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FOREWORD
Hu'l-‘;:l'x'l-:'ra plague vaccine has n-m' In-.--u in use in India for over thirty-four
thirty-six million doses have been issued.
The use of the vaccine occupies a primary position amongst the plague [m-...-mp.- ]
IMeasires .II|-"IFH|.I' in Ine |'II - ]1.‘“- ‘-'..l'lli' 18 Acce [.1&-13 .-ll].l IO |||<!I,|_v|||| 18 TR ||| 'l O A8 0

--|-'\i1"~ <'|||'! |.|||' 1|I|' '|'||I'|"|jl.?"'l ||]- t'l'lll"'1.=.|-l"'-.'

-l'.In.‘ l IIIITIII 1‘-h||]| F"l I|"II| .JIIP]ITII\l'I""I._';l'

measnre of |---«||r|‘l] rr-r1||

No 11‘-] Acconnt of the l||1.l.|l'>Jlr|'||'1|r of the vaceine or the results ||_ ]<- use lias
vet been published and it is considered that such iz now due. In the present
I

Memoir which has been ifﬂ“;‘l'l' l m: -||||\ from the records of the Haffkine Institute.
it 1z intended to present an account of

he orgin and development of the vaccine,

th -1=|| tical evidence of the value of
‘:!---'::_':lfill-'|_ :I,|'--.] I:'|l' Ilh:l|fh r.[ '-!Zl' --II‘.||'-.'
1

:||| methods of |IJI|I.II.I.'iI=.*I l'f'll|l..il.".'l'l|.

of 1its |:|'|'(:-]I:'r'1i|:-c.
There are still many gaps in the experimental evidence in regard to the effect
of varions factors on the value of the vaceine and these, it is ]:IIF:‘I'Il_ will he filled

as the result of a fresh mves

- e o
ation which has now been entered

upon and for
1ich a new and more aceurate --Z'{]I--.'"i!'lll'l'.':l. !""l

ngue will be employed. It
of later knowledee, to modify the

possibly be found adwisable, as the 11--cu!1
methods of manufacture of the vaceine but, so far, the results of many vears' ob
viion and experiment have confirmed the value of the met

by Haffkine for the |-."-'|||.--I|-.:! of a potent ||||

oy
nally adopted

III'..I|| .:Iilnl.-'_ i -

the principles

[res

'l"lli Improvements |5i|"'-"' |'|'|"| INAGe 1N ."l."_'il."l! L0 -.l.l-'n\xll--

v him have not been departed from

|!:-'.'.|'_
Il any essent 1nl.
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PART 1
THE ORIGIN AND DEVELOPMENT OF THE VACCINE
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WALDEMAR MORDECAI WOLFF HAFFKINE,
1860 -1930).
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CHATTER 1.
THE ORIGIN OF THE VACCOINE.

Warnemar MorpeEcar Worrr Havrkixg was in India in 1896 when the
onthreak of bubonie plagne occurred i Bombav which was the starting point for

| | of I.'|l' |I fEe :‘!=I|li"_-'.|-|'.i' India !'|'*-:||I§rl'_' in the _-':|||-x|-|||_=|-1|| eatablish

ment of the endemic and "|:|-Il'|:|i.l.' conditions which lave [||-1'.-'|.-':-|| up to the

Prior to coming to India Haffkine had, for eleven years, been working in the
1 ich during that period had been the scene of the brilliant

ubject of prophylactic inoculation aganst anthrax, rabies,
himself, while at the Institute, had studied expermmentally the

f prophyvlactic inoculation against cholera and. in view of the encouraging

results he had obtained, desired to test the effect of a cholera vaceine on human

b i'l_"- |' 1nse ol ::||!i cholera vaccine | adl .'I-":'I:I,.!.‘-' heen .-.||--ru|-|n--] 1n f“"[!:l"l Iy
Dr. Ferran, but from the i

Prepal «l in a erude manner from broth cultures of the V. elolere, and

information awvailable it ol [ pread s that KFerran's

ytion were not revealed by the author. No statistics as to the

» available. Ferran's work was apparently of short duration
and was not continued.

ne had at hrst

In geekine an --;.-||'-!'.|i|i' v for testing hiz choler accine Hattl
intended to Pro eed to S1am where the disease was -'!l::.i- mic, but his work having
come to the notice of the 1l|:|"-|=!i-» of Dufferin and Ava, at that time British Ambas-
Vie roy ol India, Lord Dufferin arranged throush the

g %

sadot in Paris, and former
[ndia Office that Haffkine should be given an opportunity to try
India.

Haftkine accordi |__-|-. proceeded to India in 1893 as a voluntary worker and

|I" vaccine 1n

commenced the trials of his cholera vaceine in the field. After a period out of
India on account of ill-health., Haffkine returned aeain in 1895 to continue his
cholera inoculation work, but this time in the employment of the Home Depart-
ment of the Government of India.

( 3 )




4 Haffkine's Plague Vaccine.

The first cases of '||I."|<_,{'|||' were recognized in 15-!!11|J:1_\.' in F'!I‘]JTI'IT'Il.II't' 1896, and,
amongst the measures adopted by the Government of Bombay in connection with
the outbreak was the appointment of a Scientific Committee, * to enquire into the
nature and the history of the disease’.

Haffkine's services were lent by the Home Department to the Government
of Bombay for employment on this Committee, the other members being :-

Burgeon-Major Manser, 1.M.5. (President), Burgeon-Captain Childe, r.m.s.,
Professor Hankin, and Dr. Surveyor,

The terms of reference of this Committes, as given in the memorandum of the
Surceon-General with the Government of Bombay, dated 10th October, 1886,
were as follows :

“The points for investigation will embrace everything on which reliable
information may be obtainable as to the mode of origin and nature of the disease,
its communicability from one human being to another by infection, contagion,
inoculation or otherwize ; whether communicable from man to animals or
animals to man ; whether there is any connection between the disease and grain
nsed as food ; whether the crain is sound or otherwise ; (a) by direct inoculation,
or (b) when received by ordinary exposure to infection or contagion from a
person suffering from the disease, or articles of clothing, bedding, ete., used by the
gick ; the period during which persons apparently recovered may retain the
power of infecting the healthy, ete. The suggestion of any special preventive
or curative measures, which may be deduced as the result of these enguiries,
and any other matters of practical or professional interest which may occur to
the Committee .

The Committee assiened to each of 1ts members cortain lines of im]lﬁr}', clinical,
epidemiological, pathological, ete., and to Dr. Haffkine was assigned ° The study
of the mierobe and its relation to the patient and to the animal body ; the question
of its communicability by infection or contagion between man and man and
between man and amimals ; inocolations, ete.; di:lz__'tltrﬁTEr methods ; the jli‘l'iﬂti
during which the patient continues infectious; Immunity ; and anfi-toxine and
other treatment .

Haffkine commenced his work on 8th October, 1896, in the Petit '.il}l(l!':'l;h’)'l‘:.'
of the Grant Medical College, Bombay, the accommodation provided for him
consisting of one room and a corridor, and his staff of one Indian elerk and two
PEOns Or Messengers,

With this limited staff and accommodation, and with a minimum of equip-
ment and without exXpert technical assistance, he ]'JI'_'_ran hiz studies on fllilglll'. and
in particular the questions of the production of a prophylactic vaceine and of
eurative serum. _

Haffkine was at no time a prolific writer and, apart from a few papers in the
seientific and medical journals and certain lectures and addresses, has left few
published accounts of his work. We have not been able to obtain any definite
information as to the details of his work during the first few months of his plague
investigations or the steps by which he approached the problem of the plague
vaccine. We know that amongst hizs earliest observations was the recognition of
the characteristic stalactite growth of B. pestis in broth cultures which is described
later on in this Memoir.
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Bannerman (1902) records that in December 1896 Haflkine was successful in
_}3I'¢-|"!'1i!I!' rabbits against an inoculation of a virnlent culture of B, westis by treat-
ing them pres 1

1 'I:"l_'-' with a subcutaneous inoculation of a hroth culture of thes

organisms sterilized by ||lil‘_j]l}‘.

Y ersin, Calmette, and Borrel (1895) had previously shown that a certain degree
of immunity could be conferred on animals by the mjection of dead cultures and
their findings had been confirmed by Klein.

Having obtained successful results on experimental animals Haffkine next
proceeded to demonstrate the harmlessness of the material he had prepared by
i!-'_i"‘-':'lll_u |:-|.'|:-C-.-ii' '.'.']".!! a dose of 10 c.c., :l-':l|. b i'li.r satistied Ih:l! 1t -"-»-IIE-] by .-u.lln-'!_".'
:I.||_rl'..:r|i*-5i|'!'-'li_ K1) -'IIZ?II!I'I |||'-!-‘|-_:'_-: announced his results i1| the f.l,-:u',',i”_g letter
addressed to the Secr tary to the Government of India, Home Department, «
1 Gth -|.;|'.|L;||'_x'_ 1897 : >

;;Il".J

‘1 have the honour to communicate the |'--||uuir|-_- facts relating to
'||:'|.-:-':I-::li|i'l_'-.' of 15-|:|‘|'|";i'...|' 10

ation arainst the placue :
1 III |.||I' COTee l'.[ 1i||- _2-II'--|"IZT r'|'--:|'.I||-|.|':-C ! 1|.5'|.'!' |.||I|i'|-:| Zlil.l.:':"l'h': !|'||-|ii,5 1.l,||i|]|
give rich eultures of the

illus, permitting to cultivate them in abundant

and concentrated gquantities. nlence of these cultures iz shown by the faci

TEI-IT | or 2 El'li!iilllﬂ are .*I.'!lit'i-.'l!'u 0] l'-.'-I'||I|'.ZI|,-ic';|'j|' ||-',|I:'| T II:-'- !:I":lhl |Il:|-'||'_}_
i IJ.;‘I" 'gl"‘-|:"|":ill| "r "ll" L ELT II.‘. i"l :'il-' -Z"Il'll.!'l' ||',' ||!'|il';i1-' I:-!'-'u':-:-cn-u_ --c||;'}, 08
the addition of essence of mustard, of very weak solutions of carbolic acid, or by

'il'-il'l :Lii'r'l. or by heat. -||-:'-|i1'| ] I||- |'|'.;-":III':~ of their fatal |-|'||F:.|-.'iie---. and n'.-;||:--.-

a dose 40 or 50 times higger than the fatal one quite harmless to the animals.
" But, whle di |-r‘:“.'ll o the cultures of Iiu-i‘.' n-l.‘:i-:-'.l-: ;:—l'-.-|l-'."1i--.~C. the iIII'?"--l'
PTOCESSes leave to them the PrOWers of proteciing the EVELeI arainst fatal infection.

i ] -
Hodents whiel

have had an injection of such eultures (with microbes killed in them),
when fected five days after the |""'i'I viactic treatment, stand easilv a dose of
virus which would be fatal to ten other non protected animals.

* Having established these facts, 1 caused myvself to be moculated on the 10th

of this month to obszerve the SYMproms of :iu--.:n[u ration in n

* The iilél':"il:‘_. was done 1 the flank '.'.'i'I 10 |"|||j|' centimetres of a 1-|||1|;'|'--

in which the microbes were killed ||_'- heating during one hour at a temperature of

in at the seat of inoculation and n
shi

1ed was 102°F, eioht hours after the

e !II'_'II-.'-i.'. poInt 1

{2 :-"-.E'II||'|I|'I!*- pDrod

a riae ol t mperature. T

il-j-'c"lllrl. which was .-|-'---f-|*.|_3:-;|'|i--|. bv sheht headache and feeline of faintness. The

temperature oot agaln normal 24 hours later. The bowels remained normal. The

pain at the seat of inoculation was mostly felt next morning while getting up from
bed. It extended, on the left side, to the region above the |>l|i|||.:||'-.;--ii:_';|r|||-|_', and,
on the right, towards the axilla without r 1
| " ili"-.;ll

it, Sinee the next dav the pain
A small nodule remained afterwards at the seat of inocula-

1
LLE i
tion, but got rapidly absorbed. These symptoms show that the operation is
perfectly harmless to man.

A -

* These observations made in the laboratory lead to the conclusion that the
inocilation, as deseribed above, will inerease the resistance of man arainst the

diseaze. But the extent of that protection, and the modifications to be introduced




6 Haffkine's Plague Vaccine.

in the method for the object of increasing that protection, can be shown only by
observation on man during the epidemic’.

Haffkine had thus, in no longer period than three months, evolved and tested
|'3En~1'itm-1|l:|lly his vaccine, which in its general lines remained unchanged sub-
sequently, and has undergone no pesential variations in principle up to the present
day. When it is considered that the incubation period alone of the vaccine was
six weeks it will appear evident that, from the very beginning of his work on the
subject, Haffkine must have formulated his ideas as to the lines to be followed and
adhered to the principles he fixed. There could not have been sufficient oppor-
tunities. or time, for testing the various factors which would influence the immunizing
value of the vaccine and, as Haffkine himself states, the lines which he followed
were based on a priori reasoning. The results of many years subsequent
experimental work on the vaccine has shown us that in regard to almost every
point in connection with the manufacture of the vaccine, Haffkine had adopted
the methods which have been found to produce a vaceine of the highest antigenic
value.

Having tested the effect of the vaccine on himself, Haffkine next proceeded
to try and popularize inoculation with his vaceine in Bombay. In a short period
77 medical men and prominent citizens were inoculated publicly without ill effects,
although the vaccine used at the time undoubtedly gave rise to severe reactions.
Haffkine soon reduced the dosage and there were probably few very eXCesgive
reactions experienced. Plague was severely epidemic in Bombay at the time and
no other protective method of value was then known, the knowledge of the
1-E:illd-tni:.ﬂu;_=}' of the disease being slight and the importance of rats and fleas in
transmission not realized. In the absence of any other effective method of com-
bating plague the possibility of obtaining individual protection by means of
Haffkine's vaceine would probably have resulted in its use being taken up to a
considerable extent, but to popularize the method an effective demonstration of
its value in protecting persons definitely exposed to risk was required. An early
opportunity for cuch a demonstration occurred in the House of Correction, Byculla,
when plague broke out in this Jail in the end of January 1897. Half the inmates
of the Jail were inoeulated by Haffkine and half kept as controls. The results of
this test are given in detail in Chapter VIIL, and it will be seen that amongst 148
inoculated only two cases of plague occurred, neither of which was fatal, while
amongst 172 uninoculated prisoners there were twelve cases with six deaths.

On the publication of the results of this trial there was an immediate demand
for inoculation, and it became necessary to provide for manufacture of the vaccine
on a wide scale.

The Bombay Municipality placed at the disposal of Haffkine a bungalow on
Malabar Hill called ¢ The Cliff *, for use as a laboratory, and this bungalow was
utilized for the purpose from April to November 1807. Haffkine’s staff at this
time had been increased to two Military Assistant Surgeons, two clerks, three peons
and four menials. Major W. B. Bannerman, 1.M.8., and two Indian doctors were
later added to the establishment of the laboratory. * The Cliff * was soon found
to afford insufficient accommeodation for the }Ilngn;s-- and, following a short move
to a bungalow in Nepean Sea Road, more extensive accommeodation for manufacture




el
il'l‘]

1ns.
Ve
!I":d
rl!H'

in
-

IIE
v i

U[
rly
I:|;:|.
1tea
] HI-
148
hile

and
e

" 0n
WAas
1|:|i!"5
DL
Nere
i
1O
Lure

Frg. 1. Hallkine in his Laboratory, Khuoshra Lodge.

mecie into small sterilized bottles,

hru L -.|'__'l.'. 1801%,

f

it~

Frga. 3. Haffkine and his sssistanis

I|l--.'l.I|.l.li|:_-_' in the

steects of Bon




I1.

PraTE

.

=

B

WMILELLTEETRELE By

0ld Government House, Parel, Bombay.

TRE

Plasriin Moasmrals Tl

VOE s

(Tnkon o

of
kin
Clom
VAad

furt
by
add

of t
gIVE
(ETY
aft
189
tion
and
Wi
of 1
and
of

Res

wil

ma

e

No

he

lyn
BT
art
fra
of 1
litr
acl
col
L)
!:ll.'l'
of |
wit
litr

|II'4"1

thix
L]




1hav.

Hounse,

(o

£ Tinloinr

o . .||r-l'l'_-f_|l'.|rl'-'|". T

ane was provided at Kushru von, which was placed at Hafl-
nosal by His Hishness Sir Sultan Shah, Aea Ehan, the head of the Khoja

Community, who had taken oreat interest in the work and s |:'J.:|I---| the nse of the

|
vaceine from the besinning.

manufacture of the vaccine then Prode ded at an Inereasing

of State and four more local ||_|-:ii-'.';| men were attached besides

subordinate staff.

further as
Il'.' 1|I mecreta

WEere necessy

LTV, Four medical men sent out to India

Kushrn Lodge in its tur

of the vaceine

1YV e

Lrovernme

[s]

1 1 ] 1
*CLY BN O ||-:-IIZI::'.
5 DAl Deen 18 | i i |--I|.|--'-!'..r'. [

. o
alter I"J:i" derellct EI-"" led W

| 898 for a

verv laree one and of

nil o was commenced
the move from Kushro Lodee commenced in Julv of that
was finally opened in Aueust 1899, and has ever sinee under

of the * Pl Research ratory ’ v Bact
vnd 1 13 Y26, th kine I en the ho
i tl ||: 11 nronl :lelll | 1 Lal I ,||:i'!|-'
tesearch Commission’ whose contriln the epidemic
well known

L detailed [ int of the methods |'=‘|:||.'|'-.'-|i by !

f obtainable from the Minutes of s

LE - L] .1
..,'-n’.l'.-- .‘l.-'l'-'l".'-"'" Pl

n on the 28th and 30ih

1 = 1
actas from his evidence show the methods

Cen Trom animals as 158 1|.l' Cise W III. Lo ket W =

rtreatiment AINnst ralk I- O with 1! i

rative treatment of diphthes It 15 prepared In an

artificial bouillon of the following

\ certain guantity of minute

. . 1 1 1.1 ® 1 T

I wentz of mutton 1s infused in strong hvdrochlorie acld.  The exact proportions
of the material 12 as i lows @ Une and a half kilos of mutton are infused 1 three
] 2 0 waterl il. 5 two | five cuble centimetres of hvdrochlorie

1l 18 syphoned

MOV




8 Haffkine's Plague Vaccine.

heated at a 1{-111|3s~|'.-1tm'1- |'q1l;11 to the 'Fnrnﬂ."[nu;; one for .;3-|]|_i_1.' half an hour, then
filtered again and whatever solid residue is produced by the second heating is
again rejected and only the liquid paxt employed. We call thiz ** Warden’s
bouillon *'*.

¢ For the cultivation of the plagne prophylactic it is mixed with a small
quantity of ghee or coconut oil, distributed into big flasks, sterilized, and inseminated
with a minute quantity of the most virulent microbes we can get hold of. The
microbes are specimens obtained in the first case from a plague patient. Their
activity is easily maintained by passages through animals according to the hydro-
phobia or cholera process. The liquid, inseminated as gtated above, is kept fer-
menting. During the first two days scarcely any sign of change is observed.
Minute flakes appear underneath the guspended drops of oil or ghee. These flakes
in the course of 12 to 24 hours grow down in the shape of icicles or stalactites. The
liguid remains clear, except for a amall lll]:-l.]lti.l_‘-' of ;:u".'.'dm'-]iks* residue which very
early in the process falls to the bottom of the flaslk. The stalactites in the course
of two or three days fill up the upper half or sometimes even the whole volume of
the liquid. The least oscillation of the vessel is sufficient to detach the suspended
ivicles from the drops of ghee or oil, and the whole growth in the course of a day
or so falls to the bottom of the flask while the I.ii.(i?llill. appears again pl'l'fi'i'l]}' ]iln]*ir!.
This stalactite appearance of the growth has an utmost importance, as there are
no other microbes up to now known capable of giving the same, and, on the other
hand, there is no plagne microbe of whatever origin or previous history which up
to now has failed to show that characteristic. The stalactite growth offers thus
one of the best methods known in bacteriology for identifying the nature of a
microbe. After the first growth of stalactites has been brought down by shaking, a
new crop of flakes appears underneath the i]Tn;r]I'TF of oil nl'_-';-"-'e'r'. The same process
as described ahove is repeated again, except that it may be a little slower in develop-
ment. After another two or three days the flask is again shaken and the second
crop brought down. This process is renewed ten or twelve times. The develop-
ment takes five or six weeks before it is perfectly accomplished. The growth
becomez slower and slower until it stops entirely.

* In the course of this process the hquad iz modified under the influence of the
vegetable microbe in the same way as is modified on an ordinary goil Inseminated
with the seeds of a plant .

To preserve the continuity of the description of the provesses of manufacture
.of the plagne vaccine, as originally carried out, we may turn to the evidence of
Hafikine given on a subsequent date. As regards the temperature of incubation,
Haffkine stated that the temperature used was 80°F. to 90° F., but that it did
not matter within a degree or two. (This is ordinary room temperature in
Bombay).

He stated with regard to sterilization :

‘ The method adopted to sterilize the culture is twofold. First the liguid
is subjected to a temperature of 66°C'. for one hour. 1 have found from an exact

* Dr. Warden was chemical examiner in Caloutta and had been lent to assist Haffkine in this
part of the work.

l':"CJ
and
giv
I h:
18 &4
kil
By
£11m
1|]|‘
in

pla
CED
pro
Ol
0l
tha

Car

in '
oy
her




]
ir 9
- L

ture
: -:-I'
ill!l.

dad

:p;id
xact

this

u'r, -J‘l-rr_r.,n'!'.r.l.u', ﬂ

experiment that i1t is possible to kill the plague microbe with a temperature of 45°C.
ured for that. I have adopted 65°C. for

o a marein for mistakes from an wm ."[:11'1-'-!. fall of ten perature, Similarly

.'.'I:II -!Z=I| ey Versy Il"li-llll'__'l'll |':'.'J|;I|'_' |-- I

Vi ||'||:'|-|| one honr as the !Il'.“ill'u !|I.."I:|;: which the cultures a
15 certain that the mi ol
killed. The{
gav, o hundred times larger than the contents of a flask. Five or six flasks are put

ST

re heated althoneh it

e not require iIi‘I_'-.'-L.fIiI'.!' like that time for being

sks are heated in a hig water-tub, the contents of which is, I should

A

aneously into such a tub. Wi besin bv heating the water to 70°C. © when
the flasks are introduced there 13 a fall in the temperature. A central flask is put
1m 1!.!' ?Illll".l:l' by TWe] !-'I-' |-'|| e ilu*— L5 I!IIII ]ili:"\: T E.I.! ”:I*-ul-. i I:'||-|||:-;;|j]i|'r|"_l' 18

_[l::I-'-.'l. The hour of .'i-'.Ell o Ive :_'i":-u l'ili.'u '-.".|_|"| l.f|-' thermometer ‘,'-|;|1'|-:| 11 Ijl;._-

2 It
central flask shows 66°C.  After the flasks have been heated earbolic acid in the

||"'||'!"'I'|:"I l"[ l:.':l'-::.l” |---r oenn i*- il:-’!'l I|I.I l'll ;.'I|'l D11 &I, ! |;|".l .il'\-l'l']|:.i|:l|;: I:'|;|_1

One=-guarter [rEr cent of carbolic ;|-.'i-:. 18 "'»l:iul.l'il 1L T |-,"| '||:|' || aENe Dad | il “i'll .!_-| i

x'*.-l‘!i':;l‘;:'i'-'-'|_'~' ghort time. A very elaborate ||."-:|'l-|||.t-- has been ;|||c'-||'| d to ensure

that on no occasion does a flask which has not been heated or haz not been

he handz of thie i e anters

T i
i'lllli"l':'l-"l'll PAES INto t

ITI':' !II|.I: Drocesses --f b '.IIiI ir ;:I||| ||'*--|i| o as .II.-_Eil';nl]'.' -';.||'!|':| O1IT Can |||-
lowed from the evidence of Captain C. J. R. Milne, 1.m.5., before the Indian
e Commission. A simple form of svphon was used for decanting, the flow

: of the vaccine were first run on to the surface of an aFar h!t-l,ll‘ ns
I '_'- g [ |.'Il' Vace illl' il :'l. 1| Lo e L R i:.'l'||i--.-c |:.|:l! Imn '-'||:'|:ﬂ_'_~=-'\.i||h
direct from thi syphon, a Ir|-| -cock being used to control the flow.

The hottles were of *:rl.!'l-' Lvpe, four to six ounces in apacity and sealed with
mibher SLOPPETS. At a later sSCage the bottles were made '-'li]_l: 1|!|'.|'.:'-:'|-.' at one w-'_.:i.-.
this :-.!_::.'_'u |||-:':_: .'li:l[.‘l d to facilitate the I.'||-.E‘::_' up of '||,|' |'l|r|'|]l||-1-:' contents mto
the syringe.

The procedure to be employed in decanting and sterility testing was laid down
il' i |-:'I|l =l :|!. Pl'nu'--.:"ill' |-||:' i|||' JI!'|'|I1I.|Ii--I ll.'- I'|E ||_:|['|.|1.i!||-3-c IFI'--|||:_'.'|,||'!i| |'1||i5r3'
:_'i'.'|'!| -I"| g ::!l:.n'l -"I-., to the .Il.g"l I|'.'|.'i"' of the |.'l.IiIIIIi.-*-Ci-:-| '.‘xlii-'|| |;|'4'cj |,:|r':||.', 1i:u- ”.|;_||[|-||

III L.




(HAPTER 1L

]f..-\.]"l'.]';].\-|"...\'~ REARONRE FOR ADOPTING THE PARTICULAR TYPE OF
VAOCINE.

As has already been stated, Haffkine based his vaccine on considerations
derived from a priori reasoning, and not on the results of experiment.

In his first short account of the vaceine published simultaneously in June 1897,
in the Indian Medical Gazette and the British Medical Journal, Haflkine {1897)
outlined these considerations in the following words :

‘ The theoretical 1'|-t'|jl'l'T1l‘.':->‘ which led to the |||<':n of JI]'I.']:I:I['il':iI.I!I of the 1_'-|ilullt'
prophylactic were the following : The inoculation against cholera, made with bodies
of Koch’s comma bacilli cultivated on solid media appears to result in a reduetion
of the susceptibility and of the absolute mortality from the dizeaze, but does not
affect the case 'Iil‘ll.'.il..'i.|_‘-. In the lizht of present information this seems to be in
connection with the ]Jl'llrhlr'lillll. in the inoeulated individual, of bactericidal powers,
but not of anti-toxic, as has heen actually demonstrated to be the caze ]._\,' Pfeiffer
u!n[ i\-u]h-_ There i-c rEIt' ||||I-'\.:-\.i||;|i:.'|.' of ‘.|||.' I..:i,|-|1-r'-||-ii|.:| E:-IH‘H'!' |:ri-i|'._u i |'-!'.!I[4'I] L_\ the
injection of the bodies of the microbes, or substances enclosed in them, while anti-
toxic properties may be communicated by the injection of the metabolic substances
secreted or produced in the surrounding media. This conclusion is only a hypothe-
I‘il';|i One, ;I,][-:i r_;|l;4-r| 48 0 [|'!'|||'H||;|."_‘.' ;_gui-'uurl- e 1n illl' ‘.'-'I'II']'{. In the Fr'l'r'.-CI'III instance
I have decided to make an attempt at effecting both a reduction m susceptibility
and of the case mc:rt:ulir_'.' ||_'.' combining in the |-r'r|'_iJ|::.'|:LL'I'Lf' substance large
quant ities of bodies of microbes together with intensified extra-cellnlar toxins’.

After describing the method of preparing the vaccine he states that (—

 In quiet position in test-tubes two different substances are obtained : a per-
fectly limpid fluid and a thick white sediment. Injected into animals they produce :
(1) The sediment—a local inflammation and a nodule at the seat of inoculation,
accompanied with little fever of general effect, and (2) the fluid—a considerable
rise of temperature with general affection, with no local effect

It was this toxic supernatant fluid of which Haffkine stressed the importance

. s - J . l'

as a constituent of his vaecine.

Haffkine (1899) discussed the principles of his vacecine at greater length in an
address delivered at the |:1._\';||_ Soari |,_'.. London, on 2th June, 1899 and I'I.-]T.'Jil'l of
his reasoning with regard to the type of vaccine adopted by him for plague will
he geen from the .’-H.--.I"~'l'i1l!£ extract .

* Immunity against symptoms generated by the products of microbes does not
seem to imply necessarily the ridding of the system of such microbes. It is known
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now, since the discoveries of Behring and Kitasato, that such a resistance against
' can be originated artificially by gradually treating the system with

4|!.:I-‘|!i|f"*— of ':II."\-:i||"'\-. The =svstem regets |"-.' .':|-1'J-||;'||.‘P'|:__" .=|I||'i-'|l-_"-;:rl‘-.
neutralize the effect of the 'Hk‘il-« On the other hand Gamaleia first
act that 1 5 POEs sible to ereate I||.||| A1 ||||:|..| resistance

of virulent rrfrl'-u"n- without that animal oretting any resistance

wrainst a dose of the products |:I'-'|l;|‘-:| from the microbe in the laboratory,

fOne sesms ."I--'i:'i:' | therefore to consider -|-.,..|I-Ix two kinds of immunity,
one against the living microbe, which would prevent it from entering the gystem
and causm o oan ||'|-"=.:, F I--:| ] I||l|.'|-'l ;|-_'.':i||-| :l--' Inti lliI-. r-- ‘|-| -‘-,ll||'||.||'r'| g 0 [ '|||

.|' - 4 1 i 1
AISea St O ||' .'-' DTOANICTS |

of the microbe when the latter overcomes the imtial

reslstanc .I:=| !|"'l:- mvade the svatem. In mocula 1|l'-'| ;|_;_'._||';-1_ |';|r-]|-:';|_ which 1s
1

done wii 1l I::l' hadies of ‘.||i| |':-|l|--\_ I!l [irst |':--'_||I ;:||;_'_-' 15 obtained.

* These considerations come to be strengthened
ments |-.'.' Pfeiffer and Kolle, intended fo verifvinge Ita, and in the
|

conrse of which thev detected 1n the serum of men inoculated '|'.|||: aonly one dose ot

f laboratory EXPErl-

resil

cholera vaccine an extremely high protective power, equal to that which, in goats,

for nstance, could be created only atter a ver _::-|'--|-|.‘|:_'-|| treatment, extended
i 9 il 1 3 inelay - ST -. 3 - 1 |

aover nye or =1x mon |;-. ANnd Incipdaines in)ectlons ||| FIOANTIC O80E |-[ Chlera

Vaceine.  Ln ;l‘l:xi_'- sing in detail the T !l:"'ll= ol 1| at serum tl &% found that it

possessed an intense power of destroying the cholera microbes, but exhibited no
.';l.*i !||_'{i|' ||!'.-||--|",i|-: |,:||,|||'|- af I|l"|||'.|;i?.i|:'_' the eftect of the ‘:-||-|EI,|| tz of thease
I':Iil.'llllll':w-.

When, in 1896, I was confronted with the problem of working out a prophy-
lactie treatment agains i igr] i

b ||!| abservationg on

7 | -|--'- rmined to put to test the ideas originated
to attempt, in the new preventive
inoculation, to obtain at once a lowering of the susce F‘I|I IIH. o the disease and a

of the case n ortality. Thiz 1 resolved to obtain |--. treating the system

‘.‘-.il:| i |'--I'I|'i|..li:l|| of bodies of microbes ::.‘.li |lf. concentrated ||:'|::||:-:':;- of them.

abov ||||-||||‘ |"l"|-_ | ke 4 that thev should be considered as tem-

NOTAary. M;:--_. T T 11 ||'|-| ;|‘_|||*| Or T o |..‘|||li--I|' I-'.'.II-':I‘.ill.fl. r” ere I .'!_".' 1'_‘xi*—~| ;|:|| ;|||.'k'
.I_..-l : .:;| known to me which are |||:'||:|.—'|'-_4_ to the cuesses i1||||=i. il in them |t was
thoze guesses which led to the results obtained in the plague |||l-.l|||1|- n: but n
e reasoning which 1 passed through while working out the methoed I am

r to a demand to that |Tl'-:'5 as 1 consgider that Tt of My communics

.1i--!i :|:'||'.=-~'"'.--:~'..." : the more so that the theoretical conjectures above enumerated

are not shared by a number of experimenters, such as Pleiffer himself, to whose

results I owe some of my F:l'-'ll!i-il':- . and the correctness of the con E'l----ili*.-l_ of the

plague prophylactic with regard to the extra cellular toxins which I have added to
1

it 18 subjected to theoretical contest. It 13 certain that no theoretical con 'r- TUres

O i'~'|'|| ",' e l,‘\[lllli‘l- neer are !lII.'|II'_2 or need even be inter: I g 0 OLhers.

