining in, say, the third week of an attack of typhoid fever.
The agglutinating power of the blood 1s now high and the clumped
bacteria have been, to a great extent, filtered out of the general
circulation. It is tempting to imagine them “held up” in con-
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siderable ageregations in the internal organs, such as the spleen, the
liver and the adenoid tissue of the intestinal mucosa.

Probably the anchoring of “ clumps " in these organs makes the
work of phagocytosis both by leucocytes and tissue cells an easier
task in some respects, but the ingestion of many virulent bacteria
must also lead to the breaking down of leucocytes and, in all
probability, the liberation of complement. In other words, at this
time, there is probably an appreciable amount of extracellular
solution of the typhoid bacilli: a surmise which is supported by
the onset of the toxic symptoms characteristic of the later stages
of the disease.

But while the liberation of complement leads, in most situations,
to the extracellular solution of the already sensitized bacilli, the
presence of bile at any given point would presumably prevent this
solution, and enable even sensitized typhoid bacilli to survive and
multiply. It is just in the positions where such an anti-bactericidal
action of the bile is possible that foci of infection are found in
typhoid carriers, e.g., throughout the hepatic area and in the
mucosa and walls of the gall-bladder.

The hypothesis put forward, while perhaps too speculative to
be of value in ifself, may give point to the experiments here re-
corded, and emphasize the importance of further work on the
possible réle of the bile salts in typhoid fever and its sequelz.

In conclusion, I would express my indebtedness to Majors L. W.
Harrison and C. C. Cuomming, R.A.M.C., for their kind help, and to
the editors of the Jowrnal of Hygiene for several references to
German literature which were of great service in compiling this

paper.
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CELL-INCLUSIONS IN THE BLOOD OF A CASE OF
BLACEWATER FEVER.
By Lirvrenaxt-Corovwen Sik WILLTAM B. LEISHMAN, F.E.S.
Royal Arimy Medical Corps.

OvR knowledge of the wtiology of blackwater fever is still far
from clear, in spite of the numerous laborious and careful researches
which have been carried out in connexion with cases occurring in
all parts of the Tropics; it appears therefore worth while to put on
record the following observation. There 1s but slight ground for
assuming that the bodies described below have any causative con-
nexion with the disease, but others, more favourably situated as
regards clinical material, may possibly be led to look for them and
to follow up a line of investigation which might, conceivably, throw
light on the dark places in our knowledge of this disease.

The material on which this note is founded is admittedly of the
scantiest nature, as it consisted only of three unstained blood-films
from a case of blackwater fever which oceurred in Uganda, and
which were sent to me by the Principal Medical Officer, Dr. A. D. P.
Hodges, to whom I would here express my warm thanks. No
clinical details were furnished, but such have been asked for and,
if they should throw any useful light on the matter, will form the
subject of a further note.

On first glancing at the stained films T was struck with an
abnormal feature in the shape of the presence, in large numbers,
of cells of an unusual type. These cells displayed considerable varia-
tions in shape and were of exceptional size, the average diameter
being about 25 microns. They were of mononuclear type but differed
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from the usual hyaline leucocytes, not only in their greater size but
in the character and position of the nucleus and in the staining of
the protoplasm. As regards the first of these points, the appear-
ance of the nucleus, this but rarely showed any tendency to lateral
indentation or to the horse-shoe appearance common in hyaline
leucocytes, and, more often than not, it was situated excentrically
and even pressed up against the side, while occasionally it extended
completely across the cell. To save a more lengthy description a
glance at the plate will show some of the types encountered and
figs. 2, 4, 5, 6, 7, 9, 10, 14 and 15 demonstrate this particular
feature. It 1s also noteworthy that the nuclear contours were
always quite sharp and well defined, and that there was no evidence
of any degenerative change of the nature of karyolysis or karyor-
rhexis ; the nuclei stained well, though in different degrees of depth
according to the looseness or otherwise of the nuclear network.

The protoplasm of these cells stained a pale blue but did not
exhibit the transparent appearance so distinctive of the hyaline
leucocytes; it also frequently showed a reticular appearance
more suggestive of the protoplasm of tissue-cells than that of
lencocytes.

In the majority of instances the protoplasm was devoid of
granules, but minute granules were found in a few, in very varying
numbers and most unevenly distributed throughout the cell. As
far as could be judged from the stain employed, that of the writer,
these resembled the neutrophile granules of the ordinary poly-
nuclear leucocyte or the neutrophile myelocyte, except that they
seemed smaller and, in some cells, were of a pinker hue than the
latter. The possibility of their being of another nature will be dealt
with later.

I cannot speak with certainty as to the true nature and origin
of these cells, but for various reasons I am inclined to regard them
as endothelial cells which have been disrupted from the walls of the
blood-vessels or lymphatics, and have been washed into the circu-
lating blood. They appeared to resemble very closely the endo-
thelial cells which are found free in the spleen, and in the capillaries
of the liver in cases of kala-azar and which, in that disease, are more
or less heavily infected with the characteristic parasites. I have
not myself encountered them before in films of blood from black-
water cases, but similar cells have been noted and carefully described
by Christophers and Bentley ' in the blood of the cases which they

1 8. . Christophers and C. A. Bentley, ** Blackwater Fever,” Sei. Memoirs,
Officers of Med. and San. Dept., Gov. of India. No. 35, 1908.
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investigated in India, and they, too, regard them as endothelial in
origin,

No information 1s available as to the actual number of leuco-
cytes present in the blood, but, to judge from the films, a moderate
degree of leucocytosis must have been present.

The relative proportions of the various cells were as follows :—

Polynuclears ole he T . .. 415 per cent.
Lymphocytes e =i T o g =B} i
Hyalines .. et i T s .. &5 5
Eozinophiles B3 2 A £l = e
Mast calls .. p 5 e i i 05 e
Transitionals - = = 4 S &
Neutrophile myelocytes v i e 2b e
Turk's cells - 5 o e G g o
Endothelial (7) cells .. - = .. 385 -

A few normoblasts were found and, in one of the three films,
an undoubted megaloblast. No striking changes were manifest
in the red cells, which stained evenly and well and exhibited no
evident deficiency of h@moglobin ; basophilia was not seen and
there were no poikilocytes or cells of exceptionally large or small
size.

Careful search was made for malarial parasites, always a point
of interest in view of the widely held views as to the connexion
of malaria and blackwater, but none were found. At the same
time, three or four pigmented leucocytes were found containing
clumps of what appeared to be melanin, so it seems probable that
parasites were either present or that the patient had very recently
suffered from an attack of malaria.

Turning now to the cell-inclusions which are the chief feature
of interest of this blood, these were altogether confined to the
large endothelial cells. They were far from numerous, only about
one cell out of twenty containing them, but they could hardly
have been missed as they formed very clear and arresting
features. It is not possible to say whether they would have been
made manifest by the customary five minutes’ application of the
writer’s stain, since each film was stained deeply by half an hour’s
contact with the mixed stain and water. By employing the stain
in this fashion and subsequently washing the film with 60 per
cent. alcohol, every trace of deposit left by the stain is dissolved
off ; this is essential for bringing out the details of fine structure
and has the further advantage that we can be certain that we
are not dealing with artefacts due to the deposition of stain.

In all cases the inclusions were seen to be contained in the



Cell-Inclusions in a Case of Blackwater Fever

cell protoplasm, none were seen on or in the nuclei and only
rarely were they seen in close contact with the nuclear membrane.

A lengthy description of the bodies may be dispensed with
by referring to the coloured plate. The sixteen cells there
depicted include more than half of the total number of cells
in the three slides which were found to harbour inclusions. It
will be seen that the inclusions range in size from a diameter
of 1 to 5 microns, that they show a definite tendency to the
circular in contour and that, while the majority present themselves
under the aspect of ring forms, with deep-staining periphery and
fainter hued centre, the smaller forms are homogeneous in their
colouring. In all eases the inclusions took on a more or less
pronounced pink or red colour, while many, as will be seen,
showed the deep red reaction usually attributed to chromatin.

The two large inclusions seen in fig. 13 were remarkable
in appearance and showed a dark-staining centre and an irregular
but very deeply stained membrane or capsule ; one other inclusion
of the same type was found in another cell which is not figured
as it was accidentally destroyed by a scratch before it could
be sketched.

In several of the cells containing the inclusions well defined
vacuoles of varying size were seen in the protoplasm, and since
some cf the smaller inclusions were found to be lying in similar
clear areas, as for instance in figs. 9 and 13, it 1s not improbable
that the empty vacuoles originally held similar bodies and that
such vacuoles were not signs of degeneration of which indeed
there was no other evidence in the cells in question.

The remaining feature of the sketches to which atfention may
be directed is the occurrence of fine granules in some of the cells;
these bave already been alluded to, and examples are afforded by
figs. 4, 6, 11, 12, 15, and 16. It will be seen that they are
extremely minute, but naturally it was not possible to depict them
with any very precise regard to their real dimensions; they
approached in many cases the limit of visibility, which is considered
to approximate 0'1 micron.

THE PossiBLE NATURE OF THE CELL-INCLUSIONS.

It will be evident that these must fall under one of the following
categories: (1) Artefacts; (2) products derived from changes in
the nuclei or cytoplasm of the cells ; (3) material which has been
phagocyted by the cells; (4) micro-organisms. Each of these will
be considered in turn.
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(1) Artefacts—The method of staining employed has already
been mentioned, and it may safely be asserted that the inclusions
were not derived from deposit or other change induced by the
staining floid. The writer's experience in connexion with this
method enables him to speak with confidence on this point.
Neither does it seem possible that the inclusions are artefacts
due to fragments of foreign matter which had settled on or
under the cells ; the films were well made and free from dirt, and
careful focusing showed that the bodies were actually inside
the protoplasm of the cells, and were not lying either on or
below them.

(2) Products of Nuclear or Protoplasmic Change.—It has been
mentioned earlier that the nuclei of the cells appeared perfectly
normal, and showed no signs of any degenerative change, such as
karyolysis or karyorrhexis; their contours were always perfectly
sharp. It seems, then, improbable they should have been extruded
from the nuclei. At the same time 1t i1s possible that they may
have had such an origin, in spite of the nuclei showing no direct
evidence of this at the time the samples were taken. The appear-
ance and staining reactions of the inclusions did not recall to
me any products of nuclear change such as I have frequently
encountered in other conditions. The possibility that they were
products of changes, metabolic or other, in the cell cytoplasm
also appeared unlikely, although this, too, cannot be absolutely
excluded.

(8) Phagocyted Material—The most likely objects to be taken
into cells which are endowed with the property of phagocytosis are
foreign particles of any sort, whether of organic or inorganic nature,
and other cells. As regards the former the commonest material
which 1s phagocyted in cases of chronic malarial infection, such as
form the large majority of cases of blackwater fever, would be
malarial pigment; as already mentioned, such pigment was found
in leucocytes in this blood, but none in any other type of cell.
Other extraneous matter was not in evidence outside the cells, and
the inclusions noted in the endothelial cells appeared too regular in
shape and structure to be regarded as of this nature. A more
obvious explanation in this disease would be that the inclusions
were only altered red cells, since phagocytosis of red cells is well
known to be a striking feature in blackwater, although by no
means limited to this disease. The most careful study of this
feature of the disease, as far as I am aware, is that of Christophers
and Bentley, already alluded to. These investigators record the
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frequency with which the various cells of the blood and spleen
exhibit the phenomenon and describe the various appearances
which the ingested cells may assume. Among others, they describe
the phagocytosis of red cells by the endothelial cells which are in
question in this instance. Such cells they have found frequently
in the blood during the acute stage of the disease, although the cells
disappear rapidly when the hamoglobinuria is passing off, and in
many of them they observed evidences of phagocytosis of red
corpuscles. Unfortunately their description was unaccompanied
by plates or sketches, so it 1s not easy to contrast what they found
with the cell-inclusions in this case, and I can only express my
opinion that the inclusions are not to be accounted for in this
manner. I am quite familiar with the appearance and staining
reactions of phagocyted red cells in various stages of intra-cellular
disintegration, but I have never observed them to take such an
appearance as is to be seen in the accompanying plate.

A further observation is recorded by Christophers and Bentley,
in which they noted in the blood of one of their cases on the fourth
day of the disease a number of small mononuclear cells which had
a deeply staining mass of nuclear-like substance lying within the
protoplasm near the periphery of the cell; these bodies were small,
averaging 1 to 2 microns in diameter, and they were inclined to
regard them as nuclear extrusions. They also mention, in the case
of large macrophages found in the spleen, that, among other in-
clusions such as red cells and pigment, some showed particles of
a substance staining like chromatin, and somewhat resembling
blood-plates. They had, however, observed these particles in other
diseases than blackwater and were not inclined to attribute any
special importance to them. Again, one may regret the absence
of sketches, since it appears from the deseription that these latter
bodies might perhaps have been similar to those found in the
present instance. However that may be, the writer at all events
has not observed them in specimens of splenic blood from any other
disease.

(4) Micro-organisms.—Of these, bacteria may, I think, be safely
excluded, at all events the inclusions do not bear the slightest
resemblance to any known organisms of this nature. Blastomy-
cetes might appear a more probable explanation, especially in
connexion with the large forms shown in fig. 13, but the smaller
bodies do not resemble any stage of the growth or multiplication
of this class of micro-organisms.

As regards protozoa, at first sight these would appear to be even
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more definitely excluded than bacteria were it not for the recent in-
formation which has come to light as to the probable life-history
of the class of organisms to which Prowazek has given the name
Chlamydozoa, and which he considers to be referable to the
protozoa. The possible bearing of this information on the inclusions
will be considered below.

The above short analysis of the various possibilities will at least
show how numerous are the difficulties of ascertaining the true
nature of the inclusions and how unjustifiable it would be to make
any dogmatic assertions as to their origin. It appears to me,
however, as at least possible that the inclusions in question may be
due to the presence within these endothelial cells of Chlamydozoa.
It need hardly be added that, even if this should prove correct, it
would be a very long step between that knowledge and the proof
that there was any causal relationship between these organisms and
blackwater fever. Be that as it may, it would at least be an
observation of considerab e Interest that organisms of this class
should be present in this mysterious disease.

Since knowledge relating to the Chlamydozoa is not yet widely
diffused—indeed the name itself is probably unknown to many—it
may not be inappropriate to include in this note a brief outline of
the present state of the subject in order that the reasons for my
suggestion may be more readily followed. Apart from this, much
of the work in question suggests developments of the greatest
importance in the near future in connexion with the causation of
some of the most dangerous diseases of man, and has thus an
interest of its own.

The organisms to which this name was applied by Prowazek, in
1907, have in most instances two features in common : they are
capable of passing through the usual bacterial filter candles, at all
events such as are fine enough in their grain to keep back the
smallest known bacteria, and, second, in the diseases in which they
occur “ cell-inclusions” have been noted as a constant feature.
Prowazek's original list included the following diseases: small-pox
and vaccinia, rabies, trachoma, molluscum contagiosum, contagious
epithelioma of birds, foot-and-mouth disease, and certain diseases
of fish, dogs and silkworms. Since then Prowazek has modified
this list and, according to Hartmann, who gives a good summary of
the subject,’ would only definitely include variola and vacecinia,
trachoma, molluscum contagiosum and bird epithelioma. Evidence

VHartyanN : Beilage. 2. Centr. f. Bakt.—Referate, vol. xlvii., p. 94, 1910.
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about the remaining ones he considers too incomplete to permit of
their being retained in the same class at the present moment. In
addition, however, to the above list it appears far from improbable
that such diseases as scarlet fever, measles, chicken-pox, rabies and
perhaps yellow fever may eventually be shown to be due to viruses
of a similar class.

The longest known of the cell-inclusions are those found in
molluscum contagiosum, but those associated with variola and rabies
are more widely known and are, respectively, named after their
discoverers, ‘‘ Guarnierl’'s bodies” and ° Negri bodies.” When
first found and described they were taken to be the actual parasites
of the respective diseases in which they occurred, and various
generic and specific names were attached to them, which it is
unnecessary to recapitulate. Although demanding in most cases
special staining methods for their demonstration, these inclusions
were not difficult to find and recognize and, in spite of some reports
to the contrary, it was soon recognized that they were specific to
the diseases in which they were found. At the same time, there
was much that was puzzling in their morphology and in their dis-
tribution in the tissue-cells ; for instance, Negri bodies were chiefly
found in the grey matter of the cornu Ammonis and the cerebrum
and in Piirkinje’s cells of the cerebellum, while they were found to
be scanty or absent in other parts of the nervous system which
experiment had shown to contain the virus of rabies in concentrated
form. Again, Negri bodies are constantly found in rabic animals, in
what is known as the “ virus des rues,” while they are as constantly
absentin the nervous system of animals infected with * virus fixe."
Another fact which seemed inexplicable in view of the large size of
the inclusions was that, in practically all the diseases enumerated
above, the virus has been shown to be capable of passing through
very fine filter candles, the filtrate, cell and germ free, proving as
virulent for animals as the unfiltered tissue products.

The non-parasitic nature of the inclusions appeared to be
finally established when it was shown that Guarnieri’s bodies of
variola were soluble in strong saline solutions, and were broken
up by both peptic and tryptic digestion. The inclusions then
came to be looked upon as mere products of cellular reaction in
response to the influence of the still unseen and unknown virus.
They were, however, still looked upon as specific in the sense
that they were only to be found in the particular disease, and
might therefore have diagnostic value. As a matter of fact, in
some Pasteur Institutes, it is now the custom to search the tissues
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of a suspected rabid animal for Negri bodies, and to give a positive
diagnosis if these are found ; animal inoculation being only resorted
to in the event of this examination proving negative.

A fresh impetus, however, has been given to their study by the
discovery of very minute granules in some of the diseases in question,
more particularly in trachoma, variola, and molluscum contagiosum,
in association with the cell inclusions. More recently a similar asso-
ciation has been found in contagious epithelioma of birds, in rabies,
in varicella and in both human and experimental scarlatina. The
granules in question are extraordinarily minute, and many approach
the limit of visibility, which, as has beep said, postulates an object
of 01 micron in diameter. Modern methods of staining, improved
lenses and new methods of illumination have permitted the recog-
nition of these minute particles either in the fresh state, where they
are best observed by dark-ground illumination, and are seen to
have very active oscillatory movements, or in dried films or sections
where they are brought out by special methods of staining, of
which some variety of Romanowsky is most frequently employed.
Much of the work which has led to these results was carried out
by inoculating the virus into the cornea of rabbits, where the
subsequent appearance of both inclusions and granules has been
observed and studied.

The most weighty evidence, however, as to the nature of
the granules comes from the investigations of Prowazek and
Aragdo during a small-pox epidemic at Rio de Janeiro.'! They
found the granules were capable of passing through a Berkefeld
filter, and that the sterile filtrate was still virulent, but on filter-
ing the same material through a special filter coated with agar,
an ‘“ultra-filter ” as they ferm 1t, the granules were retained and
the filtrate found to be no longer virulent. On examining the
surface of the ultra-filter great numbers of the granules were
found, while the filtrate contained none, a marked contrast to
what had occurred in the case of filtration through the Berkefeld
candle, where the granules were as abundant in the filtrate as in
the diluted lymph before filtration.

These and other observations which are constantly being
reported appear to lead more and more to the conclusion that
these minute microscopic granules are the veritable causes of the
diseases in question. Owing to their minute size it is impossible

1 8. von Prowazek and H. de B, Aragiio. * Variola-unter suchungen,” Memorias
do Inst.,, Oswaldo Cruz., tom, i, fase. 2, p. 147, 1909,
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to ascertain accurately their life-history, or to be certain whether
they should be included among the bacteria or, as Prowazek
suggests, among the protozoa, but what appears to occur is some-
thing of the following nature. A small granule gains entrance to
a cell—for example, a conjunctival cell in trachoma, a nerve
cell in rabies, or an epidermal cell in small-pox—and causes a
reaction of the cell which is expressed by the throwing out of
some reaction product in the shape of a capsule or mantle of
secretion which surrounds the invading particle. (Hence the name
Chlamydozoa, which is framed on the word, yAapvs, a cloak or
mantle.) In some instances this covering mantle attains a very
considerable thickness, and the body is conspicuous as the cell-
inclusion known as a Guarnieri's body, a Negri body, a molluscum
body, and so forth. The original granule, which may or may not
be visible within the enveloping mantle, has been called the * initial
body.” The initial body then proceeds to divide, and from it are
formed great numbers of the extraordinarily minute little particles
which may eventually escape from the inclusion and fill the cyto-
plasm of the cell; these derivatives of the initial body are known
as “elementary bodies,” and it is held that it is in this form that
the virus extends to other cells or to fresh hosts and that, by
reason of their minute size, they are able to pass through filters,
as has been described.

It will be seen, therefore, that in this view the recently dis-
credited cell-inclusion is to be regarded as an evidence of the
reaction of the cell to the true virus, the chlamydozoon granule,
and that it acts as an enveloping cover or capsule to the latter
which multiplies within it, forming the elementary bodies which
are capable of transmitting the disease further afield.

Turning once more to the cell inclusions found in this case
of blackwater fever, it is with the utmost reserve that I suggest
that they, too, may bear the same relationship to a minute
parasite of the nature of a Chlamydozoon and that there is
no insuperable objection to the theory that such a parasite may
prove to be the cause of blackwater fever. The total number
of inclusions found in these three films is far too small to
permit of any definite views being advanced as to a cyclical
development, such as has been described above, but it is possible
that the minute granules depicted in some of the cells may bear
a relation to the inclusicns similar to that which appears to
obtain in the case of small-pox, rabies and molluscum contagiosum.

Assuming that those Chlamydozoa which have already been
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described are the actual causes of the diseases with which they
are associated, it will be noticed at once that from the clinical
point of view there i1s little in common between these diseases,
while, if we include among them the other diseases which may be
suspected of having a similar kind of virus, such as scarlet fever,
foot-and-mouth disease, measles and perhaps yellow fever, the
clinical dissimilarity appears even more striking. Objections
therefore founded on such dissimilarity between the above diseases
and blackwater fever would not have much theoretical weight.
Certain facts, however, which appear to be well established from
the accumulated experience of blackwater fever, may be briefly con-
sidered in the light of the tentative suggestion which I have
put forward. The majority of the diseases attributed to the
Chlamydozoa are known to be infectious, and they frequently
spread in epidemic form; epidemicity is certainly rare in the
case of blackwater fever, if it occurs at all; at the same time,
instances of the apparent epidemicity of the disease have been
recorded, although the evidence in connexion with these has not
been very complete. The question of infectivity would, on closer
inspection, also appear not to be an insuperable difficulty when
it 1s realized that in the large preponderance of the diseases
mentioned the virus is obviously localized to a large extent in the
skin lesions or in the secretion of mucous membranes; in black-
water, on the other hand, no superficial lesions are in evidence,
and the virus, if a specific one exists, is probably situated more
deeply in the organs or tissues. The mass of evidence which
goes to show that blackwater fever is only contracted by those who
are the subject of frequently repeated malarial infection and is
practically confined to those districts which are known to be
intensely malarious might, with as great propriety, be urged as
a reason for suspecting that a specific virus may be transmitted
by the bites of mosquitoes, or other insects, as in support of
the view that the disease is largely attributable to chronic malarial
infection. In this connexion the parallel of yellow fever might
be adduced, as it is apparently the case here that a mosquito is
the transmitter of a filter-passer, while a similar example might
be quoted in the case of the still undiscovered filter-passing
virus of pappataci or three-day fever.

Such speculations, however attractive, are of little value in
comparison with positive evidence, and I will only put forward one
more, which appears to me to count against the theory of a
Chlamydozoon being responsible for blackwater fever. In the
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majority of the diseases mentioned as being apparently due to
these parasites an attack il recovered from confers a considerable
immunity against subsequent infection; in blackwater, on the
other hand, this is known not to be the case, as second and third
attacks are not infrequent and may prove fatal.

Where all is indefinite it would appear out of place to end this
note with the customary ‘ conclusions "—these are still to seek.
The main object has been to call attention to these bodies in
the hope that further search may demonstrate whether there is
any foundation for my suspicion—it ig little more—that they
represent an invasion of the endothelial cells of the wvisceral
blood or lymph vessels by parasites of the nature of Chlamydozoa.






NOTE ON THE BACTERIOLOGICAL EXAMINATION OF
INDIAN WATER SUPPLIES.

By Masor R. W. CLEMENTS.
Royal Army Medical Corps.

As the Sanitary Officer of the 9th (Secunderabad) Division,
T have, since November, 1910, attempted to make definite bacterio-
logical examinations of water samples within the command. These
examinations have been based mainly on the instructions contained
in Memorandum No. 4,555, drawn up by the Sanitary Officer at
Army headquarters, and i1ssued by the Principal Medical Officer,
His Majesty's Forces in India, under date of September 21, 1910.!
The results of these examinations are kept in a special book as
a reference for the formulation of possible local standards. As
it would involve too much space and expense to print in detail
the report on each particular water sample examined, the main
results of twenty-nine samples have been summarized in the
accompanying table. It is notable to be able to record that on no
occasion was a Baeillus coli of Escherich isolated from a drinking-
water supply in this division. It will be admitted by most that
this is a remarkable fact, and emphasizes clearly not only the need
to examine critically Indian water samples bacteriologically, but
also the necessity of revising accepted European standards.

Tt may be stated at the outset that the form of report adopted
has been that drawn up by Major Clemesha, I.M.S., and published
in his report on the bacteriology of drinking-water supplies in
tropical climates.® Further, the classification of organisms isolated
has been made on Clemesha’s lines, or according to their power o1
resistance to sunlight, and the verdict as to recent or remote con-
tamination with feecal micro-organisms based on the class to which
the micro-organisms isolated belong.

In view of the fact that the majority of water supplies in the
9th Division are wells or large tanks or ponds, and that storage in
either form is known to have a powerful effect in reducing the
number of bacteria present, it is not surprising that this factor,
together with the action of sunlight in tropical climates, should

! Republished in the JournaL oF THE Rovan Army Mepican Cores, November,
1910.
? Published by Government of India as Appendix I to *“ Annual Report of Kin

Institute, Madras,” 1908.
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contribute largely to the purification of water in India, provided
always that the supplies and storage reservoirs are properly pro-
tected. Heavy rains interfere with storage, and in addition we
have the risk of surface contamination in both wells and tanks to
consider. The possibility of feecal material from both men and
animals gaining access to the water under conditions of heavy
rainfall is obvious.

The question of possible surface pollution of water supplies
during heavy rain has been much neglected in India, and it is only
slowly that faulty conditions are being remedied. Some wells in
this division are now properly steined, covered in and provided
with a pump to preclude the risks associated with the primitive
and too prevalent system of hand haulage. By attention to this
point several supplies, which were reported during 1910 as being
dangerous or suspicious, have in 1911 been readily passed as safe.
Another prevalent source of danger to our wells i1s the failure to
guard carefully the adjacent area. A well drains an area of ground
roughly about four times its own depth—more in a porous soil—
and great care is required to see that this area is kept clean. To
illustrate this, the water from a well in the officers’ mess com-
pound at St. Thomas’ Mount has frequently been condemned as
unfit for drinking. I inspected the well and found it surrounded
by a small garden and flower-pots; it was at once evident that the
source of contamination was manure from the garden and flower-
pots. In most cases where wells yield contaminated water, this is
due to faulty construction, and especially as regards steining. For
example, if a well is 30 ft. deep, the sides for at least 20 ft. should
be imperviously steined with bricks or stones, and lined with
hydraulic cement.  If this is done, water percolating from the
surface must pass through at least 20 ft. of soil before entering the
well, and in its passage through the soil, if the surroundings are
protected, a large amount of organic impurity will be removed.
As another example of imperfect steining the following may be
quoted : depth of well 22 ft., the top 6 ft. steined with brick and
mortar, and the lower 16 ft. with brick and mud. Such a well is
liable to surface contamination unless the surroundings are carefully
looked after. In this Division, Madras, 5t. Thomas' Mount, Poona-
mallee, Bellary, Calicut, Cannanore, and Mallapuram derive their
water supply from wells, and 1n the event of any further improve-
ments being ecarried out in connexion with these wells it is
necessary that the question of steining with hydraulic cement be
considered and adopted. The excellent diagram in Notter and
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Firth’s “Theory and Practice of Hygiene,” third edition, 1908,
p- 45, might well be taken as a guide for this kind of work by our
military and public works engineers.