What 15 ab ||- tory 18 ..||||| ance of 1|| actual i‘l}-l::f"-\- |:|‘-I;|i|_|'i|

To what extent Haffkine's theoretical cor i" tures as to the bacterieidal and
anti-toxie effects of the vaceine prepared | 1n the method ntihzed }'m him were correct
will be digenzsed later, in connection with the results of e Kpe rimental work directed

to ascertain the E:—n-|n-r1i--.- of the different fractions of the vaccine.




CHAPTER III.
CONTEMPORARY OPINION oN HAFFKINE'S PLAGUE PROPHYLACTIC.

Prior to the introduction of Haffkine’s plague prophylactic vaceines for
immunization of human beings had been uzed by Ferran and Haffkine in the case of
cholera, and by Wright in regard to typhoid fover. The vaccines used for the
prophylaxis of these diseases had consisted of young killed cultures of the organisms
and were standardized as a rule to fixed dosage of culture. [mmunization was
attributed to the action of the bacterial substance contained in the dead Organisms
injected and not to the presence of any substance elaborated or dissolved in the
media nsed for eulture.

The methods used in the preparation of Haffkine's plague prophylactic differed
from those used for the cholera and typhoid vaccines, and resulted in the production
of & fluid in which the immunizing substances were present in solution in the super-
natant fluid of the vaccine.

The bacterial bodies present in the broth cultures used for the vaccines after
the period of six weeks’ incubation congisted of both living and dead organisms,
and the greater portion of the sediment was composed of an amorphous debris
of disintegrated bacteria. Such a vaccine could not be standardized on the basis
of bacterial content.

When Haffkine’s vaccine for plague was first introduced it underwent a consider-
able amount of criticism, chiefly in regard to the value which Haffkine attached to
the fluid portion of his prophylactic, and also in regard to the methods of standard-
ization used.

An opportunity arose for a very full discussion of the vaccine when Hafikine
gave his evidence before the Indian Plague (‘ommission in 1898, and it was with
regard to the value of the fluid portion and the absence of exact standardization
that the Commission mainly disagreed with Haffkine. Hafikine stated, and
mt and supernatant fluid of his
any E-Nl:u'l"iml‘]lml
Commission

strongly upheld, his opinion that both the sedime
vaccine were of immunizing value but had not, at that time,
evidence in support of this contention. He expressed his opinion to the
that while his belief in the value of the supernatant fluid in the vaccine was based
OO @ PriovE reasoning, the success that had been obtained by the use of the vaccine
made it inadmissible to modify it. He further contended that even if experimental
work on animals were to show that the supernatant fluid did not confer protection
he would not be prepared to abandon the method. He stated that he considered
that any change in the principles of the vaccine would only be accepted by him on
the basis of guarded tests on an isolated group of men with restricted experiments
repeated with regard fo testing the particular point as to the efficiency of the
fluid. Such tests had been projected by him but he had not been able to carry
them out.

In his address on the subject of Protective Inoculation before the Royal Society
already quoted, Haffkine (1899) admitted the possibility of modifying his vaccine
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in the ]-I_ﬂ||1 of future l'j'-;]'ll'l'i-:'|||" but did not find that there was anv necessity to
rill =01,

; : i e
fractions of the vaceine 18 discussed

The |||4|*-1|l.;| of the |'|]|.|x" of the two main
at Ir'l'l',-_'.lf in the .Irul’IH-'r." IJ||I f! i -'I"rr .'r'-" gue Comaission m 'II -!:||'| ;.l ri.-- |-'I.'i||r-||4'|'
avallable at the time.

The following extract from the Report will show the views held and some of the
.i':'JIiI:I.i:lln.' iy -||Il.'|I|'l':

The .IEI"". or otherwise .-I' each i parate element in the Fl!i!!I.'l' vaceine 1s

manifestly a matter which can only be determined by experiment. We may, there-

F:u:, st IIIIIHI‘".-!H Lo I(ll..rl in the case of cach ele ment. firzt. whether anv spec ifie
toxice effect. and. sec .|..|]\ whether ai ny ]1|||r||1|-.,| etiect, 18 produce Hﬂ. the introduc-

tion of that element into the svstem,
“We begin with the i'l-||-'ln|-"'.;1|-'-|: of the :|--|n|~"|1 of ]1|::;."|-_- bacteria  which
collects in the enlture |!:i-li-.

: |1 1‘l Al heen fil[l-] ablizgl |I -' by e ron "'"\‘l"’"“l" nts in ‘-‘-hil'h ii":L|| h:ll'TL'Ti.F!I]
cultures have been introc I-|~ ed into the organisms of animals

and in this connection
We May sped I;I_]._'.' TLTE I!‘|l' l'}.|--i'i'ir||-'|'-':-c '.'.]Iir'|| Weri |E||.‘|| ||_1.' 1F||- German ['r=-'|r||]|i.w'.~]'u!1
0T n'_un]cu-_‘.':: that the dead bodies of ]I!-‘t:ii" bacilli eontain APpr ciable quantities
of En:—ir:c:l:{-l.:« substances. Alterations in the blood, hemorrhaces in the sastric

mucous membrane, and necrotic changes in the subeutancous tissues at the site of
the ir1_i--|'1irﬂ. and in the liver, are the _t>;|':|'|-|r1-_-i|':|f effects which most often manifest
';]ll'rl]:-ié'h'l‘:-i :Ifll'l' 1|'|l' injection of _"l|:I:III.' .!I,\_‘I'IHI

‘Tt 18 not Open to doubt that the introduction of the toxie elements, which are
4'||[|1.:1i|]l'|| in the bodies of the ]Jl.i:'.l:' |l.'|-:':||i. '||I:[|'-:|t|-
certain power of resisting plague.

v confers Lo animals a

*Yersin, Calmette, and Borrel, in 1895, first brought forward evidence to show
that a certain amount of ||=!'|r1-'|'|-:|||| could be conferred ?JIH inoculations of dead
plague bacilli.

* Further, we may note that this fact was confirmed hlx the q-}'ln-}'im.:-r.h.; of
Dr. Klein, We desire ‘:.-;Ll'lil':l ;||'|_'-.' to direct attention to the fact that a certain
measiure of [H'lﬂ-:-c':iu:l was obtained in these experiments of Dr. Klein, for
Mr. Haffkine has drawn from these experiments the conclusion that a protective
mMeasurse 1!L41_‘~' turn out to he effective n man, even 1.'.|:._-|3 4','\(|,||‘|'i]|:|q-||'|:-c T .|||'|.".'|,'|'
animals do not appear to contain “any elements justifying its application
to men.”’

The [H'rJIe--c'r]'.r efficacy of injections of dead 'r‘?!:l'_:IFl' bacteria iz further
patablished 1:1.' the many very careful experiments of the German
Commission, | par |II:II|I' it was shown by the German Plague Commission
that in the case Hf the brown Illilllln'-'_‘.' If.'|.|rr-'f'f-'-'-'-'-*-' .'.-u.".-'r.--'u.\_::, and in the case of the
rat, a considerable measure of protection can be conferred by these inoeulations.
But the e xpe riments rrf the German Commission also show that very slight, if
any, protection iz conferred by these inoculations on the FTey -;||']'|:-r:: monkev
(Semnopithecus entellus). E

The |.l]'ll'1""'r:."." effect of inoculations of dead bacterial cultures was .t;_-;|i1_|
confirmed by our own expermments. These were done on pguinea pigs, brown
IHHH]&"‘_-':-C, and rats.




14 ”r{ﬂ‘.ﬂfra ¢’s Plague Vaceine.

‘It is to be noted that in the many series of experiments which have been
referred to above, there is hardly to be found an instance (unless possibly we have
such an instance in the case of certain experiments on rats which were "ln-rl'nt!nx-nl
by Licutenant Walton, 1.:.8.), where a very high degree of immunity has been
ohtained. In almost every instance, severe symptoms have .~CI|||:-|\'-.-|;1'r.i upon the
subsequent test inoeulation of living plague hacteria to which the vaccinated
animal was subjected. What was achieved in the above experiments was, therefore,
merelvy a modification of the plague attack, and a delaved or diminished mortality.
These results (which, be it noted, were obtained by the nj etion of plague hacilli
suspended in a merely watery medium), are in all respects identical with the results
which have been obtained on man in cases where Mr. Haffkine’s inoculation has
not suceeeded in averting an attack of plague. Thus the dirninished case mortality
which Mr. Haffkine imputes, in the case of man, to the effect of the supernatant
Anid which forms a constituent of hiz anti-plague vaccine, 18, in the case of animals,
obtained in the absence of that supernatant flnad.

‘ The question as to whether the supernatant fluid of Mr. Haffkine's prophy
lactic canses, when injected into the oreaniam. the elaboration of substances which
maodify the severity of a plague attaclk, 18 a question which cannot be answered
until ~W“ have determined whether a "E""'iﬁ" toxin 18 ]Jlll-i‘.li'-:-rl. when the !J]:lulw
bacillus iz cultivated in a fluid nutrient medinm. It behoves us, therefore, first
to consider this tgm-ﬁtinrl.

¢ Versin, Calmette, and Borrel came to the conclusion that there was no specific
toxin ]1rnf.1':|c'1'-', by the plague bacillus when it was cultivated in a higuid nutrent
mecdinm.

¢ Phe German Plarue Commission also investigated the quest ion a8 to whether
specific soluble plague toxins were developed when plague bacilli were cultivated
in a liguid nutrent medinm. In the first series of experimental injections which
were made upon animals by the German Commission with a view of resolving this
question, filtrates from 10-dav old eultures of plague were emploved. The experi-
ments were performed upon rahbits and brown monkeys. In each case, 5 c.c. of the
fltrate was injected. No toxie effect was ohserved to follow from these injections.
No :|]:T|:'-*|-i;1||1|- amount of soluble toxins was therefore produced in this instance.
[n a second series of l'xpl'l'i'lrh-l'.t:-. the German Commission -*1!|p:u-_".'|-L| carbolized
filtrates from sterilized six-week old eultures. The -'-hl'u-lllnh-rﬂ:-' were in this case
done upon two rats. No control experiments were done with carbolized bouillon.
The German Commission inferred, from the fact that both rats died, that a small
quantity of toxins may possibly, after the expiration of six weeks, escape from the
macerated bacterial bodies, and pass into zolution in the nutrient fuid.

¢ Qoveral additional series of experiments on this question were instituted hy
ourselves. The rezults of these experiments are incorporated in Tables [, IT and IV
of Lieutenant Liston’s evidence. In the first of these series of experiments the
material which was employed was the (carbolized) filtrate from Mr. Haffkine's
prophylactic. The animals, which received respectively 2 per cent and 4 per cent
of their body weight of the supernatant fluid. suceumbed to its effects. It is mani-
fest that the carbolie acid in the supernatant fluid may be answerable for this result.
In the case of the second gories of -~xltn~1"|l|1|-1|i.-. (i.e., of the experiments whose
results are incorporated in Table 11), the material which was employed consisted
of the non-carbolized filtrate from Mr. Haffkine's prophylactic. In this case, with
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of this series of experiments are incorporated in ble IV of Lientenant Liston’s
ey id enc [t was here established that whes the plague bacillus i= grown in an

1 -'i-,;,--_-\.,' peptone ||“||'|| toxing which are !l'l! al to LT F.-i-_'-' may, :|r|:|\-|' certain

conditions, he produced. In the experiments in question, the anmmals sucenmhbed

when the amount of the filtrate amounted to or exceade { B per cent of their hodv-
welehi -

The firs
el by injections of filtrates fr

b experiments whli h were made to determine whether anv |-r'||||--;-r5|.||
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m plague cultures were maie in 1895 ba
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Yerain, Calmette, and Borrel., These oheervers arrived at the conclusion that such

injections conferred no protection

" The GGerman Plague Commission re-investigated this question. They exXperi-
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injection of 5 c.c. of the filtrate of a 10-day old bouillon culture. Both monkevs

snccumbed Lo A SNDIeqUent test INOoCIIATIONn Ol !'|-=' e, [n the case of one of the
monkeys no protection, and, 1n the case of the other. onlv & very slicht amount of
protection would appear to have been conferred. This latter effect is explained

by the German Commisgion by the assumption that the filtrate which was used in

this case must have contained a certain quantity of substances which were derived

from the macerated bodies ] jn|.|:l!-- bacilli

|!| IIII|I iy T |I|I I"-.'FI""'illll e '-.-! :':'I :!-I'."' TH1ST ill'l'!i recorded .‘i|gn [:J-|r|;;|r|

Clommission made experiments on mon

ceys with the supernatant fluid, which was
filtered off from a sample of Mr. Haffkine's prophyvlactic, and they co

mpared the
effects of the supernatant fuwid with the effects of the bacterial sediment. The

rosults of these LX) rimenta led the Commission to the conclusion that the whaole

protective power of Mr. Haffkine's vaceine was resident in the bacterial sediment

as distinguished from the supernatant fluid.

' The above results are in absolute conformity with the results which were

obtained by ourselves in two series of experiments,

' % 111
evidence, 10 will De =5¢

e -»l']'il-*w lr[ |'\'!l-'IErIE|'|'|I:-C PO
that Ij‘|| ':II'I_'I.' i
te from Mr. Haf » lmd succumbed with
extreme |:IF:i:|iI1' when tested with a hiving of |-!:|'.'I‘.--. This "|;Eru'il'||i~..r

in Table IT1 of Lieutenant Liston's

i which had survived the inoculation

of the earbolized fil

=

had obviously not acquired any power of resisting t

* The results of the second series of experiments are recorded in Table VI of
lacti power
d with the

Lieutenant Liston’s evidence. In this series of experiments the proph;
af !|_l -C=I1Il'f'!'..|.:|:' fliud of Mr. Haffkine's VA e wWas |-||r|',3 :
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prophylactic effect of a freshly-prepared sample of his nutrient medium. It was
found that the average FII‘I'i::ul of survival of (a) the three guinea-pigs which
received only injections of the nutrient medium, and (b) of the three guinea-pigs
which received comparable quantities of the filtrate from Mr. Haffkine's
prophylactic fluid, was in each case 21 days. It is manifest, therefore, that if
'||;||~'|'q- i:.‘-'» ;|!|.1.' ch;.-(-'iﬁ“_- :dq||'||'hli"' '|,||.'1_4_I'|'||~ Tll,\'irl n T]H' H]H'il{" !rl-m Mr. ”:-':ﬁl‘fiTH'L:—'
prophylactic fluid—and we have seen that this is doubtful—this specific plague
toxin must be a toxin which confers absolutely no protection against plague.

¢ The evidence which has been reviewed above appears to place beyond doubt
the fact that the injection of the bacterial sediment does in the case of animals
exercise an effect in the direction of the production of immunity. This immunity
may be absolute where the test-quantum of plague culture which 15 infroduced into
the orzanism does not exceed a very small minimum. In such cases as this, the
plague bacilli are destroyed before they can produce any neticeable symptoms.
In other cases, what is achieved is merely a modification of the plague attack. This
effect comes under observation wherever the test quantnin of [I[q‘l_'_[l]l' culture which
is introduced into the system is somewhat larger than the maximum quantity which
the system is capable of effectually dealing with.

¢ Purther. the evidence which has been considered above indicates that the
filtrate which is derived from the plague culture {the supernatant fluid of Mr. Hafl
kine's vaecine) does not lead to the elaboration of any substances which are capable
of favourably modifying a plague attack. It neither confers upon animalz any
immunity against attack, nor does it so far as can be seen, operate in the direct ion
of reducing mortality. It would appear, therefore, that the supernatant fluid might
with advantage be dispensed with, in the case of man, and it might readily be
eliminated from the vaceine by a mere process of decantation. It it was so elimina-
ted. several advantages would be gained. The task of inoculating would be rendered
very much less laborious. The reduction of the volume of the vaccinating material
wonld tend to diminish the dangers which might result from the possible contamina-
tion of the vaccine. By the elimination of the supernatant fluid there would be
eliminated from the vaccinating material a considerable quantity of poisonous
substance (peptone) which stands in no known relation to the production of
immunity .

These findings of the Indian Plague Commission have been quoted at consider-
able length, not for their actual value, but for the purpose of illustrating the difficul-
ties of the earlier workers in regard to the experimental study of vaceine therapy.
The finding that the supernatant fluid of Haffkine's vaccine was of no value in
conferring immunity and that it conld with advantage be c]i.-apl-l'.:-:-r] with has been
subsequently disproved and, in fact, the most recent work has shown that 100 per
cent immunity can be obtained in white mice by a small dose of the supernatant
fluid while the sediment of 100 times the quantity is required to confer an equal
protection. It would have been more correct to say that in Haffkine’s vaccine
the sediment could quite well be dispensed with. The incorreet opinions expressed
by the Indian Plague Commission could only have been reached as the result of the
use of unsuitable experimental methods and, as will be shown in a later section, the
difficulties in this regard are only gradually being overcome.
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An examination of the experimental evidence on which the Commission had

e ".‘-C|I-'|'I|!||"|I-M.!I:_':I--l! were carried ont, as a rmle.

Wws that i

of animals, with animals of very varving desrees of

to the toxicity of the vaccine, and without a careful

BlBCED-

1on, and
1e close to be used for immunization and of the B. pestis test

ir=-stewart (1900} hrsi proviu --h!-l's'!?rl--!:'!.i| evidence that the super-

Z . q . i ‘ _. k . : 1 . .
natant ttuwd of the vacelns :'i:lll-; conter 1mmmunity. In his short gores ol tests

the mmunity obtained by the use of the SUperna ater than that
vaceine or the se !il‘:!""|l alone. =i hse ||||.-|:1_ .-}.j';.-_-ri
[ in Chapter X111 and it will be seen that

«1 that Hattkine was correct in as

1l Was or

a high value

if the Commission did, that the value of the vaeccine

hod of standard-

e 8 et

it 18 not =1
i in human beings with
y strong criticiam. In the hight of .;:||.:_...:;|.-_-|| Con-
srnatant fluid contai

1001 01 i'-'!"""':l! Gl

mao=t |I |1|.. _-.|||i...|.|!_|-

INg O £5TIMation of "I_ll

]_'..lll" of aftording a true basis of .-u':|.‘|-f:|r'-|§x:|ri||‘,_ A

v o aediment
will be of much

ghr:

. i P B 4 ] * M |
EHAR ITOIN An iI'.l!'!!-'l. NITL OF ‘F-'. PEsLEs MAYV FIVe a8 [e

lemt strain but will not give protection. a

the amount of a |l.'!|":i|-|;-!.'|r'
K. i|| the '|.'!..;Ill'i1‘-' of
|!i|||'-|'.||:-_- a biological method of standardiza-

O produce a temperature reactlon IIII L

1 AT

fron, but with the rrecularity in methods of manufacture employecd 1 1 14=1
luee sueh a reaction wi 110

are NeCessary Lo mn

widlence on this point

n of dosage 11

reaction in h an

rarely he ;-'-'-'-i||.'-' at the i..'|nl':iIJ.l|_'. as the -I:|I‘.'|'~' of ur inoculated

hich to carry out tests was limited, and in consequence found that,

i the d

Id. The diffis ulty in carrying out a
1 :

HMGUEATIONS ANnC :-'!_||-|||I|| Mely IEI.:|-C"|-_' I--l‘.-lr.-|;||!||'|- r-||~.: TV 5
e

ne onmns of estImating : ""r I't i||'1il"I|

s producin

|l!||'||:|i!:-__ T A IAror -.|-;5‘|.- use ol a4 brew was obvious ,g|:|| 11 -..-|'i.'||:;-.

that ”;.l.'T!-;iI:l' il’.ll.-[l':"". Aarn ..lEl!i|E||r|;||

[1 Wil ;||-~-- D0 ~I; out 1n t

or alternative method of standardizatic a rough estimate of opacity when it was

ot ||"'~'-i||=l Lo IX The IEII":I:_'I' II'.' '|:..|.'\- Ol E!IZ’!TI.EI. |ll i"i'_':-'. ]l. { 'Z"I'C:"!"ll'll 1|.l" L't i!l'1i-’-||

dance of rrowth was
& to that of weighing

evidence before the Commission, it had been shown

obtained in human beings alone with the opacity test for

: . 1 41 4
2 3 practical measure, and preterred these meths

antiaf

1 I"'\-"'lil"-"-:..'l||'|'l|.,I h. 1n otl
. . 3 - " . 4 g 1 ] 1 4 "l
sediment 1n different brews had been found to
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The Indian Plague Commission in their final report stated their opinion that :-
‘Tn view of the results of these weighings, and further, in view of the fact
that no mere estimation of opacity would enable a judgment fo be arrived at as
to the quantity of dissalved toxins contained in a fluid, should such be present,
it seems to ns that the routine method of standar
employed by Mr. Haffkine must be pronounced to be imperfect. Bo imperfect

we have no data for judmnge what the relation

ration of the vaceine which was

iz the method of standardization tl ]
of strength is between the doses of the -';||1"!J]- g we recelved and the original dose
which Mr. Hafflkine has taken as his standard, nor are we able to form any patlm:
of the quantity of bacterial sediment which was contained in the original

||II_'\-'\.I' E

.-E;|||||,.Il'.

The difficulties of this kind which arose were largely due to the handi
i dlities for experi-

under which Haffkine worked in regard to staff, equipment, and
mental observations. Provided that uniform methods could always be used in the
a3 shown that a very uniform

manufacture of the vaccine subsequent experience
product could be obtained, and although the criticisms of the Commission wers
nit |'l"|.:-C'_i'I1i" a

LV

fair in regard to the conditions prevailing at the time they
a fixed arbat
as the result of extensive experience. The question of dosage and standardization

vy dose arrived at

permanent objection to the use of the vacecine on

will be referred to later.

The medical members of the Commission before whom Haffkine gave

ovidence and whose criticisms are included in the extracts given were @ Professor

T. R. Fraser, Professor A. E. Wright, and Dr. M. A. Ruffer.
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CHAFPTER IV.
THE MANUFACTURE OF THE VACCINE : SUBSEQUENT DEVELOPMENTS.
I,"'"_l'l 1905
'|'|' TR _I 1 1 1 # E
HEN Tl r.|||l||'.::'l|"'.' wWas moved o 0 | EIII\,'ull'l!_l!.-_rl! |!|||.._,._ |:'“|..|_ 111 I_M'E_-'“I

Dr. H: I'I:xi':.- was desienated Director-in-Chiel W. Burney Bannerman,

T 1 1T I . m i -
Al TR el s | T !:.' i] T the
1 :| . | .- - T ¥
Dk | 1Erodin -. 18 IMProvemants 1n manutactuare, tatled account
" | i i i : ]
I} ne mothartds s F o
1€ INeTnods emmpl 1Tl # contalng cated hy

3 P o ] + "
Bannerman (L90Z2) to OCIEEY OfF

-::.ll'\.".i||:
extract mav convemently b ||'||:!---i, Al |--||-_5'::
" The preparation of the culture medium or bounillon is the first process, and
i - S ;

il 11 | LT DOratoriez, 1t 18 necessary

a +hi H - 1
08 ThiS i ers from the methodsz emolos
|

1 o \ = g £ [ - d
to describe it somewhat in det " for this departure from establighed
i x

'l'_.'II AIOSE TTOIN o Corsl ||-|'_-._ f e --'!I_'!n'.- '.-"-': Il g -'-|. '| i '-.ili'L s of |!|||i ;

iblhiorr to the majority of them.

* of these substances, and

on in the wWayv

ate Colonel Warden, 1.m.58., who was

3 QISCOVer 4 metbhord of r|'.:||«.ll.:_'

srtone Frer ¥ | ; I 1 ] ]
P LAY mom ooat s | |--|__ .'-:|!| 1§ [ I:"ull'*-'-» now T D olesi |'|||.--|_ AT

mentally novel, is the result of his labours, modified as experience ctated. The
operations conn w] with this process are carried on in A spacious atone-paved
room on the oo el .'!'l--l_ fitted up with l'::l t |::"_'| antoclaves. 1,l:|j'! roat’s fles)
finely minced is the basiz of the bouillon. The meat. placed in glass jars, has 80
c.c. of hy il-:i-l!;";i 1d of the B. P. to 1t for each kilo, .:ll-.'!'|-'

-_ | .‘._|‘“: |- ' ;.'--||'

lj..u.lll_ll--"-- o up to the neck 1n wat LA LR N R Oy T
tuk. lhe jars are left there for a week, by wl ich time the meat has become dissolved
» hrown porrid o The albpymen has become converted

lbumose and pepton The fluid i1z now trans

and water is added to make the bulk equal

kilo of meat l.l'i'_‘:"|:.|". Presenl The ] LTEre i..|-~ are
ind kept there for three hours under a steam pres
BUre ol I_'||----_-|5v||-|-.||..| res, or 44:1 lha. |II|.:"?':.|..|-'i|II . '-'-'.'|il h _'i'.'n--- a 'I'III||I-";|1|'."'

itment 18 dark -brown and somewhat vis |||_r-|.!;1;|;;_||,-:

:.'I .,|||Ii|||.-.:_.._
I[il- 1||:i|i i-.

Ik of three litres per kilo. Bone charcoal

quantities of undigested fibrous ete. It 1= undoubtedly ri

:I"Il| | onez but ChE Aamounc of s not viel |||'|"| ol i"”l.':"l""..

ed and mads p to the 'l

15 TIOW added in the proportion of 150 grammes per litre, and the

ale well stirred

or & quarter of an hour, ug improves the colour of the bouillon and also its
& al i i Sy ] g . 1
cumitural m JUlE] g I'h irecoal 1s then |:||.:|. v strained out by means of a |..||.
nid tha f I tl Leliti of yati ] 3 11
il 1 I LETa % 12 ACdITIONn O cCaustiec soda. It '.'w-,ll.-illI:Z|I.1-'l!_|l'-\. the

|:. I'I |
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addition of from two to two and a half volumes of water, for ea h volume of
neptone solution. In this dilution the amount of hydrocl loric acid used
I'||"_||]':|.§:-':|'|| as above, ._|'|1, Bs A ]IIII'EI;|-:-I| Ot

when
linm
. each
volume of the peplone solution :- ||I|-I|- d 1.l.ll h from 1|_ e to five 1.u|. mes of water,
and iil 1!ji-\- GASe mMors -.::||| has to be .;]-E_||-.'IE. o el the 05 per cent =_|||'_|||._--_:_ 101
the nutriment of bacteria. This mixing and neutralizi
'!|:E':| .!|_'||-|ir|'_' .1|_|||Ii1 i) |-|' 3 |.||t' il ih |!|Ii1-- A Ccommaon 1I'|'|'-l fll us o |l|'ll'iil"'l' 511
litres or more of bounillon daily. The neutralizing is in the fi rat '||.-.|| purpos sely
carried too £ Iy
: The fluid
1 vinch (121°C.
a60°F.) to throw down the phosphates, ete., refiltered and distributed in quantities
of 2 litres into 4-litre flasks. ||.--- » flasks are specially made for us in Pa
OTeRL 39, |1.|1-h-s‘.1-.'l|!l*'-‘§ and l"!.l|.|.1-'!_'t s5p heroidal in .'\-l..l-:.'
1 these flasks form a i.;l_‘\.'l"-' of barely two inches thick, tha
surface for aeration of the growing bacilli

ning 5 per cent of chlorids
or commaon salt. I the r--.l.l”lrll 15 "|'||I|11--l for ordinary laboratory purj

i-c done Im a wooden

r, for -l'.ll'i||-_-: the heating Process the reaction goes || K, and a ]n-rlr
nente: l| fii ||||_ j-, eSSy for 1h| proper 2||.|,|,1|_ ._.J || i .Jrf'-l'f-"n':-"\ 7
is then heated for an hour under ;1 pressure of 15 b, to the squas

ris, of pale
0 i I L]
o litres of fluid

rding a very large

This medium has been found excellent
and has pros ed much el

_l|||'.'.1!‘; ..{ || sorts of hacteria,
thod of making meat extract,
and then adding commercial peptone, for not u*-I', is thi expense o f bu 1.|| Iy ]us;

aper I.,|II' the

avoided —and we used to use <-~n|-r||.1~-lw»--|- I*---|||||1|f~ worth 1n
from one kilo of meat we make as much as 9 or 10
by the old method. This medium is known
bomillon 7. but the Process of

es of bouillon, as a
laboratory as * Warden's
oradual digestion in the water-bath and treating with
ions devised by Dr. F. Maitland Gibson, one of the p

are modifics

A similar bouillon was also made by the latter official having for
wheat flour, from which the starch has been removed by washing, but it

present widely used. It was made to m

tions of the native community and thou

the purpose of reconciling some of the leading native prac titioners to’ the use of the
]-'l'I'Fi-il.‘\.'!:l‘:"jl'.

'+ the |||:i:'-' ions of som "..'2-.'I:|I:

not now much in demand, has

f Into each
|||I coconut :lil.

v for final
an abundance
||||‘II uous laver of oil on the bonillon.
1 1 COTGON "||-| in the ordinary

sent out to the corrugated iron shed o
is merely a jack
:-hr Ib. to the SO

four drops
e, without

i ||'|:-_: il

The net
and the wh e ||.||- ol
dning f
]l clothes disinfector rn'l'il- gtron

[ty or sxty

big sterilizer. This sterilizer

enonech to stand a pressure of
re mnch, and with a I‘||'| s fitted with shelves on which sixty flasks
w1f
wur having in practice been found insufficient to'sterilize their contents
when working on this wholesale scale

can be safely |-'Jl-:'l;.:. The fls :-|-.- are |

.\--||1 under this pressure for one and a

hours, one

: T : Tyl g R 2
zgod bonillon with the laver of ol on the

*The flasks containing the ster

surface are now taken to the incubation room to he sown with plague bacilli. Tt
18 therefore necessary to --.\.|-|.ii:| where the germs come from ani |Il'1'1.' 4 pure culture
of them 1 8 P --lln i It 15 |:1.|I-|-"11:'|-'1--|'. easv at any time of the year to fi

of virulent plague in Bomhs 1y or 1ts vicinity, and there has not, therefore, I

any
of a

vaetf 3 3 3 1 a1 1
eagity to have recourse to cultivation in animals to obtain plag
SUItabnie Jlil|!'lll".'.

1e microbes
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* A little of the juice of a plague |i-|'. )0 18 a8 pll ated ont by means of a sterilized
. Ol .|||.|||| Vv os1Ee ot
3 ] '.ri!5|'!.'.u.'..‘| 1 |1.|. ~'~'|i|-||II'- precait ions, it 15 found to vield in almost

re culture of plague bacilli when sown on agar jelly. 1If the resulting

one end and |-.| OWIL 245 A | I-||'|_|| 5-|'|||",1-,',

jri

cultiare Appears Lo §T pure, then [?lr|'|§5l|l"' ol i1 are removed to smal

rial '|;|*-.:w-- o

houillon prepared --.\..||1|_\.' as the larse ones are These are [ml wrl in the dark and

, temperature and in fortv-eizht hours thereafter, if the growth
» abundant crop of

houillon, forming, when wviewed by '.I..II.:-]III|- i

kept at

stalactites makes its appearance

5 & ; . - . B ¥ i
leht, one the moat curmous and beautiiul sights a bacter I|l||"|- -.'I'!.L'I! wish TO

goe.  The stalactites have been hkened to .*-ill{ threads hanesing down into the
.'|||i | tromt the snrtace. J|.._‘-.";j'|_-_' ;Illl".'l | ‘.l'l' :I|‘=-- I|I:I| |'.:IE'_'. i [ Iju' '__"l:".'.-'ll il:
this wav. thi OPeTator IMmay ill'll:'l'l'll with confidence to transter the ¢ l||.l It o
hese trial flasks to the ‘¢ ballons Pastewr  which are used for sowing the large

fermentation Hasks

This operation 1s performed in what was orimnally the chane

rese churell, and the flasks when sown are at onee removed to the body of

" T i
8 gerved as the Governor s ban

MEeEASUTINE  SOme I'|:,'§‘I|"-' feet

'i'i'|i|-'!"i":: 1T |-'||'_I|_ 18 11w
furnishes
PO

flasks. The newly-sown flas

-wood tables running lengthwavs down the

on gearves to ;|-":'||r|.][|-.-|!; | 1]_]'-'-' TOWE of IE;I' i.:lul' 4-litre
kz remain in this room for six weeks at a temperature
of 26-67C. (BO°F ) For a few months 1n the co ld weather the hall hag to be heated

weeks period

iy oRs stoves, but az & ™ || thiz |:- not nece BEATY. [ I|||" II'II*- 81X

atched « fully, and any showing -J ma of contamination are at

<10 ll"-'llll‘.'-"::. |;'-'| |'_"- SR I"Z:I l'!:l'. '.l ¢ contents “'[ |i||'!l 1.;I‘J': are

up the stalactites and prevent the formation of growths in masses,
it afterwards block the needle of the injection syringe. Once a week

ask and table 18 wiped down with |'-:-|['||hi'|.|' sublimate solution., and the
floor serubbed with the same ;|:||i-:-|-"-, g Il'-"|'1i-.-|- against the countless
motlds which I|- urish in the steamy IH .l||'|‘ Jimate. At the end of six weeks
e ---..,|,‘| ol ||| tites has coln P |..|| ceased. and I_'lr-li;E| ||.I1-III rl."l‘.lglill alive
in the flasks E'--" months sometimes, yet no perceptl ible thickening of the fluid takes
fter the lapse of this '|--'i‘|l'|| The flasks containing the most turbid fluid
room, where they are tested for
ries from twenty to thirty,

;
m, therefore, and sent into an adjoln

The rs;.m'u--- of If--:«'l-;s thus sent out daily »

£ i the emands for material or other I"‘l nmstances necessitate. The
3 olome | " '.“ || I'\.".||Il -5_|||'||]||t|-|5'|||'._‘It-||' 1'.;I':'h flask. with 1!:|'|:.~II:|EFI"'J';III-
]  om the surtace of a |---:|}||-‘ of diy agar tuhi The 1 .|:|i.—'ir|-
111N
it has

15 1 I LE ks

ellyv is ot by L.:'l"ilill'j the "'|h-- n a .'-!,.,_...| JAT CO

ar |- ||.HI-. for use when

'||ii";-.|||'l-' for a :'n|||lf-- of days or so and the a
'-|"'!|| k AWAY A little o I|||- :‘1-|-_-c at the bottom of the '.I|Il.-. |Z 1|':I ayar
abaorbed by 1t, and two davs atter,

dried, the fluid containing the bacilli 1z at once

acteristic growth of plague microbes is found covering the entire surface.
after these tubes are sown they are examined |"- the testin g 0 fficer, ':|f-|.,'

he Superintendent, and the result noted in the register kept for the purpose.
cither of the examiners should have any r~r|1||-1 as to the Appearanci ol any
b !|I|I"‘-C. a III.-I'I ;||;| '|| '||‘||' CONTeEnts i'\- #t Onee § LR” eal .|1 |""-I‘h -||"| ]

formation of stalactites watched for. Only when an unammous verdict is "I."|I.||
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F"."' both examiners is a flask Fla']l"l"\-"l.! as fit for use. The flasks, irl'.rh--||iu|-.'|_'*' after
1-'.-1:ill_2. are ||;'|:-C_-'-l'l| i i||'!l:.l Ih--.—ih-l'ili_?il':_u room, where I?p-'.'k' are I;||._'.-|| i|_ hand ||_‘.' One
of the native medical men. They are then firmly fixed on heavily-weighted retort
stands, and Immersed i water kept at 60°C. (140°F.) in a jacketed tub. The
flasks are arranged in a ring round the circumference of the tub, and in the centre
is placed a similar flask containing as much cold water as the others do prophy-
lactic. By means of a hole in the lid of the tub a thermometer is lowered into this
I'I'Iif]':I]E_‘.'-'!I'I|:I_|'I|| water-flask, and it iz assumed that by the time its temperature
has reached the desired height, the temperature of the vaceine flasks will be similar.
Fifteen minutes later the flasks are removed and at once plunged into a trough
containing cold water cireulating thre

it, which ra ”‘- cools them down to the
atmospheric temperature, prolonged heating being one of the dangers to be avoided.
As soon as the contents of the flasks have been cooled down, earbolic acid iz added
in the |I:'l|]'l-::|I'I,ii'l|'| of 1-200 of the bulk of the fluid, or in other words, 05 per cent.
The '.'.:.]l:":'i”l' i_- r!-..-r. |'|';|(1_'.' to he decanted E‘H1"l hottles for dist I'il_ll.llii.lll. T1I|i.*-' 18
'g'lrl" irl il |Iltl'_" FoHOTn l.'l’."l'.|'|'i‘-'l" o1 Hf 1|||- ARl "'.-'r':lrll!;lh ||i 1||:' ||;|1.|r|-|¢-r§1_|_»_- oo,

|
by converting the arched openings along the gide into large windows. This depart
ment of the work is presided over by another native medical man, who supervises
the seven decanters and iz rezpongible for all that is done in the room. The flazks
to be decanted are |C--'|-I in a a]-u;:iu_l_- E:-rrai1ir.~1| i:_\' means of rings attached to !..“_uq'
heay i]l.'-\l.1-i_-_[||_=_|-|| retort stands, and are well elevated above the tables to admit of
the :||.|:||1t:|tiur| of a glass syphon. This syphon has a portion of rubber-tubing
inserted in its length for the application of a clip to control the flow, and as a means
of starting the syphon action. The syphon apparatus is sterilized in a large
antoclave under three atmospheres of pressure, the open ends of the tubes having
been closed with cotton plugs in the usual way. The I-I:ull'-' part, therefore, that has
to be sterilized by the decanter before he introduces the end into the flask iz the
outside of the tube, and this he does in a bunsen burner immediately before use.
The syphon is started by suecessively pinching the rubber tubing with a sort of

milking action, one |:.II_<_'-'I' and thumh u'!':l:w]lirl'_-' it alt

:.'lfl';;\. below the other. In
this way suction ]'_1' the mouth iz avoided, and the lower end of the tube is in no
danger of contamination. The syphon action having been started, the |
of the tube is sterilized ea I'l'|-'l||_‘.-' in a bunzen flame. and the fluid filled into the bottles
held below. These bottles have been specially made for the purpose, and have
the neck flush with one corner, so that no ||i“i--|;'.t_'-' nay arize 1n extracting the last
drops of the contents when the .=_‘-'|i|1',{:' is filled from it. Th--_\' each hold from 26 to
30 e.e., l.e., five or six doses, and are closed with rubber stoppers. The bottles
before being filled are plugg
temperature of

w] with cotton-wool and sterilized by dry heat at a
150°C. (300°F.) kept up for two hours. This iz done in an oven
holding 1,400 bottles at one time, which number usually suffices for a day’s work
though in times of pressure the stove has to be filled twice a day. The rubber
gtoppers are sterilized by soaking in a b per cent solution of formaline for three
days, though by experiment it was found that three hours was sufficient for this
purpose.

* Each decanter has H'Il[r'|||i|-|| to him a tray full of bottles and a dish of .-1c?]-!1-‘1'.~'~
immersed 1n formaline solution, and he manipulates these latter by means of
spring forceps. The wool plug is withdrawn, the neck of the bottle sterilized in
the flame of the bunsen burner, the end of the syphon inzerted into its mouth, the
1';.21:1 ||:H|:-I"I'=_!'l:!, '||'.|' |.Hl|f]|' jli.ll.l:.\ ilrlll 1||1' :"\-|1I[I]ll'[ ';:|.x1'|_1|-|,| 'i‘:| il ','.n:>'|:r§||-|'r'||||l'.' :-|:||r'1 l-irlll"_.
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and without the slightest danger of contamination from the operator’s fingers.
Before the filling of « bhottle the flask from which it is to be filled is shaken round
an as 1 --|i-:.‘|'i||'|ll |;-|..- D i:l_l:-cl'llilllu' ll| I.!”'- '|| LY |.'| |'||.|. |I'Il| 'I]Iril'll'll'.:-ui'tl.‘-'l'l'l*'
nn -'-Z-;I::Ii distribution of this valuable material am DN A il the bottles of the batch.
The decanters are trained at first with water, then with flasks of sterile broth, and
not till they are able to decant and bottle aseptically a flask of such his
||I,|||'|'-u'i|l::' II'.iI-'I'I'i--.l. are I.E|:"\.' ..;||l':".'.|'|| LW 'fl':‘.ll:'f'l |.||J.' I'ilr']lllli..-:ﬂi 1'..il'l'ihl'. 'l-‘\.l:il'll. Ilf
: i.||l|---1*- contamination than the uncarbolized bowllon.
To test the purity of the vaccine at this stage, Hp--n!:qua from the first and 1||-
last fow -:.:'--.-|--» 1-,||{--I| from the flasks are dro ||.ll"‘ into test-tubes contain rl"
10 e, of -:‘--I":E:' !-E"||1|'__

Yy Appearance of orowth i visible or not, thus .~'-'r"-'iln'3 at once as a test of the

conrse, 18 much less

four davs after, these tubes are examined to see whether

&l ;'i!l‘:".' of 1| i 1...;-'l'i||l ;|.'|IE a8 a f heck on the 1-»|-.I' of the decanter. In rlli
department—as indeed in all the others—a careful record is kept by which the
identity of the operator 18 known and any shorteoming on his ps brought

r, the empty flasks and syphons are
i || tch of bottles 15 labell with date and |'|'.:]'I!L"'I'
W |||'. '_]_l".' AT 1:;|{|-'|' T.|||--.| I~.-|r'|-= are |1'|-||‘- '\-\'F}il'!'ii,':' i.||!' Ten I|..'I'-.':-C.
m each batch two samples are faken at randem for examination.
-='||-"'|-.--:I anid a4 dro P from each 1= '|I.I': ed In & I"--I:}-|-' of test-tubes
containing 10 e.e. of sterile bomllon. If after f!-l.J days of nenbation no sign of
crowth iz apparent, 1."

:':l.;-l-..- to him. After decantin
|--;-.;|5‘.||--|.!_ while t}

batch to which it refers is passed into the FE:II'n':ri'_'
department -!1““ standard bottles from each brew are sent 'I[I- 'fli the &u Perin
tendent to have the dose fixed. Thi

laver of constant thickness,

15 i'\. at pres 2ETT ]I"'l e ]I': estimati ni thu ll|l..'l.|'|".'
d the results are checked oceasionally by actual

experiment on human beings, This may not appear a scientific ]-H-tnl!l.rr-. bt

it has proved in practice surprisingly accurate, and no other workable method
has as yet been devised, though many have heen tried.

" Inpeulation of animals has hitherto prove:d unreliable for this purpose, and
evel 1i efrectIve wol b '_||||‘:|._'|||;|;l|';|}:-||' an '|Il' scale om which we work. _]‘-"'I
insgtance, it 1s quite usual for the laboratory to turn out twenty-five different brews
in a day for weeks on end, each of which would, if tested on ammals, require the
ifice of three lives, or a total of seventy-five animals daily. This would neces-
sitate the emy J|- yment of two or pe |* wps three skilled bacteriologists devoting
their whole 1 r||--rl-||||.~~:|r|-5 nothing else, to say nothing of the number of assistants
s, and the multit ':|-|-- of animals that would be required. The

:|.\.---f', the labels can now be filled up for each bottl:. Another

long label with directions for opening and handling is pasted across the stopper
to preserve the contents from the investigations of the curious. The bottles are
|| en packed .‘| ;-:Eilu i|| '.'."|'._-||'!|i||:_-- :u.‘l |_'-'||:'|!_'.1||':| paper and stowed 1 bhoxes hlll.;ililu:,i
1000 d

: e : e - e
ges, for transmission to anv part of the world. To give an wdea of the care
with whi

these various processes are carried out, I would refer to the number of
erlal 12 subjected to at every stace of 1ts manufacture The elaborat
precautions taken to ensure the purity of the microbial erowth to beoin with. the

fests the

daily supervision of the fermentine flasks, the trial for purity before the sterihza-
tion of the vaceme, the double test 1n the decanting room, and the final trial which

takes place ten |i-|l.-c after ':'-f-lt'|i1|-r ["-~--|- department loes P& an accurate record

aElons P rformed. with the result of the tests, and the whole is copied into

a large register forming a history of each brew from the actual making of the
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broth to the despatch of the vaceine to the operator. By referring to this ey
we have been able frequently to convinee an inoculator that the appearance of absces-
ses in his patients has been due to his own shortcoming and not to ours That the
nrocesses are suitable to the conditions of the country and climate iz manifest from
the results obtained, as the following extract from the half-yearly report to Lovern-
ment for the first part of 1800 will testify. The report iz written by Mr. lI::I".]ci__rn-_
as Director-in-Chief, and is the last that I have access to. Referring to the question
of the sterility of the j:-l't~||h_x|;u-1in he says: ° Of the 2.139 brews manufactured
during the first half of the year, 152 were rejected upon the results of the examination
made before they had reached the bottling room, and one wa
on acconnt of its weakness. The arrangement followed n the laboratory was that
the material. bottled and closed with india-rubber stoppers, and made ready for
despateh, was kept 1 the laboratory at least a fortnight after its ]||'|-|-.J|"1T5:-|'- ; and
tan -|.:|"l.':= :I!"‘I'T Ih-- ||||I,['!'|!'|-r"_ :-.|!|:J||-='.-' I'ltl |';I!']| |l!'l".'. wWere |'-'-Il.':-ifI'I|- I.II!' :-ull't'fll.:.f._‘-'.

rejected subsequent ly

LI

In thiz wav it was detected that out of 1,987 brews |-:|.--\|--| into the botthng
room as sterile, 4, or about 1 1mm 500, pot contaminated .~=||J-'I|I1--I'.I'!_'-. and were
rejected ; the 1,983 others had remained sterile, and were declared fit for distr
]'_I'.I[EI"I'I (3] u]-.-r;1r..r-.~c.

€4 Phese details warrant the presumption that no contaminated bottles are
isgsned from the laboratory.

! % The ;I.h':-'--:' E'l'ﬁl':l.’:- were obtained by an effective 2lpers 810N OVeT I':H']I
part of the preparation, and by the duties being distributed amongst an adequate
_1.1‘.E|.1I of officers ™

‘ The above remnarks refer only to the '?'|'I-='I'.'I|-i|lll.'- ga carried on in the new
laboratory, which was not in existence when the Indian Plague Commission visited
Bombay.

fact should be kept in mind by any one studying the elaborate
f ! I ] ] :
report o

( pmimission

This deseription of the methods of manufacture shows certain minor changes

from Haffkine’s original procedure. The temperature of sterilization had been
reduced from 85°C. to 60°C. and shortly after was further reduced to B5°C. The
nse of oil on the surface of the broth had been continued in the new Laboratory but
was soon discarded. Improvements had been made in the manufacture . [ the
hl'l'llh, and the 1r|.-1|;'|||||:-; of |||.-|';-.!:I'.r|-_g_ i||'|I| -C'.n-li“'ll'-. testinge reviged Tha ;:1'(:-||I|1'.illil
of contaminated brews was greatly reduced, and the testing of each brew reduced
the rigk of issue of contaminated vaccine. As will be seen later, during }II"'i||||:-i of
pressure of work and in consequence of certain temporary alterations in techmique

this standard was not always maintained.

In the Report on the working of the Laboratory for the years 1896-1902 Haft-
kine mentiong an alteration in the method of |'I""|J.|15|:'_i th .~.:||-|-i1:x- which he had
introdueed, probably just after the address which has been quoted was written.
This method consisted in enriching the vaccine by emulsifving the surface growth
of 300 square centimetres of a four-dav agar culture in 400 ec.c. of a two months’
broth eulture. Bannerman refers to .':|=i-c method in the Hl';n'-'l i -':."- the J-"r-'_-'.-”F'
Research j_,,.;,”m,r,,,.-_,, for 1905. He states: * This process consists in adding to
the six weeks’ old broth culture of plague which consti
ard ** prophylactic, a large number of fresh plague microbes grown for four days
wgee in thickness is thus produced by the addition

tutes the original or * Stand-

onlv on asar '|:l|:|.'|l.'::'. A great 1O

[X.
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|||- 'I 250 ::I'!'--|Z |I.:I|'i! H _'a.' |ll|:“l'.-'. ;I,|:-\.l Lk :|.: ;I'|'l!;:.l-;|_|'_'||||'|- A Bironoer F,g'._.[|':|:-,'|;|1-1.i|- |\.
obtaimed. f In'Jn"J'-.'-'. O "-i'-illi:-ll be melined to AT 'n.'.':‘|| [Eil' advocates of I:!!:.-L
process that the addition of fresh microbes must increase the effectiveness of the
iJIIII:I'!I_".'l.:.I"'!I'. bt |i|-i ol ||_'..' the res
case. From experiments on guinea-pigs, rats and two species of monkeys, it was
| vaceine was at least ten times more efficient than the
enriched vaccine made from the same strain of germs when the latter was f-'i'.l-rl

of experiments on animals this is not the

found that the stand

In the proporionately smaller amount prescribed according to 1ts thickness .

Bannerman gives an account of the results obtained by the use of this enriched
vacelne on human l"-l'ill'_"- and states that the |'l--'||éi_-- iln-:l'l' out the conclu=ions
arrived at 'I'.‘.' animal EXH riments, the enriched F"~:[-i|_\.'|:||-1it' i i|:_u found to be less
l'|1.'-l'l'li'-.l' ‘-|::I'I "il i1 '!II.:liI' ilxl. ‘|_|- -'.iI'-'|.!!'l: II:l"-||||-], |‘_ .-Lj|:||;:!| '!:u' m.r.-.], -!|1|','.| vVer,
that further experimental work on this point in 1925 showed that enrichment did
materially increase the efficiency of the vaccine but the additional manipulations

FEL] LATECl arcs bh :Ill"l"'! ‘-'I*-'I'-Z of contamination in the process, Was not considered

(¥ ] _i:.*—C!|!'-' the uze of the method. |':I|I'il|:III-||'! Wias |:i---:'||||1i||',:|'-§ after o ,H:'|.:.|',
!II'_"iII'l_

The standard methed of manufacture of the vaccine deseribed by Bannerman

prepared by the standard method
192 when

; ¥ cope
!|.|||i|‘: LA || . Vi i":" W .:III | Wik

was not alwavs adhered to. or the use of broth

'n.".lll; Ii.l .-";;I“' 1011 |l|.-'l||i-.'}|l?l-.'i‘|l "'.ii.'| EELETR |'I:,.:‘||r| g, |'I||| il t-, |i-;||: b
the den |
with, H

SIMMY &N a

nds for the vaccine were more than the Laboratorv could possil

..I.!:-:ill- 1 I: arti || lroam | -:H | |i|.| I|| - .'||:|i It
Tl l.'l:!ll.'l"' ‘|'-:I'-ill'!| II1..'. '-'-:l.! WwWarer ::r|-| :-"l'!'i!i.z'.l'l' |'_1- ]I-'::.'I. Il.ii" s ||_"
earbolie a
IMmersing
tured in econnection with an Inoculation campaign which had been projected on :

Wis ||i-‘ l-'!’l.—':'l ".'...'!: I| H -:|-|-||';|! --‘.-'I'ili_:f_;;1i--|'_ wWas |;|‘;'|'i|,r: ot ||l.'
i

¢ bottles in water at 60°F. This agar-water vaccine was manufac

Very I:II"-."' :-I':=|I' i.i‘l the |'I||I':i.'lll. and for which 1t was found i'l:ll:'l gsible to ||.;|i‘:|;f::|'||||4'

a snt LR 1|I':I!II-!'.'I. .'1,’- |:'|" "'].:l!l!..l':{ I'.r.l' il "..:'-"-'ill" il 1i'|f:". <l'-'-'i]|j.! T ||4'|J:'~':-' 4:|_|||
difficulties in regard ©o -:i-'.:;i:.;rl-.,- e Necessary L'I.E'!Iillt'lll'l'.l.

In October 1902 nineteen persons in the wlla

» of Mulkowal, inoculated with
the contents of one bottle of the prophylactic prepared in this way, developed

tetanus and died. [noculation |.:|'_:--|_'x' ceased 1n the Provinee as a result of this

OCCIrT
Clom ‘Ili'-'-'.lli‘l Wias :I|l['al-i'!Irl i| O INVestirate '|.I' OeCNTrrence |liII l'"”] ot 16 |||||1 !.:||;|
1906 when it findi

ment of I

mee and a very serious view was naturally taken of the matter. A special
. = * I

" INdings were |".i||:'-|-|'-.| ||_'- the Homs |?r';:;13'1l'|'.|'_-.| of the Govern-

The bottle II'*|IHrI~i|-:-- for the deaths was one of five bottled from
ask on 19th :"‘I'E'l,l'!lll'l'l'_ 1902, and no il effects had
of the Commission wWas :J“.:I the ||1,|||{
II[ 1| i .--.,E.:. THi |I|IE|||-'ll‘§ to ‘|i|' |l:1_||i:ll'.I |:|l :‘J|1' ':-<-|r§=- J|.'|".':‘;|:-_; |.-"-;':i|'||-|| h|-|||r|-
; :I"II. il 1'-|I :-Jl'-k::l. JI! lil':l 1T1Er '.'.."|: ‘|E|' |lll'-*-i|li|ili|'*- c:-I' ] -';I|:||i!5.'1|i|||;

followed the use of

the other bottlezs of this brew. The find

I Was ||'||
Illi*I!I;_" |-|-' Drocess |:|. manufacture ||'|l [.Ilrl'rl'l"-"-ll:-h ]:.:4||li1.'.|-:| I:'|r' 1':'|;||:-:-|-3-L |:,||1l.r|

to three possibiiities @ (i) the bottle m; have been nsufficiently sterilized before

if CaIme il:'fl- '|-|' l!l'l'.:|I|l'| 5’ -':..I ||-. f'l-'_- I:'i-- |!:'i'.‘|!|1i| £ I“!.‘:_‘L' |:;|‘.-' |l|'|';| lone '.'.ilh
defective precauntions, () the final sterilization may have loosened the sLopper with
'-I:" result that ?['l'lil.l l':lI'::!IIil::l-'ill.‘i 1'|||<'I|'|!.|I"|_|-"i| ||-|-|-._.||| .‘-;!1|__|:'|'._l|-1|-|'..\_':|'._::;-c
before the bottle was opened at Mulkowal. The Commission could not determine
i"'|"-'-"l'i‘i 1:'Il'.'l ||||I|‘I|- Il-in' r'--|u-|‘. Wis II'!.-'I"III L0 Il'|||' |.1'-:|‘-.'l-]III3I'_: “:u?'. ||i.

the Lister Institute for opinion and the Institute agreed with the findings of the
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Commission. Haffkine took exception to some of the conclisions and further
reference was made to the Lister Institute who, in !'l'}r]:-. stated : * The governing
bhody of this Institute thinks that Mr. Haffkine has ground for hizs main contention
that the Lister Institute, which is of the “Fﬁﬂiull that the l']'l:"l.lill'lil'”i""c were in
favour of the view that the tetanus impurity was [IIE'&.IlrII slv 1 the fluid, did not
feel justified in asserting this to be a proved fact in view of the possibilities of
contamination at Muolkowal °.

While these were the official findings in resard to thiz case, Haffkine at all
times contested the PH:—CH-I:!?”“:. of the contamination having occurred during the
process of manufacture in his laboratory. It came out in the evidence taken by

Commission that during the process of moculation at Mulkowal the forceps
used for removing the mbber stoppers from the bottles had fallen to-the ground
and had not been re-sterilized before use. It also appeared that the instruetions
for conducting inoculation had been altered in regard to ﬁtl-]'i|i1_'~' ll'd']|I|i1|l:l'. BB
kine held that if the bottle had been contaminated at the Laboratory the develop-
ment of CL. teland in the period of 41 days which elapsed before it was used would
have produced a strong disagreeable odour which, according to Dr. Elliot, under
whose direction it was opened, was not observed. He also considered that, if con
taminated at the Laboratory, the number of tetanus bacilli and the amount of toxin
which would have been present would have resulted in a fulminating type of case
with very early symptoms. The cases were not of this type. Haffkine on his
return to |‘u|n;:n- put his case before many eminent hacteriologists and received a
wide measure of support to his claim for exoneration from responsibility for this
disaster. The case for Haffkine was put forward very strongly by Hoss and others
in a letter published in the Journal of Tropical Medicine and ij"l-_,-_.rl.'.'r.ur (1st August,
1907).

Il]l" IIt E}|'|r|||" IIt !l ||'||x|'||1 FI\..I”I r]l! FH“II II |I!"\- W hll ||_ hl:' I‘I.IIl Ll||“||||.|'| |.|,i||
down for the manufacture of the vaceine was considered by him to be justifiable in
'n.'ii"n". H{ the 'IE:":'I':w.'-'il_“.' of Jm--.-ri.-l_: the necds of []lq' I’I:]Ijilll'l i|'|||l'l.||;_l;1iil|| :';|r|1|-;;|;_l|1
and, in giving evidence before the Commission of Inguiry in the cause of the Mul-
]-CU'-\':l]. lli-\-:lh‘lf'l', I‘Il' |'i1-_'|,} f|:|' 1.1Pi|.i1.l|| IIF Ilrll' ]l|1|i:|l1 |1|1t:-_'1lg' {IIIII":rIJi:"CHiJIII :llil[ '||=|'
supernatant flnid was superfluons.  He stated that the ordinary form of his prophy-
lactic had 1'-'='l| constituents and 1.| at all that was done as a LeINPOrary measure
was that one them was, under the urgency of the ease, temporarily eliminated,
and that 1hi‘ L'||][|||]i|r|'|| constituent was one which most authorities |r.|.-,|||q-rl|l
useless,

The omission of the nse of carbolic acid in the vaccine was severely crificized

and it appears that other officers on the staff of the Laboratory at the time had
i'NFH't'h'rC"ll their llgiil1ill:l as to the inadvisability of such omission.

r|1|]|__ q'l':]flitil.ll H'r "'\-l.'l.'illlll She I.Eli'f]'il'l'll h'k I1I|E' illl[l.l,"']'\-il,l.,l ||j[ 1E|-- |III1||1'\-\. ir| |'||=|
water after [|||I|Il' hiad :I.Ilr'|||lll ed the additional risk of loose ming the nlup[,u-j . Much
of the vaccine issued at the time was ||~I||||Ir-|_x er][[.u:nn..ﬂ»;:., and amongst
the instructions issued to inoculators was, to notice whether there was any
I:'.\.'FJ]I:-.'Gi"\.'I' I'I'::li.‘-i':' 01 l:r'll!'i'lilju TEI'.' |Ilr1I|E'. a5 '.'L'l"” a5 to Ll!:l;-'l']";q' 1]“- f||'e-_-.|'1|_g'|- nf i|_;l|_'q,'
putrescent odour.

Haftlnine stated that whereas one out of 60 or 70 bhrews was formerly tested
for sterility one out of every three or four brews was tested at this time, but
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CHAPTER
||illrl". MANUFACTURE OF THE YVACCINE ! PURSEQUENT DEVELOFMENTS,
| 9056-1923
In 1905 an important advance in manufacturing methods was made by the
introduction of a method of bottling which had been devised by Dr. Maynard,
Eir'lll l:rl- \':'.!Iil:'h a fir:el :-c::|r:.|'| ril"-:-'l |]|r1||;| Was _;li'-\.l'l; ||1. ]‘5;|_‘|r|l'|'rlii|r| in ]|I*- r'-*|‘l|-r". rllt' ’.]'.i'l.t
_".'l':l,]'.
Dr. Maynard had been on the staff of the
an attempt had .':a-u-1| made to carry out the production of the vaccine on a very
vast scale for requirements in connection with a special i inoculation campaign in the
Punjab. He had seen the diffienlty of obtaining a sterile vaecine with the method
of bottling by syphonage which was used. and the serious defects due to the use of
I'Ilh-||-'1'-.=l1l!:!-|'ll'r'rl| hottles as e :1.si|'-.-|'». ].u- risks of |'||_r|l,||||ir|;1'!|r;|: ]-_1.' 4-.\;||-::-'|I!'l'
of the vaceine to the air and to the methods of handling, and the imperfection of
H!'-'.'“r'l;_"' had been shown ||.'- the number of contaminated bottles detected h.x' opera-
tors in the field, and the occurrence of the Mulkowal tetanus cases made a more
reliable method essential, if issue of the vaceine was to be continued with definite
assurance of safety. Maynard zet himself to devise a suitable technigue and
nch has been used m India sinee 1905 not

boratory during '|H ]H*Hc:-l| in which

]"LT"I.H||J|'I.I| hln Vacunm ]r|--l hod
4l||]_ﬁ' |'IJ_' [I::|1|{II|I' 8 |l..'|2|',l ||‘:'||;‘:_'-."'.;|-.': il' |II|I |~||r' |r1|_| Ir ‘.';||.'|'Er|.-_«.- '|]|L|||!_|,f-;||'1ll1r|'-:i
in bulk.

A description of the 1||- |.'|r--| will not be out of place here in view of the fact
that the process originated in the Institute and that. in des ribing it, the aceount of
the methods of procedure and t | » pecompanying photographs will il |\-1 ate some
UF the manufacturing processes \.\l ich are en 11|-n|--| for the preparation of t ||:_.-|_g|;|~

raccine. The follows

roare the d |~'I|- of t |H' methodd :

The Fl"li'||-. ||-'~--|| for bottling the vaceine are of the shape shown in Plate XIV.
The bulb of the size now used h: capacity of 28-5 c.c. to contain six doses of 4 c.c.
with a small margin for use in cooling the syringe and for wastage. The thin neck
iz 41 inches in length. (Phials of simila .-'1|.a|||- in -.-;:F:;u-i‘__'.' down to b c.e. mav he
used). The phial 5 0 pene «d by entting off the extreme tip of the neck by means of a
"'lrl"‘-':l”l!ﬂ"" knife. The : wratus shown in Plate X1 is used to x.i. unmize the
phials. [l._J-. congists of a vacuum pump, an air dryving chamber, and a vacuum
chamber with gauge to record the nesative F”"""‘":":' The air drving chamber is
not eszential. From the vacuum chamber pressure tubing leads to each operator.
F..'i('h |.|.I|l|' |"r'illil.'il'|-.-: n a metal |-\1||.'- ol -.|||'|'i:|-_ L'-;-|'.a1|';|r-rir|_=| 1,1,';_| h a small aper-
ture in the end which is covered inside by a rubber disk with a minute perforation
in the centre. When the pressure gauge on the vacuum chamber shows a sufficient
negative pressure, the tip of the long neck of the phial iz inserted into the aperture
of the r""'f""'“l" and penetrates the rubber disl, e phial is immediately
vacuumized and, before withdrawing it, the point of the stem is sealed by fusing it
in the blow [:-i]nl Hame. 3 i
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Prare XII.

Fra. 1. The parts of the syphon with the filling capsale.
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L phial ig kept in the hollows of the corrugated [

and sealing, The

phial in filling

=iy

i '.I’“-'-'_J_f'-'.-'u : 29

at 160°C. m :-C!::-l“l'i:l,}
mn of Maynard’s appara-

These vacuumize

metal boxes and are 1

tns consists of a a8 » attact

3
tha
through the

ne and bent s to 1 e n of the

--;;_-!'_-usl 13
flask used for the gr

flask when in postfion for syphoning and

in two portions, (a) a glass

I 3 2
Wk Oof the v

a rubber tube and a
tube to a male ferrule.
1 and

setor in apecial

female fercule, and (b) a f

: « af fl
1ons ol the

Thess two POI

then after covering the the steam disinf
r d and intr ed into the flask

boxes. The zlass ion 18

v, with the u tions joined up

to bo dec: precautions, and the twi

pa flamed to red hea g attached mn this

il".' GO .-.-i!-_,_[ -l|| L :-'..I-_-

. i
wav to the outer end of the
The lavout of the apparatusz 1s v in Plat

|.':-‘.|'|||||-Cl||_ of the |I:I'!'|- SOWI iII }"I te .\l: ';:_'. 2

{ .;.ilH'.II':' 15

1al 15 introduced

1 Lol e §TE 11 I ho T I
into the capsule and through the rubber diaphragm. the zmall

curved portion gshown separately i the hgure and
) rd and rotated the i
contents of the flask. 1

| the ay II.'II Tl

fillz to about two-thirds LT, [hese two

vaceine, The second phia are
rejected and the subsequent phials are filled completely. Affer filling each ampoule

i:-C immechiately sea ed at the 1y 11 the

the neck of each |II.'Ii:l] with the

r some of the vaceine from the

» remainder of the process

wine by oiving it a vigorous

- 1 £ [ | 13 3 |
» neck rifure and finally sealing off the

r cloze to the and numbered

recd in suceession in the grooves

for each brew, and the _ _
of the |-||I'|"|_-..||'| paper and ;.,,ng'--!l-!. of each |I.':I.I: 18 1|..I.~'-.
e reforred to in case of any

od in Plate XIV.