As a corollary to this question of the bacterial contents of Indian
waters, much work has been devoted in our divisional laboratory to
the study of the bacterial flora resulting in a water when contam-
inated with the excreta of various animals. The results are given
below. They are both interesting and instructive, as throwing a
side-light on the nature of the micro-organisms we so constantly
find 1n Indian water supplies :(—

(1) One gramme of cow dung rubbed up with half a litre of tap
water. Of ten micro-organisms isolated, five were Bacillus griinthal,
one Clemesha's No. 7, one B. coli mutabilis, and three B. vesiculosus.
All belong to the class most resistant to sunlight, or Clemesha’s
Class I11.

(2) As above, but water allowed to stand a day. All the micro-
organisms isolated were B. vesiculosus.

(3) One gramme of rabbit dung rubbed up with half a litre
of tap water. Six colonies were B. griinthal, and four were
Clemesha’s No. 106.

(4) Similar to above, but kept at room temperature for a week.
Result of ten colonies isolated showed four B. griinthal, five
No. 106, and one B. neapolifanus.

(5) As in four, but kept for a fortnight. Result showed, of
ten isolated colonies, four to be B. neapolitanus, five No. 106, and
one No. T1.

(6) As above, but after standing three weeks. All the colonies
were either Clemesha’s No. 71 or No. 106 ; that is, belonging to
Class 11, or those intermediate in their power of survival.

(7) One gramme of chicken droppings rubbed up with half
a litre of tap water. Of ten colonies isolated, one was B. coli
communis, seven were B. griinthal, and one each of Nos. 1 and T1.

(8) As above, but kept for a week. One was B. coli, one B.
neapolitanus, one B. griinthal, one B. coscoroba, one No. 66, three
No. 1, one No. 7, and one No. T1.

(9) As above, but kept for two weeks. Result: three B.
griinthal, three No. 1, and one each of Nos. 7, 71, 74, and
B. coscoroba.

(10) As above, but kept for three weeks. Result: of ten
colonies isolated five were No. 106, two No. 1, two B. griinthal,
and one No. 7.

(11) As above, but kept for a month. All the colonies isolated
were those of Clemesha’s No. 7.
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(12) One gramme of horse dung rubbed up with half a litre of
tap water. IResult gave five of No. 1, two of B. griinthal, and one
each of B. coli, No. 71, and No. 106.

(13) As above, but kept for a week. Result: of ten colonies
taken four were No. 1, two No. 102, one B. coli, one B. griinthal,
one No. 71 and one No. 106.

(14) Same as above, but kept for two weeks. Of ten colonies
taken, three were B. coli, three No. 71, two No. 1, one B. griinthal
and one No. 109.

(15) One gramme of dog’s feeces rubbed up with half a litre of
tap water. Result: of ten colonies six were B. griinthal, two
B. ¢oli, one No. 1 and one No. 36.

(16) As above, but kept for a week. Of ten colonies taken, four
were B. eoli, four B. grnthal, and two No. 106.

NoTE BY CoroNEL R. H. FirrH.

The foregoing came through my hands as part of the Annual
Report of the Sanitary Officer of the 9th Division. As the writer
of Memorandum No. 4,555 referred to, the subject matter naturally
appealed to me, and in view of its general interest I am responsible
for sending it to our JourRNAnL. I am also responsible for the
particular form in which the tabular statement has been presented.
In their original form the tables submitted by Major Clements did
not lend themselves readily for publication.

That such an inquiry as this has been systematically attempted
in the 9th Division is particularly encouraging, but it is matter for
regret that other Divisional Sanitary Officers have not been able
to initiate for their own areas an inquiry on similar lines. We
have available, from Clemesha’s work, valuable information as to
the bacterial flora of Madras waters generally, and this record by
Clements is confirmative of the published facts. It is evident that
in the waters of Southern India, certain groups of lactose fractors
are dominant. What we want to know is, how far the same groups
and species are present in the ordinary water supplies of other
districts, more especially in the Punjab, the United Provinces, and
the western parts of India. The bacteriological examination of
drinking waters is notoriously difficult even in Europe; the diffi-
culties and fallacies associated with such work in India are
infinitely greater. Under these circumstances, we need to be
cautious how we interpret the results; but we shall never be any
nearer the attainment of a position in or from which we can speak
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Bacteriological Examination of Indian Water Supplies

with confidence, until more facts, and covering a greater area, are
obtained and published. It is for the appreciation of this aspect
of the question that I appeal.

Further experience, and the discussion of this matter with
practical workers, leads me to doubt whether the presence or
absence of lactose fractors only in an arbitrary volume of water,
constitutes the best or more practical criterion by which we, in
India, can attempt to appraise the quality of any particular sample
which comes under examination. Fverything points to the fact
that in India lactose fractors are present in very small volumes of
water which, from epidemiological and everyday experience, are
undoubtedly safe waters, or at least waters incapable of causing
disease usually associated with a fecal origin. The total count
per c.c. on agar is an equally doubtful datum, unless made always
at once on collection of the sample. Too frequently, this 1s
mmpossible to earry out. If this be so, it is obvious that we run
great risks of condemning waters on unsound data, with every
chance of bringing the whole procedure of water bacteriological
examinations into disrepute. The pressing need, apart from
reliable data, is for a reasonably simple and rapid technique or
procedure, by which a busy man can form a reasonably sound
opinion as to danger or safety in the case of samples submitted.
We must not forget that there are times when men receive as many
as from twenty to forty samples of water for examination within
a few days. What is a Sanitary Officer to do under such circum-
stances? I was present, recently, at such a sequence of events.
FEach sample was put through the lactose fractor reaction, and
five-sevenths of the samples, on suggested standards, fell into the
condemned category. The situation was ludicrous. A personal
visit to eight out of ten of the sources from which the ineriminated
samples had been taken showed that the local conditions pertaining
both as to the place and health of the users of the waters warranted
no condempation. The question is, what can we do towards
arriving at a sound working procedure, likely to give us the best
and safest results. I confess I hardly know.

To meet the needs of routine work and of the busy man
confronted with many samples, I suggest the following tentative
procedure : Prepare and keep four stock solutions, each marked
respectively as LiA, SA, AA, and DA. These stock solutions to
have each and all the common composition of peptone 60 grm.,
sodium taurocholate 15 grm. to one litre of water, with 10 c.c. of a
5 per cent solution of neutral red added, and the whole standardized
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to the neutral point. The one marked LA must in addition contain
15 grm. of lactose, the one marked SA must contain 15 grm. of
saccharose, the one marked AA must contain 15 grm. of adomt,
and the one marked DA must contain 15 grm. of duleit. Take
twelve test tubes, each containing a fermentation tube, and in three
of these place 5 c.c. of stock LiA, in three place 5 c.c. of stock SA,
in three place 5 c.c. of stock AA, and in three place 5 c.c. of the
stock DA. Mark each set carefully, and to each of the three tubes
in each set add respectively 5 c.c., 1 c.c. and 0'1 c.c. of the water
under examination. Incubate for twenty-four hours at 42° C. or for
thirty-six hours at 37° C. If all the series show acid and gas
it is practically certain the water is contaminated by fmcal bacilli.
If two out of three of each set show acid and gas, there is
strong presumptive evidence of fouling. The eritical information
18 to be drawn from the fermentation reaction in the respective
three sets containing saccharose, adonit and dulcit. Thus, assuming
we get a positive fermentation reaction in all these three and 1n the
lactose or LA as well, the inference is justifiable that the water
contains bacilli associated with recent fouling, or those which are of
low resisting power. The type of this group of bacilli is the
Oxytocus perniciosus. If there is fermentation in LA and DA only,
it is probable that subeculturing will show the pollution to be
mainly by B. colt communis. I1f fermentation is evident only in
LA and SA, the water probably is of the reasonably safe type and
containing either B. coscoroba or B. cloace, or both. If there is
marked fermentation only in LA and less marked in SA and AA
and none in DA, the probabilities point to B. lactis aerogenes as a
dominant micro-organism and the water as fairly safe. If there is
only marked fermentation in TiA and little or none in either SA,
AA and DA, the presumption is that B. griinthal 1s the dominant
organism and the water reasonably safe. The critical fermentation
1s that in DA, and when positive is indicative of the presence of
objectionable bacteria, probably B. oxyfocus perniciosus or B. coli, or
even both. If the former, then there will be associated fermentation
in the three other sugars, while if B. eoli, then the results will
probably show negative fermentation in SA and AA. This latter
sequence of results is associated with other micro-organisms than
the B. coli, and differentiation can only be made by subculturing.
But, broadly speaking, this grouping of the fermentations is
suggestive of an objectionable type of lactose fractors.

An alternative method to the above would be to omit lactose
altogether in the preparation of the stock solutions and substitute
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inulin. These, using the corresponding symbols, would be marked
SA, AA, DA and TA. Then, following the same routine, we have
a series of possible combinations of wider range, and offering a
surer basis on which to formulate a definite opinion or interpreta-
tion. Assuming we use four series of culture broths containing
respectively saccharose, adonit, dulcit and inulin on the plan
indicated, then a positive fermentation in all four i1s a definite
suggestion that B. oxytocus perniciosus 1s present. If fermenta-
tion 1s present only in SA, AA and DA, the probable micro-
organisms present are Clemesha's types Nos. 66, 67 and 68, the
latter being an intermediate in resistance to survival, and the other
two unclassified. If fermentation is given onlyin SA and DA, the
probabilities are we are dealing with more or less innocuous types
like Nos. 71, 72, 73, 74 and 75. Positive result only in SA suggests
B. coscoroba and B. cloace, and possibly presence of unclassified
tvpes, such as Nos. 106 and 109. Failure to get fermentation in
any of the four series would suggest presence of one or other only of
Nos. 4, 5,6, 7 and 8. Of these No. 4 is B. griinthal and No. 6
alone, a doubtfully resistant miero-organism. If fermentation is
found only in TA, the presence of B. levans and No. 10 1s suggested.
Given fermentation in SA, AA and TA, we get evidence of sensitive
types like Nos. 98 and 99, and a resistant type like No. 97. Simi-
larly, positive results in DA and AA suggest intermediate resistant
forms like Nos. 33 and 38. Where DA alone gives a positive result,
the presumption favours the presence of objectionable types like
B. coli and B. schifferi. Positive results only in SA and IA indicate
only resistant and presumably harmless varieties of micro-organisms.
A heavy pollution by intermediate forms such as B. lactis aerogenes
and Nos. 100, 101, 102 and 104 are suggested by fermentation only
in SA and AA. On the other hand, fermentation only in DA and
TA suggests nothing more serious than No. 39, which is unnamed,
though of probable recent fecal origin. B. acidi lactici 18 probably
the dominant micro-organism where fermentation is confined only
to AA. Given fermentation only in SA, DA and IA, we might
suspect Nos. 69 and 70, both unnamed faecal types but incapable of
long survival in water.

Summarizing, the fermentation combinations suggestive of bad
or suspicious waters on this rough evidence would be positive results
in SA, AA, DA and IA, positive in only SA, AA and IA, positive
only in SA, DA and IA, positive only in DA, and IA and a positive
only in IA, or a positive only in DA. Of these, the most important
and suggestive of definite condemnation are the first and last com-
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binations, that is either fermentation in all four of the series or
fermentation confined to DA only. The combination of fermenta-
tion only in DA and TA is suspicious; the others less so as we do
not know yet the degree of danger attaching to such unclassified
forms as Nos. 3, 37, 97, 102, 105 and 110 as tabulated by Clemesha.
The volume of water from which the various combinations are
obtained will naturally influence the interpretation in all cases. In
Indian waters, the most important micro-organisms as indicative
of recent pollution are B. oxyftocus and B. coli followed closely by
B. schifferi. The first named gives a characteristic fermentation
combination ; B. coli is motile, and B. schdfferi is non-motile.

Of course, these are only rough-and-ready procedures and put
forward tentatively. For final identification there must be further
subculturing, plating and ecritical examination on well-known lines.
These proposed methods are suggested solely as possibly likely to
meet the needs of quick work. They are capable of development
and improvement. They are advanced here in no spirit of finality
or dogmatism, but merely as a possible way out of a difficult situa-
tion at this present time, when our knowledge as to the bacterial
content of Indian waters is so scanty. Their advancement here
must not be interpreted as justifying the abandonment of more
elaborate procedures. If we are ever going to acquire complete
knowledge of the bacterial contents of Indian or other waters, the
examinations must be on orthodox lines and involve subculturing
with registration of all the subsidiary reactions. The practical
difficulty is the cost of adonit, dulcit and inulin. We are sanguine
of overcoming this, as the financial state of all our laboratories in
India 1s likely to improve steadily, and, moreover, we are assured
that the Store depots will be able soon to supply these sugars at a
reasonable rate, and at prices less prohibitive than those quoted for
the small or casual purchaser in the open market.
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ANTELOPE INFECTED WITH TRYPANOSOMA
GAMBIENSE.!
By Carmamny A, D, FRASER, RA.M.C., axp Dr. H., L. DUEE,

Tar Sleeping Sickness Commission of the Royal Society,
Uganda, 1908-10, showed that waterbuck, bushbuck, and reedbuck
could readily be infected with a human strain of Trypancsoma
gambiense, and that clean laboratory-bred Glossina palpalis were
capable of transmitting the virus from the infected antelope to
susceptible animals.

In the present paper, observations which were made upon these
antelope during the eight months subsequent to the Commission’s
departure from Uganda are recorded. Experiments are also
deseribed which show that the duiker—another species of antelope
common in most parts of Uganda—ecan also be similarly infected
with a human strain of T. gambiense. As regards the antelope
employed by the Commission, six of the nine remained in appar-
ently excellent health in April, 1911—roughly, a year after they
were infected.

Until bushbuck 2428 escaped from the kraal, and bushbuck
2372 died three hundred and thirty-eicht days after its infection
as the result of an accident, they had also been healthy. A post-
mortem examination was made immediately after death in the case
of bushbuck 2372, but no evidence of trypanosomiasis was found.

Reedbuck 2427 appeared to be perfectly healthy for two hundred

! Reprinted from the Proceedings of the Royal Society. Series (B).



_ 6F _ i _ F: ﬁ OF 6 91 _ 0% _ 0% (i
UBIAWOG WeA "I Aq jno patried juanriaadxg 19 = 2 i T 91T é A 90T
'ge¥e juomttadxy] ‘Honqyusng
86 2 + v | 88 6 G1E 8% 19 8¢9
g8 i =+ 56 B BEGE 19 a8 LG
¥ = o ik L ECF LF GL 08¥
L¥ % S TE [§] TiT Go ol BIG
"UMIAWOS UeA "I £q gno pauawo juswmuedxyy | g% e 3 | & 881 é é 88
"GLEG JuewLadxy ‘onqusng
¥ = ] g [ 118 6F | 8b gF0
*§FG Juamaadxy of [o1uon) 09 - 5 1 [ GLE 7 L Ll
*HOT |, UOISSIUISURL) L1RYIPaIaf] ,, 0o - 5 _ it (i GLE LT 6e EFC
0¥ Juatnaadxy o) [oajuony 10 T Be 1T GER 8. | B 0¥
"SAT[J ,, WOTSSIMUSUEA] SIR)IPAILE 4y £g = i e It CER 1w | 08 10F
B == i i 01 BLT 79 06 a1e
‘nagemos uea ‘i Lgq gno perries jusmiradxgy 6o v + | og 8 9gT & R - 68
'TLEE Juoumiradxy “yonqusng
¥ = of e e B¥E 9% &g L¥9
"§E¢ JuaurLad Xy 03 [oajmOD ] S i 4 908 IE 6E GES
SOy |, HOISSIUSUEl] AINJIpaIO,, |  8F i R e e 908 at 16 8EC
"p0F Jusmiadxgy 0 [oajuo) i e i | IT T8 GE 6F EOF
‘gal]] ., UOISSITUESURL) fIVIpaIag] 4, F0 = _ £ A _ TT Fog B B 0¥
6L 7 £ i | I E0B 6L 8 ks
‘geJanrod wea Iy Lq Jno periied juemmiiadxyy ce 2 _ + Lt _ g FEL ") & 5
'§EEG juemniadxy ‘Fonqusng
fu ; . ' | @Al adopame Aup ioe | Lep s
_ .__._w_.:__”.n: aaelay | aanisog _ h..:ﬂ.y.“___.ﬂ adageq e jo u._u._quE _..Hﬁnu.u.ur r._.“__uui i
SqABIAL] -laadxa BRI BLIOfB nm.ua ﬂ_M._ [ Jusmadeg
| 10 | wAED 1 & a__.._. dajpe edep ?
e | 7 LAEEY go apqunyy | #9RAUNN L s saqmngg SEIT 40 dAARON

.ﬁm#m..__‘m;:.zh " WLIM JALDFINT FJ0THIRY KO H._m..ﬁm.__.m_ﬂ& Mitsa0] ) JAEHE-IH0LVHOEY] DNIQEHE] 0 SITASEY AHIL ORIATS—'T HIAY,I



‘ado[eyue pejoajur exj} wo paj peY yoiqs syvdjud puissopn paiq-L{1ojeioqe] Jo sUOIIASSEIP BT JO SHNSal A1) s9A18 [T 2[qBL
“fayuom Lyj[eat] B 0] SSWASIP SN[} paIJIWISUEI} AT[NJSEA00NS pUB PIjoajul HUILDIq

“psuarqunl S J0 WIIYS TNTINY ¥ YILM PAJOOJUL WA Pe 91 1aqje s{ep o1 ‘ELEE HONqUsN U0 Paj alom YoIfm Soly jeq) pojom oq [IIM 1

oF = i 7 = L _ 908 <1 &9 ced
69 | . > “d & 0LE i 1 E0g
B liT 5 i B Boa B85 oy . §8F
@9 = i A L 193 G 06 TP
61 = ol : 6 L 18T 0 9 90¥
89 e Y | [ 0T ELT €9 89T LTS
‘U0 UWeA I Lq N0 PIIIIEd suatrraadxg EE mri | T | GR g COT i & 9
‘gLen yuempradxy ‘yonqiagepn
O ] = o g m 1T 908 08 99 949
08 | = = ] . 6 HEG ¥ 0] 869
SOT[f | UOIESIIOSTEA] S1B)IpIaH ., | €9 _— i % ol Fee ¥ 08 TOF
‘10F Juamaadxsy 03 [o1jue) | §9 | - 2t e el i GG 5 GGE
_ (0] p = 98 1] PRI 19 09 898
EF el = sl o8 L 61T % s 56
1656 Jueunradxyl ‘Jonqpasy
7 67 & + itd 1T LLT (44 &L F55
9F = + e 8 LT £9 09 16
*Leps Jnammiaadxy ‘jonqpasg
v OF i ‘e # e m .m.ﬂ_m G& mm eFa
19 Fai i s B 0LE 6L ¥o 0gg
"§O1YJ ,, MOISSIISIELY AIw)Ipalaf] ,, £9, — 2 . ol T€6 ET 6 00F
00F pnemadxy 07 [0I3U0) G¥F ks b Y ol 168 ¥E 0g 868
¥ _ 7y 7 wo 1T oot 9L GR 061
i<« T + 88 h i 9 | OLI i
"6086 Jwowmadxy “onqpaay
ag & . g ] | 088 £9 61T €99
¥ = = & | 9 it ag LG TED
"97G JuamiIadxyy 03 [oajueD oF % -+ P8 B E5E LA 04 GG
501 , moIssIusuel) L181paIaf] ., Lg = e _ =5 2] HEE 0% 153 H5o%
oF i A s G £9% ¥E &8 09F
65 g + P TE ELT a9 10T 681
L s it . s ] 18T I BT il 14

*Lee7 jusmuaadxy ‘yonqpesy



Antelope infected with Trypanosoma gambiense

days after it had been infected. It then died suddenly. At the
post-mortem examination performed immediately after death the
prescapular glands were found to be the size of a hazel-nut. On
section they were hamorrhagic. There were numerous petechie
on the mucous membrane of the mesentery. The mucous mem-
brane of the fourth stomach also showed many petechiz. Micros-
copical examination of smears made from the various organs was
negative. It 1is, therefore, impossible to say what the cause of
death was in the case of this buck.

With the view of ascertaining how long the antelope remained
infected, investigations were carried out on the following lines :—

(1) Feeding laboratory-bred G. palpalis for several days on the
antelope, and subsequently endeavouring to infect a healthy
susceptible animal.

(2) Dissecting these flies and examining them for flagellates.

(3) Injecting blood of the buck into animals susceptible to T.
gambiense infection.

Table I gives the detailed results obtained by the first of these
methods. The number of days which elapsed from the date on
which the buck was infected until the commencement of the
experiment 1s given.

“ Hereditary transmission” flies indicates that the flies before
being put upon the antelope had been fed for thirty days upon
healthy monkeys to ascertain if laboratory-bred flies which had
never fed upon an infected animal could give rise to an infection.
As it has been suggested that flies were most readily infected when
their first feed was upon an infected animal, these flies were used
with the view of obtaining evidence on this point, control experi-
ments being at the same time made with laboratory-bred flies
which had not fed before they were put upon the antelope.
Although 1t will be noted that no infection occurred among the
“ hereditary transmission” flies, whereas the control flies sometimes
became infected, the numbers of the flies used are too small to allow
of any conclusions being arrived at.

The experiments recorded in Tables I and II are summarized
and grouped in Table ITI according to the length of time the
antelope had been infected.

It will be seen that positive experiments were obtained from all
the buck (nine examined) when the flies were fed upon them before
200 days had elapsed from the date of the antelope’s infection.
When more than 200 days had elapsed four of the seven buck
examined yielded positive results.



Tapre II.—GIving THE RESULTS oF THE DISsECTION OF LABORATORY-BRED (Flossing
palpalis WHICH HAD FED ON ANTELOPE INFECTED WITH T\ gambicnse.

;. | Numberof | 5 Number ! Per- “
EliE:T‘.-] I:hna'i"::sed urgﬂgr s in I-:gm.] u}:ﬁ};}ml H:};;:E:'t;i?f Remarks
number experiment dissected | g e indl  flies ment

Bushbuck, Experiment 2328,
T 2 0 0 s e Flies not dissected.
8156 115 79 0 i -
402 53 43 0 : -
403 49 42 0 . -
538 21 21 Q 5 -
539 39 39 0 : -
647 52 &1 0 - -
Bushbuck, Experiment 2871.
89 ? a7 0 14 o}
216 90 61 0 i -
404 50 33 (W] s -
405 43 41 0 i -+
543 33 26 0 - -
bd4 71 66 0 % -
G643 73 4l 0 e -
Bushbuck, Experiment 2372
BA ? I 29 1 345 +
218 T2 a7 1 2-7 +
480 79 44 0 AL -
60T 84 70 1 1-4 +
[t 64 59 2 4 e
856 36 36 0 ‘s = Experiment lasted 12 days.
857 38 88 0 i - 12 S I
EBushbuck, Experiment 2428,
106 ? 14 0 3 -
2332 20 20 2 10 +
Reedbuck, Experiment 2357,
51 92 30 0 o -
189 101 46 + BG +
469 83 63 5 94 +
528 41 31 0 s -
529 70 G4 3 4-7 +
631 97 77 0 : =
669 119 65 0 s Al
Reedbuck, Experiment 2359.
52 170 122 0 e +
190 89 61 5 8-1 +
98 50 49 3 61 -+
400 49 40 0 o -
530 d 23 0 5 -
642 33 30 0 S -
Reedbuek, Experiment 2427,
a7 G0 a7 1 87 A
254 T2 49 1 2-0 -+
322 28 28 0 e - Experiment lasted 9 days.
323 30 30 1 33 i I 1 3] 13 L]
Reedbuck, Experiment 2431.
98 81 8 0 - +
268 60 53 2 37 =1
399 43 36 0 - -
401 25 14 0 i £
508 B8 45 0 G -
ﬁ‘ﬂ‘ﬁ E’E 35 ﬂ LI -
Waterbuck, Experiment 2378,
6 2 0 0 - +
217 168 53 3 38 -
406 o a6 0 i =
471 96 18 0 e -
488 45 44 0 ol -
523 36 31 0 - |
622 G2 20 0 . =
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TABLE IIT,—SummariziNG EXrERIMENTS oF Tapres I axp II axp GROUPING
THEM ACCORDING TO LESGTH oF TIME THE ANTELOPE HAD BEEN ISNFECTED.

Davs aftar | - Number | Numbin oF Frize g :
Species of antelope u:ﬁgi:m] ;‘;:TML nnil;;ix'& — ! 1\":'-';I;Il:l-‘m"r hu:;'bﬂ'
infection of m'm]';;r;r Eﬁ?ﬁl‘i- On On | l:i?ﬁsl!'ll:i:i?ﬂ J'_nl"e(rt.érl
pulsigin ments | 1stday | 30th day | L

Bushbuek 2328 .. | 100—200 1 1 2 ? | o

- 2871 .. = 2 1 i ? 3 | o0

o i 2 | » | e 9

o o AR e o 2 1 | A R
Reedbuck 2837 .. " g 1 193 8O TG | 4

o 9350 .. o 2 2 259 140 183 | 5

i 2497 ., g 4 g 190 105 184 | 8

i 2431 .. - 4 2 200 125 m | e
Waterbuck 2378 .. e 2 1 ? ? o3 z
Bushbuck 2328 .. | 200—300 3 0 217 126 163 o

i 2371 .. | 3 4 1 197 113 166 | 0

i gave .. i 4 1 238 108 188 1
Reedbuek 2357 .. - 8 2 194 118 148 8

i 2359 .. i 3 1 151 GG 112 3

i 2431 .. % 2 0 154 T4 B0 U
Waterbuck 2378 .. | s 4 0 251 61 129 0
Bushbuck 2328 .. | 300—342 3 0 112 03 105 | 0

i 2371 .. s 1 0 78 | 49 5L || i

22 9872 .. 53 1 1° | 6% | 48 89 2
Readbuclt 2857 .. e a | 216 | 119 142 | i

- 2850 .. 3 1 0 83 29 30 0
Waterbnuek 2378 .. A 1 0 62 15 20 0

The results of all experiments are shown in Table IV.

TABLE IV.—Givixeé BEsvnTts oF EXPERIMENTS FROM ALL ANTELOPES.

Interval in days Noaber of Number of i hanich Number of Porcentage

afterinfectien | experiments | Dositire | diesimseoten | Siesfound | of iiecied
100— 200 a1 13 Tdh a0 27
200— 300 23 a8 086 12 | 12
300—342 9 1 | 407 2 | 05
Totals .. 53 19 | a8 = s

It appears from the above table that as the interval after the
infection of the antelope increases, the percentage of positive
transmission experiments and of flies which become infected with
flagellates after having fed on the buck diminishes. This diminu-
tion becomes still more striking when the results are compared
with those recorded by the Commission of experiments carried out
soon after the antelope were infected. (Of the twenty-four experi-
ments carried out by the Commission seventeen were positive,
1,722 flies were dissected, and 69 per cent. were found to be
infected.)
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The results of injecting blood of these antelope info susceptible
animals are shown in the following table :—

TABLE V.—Gmvivag Resurts oF IxJecTing THE BLooD oF ANTELOPE IXFECTED
witHE T. gambiense INTO SUSCEPTIBLE ANIMALS.

[ !
Fumber ;
| s Quantity
of days . "
Antelope |r|':£ttr;t:;jn‘;‘ ”"1:’:;?1 ?rtg]s.:::t::g ! Rasult Remarks
ij antelope Ll :
Beedbuck 2427 .. 200 | Monkey 2 Inconclusive| Monkey died, Negative
| for 9 days.
Waterbuck 2378 .. 306 | White rat 1 | -
o s «s| 316 Monkey 5 . -
" w «s | 316 | Whiterat - |
Bushbuck 2328 .. 355 R 1} -
= 2371 .. 330 ¥ 1 | =
-2 2873 .. 327 Ir 1 : + Trypanosomes appeared
' ' in rat on the 12th day.
Reedbuck 2357 ..| 345 " [ L R
L2 2859 .. | 82T T | 1 =
i 2481 .. | 820 i gl = =
Bushbuck 23872 .. 338 | Monkey 5 Inconclusive| Monkey died before try-
, pancsomes could have
| appeared.