The introduction of this n I . . .
the manufacture of the vaccine and relieved the st I mq ny ol their difficulties

L0 the vaccine. [hese

retained, and oo
stages are Indical

in regard to

and anxieties as to the production of a saf

vBVISE0 TNne

s of sterility testing were also introduced adapted to the new

withod of bottling From the flazk contaming a litre of the vaceine about 59

fHilledd by one s |:_|--:':=|-._' ||:..-!;|'i|:_-, Of these the Sth and the last are

rtment of the Laboratory

for sterility testing carried out in =||-"’::| ey

ved on this work only The flazk to be teated 1s Openad ||_‘.

neck and by means of a plpetie | L& ||.-_[--- ATe Fi:iil'i"-"q OI Al a
a tube of acid-direst broth. In add v of glucose broth

] for the purpose of an: e test Bix teats are

aselin s inocnlate:

thus put up for each flask and finally examined, afte
officer who eertifies their ste I'i|i|_"-' 111 8 regFistel kept for I'his procecdure

nas ||-'-'j'| :'||,‘|ii||'|--! np to the F'l'-'-»l':'l'n e,

At thiz nhase of development of the vaceine the formation of a typical stalactite

teat was still relied on as an indication of the purity of the seed material, and the




Hﬂ jrf.f,l'.l!rl;r.ﬂ'...l,f,.:..‘- ‘r)fr.-’.l-l'f.lﬂ!" I:-I':'r-r’- r.,l.-!"_

naked eye appearance of cultures on agar for determining the purity of the final
product before sterilization. The only changes in the methods of making the
vaceine, apart from i1:|p'.'->'.--||:--r|1.x' in bottling and testing methods, which were
made during the period now being dealt with, were in recard to the period of incuba
tion employved. The changes made and the reasons for their adoption are deal
with in detail in Chapter X1II. An attempt was at first made to reduce the toxicity
of the vaceine, and minimize the reaction on inoculation, by increasing the period

1

of inenbation to four months, but subsequent experimental investigation of the

immunizing value of the vaceine showed that vaccines of such long incubation
were of less proteetive value. The
of the vaccine for a certain [II""iII!I ||-_-F'|-|ir.;|=|| on to redaee 1ts :.;_t;i.-il_k'_

Ellr".illilfillrn | AL riod Wias :|,'f.'.=i|: ||4|||:-n] .-|r||! a!.;]'nl-_g-,-

In 1911, in connection with the work of the Plague Research Commission whosi
;’I".Illl:i.il..'l'fl'r'ﬁ were at the !::||n:':|-‘||r'_'.' it was found that the Bombav retzs had
developed a high degree of immunity to placue. Their suseeptibility was ce mipared
with that of B. raftus trapped in Madrag City which had been almost entirely free
E.lel'- t'!!.‘ill-'lillil" :l:"II! -.'Fl'iﬂllll-'.:l' |::'<'|_l_'1|e'. “- .1|].:-|!_";|- Tals wWera [:-l.‘ui to he 1-!-_-]5'_‘:.'
able for cutaneous passage of the B. mestis. Bince that time
] j'l|-" ”l:"lllI

:4||-Cc-r-p1 ].lr and su

these rats have been regularly :ru*:,m_'l-- and nsed for the passage of

mnee of the strain to be nzed

ficial media.

Ihl' rl‘."_';l‘li‘-'l'll for the |JI:"'||1-:-C-'.-'-| |'|!.'|i| Lal
FI-I' seed Irlll‘]:cnﬂr-.a. No in1.-|'|1:;- I
From the introduction of M: .'-'II:l"'|-'~ method of bottling, with the |'J~;c':'|’->1if-h
of the minor chang have heer i
underwent little change do

madde on arti

rea which

indicated, the methods of preparing the vaceine

lu "'r nearly TWency vears,

I i!l"_" & EII'TI

Prate XV,
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CHAPTER VI.

MANUFACTURE OF THE VACCINE : RECENT DEVELOPMENTS, 1923-19332.

From 1923 onwards the work in connection with the vaceine entered mto a

Iew 1-|-;|~-- by the institution of an extended experimental i ||I.;:1' int

and imto the value of the methods -Hlp'.--l.'---: in manufacture, in order 1 o OuUr

knowledee on all J---il'_-‘n- on a sounder basis than had formerly existed, and also to

whether further M pProvements might be made. For many wyears the
'I'!..'~ of the Processes of manufacture |-|'_i.5.-||.'.r'|f had b ] 1
I ]

! 1
S0 OHEL AL "l::"'-'ul'..l 3'|"|:|I":' ||;:

st on ARsumptions

as to the value of different Procs dures which 1 |

EXper imental evidence. A re-determination | points of importance was carred

: . 1 oy il 1 1
ot 1 ||;:|||:ll AMmMongst otners () the relative value of ne sedimnent and Super-
> and immunity, (¢) the relation

i imenbation --.r|.|-i wed . and (#2)

1 1
I S Dsecgient

ant flmd, () the ."--|;l1i--|'~i|i_r- hetween viruk

f toxicity to immunity, () the effect of the pe

the effect of storase, ete.  The results of this work are incorporats

|-"|;|!|I|-!'-' |||-:||E.‘|: ¥ i1!| the lill-'*-i"in'_- at 1ssue.  The findings on the whole confi
our '|II'I"‘.'iI.'.I-' VIews Oon most ponts but were of ereat value as |-|'n'-.i-!:r|-_' MOTe
acenrate knowledse on which improvements might be based or more exact methods
--r|".;|-:_'. ed.

No immediate changes in the methods of preparing the vaccine were first
introduced as a result of this work. Along with other experimental i‘.lli'lilf-'- earried
ot af ':| 15 time A II'E'll:iI' I|-~.I5_r|,~_- of i .llrl'_' gerlies of sue --*-'-i‘- e Ir'I Wi of vacolnge was
instituted 1n order to determine the ill'll-'illi|_'-' ||"r-il!--'-5 as ascertained by animal

wed by the

r CONSIETIn o

rpose a technique long in use was employ

1 1|||||- rats |||-!.

experiments. For this p

of the moculation of a fixed dose of vacein

e Into suses

dose of a4 welched guantity of the gpleen

VTS fquent administration of an infecti

Lk '.'.".il-' FrR "I::il: averare sri I|l|-!'-‘| --I'

O & passage inimal. The result showed th
immunity was reached very considerable variations oceurred in the immuni ;
hat this method of testing

immunity would have afforded a basis for standardization of the vaccine, but the

§1r
¥ 'l!l'nll

"-".ili: I|E1}.I'I'I':I| h|'|-1.1.-1 --[ ':|'l' "-';ll.'-:'i!ll . |-‘ ]I: II|'I I l|nI

differences indicated ||‘. the results of successive tests of vaccine, prepare | under as
i T I||-.||- --I'

far as ||,|--=i||:|- exactly the same conditions, sugeested that either tl
the vaccine,

manufacture emploved permitted a wids varigtion in the potency o
or that the *'H'|I--|'i1:|-'i'|1.|| methods used were not capable of fu

reanlts 1]||ir|ir|'.|:~' varied as to the value of the method of testing and an attermp to

introduee it into the routine of manufactuore w d have result in the discarding
of a larce proportion of the vaccine if the ave

||!I 1}!:- |'_‘\:|_|l I'ill'l".li:-c h:l|| 5!'l-'l'Z‘I rili--i"ll a8 a "*1-'-I:l|

- :.‘I|I!II:':ii:'. shown 1 the course

|| wWias |l!:‘-.=.-I:-|'..' necessary to

| in the processes of manufactur
: - : Fo.i
Mmore :|..-|_]-,|1,--.|.'|,' _-\.1;|r|||é||'|||2:|-|_;_ .:||=| ey T .:'l'\.l'H1!__':i1" the value [of the

A R o) et . £ bl )
determine () 'n'x|:|-|]:|-1 the methods employ:
conld

experimental met

'||-':|*-C themselves

Variations in the potency of the vaccine might ]-:-«-:I.-!.'x' ocenr I relation to
F the nutrient medium., and (¢)
in manufacture.

(@) the strain of B. pestis nsed, (6 the |.:1|;!|---i'i- n of

incubation i:||-5|-_'-.

{ 531 )

the period and -'l"I[IEII‘i'..'||III' 0 th




;:;:' jrjr.'.'?'lr,l':'rlur I:f "."f.rrlrrl'l I..'.'.".l".'.,l-'r'_
i %

The first important advance made was in regard to obtaining greater regularity

rains used for seed purposes. Dr. Goré, Assistant Director of the Institute,

, during the vears 1926 and 1927, been engaged in a study of the isolation of the

B. pestiz from pazsage animals, and in the course of this work had found the occa-

| presence of contaminants associated with B. pestis in the heart blood
of the rats used for maintaining the strain.

The method which had always been in use for preparing the seed material,
consisting in the inoculation of the heart hlood into broth, had requently resulted

il: the .-=:-|':| material |wi|'|:: declared to be i|?|||l||a- as a result ||_" the observations

of the stalactite test, and vaccine under ineu i had also in many cases to he

I'-e-_i-'-'ll--'i at different stages or at the final purit
these contaminants showed that the majority of them would

v test. Dr. Gord's observations of

be detected by r]ll'
stalactite test of the oricinal baloo prepared for .-CI'I":.!i'II;' PUrposes, but that others

ried out at B0°F., and,

might escape detection by this test when incubation was A
in addition, those '.'-'||4-:—'+-1---|-~:-_'~' characteristics on solid media were found to resemble
Very |'EII"5I':_"|' that of B. il slis H:iEl t not be detected af ;||! ||.'l.' the final E'ﬂ._:i]_'-.' tiest
on agar. These observations indicated serious defects in former technique and

E}I'. [alhl;' ]Jr'll:'l'l'-.jl'll tix |E|-'-. i:‘-C-' A new !II:-I|:||-'| r-i- i-n|,||i:-|' ||| A |:':'-__-;|]ii-r'|: O S l.i
v of strains. The details of the work carried

purposes, and for the testing of m

out and the methods evolved will be reserved far (] apter X, but for the .-|-|;1ir|||i|_-.-
of the account of the chanres taking place at this phase & short SUIINATY will be

'_'i'n'rl here.

[t was found that when small quantities of high dilutions of heart blood of

‘“"|’-i""‘-"||i" animals were placed on |

1 agar, a growth of discrete colonies of
B. pestis was obtained on this medium in one or other dilution while the same
Qs ties sufficient to

[I!'-!-lli_ e growth on agar resulted in the formation |;_=1L;;||_-.' of small «

utity would produce no srowth on ordinary agar. Quanti
Jlumps of colonies.
A single ..‘;-:“_-.- selected from blood agar was talcen for the purpose of |-:---!|i||i;|t: app]
material and submitted to a somewhat elaborate series of tests for purity, which
have been found to be necessary for the detection of the tvpes of contaminants
which had been observed in heart Ll od of passaze animals. or for the dete: tion of
other organisms of the pasteurella eroup. The mtroduction of this method of
al on ac ount of
contaminations, and also the avoidance in delav in manufacturs due to mpure seed,

obtaining a pure seed resulted in an elimination of waste of mate

wnd th frequent discarding of vaceine found ¢ ontaminated which had been depended

upon to be available for issue.

.lli'l" -'"l']IIIEHII,I' II:r -i'!.-_'|l' l'-:-]l:h_'.' ;-~||-.'||';l||; M .r:-.||.||-:' AFAr wWas ann i||| ;|.|-.; h
-1"|-|i"'|' 3. 5. -‘"'"lfil-'_"-'. I.M.3., for the Purpose of |III'}J:I."i!ZU toest -:f:.:-:;-: Consiatine 1.1!’
dilutions of standard eultures of a known content of B. pestis for use i
r'.‘-:!u-!‘i!rh-l'.-:'-». [t was found that on adopting a regular proced
dilutions prepared showed reen '

-

lure of culture the

arly the presence of a number of organisms within
the reg v of the growth of B. pestis on blood

a comparatively narrow range, a
AR l'|'|;|h-||-|| l:'|'||'|"!'w-x ||r' '||'|- bacte

the dilutions. The aceuracy of this

content of the emulsions to be made by plating

method was further confirmed by direct COun-
ting under the microscope. The highest of the series of 10th dilutions which are
prepared from the cultures used for test purposes shows an average number of 5 to

1] :I:LI'EE|I per c.c. and thiz number of o :||:_-\!||- :‘|;|_.- |||-|-_'| "'r.'_||,:| | per

cent of ':'n'l‘ill' IHil.'-.- '\.‘.il.n -:'||!|--.i||<-r';.||.!.- recularity.
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ing the cultures for the seed material and the eultures
5 for the test prod 00 XAl |:_'-. ||:|r':|||--| |II*- :||| (b 1] |'i!r|--| ‘:|! 'L'-.l:-'-'|: |:.'L'

means of the test virus acts as a check on the virulence of the strain used for the

Tas il!.'_

1 1 _'_| I .':.I | I I vy
{In the hasis o e Work w A8 Deary oo

'II 1|:' T II!|'|.!I-C l| -I':' FII'I'[I:II'EE‘I:-_'

gpod material was taken into use in 1928 and we can now be sure that all vaceine is

prepared from a JHLTY of B, it stis of standard tested virulence. I'his improve-
ment in tec 1 mta the most ma

attained n the manufacture of the vaceine sinee Hafflk

FELIre

vl advance which has been

ne & time

LR L pr

||| recdaril to '-.'i|I||-'| T Iil‘.'-' AT *-u'li” ll'I'I.uiI' .||1f|l|"*- ] !::I'- |||-|-'_'| r-lllll:'J

that, eape 1allw duri o the hot weather, II_'|-'-.-|'¢:|,‘_|i.-CI'|I :I| the ||:|-'-:|5:-:|!|:r|::|| mav show

g logs of virulence, the reason of which has not been so tar ascertaine d. The methods

smploved of testing virnlence within a very narrow range enabled such changes

ta be obaervod anid minor chi noes i|; il'l',ll'”l'l' wonld ||_r'||h;||'||'. pass unnoticed unless

_-'|'_:-|-'| ACCUTATE ||"!i||'_ Was |-‘:||i||r|.1 The ocenrrence aof .|-..-.-:-C of virulence 15 at
facture of the
ywn by our experience of the strain used af the Haffkine
ossibly of a much hi
y poasible to E..|.i|| ]

. Bom

the potency of the vac ine which 18 prepared.

VL 'i'!l" from -»'-I-'l: h1|.‘|i: 5 CAan ::'J-' ::'.-:lilir-:i.

) iR Il-"l |':""=! .-]l:'l I

[natitute ot level than those used by

workers e hv the doses used In amimal experiments.

; high virulence of

alns may play an Important part In rega

[he next subj

ot of importance which was investizated at this period was the

) :!'II'I 100 Of the vaccine.

auestion of the standardization of the medinm used in the

'|."':- a ||i-_l|-«-i i-5'||'|= {1 :-_'.!|:|-.!*.' i!!l."--'l‘:l-'x--! IIn.'l':II!'-|r||. :II:'! --I.:--"-.:|i.:" Ly f||5_=,>|'-:-x'- ||

by Gibzon, lias alwavs been --I.'|:|'=--1.'--||. The reasons mven for the a illiﬂi-*l: of this

9 1 11 3 | 9 1 o v aro o 1 3 ) AT
type of medim for wse India in the first instance, which are deseribed m Banner

man’s account of the earlier methods of manufacture quoted in Chapter IV still
hold. and this medium haz been found to give a better growth of B pesfis at the

tempera B80°F. used

any other which can conveniently be emploved.
fi I'{'h:lll:_'i‘:l_' ||';|- 1||---Ii|:r|' bt ||'|- methods of Prepara-
hat it will always be g uniform COMPOSEITI0T.

§ —— 1
to he no reason

There a

t1on nsed do not ensure Tl

Major 8. 8. SBokhey, 1.M.8., undertook an inquiry mto the o mposition of the
| i hita b

total nitrogen contend [he average figure found

5 llj- CHE ||:!:|"'l|i.-'.i'!illrl -'I|I:!. A= il |'|"‘-5.||1

W W f nitrogen per 100 c.c..

nal eonci ntrated broth, a series of dilutions wer |l||-]-:|!'---|

: in the vicimity of 230 mg. o

the resul-

Ires ;:i":-'-\." ..|.-‘i |||-:--'|'. 1|"

and their nitroren contents standardized at i
lis was found to be best at the fisure given. As the result

m is now standardized to 290 mg. of nitrozen per 100 ¢,

ing growth in the med

of !|,,-\ Ii|'|||i| (8] I:il' 1]
at the time of final d

ution.

The eftect o initial reaction of the broth on the total growth obtained, and on

hv means of the estimation of the vial

':'||' ||.||--|||". -|'_. 1 i| 3 WG il:-'_ WS ._!h-?:—”']l!l"'l

OrTanlsms present and bv teats of 1its IMmMumzIng vaiue. Maximum growth was

found to oceur when initial reaction was in the vieimty of neutrality. The immunity

tesgts wore carried ot bv means of a ~.|-‘,'i---: of '-,':I:':':[II.'."-' '}lll'i.-:l.l'l'll .l.l_".' ::l.l.JIi:-1II_"_,5' ‘.|;|-

MM b




34 Hr{ﬁ‘.'r.'.:'r:f?‘,w Plague Vaceine,

reactions over a certain range with differences of pH 0-2. TUsing the older methods

II'.r rl"\‘.il:g I:‘:l" .’"'H:i:'h '.l"!"i]l'l' T :'.’I'li"::11' ‘.!:.:]I ||:--1 residts werse ||||'|.:i|ia'-:] 'nil'n i
vaceine of original pH 68, but in this series the results did not go in any regular
Sequence ;I]||i, II'g':"!lI-'I' ""'I'IEI'lI'I!.'.1 1011 438 10 1!:" '|..!|I:I' "I{ ']I‘.' ]L‘EI'lZ‘-:'I.l‘IiII' |I-i|l:"j.l'|r| 'n\'l'_'i'l,']l
]:—i st i!li1:|.|l|-!' ]t r-.-|||.-ir'- ||. |‘,-|| b8 was :I-:'-'E_I:E_].:.' .;‘:||||F|1-'|,| as the standard ;"|-;||'1i|:a-]'_,

but later work suggests that a more alkaline reaction may be advisable, Further
'I-"-'(:"I'l'\.' |"'\- l:'l'll'l-'i'lll::.rl'-_' o1 []ll'\- ]_ll':i:lﬂ'.

The period of ineubation required to produce a potent vaceine has been investi-
“'I"‘ll at ¢ III'I'\-II| rah ]I I"I'-'1| The older work or 1| - "-\.Ilhil'l"l and the r!|-1:|i|_-. HF

.‘\1!!-'Ilr|.|':‘l'|'- aft '.!I|-- ';':;.-II--' aAre '_!i'-.'l"l il' '|l'|.'|i| i"l f'!|;|5:-1-:'|' :‘\JJJ || ;'|:|;-.. ;::'-,l,,;.‘. g ||1'|'|;'|
:|.‘|-:|-e-|-|-*.:r--r1 principle, originally laid down ':J.'.' Hafikine, to aim at obtaining the
maximum erowth which the medivm will sustain The present aobservations show
that after a |'|'I':-|'-f of 4 weeks the number of viable organ 15ms present and the

inerease in the sediment which ocewrs can re Present on |-. a small addition in :|r|1|-
}

-_1--1:ir- substance produced, in pro [l--r-lrm '_-| the total aob 1,1|| .:l in the earlier peri 1o
Such addition would probably be equivalent in immunizing value to such slight
...ll.-.1.|r~1. in the dose as may be given in the process of routine inoculations. The
que ation also arizes as to the value for immunization purposes of late additions of
bacterial substance to the prophylactic, in view of the known reduction in virulence
which occurs on prolonged incubation, and to the lesser value of the Immunization
with material which iz not virulent.

During a considerable number of years there has been a tenc lency to select

shorter incubation periods. The oricinal H: ||"];i|u-'-- pertod was six weeks and at
one time meubation was |r-|.|~1---|| to a period of four months, later reduced :
the result II.F --:«:]-.-l':mn-*|1 | obzpy '|--'-]| of loss 1n ¥ '=|'|-' t-f vaccine of too ]||r|-’|'1'

i|1--L|||;|ti|||1 'I‘|"l*i‘\c-.t| af 1'.'.-I!||r-|||-|||. f nnm |w-|rr|1 ars. A '\-\.||I'\-L||'||':||1| reduction
tonk ||| ce to six weeks, 1.'.|.|| h still involved a z|]|. || of two monthe being nece SEATY
for the production of vaccine from start to finish. Anv further reduction which
could be made would be of very i

for the vaceine, and the investio

cat va |I e ||' I -:I!'|| to meetine andde 1 I':I'['I]iltlll-c'\
|-| 5 '-k||.x 1 were now carried showed that a peri od
of four wecks would furnish a vaceine of the | __:l est potency.

Tl

were col

| out 1 re |"|| to this ]1.;.|]|[

1k I'|_ 12 and the newer meth I|I-L-~-I Une
series, nzing the older techmique, showed best results with vaccine of five weeks
i|'|4'||]|;|l"1-|_. ?-l'_‘. l:'-':-]'r||l.:’.'l':i_1i'n'l'l'-.' I':'1.|l' |ii|'|-t'|'|'|.|'|' Wias -.!|r.'l.‘.'.’| mn ']l-:' case of 1.'ii,|'|':||:'||.'
incubated at periods from four to six weeks. Tests by wvarious methods showed
that four weeks vaccine was of hi potency and "||1 a dose of 0:03 c.c. would
p|‘u-||1|'-- a 104 per cent :.n:rh'!ril_x' in white mice a o it a dose of B, j’i{"'.-\.':',-..-' which
killed all controls. When the vaccine was used fresh a dose as low as 0:007 c.c.
'|'|r'||",'|-|| effective. Four weeks was 1'ir|;1”_'x' ;1-flu[|'|'|| as the [n-r'iucl of incubation to he
-~'|T1]IJ||:1_'.'J.'LE e 19249,

ts which were CATTIE
14

| .-r|:r|1'||-|x4|| :-:-'I:_ 4-x|-s-|'.‘r'|-.--

._||l"i-:'|i ||||I!'| h_'\. ImeEans ||.' 1_|

The temperature of incubation of the vaceine has on Iy recently been the subject
of special study and no changes in respect to this factor have been made. The
average Bombay room temperature for the greater part of the year is fortunately
the optimum for B pestis, and increase in ‘mperature up to 87°C. results
in diminished growth. Accepting the prine || le of obtaining maximum growth the
temperature emploved ..||::-|Irll“'~1tl1 tely 27°C.) moets this requirement but there are
indications that, @ Spec In.]" in the hot weat her, a more exact t--n.]m-u:H.n-11':_'|1-:;|I!1r||:|

close to




s T-'.'_Jf'lrr-"r'. a0

in the incubating room, than is now obtained. A new point has

] [yias - 3 S h 1 ¢

Sehutze (1932 by hizs obzervations on the ant
b i :

il the intduence of

i'_- nic fractions of the

temperature on their development which 1s now heing

E ||||'.-' eoont ..[ '!'I' '.'.'III;-C 'n."-l.-'l'-'l Wil -ZJI"-'Z-'. ."I|l| 'l!- |:Il' ||!IF|!" Vements |||i

troduced during this period, shows the following important

Ifl |||||--|--|;':'|
| 1:_. i|;!',-|' .'-,:-.l Tl '!!,u | |||- r'\-||?:|ir|'i'| ¥ --|'|'|| ||'-;|!|'j"i;|! |.|'|lrl ||'l-'-:|::' :I!iil!l.-.l.'\'
ion of single colonies of cultures tested in a reliable manner for purits

olled for virnlence, (b) the standardization of the chemieal compogition

il i-:l' [ ."!'||I"| (810 I':|-- ||:|--|-\ ||! :-ul-i1:|1i-i|i1'x' of !| & production

VL |I [zl |!,| i -||'.|":i-\|' of the !n--"in!| of menbation to tour we I (i) 1.! i II:I-':- :|'

: : =
the observations as to comparative growths and tests of value, and (d) the
introduction of a reliable method of final purity testing.

(f these ||‘.'-u---§'||--- the methods of ||||-i-:l|':5|i--|' and test

1
¥ The
ture. and ocenpy the whole time of one member of the staff [he

ence to the work with the exception of the |"f-'|l'!=|' eafimat

have mvolved l"'-I.*-':!|I'I":|lII' -Llli.i|i|i"l =

and the final purity

oFen content of the broth which 13 carried out 1o the Biochemieal Se tiom.
The work in regard to the |-|'--!-.:|..1f--|. of standard test material fon N ET imental
| wlness as a check on the virulence

ntiomed in relation to 1ts nse
. The pr |-.:!'.:1iu| of riaken
rts made to devize an l"'Z!:il'I'i'I.'I-"II'!:I.] technigque which
f a regular type 1o SICCeSSIVE --_x||--:'i1||--||ln and

purposes has been m

his test r|'.;|||""i:|| was wnds

of the organism used tor ge

in connection with the ef

wonld vi
1 - 1 1 M 3 = 1l |
'-H-'_'.-l-' the Imtrodinetlon of DIl

mal
been done on this subject is deseribed in Chapter 1X. For prolonged periods at a

comparative results o
1 al standardization. The work which has

al work by the new method devizsed has shown very satisfactory

time the exper

I'-'*—'I|I-- ATIE |LE | many ||||i||1:-c ] |||- --:'HI:'-! 'l.‘.i'_-il i !|i-_'!: -:_n aree O AcCUuracy.

a8 el

e 1 e
I'he method beine

3 - § 1.4 =y | i . - ¥
n the experimental stage, certain defects, especially those du

':l'-*---'l'.ill"-.'

ve not vet been overcome—but there apj

to loss of virnlence,
that a re liable method |-|~ ||i||!:--_'i| al standardization mav eventi HALY be obtained.

This phase of work on the plague prophylactic has shown that improvements
are II'-:n-s:'-|- and have been attained but, at the same time, the linez on which manu-
i 1 in anv of

facture has been carried out have not di ||:||'.---! from Haffkine's F.!'il.c";.




CHAPTER VII.

SUMMARY OF THE PRESENT METHODS OF MANUFACTURE.

I|I.:||: -'J-"-'-'.IIIFI!I:NF:‘:-' '!"'4 i |i-';.|!_'"- W :|i b
in the methods of manufacture of Haffkine's plague § rophvlactic havi

r_'-.:- .|||-|'!-Iir|1| -:-[ 0 '|-|-";!:i|||_|- l.'.'|

] Nnow Varies ||||_~.i].~;|i|'-. :.I'.-” thi

emploved. Tt will be suitable to surmmarize the methods now i1

dures are as follows

Sirain ':,'. B. pestis s d.—T he strain is obtained orieinally from a human CAse
of || file: with .""FJ'-‘-"”"-”?-"- hv bl i
continnons passage in susceptible R

| culture. The organism is maintained in

raltus by cutaneons inoculad on of thi
_-\-|||.-.-|; of one animal on the abraded skin of the next in s ries, without i tex
mediate culture on artificial media. Death should acens within 3 to 4 davs. The
maintena i
Flll' '|'|'.'Iil'_

th virnlence by the strain 18 ascertained by tests on

a dose of 5 to 10 orcanisms should prove fat;

,l“,-- .-_n._'r.-.'-‘.-'r.-,r- ,._.l' .\.r"r.'l .-.-.".l-"rr.'.'.g'.!'. T‘.'-- 0or ||.."|'|' I!I--l'.« !-!- :!n-l-li are

Neart puncturs .|[:‘I'I' an i 1--'|||il' POST-Mortem and transferred to

saline solution. From this a series of tenth dilutions from 1 i 10 to 1 in 10,000

15 ];:'--||.-:|'---i. |l_1' means of standard |-|:|‘I_‘|:i|;| loops, and a 1 . |...-.-|.;';| of each
dilution is placed on a rabbit-bload-gras -.‘:-|..-_ The cultures are incuhs ted at
37°0C. for 48 hours. Anv contan nating organisms will show growth in 24

but coloniez of B, pestis will not be visihle until after 48 hour a, |
the tubes will contain dizcrete coloniss at thizs period of inenbation. A ful
|

providing discrete colonies is selected and kent

further period of 48 hours at

room temperature unless the material is urgentl required. If the purity teats
which have meanwhile been carried ot
off into a peptone-water tube and within half as 1O

BUEPEnsion 15 1n

.'I."!.'lf"-! Into a sceding |-...|-:-||,'| COll

é!t'ill-l!i:’l'w', I.|.|| ||':!:|u"-!l

four days.

18 :..'III-'-'-l"! LEN] :|,e'|_'=-:|'.-

Purity of seed. —At the same time as the blood-agar culty
|"l"[l:r'||| of thi I'-!'i:ll'.:_'l |.II-II||E 5 |~.F||-'-|-.i..|I 18 17100 :;|_|-,..! 11t
From this culture the purity te i

VIZ., (@) tests for nitrite § T

PLOne-water "!l':'.
n detail in ¢ !|;|--',_-| X na
indol, (b) differential g

te deaseribod §
0Tk, ”_"* and
agar and standard agar, (2} fi T en i

2518 with glucose, mMannite

lactose, saccharose and duleite. Th

» teste are also app 1ed to the pept

culture used 1n E:-1'--|J.|]'i2|'_:' the zee

g balloon and to the balloon before

sowing.

The medivm.—The acld=digest broth des ribed in apter XT iz

15 standardized Lo contaln 230 me. of nite per 100 ¢

, and to a rea tion of i-“
-|||-_: |E-.l -|I"'I 15'-|-.--. ()i iil'f' ;--'!!n__'
150 for the SOWInG il:l“u--!:-'

{ 36 )

6:8. The broth is dist I'il.ll.‘_l:| M special-shs

[n?;u'--ll in each. The same broth iz 1
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J. Taylor. aT

Sowing.—I1f the suspension used to inoculate the sowing balloons is found to be
pure thev are nsed after four davs at room temperature to inoculate the flagks. The
Aasks used and the method of sowing have been deseribed in Chapter 1V. A

1ately before sowinge, and

first sample from the flask is taken for purity test immes \
the flask returned for purity testing at the end of the operation. Up to 200 flasks

e Sown at one time I.,"I:III a ha

‘lr...u .-.HI "-.-':.-.-_ -]'!||-- 18 :':l!':'i- || [ EI: a l:.il".l-;l'i'll'li. roomm at 80 I A |f'n-lrn--_l_rr'.-lf:hic'
wil i3 kept and shows that throughout the year the temperature does not vary

more than 1°F. above and below this temperature except mm the hot weather.

od of menbation 18 four weeks

|".-.---'.'.'. Il.-J'.'.-..'-,u I -'.'-.,--.r.', At the 1-|. i|.|--,|||;|rin!. a 1-C:-;,1I|||:|' 15 1:I]-:-| il |-1'l::-!lrl 4.';1(']']
: by means of a long I';I"”"' with rubber-tube and glass mouthplece. The
surface of an agar slope iz completely covered with several drops of the vaceine and

1t {51 ST 1l muricy 'u-:-'Ii'!:'_". The test .':_:-|||il d 1= '|| e il'.il('l':.il|i-:-|;

rar and on standard agar. If no growth oceurs on

- 24 hours at 37°0., and Ilw-,'||i_-:-.;:g| \-_'ru'.'f1|', on blood agar at 443 honirs
mrances of the srowth on the heavily seeded agar tube are characteristic

i-.::—i-'l'ul A8 JIITE.