It is seen that the injection of a small quantity of the blood of
bushbuck 2372, three hundred and twenty-seven days after it had
been infected with T. gambiense, produced an infection in a white
rat. This, however, was the only positive result which was
obtained. Three njections were ecarried out from waterbuck
experiment 2378—on one occasion 5 c¢.c. of blood was injected—
and all were negative. It will be remembered that the Commission
found it easy to produce infections in susceptible animals by in-
jecting the blood taken from these antelope soon after they were
infected.

Can a Duiker be Infected with a Human Strain of T. gambiense ?

Ezxperiment 99, Duiker.—On August 30, 1910, 3 c.c. of this
buck’s blood were injected subecutaneously into a normal monkey to
ascertain if the antelope naturally harboured trypanosomes. The
monkey’'s blood was examined regularly for a month. No
trypanosomes appeared in its blood, the monkey remaining
healthy.

For nine days (January 25 to February 2, 1911, inclusive)
laboratory-bred G. palpalis known to be infected with a human
strain of T. gambiense were fed upon the buck.

On February 4, the tenth day after the infected flies first fed
upon the antelope, T. gambiense appeared in fair numbers in its
blood.
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On Febroary 10 and 11, 1911, 119 clean laboratory-bred
G. palpalis were fed upon the duiker. These flies were subse-
quently fed on a normal monkey, which they infected after twenty-
eight days had elapsed from the date of their first feed on the buck.
Of forty-two flies which were dissected, two were found to be
infected with flagellates.

Remarks.—The duiker was free from trypanosomes inoculable
into a monkey on its arrival at the laboratory.

T. gambiense appeared in the buck’s blood on the tenth day
after infected flies had fed upon it, and clean laboratory-bred flies
successfully transmitted the infection to a healthy susceptible
monkey.

Conclusions.

(1) Antelope may remain in apparently perfect health for a year
after having been infected with a human strain of T'. gambiense.

(2) One antelope was still capable of infecting clean laboratory-
bred G. palpalis 315 days after it had been infected.

(3) A small quantity of blood taken from one antelope 327 days
after its infection was proved by inoculation into a white rat to be
infective.

(4) As the interval after the infection of the antelope increases,
their infectivity as tested by “cycle” transmission experiments,
dissection of flies which have fed upon them, and by the injection
of the buck’s blood into susceptible animals, appears to diminish.

(5) A duoiker was infected with a human strain of T'. gambiense
by feeding infected G. palpalis upon it.



CELL-INCLUSIONS IN THE BLOOD IN BLACKWATER
FEVER.

SECOND NOTE.
By LievuTexNanT-CoroNeL Sik WILLIAM LEISHMAN, F.R.S.
Royal Army Medical Corps.

SiNCcE the publication of my first note on this subjeet [1] T have
had, thanks to the kindness of Sir Almroth Wright and Sir Ronald
Ross, the opportunity of studying closely blood-films from two other
cases of blackwater fever. It appears desirable to place the result
of the examination of this further material on record, on the one
hand because it adds somewhat to the significance of the inclusions
described in the first case, and, on the other, because it is obvious
that, should further experience prove them to have no connection
with the disease, the sooner this is established the better, in order
that the ground may be cleared for research in other directions.

As the material with which the first note was concerned was
derived from a single case, it was naturally encouraging to find in
these new cases the same cells and the same inclusions which were
described in the first, At the same time, failure to find them would
not necessarily have lessened the possible correctness of my sugges-
tions as to their nature, since it is quite conceivable that the bodies
found in the cells, whether of Chlamydozoal nature or not, may only
rarvely be encountered in the peripheral blood, while constantly
present in some other situation.

The cases will be briefly described as “ Case 2" and “ Case 3,”
that dealt with in the first note being alluded to as * Case 1.”

Case 2.—This consisted of a single blood-film, stained by
Giemsa's method, which was taken by Dr. Dodgson from a native
““ boy " suffering from blackwater fever in one of the outlying mines
of the RBand, and was most kindly sent to me by my old chief, Sir
Almroth Wright. The film showed a very intense degree of leuco-
cytosis ; in fact, at first sight, and with a low power, it was suggestive
of spleno-medullary lencoeyth®mia. On closer study, however, the
blood picture differed in many respects from that disease. I have
no record of the blood count, but a census gave the following
relative proportions of the white cells. In making this census there
was considerable difficulty at times in assigning a particular mono-
nuclear cell to one of the four heads of * hyalines,” * transitionals,”
“ neutrophile myelocytes,” and what I classed in connexion with
Case 1 as “endothelial cells.”” Too much stress, then, is not to be
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laid upon the strict accuracy of the percentages in econnexion with
these four groups of cells. There will be noted also a separate
heading for what I have called “ chrome cells,” for the reasons
given below.

Blood Census, Case 2.

Polynuclears e e o e .. 635 per cent
Lymphoeytes L ni e e e L =
Hyalines .. i s ik i o =
Eosinophiles e s e i s i
Transitionals v s w .. B8 “
Myelocytes [umutmplula} o s st S R
Turek'’s cells ot : - ix ] o
Endothelial cells .. 7 ok 5 v | 070 o
“ Chrome ' cells .. e b - P 2-0 g

In addition to the above, very large numbers of nucleated red
cells were present, in the proportion of one megaloblast and four
normoblasts to every 100 white cells.

This blood picture makes it evident that the bone marrow in
this case was gravely affected, a sign-post which might possibly
indicate a useful path of exploration in the future.

No useful purpose would be served by an elaborate analysis of
the census, and attention, both 1n this case and in Case 3, will be
confined to certain special points and to the fresh features, or at
least features fresh to myself, disclosed in each instance.

The cell-inclusions, deseribed and sketched in connexion with
Case 1 were found to be plentiful in this film. The cells in which
they were encountered appeared to be of the same nature as those
which were classed as endothelial cells in Case 1, and none were
encountered in any of the ordinary leucocytes found in normal
blood. The type of inclusicn most commonly met with was that
ficured in Nos. 1 to 4 of the coloured plate, to which reference may
be made. They stained a varying depth of pink or red, and were
almost invariably clear eut and circular in contour. The forms
were mostly homogeneous, the ring forms which were fairly common
in Case 1 being rare in Case 2. None of the large forms, as shown
in fig. 13 of the coloured plate, were found in this film.

In connexion with the various possibilities as to their origin,
analysed in the former note, it was stated that the greatest difficulty
was found in deciding whether they might not be altered or frag-
mented red cells which had undergone phagoeytosis: this difficulty
was even more apparent here, since undoubted phagocyled reds
were found in some of these large mononucleated cells and a few
even in cells which contained inclusions. In spite of this fact I



William Letshman

still consider that the inclusions are not explicable on this ground,
and the more I have seen and studied them the more do I feel
convinced of this.

The granules mentioned in the former note, as occurring in many
of the cells which showed inclusions, were also found in this instance,
though by no means invariably. Comparison between the granules of
the two cases was rendered difficult by reason of the different staining
methods employed. In Case 2, however, a remarkable feature of
many of the mononucleated cells was the presence, often 1n great
numbers, of granules in the eytoplasm which I was unable to refer
to any of the types of Ehrlich or to the azure granules of normal
lymphocytes or hyalines. These granules were deep red, and dis-
played an intense affinity for the chromatin element of the dye;
they were a little larger than neutrophile granules, though not
nearly so large as coarse eosinophile or basophile granules. Their
distribution in the cell cytoplasm was patchy; while some cells
were almost filled with them, others would show only a small clump
localized in one portion of the cytoplasm. These granules were
encountered in cells of several different types, but were never seen in
polynuclears or in eosinophiles. It is possible tbat they represent
a stage in the history of a Chlamydozoon, but this remains at
present purely conjectural.

In both this case and Case 3 certain curious cells were found
which I have never previously encountered, either in blood-films or
in plates illustrating cytological work. These cells were not un-
common and could be readily distinguished from all others, even
with a low power, by the deep chromatin tint of the whole cell;
they were of the size of ordinary polynuclears and their nuclei were
sometimes of that type, sometimes mononuclear. The cytoplasm
appeared more or less completely filled with material which showed
the chromatin reaction and, in almost every instance, the red colour
was most intense at the periphery, giving the cell an appearance of
being capsulated. In other instances the partial disruption of the
cell permitted it to be seen that the red-staining material consisted
of a mass of chromatin bodies, sometimes of guite irregular shape
and size, but occasionally showing a tendency to ring form. It is
difficult to convey the appearance of these cells apart from a coloured
sketch, but the accompanying photographs (see figs. 1 and 2) give
a fairly good idea of their general appearance. In each instance a
cell was selected which was close to an ordinary polynuclear that
the latter might serve as an index of comparison. For the sake of
avoiding frequent periphrases I may perhaps be pardoned labelling
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them provisionally * chrome cells.” They will be mentioned again
in connexion with Case 3.

Case 3.—The two stained films from this case were lent to me
by Sir Ronald Ross, to whom I am further indebted for his interest
in and criticism of my former note. These films have the further
interest of being derived from the interesting case of which he
published particulars, with Drs. D. Thomson and G. C. E. Simpson,
at the end of 1910 [2]. In view of the full details there given,
I need only mention that this case occurred under their own
observation at Liverpool, and led them to the conclusion that
neither the hamoglobinuria nor the subsequent attacks of fever
from which the patient suffered could be attributed to the toxins
of malarial parasites.

Each of the films had been stained by Giemsa's method. As
recorded in the chart of the case, 3,000 white cells per cubic milli-
metre were found on the day on which the films were taken, which
was at the commencement of the third attack of fever, during
which there was no hemoglobinuria and no malarial parasites were
found. For the sake of uniformity I may give the result of my
own census of the white cells :—

Blood Census (Case 3).

Polynuclears o 5 .o - .. 630 per cent
Lymphocytes 57 S . s .« 136 i3
Hyalines .. 72 i 5 A T [ i
Eosinophiles o o e e e e i
Transitionals - i e o = i
Myelocytes (neutrophile) i o e D b
Endothelial cells .. = A s wa: A8 -
“ Chrome ™ cells .. A o G . B -

In this case, possibly owing to the leucopenia which existed,
and the smaller number of endothelial cells, inclusions of the
type found in Cases 1 and 2 were rare, only two or three cells
showing them ; those found were of the small homogeneous type
figured in Nos. 1—4 of the coloured plate.

The special interest, however, of these two films was: 1st, that
each showed a fair number of the * chrome cells” described in
connexion with Case 2 and precisely identical with those in appear-
ance, size and staining reaction ; and, 2nd, that, in the case of one
of the films, somewhat more deeply stained than the other, two
cells were encountered which appear to suggest a possible con-
nexion between the inclusions, so frequently alluded to, and the
“chrome cells.” Hach of these cells I have photographed (see
figs. 3 and 4), and the reproduction will show that, in each instance,
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the cell wall has been ruptured and has liberated a number of deep-
staining chromatin bodies, of varying size and showing a pro-
nounced tendency to ring form. Contrasting these with the
photograph of the *“ chrome cell” in fig. 3, where some of the
chromatin contents of the cell are sufficiently isolated to show a
tendency to similar ring form, 1t 1s hard to resist the impression
that the well-marked bodies seen in the disrupted cells in figs. 3
and 4 represent a further stage in development of the elements
which compose the red staining mass which fills the protoplasm of
the ‘“chrome cells” found in Cases 2 and 3. Again, as far as one
can judge by staining reaction, size and shape, criteria of admitted
insufficience, these chromatin rings are the same as the ring forms
described in the endothelial cells in Case 1. I may add, since I
have used the term *‘ring form,” that the bodies in question show
no resemblance to the ring forms of malarial parasites and could
not possibly be confused with the latter.

As to the possible occurrence of similar inclusions in other
conditions, Dr. G. C. Low [3] has recently recorded that he has
seen bodies, apparently similar to those which I described, first
in some cases of fever from Borneo, and second, in the blood of
pellagra cases recently brought home by Dr. Sambon from Italy.
I have not seen the specimens alluded to in Dr. Low’s article, but
I had recently an opportunity of discussing the subject with him,
and of showing him a few of the inclusions from Case 1, and I
think it possible that the smaller granules which he noted and has
figured in mononuclear cells may have been azure granules. In
these three cases of blackwater. azure granules were common in
both lymphocytes and hyalines, but were quite distinct from the
inclusions. It is quite possible that the larger inclusions of which
Dr. Liow speaks may resemble those in question here, but without
seeing them I can express no opinion.

Major W. 8. Harrison has, however, shown me a blood-film
from a case of chronic malaria, in which there were present in
large cells, of mononuclear type, homogeneous, pink-staining in-
clusions, which I agree with him in regarding as identical with
the blackwater ones. In this case he said there was no history
of blackwater and no probability of its development, but it appears
to me of some significance that the officer in question had recently
returned from Nigeria, where he contracted his malaria, and that
blackwater fever is common in that country. Making the large
assumption that the inclusions may eventually prove to be, or to
be due to, the specific cause of this disease, it is quite probable that
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it 18 only under certain, as yet unknown, conditions that they give
rise to the symptom of hamoglobinuria.

Should the further material which I hope to receive before long
disclose any facts of fresh interest, either favourable or inimical
to my views, they will form the sabject of another note; the present
one, as may be seen, is no more than a progress report, and any
attempt to expand the hypothesis put forward in my former
article appears unjustifiable in view of the pauecity of the material.
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FURTHER EXPERIMENTAL INVESTIGATION INTO
SUDAN KALA-AZAR.

By Capraiy W, E. MARSHALL.
BRoyal Army Medical Corps,

In previous communications on Sudan kala-azar it has been
shown that this form of Leishmaniasis has the following
characteristics :—

(1) It affects people of all ages, but is much commoner in late
childhood and early adult life.

(2) The Cercopithecus sabeus, the ordinary grey monkey of the
Sudan, can be infected with the disease by intraperitoneal or
subcutaneous injection of the parasite.

(3) The parasite grows readily on 10 per cent citrate, on Novy
and MacNeal's medinm and on Nicolle’s medium.

(4) The parasite can be demonstrated in the peripheral blood
of the infected 1n a large percentage of the cases.

In the study of the method of transmission of infantile Leish-
maniasis considerable progress has been made. The similar
geographical distribution of canine and human Teishmaniasis
and the occurrence of human cases in close contact with canine
cases made it extremely probable that infection was conveyed
from dog to child. There 1s now considerable experimental
evidence in support of this theory, the probable transmitter being
the Ctenocephalus canis, the dog-flea.  Basile was successful in
transmitting the disease from infected to uninfected pups, and
was also able to infect pups with fleas brought from an infected
district. The parasite has also been demonstrated in the interior
of fleas by Basile, Sangiorgi, and Alvarez and Da Silva. Basile,
T.a Cava and Visentini have found them also in Pulex irritans,
the human flea. Franchini and Gabbi, on the other hand, have
failed to find any intracorporeal development in the body of the
flea. In support of the dog-flea theory it may be mentioned that
the Sergents, Liombard, and Quilichini have recently found an
infected kitten living in the house containing an infected child
and an infected dog.

PRESENT INVESTIGATION.
The following experiments are a continuation of the worl
already published with regard to the clinical features of the disease.
There is little to add, but it is necessary to modify the statement
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that the parasite 1s always present in the peripheral blood in small
numbers, as two cases were seen where the parasites were present
in considerable numbers. In one case, shown in the plate, there
were two mononuclear cells in one slide, one containing thirty-two
parasites and the other twenty-nine. This was early in the course
of the disease. In the other case the parasites were extremely
numerous, but were more uniformly distributed among the white
blood-cells, the majority being inside polynuelear cells. This was
from a case in the advanced stages of the disease.

The diminution or absence of eosinophile cells from the
peripheral blood is usually well marked, and is of some help in
differentiating kala-azar from malarial infections where usually
a slight eosinophilia exists.

No drug has been found which in any way affects the course of
the disease, and all cases seen since our last report have terminated
fatally ; “ 606" was tried in one case, but without any benefit.

EXPERIMENTAL KALA-AZAR IN THE Doc.

Our previous inoculation experiments with dogs were incon-
clusive, as with one exception all the dogs died soon after inoculation.
We have therefore again inoculated four dogs with the parasites
and in each case a positive infection was obtained.

Dog 1, &, injected intraperitoneally with post-mortem spleen
emulsion from infected monkey.

82nd day : Liver puncture positive.

145th day : Chloroformed, infected with Lieishimania.

Dog 2, &, pup, injected intraperitoneally; material obtained
by post-mortem spleen puncture from a human case.

Died on 128th day ; heavily infected with Leishmania.

Dog 3, &, pup, injected intraperitoneally with post-mortem
spleen emulsion from Dog 1.

Died on 95th day ; infected with Leishmania.

Dog 4, 4, pup, injected intraperitoneally with material ob-
tained by spleen puncture from a human case.

Died on 74th day; heavily infected with Leishmania.

There is therefore no doubt that dogs are susceptible to Sudan
kala-azar. They can be infected from the monkey, from another
infected dog, or from human cases. Young dogs are more sus-
ceptible, and in them the disease runs a more acute course. Dog 1,
which was an adult, showed very few symptoms, and was in fairly
good condition on the 145th day when it was chloroformed. As in
the monkey, probably the best way of producing an infection is from
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a spleen puncture of a human case during life. Dog 4 was inocu-
lated 1 this way, and died with a severe infection on the T4th
day.

Owing to Basile’s discoveries it was decided to try to convey
the disease from dog to dog by means of fleas, the Ctenocephalus
canis being used.

Dog 5, 4, was put in the room beside Dog 1 after the latter was
known to be infected. The dogs were in contact for thirty-seven
days, and fleas were frequently placed in the room and were con-
stantly present on both dogs. No infection occurred. This dog
was chloroformed five months later, when no parasites were found
on post-mortem examination.

Dog 6, 2, pup, was put in the box beside Dog 2, four days after
the latter had been inoculated. They were together for 124 days
and fleas were [requently placed in the box. No infection occurred.
This dog was chloroformed two months later; the post-mortem
examination showed filaria, but no Lieishman-Donovan parasites.

So far, therefore, we have been unable to convey infection from
dog to dog by means of the flea. It must be borne in mind, how-
ever, that these experiments were carried out in the summer, when
human cases are less frequent, and when the temperature is
probably less favourable for infection.

A similar experiment was carried out to determine if ticks
could convey the disease from dog to dog.

Dog 7, &, pup, was put in box beside Dog 3, when the latter
was inoculated. The dogs were 95 days in contact. Ticks were
introduced at frequent intervals. No infection oceurred in Dog 7.

ExpERIMENTAL Kavna-azar N THE GREY MoNKEY (Cercopithecus
sabaus).

Further experiments were carried out to endeavour to determine
by what means the disease may be conveyed from monkey to
monkey.

In one experiment an infected and a healthy movkey were freed
from all insects and were kept together in a wire-gauze cage. They
were fifty-four days in contact. No infection oceurred in the healthy
monkey.

In a second experiment similar precautions were taken, but
monkey fleas were placed in the cage. Unfortunately the infected
monkey died twelve days later, so they were only a short time in
contact. No infection occurred in the healthy monkey.

In a third experiment an infected and a healthy monkey were
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freed from all insects and kept in an open cage. They were seventy-
one days in contact. No infection occurred in the healthy monkey.

In a fourth experiment no precantions were taken to render the
monkeys free from insects, and one infected and two healthy
monkeys were put together in an open cage. There was a doubt-
ful infection of one healthy monkey, but the slides were unsatisfac-
tory, the post-mortem examination being made some time after
death.

In a fifth experiment, similar to the fourth, no infection occurred
in the healthy monkeys.

In a sixth experiment numerous lice (Pediculus capitis) were fed
at intervals on a human case and then fransferred to a healthy
monkey. No infection oceurred.

These results are therefore all negative, with the possible excep-
tion of one monkey in Experiment 4. In that experiment lice
were the only insects actually found. [The monkey louse (Pedicinus)
is quite different from the human species, having a very elongated
head and only three instead of five joints to the antennwe.] In this
experiment also the infected monkey was removed from the cage
for a time in order to see if the Ctenocephalus canis, the dog-flea,
would infect the monkey, though with apparently negative results.
As the cage was an open one mosquitoes also were not excluded, so
that even if this monkey were infected, the louse, the flea, and the
mosquito are all possible carriers of infection.

In the autumn many of the monkeys suffered from the plas-
modium of monkey malaria, and we lost many animals.

Though one can, in the majority of cases, be sure of infecting
monkeys, we had one animal which showed a natural immunity
from infection. It was injected intraperitoneally from spleen
puncture of a human case, but no infection oceurred. Six months
later it was again inoculated intraperitoneally with a spleen
emulsion from Dog 1, and again no infection took place. Another
monkey inoculated with the same splenic emulsion contracted the
disease. Perhaps, as Delanoé has recently shown occurs with
cultures of Leishmania, the immunity is purely phagocytic.

CONCLUSIONS.

(1) Dogs can be experimentally infected with Sudan kala-azar.

(2) They can be infected from human ecases, from infected
monkeys, or from other infected dogs.

(3) Young dogs are more susceptible, and in them the disease
runs a more acute course.
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(4) Experiments to transmit the disease from dog to dog by
means of the Ctenocephalus ecanis, the dog-flea, gave negative
results.

(5) The Leishman-Donovan parasite is occasionally present in
large numbers in the peripheral blood of human cases.
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NOTE ON A BACILLUS OCCURRING IN SOME
INTRACTABLE VENEREAL ULCERS.
By Lirvrexant C. H. H. HAROLD.
Boyal Army Medical Corps.

AMoNnGsT ulcerative venereal diseases not the least important
18 the condition known as soft chancre, a term applied to
numbers of non-syphilitic lesions which are usually attributed
to infection with Ducrey’s bacillus. Clinically these cases pre-
sent great differences, and it is questionable whether in some of
them at any rate another organism is not the chief factor in their
causation. Cases of this type of disease may be divided into two
main groups.

Group (1)—Soft ulecers which remain in a callons condition
for a few weeks and may give rise to a bubo requiring operative
treatment. Surgical measures as a rule are quite sufficient to
cause healing of these cases in a comparatively short time.

Group (2)—A morve eroding type of ulceration, with which
this paper is more infimately connected; this form is much
more resistant to treatment, spreading in spite of every con-
ceivable surgical procedure, and may destroy considerable portions
of the external genitalia. The base of the ulcer is usually soft
and covered with greyish granulations which secrete a viscid
glutinons pus with a characteristic odour, while its cleanly cut
and slightly undermined edges show no signs of reaction.
These ulcers frequently cause inflammatory bubces which require
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operative interference and the resulting wound exhibits the
same ulcerative characteristics as those of the primary ulcer.
Some buboes also which depend upon soft chancres of a simpler
type than the one just described may take on this character after
being opened.

This second type of ulcer is important because of its
unsatisfactory response to treatment. The patient remains in
hospital for many weeks or even months, being not only ineffi-
cient but causing the expenditure of considerable time and energy
on the part of his medical attendants.

On account of the unsatisfactory results of purely surgical
treatment 1t was decided to investigate the bacteriological nature
of these lesions with a view to vaccine treatment. The following
cases in which this was done will illustrate the value of this
procedure.

A patient under the care of Major C. W. Profeit, R.A.M.C.,
was suffering from a slow phagedmenic ulceration of the penis
clinically resembling the second group of cases just described.
Two-thirds of the glans penis had ulcerated away and the
remaining third was attached by a small ulcerated pedicle. The
ulcer also extended the whole way around the body of the penis
and following the course of the urethra had penetrated for some
distance into the corpus. The passage of urine irritated the ulcer
and gave rise to much pain and scalding. e was also suffering
from syphilis eontracted at the same time. In another hospital,
treatment which included three operations and vigorous anti-
syphilitic measures had been carried out for seven months, but had
been unsuccessful in arresting the destruction of tissne. After
transfer to Rochester Row, he had been treated with salvarsan and
mercury and clinically showed no signs of syphilis, while his blood
for the last three months had given a negative Wassermann reaction.
In spite of all this medical and surgical treatment, however, the
uleceration was becoming progressively worse, and as a last resource
amputation of the penis was advised ; to this the patient cheerfully
agreed :—

Before doing this Major Profeit suggested that it might be of
interest to make a complete bacteriological investigation of the
ulcer with a view to vaccine treatment. The edge of the ulecer
was scraped and some of the exuded serum examined by the dark
ground illumination, but no spiroch®tes of any description were
discoverable. Some of the exuded serum was sown on several
tubes of human serum agar and two kinds of organisms were



C. H H. Harold

recovered from them: (1) a Staphylococcus auwreus; (2) a short
bacillus. A ecarbolized vaccine prepared from the bacillus was
injected into the patient with rather astonishing results.

On the same evening the penis became so swollen and painful
that the man was unable to sleep, and on the following day
the base and edges of the ulcer had assumed a bright red
colour, contrasting with their previous pale appearance, while
the dressing showed an increased exudation of pus. There was
also a large red tender swelling at the site of inoculation.

From this day onwards the ulceration improved and com-
menced to heal. The vaccine was repeated after four days and
was followed by a reaction of the same type, but not so severe
as after the first injection. Repeated doses of vaccine were sub-
sequently given at four-day intervals and within a month the
whole of the ulceration had healed with the exception of a
small ulcer on the glans penis. The healing of this was probably
delayed because the scar tissue at the base of the glans interfered
with its blood supply. The patient refused to have this small
portion removed, having made such rapid progress under vaccine
treatment, and the small uleer, a few millimetres broad, delayed
his discharge from hospital for another month.

A few days after commencing the treatment of this case with
vaccine the ulecer was again scraped and tubes inoculated with
exuded serum. The same bacillus was recovered, but this time
in pure culture.

My next patient was suffering from a chronie ulcerating bubo ;
be had been in hospital for sixteen weeks and showed no signs
of improvement. Following the same method of procedure as in
the previous case, the ulcer was scraped and the same organism
recovered associated with a diplococcus. The same vaccine was
administered and a marked reaction followed. On the night of
the injection the man complained of severe pain in his thigh
and was unable to sleep. The next day the whole of the groin
was swollen and the bubo of a bright red colour, discharging
increased quantities of pus; alarge localized, red, tender swelling
had also formed at the site of inoculation. Similar reactive signs,
but of less severe character, occurred after each successive
injection of vaccine; the man was discharged cured in less than
a month from the time of commencing the vaccine treatment.

The next case clinically resembled the previous one. The
patient had been in hospital for six weeks and the ulcerating bubo
remained in a callons condition. The same bacillus and the
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S. aureus were isolated and injections of vaccine caused the usual
reactive signs in the patient, who was discharged cured in five
weeks from the time of commencing the treatment.

The last patient was also suffering from an ulcerating bubo
which had kept him in hospital for four weeks and bacterio-
logical examination revealed the same organism associated with
a S. albus. He gave the usunal response to vacecine and the bubo is
now rapidly healing up. Owing to my unavoidable absence from
hospital the patient received one dose of vaccine instead of three
in sixteen days, and during that time the bubo showed no signs
of improvement.

These cases have all been treated by a vaccine made from the
bacillus isolated from the first patient and grown on agar. The
vaccine was sterilized by the addition of 05 per cent carbolic acid.
The initial dose was 15 millions and this was increased gradually
to 2,000 mllions, the intervals between injections being four days.
These have all caused marked local reactions both in the site of
infection and in the site of inoculation. They were followed by
little or no constitutional disturbance, the temperature of the
patient rarely rising more than a degree. When for some reason
the injections were withheld, or were not strong enough, the lesions
lapsed to the previous callous condition. On these occasions the
administration of stronger or more frequent doses of vaccine always
produced a beneficial effect.

In none of the cases from which I have recovered this bacillus
have I been able to find any organism corresponding to Ducrey’s
bacillus. The local reaction at the site of the ulcer and the marked
benefit which was obvious from the commencement of vaccine
treatment are strong evidence that the bacillus in question was the
chief ®tiological factor in the production of the disease.

Morphologically, it is a short rod-shaped organism 25 to 3
long and about 0'3 g broad. In film preparations it is frequently
seen lying in parallel rows, giving one the impression of a short
palisade. It stains readily with any of the basic aniline dyes and
is Gram positive. With all stains, but especially with carbol
thionin, it shows marked bi-polar staining with a clear interval
between the grannles. These can also be demonstrated in many
individual bacilli with Neisser's stain. It does not form chains, nor
spores. Involution forms are frequent in cultures a few days old,
the most frequent variety of these being swollen elongated forms
which show no polar staining. Another form frequently seen is

somewhat clubbed at one end, which is occupied by a large polar
granule,
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The organism is strictly aerobie, growing very luxuriantly oun
buman serum agar as well as on 2 per cent agar (4 6 Eyre's scale).
After twelve hours incubation at 37° C., the colonies are the size of
a pin’s head, moist and heaped up in the centre. By reflected light
they appear greyish white and with transmitted light they show
a yellow centre with a lighter, well-defined margin. On micro-
scopical examination with the low power they are finely granular
with a sharply defined evenly circular margin. The colonies tend
to remain discrete; in four days they attain a diameter of 3 mm.
and their centres become a deeper yellow colour.