Sterilization.—After taking the purity test samples sterilization ig carried out
1 at HH°0. for 15 minutes n tubs 1n

|| ---|'.'!'|||--|| |:'.' ":--::Ifr:-_: '|| i El..‘.—'
temneratire 12 a |:||r||:|';i|':|.].!_'.' COnLro led, {'llll“l:ﬁ. T T:'I"II -|IEI|III'..{ O ¢.c.
h flask l-.lI.'iI'I'.'iiI.'_-' (i ."1':' -:-[ broth culture to '|I|Il'iJ'|I.i'l‘

which tl

Ilr ||:||'-' :':lli':ll“' :!l'ill T e
a concentration of 0-5 per cent.

Bottling and sealing.—W hen the contents of a flask have been declared pure
bv the final test the vaccine is bottled by Maynard’s process. The standard phials

are of 285 c.c. capacity.
Sterility testing.—The ax pe number of hottles filled from each flask is thirty-
five. Of these the fifth and the last filled are selected for ster testing. The

ubated at 37°C. j'--l' four davs and the following tests made :

gelected phials are ne

(a) enlture on stand: ar, (B) culture on nutrient broth, and (¢) culture on glucose

vageline, for detection of anaercbic organisms). If

these tests are sterile after four davs’ incubation, the P

(covered with m

nals belonmnge to the

particular brew are prepared for issue by sealing off their necks cloge at the body

he nhital and the eokes with the small amonnt of vaceine retained in them kent
L |

lor reterence in caze of anv complaint in regard to the vaccine,

LB} E :l]i'E.. Ir- I].-'l'l;. W 'it |iif| |.I|I'I'|' ]rll::lllr]l.‘- l::"f

Dosage.— Four c.e. 18 fixed as the aduolt ¢
manufacture, of which the date is given on the phial, the dose is reduced to 3 e.c.
Standardization.—The resularity of the processes of manufacture are depended

n of a vaccine of umform |-||]||||||,-:i'|ir_~!|, Biological standardiza-

tion 13 under consideration.







PART 11
STATISTICS OF INOCULATION







CHAPTER VIII.
STATISTICS OF ANTI-PLAGUE INOM ULATION.
AvraoucH over 30 mullion dosges of anti _:1|_5-_l|:|- VACCITIG have heen 1Esned 1n

i
3 1 ~hl - - . 2 * 1
]l‘.:h:'. Tlne |"':I||||1||1:"' 11T} T '.'ll INOCIATION 18 1.|'\-~!|_:|!|'|.' carriecd oot |.ii".'-:' naot

e resnlte of mnoenlation being
which would be of value for assessing the deores of protection conferred.

].----1||i1_r--|| of any t'--r'l':--||-|li-1i|*.-_ mass of fisures of 1

Inoculation in the districts 15 carried out partly by local staff and F|:|1,'|!'l.' by

special inoculation staff who complete as man v moculations as possible in one

area and then move on to the next. The inceulation staff do not remain to ohserve

and information as to the s

the reanlts of their work, e ent incidence of ]-I;at__'m-
] ths has frequently to be based on the reports of non-medi
1:"“:I|Iil' i|||:l|"lli.:lf'lll!I 15 not LSLE

.i_||'|-:'|-.-C:I ';|| [HErB OIS,

avatlable on which to r;|i-:'I!|:|1|- I:'|f.' Averaco

-]-:-|-'I|-I‘.i-‘-l:'~ of uninoculated and noculated persons exposed to risk of infection
uring the period of an epidemic.

L

The greater |-"-~|-|-."I;:-I| of the figures Il'!sllflz," to inoculation hI:_|'l[r|i|'|| to the
Haffkine Institute by the Public Health Authorities in different parts of India, who
CArry ot the work, are of -:=.|_'~ limited :~I-|-’i-lf-:';|i 1-'-'|||:-- and cannot Il."--1'-r|r§ to anv
hagh degree of accuracy. '

In I-!|r' Cise --|. I.--H..il: n'.||,i-r--.:|-c-c -:-r. i‘-!;l ¥l

however, S clal efforts have been
1ection with t

i 2 o | -
|f'|:|_|!!' L0 -!lII'-'"""| 20 |'-_"'|'_||'I 5||| OCCITIeEnees 11

incidence of ]li;!}'l;l'

attacks and deaths, and it has been possib

'1'-2 ‘|'-'i1|: a f'll||~i|;'|-1'..||]|~ (2.-'_'||'|-
of accuracy the ineidence of the disease in the inoculated anc
|||||.. [

.“:'litll"l |:]i|‘.l=l\:1 _:1'|."|rj";
and also, from ||;.'I|_'-.' and weekly fio arrive at a fair estimate of the AVETADE

res will form

to
populations of the two groups. T 1o a bagzis for the estimation

of the value of inoecu

ation "..;':il I W :I | AVE 0 -:'||=|w-c_; |-- e |i|'::'.i'1l r-|- |'|-}];|:\i|il‘, -
We will therefore in an analysis of the statistics of inoculation present the

available figures separately for two classes of returns :-
Class 1.—Unel '

and uninoculated PErsons witn el

» attacks and deaths amongst inoculated

hecked figures of |

wns of the meidenee ||I the d1sra s ||;|:-:1'1|

On crude populations and not on averare populations exposed to rizl.

(laszss 2.

Yetarled statistics ||[ the meidence of '|.|;4§_||.| i|| ;-:|.- |_-|;:!;|1._-.<' and

TN O ated persons ;||.,~:._. with the fisures necessary !".-|' r.'u- -:'.'.'|-.|.|:|‘.iu-|| af | e
average numbers exposed to risk on which the relative incidence of plague in the

LW _I_-'|'||||J|:c can be 1';|||"_::;|'.--|.i

Inoculation statistics— Class 1.

The ficures for dealt with first, and on account of thei

comparatively limited value, at short length only. The information supplied in

regard fo plague ino

101 |':i1l|[|:|§'. ng in this class us :;|||_'-.' consists of the follow-
Ing ngures :

(@) Total moculated population in the area.

() Total uninoeculated population

(¢} Number of plague attacks and deaths amongst inoculated.

I:I'-'I_l Number of [l!:I.:'.I'I attacks and deaths amongst uninociilated.
([ 41 )

e —




42 H-{.!‘HL.'_-'..'J £ J’f':r_r_.'-'-'r' Vaceine.,

The inoculated population given will be the figure of total inoculations carried
out and will be b

sed on inoeulations possibly spread over a period of weeks or even
months. The final firure may be many times the number present at the earlier
stages when the epidemic may have been at its height.

The uninoculated population will be gmiven as the tota
estimated at the ]ltl.-‘-'i--':l-i decenmal census minus (). Thas may present COnsEl-
derable errors and will not allow for evacuation and migration from the infected
area 1ilir'i]|.1_l an :'E!-il!l_'lllil . As during the pel iod over which moculation 1s .-]1|‘|'.‘|1]
there 12 a -:_J]';Uh;ilH_-.,- inereasine fioure for the inoculated |-1-!||!|;|.'i-:n and a falling
one for the uninoculated, final caleulations of the incidence of plague based on the

::lilj|_'-' favour the
inoculated and will differ very conziderably from caleulations based on average
populations.

[II lFI';II:_I,' i(l'll Iliﬂl.l e as

fi_!:'l'.i'u-:u' taken at the end of I|:l' Er|||:'l,||:|'i||r| |':|II:|:':|i_:I. will u

With these comments as to the value of figures of this type the following
firnires for different ]:u-l'in-!:- are given :

(1) The fieures for 1905-1912 during which the manufacture of the vaccine
was less svstematized than later on are shown in Table I. These fisures may be
summarized as follows :—

Total inoculated population Af s 162,049

Total uninoculated population o e 649,771
Inoculated attacks i i3 E 0-35 per cent.
Uninoculated attacks i o o -5 -
Inoculated deaths 3 - L 033

Uninoculated deaths - " i) 3T s
Relative incidence of attacks in inoculated and uninoeulated 1: 4:8

Relative incidence of deaths in inoculated and uninoculated 1: 11:3
Inoculated case mortality ¢ «. 4D per cent.

Uninoculated case mortality &1

3

. el i';l:” |:I.'1'EI o 1.'.ilil"l! 1]E|' 1r|::|i|,'|'.-:r-||||'1- r:-r TEH'
vaceine had been further systematized
as follows :—

(?Y Figures for the vears 1930 a

e shown in Table IT and may be summarized

Total inoculated !lll_:r'-l|:lli<-|'.
Total uninoculated population

I.]I.-::I.'Il.-.ull'l] :I"I:Il'ln.h -3 g A 0-19 [H'." Cent.
|,I|,ir||||",||;|,1-.'-: al-‘:ll'l-c:-i e , Far | 63 o
Inoculated deaths o 005 i
Uninoculated deaths o - 1-13 o
telative incidence of attacks mm moculated and uninoculated 1: 85
|'.:|~];|‘:i‘.':' il':i':.l]l'l'.l'l' of deaths 1n il|l||'|,||:|'!l'l= and l_1'_i|':||:'l;]i|‘|-|| L
[noculated casze mortality i .. =0 per cent.

Uninoculated case ]||->1'|:|!iT_‘.' (i3]

Bo far as any reliance can be placed on these figures it would appear that the
protec tive value of the vaceine now manufactured has deubled az compared with

that |'nr'!n.-|'l}' prepare .

Masre I.
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A

.f. ..Ir.rn'...'lln'l'lr.lf'l
TasLe II.

Inoculation statisticse—iass

'

1 92300

45

IR0C0 LA USINOCULATED.
i ': = g ; j £
3 = ol [ - ! el - = & = &
1930.
Mal 11 - 1,404 I I 1] 075 7-11 4+ 06
Na . Ths T 3 (5] (RK! 147 156 0G0 (= Eil
sanlk LT3 i1 0] 3 o 31 =2 1 't {1-48 48
11 PILCR T iz | ] =i 1 113 i 1 ] 30 |
Petbipura 55 2 b 408 BT i 1-&8
[hivara 1 {17 Sl 3 113 641
sl 3 { = A Fel, 111 26 267
+ 5235 F- {4 11.80h 143 L 162
g B i 3 11 13 1.3 1E0) 13 =26
|5 | 126 T4 134
fidd | | ¥ =15 60 I S0 T
147 I | 1-33 053
N. 100 v 04 20 G 507
lirupata 1,594 ] ! 4l 13 14,651 04 (B 064
bk , 3 a1 ] 1 0 o 234 3 b 235 1-11
N ram AR 10 i 251
radakappan 327 1.7HE2 G ] 245
M 1u 4. 50 a1 i [ 145 {58
[k - | il 11 | 163 1" i3
S . 07 ¥ & 1,138 2 5 1-54 044
Muthali . 100 174 15 11 382 B-32
M 144 156 10 " T-63 x
Mornapalli 18 . 211 ) ] 050
Jankuri .. 1.557 g o 13 | 012 097 i 31 033 145
Thimmsandiram T2 J 211 11 282
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Tarre 11

i
coneld,

Kodnaichickandoddi ..

Mathaziri .. 8

Panchakshipuram =

Muthozanlki

Kottur S e

i|.'|.!'|:-'|.|||:'!||i .,

Ohzji -k

Kottur N a
Madagondapalli =
Mokapa ..
Kelod .. a
Dondirnj .. .
Dheor .

Hoakansnbad .e
Mandalay
Kumbum Union e
Aununanthanpatty ..

Kombay [

ub

Chimnamanum TTnion

|_,'|_"'.'|-;-_;,;.;,I::_-,--”.. e
Kamayalkavandanpatiy
."‘f:l-’::'::."1:.|.'.'.||.'|'.I,:-.' -n

Uttangi .. e

1‘"'1.11 il I_ nvorasres

!\.lll UL
.
g
._r '|'-
= A
= i
-
Td6
T44 .
aan
338 5
20/
i 15
3,071 i
236 1
5,504 15
232 e
||\-
]
105
i1l
LASE
18, 263 B
o 4R
2 T48 13
L] o
2,421 1
{788 ]
5,068 1
1965
1,577
006 13
1048, 128 il

< R .
S

7 032 | 012

3 15 T

1931.

] 42 3 ¥

T 027 | 012

o 0z | 003 |
I 1-74 011

I 010 i

1 =10 1=

5 1-31 (G
% | =19 N5 3

by

& Grym
e L

VL

2,764

898
1,376
1.678
1,635

13,974

5,388

E .
& e :
- = -
& = =

10 20 £ 18-52
| 070 082
11} 10-37 iR
] 11:54 A T4
50 =10 T4
] LR i N=%%
-¥1 275 1= T
1 -4 728
] B [ _l.
i1 =14 F8E
¥ IR 047
57 29 (36
23 1-0 E
1 0n-32 =07

1,151 112 1-01

15 I'16 -89

Wi 1-45 76

F1 = Th 1-78
157 54D 7.7.4
i h7 =28

24 218 1-57
34683 163 1-15
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Inoculation statistics—Class 2.

The -:’_:Ilin‘-:-"*n belor ring to I|I -'.:l--C_ '.~_||i|-|| we have collected from all ;|".:!_i|:i|I]r'

records, form our main basis for the

estimation of the value of Ill'”ll|l‘-'|;1"".
:l:-'-- VvACCIne an I -.' bhe ill"'-\-l'lll:'il al |'-Zl||'-~i-il'l'.'|5':l|1' |I.'II'__'|!I.

inoculation with Hafl

lhe ficures given cover the period from the first introduction of the vaccine
hv

in 1897 up to 1919 :|'!-i. include certain of the criginal results obtained by

Haffkine.

ve been ineluded in this class for which

Only thosze 1moculation e
| ;;Ii|:1_:- --};!:--~..-|| to risk or In 'nl!il h defi

it is possible to caleculate the average pe

in ecertain communities have

welate

nite fixed populations of inot

I_II'I-|| -u-|-:-|-1;-|| |.|'\'| ||i---.| |'-.'.g’i-:-|:

lected the series which follows with regard to the comparative

We have sel
reliability of the figures and have, from such evi
1 !:i|i". 11 |'-::_"|-"":ix-|| '.'.'il:'| 1';|-:'.'| i!ll.ll'I:E:I'Iill':I

as 18 av .':i=;||>|--_

L-x-,ll'l-u'u--l our opinion

campaign the

Tl .-,-:,-r'.l.l,"r;.'.rl.-- """-‘-"ll'-"'-"-','.r'-\' for 4.-'.{-.-:"}.

Details of carefully observed ands !

g e
T l'.-._l.'l_n'-- sleilaslics are .'"-'"r.ln'.illl'.

(1) House of Correction, Byeulla, 1897,

1IN thnis jall 1n -|.'III!Z:I"'-'

The outbreak of plague 1 1897 afforded Dr. Hafilkine ha

nity of testing the efficacy of his vaccine in a population defimtely

firat opportu
exposed to risk.
jail inmates accepted inoenlation. The risks of

Approximately |

; ey ;
1nocals e apparently identical.

inocnlated and

ed and the

Tahle ITI shows the }:-.\|l.|!:|‘if.||.~= of moenlated and uninocul:

ocenrrence of pl: amongst them. From the fizures given therein the following

caleulations have been made ;
Inoeulated. Uninocnlated.

Average daily j o 147 72

Attacks i . o 12

Deaths .. § 1l 13

Attack rate per 1,000 FaT 136 69-7

Death = = i il 34-8

Case mortalitx = = nil B0 per cent.

Tl f thizs small initial trial of the vaccine was of the greatest

he success
1 £ I. - I
the nse of inoculation 1n Bombay

immportance at the time az it encouraged :
] from which the subsequent spread took

1 me was epidemic and
place resulting in the infection of all the provinces of India. The figures are

where pl

reliable.




48 -'r.l'rl"',!'.i'.l': e’ s .IFIIIIII"-'-'}“'F' Viaceine,
TaprLre III.

Houze of Correction. By nlla, 1897

- y : 3 N s " - "
Statemend showing tnocilated and uninoculated ey ulalions, plague affacks
b i

-r_.-r." i r.-.',ll-.-',

PoruraTiox, IXOCTLATED. U NINOCULATED.

Inoonlated, Uninooulated. ‘tacks. Deaths \itacks. Deaths,

15t . 44t 151 177 1 " 2 1
Il 4 - 150 17

ol . e 146 173 o ] 1

ath e a2 146 171 . 8 1 1

fith i o 144 160 i i 2 1
Tth i e 146 164 q . {
Average . 147 172
Forrars o - i . o 12 1]

(2) Lanowls, July 1897.

An outbreak oceurred in this small town in July 1897, and was most severe in

C and I wards A VETY careful record was |~"'!’1 of the moenlated and uninociu-
« et 2 - )

lated pPoOpaAtIons from ||.:|_".' Lo day ar d alzo the oceurr: nee of |-!.."_':I|' attacks and

deaths in these two groups. The details are shown in Table TV. The followine

l':L]L'H':lHH!'l:—' have heen made az to '|;-- incidence of F-|:|:‘!|-_-:

Inoculated Uninoenlated.
Average daily population i ol 3 477
Attacks " N 14 T8
Deaths .. o o T 57
Aftack rato per 1,000 Sin 43
Death . ; . 21

Case mortality
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observed and the figures are

|i|l' |!.Ili'.|]il1i'='lll c'.:||'|-.:iu|| WAR ACCUrR
reliable.

Famie IV.

Lanowli, 1897.

|\I."|'_l|"ﬂ‘_||-.- il _\_l".r..l.l_.pul iz

. y g s ' 5
{ imoculoled |.'_.--.','l s Lnoetilad o Il..'..l.h'.r.

attacks and deaths.

WPTLATION % 0CULATED.

il Uninocnlated, Attacks. IMeatha. Attacks, Ivatha.
2th July 4 b
th ik i
h 5 i
h : 2
=
N -
5 - 6
1 1 ]
tf 3 o 5 1]
. 3 1 ] i
1 1 |
1 L 3 &
B 1 1
1 -
1 1
1 | ¢
Tk 1 I
- 1 1 4t
1 1
]
; 1 o
1 1 | 1
1
= a fi i
1 1 .
| 1
e 1 ]
: 1 ;
] 1
% -
3 ;
1 1
. I :
Avorage . T .
|
T'oTAT 14 f] 8 K7

wre omitted for davs on which no plarue attacks or dea
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(3) Umerkhadi Jail, Bombay, 1898,

Three cases of plague occurred in the jail at the end of December 18497. Hafi-
kine inoculated as nearly as possible half of the prisoners on lst January, 1898.
Every sccond man from each class of prisoner was inoculated and the number of
subsequent releases was almost equal amongst moculated and uninoeulated. The

results were as follows :

Inoeulatad, |'||i'-|-|'|||::.'--|5.
147 127
- & 14
I
M) Th
il 17
nil G peer cent.

The ficures are accurate and the risks of moculated and unimoculated were
gimilar,
(4) Andhera Village, 1898.

The inoculation campaign in this village although not on a large seale was one
of the most carefully controlled and ohzerved which haz been recorded. Out of a
T”,E;,”E_”:i,n-_ of 1,031 on Hth .|;'|||'||;||'_-.,‘ 12098, TG persons died of }nt_;m“.'. between that
date ;I_]|-!{ 12th |‘1-='|II'I1;|,1'_'-.'.

On 12th February Dr. Hafikine and Major Bannerman, 1.M.8., wvisited the
village and inoculated 513 persons, Each household was called out in turn and
half of the inmates were Inoculated, care |"‘i"-_! taken to inoculate half the men,
half the women and half the children in the family and an equal number of the
.mjr].:|.1.' and the strong.

The evenness of the resulting inoculated and nninoculated populations will
be seen in the following table which shows the distribution of inoculated persons

in 28 houses which subsequently had plague cases:

Ao, Inooulated. Uninoenlated,

Males | Males i3

b0 years and under = ! 13 | 14}
Females 0] Females 5 |
Males TN Males |-‘~|

6 years Lo 59 years e ; 34 il
Females 200 Femnles 33 )
| Males 1) Male !l

60 years and over | : 1 3
Female 1] Fenmnles '_'_|

Torars o 71 fi4

The results were investigated on 4th .'l.||t'i]. 558, ||_‘.' Surgeon-Greneral R.
Harvey, Director-General, Indian Medical Service, Dr. Hafflkine, Major Bannerman,
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flél_’-ﬂil'-‘l Dvson, 1.30.58., each honse in which a |-1;|-_l||-- case had oeceurred

visited.

[.‘I!ll- g
598, Plagne had continued for 42 days after the inoculations were performed
T ,_[ :II..| ::_|.|||'||'|| 24 I':|r||i|i--.-. rrl:- |||:_||'.'-i!.-_ Werp I'-!-- f__;.-! <] :-._:-_'.--i I, :|.|- ::||||\_..
The investizgators : '
A wioaael the froeulal N —— Laled
] CRANAL (a) COne child 1 1 vear died of
bronehi

Wiere

The details with rerard to the honses in which plague oeeurred are given 111

ar a From 1!_. Mg fé:-_llln-:- the |-|:.-|'x'-.'5i|-_: calculations !:.‘I'\.'l heen made ;
that Inoonlnted Uninogula ted.
Average population e 71 i
the Attack ’ 8 i
and e s . ] ¥
e, Attack rats e i 11:3 per cont 12-2 per cent
the Death rate : 2 i
Case mortality a7 a6 =

will The statistics are of 8 hich dearee of reliability

Tapre V.

IR OCULATED. S INOCULATED

Homns

[ E 4 | 1
BT 3 o 1 [
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L

TaprLg V—coneld.

IsocuLATED, UNINOCULATED.

Brought forward . . 11 e - ' § 4

1 @ | i 3
) %

] o 1 i 1 i
") 3 } 1 1
B 1 1 1 b 1 I
12 1 2 | -

18 o = = 2
i 1 } i 1]

35 ! | 1 I i

] o 2 I

&) 4 | 1 1

4 5 i 2 '
; !
| &1 9 1 | 1
b |
. B0 : y . | |
iy
=

|

E‘I Torars .. 71 2 3 I 27 206

AT

H

'j.hll:l Hubls, 1808

I

iign in this town of ah
whom 38.712 were inoculated was up to the time
under condit i

r]lé‘ll' illllf"|.|.51'-llr| r',_-]:!l:,-,

it 50000 inhabitants

'

0 he larrest carried out

1 3 3 " LFIR f 3 F ! 3 y
100 |Il']|'I|..1||!'_" 0 !:I.i"!_'- ACCUTAELE ODECTVATION. ||:|||"!||_'!r_=||r| WaSs
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carried out from 11th May to 2Tth September, 1898, and the detalls are
given in Table VI :

TasLe VI.

Hubl, 1898.

or Plagoe deaths | Plague deaths
Idates, -
1.
|
11th May to 14th Jun |
I ]
14,573 2 B i 1
Week ending 21zt Jan £1 404 5,088 o 3
. 0,042 8,443 ) |
s S 20 15l FH G
12th - 30,25 13,243 a4 f
18th i3 Uil L | v HE |
' 4. 112 15,6487 (L1 16
\ pornat z 43 TINT 1.001%1 S0 G760 [ELI 16
14 , I } TGS g 27.184 272 19
- i A4 1 10,885 1,754 ARG il
- S A0 | G367 1 RAK 37l il
|.I (HE ey
Beptember | 29 4
, . 1,116 16
ith 2 937
27th /03 8,712 ik Ll
|

Discarding the fisures for the period from 11th Mayv to 14th June which are

: o i BT % 1  TRAECHERT
only approximate, the incidence of plague is calenlated as follows

I noculated Unimocnlated.
o L1 Bl I 24,631
a9
sl T 1,0 3

The fieures are not absolutely reliable, but the Indian Plagne Commission did

nof consider that the defecta in the statistics wer sufficient to vitiate deductions
expressed 1n percentages.

{ b " Southers _'”..','I.'_u'r.g.'.' () .lr.-l--'.-.'l-'-".'l iy Jr;lr.'-' l|-!I' Wees, H whiz, 1898,

reard to the emplovees of the Southern Mahratta Raillway who were living 1n

In connection with the Hubli ocutbreak spe inl statistics are awvailable with

barracks in the railwa v vard at Hubli under the supervision of their British Officials

who formed a special committee for the purpose of dealing with the plague
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and had their Medi

was made of all ocourrences. T

| Officer as th adviser. A most careful record
able VII shows the relative fi

res and from this

the folls r'.'.';‘l_'

o lated. U

; 11 a5
it 21
| (W o 15
1 7
19 per cent 60 per cent
The OrlTing repor also oives the III”!-'\.\.ill'_,: fionurea :

Twice inoeulated
LI
Not

I'he statistics siven for this

reliable and the supervision was striet throug

Tanne VII.

conthern Mahratta Railway |Q|w;,.r\1| 1, Hubli, 1898.

Th o Foaar: | P ! ] :
wxlitemernt shoeivng numbers o o vl el g RO

1] T
e, ik .:-l'-'lr.' I

CiLses |,'.-..-l' ilevtd s e e |l'.- .
a !

INOCULATED URINOCULATED
[hate
Ones, | Twice Total. [Attacks. | Deaths - |
Llth June o i1 1] i1 1 1.7} ¥ i3 1.835
29th . bahth &35 LIYE:! 1,243 1 1,517
ith July .. | 385 171 850 . o 1. % 1,011
dth = i8] S 917 1,1H5:3 | | 150
L1th li%} e 17 1,120 ] 04
13th 337 15y nid 1,125 2 2
Lth 33 G} 2] 1,120 2 E
X 14 221 1. 1655 R 2 l L)
20th " e sl 1. 165 o bty il 2 2 2,045




J.

F.rf_rlllfr.li'_

I
Coriield..

z VII

. 4 821 1,165 | 251 = & 2,5
|
44 221 1,165 gR2 1 1 8 047
Hird i Tdd | : 1.165 KRR a 1 2051
bth August . | 207 KR 1.177 R ]
Sth M7 AR 1.177 g7 a ? (i
Gitl T 207 A1) 177 827 1 2 004
dth - 17 B&0 1,157 B34 a2 2011
10th £ £ A 1,180 1 b | a0l
12th - . 0GR 1.183 ¥ gag a9 i) B
' . 245 1.1 1,377 l G110 a 106
¥ g 1.1486 | 4 Gls 1 1,008
i ; 151 1,231 1 1 Gl15 1,90
24th i 1 1 320 1,907
2hth 210 1,272 1 482 V116G 1 1.0988
il 287 L2TT 1,564 2 ] 115 1,482
plit 1.354 1.1 1 153 1.974G
1at [ 1,375 | 1 1 578
4 i ; G4 S50 1.761 10} 1805
vt Detober 134 1.718 1,847 31 1 578
" 5 84 1.723 1,307 i 1 1,872
l'otals of attacl leat 11 17 y
the anin FrEOTE
w nt=, and these f relative

(TY Belgaum Cantonment, 1899

The epidemic lasted from 1'-|.5_1 to September and duri
| were 8.7 ] ;

P
149 1o

milation of 9,543 there
]
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and uninoculated populations are given in Table V111

:'il]l'li.lil'ili'll.-i. H I Iliill.il':

Inoon _|'_|-|E_ i.l.|l (R0 II||| |
Averaze woekly population .. 4,842 508
Attacks EE e 78 i
Deaths .. 2] . i 346
Artack rate per mille o L} 111
Death 4, A . : 8 ]
Case mortality - ; il per comnt 68 per cent

The figures have a considerable degree of reliability.

V11lI.

m . a3
[ABLE

Belzaum Cantonment,

| =0

Slalement IR
i . 7 r 7 : .
e allacks and dealfis tn oeach groun,

From these the follow g

sl (R 1T I T hela ErH wlated and TN OL wlated wonulalic sis with

| ROOTLATED. LIsinoe
Week endin Inoculated. Uninoenlated.

Lo ST nses
12th May - 1,230 8,313 i 8 a4
19th = e 2. 128 7415 | ] | 1

|
26th . i 2 574 3,04 | A 3 a1
2ndd Jun : 2810 i, | 1 7
0kl 4 I 1] 6,534 ! 11 { a2
1ith = 3,174 6,369 | 1 i5
|
2ard — L B | v ¥
J0th e 3,001 6,152 | '3
Tth July - 3 AT 3 ] 7

alst  ,, 5470 4,073 [ I 5]
23th ., : 6,724 2,819 ! 9 90
dth Augm 7565 1,674 1 2 a4
11th 5 8,182 870 12 3 15

i
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TasLg VIII—coneld.

INOOULATED. UXINOOCLATED

Week ending Inoculated. Uninoculated.

LaRes. [Deaths, Casps, Deaths

18th August v 5,048 G20 5 3 B [
25th = i Wot available, Two cases and deaths ocenrred.
1=t H--||I-"'|:i-l':'

8. 500 375 3 . I 1

Kth . 8,740 415 SF e ! 3

Average woeckly 542 1,558 3
population.
Plagwe attacks and deaths 8 ) G G40

(8) Villages in Ahmednagar District, 1899.

An inoe

ation campalen was carried out in the placue infected ares of this
"

the supervision of Mr. F. G. H. Anderson, 1.C.58., _]"il'd Asmistant

Collector. whoe took special trouble to observe all ocemrrences and used a spe ial

method of ealeulation of populations exposed to risk.

Az goon as ||:.:IEII<' ;|||1|!';|!'I'IE n a 'Iln a house-to-house census was Inad

thereafter a roll call was instituted morning and evening. The inoculated were

pranted certain concessions such as not being turned out into camp if cases oc urred

in the |

L Or &t imn whie

ulated were in this
loneer period than the uninoculated.

i |
wWav '||\'r11|;: | |_\:||'|-u-|i. [N i||r|'|'1:11|| I

1I||| I'._:|l||'l'-'l|'l'.. i!l I

of cases and deaths

rtine on the inoculation eampaiern, showed that concealment

amongst the inoculated was very |'.1=.|i|c-'|_'-. With
of roll calls he maintained that there were no :|]-_:.~|'|'f.':i.|'|-‘ errors 1n the statistics

finally |||---;---|11|-:!_ He based his calenlations on ° units ’, the t
dav’s residence of one person. The attack rate and death rate were calc

iths 1t the number of units

by dividing the number of attacks and «

class. The details for g are given in 1

The resultz of the series may be summarized as foll

e .o 144,117

70

Total units
Attacks

Deatha .. e - 31
Unit

i h 1 in 4,548

Casa mortality o o 4 per cont 73 per cent

These statistics have a very high degree of reliability.
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f!l"nff_?‘.l{'-".'-’i".k’ ]f"l.lrl'.l'lr;l.l'r' ] .I.!'|"|".l e,

|:‘.i] Jewish I'”u.-J-.l.-.-u'_.-.."n':'lr im Aden. 190,

An epidemic oceurred in Aden from 11th March to 13th June. The following

cases occurred

% Casps in
Manth.

March

April o 183 |4
May .. 144 11
June = 12 0

a7l 113

The meidence amonest Jews was very high. The Jewish community lived
fairly com

=_!r-.|_;p N e _r._-:."! of IL||:-,>: and for the PUrpos: of .;|||-..|-_-|I :.“._. "]i-'

t of moenlation a le'l'l'i:l| census was taken by houze-to-houze visitation early

in the outbreak. The total Jewish population at the time was 2.614. A register

Wl oceurrences was --[ Wy I‘I ereal care and all deathe: were certifiod hy i

Medical (Micer. The details of population and of attacks and deaths are given in

Table X. From these ficures the following calen

lations have been made :-

Inoculated. Uninoculated,
Average daily strength T 1, 160 U8
Attnoks ti e o3 83
| bt £ .l [ 1%Y
2HASTH, ite per 1,000 19 5
etk e . £ b
Case mortality o i 34 per cont 78 per cent

Tha figures are highly reliable.

TapLe X.
Jewish Community, Aden, 1900,

s = o g . 3 & y . : |
olalemment showisg r.".u.-'_-_lr wnoctlaled and waanocwlaled Ty wlations with I.'.-.'n'.'-..-n'.-" |

.'ll"'.-lr'.l'_'c -.',:--.'I deaths 1w each o,

L0,

24th
25th
ith
27th
28th

20th

March S &

= e 1 e
¥ . _. i i ]
; i ; 1 :
i 2 i e 3 a a
o il a

il 2 i 2 =
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TagLE X—conld.

il

ue Plague

lenths,

i
1
& |
W
o




G2 ff-'ﬂ,'r_,rj:'.-'.u.-.r- 5 ,lr"."r.'r,wr' Vaceine.

TarLe X—concld.