Grown on human serum it forms a grey white deposit and
flocculi which sink to the bottom.

It does not liquefy gelatine; it grows on neutral red agar, but
causes no change in the medium.

In peptone salt solution no indol is formed, while litmus milk
is bleached by its action.

It ferments glucose and cane sugar, forming acid but no gas.

In lactose, maltose, dulecite, raffinose, inulin, and salicin no
change is produced.

It is non-pathogenic to rabbits when injected into the blood-
stream and only causes a local infiltrate when injected beneath the
skin of the animal’s ear.

In the “ Bacteriology of Diphtheria,” by Nuttall and Graham
Smith, G. 5. Graham Smith bas collected the observations of
numerous workers on the recovery of diphtheroids from the male
and female genital tract. The chief varieties with their essential
points of difference or similarity are as follows :—

Neisser (1888) recovered from the female vagina diphtheroids
which were motile.

Berghy (1898) isolated from the urine and vaginal discharges
of certain cases a Gram-positive diphtheroid which differed from the
present one by forming a vellow growth on agar, by not liguefying
gelatine and by forming a white membrane on broth. It was
non-pathogenic to guinea-pigs and did not form acid in glucose.

Foulerton and Bonney (1903) recovered from two cases of
puerperal septicemia and from a case of phaged®na of the penis
a Gram positive diphtheroid which showed no granules when
stained with Neisser. Stroke cultures had the appearance of ground
glass, and when grown in broth it appeared as an evenly staining
rod. It did not ferment glucose and was non-pathogenic to
guinea-pigs.
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Pfeiffer 1n 1903 isolated Gram negative diphtheroids from
normal men and from cases of gonorrhcea.

Graham Smith, Hallé, and Robertson and MecRae have also
recovered diphtheroids of a more diverse character.

On referring to the original literature I cannot find evidence
that any test to prove the pathogenicity of these organisms to man
was carried out, or that vaccines prepared from them exercised any
therapeutic effect.

In conclusion, I wish to thank Major C. W. Profeit, R.A.M.C.,
for bringing these cases to my notice, and Major L. W. Harrison,
R.AM.C., for conducting the animal inoculations, and for his
valuable technical suggestions.

NoTE.—Bince writing the above my attention has been drawn to
an article by Herbst and Gatewood, of Chicago, in the Journal of
the American Medical Association for January 20, 1912. These
workers made a bacteriological examination of a series of twenty-
six soft sores, and recovered diphtheroid bacilli from sixteen of
them, while a doubtful Ducrey’s bacillus was found on two occa-
sions only. A vaccine prepared from the supposed Ducrey's
bacillus was administered to several patients, but with very poor
results. One of the patients became steadily worse and was
eventually ftreated with wvaccine prepared from a diphtheroid
bacillus and a staphylococcus isolated from the lesion. The result
was excellent and subsequently other cases were treated with the
same vaccine whenever an autogenous vaccine could not be
prepared.

This vaccine gave rise to reactions which were exactly similar
to those which I have described in my cases, but the authors do
not state quite clearly in how many of the cases beneficial results
followed its administration. Altogether they treated thirty-eight
cases, of which thirty-nine per cent were benefited by vaccine
treatment, but some of the thirty-eicht were treated only with
the vaccine prepared from the supposed Ducrey's bacillus. They
believe, however, that if the diphtheroid or an autogenous vaccine
had been used thronghout the series the results would have been
much better.

Gruinea-pigs inoculated with a diphtheroid bacillus isolated from
one of the cases developed local infiltrates; on one occasion the
axillary glands became enlarged, and on another an ulcerating
lesion formed at the site of inoculation from which the same
organism was recovered.

They conclude that the diphtheroid bacilli isolated were the
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cause of the soft sores in these cases, although organisms which are
morphologically identical are commonly present in the urinary
tract. They have not, however, detailed the morphological and
cultural characteristics of the several organisms they isolated, so
that it is impossible to identify any of them with the bacillus
isolated at Rochester Row.

It seems probable, however, that the diphtheroid organism from
which these workers prepared their vaccine is identical with the
one which I i1solated. 'Their methods of 1solation, which were
similar to mine, demonstrated the persistent presence of a diph-
theroid, and the response to vaccine prepared from this micro-
organism was the same as in my cases.

Their observations fully confirm those which I have In-
dependently made in indicating that soft chancres are not always
caused by Duerey’s bacillus, and that the additional work expended
in making a bacteriological examination of these cases with a view
to vaccine treatment is amply repaid.






SALVARSAN AND NEOSALVARSAN IN THE TREAT-
MENT OF SYPHILIS.

By BreveEr-LigvuTexanT-CoLoxern T. W. GIBBARD, Masor L. W, HARRISON
aNp Lieuterast A. 5. CANE.
Royal Army Medical Corps.

Tuae importance of syphilis to the Army justifies the following
further report on our observations regarding its treatment with
salvarsan.

The following subjects are discussed in this paper: (a) The
value of salvarsan as compared with that of an exclusively mercurial
therapy in reducing the inefficiency of soldiers which 1s caused by
syphilis ; (b) the value of using mercurial injections in conjunction
with salvarsan as compared with that of relying entirely on
salvarsan ; (¢) the importance of early diagnosis and treatment ;
(d) the dosage of salvarsan; and (e) neosalvarsan. Some cases of
re-infection which have occurred after salvarsan treatment will also
be described.

In a previous paper we have shown that syphilitic soldiers who
are treated with salvarsan, either alone or in conjunction with a
course of nine mercurial injections, suffer considerably less from
relapses and spend a shorter time in hospital during the first nine
months of their disease than those who are treated exclusively with
mercury.

We have now watched our salvarsan cases for considerably
longer periods, and the results of our extended observations, which
are shown in the following tables, prove the immense advantage
of a salvarsan therapy over an exclusively mercurial one.

To avoid any possible bias in favour of salvarsan, the figures in
these tables which relate to mercurial treatment have been taken
from all the case sheets we could find of men who were treated
with not less than nine injections of mercurial cream in the first
course, rested for not more than eight weeks, received six injections
in the second course, and were, in fact, thoroughly treated with
mercury throughout the period of observation.

Table I shows the relapses which occurred amongst syphilis
cases which were treated from the outset with salvarsan and the
periods during which the patients were under observation.

We would draw attention to the marked difference which is
illustrated in this table between the numbers of relapses which
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occurred under mercurial injections on the one hand, and those
which followed a combined course of two intravenous injections of
salvarsan and nine intramuscular of mercurial eream, on the other.
(See six to twelve months’ period.)

TABLE I —8H0owWING THE NUMBER oF FRESH CASES OF SYPHILIS TREATED WITH
(@) SALVARSAN, EITHER ALONE Ok IN CoNsuscrioN wiTH MERCURIAL INJECTIONS
aND (b) MErcURIAL INJECTIONS ONLY AND THE NUMBER OF RELAPSES WHICH
OCCURRED AT IMIFFERENT PERIODS UNDER EacH ForyM oF TREATMENT,

All pases Primary cases only
Re. | Treated with Re. | Treated with
_ [auired | 0o ey lquirea| mors salvarsan
E::-II:*JI:J Method Total Lllz;?fl?-l!ﬂdl;fl}a- to the tirst [Tatal LT]T:L!?I 'l.ﬂl;&ls to ﬂi ﬂrﬂ'y
observa- of leases| cal re-| sion | ©OUrse because cases| cal ne-‘ siln:lm- course. pociuse
tinm treatment lapses| to of positive lapses| to of positive
hos. | Wassermann hos- | Wassermann
pital wtt‘lmu_lrn:tmmul pital withont elinical
relapse re apse
Intramuscular] 10 3 2 4 b 1 1 | 1
of salvarsan |
1—4 intraven-§ T4 8 1 T 24 2 1Hg | 0
ous of salvar- . ' :
: san
6—12 ' 2 intravenous [104 3| 0 2 401 1 0 0
months | | of salvarsan }
and 9 intra- ,
muscular of | ;
mercury [
| Mercurial in- 102 | 85 | = - 38 | 36 = | =
jections only
Intramuseular| 9% 2 | 1 | (3] 4% 1 1 1
of salvarsan I { |
1—4 imtraven- dE"i 1 R | 4 17 1 0
ous of salvar- I
12 to 231.' SAN |
months| |2 intravenous | 20* 1 0 1 Tl T4 [y 0
' | of salvarsan '
| and 9 intra- .
muscular of ' ‘
MEercury i
| |

* These are included in the corresponding totals under the 6 to 12 months’ period.

Table IL shows the number of primary cases treated with
salvarsan and with mercury respectively, who developed secondary
symptoms within periods of observafion which ranged from six to
twenty-three months. The thirty-six patients referred to in this
table who were treated entirely with mercurial injections and who
developed secondary symptoms did so in an average period of seven
weeks so that it 1s fair to mention also that out of 101 patients
whom we have treated with intravenous injections of salvarsan,
and have observed for three months or longer, two only have
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developed secondaries. Ineach of these primary cases the diagnosis
was established by microscopical examination of the exudate from
the sore.

TABLE II.—Smowisg THE NUMBER oF PriMary CAsSES WHICH SUBSEQUENTLY
DEVELOPED SECONDARY SyMmMproMS UNDER EAcH FoRM oOF TREATMENT: (a)
BALVARSAN, EITHER ALONE orR 1IN CoMIUuNcrioN wiITH IxJEcTioNs oF DMERCURIAL
COrEaM, AND (b) MercuriAL Ixiecrions ONLY.

Total which
Period under observation Method of treatment Total cases developad
secondaries
Intramuscular of salvarsan.. | 5 1
1—4 mtravenons of salvarsan | 24 1
2 intravenous of salvarsan 40 1
B— e F
12 months and 9 mmtramuscular of
mercury
Mercurial injections only .. 38 : 36
Intramuscular of salvarsan. . 4 i
1—4 intravenous of salvarsan 17* 1%
12—23 months < | 2 intravenous of salvarsan i | 0
| and 9 intramuseular of |
i mercury

* These are included in the corresponding numbers under the 6 to 12 months’ period.

Briefly, the tables show that in periods ranging from six to
twelve months the clinical relapses under exclusively mercurial
treatment were 11'5 times as many as under salvarsan, while the
proportion of primary cases which subsequently developed
secondaries under exclusively mercurial treatment was thirty times
as great as under salvarsan.

The Wassermann reactions given by patients who were treated
from the outset with salvarsan are shown in Table IIT and those
given by patients at different stages of the regular mercurial
treatment are shown in Table IV.

In comparing the results in Table III with those in Table IV,
it must be remembered that, other things being equal, a higher
percentage of positive reactions is to be expected in the first than
in subsequent years of the disease, and that the number of positive
reactions tends to rise the longer the interval which has elapsed
since treatment was suspended. The cases shown in Table III
(salvarsan) were for the most part in the first year, and the intervals
which had elapsed since treatment was suspended were greater
than any shown in Table IV. Yet the percentages of positive
reactions were lower in the salvarsan series than at any period
shown in the mercurial series. With regard to the latter, the pro-
portion of cases which gave a positive reaction three months after
the termination of two years’ regular treatment is significant.
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TABLE IIL—WassERMANN REACTIONS, BY THE ORIGINAL METHOD, GIVEN BY FRESH

Cases oF SYPHILIS AT VARIOUS INTERVALS oF TIME AFTER SUSPENDING TREAT-
MENT WITH SALVARSAN.

Clinical 4—7 months T—10 months 10—18 months
!--'lil.:_'-: of : | | I. . —_—

disense on Method of [
COMTILEN e treatment rotall Posid New | Par Totall Posi.] e Per e ntall Foms | e PE";.
meant of otal| Posi-| Neg- | cent ) Total) Fosi-| Keg- | cent al| Posi-| Neg- | cent
treatment cases| tive | ative posi-leases tive |ative| posi-leases| tive | ative] posi-
: | tive | Live tive

| i e e s ]

r 1 subcutane-] 91 2 ‘i"! - Pl 2] 2] =] & 0 4| =
ous or intra- |
muscular

| 1—4 intrave- | 72 | 17 | 55 |23y 372 9 | 28 |24-80 21| 4 | 1T | —
nous

|
2 intravenous | 76 G| 70 | 79 ‘Elz‘i 2 | 19 ‘Q“EIF 4 1 3 -

of salvarsan

and 9 intra- | |

muscular of |
|

Primary
and
secondary

mercury

- - - —

Totals exclud- | 148 23 lﬂﬁilﬁ'ﬁ 58 | 11 | 47 [18-9) 25 : 5 20|20

SE——

ing subcuta-

neous and I

intra - mus- |

cular _ | |
|

If' 1 subcutanecus] 5 1 4| — 2 21 0| = 2| o|
or intra-muns- L
cular | ]
1—4 intrave- El| 318 149 9 7 bl O 2 e | A b T | G| —
0

TNOS

2 intravenous | 32 |

of salvarsan

Primary || and 9 intra-

only | muscular of
IMErCUry

Totalsexclud- | 53 3 | 50 | 56|15 | 2 (13|
| 1
|

ol
—

e &}

|

ing subcuta-
neous  and
intra - mus-
]! cular

' Excluding two cases under observation for this period, but treated with more
salvarsan.

* Exeluding one case under observation for this period, but treated with more
salvarsan.

' Excluding one case under observation for this period, but treated with more
salvarsan for positive Wassermann,

' Exeluding thirteen cases under observation for this period, but treated with
more salvarsan for positive Wassermann or clinical relapse.

* Excluding one case under observation for this period, but treated with more
salvarsan for positive Wassermann.

A rough idea of the probable reduction of inefficiency from
syphilis which the routine use of salvarsan is likely to effect may
be gathered from Table V which shows that under salvarsan treat-
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ment a syphilitic soldier is inefficient in the first year of his disease
for thirty-three days, while under exclusively mercurial treatment
he loses at least sixty-one days.

TABLE IV.—WassErMARY REACTIONS GIVEN BY CASES oF SyrHILIS AT DIFFERENT
STAGES OF THEIR TREATMENT WITH MERCURIAL ISJECTIONS.

TesTED Dy THE ORIGIKAL METHOD

Tested at end of ! Total cases Positive | Negative ‘ :::::{::1‘:’
1st course of 6—9 injections .. i | 92 i 24 | 739
1st interval of 6—8 weeks = =21 22 I 16 6 | 72-7
“nd course of 4—06 injections .. aon | 81 43 a8 530
?nd interval of 2—3 months .. 4 20 20 9 6G5-0
drd course of 4 injections o ) B3 44 39 530
Srd interval of 2—-8 months 36 20 16 555
4th course of 4 injections L% i 124 435 81 | 846
4th interval of 4—6 months s gl | 42 - L 15 | 5T-1
5th course of 4 injections o e 67 24 43 | 3958
5th interval of 4 weeks .. o x| 61 16 45 i a5G-2
Gth or Tth course of 4 injections 115 43 T2 el
8 months after end of usual period of 289 123 166 42-5
troatment

TABLE V.—S3HowING THE NuMpBER oF Days LosT BY A SYPHILITIC SOLDIER IN
HoSPITAL AND ATTENDING A3 QUT-PATIENT DURING THE FIirsT YEAR OF HIS

DISEASE.
| | |
. Extra attendances
Daya in :
- 5 out-patient
hospital on | Attendances ey
Iml:-::i-:tl:ailul:m lirst re- as out-patients n“l\eal.ic?i:ftﬂrclr Taotals
| first Id“”“mn admiszion for | assuming no Ip'.ti;.' -
2 | relapse Lot Watsgrimans
' reaction
g I ¥ [N-Aae | ket _!-_ .
Mercury .. ) 279 9-1t 25 Not calenlated | 62
Salvarsan, intravenous, 21-5 0-25* 10 172 3345
alone or combined
with nine mercurial
injections

1 Caleulated on assumption that 42 per cent of cases require re-admission at least
onee and then spend an average of 217 days in hospital.

2 Calculated from Table I. Relapses which oceurred in ecases observed for twelve
months and over, and required re-admission to hospital. Days in hospital on re-
admission, 17.

* Calculated on basis of a combined course being administered, necessitating nine
extra attendances.

That this is not overstating the case in favour of salvarsan is
shown by the following facts in connection with this table. The
ficures under mercurial freatment take no account of second or
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third re-admissions for relapse. The annual return of the Military
Hospital, Rochester Row, for 1909, showed that 119 per cent. of
syphilis cases were re-admitted twice, and 2 per cent on three or
more occasions during the first year. On the other hand, no case
treated with salvarsan has yet been re-admitted more than once.
No account has been taken of extra attendances made necessary by
relapses under mercurial treatment which do not require re-admis-
sion to hospital. Of mercurial cases 48 per cent would require to
attend more frequently on this account during the first year.
Lastly, the relapses shown in the salvarsan series happened under
all the methods of administering salvarsan excepting the intrammus-
cular and subcutaneous which we have tried, and we now know that
some of these are not so efficient as the method we now recommend.

The practical effect of adopting a routine salvarsan treatment of
syphilis is illustrated in the following table which shows the average
number of syphilis cases (excluding police and transfers from other
stations) in the Military Hospital, Rochester Row, during the
months of June and July, 1909, 1910, 1911 and 1912, and the
number of admissions for syphilis during the same periods. The
garrison remained practically constant during the years covered by
this table, and we must attribute the reduction which is shown
here to the shorter time spent in hospital on first admission, and
the smaller number of re-admissions for relapse. The reduction in
the work of the out-patient department is shown by the fact that
in the year ending June 30, 1910, the number of mercurial injec-
tions administered was 4,006 ; while in the year ending June 30,
1912, it was 2,058. Many cases were still under mercurial treat-
ment during the latter period so that we can expeet a greater
reduction in future.

TABLE SHOWING THE AVERAGE NUMBER oF PaTiENTS 1IN HOSPITAL, EXCLUDING
Porice AND TRANSFERS, WHO WERE SUFFERING FROM SYPHILIS, A3 WELL A8 THE
NusmpeErs OF ADMISSIONS FOR SypHILIS IN JUNE AXD Jury, 1909, 1910, 1911,

1912,
15909 1410 1911 1 1912
e s, —_— e, —_—t =
June July June  July June July June  July
Mumbers in hospital Ve OO 42 .. 46 Lt R | gg .. 18 L
Admissions .. 5 e 24 KYEr s e 21 Lhe 22 16 .. 12 *

' Many cases were still under exclusively mercurial treatment at this time.
¢ Excluding one case of venereal sore under observation, no spirochmtes found.

Wassermann negative.

The following cases in which a reinfection has occurred will
further illustrate the curative effect of salvarsan :—
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Case 1.—Private McQ. December 14, 1910: Admitted to hospital.
Early secondary symptoms. Wassermann reaction positive. S. pallida
in chancre. December 16, 1910: Injection, 0-4 grm. salvarsan intra-
venously. Deeember 30 : Injection, 0°5 grm. salvarsan inl;ra,venuusl}r.
January 2, 1911: No active signs. January 6: Discharged hospital.
January 20, February 16, March 16, and June 14: Wassermann reaction
negative. September 28: Admitted to hospital with another chanere on
a different site. S. pallida found. Oectober 5 and 29: Wassermann
reaction positive.

Case 2.—Private L. January 10,1911 : Admitted to hospital. Primary
chancre and general adenitis. S. pallida discovered. January 10 and 23 :
Injections, 06 grm. salvarsan intravenously. February 24, May 4, and
September 27: Wassermann reaction negative.  February 1, 1912:
Readmitted hospital. Fresh primary chancre on another site on penis,
numerous condylomata between toes, mucous patehes on tonsils, general
adenitis, &¢. Wassermann reaction positive.

Case 3.—Private B. February 7, 1911 : Admitted hospital. Florid
secondary symptoms—chanere, adenitis, pustular rash, uleeration of tonsils
and condylomata. Wassermann reaction positive. S. pallida discovered
in chanere. February 9 : Intravenous injection of 06 grm. *606.”
February 23, March 9 and March 23: Injections of 0'2 grm. “606."
April 1: Discharged hospital. May 2, July 6, September 19, and
January 10, 1912 : Wassermann reaction negative. March 4, 1912: Re-
admitted hospital with a fresh chancre on different site. S. pallida dis-
covered, papular rash, adenitis. Wassermann reaction positive.

Case 4.—Lance-corporal M. March 31, 1911: Admitted to hospital.
Primary chancre in which S. pallida discovered. Wassermann reaction
positive. April 1: Injection of 06 grm. * 606 ” intravenously. April 15,
April 29, May 13 : Injections of 03 grm. * 606 intravenously. June 22 :
Readmitted with fresh chanere on penis, different site. S. pallida dis-
covered. Wassermann reaction positive.

Case 5.—Lance-corporal 8. May 1, 1911. Admitted to hospital.
Primary chanere only, in which S. pallida was discovered. Wassermann
reaction positive. May 4: Injection, 06 grm. ““ 606" intravenously.
May 17, June 1, and June 16 : Injection of 03 grm. *“606.” September
19: Wassermann reaction negative. November 24 : Development of fresh
chancre in another situation. 8. pallide discovered.

All of the above cases were treated with salvarsan for the reinfection.
In all the symptoms rapidly cleared up and the Wassermann reaction
again became negative. None of them have shown any further signs of
syphilis. With the exception of Case 4, which passed out of observation
after two months, all have been followed up to the date of writing.

Whether we accept re-infection as evidence of absolute cure of
the first attack, or not, we are bound to admit that 1t indicates
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a complete suppression of the S. pallida in the tissues, a sup-
pression which was seldom secured with the best mercurial treat-
ment. C. F. Marshall has stated that in order to establish the
fact of re-infection it is necessary for two distinet attacks of primary
and secondary to have been seen in the same patient by the same
observer. The same author has suggested that some of the cases
of supposed re-infection which have been reported after salvarsan
treatment may have been suffering from chancriform gummata.
We do not think it necessary for the patient to have suffered from
two attacks of secondary syphilis to prove re-infection. This may
have been necessary in the days when the diagnosis of a primary
sore rested solely on the uncertain ground of clinical evidence, but
now it 1s sufficient evidence of the first attack that S. pallide has
been demonstrated in the sore, and we think that re-infection is
proved if the second sore occurs at a reasonable interval from the
first, is on a different site, has the clinical appearance of a primary
sore and contains S. pallide in large numbers. As for the sug-
gestion that these new sores on the penis may be chancriform
summata, we can only say that such lesions seem to have been
reported in extraordinary numbers since salvarsan was discovered,
while S. pallida 1s not usually found in such large numbers in
gummata as we found in the sores which we have described as
examples of re-infection.

Good as these results of salvarsan treatment are we have reason
to believe that better will be obtained in future by using mercurial
injections in conjunction with salvarsan, instead of relying exelu-
sively on salvarsan. In Tables I, IT, and III we have divided our
salvarsan cases into three groups: (1) Those treated with a single
subcutaneous or intramuscular injection of salvarsan; (2) those to
whom we administered one or more intravenous injections; and
(3) those who were treated with an initial intravenous injection of
06 grm. salvarsan, then nine intramuscular injections of mercurial
cream at weekly intervals, and, lastly, an intravenous injection of
06 grm. salvarsan. A comparison of the relapses under each of
these groups will show 'that while a subcutaneous injection is not
nearly so permanent in its effects as one or more intravenous, the
results obtained by either of these methods are easily surpassed by
those which follow the combined course of mercury and salvarsan
we have deseribed.

‘We may say that we are treating a series of cases with three
fortnightly intravenous injections of salvarsan and four injections
of calomel cream, the idea being to see if the initial course of
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treatment can be made shorter. So far, however, the results have
not been so good with regard to the Wassermann reaction, and for
the present we recommend the combined course of salvarsan and
mercurial eream injections as the one which appears most likely to
give the best results.

In a previous paper we have mentioned the great importance of
commencing treatment in the primary stage of the disease; if
possible, before there is any induration of the sore or the
Wassermann reaction has become positive. Reference to Tables
I and III will show that the primary cases relapsed less frequently
and gave a lower percentage of positive Wassermann reactions at
different periods than the group comprised of all the fresh cases we
have treated with salvarsan. Further, out of 101 primary cases
treated with salvarsan and under observation for three months or
longer only two have developed secondaries. It should also be
mentioned that five out of the nine primary cases which sub-
sequently gave a positive Wassermann reaction were positive
before treatment was commenced. The four cases which were
negative beforehand were treated, one with a single subcutaneous
injection and three with four intravenous injections, neither being
methods of treatment we would now recommend. It 1s clear
from these results that it 1s well worth while to use every effort in
encouraging men to report sick early and in making the diagnosis
with the least possible delay.

The question of dosage of salvarsan is one which has lately
arisen in connection with certain fatalities after salvarsan
injections. Regarding the subject of deaths, we may say at once
that in forty-three subcutaneous or intramuscular and 1,613
intravenous injections we have not experienced any untoward
incident, while Weechselmann states that, in the course of over
12,000 injections, he has not had any death which could be
attributed to salvarsan. When we consider that probably more
than a million injections must have been given all over the world,
fatalities amounting even to a fraction per thousand of the injections
could not have been concealed and would have filled a prominent
place in the literature. Dreyfus has collected and analysed the
records of 150 deaths after salvarsan. After eliminating those in
which the death was either due to faulty technique, or was a
coincidence, or followed gross disregard of well - known contra-
indications, about a dozen were left which could be attributed to
salvarsan poisoning. Excluding, again, those which were due to
decomposition of the drug at the site of an intramuscular injection,
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a few remain which have been reported by Marschalké and
Vesprémi, Queyrat, Lesser, Kannengiesser, MeDonnell, and others,
and are not so easy to explain. The symptoms and post-mortem
appearances presented by these cases subsequently to the injection
were very similar and indicated a common factor in their cansation.
Briefly, a few days after an injection there ensued epileptiform
convulsions, then coma, and death on the third to the fifth day,
and the autopsy showed punctiform h@morrhages in the brain and
basal gangla.

Professor Ehrlich, noting that these fatalities have almost
always occurred 1n patients who were suffering from early generalized
syphilis, believes that they are due to the liberation of endotoxins
from spirochates in the brain. On this account he recommends
that in early generalized syphilis—that is, after the sore has
indurated, the inguinal glands enlarged and the Wassermann
reaction become positive—the treatment with salvarsan should
proceed very cautiously. His directions are, first, to administer two
intramuscular injections of calomel, then 01 grm. salvarsan, then
two more 1njections of calomel, and, a few days later, 015 grm.
salvarsan. Only when it is seen that this is well borne would he
increase to a full dose. In cases of early primary sypbhilis, on the
other hand, he recommends a full initial dose of salvarsan and
intensive treatment from the commencement with a view to aborting
the disease.

For reasons which we may shortly mention, we have found
some difficulty in accepting Ehrlich’s explanation of these deaths.
It 1s likely that, whatever their immediate cause, most of the
fatalities would fall into the group of early secondary cases since
this must comprise the vast majority of cases treated with
salvarsan. But not all the deaths of this kind have occurred in
early secondary cases. Lesser reports a similar death in a patient
whose disease was of fifteen years standing, while Marschalké and
Vesprémi report one in which the patient had contracted the
disease twenty years previously and was apparently in good health.
Again, if death were due to liberation of endotoxins one would
expect 1t to occur after the first dose when, presumably, the
greatest number of spirochmtes are destroyed. In the majority of
these cases, however, the fatality occurred after a second injection
administered within a week or eight days of the first.

It seems to us reasonable to suppose that, apart from the fact
that, as Yakimoff has shown, the toxicity of salvarsan may be
increased by the use of impure distilled water and salt solution,
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some patients may be very exceptionally susceptible to salvarsan,
however carefully prepared. This susceptibility may possibly be
increased in the early secondary stage, and is certainly increased by
such indiscretions as violent exercise, alcoholic excess and railway
travelling a few hours after the injection—a matter of some 1mpor-
tance to those responsible for the after-treatment of salvarsan
cases.

It is especially noteworthy that most of these deaths have
followed the second of two injections which was given at an
interval of eight days or less, and it is possible that the drug
has exercised a cumulative action in these cases.