N¥umber of

I Plagn LI
Drad : - :l uninocalated i
o] present 3
May 1 i
. 1
=
I :
S
175
174
1740 1
Juns a1
= ; 151 ]
Torars . s 23 8 it 53 G5
Daily average i 1.190 w2 Qa0

‘:. I | |.:' _,.lll-r.l'-l'"l"\fln"u'n'l- .l”.l.l [} I|.I."r.l_ 1YHME,

d in this

we on 26th January, 1900. On that date

Plague was discover

according to the Patwari's list of inhabitants the population ws

] )

declared so

e Was cordoned i||'..‘||x--3i:|'!--|~.' alter |;~|;|
ably hittle I'!i-'lfl:" in the ||H]-|||.|Ii:1:| during e plaoe
=

I 4 the |-[|i||“r|:i| except fr
The incenlated and unimoculated populations could thus be calculated with a

I'II'IZ-iilll'!'il.l'.l' ||-.-'_rr'---- -:'F BCCUTACY . .|I-'I-.' ||1'-‘;!i!:-i ||[ i|||||':|.'.'! 1 .iI:I| u[ ,-|'|__||.-|-.;-' _-|r||i

e carefully registered and are given in Table XI. From

O

deaths from '|-|.r~_'|i|' Wi
this table the f--”w‘.'-'i!!:'j 1':|]l'il;;|!'ir:-|'.-~ |,i|l.1- |:;--|-*| made :

Inocunlated, Uninoonlated.
v daily population e DE4S 2,12]
A i} 41
- 3 £ 3 32
Attack mate per 10,000 a4 10z
Death - - e 111 151
Case mortality i 5 a8 per cont T8 per cent

Tlll.' 1EE=III'~C aAne I':'!;.u_|||l' .:|'||| ||f 51.;[:%«1 i-:':l: ".._JII.'I'.




J. Taylor.

TasrLe XI.

Naw

ashahr, 1900,

. q g 7 ] ] 7 ] X ] 57
otatemend '.'I"'--'-'-'.'-'n' wroctlaled and wninoculaled I.'..-Ir.-l'r."-'r fE, qiong i

|..:'-r.-ln..'.- altacks and deaths,

i

Wil
| I

Date,

i
JIRTL

- Hi 1

20th 1

S0k E 1

& st = A

{1t}

" i 3,285

3
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TanrLe X1 eonelid

| %000 LATED. URINOCULATED.
Uninsculated

Dt population.

Attcks | Ienths Attacks. Deatha.

i ] .

v | : 1
- i
1
Plagne attacks and dealhs 0 iy i1 a2

(11) Kafma, Punjab, 1900,

This village was in cloge proximity to another in which plague had oceurred
at week of

and as a precautionary measure 690 persons were inoeulated m thi
March 1900, An additional number of 176 were inoculated on 15th March and
3 pases oceurred on that date. From the commencement of the outbreal the
inoculated and uminoculated populations were ”l'i"""‘”""‘l"]." the same. The

occurrences are shown in Table X11. The

ationg from these fioures are :

Inoenlated. Uninoonlated.
A laily population O SR3 540
Attacks = i il 1y
Deaths .. mil 11}

Attack rate per 10,000 i nil 113
Death - “a: 3 : il i

Ca=e mortality . - vl nil Gl per cent

The [i:fI.H'I"-C are J'l'.'j:l]._-i:-_
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Tapre Xl1I.
Kalma, 1900

.\.',f.-l.l'- ment _xl.'. ..__-.'..-_f PN _.l,l-.l.””l .-'-'-"'I '-"-'-"_--r.r'-.'n".:.'!'.!-," _,l.l"-|.'.-i'-'-'ll'-'|':-!_.-il.". |'|._!'_.'|' "j‘..a_l _er...'f..

olague aftacks and deaths.

=L

L]

R
200
=L
207

20%

"01 : : :

=

HEE is b 1 =)
287 : ; :
487
48T
ST
87
g7
3RT
qRT
1
28
=87
BRT
82T
]

ART

263 |RT

203 Qg | .

%] "R

i Il

r|!|'
e

1 50000,

was carried ont in this village f!!.."il'_'_r the first fort-
and 1.043 persons out of a total of 1,384 were inoculated
i fith March. The progress of events is shown in Table
i n lived under exactly similar condi-
ase was a Brahmin who had refused

of March

£ SIS 2 1T
at the er e popula

mie., The first

AN .
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inoenlation although the other members of his family had been done. This case

wWas f;.il,-'||_ ]|‘ |i'.'|-|l in One [ i Sroup x-[ I||||-|' Vory -'~'|r|;:|| honses n[u-n'n!j_' mto o |

COmmon ('{lltl'l"-.il'-ll. .lnlll' .“I'I'll'!!l'i III:'J':IIZIII.'I.'i:I':I'Ii Case III'|"I|."'I|'|| m il'l'.lltlll"'!' ||{ T]I!"-l'

three houses and was fatal. This person was the only unincculated individual in

hizs family. The third ease oceurred in the remaining house of the gronp. The

Fr;,{1i-.'r|1 Was an il1|||'|||.11|'|| woman and recovered.

From the table the followine ealenlations have been made :-

Inoculated. Uninceulated.
Averagze daily populstion o 10D $a8
Aitacks i : i i3
Ieaths .. T i 2 0
Attack rate per 10,(hM) - . 178
Dentls . = 2 X 19 148
Caze mortality u i S per cent 83 per cont

The ficures are reliahle.
Tasre XIII.
Khatkar Kalan, 1900,
Statement shows inoculated and uninoculated .f-l',l--rl'.ul'.'r..-.-.c Lo ther awith

J.'.-."r.'_:;:rr- attacks and deaths.

[ReCcTLATED. UNINOCULATED.

"IIIiI.I!"I I-Ilirl'

Albtacks. Deaths. Attacks. Deaths.

March n 1,043

" - 1043 . . :
1 e 1,043 e = :
T = 1,043 e a ] |
¥ . L0043 = B . ‘e
= b 1041 L 1
Hith A i 1,041 | . .
A0th = a 1,041 1 | s ]
st o i RETH) : £ | 1
15t April o 1 v [ :
ind o, .k : - 2
Ard HE i : 1
ith s [ : &
Gth i i 1,080 e ]
Gth b C 1,040 1 o -
Tth 5 i 1,088 1 1 ik
Rth T & 10634 g & | o g
fth o 1,088 | 1 1 | o 1
|
Torars (18 days) .. 18,727 6,076 L] 2 | 6 :
|
|
Average daily popu- 1,040 298 . | c =
lation. |




|-|r. Tr!_"_fulrl'rn". FI.:

:|:5:I Salem, 151100,

The inoculation campaign was observed and reported on by Mr. L. E. Buckley,
(.0.5.. the Collector of the District. The following iz an extract from his
repOort

‘The first attack was discovered on 11th August, 1910, when the estimated
?In[l'.l|;ifin|1:_ was 74,000, Between that date and the end of March 1911, when the
population was estimated at about 60,000, there were 2,127 attacksz and 1,721 deaths
from 1

v of which 1,693 attacks and 1,495 deaths were among non-inoculates
and 434 attacks and 226 deaths were among inoculates. The total numbers inocu-
lated in the town were 52,440. The total number of inoeulates residing in the
town at the end of March 1911 was, however, lngher than this by 1,500 or more.
s hulll_".' refugees from :"::I:'I'!H ‘.'.'|!H W
returned at the beginning of 1911

v inoenlated in H:h—i]_l'll .'H.Il:. other 1.'i||:i~_'-'-

‘ These figures show that of every 100 persons attacked 809 died. The

; . - :
percentase among non-Mmociates was oo's wihl

le¢ among inoculated it was 521
or roughly speaking of every 10 non-mmoculates attacked omly ome survived,
while of every 10 inceulated attacked five survived. The wvalue of inoecula

T10mn as l_':;‘-';.?l.." an i[ll"['l';l‘-il'll I'}Iel‘l('l' Il{ PeCOVery I'"rﬂﬂ .'.|';;i,l"|{ .!I.-:'.-'\ l'n!'l"!! l'.l'i|‘_'|'-.'

demonstrated.

[t 15 less easy to be certain of the desree of '|_|_"-:_-||-|'1Er||:'| from attack afforded
'!:_'.' i|||||'|=..!;l_1 ;_|'|r|_ l’:-‘.'.'il]'_- L] 'I||l=' \'iI]'i.-:ll_ilI'l'_H ||'r 1 _-EI'.' r'.|r-r-|]-.- 110 :!.l'.' (,'I,IEI-C-IIl:,']'I'I;

“{a) The |"'il|||.i|'2ll':l of the town estimated at 73.000 in August 1910 com-
menced to decrease rapidly at the end of September and fell to about 30,000 in
the 1||i|'<| week r;[ }t.'i-x'--|'|~.]-|'|'. In December it :'-J.'u.llrl T |'i-~-- .|:_':|i| till it was
about 60,000 at the end of March.

'II'-J; [t was not until the disease had been established for nearly six
weeks that the people conld be induced to 1 of moeulation and 15 was not

till at least two months after the commencement of the outbreak that the

!:I'|]|:'|_|||-|'- 0l i|'||||"||_.::l'|-'*- |n'r-..=r|'-- |l':-|'*-ilil I"|}:-!l'. Il.r'l'l "!':l" 'I| i -'II:_r'I||ll'I'-' i||r-|'|';|~C---.|
rapidly.
I have attempted to exhibit the history of the attack as plainly as possibls

in the followii

o gtatement (see Table XIV). In this statement the !-r:|1.r|11.':*_|_*_" items
'|||i|.'|' !ll' I'l.|'-‘-ilil"'|"'5| ||'||i|-!.li"|' accurate :
(1) Population of town at commencement of outhreak.

2) Population of town at beginning of March 1911.

|
::’;_I .l.llll.'! I Irl:i.ll'l' [ f illl"'l 1 |:I'!'.'-

(4) Numbers of attacks and deaths

The followine items are based on estimates: in framing such estimate

fioures have 1 adopted which are unfavourable t

} y Inoculation rather than those
which are favourable

‘() The estimated Fl-r]1|||.!1‘:|-"| in each week between August 1910 and
March 1911. The lowest figures, in November, I have put at 30,000 to be on
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o side. though the estimate made after some inquiry at the time was

2
::l'.

her houre reduces enormonsly the percentage W] |

25 000, The adoption of the h

the worst weeks.

1 - | H "
attacks amonge the uninoculated during

“ (B} The number of inoculates in the town in each week. he oreat 1‘.i;'--i-'!'i|_'"
of those who become i||||: nlated |||I Hil E'I ':|'-.£|-|' to he ::||'_|. L 5TAN ill 1!_|' LOWI ; 0
small number became inoculated in order that they might pass ic and out on business
r number left the town for varion:

without havine to take passports and a ztill sma
reasons after being mmoculated.

‘If the allowance of b per cent for absentees seems low, any :-'I|-‘!--'f"."-i defi-
ciency in the allowance 13 !I.I""II:I.'.-!.'-.' more than compensated for by the 1-'-'----]“]-'
p 3||-||_-:| ion of the town beine over-estimated =-~|||-:-i:|?'._n in the middle of the ont-
break.

"As g CONSeqUence of l:-'r.'l and (h) the weekl

1|n|'.-{5;|h|.-_ ]| 15 I|||~ Certain, !i--'.'.'l-'\-.'l'l'. that thev are overstated ,:||||_ il 15 T
double what

v numbers of non inoculates are

improbable that at the worst pertod of the outhreak they are !'l-'lf'l"| i
they oucht to be.

‘ The fieures oiven show that the weekly percent
lates varied from 1/2 to 1/30th of the weekly percent:
inoculates. Takine the fisures for November and December when the outhreak
was at its worst and the number of inoculates for the sreater part of the time !-II'_E'.'!_\'

of attacks amongst mmoen-

wre of attacks amongst non-

exceeded the number of non-inoeulates, it will be seen that the percentage of attacks s
amonoat inoculates was not more than |_"i':|' of the attacks amongst the non-1nocu- et
lated. In other words the risk of infection, if inoeunlated, was reduced to 1/6th i
of the risk amongst the non-inoculated, but considering that the nuvmber of ;
non-inoculates is probably much overstated the risk may have been reduced to B

anvthing as low as 1,/12th.

* Work:
attacks civen in 51;L|.|-_'|';|;:|: 2, the risk of death from pl:

the inoculated to 1/10th of the risk amongst the non-inoeulated and possibly to

g these conclusions out with the percentages of deaths amongst

ue was reduced amongst

-.u'__\'l:'nin'_ as low as ]__-'"‘_'"Hl.

(s ]ll"l'l': E.-l-'|'l.||'l'l|, T Hgll"l'f. M ors: ||":'1I:.'-.'

*The ':-':'|'|r|]|l;.lr|'-".rl'_" statement
~siselvy the ;||l'—.';|,n‘:|,:---c of 1h-- imaocilation |':|E|'||l:|':'_:":: AMMOng the ||.--~'||.-- of

and con \
Balem Town '

Table XV from Mr. Buckley's report shows the caleulated attack and death
rates based on average populations .-ur|'.||.-||;|h|-- with the ficures which have been

given for other inoculation campaigns,

The case mortalities were :-

Inoculated .. I ] .. D2 per cent.
Uninoculated o < o

The ficures have a fair degree of reliability and it will be seen from Mr. Buckley's
ACCONNY of the methods of caleulation that gnch inaceuracies as exist '||Il|.!-.';||].'-' result
in over-estimation of the uninoculated population with consequent red tion in th

ealeulated incidence of plague amongst them.
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‘J-:.:: JII.III-"-'__{,FJ'I.';J-'! !N -'”-"#-!Ir,n'fh' IF.'-"I'I"-'.r" .

rl- ABLE :{.\I.

Stalement showing atlacks and dealths from l||."r.lr,:.'.'. airong e wnocwlaled and uninocu

7 T Y P i Y § 1147 o Y ] r
lated of Salem lowen from the commencement on 1114 ,[-’-’l:‘--’-"n’. 1910 fo the end of

Ist March, 1911.

I%OOULATED. URINOCULATED.

Number of weeks [otal
il montha. o o lated 14 |
Adtacks Deaths. Attacks, Denths,

3 weeks Ausust 5 210, CH 17 G4
! Lo Septembe - 1,375 2056, 500 209 250
} s Detobar . 27,080 153,200 14 11 270 200
i - November - 0o, 132 T 140540 163 b1 1] ARh s
I = December . 85,230 20,750 156 a5 370 338
I JARNATY 137,853 17,150 93 ol T8 TS
i Fabrnar 151,787 22 M) i 4 | |
i Warel W5, TG 33, 280 1 1 |
31 weeks ToTaL T14,717 S48, G0 134 i | 1,043 1,445
Average for the period® .. L 2.5 21,181 INE rath 1,603 1,405

I of th

for the
| Fias 8-23 il R

Derived
of inoculated

[ 1 L) f'rl-'.rrr'l-".'l'"-'r, ]‘E'::; |"'| 1

|J:."_'I_l' Mhicer was .E||:l';:'I.'-i EH) |||- il': Cclharoe ot ;|'||'-

operations '!l.!:rl-,_- this Campaign .I|I| AESIETEN 1N Preparing 1}:--nl;|.‘|-.lgr,~u Il

(4] il|||:"||.:l:||"! I|II'||'--' anreg -'!:-:l'.'-.ll 11} T.‘lh!-' \-1'-| I|-!|!'|:|!I:.|-'-{ from
report.

The Honorary Plague Officer in commenting on the statistics writez as
followsa :
“ The |

COMIMEence

n of the Combator I'||:_!

‘ |-‘||i-'_|-|"|i-' in 1913 Dedpetin
ommencement of the moculation ea

population on 3rd September, 1913 waz taken az 46,990

oeCTrred




J. Taylor.

* The conditions v

yopulation during the course of the
epidemic and wh i

are rour; v

(1) Reduet

] 1w b o 1 i T Ta) |
teduction by O isory evacuation.

||II reass oy resee

xtension of m imits

o account in arriving at the
able XYI)
1018 {1} re '!"'i' I ||_-. .:|-;:‘| g can be mMmore o1 |.=--:_-:
relied upon as correct ; (2) reduction by compulsory evacuation is necessarily
| ATe Th-' ACT:

be correct

popuiation

With reoard to these cond

tre number of

i1 waf 1T 5 4
Wl A8 & rougen -'.|II| neraio ecurate estim

'.'.||-|, ||' TR i-; CAannolt |l|l*—.—~| -\!,|I|||. |||

I'Y eVAaCia-

ables are based upon the svstematic and e I PILLS
I i i

| lly enforced, and the number

i e sStreet O1 ||||||']-:

I'l

+oTIS11E. & WAy ol arriving at

1||- '._.|"i.:!_||'|- ::'_' |'|-' ||||!|!_I;|55-|:; K. I_;: |I:I":-'-.

re-pecupation has been shown in mmoculation cam

honses wer allowerl T owners who

t nicinal v in the 10th week wasz due
the municipal area snown 1n i 10th week was dus

2 i — A g -
important hamlets were 1nfected w
I

weelk of the

opn

| population may be 2,604

18 caleulat tion shows

064 while among

attacks among

mg the 1 ulated, while the deaths among

ence the f are hex ated as In th ta ol
4 i) winn |
Attacks
Weatha i1 jh2
Y . 1t TH BTG o 312
I 1 11
L-as o 17 1 i 70 per cent
1 1 1
I'h g i i ' T 141! i Or T which hay Deel
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(15} Fillages wn DHiarear Dhistrict,

The statistics with e

manner 8o a8 T0 proy 1l e ._:!II!IIHI e[

[FETEONE living under | oncditions which entailed an eq

period.

which both inoeunlated and un

¥ I”:I'_'I 8 |iil:-"

J'I!rn'n"l,:'fj':'.'..l-'-'.1-\' P-'I-'-'I'f”:' Vaccine.

il «
In analysing the fisures only those hovseholds
noculated individuals w
Households in whiel

lehinite risk for

WwWers il:‘

witl

in whie

gpecial

proportions of inoculated and unineculated

the zame

have been dealt watl 11

&

h plagn
1
culated or all

CAaASes O I'I'|I'I| 1T OeIe O OF

from a date =1
'| ¢ Nouse El (& denee

Table XVII. No

0 avera: ]l:l::-ll_-!;|15-:l|| Are nNecessary for '!|_|- 'EAR0Nns state || ;Elll:". e,

excluded and tk

1hai quent
]

- ||.‘-'-"!"-'i|1i"|!"- wers r||i|||"
lated In

summarized in

uninocu AT
he dav on which the l: PeTson
of !?']:I'_-_HI' in the moenlated and nninoculated 1=

Wkl ALpOa |

c

1

caleulations as
I|I!_|- :.;il,'['\- r|i::_'-.' |||- .-:_III!rI::|I'i'r'f-.'-'| as |.ll..:ll‘.'.*-2

Inoeulated, Uninoculate
SO i i s J11 G4
iﬂ a4 116G
T =i

g
i

employved res
1 ~

evidence of the

T

—
s

i

Tasue XVII.

lIl-.illlil'_':! : |

Dharwar Ihstrect.

o . = . 3 . . Fa, | [ 7 . < 7 3 §
.“\J{rr.‘.l_ll'_'.'.l.l |'.l||I -_I-'.."'I"I'ill."'-r'.-\. (R .-.-."'--|r- Jiee 0f J.'.lr,--.'..'-' (&1 ' NOMUEFE L1 ..-_r'.,:-_r I-'.l-'l."_.'l'l oecurTen.

e B INOCULATEIL, UNINOCULATED,
; -3 B
% o
B |3 5
— o .
= = - HEX AGE PERIODS, BEX. AGE PERIOHS.
. = &
= L5 = . - — i o - = . = = =1 = = = o
| e <l - S ~ — =1 = - |ir 7| = = = ot = = o | £
] '}
Number .. 2837 | 74 | 87 | 86 | 76 [ 34 | 23 | 5 (311 146 198 | 74 | 82 | @7 12 | 48 | 844
131 655 | Attacks 26 ] 8|13 | | ] 34 i 7 18 I 4 | 1 13 166G
Doaths .. k. i 2 '] 3 o 3 - T plat o 14 =1 5 i | 11 84
e A2 s attanks 1 1R Rid 15 I a3 ! 1=} A4 i ¥ i IR 1 f ape | dydy e
nta aittacks .. rl | 2 2 ] ] & 337
Percentags deaths . 1:2 | 54|23 | 2:3 | 22 010-8 277 ) 66| 27 112:2| 19 q | 244




VL.
" i

J. ?.r:-'_r.?-rr' T

(16) Baghd 16146,

' JI-.'l;'|'IE_:|:| 18 '!l 1-||'---~.'-

Proviiing for atrict control and aceurat
I waz at the time Medi Officer of Health of
E-|||'-.'|-:_| 'E. '-'-.il.'| i W ll-trained -.|‘|i|.|"_‘-.' ataft The lil_‘. wWas :!| _'I-Iil.‘; Y QOCCUT
;I!!-ﬁ control. The sanitary staff included the members of a
Bection wh WET i civil life, samtary EI"!III'|II.'"- b i-!'r.l'- GR1OT

Was In ||.|"-_'-- ol i Wara |l‘. '|| :'i"-.

deaths and had them medicall confirmed 1f necessarv.

s were given to al

permitted without a certificate. Certifics ed persons

and these were prized and retan by them, and could he nspected m the
case of an atta or death |-§;I:u--. Inoculation was a very ]”'F:'“::"

TEaSIre.

Anti-plague Inoculation was commenced
of the Tigriz) on 19th January, 1919, a1
ad been done in December
||_|I-- .._I|l| |'_"|i' 1!]\

o b6, 997,

I¢ fl ]l;:ll]{
lationz which
]ll"_".'.:
Einst

further 51,4587 were ¢

g
the total mocul

In Bachdad West inoeculation was carried on  between 15th March

and 30th Mav, 25,661 m all bemng done represen

g 73 per cent of the
population.
The total thus ineeulated in the whole city reached 82,558 or about 50 per cent
1
of the ||H1-II!.~I'I:‘.!.
||| Prooress of ':5-'--'I!!,.I!||‘, anda the artacks al d deaths fron ||..':_'I,l are sl0wWn

in the Tables XVIII and XIX.

.|Ii||' "-'E.:_I:'.-' i!:l ilEl'IIl' of '.'-|::--'||- [ L i|:|n =|§_."--|| and :||;|‘:_.l.-|||,;'|.-_i

.“-ii-'||.-' ions was as follows :

Case mortality ! i 82 per cent 41 per cent
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Summary of statistics of inoculation campaigns.

The series of inoculation campaigns described above provide figures of a fair

1 F, r 1
11} ||;|- [III' '! e ToTm of SEatlzilchl

alysis which has beer

-C]I.'Erl".' L"I. ||'.|ii|.1|';--

;13-||].ix'-:’é to them.

e .'\',\-I the APpPro-
vailable.

I+ will be convenient to summarize here in one table (T

priate ficures of campalgns for w hich comparable statistics are a
I :

The
i;:|||

oculated. except in the case of Hubli for which the fisure of attacks 15 not
|1|||'.

"y 1 1 il = -t o
| he tollow I I'::|l. !']_;Il'llr:- have been made [."-‘I‘I ree combined table :

irnres eiven deal with average daily or weekly populations exposed

aths

amongoat the inoeculated ;

w the numbers of attacks and d

|:.".l ) .'r:l‘.-"" |'.-.|.."..r-.-|r hll il

§,004
il . A8 3.1
Attack rate per 10O B
Death = 11
Ca ortalit 18 per cent r CEn

{H) _|r.--| ll.l.l.."r...ql ff-r".-ni-_
[

Death rate per 10,004

'-'-'||:'| the imoenlat

The ratio of plague attacks and deaths amongst the vninoculated as ""'”"]"1""II
1

n Table XX1.

The combined fizures indicate that the incidence of plagu: attacks was ;||-‘,-|H.\'i.-

mately four times as high amongst the uninoculated az amongst the inoculated and

the denth rate six or seven times greater.
'T,-.:|||- ,\\| (t0 the nearest full 1.:'I=l ) show the attack ratio

ath ratio (excluding small outhrealks

The rat T :_'i"\.'l'h in
ied {from 4 to 17 times, and the

Vil o
|

no ';.I'il'lll-c OCCNTred amongast the il.lll'!I:'I"l | :-l"fll T to 11 times.

[EH] I;:."'.

The caze of the Dharwar villages 15 of spe inl interest. A wvery high figure is
shown for the total incidence of plagne. This is due to the fact that only houses
have heen included in this seriez in which at least one case of
The |||-‘5‘.|il- !-HL of '|-'|:-.;'I;-' il'.[- t1on 18 thus evident a
villages '1-':.| W :.'|: ||f.-li-~r'- In w "!ir!; ||':---|-'|"-.';|1§|-=|-c Wers |-r:|_k' ||';|||-- after the -'|-r|'\;'||:|-Tir.'|'.
i i |||.;.:|I;:1:--!;- exposed to risk, the condi-
I =
ted as compared with inoculated

L peeurred.

& for these

of inoculations, and with SuUDEequent ni

tions for the trial of the efficacy of anti-plagne inceulation are ideal. In

L

the ."--|;|1i‘.-' attack illl'illl":i-'l' AMOnest '.|r|i||--|':.

was 3 to 1 and the mortality ratio 11 to 1.
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Inoeulated, Uninooulated Attacks. Desths, Attacks,
- 1 i) 3 5]
] 1 i - e L]
. 14 T T8 %
! 3 1] (i}
=3 ¥ LU
_ Mot ax Mol 2 348
1 | . 2]
8 H G
it o 23 G5
i1
11}

3K
AvVOramEs | 147,706
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*E ling Hul

hont geries a ficure which we consider to be of

Owver the wh

s gerles the ratios for
uninoculated were 458 per cent an 9 I
I

er cent respectively Fron
MR

hout fatal cazes. the mortality va

It will be seen that, excluding eroups wit AEES
«d and from 50 per cent to 96 per cent

cont to HH Cent amonest 1nocu

I I
amongest uninoeulated. The lioure af 96 ner cent refers to one of the verv carefu

! 'll'-"l % i Ccampa i'-_'ll-

In every instance the case mortality amongst the inoenl
WiLs l'||i:-i||| !'.'!l:i'k' |--'.'.--!' '!!_-|:'| ATCnirst 1|;|- !||!E|1|-:"|!.:|I-II,

A consider idence availal
t inoculation with Haffkine's plague P
protection against attacks and an eightfold

T

= 3
FIZE W

ires would indicate

thly a fourfold

1¢ fisures deal with a total aver

1 the oo

re population of over 300,000 exposed to

ence of oy

1
r 5,000 deathz and shonld be suf
the estit ':!'i"'l.lll-zi.l"'-:l ue of inoeulation as over 1||_

gtatisties include fieures for laree

and populations living unde

cltles, smaller Towins and

Hages, 1nstl-

| -|:|- ' I comnil ‘i"'l g of housing and observation,
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1 to be fairlv "l'!*l-w--r!‘-'iri‘- e of average conditions n

::r|l! mMAay be tak

other Eastern countries.

In regard to certain of the inoeu ns, as for example those in
_';|||:-! ;|;‘||£ gelected communities. a .'Ii-.'l. ility can be gaured ; "-'.-!I;ll' 11

:':-'_'!.! to the remamnder, "|!| e6h TO BUC

have bheen mentioned i indiva

instances, the ficures are fairly reliable, but are prebably as accurate as we are

to obtaim under the conditions prevailling in India and with the resources
ally at our disposal.

TapLe XXI.

{ " o o 7 " = ¥ i |
S o thg ralio ol affacks ard i atlis. case mortalify and Comg arafive et enc

¥ T 1 T n . . " "
.‘_.f plague allgeks and deaths amongs! inoculated and wninoctdaled.

PERCENTAGE (
X I CAST
Outbreak T ULATED, TALITY
i I¥0CULATE USN 00 ULATE]
Attacks. | Dea Attacks. | De Attack Deaths, | JnoeH- | A0

iated ! i

irreetion 1} L R to 1§ 5 3 L

Lanowli. . e 4350 A1) T 151 ta 1 - I, i i
Umerkhadi Jail n) T 170 i to ] & G
Undhera - 1,130 120 § (G0 i to ] 10 ta 1 n= ol
Hobli .. = 130 1920 | Notavail-| 10 to ] Not available.

[ L i
5. M. R.;, Hubli .. 184} ol ] 270 3 to 1 9 ta 1 af fi
Belranm e 1 64) Ril 1,110 T T ta 1 0 to 51 08
Jewish Community, 100} B 541 B } to 1 11 to 1 a4 T8
Aden.

Nawashahr o L7 14 193 151 6 ta 1 Bt Wi 8
Kahma .. ha - b 113 Wi i ! S
Khatkar Kalan v it 10 178 148 3 to ) 7T ta 1 i 83
Saler T 158 g9 623 RO i to T ke ) 2R
Coimbalore - 113 21 a12 217 b to 1 1 to |1 +7 i)
Dharwar villages .. 1,040 220 2,440 } to 1 11 to 1 5} T

B

mghdad 33 11 fi T4 58 T to 1 9 fo 1
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CHAPTER IX.

EXFERIMENTAL METHODS.

Tue natural occurrence of plague in animals suitable for laboratory use, and
I‘}|-' :-CIJ:-C:'I'||'I||i|iI_'. u[ .'II..'I|_'-. .-C]l-':'il ] T art i'i!'i:l' i.'ll.l'l'l il’ I, |:I'-:l'-. !IEI 5 r:ll'i|il il bt |II|I' 'I|:l.'
investigation of the effect of immunization procedures which are hardly obtainable
in regard to any other kind of human disease. When Yersin (1895) first carried
ont hizs work on immunization ArnInst ||..:|,':II-- ]i]ll-\'~|4'=|;_f-' of the eX]H rimental
methe auittable for mve lon was in 1ts infancy, and during the earlier per Tt
of the plague vaccine the methods empl

resinlts obtained in

of study

Vel were :_|ri-:.||'_|hll ||j‘.' :||'|.| etive,

rard to different points were very discordant in th
The

. 0N A ("lfl-i!il".".ﬂ Ol O

hands of d ant obss

» defects in the methods used may be illustrated
the experimental evidence before them, the
wonclusions with regard to the relative

LR

Indian Plague Commission arrived

value of the sediment

d supernat: nid of Haffkine’s wvaceine which were

i '|'I|i.'|_ g wl!|||'-.'-|| .'-'-.' H!'ll-u-'-..il;l-||| ‘.'.':.ll-.'_ I||1l!|i|r' l'l'5'|.;IE:!

hawe provided infor

1 11 manu ‘ture, the methods
£

i in accuracy and not capable of pri ducing consistent results

exact |_1' ‘.|'.-- up[:u:{i‘.-- of
of the experimental results obtained d

1

ring the carlier vears

mation on which has

een based many M pProvemer

employved were lacki
ili. a &t ries of successive "'\[II'I'.TII-'|:|'- || !||-".| s were not .-_.[:;|||'!| of .'\-.'Ii"l'\xillﬁ
quantitative difl i

|ZII'|'|I._

. saE E K | - i W . arl tod §
rences N Wi |!.l' e 0 VArIATtlons 1n ||.|_|.-r_||_:-_- adopted Tor

ring the wac

while at the same time providing useful information on
broader lines. .