Marschalké and Vesprémi claim to have produced the same
symptoms and post-mortem appearances in rabbits by over-
dosing them with salvarsan.

The true explanation of these fatalities 1s 1mportant, because
if we believe with Ehrlich that they are doe to the liberation of
endotoxins we should proceed fearlessly to treat our early primary
cases with full doses of 0’6 grm. salvarsan, but would exercise
considerable caution when the disease has become generalized.
If, on the other hand, the cause lies in exceptional idiosyncrasy the
routine procedure would be much easier. We should not let our
patients commit any of the indiscretions we have mentioned, nor
repeat the injection at such a short interval as to cause any
cumulative action, and we should try to ascertain if the maximum
effect of one intravenons injection can be achieved with a smaller
dose than 0°6 grm. We do not think the last is nearly so important
as the first two precautions we have mentioned. We have not been
able to find accounts of more than three cases where a patient in
apparently good health died after an initial dose of 06 grm.
salvarsan which was properly administered, and we believe that, if
care be taken not to repeat the injection too quickly, if punectilious
regard be paid to details of technique (asepsis, freshly distilled
water, freshly prepared solutions, &c.), as well as to after-treat-
ment, and if the contra-indications are properly considered, the risk
of death after such a dose is infinitesimal, whether it is adminis-
tered in the early primary or the early secondary stage of syphilis.

Some attention 1s due, however, to those workers who claim
as good results from the injection of 0'3 grm. as those obtained
by workers using the larger dose. In a previous paper we have
expressed the view that, considering the rapid beneficial effect
which follows an intramuscular injection and the well-known fact
that absorption of the remedy from the site of such an injection
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1s very slow, it must require a veryv minute dose of salvarsan in
the circulation to destroy all the spirochwtes which can be reached
by this means.

In the same paper we agreed with the opinions of those
who consider that relapses are caused by spirocheetes which at

Fia. 1.—Syphilitic ulceration of nose of one year’s duration. Contracted syphilis
four years ago. Regular mercurial and iodide treatment with tonics.

the commencement of treatment were buried in thrombosed
vessels and sclerosed areas and consequently remained inacces-
sible to circulating fluids until after the first dose of salvarsan
had been excreted. If this be true it is possible that the adminis-
tration of 06 grm. in any one injection may effect no more
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than would 03 grm. To borrow an example from bacterio-
logical technique, when we sterilize by the intermittent method,
one hour’s steaming on any one day is no more effective than
steaming for half that time, nor does it save us from the necessity
of repeating the operation on two more days. In order to test
this possibility we have lately commenced a series of cases to

' F16. 1a.—Same case as 1, thirteen days after commencing neosalvarsan treatment,.

Treated with 09 grm. neosalvarsan, two days’ interval; 09 grm., eleven days’
interval ; and, lastly, 1'3 grm.

whom we are administering three injections of 0'3 grm. salvarsan
in four weeks and four calomel injections in the same month,
and ntend to compare the results with those obtained in a

series of fifty cases which we have treated similarly, except that
the dose of salvarsan has been 06 grm.
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NEOSALVARSAN.

Professor Ilhrlich very kindly gave us a generous supply of
neosalvarsan, or *“ 914, and we have treated a number of cases
with it. The new preparation is very readily soluble in water,
or, as Ehrlich recommends, in 04 per cent sodium chloride
solution, in which it forms a neutral solution, and is ready for
injection as soon as it has dissolved. It is not so stable as
salvarsan, being converted into a very toxic compound if dissolved

Fic. 2.—Gumma of frontal bone, with uleeration of six months® duration.
Contracted syphilis four years ago, Energetic treatment with mercury, potassinm
iodide and jodipin,

in water which is above 80° F., or in physiological salt solution,
or 1if unduly exposed to air. If should therefore be dissolved and
administered in water, or 04 per cent salt solution, at room
temperature and injected at once.

In administering neosalvarsan our technique has been as
follows : Using the apparatus we employ for salvarsan, the
procedure is the same up to the point where everything is ready
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for the remedy to be poured into one of the funnels, except that
distilled water is used instead of physiological salt solution. The
patient is then put on the table, and the skin over the site of the
proposed puncture sterilized. Not till then is the tube of neo-
salvarsan opened and its contents dissolved in distilled water
(09 grm. in 150 c.c.) at room temperature. The remedy dissolves
at once and is poured into the funnel prepared for it. In order to
avoid having to inject so much distilled water as is contained in

F1c. 2a.—Same case as 2, after neosalvarsan treatment. Treated with 0-9 grm.
eight days' interval ; 1-2 grm,, seven days’ interval ; and, lastly, 0-9 grm. neosalvarsan.

the rubber tubing between the funnel and the needle, before
puncturing the vein the clip which controls the tube leading from
the neosalvarsan is opened, and the distilled water in the rubber
tubing is run off till the neosalvarsan solution has reached the lowest
glass window. The technique is then the same as in administering
salvarsan. We have not ventured to administer such enormous
doses or to repeat the injection after such short intervals as
Schreiber and others have done, and the largest amount we have
given has been three doses of 1'2 grm. at weekly intervals. Since
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3 of neosalvarsan is equivalent to 2 of salvarsan this would
correspond to three doses of 08 grm. salvarsan. Ehrlich now
" recommends that workers should not administer neosalvarsan in
doses any larger than those which correspond to safe amounts of
salvarsan, nor any more frequently. Reactions are much less
frequent after neosalvarsan than after the older preparation. The
therapeutic effect of neosalvarsan seems to be much the same
as that of salvarsan, as will be seen from the illustrations, but it
is much too early to speak of its permanence. The chief dis-
advantage of neosalvarsan is its instability ; its advantages are that
it is very quickly prepared and causes reactions less frequently
than the older preparation. '
We are indebted to Professor Ehrlich for kindly giving us
a supply of neosalvarsan and for his very valuable advice on many
points. We would also like to record here our appreciation of
the help we have received from numerous brother officers who
supplied us with monthly reports on the progress of many of our
cases and from Mr. Gibbs, Royal Army Medical College, to whose
photographic skill we are indebted for the illustrations in this
article.



THE VACCINE TREATMENT OF GONORERH@EA, WITH
NOTES ON THIRTY CASES.
By Capraix A. T. FROST.
Royal Army Medical Corps.

Tue literature on the subject of gonorrheeal vaccination is so
contradictory that a trial of this method of treatment was decided
on in December, 1910. The various reports on vaccines were
consulted, and the following résumé was compiled.

The dosage of vaccine has varied from 500,000 to 1,000,000,000
gonococel in acute and chronic disease respectively. Fach bacteri-
ologist prepared the vaccine in his own way, so that there was only
an approximate relation between the immunizing power of similar
doses in any two vaccines.

The following record of some 300 cases treated by gonococcal
vaccine has been extracted from literature.

Hale White and Eyre [1] treated four cases of chronic gonorrhoeal
arthritis which were unaffected by local or general medication.
Opsonic control was employed. In two of the cases four to ten
million cocci were injected every seven days; this resulted in cure,
Another case had an autogenous vaccine, of which he was given 5 to
25 million cocel with six days interval between the injections.
The fourth also had an autogenous vaccine; 100 to 200 million
cocel were injected, with complete recovery in five weeks.

Eyre and Stewart [2] published their results in fifty-three cases.
The gonococcus was isolated and grown on blood agar. The
twenty-four-hour-old culture was sterilized at 50° C. for one hour,
and again heated at the same temperature for half an hour, after
the addition of 1 per cent trikresol. Three to ten strains were used.
After the first few injections, which contained as many as 100 and
250 million cocel, they did not give a higher dose than 25 million
coecel.

In acute gonorrheea, they usually employed a dose of 5 million
cocel ; this was followed by a negative phase lasting three to four
days, after which a strong positive reaction set in. They advise daily
opsonic index observations. If the index is variable, they recom-
mend a dose of § to 1 million cocei, if 1t 18 steady 2 to 5 million cocci
are injected. In chronic infections small injections were found
to be more beneficial than large ones ; the best results were obtained
with 1 to 2 million cocci, every three to five days, or 3 to 5 million
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every five to seven days, or 10 million with an interval of eight to
ten days. In orchitis a small dose is best.

Hartwell [3] in discussing gonorrheeal arthritis, states that of
thirty-one subacute cases, twenty-seven made perfect recoveries.
In chronie affections vaccines are not of much benefit, especially if
ankylosis is present. His vaccine is sterilized at 60° C. for one hour,
or kept on ice all night, then lysol added and allowed to act on
the organisms for twelve hours. The strength of the lysol is
025 per cent. The author did not find any difference between the
heated and unheated cultures. The most efficient initial dose for
acute arthritis was 10 to 25 million cocei ; for chronie cases as many
as 600 million cocei have been injected. The interval between
inoculations was two to four days in acute cases, and five to seven
in the more chronic affections.

Aronstam [4] treated fifty-four patients with stock vaccines, and
no local applications. The average time under treatment was three
weeks. Three to eight injections were required to effect a cure.
He summarizes the results of his experience by stating that
recovery from acute gonorrheea takes place in four weeks, without
injections or irrigation, that vaccines act well in epididymitis, and
prostatitis. He also observed that latent arthritis became manifest
under the vaccine treatment, but was eventually relieved.

Ballinger [5] made use of a mixed vaccine in mixed infections,
and a stock culture in uncomplicated gonorrhcea. In addition he
had recourse to massage, injections, and irrigation. He considers
massage of joints at the same time as vaccination inadvisable. owing
to the liability of causing a negative phase. In acute cases he gave
from 5 to 10 million cocel, in chronie cases up to 50 million cocei,
beginning with a dose of 15 million cocei, and allowing five to eight
days’ interval between the injections. His conclusions are favour-
able, if vaccination is only looked on as an adjuvant to local
treatment.

Dieulafoy [6] describes the course of a case of gonorrhceal
septiceemia, with typhoid symptoms which recovered. He made a
culture from the blood in peptone ascitic broth, obtaining a pure
culture of the organism in thirty hours. He gave a vaccine
containing 5 millions of this organism, after which the tempera-
ture dropped to normal. Three days later the same dose was
repeated with marked benefit. A third injection of 10 millions was
followed by complete recovery.

Carl Mianini [7] reported in extenso four cases of arthritis, and
showed the interdependence between the opsonic index and the size
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of the dose. The first patient had 2 million gonococci injected. His
opsonic index before the injection was (84 ; after the injection it
fell to 0-42; the fall was accompanied by an increase in all the
symptoms. The second dose was reduced to 1 million. Six days
later the index was 0'83, and he appeared much better. The joint
pains returned after a week’s freedom from symptoms, and twenty-
six hours after an injection of 200 million cocei again disappeared.
A relapse of pain on the seventh day was treated by an injection of
300 million cocei; pain left the joints that evening. His opsonic
index at the end of the course was 1'23. The second case received
a first injection of 30 million cocci, as he had an index of 096,
this then fell to 0°73. In five days the opsonic index had risen to
1'42. In all, five doses gradually increased to 350 million cocci were
given. The third case had an initial dose of 4 million coeei, followed
at intervals of three, five, six, and eighteen days respectively, by
30, 100, 150 and 200 million cocci. The opsonic index varied after
the doses thus: at first the index was 096 ; this fell to 0-47. The
next index was calculated as 0°54; five days later it was 0'89. On
the fourteenth day it was 1'28, and on the thirty-second day it had
fallen to 068,

Case 4 had an index of 1'12 before the first injection, which
contained 250 million cocei. Next day all pain had ceased. On the
third day 100 million cocei were given and the opsonic index was
0-78. The daily record showed a lower index each day and an
increase in the pains. Two days later 400 million cocei were
injected ; this was followed by a rise in the opsonic index to 1-04.
Seven days after the last injection the patient received another
400 million cocci, and his opsonic index fell to 0°47. There was no
relapse from this time, and massage was resorted to.

In conclusion the author is of opinion that the loss of pain is
not to be taken as an index of the cure of the disease; it only
shows that gonocoececal vaccine has a specific action on gonorrheeal
arthritis.

Thomas [8] gives three years’ experience of specific immunity.
He deseribes the treatment of gonorrhoeeal vulvo-vaginitis in children,
and shows brilliant results from injections of 5 million gonococei.
Four joint cases were either cured or improved with a dosage of
50 million gonococei. Autogenous vaccines have given the best
results in his hands. Finally, the author states that vaccination is
only an adjuvant to local treatment.

Irons [9] made his vacecine from organisms heated to 60° F. for
one hour. When a dose of 500 million cocci was experimented
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with, the reaction started within twelve hours and persisted for
twenty-four hours. With 50 million cocei there was little or no
reactive response. In summarizing his results, he comes to the
conclusion that the action of vaccine therapy is better in the case of
infected joints than in any other form of gonococcal infection.

W. Friedlander and Reiter [10] in discussing the various com-
plications of gonorrhceea say that in acute, subacute and chronie
epididymitis, vaccines give the best result. Reiter's preparation
was used in doses of 0°2, 03, 04, 0'6, 0'8 and 1 c.c., each cubic
centimetre containing 5 million gonococei. The interval between
injections was three days. Infiltration disappeared very rapidly,
leaving only a small nodule. Deep lesions appeared to heal before
the original focus in the mucous membrane ; the urethral discharge
remained unchanged.

In acute prostatitis improvement was not noticed. However, in
acute and saobacute follicular prostatitis both the objective and
subjective signs of the disease were quickly ameliorated. Spermo-
cystitis was improved, but not cured. Infection of the ducts of
Bartholin’s glands was not influenced by vaccination.

Allen [11] has come to the conclusion that in gonorrheeal
infections phagocytosis and opsonin formation is not of as much
importance as in some of the other vaccine-treated diseases. In
support of this, he mentions that two cases of gonorrhecea with
equally numerous cocei in the pus leucoeytes, give widely different
results in culture ; thus, one may produce a poor growth, the other
an abundant one. He has had very encouraging success in acute
disease. As an initial dose, the author recommends 25 million
cocei, followed by a similar dose ; later doses may be increased up
to 50 million cocei. In addition a mild antiseptic irrigation should
be carried out at the same time. If the cure is not complete 1n two
or three weeks, as 1s usual in his cases, the injections are inereased,
even as many as 1,000 million cocei being given. No secondary
complications were met with and he says that in all cases the
vaccine should be increased till good results follow.

In reviewing the foregoing work done by various authors
the following conclusions have been arrived at. There 1is
unanimity of opinion that vaccine therapy is an advance on
the ordinary medicinal method. There is also an agreement on
the necessity of high dosage in arthritis of gonorrhoeal origin.
Acute gonorrhcea may be cured if treated with irrigation;
massage of the prostate is required in posterior urethritis, and
sounds in the more chronic disease, with or without infternal



A. T, Frost

treatment. The average time in which recovery can be assured
is six weeks, provided that the patient begins his course of
irrigation, &c., in the very earliest days of his attack. Both
Aronstam and Allen have succeeded in curing urethritis with
vaceines in three weeks, the former without any other aid, the
latter with mild antiseptic irrigation. On the other hand, most
of the authors who have tried inoculation for uncomplicated
gonorrheea state that there is not much advantage to be gained
therefrom. The general consensus of opinion appears to be that
the deeper the lesion the more active is the immunizing power
of gonococcal vacecine,

Preparation of Vaccine—In an article by Martin [12] in the
Journal of the Pathological Society, on the growth of the
gonococeus, he describes a culture medium which has given
excellent results in his hands.

Following his procedure a medium was made containing:—

Beef extract broth, to which was added
Disodiam phosphate 0°5 per cent,
Witte's peptone 1 per cent,

Agar agar 2 per cent.

When sterilized in test tubes the medium is “slanted” and
kept till required. A patient with a gonorrheeal discharge from
his urethra, from whom it is desired to make a gonococcal
culture, is brought to the pathological laboratory. The glans
penis is cleaned with absolute alcohol, and allowed to dry. Two
tubes of the medium have the surface of the agar evenly smeared
over with about four drops of sterile hydrocele, ascitic or
pleuritic fluid. The tubes are now placed in the incubator until
they become heated to 87° C. The first part of the urethral
discharge is removed from the tip of the penis; two loopfuls of
the deeper discharge at the meatal orifice are taken on a
platinum needle and qnickly transferred to the surface of the agar
slope which is marked, and returned to the incubator. A pure
culture, or at least isolated colonies, ecan be subcultured on
a similar medium. A large percentage of excellent growths of
the gonococcus in pure culture was obtained in this way.

A twenty-four-hour-old culture in 1 per cent sodium chloride
1s sterilized by heat applied for an hour at 59° C. The vaccine
is diluted till 5 minims contain 20 million gonococei. At first
three cultures from three cases were mixed, but at a later period,
and when better results were got by enlture, ten different cultures
entered into the vaccine. To keep the vaccine sterile, 1 per cent
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lysol was added to the stock, which was stored in rubber capped
bottles, 20 c.c. in each.

Of the thirty cases, twelve had a vaccine procured from one
of the large manufacturers, the remainder had a vaccine made
from a case of gonorrheea acquired locally as detailed above.

In beginning the systematic vaccination of the thirty cases
our idea was to investigate whether the opsonic index could be
dispensed with, and whether vaccine inoculation for gonorrhcea
could be made a simple clinical method devoid of dangers
and capable of employment without the aid of laboratory
technique. Gonorrheea is here meant to include acute, chronie,
and blood-stream infections. No attempt was made to select
cases. All cases which were admitted into the Royal Infirmary,
Dublin, during the period were treated in the same way, with
the exception of some cases of mixed gonococcal and other
organisms ; in these cases cultures of the Bacillus acidi lactice
were injected into the urethra.

Case 1 had been in hospital since September 5, 1910. He had
two or three exacerbations of the disease during October and
November. Examination by the urethroscope showed a condition
of soft infiltration along the whole of the urethra. A pure eulture
of gonococeus was isolated from the deep urethra. The first dose
of gonococeal stock vaccine was injected on November 29, 1910,
dose 5 million cocei. Four days later 50 million cocei were given,
and no reaction followed. In forty-eight hours the urethral
discharge had ceased for the first time since early in November.
The third injection was given on December 10, 1910, as a return
of the discharge occurred with threads in the *‘ anterior” urine
glass (Thompson's two-glass test). On December 17, 1910, these
threads contained a bacillus, but no gonococcus. A culture on
ascitic agar of one of these threads produced a diphtheroid
organism, and a grey non-liquefying coccus. The B. acidi lactici
from one of the proprietary tablets “ Saurin” was grown on
1 per cent extract of malt in agar. The pure culture incubated
for twenty-four hours on the medium just mentioned was emul-
sified in salt solution and injected into the urethra by means
of Ultzmann’s instillation syringe. This was followed by an
increase of pus for twenty-four hours, and the threads disap-
peared. The injection was repeated three days later, and an
irrigation of permanganate of potash was given next morning.
Threads and discharge from the urethra ceased and no further
signs of gonorrheea have recurred.
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This patient was one hundred and sixteen days under treatment,
but was only forty-five days under vaccine therapy. The gono-
coccus alone was the pathological factor for ninety-six days, the
secondary infection only occurred in the last three weeks.

B. acidi lactici has been the object of some investigations by
Cannata and Mitra [13], as to its action on various pathological
organisms. The point of interest as regards this paper which was
elicited by them, is that the B. acidi luctict has a decided bacteri-
cidal action on organisms of the typhoid, paratyphoid, and dysen-
tery groups, and also on the staphylococci; while the B. coli
group, B. pyocyaneus and B. prodigiosus are practically unaffected
by contact with the organisms of the lactic acid family.

Case 2. The next case, also treated by B. acidi lactici in
addition to vaccines, is of interest owing to the unusually numerous
gonococei in the urethral discharge, and the copious growth on
the disodium phosphate pleuritic fluid agar. Though the diplococei
looked like gonococei microscopically, and were also Gram negative,
the appearance on the medium was more like a rather transparent
culture of Staphylococeus albus. However, no growth could be
obtained on ordinary agar, and subcultures on the special medium
gave positive results. Three weeks irrigation with permanganate
of potash solution did little more than lessen the amount of dis-
charge, but made no impression on the number of gonococei.

To test the effect of B. acidi lactici on the gonococel an
emulsion of the bacillus similarly prepared to that used in the last
case was injected on March 4, 1911 ; no change was noticed in the
urethral discharge, or in the infecting organism.

On March 6,1911, a second injection was given of B. acidi lactici ;
this was followed by a copious discharge of pus, much pain in the
prostate, in fact an acute attack of prostatitis. Two days later
permanganate of potash irrigation was resumed. The local”
stock vaccine had now been prepared, and a dose of 50 million
was given on March 13, 1911. No reaction followed. Doses of
20 million were injected with weekly intervals. A slight reaction
followed the fourth vaccination. At this time the discharge had
disappeared and only a slight “ haze ” remained in the urine, but
prostatic pain and frequent micturition were still present. The
dosage of gonococel was increased in the following weeks to 35,
40 and finally 100 million ; the patient had a slight local reaction
after each inoculation; irrigation was continued all through this
period. The prostate did not improve to any great extent until
sounds and massage were resorted to, when the change was at
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once marked. This case was ninety-six days under treatment
and neither vacecine or B. acidi lactici had a curative effect.

Case 3 had a pure gonococeal infection and a pure culture of the
gonococcus was 1solated. Potassium permanganate irrigation was
begun on adwission, but as the urethral discharge did not clear
up rapidly another trial was given to the B. acidi lactici. One
urethral injection was employed on March 4, 1911, on which date
gonococcl were found in the discharge. Two days later no dis-
charge could be expressed, and a second syringeful of bacilli was
introduced high up in the urethra. A third dose was given on the
following day. No unpleasant effects followed these injections,
and irrigation with Condy’s fluid caused the disappearance of
the introduced organism immediately. On March 10, 1911, only
a faint haze could be seen in the urine. Two vaccinations with
his own gonococel with a three-day interval completed the cure
of this case. The number of days under treatment was twenty-six.
Whether one should attribute the rapid cure of this man to the
B. acidi lactict or not, is a difficult question to answer, but the
fact remains that the discharge from his urethra disappeared and
gonococei could not be found within forty-eight hours of begin-
ning the bacillary applications.

From Case 4 a pure gonococcal culture was isolated, and grown
to many generations. He had two injections of *“ manufacturer’s
vaccine, of 25 and 50 million respectively at an interval of one
week ; this treatment was followed by an increase of both the
discharge and the number of gonococcl. Nitrate of silver was
substituted for Condy’s fluid as a douche for the urethra, with
improvement in the urethritis.

On March 4, 1911, an emulsion of B. acidi lactici was injected
and also on the following day. No discharge was visible after the
second dose, until March 18, 1911. A ‘““‘local” stock gonococeal
vaccine had by this date been made, and five doses were given,
beginning at 12 million, while the fifth contained 32 million gono-
cocei. There was a slight reaction after the fourth dose in the
form of an increase of discharge; no organisms, however, were
found. Before this patient was considered clear he was under
treatment for eighty-six days, and a really satisfactory result was not
obtained, either with the vaccine or with Massol’s bacillus.

The next case (No. 5) was one of anterior and posterior
urethritis, with papillomata on the glans penis associated with a
septic condition of these warts. Owing to the complication of
sepsis on a chronic gleet, this is not a fair test of the time required
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for treatment by vaccine. The case is mentioned here to show
that the lactic acid bacillus has a decided influence on septic
processes. Two injections of 50 million cocci, each at fourteen
days’ interval, had the effect of eliminating gonococel, but not the
discharge ; the warts were still in a very purulent state in spite of
constant irrigation, and organisms of all kinds were found in the
pus. One injection of Bacillus massol cleared up these orgamsins,
and the urethral discharge ceased within forty-eight hours.

From Case 6 a pure culture of gonococei was isolated. He
had a relapse when one month free from signs of the disease. By
means of the urethroscope a small ulcer could be located 2% in.
from the meatus. No curative effect followed eight vaccinations
at weekly intervals of a stock gonococcus vaccine containing from
5 to 50 million coceci. Late in the disease an injection of B. acidi
lactici was tried as there was a Gram positive diplococcus in
addition to the gonococcus found in the urethra; it had no influence
on the course of the urethritis. Eventually, a cure was effected by
silver nitrate applied to the uleer by Guyon's syringe.

These cases are placed together to show the effect of combined
irrigation, vaccine, and B. acidi lactici. They were on an average
eighty-one days under treatment, the shortest was twenty-six days,
and the longest 116. It seems as if the living bacillus has some
influence in eliminating a septic infection complicating gonorrheea.
Further work is required on this point before a definite answer
can be given.

GONORRHEAL RHEUMATISM.

Three patients were treated for this complication with vaccines.
Two of them suffered from a relapse after vaccination, but were
finally discharged from hospital quite cured.

Case 7 had urethritis with pain and swelling of both knees and the
left shoulder. On the day following admission to hospital he had 50
millions of stock vaccine. His left knee became more swollen and
painful. Five days later 10 million were injected without resnlt. The
third dose was 100 million, which caused some reaction for thirty-six
hours. No irrigation had been tried up to this date, when 1 in
10,000 solution of permanganate of potassium was used to flush out
the urethra morning and evening. A fourth injection of 150 million
cleared up the joint pains, but slight swelling still remained. Five
days later, 150 million were injected ; this aggravated the urethral
condition and caused the reappearance of pus with numerous
organisms in the cells. The rheumatism disappeared on the twenty-
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eighth day, and a final vaccination of 200 million gonococci produced
no reaction. The urethral discharge and the threads in his urine
disappeared on the next day, and did not recur.

Case 8 had been treated for two and a half months by ordinary
methods without sucecess, before coming under observation. In
addition to urethritis he had both right and left ankles swollen,
also the plantar fascie were very tender to touch. He received
three injections, each containing 50 million cocei, with an interval
of seven days between each injection. All signs of the disease
disappeared on the fourteenth day after the first dose. However,
in two months a relapse of the rheumatic pains and urethritis
compelled this patient to return to hospital. At intervals of three
days he had the following quantities of vaccine: 70 million, 20
million, and 30 million. On the seventh day of the relapse the
urine became clear and he had no urethral discharge. The fourth
injection, 40 million, was given on March 23, 1911, as a slight
return of pus was found. As no active signs were present, and it
was considered that there was no fear of affecting the urethra at
this stage, a dose of 200 million was introduced under the skin
of the shoulder, on March 30, 1911, in order to eradicate the
rheumatism from his ankles. A marked urethral reaction followed
in two days, a large amount of blood and pus also appeared ; to
control the former tannic acid bougiles were necessary. However,
the blood and pus cleared up in a week. Two further injections of
150 million on April 6 and 11 were nct felt in any way by the
patient, and he has not had a relapse of rheumatism for one year.
He was in hospital thirty-three days, and free from disease in
twenty-eight days.

The relapse in this case was due to insufficient dosage, and
during the second admission time would appear to have been lost
by giving the small and frequent rather than larger doses at longer
intervals.

Case 9 was admitted to hospital with an uncomplicated attack
of gonorrheea on April 11, 1911. He had acute anterior and
posterior urethritis. Three vaccinations each of 20 million were
given with five days interval between them. At the same time
irrigation with silver nitrate 1 in 10,000 was employed. No culture
was obtainable, as the gonococeil were few in number. On May 17,
1911, no signs of the disease were present and the patient was
looked on as cured on May 27, 1911. Two months later, however,
he was admitted to another hospital with subacute gonorrheeal
rheumatism of both ankles, plantar fascie and shoulders. A vaccine
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was not given and he was treated by other methods for some
months with only partial success. In January, 1912, he was re-
admitted with the same condition of his ankles and plantar fascie
as before. Bier's congestion treatment was tried by means of
rubber bands and hot air, but with little result. On February 2,
1912, 20 c.c. of antigonococeal serum was Introduced under the
skin of the abdomen as an experiment. The effect was most
unexpected, for within forty-eight hours the patient could hop on
either foot without pain or discomfort, and has been well since that
time.

(GONORRHEAL HEPIDIDYMITIS.

Case 10 had few gonococel in his urethra as in each of the
microscopic fields of a smear of the pus only a few organisms were
seen. Irrigation with 1 in 5,000 permanganate of potash was
begun from the date of admission. Injections of 20 million “ local ”
vaccine were given on April 30, 1911, and on May 3 and 11. The
discharge bhad ceased by the latter date and only a faint haze was
visible in the morning urine; 30 million were injected on May 17.
Double orchitis supervened on the 19th. As the urine cleared
rapidly a further dose of 30 million was tried ; the reaction was
slight, and a reappearance of pus from the urethra occurred. In six
days there was no further pain in the testicles. On June 13 both
urethra and testicles were normal, and no further evidence of
gonorrhoea has occurred.

In this case vaccine treatment did not prevent the onset of
complications, but that a curative influence was exercised on the
course of the disease i1s shown by the fact that twelve days from
the date of onset of orchitis the urethra was clear and the pain and
swelling had gone from the testicles.

Case 11. There was acute left epididymitis present on admis-
sion to hospital ; the patiéent had been treated for gonorrheea some
months previous to the present attack. Gonococci were very few
in number. No culture was attempted. As a routine treatment
Condy’s fluid irrigation was employed, in a strength of 1 in 5,000.
Three weekly injections, 20, 82 and 20 million respectively, of
““local " stock were administered ; these succeeded in curing the
epididymitis, and no further trouble has been noted, nor has a
relapse occurred.

A slight testicular reaction followed the first dose, but the others
were not felt locally or generally.



The Vaccine Trealment of Gonorrhea

AcUuTE CASEs.

These are divided into two groups. Nine were treated by a
locally made stock vaceine and ten with a ‘ manufacturer's” stock.
Of the patients treated by the *“local” stock, none had a higher
dose than 50 million, the usual dose was 20 million, and the
interval one week. The final dose in most of the cases was the
largest, but the dose was not varied in a number of the cases,
beginning at 20 million and ending with the same quantity.
Reactions were avoided as far as possible and only oceurred in two
of the cases; 20 million appeared to be a medium initial quantity
of vaccine, and the average case did not show signs of overdosage.
Of course this definite statement only applies to this special vacecine,
as it might be an excessive dose for a preparation made with a
different technique, or with other strains of the organism. The
gonococcus was isolated in pure culture from three cases of this
series, and added to the stock emulsion.

The average number of days under treatment was 504.
The shortest time was 19, and the longest 110 days, but this was
an exceptional case which had a stricture in the anterior urethra,
and was not in the least benefited by vaccine.

A few other cases may be quoted, first those whom 1immunization
seemed to affect favourably, and also in whom no change could be
imputed to vaccination, either for better or worse.

Case 12 was infected on April 24, 1911, and came under obser-
vation on May 7. Gonococei were few and cultivation was not
successful. Irrigation with Condy’s fluid 1 in 5,000 was begun on
the first day. A dose of 20 million of a 10-valent vaccine was
injected on May 10, 1911, and again on May 17, 1911, and was
followed by rapid disappearance of both the discharge and the urinary
deposit. There were no signs of gonorrhcea on May 22, 1911, and
all treatment was discontinued on May 25, 1911. No relapse has
occurred for nine months and no signs could be elicited on
examination on March 1, 1912.

Case 13. This was his first attack. He became a hospital
patient on February 26, 1911. Examination of the copious puru-
lent discharge from the urethra showed a pure gonococeal infection
to be present, very numerous organisms being found both free and
in the cells. A culture on the special medium yielded a large
growth ; this was added to and formed part of the polyvalent
vaccine. The urethra was flushed out thrice daily with perman-
aganate solution until March 21 ; there was no discharge on that
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date, though a haze could be seen in both the first and second parts
of the morning urine. A dose of 20 million of the above-mentioned
stock was given without reaction. Two days later a similar injec-
tion did not cause a negative phase, and in forty-eight hours the
urine was clear. Irrigation was then stopped, and the patient left
hospital on the thirty-first day. No relapse has since taken place.

Case 14. This case was a severe one. He was admitted with
a urethral abscess, and a copious discharge containing a large number
of gonococei ; a pure culture of the organism was obtained on the
first examination of the discharge. Dauring the first month he had
irrigation with potassium permanganate in very dilute solution owing
to pain in the urethra. On March 16, 1911, 20 million gonococcl
were injected. There was no reaction. Four days later 12 million
were injected, and three days later he received a dose of 16 million
coceci. At the end of the three injections he still had a discharge
containing gonococel. Owing to an anterior urethral stricture
sounds were passed daily until Nos. 11 to 13 sounds could be intro-
duced through the narrowed part. Three further doses of vaccine,
each of 20 million, at weekly intervals, cansed the disappearance of
the gonococeil from the urethra, and no discharge was to be seen.
Four injections of 20 million, with seven days between each of
them, completed the treatment.

In this case irrigations were continued throughout the time he
had vaccines. Pain was not relieved by the treatment, it dis-
appeared gradually, and the cessation did not seem to be connected
with any particular dose of vaccine. Gonococci were found during
the first two and a-half months of observation. Perhaps the dosage
of the organism was insufficient, as no reaction occurred during the
ten vaccinations. It did not appear advisable to give a larger dose
owing to the acuteness of the symptoms for a long period.

Ten cases had injections of a stock made by one of the vaccine
manufacturers. The quantity most usually employed was 50
million organisms, and varied from 5 to 50 million, the latter dose
was not exceeded in the acute cases.

As with the preceding cases irrigation with permanganate of
potash and silver nitrate was used in addition to the vaccine. A
few typical cases are here quoted.

Case 15 had a copious discharge of pus from his urethra,
numerous gonococci were found microscopically, both in the pus
cells and free. Five million gonococci were injected the day
following his admission into hospital. No reaction resulted. On
January 9, 1911, 50 million were given ; this was repeated on J anuary
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22 and 29. There was a distinct reaction after the last injection, with
an increase of urethral discharge, which had previously been getting
less. In a few days the condition cleared up very rapidly and no
signs of the disease were present in the urethra or wrine. The
patient was permitted to leave hospital a week later. No relapse
bas since occurred. The duration of his stay in hospital was thirty-
five days ; during the last week of this time he was apparently free
from gonorrheea.

In Case 16 gonococcus was the only organism present, but an
attempt to grow it was a failure. Vaccination was carried out
weekly. The first dose was 25 million, the second 50, the third
was also 50 million, and no reaction occurred after any of these,
but at the same time there was no appreciable change in the
number of gonococei or in the amount of his urethral discharge.
The fourth injection was reduced to 20 million; both gonococei
and discharge diminished in the course of a week. The disease
became quiescent and it was thought that a cure had been brought
about. However, in a week both gonococci and discharge reappeared
and vaccines were resumed. Two doses, 50 million in each, were
oiven with an interval of a fortnight. No further recurrence has
taken place for a year. This case had no other treatment but the
stock vaccine. He was under treatment for exactly two months.
The next case was treated in a similar manner, inoculation alone
being used.

Case 17. When admitted on November 12, 1910, the urine con-
tained much muecus and many threads. Gonococelr were found
scantily in the threads, but cultivation of the organism was
unsuccessful. Urethroscopie examination revealed a granular and
swollen state of the whole urethra, as far as could be seen by means
of Casper’s instrument.

On November 29, 1910, he was injected with a dose of 5 million
stock vaccine. There was no reaction. At weekly intervals three
doses each of 50 million gonococei were given, and on December 20,
1910, neither urethral discharge nor Thompson’s ““ two glass™ test
showed any evidence of gonorrheea. A final dose of 25 million on
January 2, 1911, completed the treatment. This case was in
hospital for fifty-three days; he was clear of signs in forty days.
No other form of treatment was employed in this case, and no
relapse has occurred in twelve months.

The other cases do not present points of any special interest.
The accompanying table shows the results of this form of
treatment.
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For at least one week of this time in hospital there were no
signs of disease, as tests were carried out to prove that the
gonorrhoea had ceased. By acute gonorrheea is meant those cases
which were treated from the time the men themselves noticed a
discharge from the urethra. It is unusual for these men to suffer
pain or scalding in the earliest stage of the disease, hence they do
not come under treatment till there 1s a thick yellow discharge of
pus from the urethra.

Although these thirty cases were in hospital more than the
average time, relapses were below the average, and were quickly
amenable to the treatment.

Whether dosage can be laid down is doubtful, for some men
could tolerate larger doses of vaccine than others. No true anaphy-
lactic symptoms due to the gonococcus occurred. In some cases
a negative phase was observed, but this was due to an overdose.

As in other vaccines too small a dose is to be avoided for it
would appear that immunity against the vaccine 1s the only result,
vide Case 14.
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A French method of utilizing a taxicab chassis exists (see fig. page 456).
The principle is the carriage of a Bréchot-Desprez Améline frame upon
a platform which is supported on two wooden cross beams fixed to the
chassis frame. It will be seen that there is an ““ overhang " and that the
centre of gravity is thrown high, especially if the upper tier were oecupied.
The hinder cross bar is not longer than the width of the chassis frame
and comes between the hind wheels; it would not carry a frame any
wider than that now seen upon it. '

A CASE OF BLACKWATER FEVER AND A SUGGESTION.

By Capraixy D. 8. SKELTON.
Royal Army Medical Corps.

TraE following case presents features that seem in some respects so out
of the common as to make it worth putting on record.

Captain P., Royal Engineers, aged 30, during a morning's inspection
work at Strensall, noticed that he was passing red urine; he had been
feeling seedy all that morning. He consulted an officer of the R.A.M.C.
at the Camp, who advised him to return home at once, go to bed and send
for medical assistance. This advice was followed. At 2 p.m., that was
two hours affer he had noticed the “ red ” urine, he passed a small amount
of “ porter” coloured urine. The temperature at this time was 100-5°.
There was no vomiting and no obvious jaundice. Captain Patch and
Lieutenant Levack, R.A.M.C., both saw the case. The temperature was
normal at 5 p.m.and at 9 p.m. The urineat 5 p.m. was *“ porter " coloured,
about 70 c.c. being passed. At 7 p.m. it was much clearer. I took over the
case next morning. The temperature was normal, the urine quite clear,
and the patient felt much better. Specimens of the urine passed the
previous afternoon and evening had been kept for me to see. Without
doubt they were typical ¢ blackwater "' specimens.

The history of the case is interesting. Captain P. went out fo Sierra
Leone in 1903, and completed his first tour of serviee. After the usual
period of leave he returned to the Coast, from which he was eventually
invalided in August, 1906, after a very severe attack of blackwater fever.
He gives a history of having had a good deal of malaria during his West
Coast tour, in fact as many as half a dozen well-marked attacks. Four
months ago, that is five years and four months after leaving the Coast, he
mentions having suffered from attacks of general seediness, which a eivil
medical practitioner diagnosed as influenza, but they were only slight,
and were treated with a mixture. Except for this mixture, not all
of which was consumed, no quinine in any form has been taken for
5% years. The patient thinks that during the past six months his urine
has been getting thicker. Specimens of the * porter” coloured urine



458 Clinical and other Notes

passed at the time of the attack were brought to the laboratory, and
Captain Hayes, R.A.M.C., kindly assisted me in their examination.
Examination of the urine under the microscope showed no red blood
corpuscles, but granular easts were numerous.

The * blackwater” specimens contained albumin (a half). Several
blood films were taken, one at the time of the paroxysm, the others next
morning, but though Captain Hayes and I both searched for nearly two
hours no parasites were found. A differential leucocyte count gave a
mononuclear percentage of 7-5. On the third day the urine was quite
clear and contained no albumin.

The treatment consisted in the first instance of the administration of a
mixture containing liq. hydrag. perchlor. and sod® bicarb. and later of a
diuretic mixture with smart calomel purging. No quinine was given.

Second Attack.—On Monday, May 8, having just been taken off the
sick list, he again began to feel seedy. At about 4 p.m. he started
shivering. He passed water at 5 p.m. It was clear. At 7 p.m. he passed
about 70 c.c. of * porter " coloured urine. The temperature at 9.20 p.m-
was 101.

Next morning he looked very ill. There was slight jaundice, and he
had that almost characteristic ashy grey colour which is associated with
severe paludism. The urine cleared in the course of the day. The
temperature was normal. I gave him quinine sulphate, 5 gr. doses to
be taken three times a day. He continued to take this mixture till
Sunday the 14th. On the 15th I expected that he might have another
attack, but he did not. I assume that the quinine had done its work.
There was no attack on the 22nd or on the 246h. When I last saw him
he was quite well.

A medical board was held on him and long leave was recommended in
order that he might go to the South.

He was advised to take ten grains of quinine each Monday and Tuesday
for the next three months.

Remarks.—It is by no means rare for cases of blackwater fever to oceur
in England, when the patient has recently returned from tropical Africa.
I myself have met with three such cases. They were all mild in type. But
the case I have described above is remarkable, in that no less than 5 years
and 8 months have elapsed since the patient left the West Coast. Another
point is that, except for a few doses of a mixture for influenza (!) the
patient had taken no quinine at all for all this time. In any case, abso-
lutely no quinine had been given for four months. This surely rules out
quinine as being an invariable etiological factor in the production of
““ blackwater,” a contention that I, personally, have always held.

Supporters of the quinine school are, of course, entitled to say that the
case of Captain P. was not one of *‘blackwater” at all. Against that I can
only urge a considerable experience of * blackwater ”” and the want of an
alternative diagnosis. The only other possible diagnoses are acute neph-
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ritis and paroxysmal hiemoglobinuria. The former is ruled out, however,
by the absence of red blood cells in the urine or any of the other classical
signs and symptoms. The second is merely a term—a symptom with
some definable ecause, such as either malaria, poisonous drugs or quinine.
It is not a disease per se. To my mind the case of Captain P. offers no
doubt in the matter of a diagnosis. It was a typical mild attack of *‘black-
water ” such as paludics not uncommonly get on returning to England.
The failure to find any parasite in the blood is a common event, as
after the paroxysm the parasite generally disappears from the peripheral
circulation.

My idea as to the origin of such attacks of malaria after a prolonged
period of immunity is that the parasite suddenly develops by partheno-
genesis. No doubt the number of parasites in the host is remarkably
small, hence the mildness of the attacks. The intense “ blackwater  of
malarial Africa is associated with all the symptoms of a virulent tox@mia,
vomiting, coma, and suppression of urine. That the coma is not due to
the suppression is clear, in that it frequently comes on early, in fact almost
within a few hours of the onset of the attack.

Our conceptions as to the real cause of blackwater fever have not
progressed much during the past five years.

Bentley and Christophers have attempted to explain the mechanism
of the production of the blackwater. They have experimentally produced
a lysemia, which, they say, is bronght about by an anto-hemolysin. But
then again other workers deny that an auto-hamolysin is ever produced.

Barrett and Yorke are convinced that quinine produces the he&molysis.
They maintain that blackwater is not due to a ha&molysin. The same
workers show that the suppression of urine, which is such a fatal compli-
cation, is due entirely to mechanical causes, a position I maintained in
1908. They find granular and epithelial casts in the urine of a rabbit
some 12} hours after the intravenous injection of dissolved heemoglobin,
whilst granular casts are commonly found in “ porter ” coloured urine.

Simpson has described a case studied before and during the malarial
paroxysm. The parasites disappeared with the onset of the hsmmoglo-
binuria. This, however, is the common experience of workers on the
West Coast, that is to say the parasites disappear from the peripheral
eirculation.

In the case of Captain P. we have a malarial infection, the recrudes-
cence of which can only be due to the parasite re-developing by partheno-
genesis, and the same must be true as a general rule in all cases where
the disease has been quiescent for any prolonged period. Have we then
here a factor in the production of ¢ blackwater " in general, which will help
to explain in any way the elusive nature of this disease ? When the para-
site develops by parthenogenesis are the products of metabolism more
intensely toxic than when development is by sporogony and schizogony ?
Much work has followed that of Ehrlich and Sachs on h@molysins, and
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the results have been applied to the production of hiemoglobinuria. But
no one has explained why we get ‘ blackwater’ only in certain parts of
Africa, India and the East Indies. No one has explained why we do not
get * blackwater ” whenever we get malignant tertian malaria.

As to the cause of the ¢ blackwater ™ fever, might we not be dealing
with certain ¢ strains " of the Plasmodium malarie ? Is it not possible to
conceive of certain * strains " as being especially resistant to the immune
bodies that are produced in the hosts? And going still further, can we not
produce a strain which becomes a ‘¢ super-parasite,” and is resistant to
quinine ? Owing to unfavourable surroundings and conditions, such as the
presence of antibodies in the host, &c., development may be hindered for
prolonged periods, until finally parthenogenesis may oececur if the species is
to be perpetuated. Can it not be conceived that the large parthenogenetic
forms of the P. malarte, containing as they do a large amount of nuclear
matter and pigment, are so intensely toxic in their products as to give rise
to the condition of *“ blackwater ”? This theory of compulsory partheno-
genesis in its relation to the production of ¢ blackwater " fever would fit
in with the sudden onset and the sporadic nature of the disease, and it
would also explain why paludics who have been taking quinine suddenly
get * blackwater.” Under the influence of quinine,’ it can be conceived
that the parasite will assume its most resistant form in its struggle for
survival, an analogy to the granular stage in the life history of spiro-
ch@tide, so that, in other words, quinine can either cure the disease or
be the innocent cause of inducing the formation of the highly resistant and
intensely toxic parthenogenetic form of Plasmodium.

Finally the moral of this case of Captain P. appears to be that when
once a West Coast paludic has had “ blackwater ” we cannot promise that
he will not get it again, even after an interval of years. This fact is to be
commended to those who sit at home imagining that men may nowadays
go out with impunity to the Coast for their health or for shooting.

It is surely an argument against any curtailment of West Coast leave,
pay or privilege.

I am indebted to Lieut.-Col. N. Ferguson, C.M.G., for permission to
publish this case.

! The administration of quinine is said to induce erescent formation.






THE TREATMENT OF GONORRHEA AND SOME OF
ITS COMPLICATIONS.

By Major L. W. HARRISON and Larvrexaxt C. H.  H. HAROLD.
Hoyal Army Medical Corps.

A sTUuDY of the literature on gonorrheea reveals an astonishing
number of methods of treating this disease. Many of them are
credited with the power of curing it in anything from a few days to
a week or so, and some of these must have been tried by everyone
who has treated gonorrheea. Yet the average duration of stay in
Army hospitals for gonorrheea is thirty-three days; about 15 per
cent of admissions for gonorrhcea are for relapses; wvery large
numbers of women are chronic invalids and quite one half of
gynzcological operations are performed on account of gonococeal
infections generally contracted through marriage with men who
believed themselves cured, while a very large amount of blindness
from infancy is due to the same cause.

Clearly the cure of gonorrhwa is not so sure and easy as the
authors of these numerous remedies would have us believe, and
their claims must have been based on tests of eure which were
insufficient.

Some time ago we determined to ascertain how far clinical
evidence could be relied cn as a test of cure:in gonorrheea. Accord-
ingly we examined for the presence of gonococei fifteen patients
who had been suffering from gonorrheealand, under irrigation with
weak permanganate of potash solution, had apparently recovered
Some days after suspending treatment and administering beer no
discharge could be expressed from the urethra by massaging it from
the bulb forwards, and the urine was clear and free from threads.
The examination was conducted in the following manner, which we
have adopted in the case of every patient we have since treated for
gonorrheea before discharging him from hospital.

The urethra was first washed out with physiological salt solution,
some of which was finally injected into the bladder. The prostate
was then thoroughly massaged for a few minutes and a specimen of
any secretion which was expressed from the meatus in this way was
examined microscopically for gonococci. At the same time the
patient was made to pass into a urine glass the salt solution which
had been injected into his bladder. If no gonococci were found in
the secretion expressed directly from the meatus the salt solution
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was centrifugalized and some of the deposit examined in the same
way. The specimens were stained by Gram'’s method.

We may mention here that on massaging the prostate for the
first time a large amount of prostatic secretion often appears and
obscures the details in the microscopic specimen, making the
detection of gonococel difficult. If, however, the prostate be
massaged again on the following day the amount of glairy prostatic
secretion is less and the specimen easier to examine.

By this method we found that every one of the fifteen cases
were harbouring gonococcl, and most of them in large numbers.
Subsequently we retained these patients in hospital for a further
period and attempted to free them from gonococei, but eventually
had to discharge them, clinically cured of gonorrheea, but really
harbouring gonococci and consequently candidates for relapse.
None of them showed any gonorrheeal secretion during the period of
this later treatment, and, needless to say, all of them, considering
themselves cured, thoroughly disagreed with our line of action.

It was quite clear to us after this preliminary examination that
clinical evidence, i.e., absence of discharge from the urethra and of
threads from the urine, 1s no criterion of cure. Indeed, we have since
found that failure to find gonococei after the test we have deseribed
is not a certain indication of their absence, because on several
occasions we have failed to find them twice in succession and
succeeded at the third attempt on the same case. We think, how-
ever, that this test 1s a more certain means of ascertaining the value
of any particular line of treatment than clinical evidence or micros-
copical examination of secretion obtained only from the anterior
urethra, and as it 1s comparatively easy to carry out we recommend
it to anyone who 1s anxious to test a new method of treating
gonorrheea.

On the next favourable opportunity we commenced an investi-
gation to discover, if possible, a method of treating gonorrheea which
would shorten the stay in hospital, prevent complications, and, by
freeing the urethra more completely from gonococei would reduce
the number of relapses. Our efforts have not been crowned with
very brilliant success, but we have ascertained a few facts which
may be useful to those who have to treat this disease.

Previously one of us had obtained evidence that the use of
gonococedl vaccine has some effect in preventing the complica-
tions of gonorrheea. Briefly, in two parallel series of cases
which were treated identically by the same medical officer
except that one received injections of vaccine, the incidence of
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epididymitis in these was less than half of that which occurred
in the series which received no vaccine.

We had also reason to believe that the use of atropine has some
effect in preventing epididymitis. The use of atropine with this
object was suggested by Schindler (Berl. klin. Woch., September 3,
1909, p. 1691), who found by experiments on animals that when the
posterior urethra was inflamed and was irritated, either directly
or through massage of the prostate, a reverse contraction of the
imvoluntary muscle fibres of the vas oceurred. He believes that
this is the mechanism by which gonocoeei lying in the posterior
urethra are carried to the-epididymis, and that it explains how if
is that so many cases develop epididymitis a few hours after a
metal nstrument has been passed along the inflamed urethra.
Confirming the findings of Bumm and Leopold, Schindler also
found that when the hypogastric plexus was paralysed by adminis-
tering atropine, either hypodermically or in the form of supposi-
tories, this reverse contraction did not take place. The following
case appears to support Schindler's belief. A patient in the
Military Hospital, Rochester Row, had suffered from six attacks
of epididymitis since admission. Hach attack had nmmediately
followed any attempt to massage his prostate and seminal vesicles
or to administer local treatment to his urethra. His prostate was
considerably enlarged and both seminal vesicles were tightly dis-
tended, while all these parts were very tender to palpation. He
had also suffered from repeated attacks of arthritis which had
spared very few of his joints. It seemed clear that unless the
focus of infeection in his prostate, &ec., were dealt with he would
continue to suffer from attacks of arthritis. But massage of the
prostate and, in fact, any local treatment was always followed by
epididymitis, and for this reason the patient himself dreaded any
local interference. In the hope of breaking this vicious cirele, an
atropine suppository was administered in the evening and another
the following morning. An hour after the second suppository
the prostate and seminal vesicles were massaged as thoroughly as
the patient could tolerate. No attack of epididymitis followed this
tine, and the massage was continued, at first on alternate days
and then daily, while the urethra was treated with daily injections
of protargol. The prostate and seminal vesicles gradually improved
and shrunk to their normal size, no further attacks of arthritis
occurred, and the patient was eventually returned to duty, at
which he has continued for more than a vear.

Impressed by this case we have since adininistered atropine
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suppositories (5 gr. in each) twice daily to each of our gonorrhcea
cases and attribute to this some reduction in the incidence of
epididymitis, as well as the marked freedom of our patients from
painful erections and chordee.

As is well known, opinions on the treatment of gonorrheea are
broadly divided into two schools : (1) Those who consider it essential
to treat the urethra locally, while observing the rules for general
treatment, and (2) those who consider that local treatment 1s of
no value, or even harmful, and rely entirely on g@numl treatment
with internal medication.

With regard to local treatment, our experience had led us to
believe that better results could be expected in the acute stage
from irrigation of the urethra with fairly large quantities of some
bland liguid like weak permanganate of potash solution or physio-
logical salt solution than by applying to it stronger bactericidal
preparations such as protargol or silver nitrate. In fact, we had
found that when protargol (§ or 4 per cent) was used in the acute
stage the urethra was kept in an irritable condition for a longer
time, while the discharge continued to a later date and epididy-
mitis seemed to occur more frequently.

We concluded from this that if local treatment were of any
value in the acute stage it must act mechanically by removing
gonococel and their toxins, as well as diluting the latter.

Regarding internal medication, we had not witnessed such
brilliant results from the use of sandal-wood and copaiba prepara-
tions as to convince us that we could expect any marked benefit
from their use. In fact, the only specific internal remedy which
we believed might affect gonorrhea more favourably was
gonococeal vaceine.

In order to determine in a general way the comparative values
of (a) purely local treatment, (b) purely general treatment, with
the help of gonococcal vaccine, and (¢) local and general treatment
with the help of vaccine, we divided our freshly admitted cases of
nncomplicated gonorrhcea into three series. The first was treated
with large irrigations of physiological salt solution three times
a day, using half a gallon of solution for each irrigation. In the
second no local treatment was administered, but a small dose of
gonococcal vaccine was injected twice a week, while the third
series had irrigations like the first and vaccine like the second.
All the patients were ordered rest and diet as 1s customary with
gonorrheea, and each had an atropine suppository twice daily.

In the course of a few weeks we found that the progress of
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the third series (local treatment plus vaccine) was the best. The
disease pursued a milder course, and the discharge ceased in a
shorter time than in either of the other two, while quite a large
proportion showed no gonococer when the test was applied after
the discharge had ceased for a few days. Those who were treated
with vacecine only were making very slow progress when, in fair-
ness to them, the experiment was concluded and local treatment
commenced. In those who received irrigations only the disease
pursued much the same course as under irrigations with per-
manganate solution, but, if anything, they were rather longer in
clearing up. It was easy to find gonococci in both these series
some days after the discharge had ceased.

Concluding from this preliminary investigation that the best
results wére to be expected from vaceine combined with loecal treat-
ment, we then tried to improve the local treatment.

Interpreting the relations between gomococei and the urethral
tissues in the light of pathology and symptoms it appears as if
invaders and invaded waged a fierce battle at first, but that the
tissues eventually came to tolerate the micro-organisms under mild
protest ; a protest which is insufficient to remove them just when
a little further effort might succeed. For this reason we judged it
well after the inflammation had considerably subsided to try the
effect of a mildly stimulating and bactericidal application to the
urethra, and modified the local treatment thus.

After irrigating with physiological salt solution throughout the
acute stage till the discharge had become considerably less, the
nrethra was treated with the following solution :(—

B Cupri. sulph .. ¥ = e -~ Zegr
Zine. sulph .. i o “-  EgTE
A s e _y i A ad 3i

a few ounces being injected thrice daily after the usual irrigation.
The change effected a great improvement. In some cases the dis-
charge ceased in a week or ten days after admission to hospital,
and in the majority in about seventeen days. The urethral secre-
tion was purulent till it disappeared, and a few days later the urine
was clear and free from threads. In this respect there was not a
very marked improvement on treatment with irrigations of per-
manganate of potash solution, but examination of any secretion
which could be expressed by massaging the prostate and anterior
urethra showed that in a large proportion of cases treated in the
way we have described gonococci could not be found, and these
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were certainly never so numerous as in any of the patients treated
by the other methods we have mentioned.

Lately we have substituted weak permanganate of potash solu-
tion for the saline as an irrigating fluid and find that the dis-
charge becomes less in a rather shorter time, so that the astringent
solution can be added to the treatment at an earlier date. Possibly,
as Major Pollock has suggested, the permanganate solution neutra-
lizes the gonotoxin to some extent so that this effect 13 added
to that of removing mechanically the micro-organisms and their
toxins.