The difficulties of earlier workers and the variations in their results have heen
found to be .:l.""_'"l_"- due to the selection of unsuitable Lypes of eXperimen tal animals,
and to the use of unsuitable and inaceurately measured doses of B pesits for tests,
ute has shown the importance of
sible to l!llll'l:_‘. an l'_\]‘.l:'_"il‘.ll I":._l|
] rential value, and th i
experiments may be made to show consistent results not ol
| 1 methods. Solid il:'rl.'l"i'_‘. in |:|;;__".:|-
| the results of our tests with anima
1

imunity has, atter a long serics of i

Recont work carried out at the Haffkine Ins

these F!-}il'.h—' and also demonstrated that it 1z p

1

Ay
¢V ana

ey 4 TE .
technigue ol r-:-||:~':.|--r':|ln of ol

Lhe

older experiment: obtainahble
L]

nmunity sl

of natural
a natural

= pOsscssINng  some (e

ow tl 1018 chi

8. Az has been ill!:"il.l'l! In  pres

1
rats of Bombavy city. L) comparative tes of the suscent ity nese rata to

""I. "|I:Z"'l|ll1i-' 1

infection with different doses of B. pestiz gave the following results :-

city - 4 1] l
| 3 75
. 25 1 |
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It will be seen 1h:Li 'l.‘-||i|r' the Bombav rats showed ('I11I:!l|l'fl' Nty
the smallest dose used, a considerable inerease in the number of organisms i

regulted in a hizh r|‘;||1'l'|!:' r It iz obvious that if we are 1<I.I tem pt b ol l]lI¢II|*r1.'-'
immunity the dosage of the test virus emploved must
if llll-zni|l-|L- an accurately measured one which Wi I Lkill
In much of the earlier work no att empt was made to fix an exact doze of B. pes
bhased on the number of organiams mjected, as a test of immunit ¥, altho '|,='|| defi-
_l|ir.-|l'.' killing doses of virulent strains were nsed. Under the cirenmstances sucees

be within eertain hmits, and

a 100 per cent ol -:'||:|r':'--|'-'

-

gIve 1-}.;[r-=|'fr|1|-|'.1.-c, including those ecarried out at thiz Institute, were not directly
-'|JI'I!'!].']I':|h|-.' and were J::Il.li-’l L0 H|:'|‘.‘. considerable differences in I'i'H'I|' 4 An &X: 'I'I!‘!'l"'
of the variations which occurred iz given in U h||- er XVII, L

lhr r!.-- '..';|1'_|_1: of -L'.I_-:'l'l'-i-ii'. ¢ hrews of the p |I"|H' VECCITe 10 W III. h w 4|"' Variat Il s WeETLS
indieated, and the results of repeated tests of the same brew did not tally. Later
work |11. revised methods showed a distinet regula iy in the action of || vaceine,
el fo '-"-|||.1|||'|'
|l_\.' different '.'.||."|c--!'~' at different times. These include preparat ions of Agar slopes

aa|-| to the tests

It i 13 UNNeCcessary to deseribe in detail the methods '-.-.‘I-"H-1 doses 1

‘i'iil:lTﬁi--qr-" broth cultures, I-- viinom L N ifuls of cultures, cutaneous moculation

with cultures o passagc anima Is’ 5|'-"|~. insertion of a needle -'ii[||-.-|| imto broth

cultures, weighed doses of ||'!:|:|i- rat’s spleen, etc.

In thiz Institute, for many years, the infecting dose nsed consisted of an emul-
sion of a spleen of the passage rat given in a dose equivalent to 0-006 to D003 g

of original spleen. The method plh'-.'-|l'-|

vt deal of useful information and

||..I|-.'§-'| al

lacking in ¢
of oreramsms, the res
improvements
method, |
|'='I||: ;|<|->||';-
'.';|1'|'j_l|4'_ ._>|||| |'.|_|- '||_|' '\-\.1||I|_"' il_. rxact -:.l I.|E| Ii|. l:'l-' [ |'I-|'.'f ||[ '\.:I"ii!|i1l.’ll"' il' |::|'1| |'||-

preparation, or the changes which take place in the vaccine at various stages of

]2[:|r|||:|'.:-|,l'-|r'|'-. '.'.'| '||'!| ||;||| |||'l'|'| I'||'_.'!-.-i'1.<-. <1 ill '|:| -'|--!:l |-‘: '[ll'l‘f"l"l' 'i'l'!'l[l -‘-.'il'_u 'I:'I':'
methods. The reason for the failure in acenracy of this method and the irregularity

e I"|l.'l':-C".‘I|‘-'.=:.’I'- l(-l:h;.-'il"l'- | I.'IEI:'I'l

| :-u--r.|"' | | '-. .i--.!|-|' ||.;!"'- ‘--:-li'l.-'! |'-|.- I-,-ni-..-.f.r..;u '.'||[ Ii||'
= g 5 3 . 1 3 . . . -
which have been made in the vaccine from time to tim

vy, failed to be of sufficient accuracy and regularity to permit of

in --:-|||',:-|-1in|| with a technigue for biol '_-:I':I-. standardization of the

i|'| '|'|“u|'.]1-' obtained h".' it will be found il| the ETeat variations which ocenr in the

bacterial content of suspen sions prepared from successive pass animal spleens.
One such series examined showe d th || the suspensions equivalent to (003

5. '_'.'|'|~_ 1D G0, 2000, 46 000, 32 (0
t if a carefully measured
H. l.]_:.l'_'\:.r-".\. 18 u'i1.'--_=| Lo Test ;LI.'r|1:|]-:. |||! 10 l'-.'I!'II'II.EH .‘i |III -]Il..-'-.'*-» !"-I:'I .:I' A N

5-']_.||-J_'_1| oave Colunts |II'I' .. ol

Wi || has shown

t:l-'!'l"!' |-_\-,"! B

Ih:gl i1|||11|:|'.1_4- ||_ .-gr|i!||::|-' will he ||:|-- to show some degree ':I. 1'1---.. L
]

BICE

.--,:.=.|1..~| it,

]'*—:-» |'|-u-||.!|' resnlts .||| e I'-il'::illll |!.;|I| when the :.‘I|.ll|‘.‘lu l!llHl'll’-I.wih'_:—'-:-I. il

known multiple of the minimum lethal doze. These observations with reoard to
the importance of certain dose lmits used in testing immunity probably explain
: :

how the earlier differences in :-pil.‘.ln.‘l az to the value of the vaccine and its
fractions arose.

Before going on to describe the experimental methods now being tried, the

.|I.'l':-€fillll of the 8111
The animals wl
suitability and include monkevs of several “I"'i'"ﬂ' rabbits !I!il'.l';l']'i':."-. trapped

ability of different animals for the purpose may be considered.

h have |||'|'|| nsed for ‘l'-‘-il"_- |-|..-g|.-- vaceines have been of vars i||'_I

wild rats of several species, and laboratory-bred albino rats and mice.
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va were uged for some of the expermment tal work of the German, Austrian
ian Plague Commissions. The spet ies employed ine || ||-<| Macacus
sinicus, Macacus radiatus and Semnopithicus entellus. 0Of th

Ita obtained .kll

| .
i cles J.-.r.'.-'r.-r Us

108 were

o alis was r"|-- !|'-'I',-': -|.|-~||||1|||| I||| 'I!'n I

il?"'.-"-fil?'. ?“.-‘!'-.llr_I"||.'|:'_|--||;I".,.-|_.-.-. lipiis .n'r-|'|."-'.'l."~-"-."lul|Illfll'|' | .I--I"-I‘T'
tibility was very irregular. He | thod of infection, consisting of thrusting
under the skin a h lermic needle dip ‘.-| a broth su
later : i
the minimal s
monkeys

1l]-l'- A
]: I- || '| cult to «

Lo Carry Ot work on a

pension of B, pestis and
represent man

v fimes

with

'-|'.-- va :
in individual '-lih':'l'!l':illil:l‘..\'.

unzuitable for most e experimental

1 .«.I|i|;|l‘_-| » infectin are 1rr oular,

ficient scale the expense is prohibitive in co mparison

cost of other more suitab

f
lo animals. We have recently used monkeys

:-‘n connection with work e serum and although some results

on in their response Lo the il:[l'l1i.’::_f’

of ¥

l,";l!-:-i "= II: ||r_!_ ||'.|| =i

ained with them the

' test proved them to be, on the whole, unsatisfactory.
L} o

to a considerable extent for plagu --x|u-|‘ir|-.l-|.|;|'. work
Yorain., Calmette, and Borrel (18%5) in their first

Rabbits havi

and w the anin

immunity aoainst !l.:I"_!I" could bhe obtained by
1sedd rabbits in much of his original work but the
arried out at the Institute by the Plague
taff on the
of

siha (uent ex

1 pidemiolo;

1eal ;i'!-'i-'-C and the Institut

Research Commission in

hhits
animals
15 not been

_--I_||'-'-.;-'_ Il!. |"|- Vaocine was -':|!|-E':-"|-i on ‘-Illl 1 B iIEI 1.!.1|1 i Sy
|

sufficient to meet the requirements was impozsible

are nsed annmally for experniment 1l purposes and Ior this

pozsible to work with rabbits. Our recent experience of

--.‘-'|'-'I"||'--*-‘-|| worlk is based mainly on Lm
VeI
for intravenous i
s woere considerable diff

their 1 for trials of ant

account of

ical experim

for chy e ther:
their ili
'||:|" the

» of this work
of different breeds of

[ ; . 1 1 3
12 of mixed Dreed, the

hare eross.  The=e were more rezl

rabhits bred from imported stock.
}
'-|'.'-I'-'!.:'Z|'." T ‘.'-|:|'__'I-' and 1n '-| e case of

from 18 to 76 orcanisms 100 Per cent

ixed breed much larger doses are

nroduce 100 per cent Mo tality, escapes oco

and even with 10,000 bacilli sul eously.

isfactory for immunity exper
l':-r ‘_l CIr resnonss To 1i||' i||i||i='|'_' IEIIH" = VeIl Ill" 1:'IZiI|
(3
respond well to 1mn
Ih|:|--_".|:' VACCIne. A dose of Haffl

? rattus has no toxic effect on these a

It | HELE!

ninea-pigs have beer largely used for plague experimental work, but do not

mnization, and are not suitable for testing the toxicity of

fine’s plague p

i) reports that immunity of 50 per

tained In successive eriments with

I
itute vaccine and tested with considerabl
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most extensively used animals in plagune
titute 1500 or mor
ute carrying out this wo
connection with their rontine rat trapping. The bulk of the rats
us and f. 1
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work, being eazier to ha

L ||I'li'\.'III
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regult in only irrecular groups being

¢l O yarlons

dozes o1 |':';|_| |§1|||:-c of a vac [rom i:.'l.lif:lr_' il 1| LOXI1C gction '.'.";

l';;:- |||"'l"'I||-.:_'l' il'!ll.'llll'!'-. i

apped R. raftus after inoculation
with Ha

2 VeI 18 1od |.'g:| ::"|IE '-.::Ii-'-u 0T |“ ||l! coent to B ner cont

acainst di s of mfection.

Nauwlu and Jung (1929) in summarizinge the results 43 mmmunized
K. ratfuzs and 1.052 con [

o nt aEaImnst a

!"-l!- ANOW an averaze mmmuntty of

aurvival rate of 64 per cent 1n controls

se of B. pestis is used the results obtained

11 "-‘u:'ll'|l a0 :l'i'l,lf'- i TER S "'||| a

are not /s regniar as 'l-w-':'!-"l |'I' CLERITE

the results of EX work with g shown the i

of teats and v neat tosts of the i-:':llnlfi'l!! conferred by the pl e
The results guoted by Nad
when the ;'||||I:"|5- ||||-- nael

INE SETICS

A
(19259) show an even oreg

Used in sufficient numbers, and wath large
1 determining

Ell'n-':.ir.--! by different meth

series of controls, B. rattus i

I.Ill.‘l'! lnes many points wit ||"';.!-| 0 T
| s

ds. but the reaults «

sufficientlv regular to permit of it being used far rdization of th
'~.|l'lill'. .|'.'|-'.". are not I.liil'\. =1 ;'..||'| for elue: of vara
the methods of o 'I|:i!. tuirl the v

and mmmumzing value and in other e
the various

desire,
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¥ arwlion i response of E. rattus fo smmunizalion.

Number of

rats

10
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=

has been used to some extent for expermmental
s VaccIine ||'_i' Wi ' LALEL ['. 8 1se, :|-~ = |-:'|-!|‘-||||||!\. 15 IESS

rattus and we have found it irregular in its response to infee-

ality was
only

cont mo

a dose of 52 B. peslis a 66

ose of e Mmat

» with ten times t

- - - 1 1 = i
Ja per cent mortallty ocenrred e | ihzEe (A ¥ obtalned a nrener « ¢ of 1Imn

rats hoth with Hafikine’s vaceine and with other vaccines than we

s TT |||||'|| Fats Dt | 18 CONTrols '.'.il.n thie game sftram -:l""u'-'l" H i-"l"

W) per cen per eent respe tively in successive experl

+F |7y | ey 0
1tEe _|.| =1 Obta .--| !

1
vipe of vace avainst doses ol

srience the wild B, raffus cannot
a :

i T - F . {
1. This resistance of

PR L Lablv
ts and thev are probably unsu

oo 5T
_|r."l CENL TR rOveETRenls i ex T rimenial i l'|'l-.--'-'||n'- g

ze the Haff
pped Madras
1e-rat spleen emulsion, during the vears
uling the eX rimental methods used.

dd in the att Mpts made to stan
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A prolonged investigation for this puUrpose was undertaken I._., i |:|!|-.l. and
la Frenais and has resulted in the introduction of a revised technique which has
given relinble and regular results over a considerable series of tests, but whicl
:-\.I,i” ‘:-ll'w--.'.‘|l*- Certaln |!5|'|:ll,i1i1'*-.
Attention was first directed to the question of the infecting dose of . pesiis
used for the final test of immunitv. A method was sought f
]}

B.

preparing test

1IAT

0Of TEg

I |l"l'-l nt an exact '|.'I|':I‘-i.i'-'""| |||l‘-l

material which wounli

‘-'III-|--I'|I'--. and w !.'r 1 Ol :| he reproduced with a uracy for use n

il .
--: Ot Oon the 'I:I|"-| III|- (1]

SUCOOSSIVE DX The work which had been ca
1

||‘."' 'l."'-'{ L

r provided the bagis for a

I!!llll" lZIlIi"III"I!:‘-C 1m A

I""_"iI.LI' manner at a nNxi li remove from 1i!l DRESHEC .i.‘l-ll'-.l BSONUTCe. Il h [ll'i"'l |||-|"'

lating the B. pestis as described in Chapter A and

1 !::'41 ;:|il|‘.-i|'l| -'||P|--'-||"i ill LR ]

after 48 hours at 37°C. and a subsequent four davs at room t

I'r'~|l|‘,l'-.' |lx-I off the !-'::-:_:!-.:-_';H' waz inociulated mmto 10 e.c.

of standard composition This was mncubated at 37°C. for exactly 48 hours and

{35 c.c. of the culture then transferred to a second 10 c.c. broth tube which was

tor a simi

ineubated 1 tube a series of tenth
dilutions w

11 Th1s Wavy was [on

Aar I’.--'Inll:l. E'.!'-'-I‘:I :]Il' _-:|-|-||r||i :‘-|||:

redd,  1°0 e.e. of dilution 1 in 1,000,000 of the ¢

153 Prepd

.|||'|I' I':I'1"!-. Il'|!
"iI'. i |-|| Ny colnt n[ 5 to |1|"'
y 10 bacilh

will kill 80 per cent to 100 per cent of white mice or Madras E. ratius with

{ to rive with remarkable re;

oreaniams. The strain of B, pestis used 13 one of which a dose of T fi

:Ii=|:'._ _-|u| '-I” !|-C':.'.||'-.' |I|I J'"' per cent -.'|. |l*- :!'...fl.:I!*-. IF.l'll Iill.'\ |
doze has been selected for use as a test of iImmunity.

The tendency for B. pestis to form short chains during its growth in broth
1.I|'I'|l-"-'.l-.'|'*- a -':"'|5Ii|l -"!E|"i|"l!' ! il. --|-1..ir|i!.'_! aceur
tice the method has been found to give re

ACCUTACY LI

LT CONUNTS |l'- r-|:I|ir|'__' h-l.] il. |.I!'.'.l"

resnlts

rar has made possi

stz by colony
hr'i||'_' |||l'_:|i|_' IS o ;'|||'l.'.‘|_
¢:||I:!?|I::‘.i---' af re inoculated on to if

growth in the i

rof the resnlts obtainad bhy th

(i O preéeparing the culture

1 the counts for them 1s shown by the fact that the fourth dilution |

heen t2 ten times

IO Oon repegtod tests 1o mve

number of colonies shown in the fifth dil

The ':'lll"lu'- counts have been che «t counts under the micro-

scope using the Petroff-Hausser B:

e
'FI it |.:-|!-.-'.'.'i|:_¢ T ||.l' |'--|;._?:-::|._|5".-' :l'-!!|||- i il';|i| ."! by '_|'|- twi methos 'l.-.‘:'_|:
three successive ecultures :

mint
NOT o
st Cultur it 52
2ndd . 8 15
drd ! : it D

The differenc
]+

separately connte:

'8 ATe |-|'||"'-..|--:'.' --~.'||1.:|"-:.|-}- by each oreamizm of & chain

while a chain will probably produce only one eolony.

'I!l:.‘.'E'l.!-'".'-iJE:il.i! method does | of COTse li.‘::-ul'.‘:rgll_i.-ugi '-.'i::_||||- Orrani=sms.
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[n using test doses prepared in this way the fina dilution was used for infecting

count results obtained later in confirmation of

as soon as prepared, and th

1 of the dose.

With the use of this method of Preparing a standal d dose of B. pestiz a

considerable 1mprovement in the reeularity of the experimental results was

obtained. but at the same time there was still some degree of variation. One
liff _ ]
obtained from a F=:|I".il 1l

1 irom ti

cilty 1-\'|||"_'i-'r||-'-i was the lower virulence oceasionally found of the strain

ame rat, In comparizon with that of the siralns

|||||<'|II|I'I

11 1 # il +'a ]
g preceding and following 16, In the efforts made

to mmprove the technigue further of other experimental animals

for the maintenance of the passage strain and for the experimental tests was

frizl and was found to
be immumzahble

. and to --|_l.-.'.
and different ty

!---||| g o 1IMmmuniZation

of vaceine, which were of a guantitat

e wild . rattus which requires a dose of Haffkine's vaceine

1 o 'I!_l =E ii-‘lll

o toxic mortality in a certain proportior
lea ] [ i | ith which the averam

hle degree of mmunity, and wi
vicinity of o) per cent to 4U per cent, the

Lo T any Cconau
I .

immunity obtained is only i

tory-bred white mouse will show 100 per cent immunity with great regulanty

the test dose used. when immunized with non-toxic doses of the vaceine.

a8 heen found

The suitable dose for

1
Iy

ta be 0003 c.c. of the star il 1 » Vaceine and Il immunity iz obtai
the use of this dose. With iz abtai

ned by doses down

to 0007 c.c. in certain series » graded doses from

008 e.e. downwards shows differen

t resultz in the cases weaker vaccines.

Allino mice have been selected for future work on the plague vaccine on account
unlaritvy of the results obtained with them. In subs quent sections of

the 1
15 Men

these were the animals uszed

ir in which

» first results of the ¢ "\-l""il‘l': :‘-|.:I. Wi Il-. E.'I :'||-|I|i are l.:.l 1;||-I

The method of preparation of the infecting dose has been revised in

ar is kept at room te

certaim ?"-i'.""- Th [T

C.) onlv and the eol ny si lected for moeulat imto broth is i ked off on the

sixth dav. Both the f

ig 1 1 F
gecond 48 hours brof

this temperature. The period of mcubation used and the ter OW

imcubation
the ::::-:-[--

emploved result in somewhat higher counts than were

at 37°C. was nged, The z=ame dilutions as formerl

2 PR | T f 4 =11
tion of a I-HI' ten times that oI the K1l

ng one in the first instance was arbitrary.,
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CHAPTER X.
THE orRGANIEM

Pre paralion of s ed material and determinalion of prrity and virulence.

Tre manufacture of the plague vaccine from passage strains introduces difh

from rgan 1515

culties which are not experienced in the case of vaccines prepared
« from the heart bl
ther orcanisms whis
;|r'i|.-__- invaded the blood stream being present .;iillil:_ with 5. preslis, and the CXPe FlETICE

insidions and difficult to detect unless

[LHERH
i

Imai

rats, have second

has been that these contaminants are very

\-'Fll'l'i:l,| 1r|:-'|!|-:|-' are l"I‘.I'.l|l"-.l'li.
]|~:|l|";.;:|:.-- I't |Il.L | 1| e Ly |l "iI: ..['I'l" i
with the formation of stalactites and tl

already been described, as an indication of purity, an

nee of the erowth of the culture in broth,

clearing of the rest of the medium, as has

considered that only

B. peslis was capa » of furnishing this characteristic type of growth. 1l hiz test was
carried out at 80°F. T
material used in Haffki

1 a1 ) vl weitl |.| 1 F s o antmals for the T =g
inocalated with the heart Dlood of passage animals [Oor The PUrpos:

L -'!;I.l;il tite test was !!:-' -'=|il- test Of ||!:|:"- n'[ 1:';-' i

'||-'_- |Er|| ;;|||| ‘;'-.| many vears .:|i.||'.'-'. 0 the |-;:.:IIII.’I.-'

or subsequent use for the sowing of the vaccine flasks, a considerable IO

1 8 COonsdguent

n
!

as much as 60 Ir||-|' cent A6 Times :'|.,_-!_ to he I'|'El'i"|l d as LT LT, '|'-.i!:
f the vaccine. In addition, « the period of incuba

ted as ~-||l.‘.'.'i_':__' obvious

delay in the manufacture
tion many flasks wers 1
there was a further :'"_:' ction of brews at final "H";‘.'.'_' of Fil'i'h:'-'- Hafikine also
relied on 1 i ¥ ine at final testing
at the end of the incubation perod. A che ss appearance of
the surface growth on agar when seen ':-_1' reflected light throvgh the d: |'1i of the

- was considered by him to be a reliable test. The Indian Plague Commission

contamination and

| III "_"-'l'-GI_‘.'I.II ArRNCER a8 i '_'IIi'i" LER | 'II'”_\' 4';“ I.JJ' VECCI

racteristic o round-gl

'!!l regard to this oIt atated their r.~||:.'ii-.~|' that : * We do not think this method of
gontrolline the |-|J|'§I_x of a E:‘l-!'_'il" enlture 12 one that "Il:_'| t'to be !'—':‘I-'!:I:!.‘-' adopted.
We are, however, far from |!=*||5|I:'|-_- that the character rveferred to mavy,

. ho has the special experience of Mr. Haftkine, constitute

hands of a bacter
a trustworthy index of the purity of the plague culture’
Thiz test continued to be used as a routine for many vears and, while cbvions

sonal experience has been
whether or not to pas

contaminations were frequently detected by it, our p

that great difficulty was frequently experienced in decu

eertain cultures as pure.  While manv brews were correctly rejected as mmpure on

[!;Ea test 1n ri.=- | il -:! '_;|‘|-|' |_\;|..--;'i| e 11 _-||||--:|! a by no means il‘.i]-llli::i|l.l' -’|.:|f

vaccine was occasionally passed in which the growth was not pure B. pestis. The
difficulties and delays due to use of material li hle to contamination, under the
'||---i;;| conditions of animal eultures adopted, interfered greatly with the regular

]JI'-H!!.Iﬁ_:ln of the vaccine and the rejections of doubtful material were a large

source of expense. It became necessary to revise the methods used and a '|Il.'l.'|:|.]

( 92 )
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‘-""I'.Il'l.' of Il:||- eontaminantsa -'-||1.'|i__r|-'-l |.|'|II|'. ._;||i1||.'.| -'I||I'!I'l'.—~ wWas |.|'-:|-.-|'1.':|{|-I| for
se by Dr. Goré, for manv vears Assistant Director of the Hafikine
on the results of whose work a new technique for purity testing has

Dr. Goré zstudied in detail those oreanisms which were fonnd :||I-IL" with

B. pestiz in eultures from the heart blood of passage animals which gave a surface
indistinguishable from or markedly resembling B. pestis

crowth on agar In
Oreanisms with these characteristics were found in about 5 Per cent of heart blood
ecultures and congisted of Gram negative bs (Gram positive bacilli, and Gram

|Jr-.«.;.'i'.'| cocel.  The greater proportion of contaminants belonged to the coli group

and would have been detected in the old stalactite test by the production of a
pniform turbidity in broth culture in 24 hours, which would not subsequently
clear.

Certain of the other organisms which have been found as contaminants, if
Il numbers along with B. pestis, would not multiply sufficiently at

[ll".'*-u.'rﬂ 1IN S

80°F. (the temperature at which the stalactite test is carried out) to interfere
;||_|E:|||'|'i;|||.!:'.' with the APPEATATIC of the stalactite erowth, and such material might
be uged for seed purposes. The final test of [:h!if_‘-' 'h_\' ||:|]{|'|!---_1'-' examination would

if their growth characteristics on

not suffice for the detection of these contaminants
agar resembled those of B. pestis.  With the J'-:.ni'-i“t ies of the occurrence of mixed
orowths from heart blood cultures it became evident that it was desirable to work
with a single colony enltures. The inoculation on to the surface of ordinary agar
of a sufficient amount of material to ensure growth and at the same time to
attempt to obtain rate colonies results in an irregular growth in which the
colonies are of variable size and appearance, and from which 1t 13 not :I]‘-'-':l_‘-':'\

]1!I:~'.-'~i||]|' (€] -Eiﬁ%iu:.:'-lf-'-h a t'|-|1.--'|_'-.' of B. e stiz from that of zome of the E!-f"H-i|-]-'
contaminants fonnd.

A more reliable method had to he found and for this purpose blood-agar cul-
tures were tried. It had been noticed that when blood cultures were made from
human eases of plagne by spreading blood taken by vene-puncture on the surface
of agar, a very regular development of diserete colonies was obtained. When
blood from human cases was -[n'ruﬂ on the surface of a variety of different media
the development of the colonies was markedly regula: '
FI|'1'-'xl'|'||,'-L' .;1r ]::”n-:l was -'-'_[ll'l i:l ”'k {.‘l'\\.'l'.lll."il.lljl' L] I:’ll.' _'_'I'll"\.'. L | II{ .H i .\".-..\ :I'I'I':i I'l'=_;'-f‘ln=i]I]l‘

This --I'.'--'_-:|,'-!|||, that the

for the regular growth. Dr. Goré tested this point by comparative cultures on
hll’:-l’rll-;]_l_’al' 41r|l|, 1:‘|-E' i||'i||,--:]i'-_’l'-1 agar nsed as a !'-:'IIJ'II-.‘ll.' for the vac i!ll'. :.|II|. F'I-'Il]!d
that, when a series of dilutions of a broth eulture was ||]:||'I-IE on the surface of thesze
two media the growths obtained were very different. On the blood-agar a
growth of discrete colonies was obtained in dilutions down to 1 in 100,000 and
a progressively larger mumber of eolonies developed n lower dilutions, the
growth becoming confluent at a dilution of 1 in 100 in 48 hours at 37°C. On
the acid-digest .'|_E_’-'I|!' no growth occurred in dilotions below 1 in 100, very rare
colonies at that dilution, and a few at 1 in 10 (Plate XVII). Repeated tests
confirmed this finding.

Other organisms, ineluding the usual contaminants obtained from passage
animals heart blood, were found to erow l'l|l]..'||_'-.' well on either medium at 37°C.
in 24 hours,
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B

ference in the crowth obtained from

]l'l |"'!|:|:|!' |'|I-i||'ill ter ll4. ;li" 14 i l'-'l-l.'l "i-
in |J'|l""."|”i A definati ] ititativi ||

: : i ;
chifferent amounts ;|1,;| |!;;||I'.|:--. 12 Bhown 1n contrast wi

. . - ; 1 1
'.l_\.il o Oy D AT 5 We [ OWn
i | - | ¥ Il

']:l' _'...ill:'-' of ocrowth on

arar an | standard arar.

0l |-';i-i test ||!. :|i."I|-:|"5I' | oW th :-|||'.---| 0] ||| it Very !|-.|'|:

11 ||'I" H ..'u-\"'.-- !'|'nr|| ] |:|Ii.’|"_I I-I'_'.'|I_i--|'| a5kl :| }-|;-' :"\-|-|'!:

'5:'I"'-'- n to ":il"-'"'l'lllli..'i' || -.'||'i|.':||'i: AnNts w i:'!| LA :-u'l'!| COIMe Arrnss .‘| '-| B COUrse
of cultures from [LHE TR ammals, and alzo all others which we |_;|'. & had an ||||F:-|:_-|"!;-

ntv of testing includine B, prewdo-fabereulnsiz rodentiiom.

| tx i of

For the purpose of this test Dr. Goré (1929) ks
[ v surface

rahhif -|.-|-'--'\-|i

e consisting of a laver of blood-aoar F>|;||---'! on

of an ordinary asar slope, which results in & verv marked EAVITD
EXPEnSIve Portion of the medinm.

The method for obtainine a single colony o determininge the purity
d is taken from the heart

. 3 i ;
of the passage anmimal by puncture with a pipette after aseptic post-mortem. One

of the material a ited as a rontine 1s as follo

Oor TWo -'||'||_‘,;-- are '||'!;||'|-|i il| | ¢.e. 0 l"E-I'.'J!lll :-.i|i||l -C||:!!Ii||‘:5_ ]'-HIII: |hi:—' a *-\.f'_f'il'-\. |:[

'!51'”'!"'!!.‘-' I m 10, 1 :"I [y, 1] '.‘I 1AOMKY, and 1 1 10 000—are made by means of
standard platinum loops

A 1 mm. ]:'u |If|:| of each dilution is aced on the surface r;-r |h-;- AT AL "i|*-|F.. .Iu|-||

;il':'lll| ATRT, l:-I'!‘.' WO I'|!|| = i-|":"|5_' -_‘||||!|:'. | ;|j'||:_' :1!|- ATEs .--!. |;:|| |||!

v il'-l'li 1t

two sections by a greaze pencil lime on the slaszs At the same a 5 mim.
'u;._ru.ful of the hlood .«":«|-|"|*~;|-'| i5 !:I;ll--l: in a peptone-water tube for special
EsTS,

From the peptone-water suspension uted in 10 e.e. saline

a 9 mm. !il-l!l'[ill 15 '!.l
5 mm |;--.|.[|-| 18 put on standa
.'_'I I 'i.ll TSt |.{ (L}

golution and of this dilution a

d agar and a 1 mm

|-:|-';[|[|J| on blood-asar for a d

OWTH.

hlond Aar ~-|--|l|-h i|_||'"|!.':I|-|| '.'.'il:'| the

nenbated at 37°C. for 48 hours at the

SUBPENSN

. = : 11
|""|l'-!.'.|"-. |! BCTete 1N one or II'I'I r auuntion, wil |"' present.

If contaminants are present these will be well developed in 24 hours. The
cultures are kept for a further 48 hours at room temperature (80°F.) when the

colonies of B e sliz will be well developed and characteristic, (It must e remem

tion at body temperatur

ows beat at 80°

.Ir::I ].'.ll sy X ;|1|.1|

Earraint ol gr'-:\.l.',|. of this OTEranisnj.

om these cultures a -EI|'_ I |'|:.||.1:_'-.'

iﬂ-c-,;xf v ||;r'{-'-l ||'i‘j'. 'llil" [!:"'il'\' :|{ !!’Il' ||:i|'l|:.:I: 1-.;;- mMeantim |: 1 tested Dy
three methods @ (@)  aspecial tests on the peptone-water culture, (6) ferment;

tion tests, and (e} differential orowth, all of which are of defimite val

T}:l' .-":'r'l":.'l| tests are those _r.:r I1Il-' }-||||]I5||'||’| -:-|' H:.H_ l|ir‘_'i||- _-.-|||; §]|-]--]_
B. pestis producing nitrite but givi

¢ necative results with the other two tests,
'I'h--.cn- tosts Are -':||'r'i---§ OE ]l_'.' flil' B li.'sl -'-'l'|:|;::1|l,|- |';;|}:--I.'!r|-|i_ ]:'i, |"|', {;:.r.;'- _-|r||E
:|_” are '|J-.-r'[n|'1||---£ 4 i||| the one |||-||1|-'| f=Water r'|;|1'|||'

() HaS fest The peptone-water tnbe has a nlue of white sureical eottan-

wonl, 15 18 molstened with a 5 PeEr cent zolution of lead acetate hefore incubating.
If HsS iz produced the plug will show a brownish discoloration after 24 hours

mmeubation.
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Prate XVIII.

Regularily of growth of B, pestis on blood-agar.

Tubes Noz, 1 and 2.

Iulees

Nos.

a4 and 4.

Bueeessive tentl

1]

rabbit-hlood agar: 2 dilutions

Tuba 2.