We have also tried the effect of substituting protargol solution
(1 per cent) for the zinc and copper, but have not found that our
cases progressed better under its use. Schindler has lately recom-
mended that in cases which do not clear up quickly, and the
disease appears to be passing into the chronic stage, a protargol
jelly should be administered. The prescription is as follows:—

B Agar jelly (25 per cent) .. - . wx: 40
Dizsolve with gentle heat and add dlstllled wa.ter «s 160
When cold rub up with protargol ah e 58 1

We have tried this jelly on a number of cases and find that it
i1s useful if not commenced too early., The agar basis has the
effect of maintaining the protargol in contact with the urethral
wall for a longer time than is possible with a watery solution. If
commenced too early, however, before the acute stage has well
subsided, it seems to keep the urethra in an irritable condition and
delays recovery. Possibly we have made our patients retain it in
the urethra too long, and it would be better to expel it by
urination or other means after ten minutes or a quarter of an hour.
In the majority of cases we have found that the injection of pro-
targol jelly has produced a thick discharge which was apparent the
following morning, the secretion containing numerous polynuclear
cells, but few or no gonococel. In some cases after a thick dis-
charge had followed the protargol jelly in this way for a few days
it ceased, and on applying the test no gonococel could be found.
As far as we can judge at present, therefore, we think that pro-
targol jelly will prove a useful adjunct to other local treatment,
but should not be commenced too early, nor should the jelly be
allowed to remain in the urethra too long.

To complete the account of our investigation into the local
treatment of gonorrhcea we may mention that we have tried ionic
medication of the urethra in a few cases in which gonococei
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persisted after other symptoms had cleared up. The treatment was
applied in the following way. After injecting some sulphate of zinc
solution (} per cent) into the bladder a specially made gum elastic
catheter provided with a number of small perforations in its sides
and containing a pure zinc stylet round which the mouth of the
catheter was fastened to prevent any solution escaping, was passed.
The zinc electrode was connected to the positive pole of a constant
current battery, the negative pole being connected with an electrode
applied to some other part of the patient’s body. A current of 5
milliamperes was passed for five minutes. The effect in each case
was to cause a purulent urethral discharge, which ceased in a few
days, and examination then showed a reduction in the number of
gonococei, while in some they could not be found. We have not
tried this method of treatment sufficiently, however, to report
definitely on its merits, but would not use it in the acute stages of
gonorrheea.

To summarize the results of our investigation into the local
treatment of gonorrhea we have obtained the quickest apparent
recoveries from the following procedure :

(1) Irrigation of the urethra three times a day with large
quantities of weak permanganate of potash solution (1 in 3,000 to
1 in 4,000) till the discharge has considerably diminished. Then

(2) Injection of zinc and copper solution after each irrigation
till the discharge has practically ceased and, finally,

(3) Injections of protargol jelly in place of the zine and copper
after massaging the prostate and irrigating the urethra.

(4) Atropine suppositories (5 gr. in-each) twice daily.

Confirming the observations of others, we think it important for
the prevention of epididymitis that the following precautions should
be observed :—

(@) The irrigator should not be more than five feet above the
urethra; (b) the temperature of the irrigating or injection fluid
should not be greatly above or below that of the body ; (¢) strongly
irritating fluids should not be injected; and (d) the patient should
rest in bed for the first week and duty should be light till the
discharge has ceased for a few weeks. Pack-drill immediately
on leaving hospital seems to be a very potent factor in producing
epididymitis. 1t 18 worth while taking considerable pains to pre-
vent epididymitis, since these cases are by far the most intractable
gonococcus carriers and the most prone to relapse, so that they
spend a considerably longer time in hospital than uncomplicated
cases of gonorrheea.
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Regarding the vaccine therapy of gonococcal infections, opinions
are divided. Probably most workers agree that it is generally
useful in the complications of gonorrheea, but few consider it of
any value in gonorrheeal urethritis. Our experience leads us to
believe that gonococcal vaccine may usefully be employed not only
in the treatment of complications but in ordinary cases of gonor-
rheea. Considering the beneficial effect of vaccine on complications
of gonorrheea it is reasonable to suppose that when the gono-
coccus passes into the blood-stream and invades other parts of the
body, generally speaking, it is not in such a favourable medium as
on the urethral mucous membrane. If, therefore, the anti-
gonococeal substances in the blood can be inereased gonococci will
be destroyed as soon as they come under their influence, and com-
plications will be nipped in the bud. Further, in a patient whose
resistance to the gonococcus had been raised the micro-organism
could not penetrate so deeply below the surface of the urethral
mucous membrane as in other cases, since in doing so it would
come within the sphere of influence of the blood. In other words,
the inflammation should be a more superficial one.

We have mentioned that in a series of cases in which we
administered gonococcal vaccine with the object of preventing
complications the incidence of these was less than half the number
which occurred 1n a similar series treated without vaccine. Inciden-
tally it was also noted that the cases treated with vaccine did not
suffer from periurethral thickening to the same extent as the
others.

We think that it is useful to continue vaccine treatment after the
patient has left hospital, with a view to preventing relapses. HEven
failure to find gonococel after three tests such as we described in
the beginning of this paper is not a certain indication of complete
absence. For this reason we have considered that quite possibly
all the cases of gonorrhaea we have discharged from hospital were
gonococcus carriers, and have made as many as possible of them
attend as out-patients for a few weeks afterwards. Out of 115 patients
discharged from hospital 91 attended for vaccine and 2 relapsed, both
being men who had suffered from epididymitis, and one of these a
patient who was specially discharged for private reasons before the
inflammation had properly subsided; out of 24 who could not
attend 6 relapsed, three being old epididymitis cases. It sees,
therefore, as if continued treatment with gonococcal vaccine had been
beneficial in preventing relapses.

The vaccine we have used was prepared at Rochester Row from
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cultures isolated from eight or ten different sources. It was killed
by the addition of 05 per cent carbolic acid. As regards dosage,
we have been guided by clinical symptoms. With one batch of
vaccine we were able to inject 25 millions without producing any
marked increase of the discharge or general disturbance, but with
later batches we have found it advisable to commence in acute cases
of gonorrheea or of arthritis with a dose of 2'5 millions, increasing
this to 5 millions three or four days later if no marked disturbance
followed. We do not exceed 5 millions twice weekly till the gonor-
rheeal discharge has ceased. After this it is increased to 12'5 to
25 millions, and in more chronic cases may usefully be inereased to
50 or 100 millions. When the larger doses are given the vaceine
is administered once a week.

Irons and others have suggested that gonococcal vaccine may
have some diagnostic value, acting in a manner analogous to tuber-
culin by producing a local and general reaction in the presence of a
gonococcal infection. This is supported by the increase of gonor-
rhoeal discharge which numerous observers have found after ad-
ministering the specific vaccine. We have frequently noticed this
inerease of discharge and have reason to believe that gonococeal
vaccine produces a local and general reaction in the presence of
other gonococcal lesions. Patients suffering from complications
frequently have some slight temporary increase of pain a few hours
after the injection of vaccine, and in a few cases where it was
doubtful whether a certain train of symptoms depended on the
gonococeus or not, the injection of a dose of vaccine enabled us to
settle the point. In illustration of this, a patient who was suffering
from rheumatism of the feet had not had a gonorrhceal discharge
for eighteen months. Examination by the test we have described
failed to reveal any gonococei in his urethra on three occasions. A
dose of gonococeal vaccine (25 millions) was injected and was followed
by a marked increase of pain in the feet and reddening round the
joints, as well as a slight urethral discharge in which gonococeci were
found. Another patient who had suffered intermittently from gleet
for some years had been examined by a number of experts who could
not give a definite opinion as to its gonococcal nature. Our first
examination was negative, but on the day after injecting a dose of
gonococeal vaccine the diagnosis was established by finding gonococei
in the urethral discharge which appeared.

We can confirm the observations of those who have found
vaceine of value in gonococcal metastases. We have obtained ex-
cellent results from its use in cases of arthritis, sclerotitis, epididy-
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mitis, periostitis, and teno-synovitis. In some cases, however, it
has proved disappointing, and these have been patients who were
auﬁ'ermg from very acute arthrifis attacking several joints In
succession and accompanied by severe general symptoms. Possibly
our dosage was faulty in these cases, erring on the side of over-dose,
and we have certainly found that these very acute cases ran a more
favourable course under injections of 2'5 millions of gonococeal
vaccine or less twice weekly than under larger doses.

In the treatment of the more severe grades of gonococcal
arthritis we have been impressed by the benefit which resulted
from keeping the joints at absolute rest. In two cases, one of
arthritis of the hip-joint, the other with considerable effusion into
the knee, no improvement occurred till mild extension was applied
to the joint. After this progress towards recovery was very rapid.
In addition to loss of sleep lowering the patient’s resistance, it is
very probable that lack of complete rest to the joint results in heavy
overdosing with gonotoxin by auto-inoculation.

Ionic medication (using chlorine ions) has proved very useful
in removing the adhesions of partly anchylosed joints, and its effect
on joints which were distended with fluid has been very striking.
Frequently we have seen a knee-joint which was tightly distended
with fluid reduced almost to normal dimensions the day after apply-
ing ionic medication to it. It is necessary, however, to persevere
with the treatment regularly for some weeks to obtain a cure.
Otherwise the joint soon relapses to its former condition. We found
little or no benefit from ionic treatment of a flat-foot due to gono-
coccal infection, but this is bhardly surprising considering the ana-
tomical deformity which had occurred.

In conclusion, we would say that there is at present no royal
road to success in the treatment of gonorrheea, but that by atten-
tion to detail much can be done to shorten the stay in hospital and
to prevent complications and relapses. All of these are matters of
importance considering the very large numbers of patients who are
admitted yearly to Army hospitals for gonococcal infections.
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PRELIMINARY NOTE ON IMMUNIZATION AGAINST
B. PARATYPHOSUS A.

By Major S. L. CUMMINS axp Masor C. C. CUMMING.
Royal Army Medical Corps.

In the JoURNAL oF THE RovaL ARMY MEeDIcAL Corps for
August, 1912, Colonel R. H. Firth,! writing on the subject of the
prevalence of enteric and paratyphoid fevers in India, makes the
following statement :—

“The disturbing factor is the prevalence of paratyphoid fever,
against which disease anti-enteric inoculation appears to have
little influence. This view is not new, but emphasizes the plea
for a bi-valent emulsion with which moculation must be carried
out against both diseases.”

Some time ago, at the request of Lieutenant-Colonel Sir
William Leishman, we initiated experiments with a bi-valent
emulsion of B. typhosus and B. paratyphosus A, using groups of
rabbits on the same lines as those employed by Sir William
Leishman and his co-workers in their work on antityphoid vacecine.

These experiments are still going on, and it is not proposed, in
this paper, to anticipate in any way the final conclusions of the
research. The work which we now publish is only brought forward

—_— - - L --

! & Hecent Facts as to Enterie Inoeulation and the Inecidence of Enterie and
Paratyphoid Fevers in India.” Colonel R. H. Firth.
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because it appears to us to throw an interesting side-light on some
of the clinical findings in paratyphoid A fever. It may also be
taken to show that the question of prophylaxis against this disease
is more complex than might at first sight appear to be the case,
and may perhaps emphasize the necessity of a thorough experi-
mental basis before an anti-paratyphoid A vaccine is finally
recommended for the use of troops.

In our first experiment with a bi-valent emulsion we were
surprised to find that, although satisfactory production of immune
substanees for B. typhosus followed the injections, the serum of
our rabbit-groups showed onily very slight response for B. para-
typhosus A. In the case of the latter organism we failed to obtain
agglutination in higher dilution than 1 in 60, and our experiments
failed to elicit evidence of opsonins or bactericidins. Although
Besson' has mentioned the impossibility of producing immunity
to B. paratyphosus A in rabbits, we had evidence that his state-
ment requires revision, as we had, in the laboratory, a rabbit
serum capable of agglutinating this organism in a dilution of
1 in 2,000. This serum, kindly given us by Dr. Leadingham, of
the Lister Institute, afforded a proof that rabbits can be im-
munized against B. paratyphosus A. It seemed probable that our
experiment had failed through the use of insufficient dosage. Our
rabbits had received a first dose of 1 c.c. and a second dose of
2 c.c. of a mixed vaccine containing 25 millions of each organism
per c.c., or, in other words, a total of 75 millions of each germ,
the weight-for-weight equivalent of the 1,500 million typhoid
bacilli used in anti-enteric inoculation in man. Dr. Leadingham,
to whom we applied for information, was good enough to look
up the records of his serum, and fold us that the rabbit
producing it had received a series of six injections, first with
killed, then with living cultures of B. paratyphosus A, amounting to
a total of 3 c.c. of a saline emulsion of an agar slope. Various
“counts” have led us to regard an emulsion of one agar slope of
B. typhosus in 10 ¢.c. of saline as containing roughly 2,000 million
bacilli per cubic centimetre and the same estimate will not be far out
for B. paratyphosus A, which grows on agar with much the same
facility as B. typhosus. It is probable that Dr. Leadingham’s
rabbit received something like 6,000 million bacilli in all, as
compared to our 75 million, which would adequately explain our
failore. But doses of equivalent amount for man would probably

! ¢ Technique Microbiologique,” 4th Edition. A. Besson. Paris, 1908.
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cause a very severe reaction and are hardly likely to be used in
practice. The point of real importance was that, given in equal
doses, B. paratyphosus A appeared to be a much less efficient antigen
than B. typhosus.

In September, 1911, we started a fresh series of experiments
designed to ascertain what dose of B. paratyphosus A would
produce agglutinins to a degree comparable with the agglutinin
production following the usual prophylactic dose of B. typhosus,
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or, rather, its equivalent for rabbits. For this purpose we used
three, and finally four, groups of rabbits, three animals to each
group, the weights of the different groups being equalized as far
as possible. Group I was kept as a “control” and received no
vaccine. Group II received a series of increasing doses of a
bi-valent emulsion of B. ¢yphosus and B. paratyphosus A.
Group III was given similar doses of B. typhosus alone, while
Group IV was treated with two inoculations amounting to 1,500
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millions of B. paratyphosus A. All the vaccines had been killed
by heat (53° C.), and subsequent addition of lysol. It may be
mentioned here that the first experiment had contained a fallacy,
inasmuch as the paratyphoid A vaccine used had been heated to
60° C. for half an hour, while the typhoid vaccine had been killed
as usual at 53° C., so that the two were not strictly comparable.
Chart I, however, shows that the agglutinins for paratyphoid A
were greatly below those for typhoid in the second experiment
as in the first.
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A point of great interest emerges in Chart II, where the typhoid
agglutinins produced in Group II and Group III are compared.
It is here seen that the typhoid agglutinins were consistently
higher in the group of rabbits immunized with a mixed vaccine
than in the group immunized with B. typhosus alone, although the
doses of this organism were the same in both. Further, in
Chart I1I, where the paratyphoid A agglutinins in Group II and
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Group IV are compared, it is seen that these were decidedly less
after use of the mixed emulsion than after the two doses of
paratyphoid A vaccine alone. This latter fact may perhaps be
due to a diminished response on the part of the tissues after a
long series of inoculations, as it is seen in Group III that the two
last inoculations of 1,000 millions each led to but a very small
response, in fact, failed to check the gradual drop of Immunity.
But, on the other hand, the better production of agglutinins by
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an unmixed paratyphoid A vaccine as compared to that by a
bi-valent emulsion may be a phenomenon complementary to that
exhibited in Chart III for B. typhosus.

A third observation was instituted in April, 1912. On this
occasion separate groups of rabbits were employed for each
organism and the results compared. As before, Group Ia was
retained as a control and given no treatment. Group Ila received
25 millions B. typhosus on April 11 and 50 millions on April 22.
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Group IITa received similar doses of B. paratyphosus A on the
same dates. The serum was invariably collected twenty hours
after the blood had been withdrawn and was heated to 58° C. for
twenty minutes before testing. This heating was carried out to
eliminate “ complement,” as this substance is difficult to estimate
by quantitative tests, probably varies in the same serum at different
times, and thus introduces a fallacy into examinations of sera for
immune substances. Known quantities of guinea-pig serum were
employed to ‘‘complement” the heated rabbit sera in testing
for bactericidins.
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The agglutinin production is shown in Chart IV, and again
the agglutinins for B. fyphosus are much more marked than
for B. paratyphosus A. The thermo-stable opsonins, calculated
by Klien’s! method of dilution to an end-point, are shown
graphically in Chart V, where the number of bacilli per phagocyte
is shown for each dilution by the horizontal measurement of the
shaded area at each level, one degree of the scale corresponding
to one bacillus per phagocyte.

1 & The Opsoning in Typhoid Immunity.” By H. Klien, M.ID. Johns Hopkins
Hospital Bulletin, June-July, 1907.
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The opsonins for B. typhosus are rendered in half-tone, those
for B. paratyphosus A in black. It is seen at once that while the
typhoid opsonins in Group II. are well marked, the opsonins for
paratyphoid A in Group III. are hardly significant.

It should be added, in explanation of the chart, that the * end-
point” 1s taken as one bacillus per phagocyte, not 0-5 bacilli as
advised by Klein. This was done as, on one ocecasion, we counted
as many as 098 bacilli per phagocyte in the heated serum of the
confrol group. Again, finding 1t difficult to count accurately more
than twenty-five bacilli in a phagocyte, we decided to take this as
our maximum, and all “ uncountable ” cells were taken as containing
twenty-five bacilli. On April 29 the 1 in 3 dilution of serum
brought about a phagocytosis that was actually greater than is
shown on the chart in the case of both organisms, and on May 14
this was also the case for B. fyphosus even in a dilution of 1 in 15.
The chart brings to light the curious fact that the end-point may
be very high and yet the degree of phagocytosis in low dilutions
be comparatively small. This apparent anomaly has been since
noticed in other observations of the same kind, and is not merely
accidental. It may possibly be explicable on the hypothesis that
there are fwo thermo-stable bodies concerned in phagocytosis—an
idea which receives support from the highly interesting work of
H. R. Dean® on the complex nature of agglutination. Attempts to
calculate the bactericidal action gave rise to irregular results, and
we failed to obtain deviation of * complement” with bacterial
emulsions ‘‘ sensitized ” with the heated sera.

It 1s of interest to compare our results with the findings of
Majors Grattan and Harvey, Colonel Firth and others in actual
cases of paratyphoid A fever. The very low degree of agglutinin
production for the homologous organism and the frequent presence
of non-specific agglutinins for B. typhosus in the blood of cases of
paratyphoid A fever is comparable to our failure to produce high
agelutination-fifres in experimental animals for B. paratyphosus A,
and the curious over-production of typhoid agglutinins by a bi-valent
vaccine as compared with the agglutinins in animals inoculated
with typhoid vaccine alone.

It would be interesting to know whether all cases showed both
paratyphoid A and typhoid agglutinins, or whether the latter only
arose in patients previously inoculated against typhoid. In rabbits

14 0n the Factors concerned in Agglutination.” By H. R. Dean, M.A., M.B.
&e., Proceedings of the Royal Sociefy, B. vol. lxxxiv, 1911.|
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mmmunized with paratyphoid A vacecine only we were unable to
demonstrate any agglutination of typhoid bacilli. Another matter
of great interest is the fact, mentioned by Colonel Firth, that no
less than 14 per cent of cases of paratyphoid A fever become
““carriers " for more or less protracted periods, as opposed to 2 per
cent in the case of typhoid. It is tempting to connect this with
the low titre of bacteriotropic substances recorded both in cases and
in experimental animals, a condition which would appear to favour
the permanence of bacterial foci in the tissues after the septicemia
has been overcome.






PREVENTION OF MALARIA AT HYDERABAD, SIND.!

By Masor H. HERRICE.
Royal Army Medical Corps.

Tue following account of antimalarial measures undertaken
during the year 1911, at Hyderabad, Sind, may be of interest to the
casual reader of the Journal, and probably will be of special
interest to officers who have been stationed there in former vears.

The Cantonment of Hyderabad, Sind, is situated on a plateau
about 30 ft. above the level of the surrounding country and?
134 ft. above sea level, in lat. 25° N., and long. 63° E. and about
two miles from the Indus.

The plateaun is composed chiefly of gravel and sand, with
patches of clay; the surrounding country is mostly alluvial, flat,
and cultivated where the soil is favourable. The low-lying country
was flooded in former years by the annual rise of the Indus, which
filled the irrigation canals and caused them to overflow their banks.
This is most important from the point of view of antimalarial
measures.

Climate.—There is a cold and a hot season. The former,
lasting from November to February, has an average shade tempera-
ture ranging from 75° to 45°. The hot season, from March to
October, is very trying ; the temperature during the hottest months
ranges from 110° F. to 115° F. and occasionally reaches a maximum
of 120° F. in the shade.

The prevailing winds are from the south or south-west in the
wet season, and from the north or north-east in the cold season.

Rainfall.—The annual rainfall is very slight, usually only a few
inches.

City.—The native city and sudder bazaar are to the north and
north-east of the cantonments, and about half a mile distant.

Water Supply.—The drinking water is taken from the Indus at
Gidu Bandar, which is on the leff bank of the river opposite Kotri.
The supply comes to Hyderabad in a masonry aqueduct and is
supplied to the cantonments from water-towers.

The water for irrigation purposes is supplied from canals which
take off from the Fuleli Canal, the Fuleli taking off from the Indus

! Received for publication April 17, 1912,
* Authority, Intelligence Branch of the Division of the Chief of the Staff.
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a few miles above Kotri. The Fuleli Canal is marked “ A" on
the map.
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The New Wadhu Wah is the main canal at the west of
cantonments : the old Wadhu Wah takes off from it, as shown on
the map, and irrigates all the north of cantonments.

The Parkar Wah Canal takes off from the Wadhu Wah at the
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sluice marked “ E " on the map, and is the main irrigation canal to
the west of cantonments. This canal, when allowed to overflow,
filled up tanks marked “ G " and “ 1" on the map.

Another canal, which is outside cantonment limits, took off from
the New Wadhu Wah at boundary pillar No. 21 and flowed
parallel to the road to boundary pillar No. 20, where there was a
sluice marked “R” on the map, which was supposed to regulate
the flow of water into the watercourse leading to tanks “P"
and “ L.”

The ground to west of the above mentioned watercourse was
irrigated by lifting the water by means of Persian wheels. Tanks
“G" and “ 1" could also communicate with tanks “ I and “ P.”

The annual rise of the Indus is due to the melting of the snow at
its source, and at the sources of its tributaries, and by the end of
June, or beginning of July, the Indus, at Kotri, 1s in full flood, and
the canals are rapidly filling, and by August in former years the
west and south parts of the cantonment were one vast jheel,
which, when partially dried, made an excellent breeding-place for
mosquitoes. This was the state of affairs when I arrived af
Hyderabad in September, 1909, for temporary duty, and also in
November, 1910, when I was permanently transferred to the
station. All the tanks were full, and most of the ground under
water, and everywhere mosquitoes were breeding.

Nothing much could be done in 1910 as the canals had over-
flowed ; so I had to turn my attention to what could be done next
year to get rid of the water already in the tanks, to fill up these
tanks, and to prevent more water getting in.

When I first suggested cutting off the water throngh the Parkar
Wah Canal there was an outery that the cantonment would lose
revenue from stoppage of cultivation, and from the diminished sale

of lac from the babul trees in the plantation to the west of the
cantonment.

The first difficulty was got over by repairing sluice “E ™ and
making the cantonment superintendent responsible for the supply
to the cultivators, so that only a sufficient amount of water should
be let in, and no more. By these means water was never left
standing more than twenty-four hours in the irrigation channels.

As to the babul trees—a forest officer was consulted and gave
as his opinion that once every two years was sufficient to water the
plantations. So both these obstacles were surmounted.

The Parkar Wah was bunded at X, this stopped the water
getting into tank “I.” A bund was also put at the upper end of
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tank “ L " where 1t adjoins the road. The next step was to get
rid of the water from tanks “L™ and “P,” and try to prevent
them filling again. These tanks were the main breeding-grounds
for anopheles mosquitoes, and were in close proximity to a highly
infected native population.

The soldiers from barracks used to spend a great portion of
their evenings fishing in these tanks, and I am certain that many
men became infected while so occupied.

S i

Fig. 1.—Tank ‘¢ P.” after completion of work., The water went beyond the trees.
All the light portions of picture were formerly under water,

The Hyderabad Gymkhana Club and the Royal Field Artillery
officers’ mess were always full of mosquitoes in the evening, and
bungalow No. 6 on the map went by the name of “Fever Hall.”
Bungalow No. 5, “the dak bungalow,” was full of anopheles
mosquitoes, and my wife and I got infected there shortly after
our arrival at the station.

I was sitting one evening by the bank of tank “L " telling my
troubles and propositions to a eivil engineer, when the thought
struck us, why not grade the banks of these tanks so that the flow
instead of being from the south, as shown by arrow on the map,
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should be from the north-west? Acting on this idea I ordered
the sluice at “ R " to be closed and kept closed, so that no water
could get in, and then the filling of tank “P” was commenced,
using jail labour.

We had many checks. First by being flooded by water from
the municipal aqueduct, and again by the sluice at “R” being
opened, by whom I could never find out. The sluice “R " was

.-!'.h

F16. 2.—Tank * L.," looking south, before grading and draining.

again closed, and a bund put there as well to absolutely put a stop
to any more ‘ regrettable incidents.” The grading and filling of
tank “P” was now continued, and in about twenty-seven days it was
reduced to a narrow channel about 6 ft. wide with a fall to the
south. I regret I did not take a photograph of this tank before
commencing work, but give one of the tank after the filling was
completed. In this photograph the channel is well shown.

Tank “L” was next attacked. In addition to jail labour we
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were permitted by Lieutenant-General H. C. Slater, C.B., com-
manding 4th Quetta Division (who always gave us valuable assist-
ance In all antimalarial and other sanitary measures), to employ
the men of the detachment 1st York and Lancaster Regiment
and of the 10th Jats, the European troops working two days a
week in the mornings, and the Indian troops working four days
a week in the evenings. They all worked with a will, so much
so that, after eighty-one days’ labour, tank ““ I,” the Beyla tank of
Hyderabad, was dry, and one of the show spots for a general

Fig. 3.—Tank ** L.,” after grading and filling, looking south.

inspection was gone for ever. I give photographs showing this tank
both before and after filling. The first shows the tank used as
a swimming bath, and the second shows the tank dry. As matters
now stand all the tanks that are shown on the map as “ holding
water always,” and consequently breeding mosquitoes, are dry. If
water gets into tank * L’ from an exceptionally high Indus, all that
will have to be done will be to open the sluice at “ M ™ and the
water will flow south, and can be lifted by Persian wheels, which
were previously used for irrigation, and the place will be left dry in
less than a week. Various estimates were put in by experts for the
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work of filling the tank or for getting rid of the water otherwise.
I heard sums from 1} to 25 lakhs of rupees mentioned. That the
water should be drained back to the Indus, by means of locks, was
another wild suggestion.

The Hyderabad Cantonment Committee were able to do the
work for 1,500 rupees.

Hyderabad, Sind, had never been considered a health resort,
but its evil reputation was almost entirely due to the incidence
of malaria. The following table will give an estimate of the
sickness generally.
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Remarks, — 1905 was the first year in which men were treated in barracks.

In 1910 there was an apparent increase in the average con-
stantly sick from malaria ; this was due to keeping men suffering
from benign tertian in hospital for ten days after the temperature
became normal, and malignant tertian cases till all parasites had
disappeared from the peripheral blood.

The rainfall at Hyderabad does not appear to have any
influence on the incidence of malaria, but the rise of the River
Indus distinctly has, especially in some years, as can be seen
from the attached chart. A high river means bursting of bunds
and much flooding. This was most marked in the years 1901,
1903, 1906, 1907, and 1908.

Probably the large number of admissions for malaria in 1906
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was due to two units arriving from very malarious stations,
the 32nd Battery R.F.A. from Deesa, and a detachment 1st South
Wales Borderers from Mian Meer, and also to an exceptionally
high flood in the Indus, which inundated the surrounding country
and left many breeding-places for mosquitoes.
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When the fundamental work of getting rid of mosquito breeding-
places in cantonments was completed, we turned our attention
to getting rid of adult mosquitoes in the houses, and began on
the old huts in the Indian infantry lines, which were about to be
demolished prior to the erection of new barracks. These huts
were of mud, with XAutcha roofs, smoke blackened inside—an
ideal hiding-place for mosquitoes. Sulphur was used to fumigate
them, 2 1b. being burnt for each 1,000 cubic feet of space. This
must have killed all the mosquitoes, as, previous to fumigation,
larvee were constantly found in puddles leff by workmen in the
lines, but after fumigation larvee were never found. The débris
from the old huts was used to fill in hollows and level the ground
in the vicinity of barracks. Levels were taken, and the work done
in a scientific manner. The new barracks, Indian infantry lines,
were then fumigated, and lastly the British troops barracks.

}
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These British barracks, seven (7) in number, are very large
rooms, each having a capacity of 100,000 cubic feet, and three
large ventilators in the roof, besides many doors and clerestory
windows. The wventilators in the roof were covered with tents,
the doors and the clerestory windows closed and made as air-
tight as possible by pasting brown paper over the chinks. The
same amount of sulphur was used—i.e.,, 2 lb. per 1,000 cubic feet,
and three hours allowed for fumigation. KEverything living in the
rooms was killed, including insects, birds and reptiles,

Prophylactic Issue of Quinine.—As many adverse opinions have
been expressed as to the value of quinine as a prophylactic, I deter-
mined to give it a fair trial, but, owing to the stringent orders in
the 4th Division about the issue of quinine to all men, I was
unable to leave any men as a “ control,” hence the value of the
trial is largely negatived.

Fifteen grains of quinine were given on two consecutive days
to all European troops, commencing early in July. The quinine
was given in solution with dilute nitro-hydrochloric acid, which is
a valuable liver stimulant. After about a month I stopped the
nitro-hydrochloric acid and gave dilute hydrochloric acid, which
does not upset the digestion (as the other dilute mineral acids do),
and hastens absorption.

The quinine was given between breakfast and dinner, usually
about 11 a.m., and always under the close supervision of an officer,
Royal Army Medical Corps. I mentioned my method of giving
the prophylactic quinine to the P.M.O. 4th Quetta Division, Colonel
W. G. Macpherson, when he made his inspection at Hyderabad
on August 10, 1911, and he evidently found this method of
administration with hydrochloric acid wuseful as he issued a
circular letter on the subject, dated Quetta, September 22, 1911,
saying ‘‘ that when salts of quinine are given prophylactically. . . .
thev must be dissolved by hydrochloric acid in very dilute
solutions.”

To be of any use, quinine (given as a prophylactic) must be
commenced some months before an epidemic is expected, given in
sufficient doses, and under careful supervision, care being taken
that no man escapes.

The followers, syces, &ec., were also given quinine as a pro-
phylactic by a sub-assistant surgeon attached to one of the Royal
Field Artillery units.

Quinine was also given to all officers’ servants and their families
in cantonments; the drug was taken round and administered by
men of the cantonment mosquito brigade, under an Indian N.C.O.
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To malarial patients in hospital quinine was given in 10-gr.
doses, if possible two hours before an anticipated attack in benign
tertian cases, and then after the temperature became normal in
5-gr. doses, three times a day, for ten days.

In malignant tertian cases 10-gr. doses were given two or three
times a day according to the severity of the attack. The after-
treatment of malarial cases was carried on for four months. Each
man on admission with malaria was given a malaria case-sheet, a
copy of which 1s attached ; and on this sheet was entered the total
amount of quinine given. When a man was transferred the malaria
case-sheet went with him to ensure continued treatment. Ten
grains of quinine daily was the dose given in the after-treatment of
an attack, and, if a relapse occurred, the fact was noted on the sheet
in red ink, and the patient began anew his four months’ curative
course. A register by units was also kept in hospital, in which
was noted the daily attendance of the men undergoing continued
treatment.

Acid hydrochloride of gquinine was the salt always given in
hospital and quinine sulphate to those attending hospital.

A good deal of the above plan of treatment may be well known
to officers who have served in the 4th Quetta Division, but I give
it for the benefit of those who have not been so fortunately situated.
All cases undergoing treatment in barracks were segregated as far
as possible, but as the Government has not yet seen fit to provide
men with mosquito nets, the isolation of men, except in those units
which provided nets out of regimental funds, was merely nominal.

A step forward has at last been made, as, by an Indian Army
Order just published, I see that units can purchase nets for
Rs. 32 from the Army Clothing Department. The size of the net
is 6 ft. 6 in. by 3 ft. 6 in. by 4 ft. I only hope that the net will be
made without an opening in the side.

One corps only at Hyderabad, namely, the detachment 1st York
and Lancaster Regiment, provided the men with nets, but as
they had not got these nets in September and October, 1910, they
were heavily infected. The Artillery Brigade arrived from South
Africa after the season of greatest prevalence of mosquitoes, and
was not so severely infected.

Nets arve provided in hospital for all men suffering from malaria,
and the malaria ward is also screened by gauze doors, and all
windows are covered with wire gauze; in the hot season when
punkahs are in nse the nets can be removed. I have recommended
that if the malaria at Hyderabad continues, the barrack rooms
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be screened, but I think the cost will be prohibitive. Failing this
I recommended that a portion of the verandah of each barrack room
should be made mosquito proof with wire gauze, to segregate all
men undergoing their four months’ treatment.

The average monthly incidence of malaria for the last nine
years, as well as for 1911, is shown in the following table :—

Jan., Feb. Mar. April May Juns July Aug. Sept. Oect.  Nov., Dec,
*’“’;*}?Eﬁ;“‘} 171 40 811 11-44 120 1044 977 9'88 1166 18'88 43°0 3777
1911 o 12 8 G 11 17T 11 g 2 4 5 3 3

This table shows that, in previous years, the last three months of
the year accounted for the greater number of the annual admissions
for malaria, that is just after the breeding season of the anophelines,
with probable fatigue and cold as an exciting cause. An alternative
theory to the above, which I give for what it is worth, is that when
the wind changes to the north or north-east, which it does in
November or December, the infected mosquitoes get blown into the
lines from the city and sudder bazaar. Again a slight rise in the
number of malarial attacks is seen on the commencement of the
hot weather, which may be due to the awakening of infected hiber-
nating mosquitoes, or the onset of the warm weather may be the
encouraging factor.

Lielapses.—Relapses, I take it, are due to a decrease in the germi-
cidal power of the blood, or to a diminution in antitoxic power to a
toxin which is produced by the malarial parasite. Relapses always
occurred in the weakest men who never played games, and did
little else than loaf around barracks.

I examined 108 malaria case-sheets, and found a record of
relapses In 33, or 3055 per cent.; every slight rise of temperature
was taken as a relapse, even when a man was only detained for
an afternoon, and a blood examination was always made. In
only nine cases out of 108, or 8'33 per cent., was the blood of a
patient with a relapse found to contain parasites—out of those
nine cases in which parasites were found, eight were malignant
tertian, one was benign tertian.

The average time of apyrexia in malignant tertian cases which
relapsed under treatment was twenty-eight days, though in one case
the apyrexia was as short as fourteen days, and in another as long
as three and a-half months. In the benign tertian case which
relapsed, and in which parasites were found, twelve days was the
time of apyrexia.

Of the 33 relapses, 14 were malignant tertian; 19 were benign
tertian.
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The average time under treatment before relapse was: malig-
nant tertian cases, 45°85 days; benign tertian cases, 36'42 days.

Cases with more than one relapse: malignant tertian, 3;
benign tertian, 4.

Number of smears examined for parasites from January 1, 1911,
to December 31, 1911, was: malignant tertian, 27 ; benign tertian,
35 ; negative, 22; not differentiated, nil.

Recognizing the importance of ascertaining the degree of in-
fection of the Kuropean troops, it was decided to examine the
blood of all men in the station. Five minutes was allowed for
each slide, and opposite each man’s name in the list was put the
result, thus : five minutes + (James). Twenty slides were examined
in a day—more could not be undertaken, as routine work could not
be neglected, and the climate was not conducive to prolonged
microscopical investigation.

Months of Greatest Incidence of Mosquitoes.—The months of
greatest incidence of mosquitoes were, in my experience, from
September to November, though other officers have noted March
and April.

The anopheles mosquitoes found were : Myzomyia culicifacies,
M. Rossi, Ch. pulcherrima, Pyrethophorus jeyporiensis.

Captain J. Anderson, I.M.S., found Ch. pulcherrima breeding
in the Beyla tank—tank “IL:” on the map.

Captain F. C. Fraser, I.M.8., wrote to me as follows: ‘ The
Beyla tank ‘L’ and a tank the other side of the city always
harboured larvee of Ch. pulcherrima. Jacob's tank to the north
of cantonments was sterile (chiefly because it grew no weed like
the two former tanks). I always noticed that when the water rose
in the Beyla and submerged the weed, the larvae grew scanty, or
disappeared ; as soon as the water sank to the level of the weed,
the larvee began to teem. In several bungalows in Cantonments,
and once in the Jail gardens, in small pools due to pipe-water
waste, or watering, larvee of P. jeyporiensis were found. These
were the only two kinds I ever detected, and they were never
found together ; one kept to the tanks, and the other to the pocls,
and both are mosquitoes with an evil reputation for ecarrying
malaria, especially Ch. pulcherrima. Colonel Adams, R.A.M.C.,
sent me a mosquito caught in his house which proved to be
P. jeyporiensis, and I have taken both kinds in the club wash-
house.”

I lived in Colonel Adams’ bungalow, mentioned above, while at
Hyderabad, and I hardly ever saw a mosquito in it, though it is
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only 200 yards from a small native village, which must swarm
with mosquitoes. I know the children living in this village have
a high spleen index, though I regret I was never able to make a
reliable census. Of all the Kuropean troops I examined, I only
found enlarged spleens in 512 per cent.

The Club 1s within 100 yards of the Beyla tank “I,” which
was the chief breeding-place in cantonments, as mentioned before.
A small tank marked *“NN" on the map gave no trouble, as it
was not deep, being merely a depression where rain water, and
water from the swimming bath, used to collect. It was graded and
filled in the same manner as tank “L.” DMany complaints were
made to me that I was spoiling the only green and picturesque
spot in Hyderabad, and also killing all the grass on the cricket
ground ; all this may be true, but I, for one, prefer an arid waste
to malaria. As far as watering the cricket ground goes, water
can be found about 20 ft. below the surface, and it should be
quite easy to sink a shallow well and pump up sufficient water
for irrigation by means of a windmill.

The breeding-places of mosquitoes in officers’ compounds gave
a certain amount of trouble until I abolished all catch-pits and
had the bath waste run into gardens with quick-growing plants,
such as canna and guinea grass, in them. Funds did not admit
of a mosquito brigade being kept up for the officers’ lines as well
as for the Sudder Bazaar, so I arranged that the sanitary orderly
of each unit shouid wvisit the officers’ bungalows of his own corps,
and report to me if any insanitary condition was found. I found
this plan to work well.

And now to compare the admissions for malaria for 1911 with
that of the previous year :—

Malaria Cases by Months,
1910, Jamn. Feb. Mar. April May Jume July Aug. Sepk Oct. Nov. Dee,
a0 12 2 10 11 3 (i (5] 3 14 a8 40)

Ralwo per 1,000 dverage Monthly Sivengih.
Jan. Feh, Mar. April May June July Aug. Sept Oet, Nov. Deec.
32:62 2016 385 17-33 1890 510 1060 10-86 10+38 6060 T3:T8 69-56

Malaria Cases by Months.
1911, Jan, Feb, Mar. Aprnl May Juna July Aug. Eept. Ot Nov. Dee,
12 ] (&} 11 17 11 2 2 4 a 3 3

Ratio per 1,000 Average Monthly Sitrength.
Jamn. Feb. Mar. April May June July Ang. Sept.  Oct. Wov.  Dee
20-54 18-55 10+61 20-6T7 3096 19-89 377 381 %39 BF1 535 523

Malaria Cases by Months.
1912 Jan. Feh,

3 4
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Ratio per 1,000 dverage Monihly Strength.

Jam. Feh.
4-35 711
Officers. Officers.
1910 1911
Strepgth .. 2 n o 13 Strength .. o o s 15
Malaria cases s - i 6 MMalaria cases e - e as
Ratio per 1,000 e G .. 461:53 Ratio per 1,000 .. it .« 138-38
* One officer admitted twice.
Women. Women.
1910 1911
Strength .. = = o 33 Strength .. s - - 39
Malaria cases i 25 £y G Malaria i 3 L N Nil,
Ratio per 1,000 i Lo .. 18186
Children. Children.
14910 1911
Strength .. - S o 47 Strength .. e R 5 62
Malaria cases o o s G Malaria o s % we o ANGE
Ratio per 1,000 .. S .. 127+65
Pyrexia of Uncertain Origin.
1910 1911
2 2
Sand-fly Fever.
1910 1911
20 Nil

One officer remarked to me that my figures were valueless
because of their paucity. My reply to all who are of a like mind
1s, that I do not aspire to be a compiler of statistics, I merely
state facts and figures as they occurred at Hyderabad. I regret
that opportunity did not offer of ascertaining to what extent the
mosquito population was infected.

Much still remains to be done, namely, to find out the per-
centage of mosquitoes with zygotes in their stomachs and sporo-
zoites 1n their salivary glands, also the seasonal variation in
infectivity.

One of the Royal Army Medical Corps officers, now stationed
at Hyderabad, is being trained at Amritsar in special malaria
work, and he will be able to afford valuable assistance in further
antimalaria work at this station.

I cannot conclude without thanking the following officers and
warrant officers for valuable assistance, without which I would
have been unable to carry out the work that was done in Hyderabad
in 1911: Captain G. W. Mortimer, 10th Jats, the Cantonment
Magistrate; Captain J. A. S. Phillips, I.M.S., the Cantonment
Medical Officer ; Lientenant W. B. Rennie, R.A.M.C., in charge
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of malaria wards; Lieutenant K. G. S. MacQueen, and Assistant
Surgeon J. 8. Menezes, I.5.M.D., who compiled the greater part
of the statistics for me, and kept the various records.

MALARIA CASE-SHEET.
InsTRUCTIONS.

A malaria case-sheet will be kept for each man who has an attack of
malaria during the year.

A separate roll of these men will be kept for each regiment and
battery. ;

All cases should be admitted to hospital.

After discharge from hospital each case should be treated with quinine
for at least four months.

Especial care should be taken in the case of men suffering from
malignant tertian infection, to ensure that they do not return to barracks
while crescents are to be found in the finger blood.

No man should be struck off the roll until four months have elapsed
since the last manifestation of the disease, during which time he has
been under continuous quinine treatment.

NAME NO. AGE BERVICE IN INDIA
REGIMENT OR BATTERY COMPANY OR BQUADRON.

(1) Particulars of first attack in 191-, e.g., clinical and microscopical
features, treatment, &e.
ADMITTED DISCHARGED
(2) Whether fresh infection or recurrence of old infection ?
(a) If fresh infection, give dates showing where probably acquired,
(b) If old infeetion, give particulars of previous attacks, e.g., dates,
variety of parasite found, &ec.
TREATMENT.

(Any recurrences that may occur during this course of convalescent
treatment will be entered as they occur, in red ink, giving full details.)

Date Treatment and remarks
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SOME OBSERVATIONS ON METABOLISM IN
CONNECTION WITH AN EXPERIMENTAL MARCH.

By Coroxer C. H. MELVILLE, Ligvtewant-Coroxer W. W. Q.
BEVERIDGE, D.8.0., avp Carrainy N. DUNBAR WALKER.

Royal Arimy Medical Corps,

In August, 1910, on the second of the experimental marches
described in this Journal (vol. xvii.,, 1911), an attempt was made to
arrive at some 1dea of the nitrogen balance, and some other points,
in those participating in the experiment. Naturally, it was only
possible to do this in the case of a few individuals, and the three
medical officers were selected for the purpose. These are referred
to in the tables and plates as Nos. 1, 2 and 3.

The observations taken were as follows (see Tables I, II and
IIT1): weight, energy value of food (approximate), nitrogen in food
(approximate), amount of fluid drunk, amount of urine passed,
nitrogen in urine and nitrogen in fweces.

The energy value of the food. and the mitrogen in the food, were
estimated as follows : The ration served toeach officer was carefully
weighed on issue, and as far as possible any arficle remaining
unconsumed at the end of the twenty-four hours was also weighed.
As far as concerns the biscuits, sugar, jam, tea, pepper, salt, and
cheese, the figures may be taken as absolutely accurate. In the
case of the meat, vegetables, and oatmeal absolute accuracy was
impossible. The total amounts issued were accurately known, and
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also the total amount uneaten (as a maiter of fact an.almost
negligible quantity). These articles were, however, pooled for
messing purposes and the actual proportion eaten by each officer
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was of course only approximately arrived at. The greatest care
was taken to equalize portions and probably, on the whole period,
the error in any one case was not very great. It must be
admitted, however, that the figures for “nitrogen in food,”
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“nitrogen balance,” and “energy value of food’ are only approxi-
mate. Decimal points have therefore been omitted in stating these.
As regards the other observations recorded these may be taken as
accurate within the ordinary limits of observational error.

In the case of subject No. 3 a series of observations were
carried out for a few days before the march, though unfortunately
these were not continuous owing to the ordinary exigencies of daily
work. The results are shown on Table III, but not much stress
can be laid on these, since the ultimate composition of the food
consumed by an individual leading an ordinary life is extremely
difficult to ascertain.
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The nitrogen balance of all three subjects is shown on Chart I.
This chart shows a “ Profit and Loss”™ account, the increment or
defect of nitrogen in any day being added to or subtracted from
the day before. It will be seen that all three subjects laid on
nitrogen in a very marked manner. The most conspicuous increase
occurred in the case of No. 2, the lightest of the party. After him
comes No. 1, the heaviest, and lastly No. 3, not quite as heavy as
No. 1, who did the hardest work. The parallelism of the three
curves is striking, and may be taken as a testimony, to a certain
extent, to the accuracy of the observations. In all there is a pre-
liminary period of unsettled balance, lasting three or four days which
may be attributed to the disturbance of metabolism due to settling
down to camp life, and this is followed in all by a steady rise. It is
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interesting to notice that this rise is checked in the case of Nos. 1 and
3 on the same day (24th), on which day also No. 2 shows the smallest
increment oceurring during this period. On this day occurred the
change from tinned meat to fresh, a change which was accompanied
by a sudden fall in thé estimated nitrogen intake for the day. Since
the calculations for intake and output were entirely independent of
each other, this coincidence tends to confirm the accuracy of the
former calculation. If the decreased intake had been due to under-
estimation an increased rise would have been shown in the N.
balance.

It will be seen from the Charts Nos. 2, 3, and 4, that there was
no connection between the variations in weight and those in the
nitrogen balance. Subject No. 1, the heaviest, lost 1'1 kilos ;
No. 3, somewhat lighter, who did much harder work, 1'9 kilos;
whilst subject No. 2 practically maintained his weight, the total
fall being only 025 kilo, occurring practically in the last four
days.

If we assume that the nitrogen retained was utilized in the
form of muscular tissue, we see that the true loss of weight in all
cases was in reality somewhat greater than the above. Multiplying
the nitrogen retained by 6:25 to bring it up to protein, and this
again by 5 to represent muscle, we see that the total loss of tissue
amounts to i—

In the case of No. 1 .- 1,100 4 1,718grm. = %9818 grm.
LR 18 ta 2 s Em + 2,13? ¥ = 12,,"]:3? 1]
s i e 3 o 1,900 4+ 1,218 ,, R

The work done was calculated in the case of No. 3 on the same
basis as that used for calculating the work done by the men of the
party (see this Journal, vol. xvii, 1911, p. 535), since this officer
carried the same weight as they, and performed all the marches
with them. Taking the entire difference between the work done
and the energy value of the food consumed over the whole period,
we find that there was in the case of this subject an estimated
deficit of 9,634 calories. This might be taken as representing a
loss of a little over 1,000 grm. of fat. The remaining loss (2,000
grm. roughly) was probably due to loss of water.

On Charts Nos. V, VI, and VII are shown: (1) The total
amount of fluid consumed ; (2) the same minus the urine passed ;
and (3) the variations in weight. The amount of fluid actually
drunk was carefully measured at the time, and the urine was
collected for twenty-four hours and measured. These amounts are
therefore exact. The amount of flmid present in the food consumed
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is approximate, but there is only room for a comparatively small error
here as regards the relative amounts consumed on different days,
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CHART 5. BSubject No. 1.

in fact, the error is probably negligible.
were eaten, the food being cooked, except in the case of porridge,

No soups, stews, or hashes
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without added water. In the case of the preserved meat this was
minced, made into rissoles and fried with bacon fat. The fresh
meat was always roasted. Accordingly, though the absolute
amount of water ingested on any particular day can only be
approximately stated, the relative amounts taken in in this manner
on different days are fairly accurate. The amounts allowed are
850 c.c. per diem, on the 10th, 19th, 20th, 24th, 25th, 26th, and 27th,
on the first three of which days fresh vegetables and on the
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CHart 6. Subject No. 2.

remainder a full meat and fresh vegetable ration were given;
650 c.c. on other days.

In addition to the water actually consumed it is necessary to
take into account that resulting from the combustion of the hydrogen
of the food. According to van Noorden this may be taken as equiva-
lent to 12 grm. per 100 calories furnished by the food metabolized.
The actual energy expenditure is only known (approximately) in
the case of subject No. 3. It varies from 3,000 as a minimum, to
4,631 as a maximum, with an average of 4,146. The amount of
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water to be credited to this subject on this account would therefore
range from 360 to 555 grm. with an average of about 500 grm.
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CHART 7. Subject No. 3.

The variations from day to day were comparatively slight, and not
sufficient to affect seriously the general trend of the curve given in

Chart VII.

These figures have therefore been omitted.
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The difference between the total fluid consumed and that passed
as urine represents the amount available for respiration and per-
spiration, and should, it might be anticipated, vary directly with
the weight. That is to say, that if a small amount of water were
available on the 18th, the weight on the morning of the 19th
would show a fall. In the charts the curve showing the weights
is a day in advance of that showing the * water available,” and it
will be noticed that, though the curve for weight follows that for
water available, there is a distinet lag in the correspondence.
A fall or rise in ‘‘ water available” 1s followed by a fall or rise in
the weight, not on the next day, but on the day after that. The
correspondence is closest in the case of subject No. 3, who did
the most work. Thus the fall in “water available” on the 20th
is followed by a fall in weight, shown on the morning of the 22nd.
On this day the former curve shows a rise, followed by a similar
change in the weight recorded on the 24th. There is a great deficit
of * water available " on the 23rd, and this 1s followed by a marked
fall in weight lasting till the morning of the 27th. The subsequent
rally in weight on the 29th might be attributed to the considerable
excess of “water available” on the previous three days. Here
again the fall in the * water available ” on the 28th is followed by
a fall in weight on the 30th. Taking next Chart V, which shows
the same facts for subject No. 1, who took in comparison slight
exercise (a moderate walk of 8 to 14 miles with no load, every day)
it will be seen that the correspondence is much less exact. Thus,
the fall in “ water available” on the 19th is not shown in the
weight until the 22nd, and the subsequent fall in the former factor
on the 21st does not produce its full effect until the 26th. The rise
of the 25th and 26th is shown in the weight of the 28th.

The first call on the ‘ water available” is that for moisture
needed to saturate the expirved air. The amount of this will vary
directly with the CO, in the expired air, and this again with
the exertion. The variations from day to day will therefore
correspond generally to those in the amount of water to be credited
on account of hydrogen combustion, already referred to. Since
these have been omitted from the table the relations between the
variations in ““ water available” for perspiration and those in the
weight may be considered to be fairly shown in Charts V to VII.

It would appear, therefore, that the demand for water for
perspiration is not met immediately if there is a deficiency in
that available, but is met more rapidly in the case of a man doing
hard work than in one leading a more leisurely existence. In the
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case of subject No. 2 (see Chart VI) who oceupied an intermediate
position as regards work, the correspondence between the two
curves is more close than in the case of No. 1, less so than in
No. 8.

It 1s interesting to note the extremely small amount of ““ water
available” on certain occasions in the case of No. 1. In this
case the amount of urine excreted not infrequently exceeded the
amount of fluid actually drunk, though that was considerable.
The connection between “water available” and water consumed
is (as already stated) much less close in him than in the other
two subjects, the presumption being that water ingested and not
immediately required on account of work, is thrown out of the
body through the kidneys at once.

It is also interesting to note that though the nitrogenous
balance seems to point to the fact that protein tissue was being
laid on and water being in this way fixed in the tissues, the amount
of water available was diminishing. This is particularly noticeable
in No. 2, where water available decreased almost as steadily as
the nitrogen was accumulated.

The variations in the total amount of fluid consumed are
interesting. At the outset the consumption of subject No. 3
was 3,960 c.c., and on the last day 2,180 c.c. In the severe march
of 17°5 miles on the 19th the amount consumed was estimated at
4,060 grm., whilst on exactly the same march a week later it fell
to 2,430. The relative humidity on the latter occasion approached
saturation, whilst on the former it was about 62 per cent, probably
the drier air of the earlier date, as well as want of condition,
predisposed to greater apparent thirst. This diminution in the
consumption of fluid was well marked also in the case of No. 2,
who took part in almost all the marches, though without carrying
any weight. For instance, taking the two dates already named,
this subject consumed 1,800 c.c. of fluid on the first and only
1,200 c.c. on the second. That this decrease was probably almost
entirely due to improved condition is shown by the fact that No. 1,
who took comparatively little hard exercise, maintained a fairly
steady consumption of fluid throughout.

Two practical points in connexion with march discipline seem
deducible from these observations.

The first is that if a man has to go short of water for one day
the effect on the water available for perspiration, that 1s, for
temperature regulation, may persist, even in a well trained man
for about forty-eight hours. The mere fact that a plentiful supply
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of water is available on the next day will only tend to increase
his urinary secretion, not to redress at once the disturbance in
water content of his dehydrated tissues. A similar though perhaps
a less marked effect will follow an uneven allowance of water on
any one day, as, for instance, when water is not available on a
long march, but only at its termination. It is extremely important,
therefore, to regulate the supply not only from day to day, but
also in the course of every day.

The second point is the importance of fraining in lessening
the demand for * water available” due almost certainly to more
efficient “ condition.” As long as a man 1s soft, therefore, his
water supply needs far more careful regulation than when he
has got into good compaigning condition. (It may be remarked
that the flmd actually drunk did not include alcoholic stimulants.
Water, only, either as such or in the form of tea, was consumed.
Rum was issued on four occasions only, in the ordinary service
allowance of 2% oz, on the same dates as it was received by the
men. )

Much assistance and advice has been received from Dr. J.
Haldane, F.R.S., not only in suggestions for the carrying out the
work, but also in the compilation of the reports.

Exprawatios oF TABLE HEADINGS.

(1} Body-weight.—Always weighed after breakfast and before defsecation.

(2) Work in Calories (Subject 8 only).—Work before the march mostly bieyeling,
except August 13, which represents fourteen mile walk.

(3) Energy Value of Food. (4) Nitrogen in Food.—Subjects No. 1 and 3 weighed
their own food (cooked) for the days before the march, and, using Atwater's tables,
the calorie value of and nitrogen in the food have been caleulated. The food during
the march was issued uncooked, and any unconsumed was weighed and allowed for.

(5) Amount of Fluid Drunk.—Both this and the food during the march represent
the amount of food consumed and the amount of fluid taken between 7 p.m. and
7 p.m., thus, the energy value of the food shown against August 18 represents that
consumed between 7 p.m. August 17 and T p.m. August 18,

(6) Amount of Urine Passed.—In the same way as in the case of food and drink
this represents the amount of urine passed between 7 p.m. and 7 p.m. This rule only
applies to the march, the estimations for food and fluid consumed, and urine passed,
on the days previous to the march count from midnight to midnight.

(7T) Nitrogen in Urine.—The twenty-four hour amount was mixed and a sample
taken in a glass stoppered bottle ; a crystal of thymeol and a small quantity of chloro-
form were then added, and the bottles stoppered, tied, and waxed. On return to the
College the total nitrogen was estimated by Kjeldahl's process.

(8) Weight of Faces.—The total stool was collected in a glass preserved-fruib jar,
with an air-tight glass stopper, about 20 e.c. Hy80,; were added and the whole well
mixed with a small glass rod which was left in the jar. On return to the College
these jars were opened and placed in a hot-air oven and evaporated to dryness, then
cooled, weighed, the jar cleaned out, and weighed ; the differences in these weights
are the figures shown under the above heading. The whole mass was ground in a
mortar, and 1 grm. taken for each determination of nitrogen by the Kjeldahl process.



Metabolism in connection with an Experimental Mareh

0.004 grammes of nitrogen have been deducted for the paper used at each evacuation.
(9) Nitrogen Balance.—The amount of nitrogen in the stool of Augunst 19 has been
subtracted from the amount of nitrogen in the food of August 18, and the result has
been compared with the nitrogen in the urine of August 18. On the days when there
was no evacuation, half the amount of the nitrogen of the next stool has been deducted.
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