Ditto, with spleen dilutions.

on Tube

idilution

dilutions of [EEERTE animial heart blood on

m

fer




. ]'".,r.l,-.".-,.,.-_ a5

(b)) Nifrife fest.—A D mm. |f---|lf'.] 15 taken from the 24-hour eulture and
L Arent On an -'-||;|- '__'|;|---- ||f:: o, If mitrite

mixed with a 2

minute or less,

15 1:II'I'."-"'.'Il | 'r:

I;:" _”: .': T ||:-'1I.':'

(e) Indol test.—The outer end of the cotton-waool -| 10

15 motstened with Bahme's reacents and the plue inverted in the tube. At the end

a further 24 hours incubation the development of a pink colonr on the plug will

: 3 : :
he production of indol. If by these tests a positive result is given for

sult for ”..'H and mdaol the peptone-water cn
fermentation tubes.
The fermentation tests put up will give the following results with
Mannite L i acid.
Laevulose - .. acud

’ ! .
Saccharose . ; T,

actose y : |-.-..|:_

Duleite : : : sl

The presence along with B. pesfis of contaminating organisms which do not
ferment lactose, saccharose or duleite will not be detected by these tests. An

0 T T O T wr b g Fonine g M | f ] )
contaminant which has been found 1s an organi=m of the J.:.'x.'rur.-.".'.,-

" . 1
110 IeTrments sacCcharose,

third test, that of differential erowth o wd-azar and standard agar,

he former m im after 48 hours i|:.;-l|||;|1i.-|.

f pure, show digerete colonies on t

rd agar

growth on the stanc

I« "'|lj|lll_'- |li|'1-:-'|| off from one

| having passed all tl

e tests a sing

- -:!'i_'il::l-. il .'Il'i i! Il"'iI::‘.I"| Into a i ptone-water tube.

wenlated into the balloon of acid

£ r]ll and |._--]|‘ at B80°F. Ths

';I'_-;. T | L. .:I iI-i:—C 2115

._|!|l'!|_ T |I|' :l'\-lll II::" CULTELE R TN |I'.!|| iseg [

e=waler suspension us o this purpose 18 submitted to ‘| e nurity tests and

yon kept for 3 or 4 days until growth is well developed. The flasks are then

samples tak: urity tests bef

1 : 4 :
evidenee of contamination the

& and atter sowing.

purity tests for the sh

ineubating room, but with the precautions

d such rejections do not n

] roceur.  Formerly

» number of brews had to be destroved for obvious contamination during |;‘I.-"

A fina

1odl of incubation.

| purity test is made from the contents of each flask at thi

) _ k termination
In the testing room several drops of the cultur

are poured over an a slope =0 as to produee an 1 commplet
uantity in a test-tube is also sent to the purity tes
rtment. From this latter samy 1 mm. loopfal i
I ] n standard a A=

ar 18 used to accommodate the cunltures from
area available for growth being divided up hy a

surface srowth. A small ¢

ng

il I'III (01} |:!||||l|-

of oeonomy

mobe O arar or

five different brews
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‘.I'Z‘In'l| marks ol '||

'll'.'.'|: CECTrs  On '|.- s

pure 11 no

mrowth oceurs on blood-ag

e, T T L -
agar slope prepared m the test

tests detect the presence of

ncubation in a small proportion of

- 1
toest, 11 :.E-||ll':|-|!_|'|1;_'_;.- e e

ne "-.III aepdod tube lL'-_..|:'i||

tamination or mixed growth in many instances. In the case of any doubiful

colonies the other purity tests may [T :'||r.|i.|i.
The wvirul S8 i pi ge strain iz «

white mice which are moculated with stans

tests on
prepared

2 to 10 orcanisms In &

in a |-:!r-:l!’:-] method to the seed material and a dose of
1011 I'-""l”“"-"g in the manner deseribed in Chapter 1X 15 ord E::I|':_"-' fatal for

1 | i

hese animals.
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4
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CHAFPTER X1
ToE MEDIUM.

j".lﬂ'fn'n'.l'r'-'-'.rl.'.' of the smediwm.—The acid-q
Warden and subsequently improved by M:
|-'I"r'l'.:ll'.llr-:l,lll,lll---1 ‘.h:* vaceine, The FEAS0nEs

ligest broth, originally introduced by
1l Gibson, has alwavs been used for

1 adoption of a H|l'-‘“‘:|r|] ol I'_'!iu
"‘"f"' for use in India given by Bannerman, which have been -|||r-| ed in Chapter 1V,
till hold. Relirious _‘.-||-|'|-:

iees preclude the use of beef, or beeof 'I'll'llll.ll t2 auch &

peptone, and economy which the method of .:llill..lhurl presents, 1n o

laboratory in wl up to 10,000 litrez may be required annually, is an important
ma in the manufacture of the
wmve been well summarized vidu and Jung (1927)

present method of

tion. The changes which have he
broth from time to time |
and have also been indicated in previous |-!g-|_*._~|--|--_.
preparation adopted is as follows :

conzider

The me 18 prepared in large bulk, about 200 litres us '|1||'-. beine made
at a time. A sufficient g juantity of goat’s flesh is obtained and fat. connective
tissue, and eristle re moved. The flesh is then put through an electrical minecing
machine and mi very fine. To each kilo of minced flesh 80 c.c. of pure
hydrochloric acid is added and the mixture placed in large earthenware jars
owed to macerate in a water-bath at 70°C. for three davs. During

this process 75 per cent of the available albumen is converted into albumose
| peptone. At the end of the three days two litres of boi
ledd for each original kilo of minced flesh and the mixture neutralized
4] !i'!'l'll'.'w II_‘-' the addition of 2L per Cert ]":r”l -'|||.‘.i:|:|_ The _'|.--:||g';||ix.-.;

ixture 15 tl 1

g WAater are

ted at 100°C. in the steam sterilizer without pressure, fo
red through textile filter-paper to remove the
utralization. A :-C.:'I!'.Jl|1' of the filtrate is
ogen content of the broth and, according

one hour, and subsequentls

heavy precipitate which formed on n
] for the estimation of total nitr
resilts of this test, a final dilution with water is made to produce

-'-:.'|-'-'.’|I"'1|,|||| |'|||||'\x'||' [E§] '_"-';-"'Inl |.|.||i||'l |Il I ||l|'r-.'1' i.|-'r|'|||'l‘1|r'|-|a1|||1
lized to pH 68 with phenol red a wlicator and passed through spe

)
i
Filtration thrm

1

distributed 1into flasks for steril

12 made when the broth is fir| v

lzation.

for the growth of the vaceine
nd as a basis for the preparation of agar media

ared in thiz way is used not only

ih-- medinm F

culture we

out with vacecines prepared with other media such
s 1I_‘-']J|II -||I:-'-|. papava-digest, casein-digest broth and hormone broth
'\-l:ll"‘u':l 1:'I:|.| 1.|‘I".*-'l' J:r'-~--:':|: T ;|||".';I|";I,'-_{l':-l. Over r!!l' |';|-i|_'-.' |'||!'--r|il,]'-'-i ;||'i||-diu|--'\1
broth ordinarily used. The addition of glucose to the medinm is found to
"‘-'|'|||_|'.'|' x';u---in-- !’.!I-'II'If'I'I! .r'r--rr i" ||" .!i1:‘!|' Or no '.'.;!llll'.
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98 Haffkine’s Plague Vaceine.

Standardiz
cannot be expected to s
th [II'I"!.I."!I'I'II |-.\' the
meat extract, ete., bt i:, F:|;lr",i| e 1t -i-u- heen found that th
in thi :|-i-i-:|i----~! broth are within com |||..|1.x-|\' narrow lmts. It has "“l.""

tion of the medium.—A medium prepared by the older methods
i 1 | i|| I|'|" CcHERe |||:
nse of weiched li'.|.|:|‘.il'-|'*~ of neredients such as peptone,
» variations which oceus

w the exact composlt ion which 18 obtai

recently been decided to adopt a method of standardization for the medium and
the ficrure -.g-|.=-.:"_--|:j ag a bazis was the total nitrogen eontent.  The examination of a

gorles of succezsive brews [l!'-'[::l,ri--'} in the usual manner showed that the average

total nitrogen content was approximately 230 mg. per 100 c.c. As the result
”.[ m .:||r|'||||r|-\._||'| ||'I |.:l" AIMONnt {I_r- ::|I|\\'|'| ':II- Jr: JIE 1'|'l'\-llll'| |r|1 or ||| ]IIIC'I|:'| r.r 1| i-

standard with growth in media adjusted to figures considerably above and
below 230 me., il was shown that the intermediate fisure gave the heaviest

& = [l

owth. This was found to oceur both with virulent and avirulent eultures.
Two hundred and t|'.il'1_'~' mgr. of !iil‘.'-.:',{"l'n PEL l"”' .. has now been fixed on as
the standard and the mediom for the vaceine 18 .|||_||1‘-t'||. to this level at final
dilution

Reaction of the medivm.—Bannerman (1908) studied the question of the reac
tion of the broth and eame to the econclusion that a reaction -]i"]l'h on the acid
gide to il]lu'u--lu"nI--||a-'_-:1 was the mosf ."-L'.nlll,-||||-- | 'U'H'-\.' Ilrl"u.l showed that
the B. J---f"M had a wi f orowth with an ||'|'l| imum at pH 62 to 70,
the mmtroduction of the ||'|||‘-I accurate methods of standard ization of media
found that the older methods emploved resulted in variations in reaction of different
brews. Examining 100 samples Naidu and Jung (1927a) found pH values ranging
between 66 and T4, and 1 85 ]-|-1'4 ent the reaction was between P yH 66 and 7-0.
A special broth was prepared by these workers and portions adjusted to reactions
from pH 60 to pH 7-2 with intervals of 002, Vaccine was made from the media
'.';'il FI 1|'-| i II.:.|"I-'I'I nees and tested for POTENCY. |J.1 |"'--II-":.-C I'-[ ||'Il' AET1EE WeTe il':'t‘:-_'l:‘::ll
but hi ing at initial reaction '|-H [
The 'mm[l---l wonate orowth nf M. Jr.-r sfiz In mecdia of a -rﬂ'r'--:-c;m|~||ir|'_' rance of
on was tested by estimation of via ||I| organisms after 48 hours incubati

wins

||".~1--e*|--'| Wis fiw-,'- I }:x' the wvace

el
at 27°C. The results wera

Initial |_-!|. Millions per o.c. [nitial pH. Millions per c.e.
R 30 68 G2
e 20 T+ o
G2 50 T2 55
e A T4 i
&R a0

The favourable initial reaction would appear to be pH 6°8 to pH 70 and the
former reaction is now employed.

During the course of incubation the reaction of the vaccine becomes
increasingly alkaline. This had been noted by Bannerman and was further
studied by Naidu and Jung Il'.!'_’_'.',l who found a T.':pil! merease in alkalinity
during 1?|--' first three weeks of incubation, a continued rise to the end 4-t
the fifth week. and thereafter irreeular variations from time to time. The
reaction of the vaccine was not found to vary during storage for prolonged
]u-rinul-;_
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A recent series of tests of changes in reaction earried out bv exact methods
have given the following results :

AT 27 AT 37°
Period of c.e. NJLD acid 2. N
incubation. or alkali or alkali
pH. roquired to pH. required o
neutralize neutralize
LMy e, 1 e,

Before incubatin A5 1-4 it ] 14
3 dnys. o8- ] " g
1 week . Ted— 35 -5 g,
= week 82— 12-0 T
3 weaks il S84 N ; "6 -3
i weel R4 25-0 78 &0
6 weelks A B 27-6 R 10-5
8 weaks = B4 27-3 78 B3

12 weeks vy R 28-8 T8 T:d

A comparison of these findings with the results of estimations of srowth at
various stages given in Chapter XITI will show t '
sponds with the heavy g

.‘5|'.-"l‘-""|'.|-1'f|| ﬁii'{':':-'." merease 1n alkal

ked change of reaction

owth which occurs in the first two weeks. and the
nity, eventually reaching a fixed level, follows
the course of the lessened growth which is found in the later ks of incubation.




CHAPTER XI1I.

THE RELATIVE VALUE OF THE CONSTITUENTS OF THE YACCIXNE.

F 2]
ol the

Tae differences 1n ||‘:-i!|i||'!. which were at first held as to the value
goparate i'llll‘-Ti|l|"|I1"\ of Haffkine's plague prophylactic have heen h Iy disc
» for the manufacture o
| in many respects

.‘.ZI a1 ":I.]'lir" -I|l-I r. The method emy |._..||| ||. Hafik:
]l.H vaceine result in the '|||||||I et 0Tl of a I|I I I |I: diff

from the s 1"||l|-1'||||I--'||,--|H:.-||=I ans and enltures which the time of 1ts

inkt -|-||'|-|]||...h-r|||1:—-." r the [1-:-||.|I'.II\|.*-11II‘!I'I' cie
Varrines -l|"!| ns 1!||;;-.1- lI.I:_'lll'_ --! |::'!' "]:l-!:".'.l !I"-n:. '1. ..:-l 1l I| |.l"-'l

-'J".I,. -|-,| Otee-

tion conferred by
was attributed to the bacterial bodies present and Haffkine’s contention a

to the value of the supernatant fluid in his vaccine was not at first generall
=Il"-"l"Jl"ll EEPe I.:'IlI a5 he had no di finiti [ 4] rimental evidence on 1|E!.'
P |:=|| to herin with. The --||'.'_|i-1|: of the Indian Plague Commission that the
supernatant fluid was of no value for immunization and might with advantage
: '|i|I a8y il.El'III"' on W |:JI'1|

be riirit:u'lri-.'i with has :|:r'--:|-!1.' heen quoted along wit

this finding was hased.

The (e stion of the relative value of the sediment and the :~|'.'|n-:'|.-:|‘;||.'. fluid in
I||-|r'|'|| [w L1011 '|-~ OTe W |If\"-!| 18 .-.|.'|, 1NLEE | | O i1 | |l |h|n II- ol 1r.4nl|-l1'LIi:||| '.'.'i‘} 1t I.!EH:I"'."T
pros ided suitable experiment al met | ods are used, and work on this subject has since
ghown very defimitely that the finding r.I |h.- Commission was exactly the opposite
of the true facts. Balfour Stewart (1900) first il rI'I'Ii-"I..'II'I' thi -I ]. nernatant
Auid was of immunizing value equal to that of the w ole prophylac tie and further
work on a laree scale has confirmed thia, Morson, \ yiedn, ar |l' \vari (1324) m &
sories of protection -'_‘-.'|||"'i|‘.::-‘|l s on K. rattus chiained the following results against

an :|]'|_F.-|-|‘i‘:!_=_': li_ll"'\-l' l:';|- E:':I'_' 1e=Tal .=|I|I'I'I: .

Protecting dose R Deaths

Nil (controls o 154 176 0565
Broth (05 to 2 c.c.) i i L 951
Bediment of 05 o.o. - 12 4t -4
Bupernatant fluid of 05 e, g 2 111 ol
Whole prophylactic 0r3 e, .. LS 4 ol

These fisures are the combined results of a series of tests with VACC]
different periods of maturity after manufacture,

{ 100 )
.1 I
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Naidu, Malone, and Avari (1926) gave the following results of further tests in
regard to the value of the constituents :

Number of Number

Protect

brews tested. rats us

(1)
Nil {eont § - {50
Wi - 18 o
Supermats . 15 214 38
Sediment s " 14 178 140

(2
Nil (eontral=) e ¥ n 178 I3
Whale prophylactic 11 1043 3T0
Supernatant fuid . 12 142 Ji-4
Sediment Sl = i 38 -G

These figures show that the immunizing value of e supernatant flud 15 practi-

i 3||'\L u-:{l,.l] L0 |'|=r n|'||||- "-|II & prop | 1.|’=III| anid .‘I|.|r a dose ||_[ |!'|.- ‘-'-"'“'I]'I"I t of a
similar i.||:|||'.'.i|_' of vaccine prod luces little or no !1.|.|1|'||-i1_1'_ The tests have been

rep ated by means of the revised --x]-s-r'llr|--:||;|; techs :_ql‘_:u- with white mice and

-'~I<-=|r|-|:u'-|'.-2';fi infecting doses of B. pestis and 1n EYery instance when 100 per cent
immunity was obtained with the whole wvaccine in these animals a similar
degree of immunity was reached by the use of the supernatant fluid of the same
quantitvy.

A vaccine of which 0-03 c.c. showed 100 per cent protection in white mice gave
following resultz with large quantities of sediment

.||.|'

Vaccine dose Infecting dose,
Sediment of 03 c.c : 106 B. pesiis. i 2
2 K - - " 3 e
100 e .. = . a3 e

Only slight protection was shown by the se diment of ten times the amount of
whaole vaceine or = upernatant fluid which save full immun |r-l One hundred and
three hundred times the dose protect ted '[I]II . These r|.l~|r|Th|--r~' did not produce

anv toxic deaths.

The whole value of Haffkine's vaceine resides in the fluid portion, the antige 1;:“'
fraction of the B. e slis Te -JJ-!"|H||I|' for the '|I"'l:‘"i. ction of |]!l1].'|rlll‘- .|.;p||"r|r 3
passing into solution. The solubility of the antigenic material is well shown bv the
work nF Flu (1929) who obtained high protect lon with simple watery extracts of the
bacillus. The sediment in the doses used has no protective value, It is possible,
and some of the observations made s ipport the idea, that a gimp ]-' hacterial Suspen-
sion contalning an -'qHI‘; ent total of .£I11I~'I nic material may be of equal value.
irhy |_x toxic g

but such suspensions are hkely to be




CHAPTER XIII.

E‘J'.“[”]l AND TEMPEERBATURE OF INCUBATION.

THE period of incubation of the vaceine originally employed by Haffkine was
g1x weeks., He fixed this En-l'iu|| an the basia of hiz observations of the stalactit
erowth and, shaking down successive crops of stalactites, noted that thev no longer
began to form after the end of six weeks. Bannerman (1908) later on considered

that the cessation of growth was due to the inereasing alkalinity of the culture
during incubation and found that, after neutralization, growth again commenced.
vs adhered to in making the vaccine and when
the first large demands occurred a shorter incubation period was frequently adopted
to accelerate production.  An examination of old registers of manufacture, dealing
with a period of many vears, shows great irregularity in this respect and 1t wounld

_I:|1' 51X WeeHs [i-l.'l]lll| Was 1ot :.;|'.'.';|

appear that the I'l'i”'-'i!'l"il'|ll‘.1||'|| was to ineubate for six weeks as the normal ]--'!'i|'||
but () when there was a heavy demand for vaccine the incubation period might be

reduced to as short a E.r_-r-i.ul a

s three weeks, while (5) if there was little demand and
a large amount of bottled vaceine in stock the flasks which had been sown might be
left to grow in the incubation room for periods even up to nine months. The possible
I'l“.“.'i"l ||i fll"!“‘l' "-:ll.'iilTi.Ul.li‘" :i!l i'lli'l,l]l;”illl] l,ll"l'i1l|,‘| O t}|1' '|III""'||I'.'l.' ol Il'll:' "u.!('('&?l'.' |!|||':"\- not
appear to have been sufficiently realized in the earlier years of manufacture and this
];nirﬂ had not been the .-IJ|lj|'|;! of l.']\,lll']'i“ll']it;ll :41|;||_'-.', ﬁl;'lm-l|=.|r:|| work has shown
that a very prolonged incubation materiallv reduces the poteney ot the vaccine.
Stevenson and ]{;1F3:l'!i:| l:|!|'_’l.|. in a delaved publication on the results of --x]n-:'i-
mental study of this question, carried out in 1911, found that the autolytic changes
which oceur during incubation result in a diminution of its antigenic value which
COMmences somewhers hE'[‘.'.'l"l,'H II_'|-' 1Tth |:.;::.' and the [I'_i]'l:: mont h of '!'I:l:'l,lll:l'lilill..
Attention was drawn to the question ot the period of incubation by reports as to the
:-'|"."'I'i[:'.' of the reaction after ':1|c:|:-1::];|1ix-n--x[||-1'i|-:|c-.-|| with certain brews 1 1909,
On examining the details with regard to the brews complained of the severe reactions
were found to be associated with a short 'I'-urju-l of incubation. To test this pt'-il:':
the members of the staff of the Laboratory who were due to undergo their annual
il]lll"\fllilti(?“ Werse lli‘--i.lil'li. i|'.'?|.? tl'll'l'l' :ﬂ]'l'.l'lll:l'a il]:‘fl iII(:lI'll,.iil,'ll_'li W |1 I'l ||]"i"l"|.‘:~ l..'r li."ﬂ.('r'l.']:'!
periods of incubation or periods of storage after manutacture. The following are

the detailz of the test :

e NUMBER WHOSE TE ERATURES WERE
Vaccine used 25 S
L b ide — oy " i ry i . T TR AT i1
g & Relow 100°F. LK) |.’.1. i ]LIJ. \I: . tao Ahove 102°F. reaction.
=1 101°F. 102°F.
=1
{n.-:'.tjlu.'_mui :Ill_u:mltflﬂ | 2g 5 10 1) B Very
Jeod Immedintaly ! (10-3 per cent (34:7 per cent) | (34'7T per cent) (20-6 per cent) BEVERE,
o od 2 ths T
L1|1 .Iﬂ!.ll.tl. i ..;-’-II;IIII* 50 10} 17 3 } Hevere,
Al st (340 per cent) (436G per cent) (20-3 per cent) {10r3 per cent)
E.”"\'.”l.":il,“',:ll11:1'1';“,};:'} Ll 28 7 0 i 4 Blight.
O H {i al | § ] % ¥ ) 4 - "
z L S J (26-9 per cent) (346 per cent) (231 per cent) (164 per cent)

( 102 )
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In the .-l.i-i.ai‘i{l:.'u!ll lHl'lr.ll.l_fIl r.f_|'. th .!r.n'lrJ-'.l."rn'fr.ir'.-lr (1905} the comment of the Director
on this test is as follows : '

* From personal observation of these men it was guite evident to those who
were irllll'll!il-'!l'-:.' with the vaceine w :'|E--|: i-."!-'{ .:'-'I'_'I i|.r“h:1||'|| I'u‘_' the 1!!.‘:;f ;:--.-l']n;| -.if
four months suffered least and next to them were the
of short incubation period but which had been kept after sterilization for four months,
while those who had the highest tem peratures and most gevere local reaction were
the first group the members of which had been
incubation and which had not been kept at all.
small to satisfy a statistici experience
experimenter and those experimented on.’

wwe who received the vaceine

cinated with vaccine of short

1 that the fitlll'l'h are oo

sufficient to satisfy both the

weeine should be incuba

his procedure, although

As a result of this experience a rule waz made that all v
ted for four months bef
effective as a method of reducing the reaction aft
any considerations as to the effect of sucl prolonged inenbation on the immunizing

LOre |II e =1 -r'i!!;_:-.:‘ :I‘il:! 1:|||'|i|;|_ |

inoculation, wag not based on

value of the vaceine, and no work on this point had been done up to that time.

In 1911 re ports of severe r actions wers aain recelved, and the reactions in
shown to be associated with the use of freshly bottled vaceine. It became
necessary on this account to .1.-1--;-};|i|..- the effect of the two se parate factors,
() 11.-|‘i:;-! of incubation, and (f) }---I'i-n| of storage.

this cas:

|:_‘-'r-.-'\1iu;1ri->!:~a 5.’|I|| rEIﬂ'."-l.' ]u.:wla‘ wWere -~|||i | ot 3--. Stevenson a il l\.l’.ldl il
(1924). The l:'x||--]'i1'|'_|'1..f:~' were done with the suszce ||1|| lex ‘II] adras rats. s Jl.- ted
E'H—C-."i- |r[ Yaccines l}l- :|il.|-|'|'-':|| | ] 'I'il!l"-. [ |. ir|- 11 || 11 |l| 1 and stor ||| BT

measured Infecting dose of plague-rat spleen “-.L;.,,i,,.;,,,l_l.‘...i at a later period. A
serles of brews of vaceine prepared by inc -|||- tion for periods varying from six weeks
to eicht months were tested 1 between ten days
rhest decree of il'l:rllll::Ii|_".' Was

nven and a

| tor |||l

and two wears. The results showed

obtained with vaccines of short ineubation period, from six to eighi and
that, even after storage for over a vear from the date of manufacture, such vaceines
gave results superior to those prepared by more prolonged incubation. These

findings indicated that mitigation of the reaction on inoculation would best he
obtained by storage of the vaceine for some period before issue, and that, when
prolonged meubation was emploved in order to attain this result. the lessened
reaction would be obtained at the expense of immunizing value. Stevenson and
I{Hl.lil.lli..:.' considered that length of storagre did not dimimzh the potency of the
vaccine as rapidly as it did its toxicity.

On the basis of the results of this work the incubation period which was to be
1'!'I'IJ_IE||_‘-'-'-J '-.‘.'.'l-\l".:li‘l_ﬂ-'-.] 0 TWO Mor ||.|-.|| |! £l |: Ti ||| \ Was |||.|I.I.-|| ot -|..‘-|||| 1||., Vace ||||
for several months be 1||" isaue. If it be came necessary to issue fresh vaccine
instructions were given for the reduction of the adult dose to 3 c.c. when used wit hin
three months of manufacture.

Haffkine's method of preparing the vaceine was designed to produce the maxi-

mum amount of rcrowth of B, e gtiz in the medinm used. The (,|.H..,1,hl ions which

have been quoted as to the reduction in e
1|1|- advisability of determining the rate of srowth of the oreanism and the shortest
period of incubation which was really 1 ytog
zging value. Further information on this point has been obtained by estimations

Lency. Ol '!:ll'lliillh_'-_'-; i!.-’"lhil':'.llrl ) L _-c;p-(i

ary to produce a vaccine of high immuni-
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of the total growth which occurs at various periods by comparative tests of the
immunizing va ted for different pel 106l 5.
Two methods have heen emploved in estimating the rate of growth: (a) the
counting of wviable organisms ]':" [l!:l'.il-_'_r dilutions on blood-agar, and (&) the
estimation of dry weight of sediment

1L l:l|- ‘-.';II'I'iI'|I"- ||'iil||:' [f'lI!II -I'iI“iII":- '.:I('Illli

;i!}‘;|__:’ ||'|'-'-1.|-]=_iu I':l||.=ilE¢|-I'...'||.|" i E:‘|1l'!._!|i:'-‘ a
TANISms
|'||||.’|i|=||'||_ ||_'l.' -'|I,-:'::| |'h|'r||;|!i--|_-a are Very 1T '_'IIE.EIP bt '_i.- a :I'!lr'l';l'l i||I|E-:';|';i|:'|i of
the |-J-n|u-r-1ir-|-.:-r-- growth at different stages. The following are J'x;.]rlph-:-' of the

[II'1'I_EI'I'H:-' I'IE A ||'| r;-.||-| I've IE -

Counting by p
incubation owing to

ter the first few davs of

OCCUYS. -]I:'Il' I'I':-'I.-|'|:-

the --||i11'.].-i||-_ of the o

Period of ineubation.

(1 (2 (3

3 d A 177

1 week F1i

2 weelks : if5]
BeE 2005

1 i : . 11

| e . L Not done
i’ = e e Mot done

X E!I("i]lurin]l |'|:!_1. e

A series of counts made on vaccines of six weeks or I
riven the following fisures of viable organisms in millions per
Six weeks.— 2:0, 21, 1:8, 30, 4-2, &4, 3-8, 1'7.

Hawven wee

Eight weels.

The results obtained by the estimation of dried sediment are somewhat more
ular, but with the quantivies which 1t 13 |Ill.~:~'l|l]-- to deal with |-_'_-' ﬁu-J-eql'n‘.ir:h
ightest clumping may lead to variations at final

in a ]liuh-h}ll----.'. -'1':||.E'i[i.l_u'=' the &
welghing.
The followine iigures of two estimations are sufficientiy regular to mive an indica-

tion of the ;:I't-'-'-'lh OCCUTTIng

Mg. of dry sediment per 100 c.c.

Period of incubation.

1) 2]
b " ] G
| 5 159 38
-] 52 uty ik bt
3 i Lo . i 4
i . s s G7 i1
] £ - s i1 4
3 E " N &6
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Differences in the progress of the growth in the earlier stages are suggested in
these two examples but by

» pnidd of the third week the total sediments correspond
closely. No Ii-'l'-.'l'|.".J!':.l'..'|f.i-|'.'if.-|| to the sediment 1s shown after the fourth week
bt 1t 18 [uu--':'-|-- that a certain amount of antigenic substance may continue to pass
into solution at this period.

The results, both of the counts of viable orcanisms and of the estimations of

sediment, indicate that such extra prowth as m

r oeeur after the fourth week can
I addition to the total bacterial substance ||J_-\'--|-:-'||n-||
in the vaccine cultures. This wonld suggest the

3 i ) 1 B e
pProduce onty a -'|I|:I|! Iraction

it so far as quanfity of antigenic
substance in the vaceine 1s concerned there is no special

by more prolonged incubation.

advantage to be gained

Naidu, Malone, and Avari (1926) carried out an extensive series of tests
of potenecy on fortvy b

ews of vaccine prepared by imeubation for

riods varving
from one to twenty weeks, using the older technigue for estimati

e Immunity
produced in R. raitus. They found that Bre Was a4 progressive increase

in immunizing value up to a period of 29 to 36 days incubation after

which, until the end of the 13th week, the wvalue of the wvaccine remained

fairly constant. Further incubation showed the commencement of a drop in
potency. The toxicity of the wvaccine, which has been found to be closely
related to 1ts mmumzing value, was ;'!i-_'|5|--:1' when a '|_||-:_'i|:|| of 28 davs had been
used for incubation, and a distinet drop n toxicity occurred after twelve weeks
ineubation.

As the result of thease observations on erowth and potency of the vaccine the
i!':--l_|||;|_1 i<l|'| [Ilj'l'ii'l-.] Wl_'il": had been reduced from two months to 81X '.'..g-i-l-.;-c was furt |“--|-
reduced to four weeks. A series of checks of the potency of the vaceine carried ont on
white mice with vaceine incubated for 28 days gave the results shown in Table X X1T.
(M) per cent protection being obtained with the stan
:I,]Li_[]]:l,!h. ['..l;:_;u.'l! FH'(I|I'I'|,i':l|| wWas |.l||1.:|i|]"|! '\.'.'hl'|| OI and |\|||‘-(E|l;|r'1.-|- of l;’liﬁ
amount of vaccine was used within a month of manufacture.

ird dose of 0°03 c.c. in these

TarLe XXII.

Tests .;If iR zUY ol r_.l|' suecessive brews al vaocine, ey herl el foni .';-_...-.r

e _-: I

Nu | Dhaose of g of

VROCLIM el deaths.

No. 7643, age 28 days .. 003 e.o. T8 B. pesiis i 1

005 .. T | " o

D47 e.c. o | nil

Foxieity o - 03 e Rl

No. 7853, age 18 days .. ; 78 B, pesi { i nil

.0 i il nil

1 -

i 1t i

loxivity S
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Tapre XXI1I—concld

Number ag of Infecting Number of Toxic Flague
of b e, o, miee uscd. deaths. deaths.
No. T946, ape 13 dava .. T8 M. pestis i Wil il
I ! nil
- } il il
il v 1 i
Controls o - nil T8 0. pestis 3 3
Supernafant i [ v
No. X E i i foesd 'l
'\: i, - = 13 0 i '

The temperature of incubation (80°F.) :l-'|-'-|-'--| by Haffkine for the growth
of cultures for his vaccine fulfils the r lueing maximum growth.
This temperature 19, a8 prey i-|||:4|_\.' atated, room temperatinre in |*'n-r|',]-,\_'.'
!llil'il]ﬂI the ETCALOT Part ".'F |I.I" vear, and an i:ll.".ll.l.jl":'l;_' OO Was |-;|-'i]_‘.' arranoect
for in which only the sl lons of temperature would oceur execey
in the hot weather.

rement ||:'- F:‘-l'-:'lll

oriitest daily Vvaria

A temperatire of B0°TH, ':il]"!ll'--:‘.'i]ll:ﬂ 1-1.‘.' 27°C. ) has been found to be the ¢ pt I
one 1’|-r- E'I'('l‘l'l””i |,:-‘|' H T slis '-'~|.I|l' rest :':I‘;I.irl'_' 'I:'Il' gl'n'ﬂ-l"l ||[ Many -:|TI_'|:'r' I:II'_'_:jrli:\-\.j']:-_

pastenrella group, which have been tested. At 37°C. a much

r those of the
f 1|’|:
fi_ul;l'-."» llr ".'i.!llll" ll-l'_ﬂ.i,ll.:‘-»'lll.‘- |l"l'."-l""!|. :I‘II'; .'-'I'IliI'III

the same strain of B. pesiis was used :

]-'.*-*-» I':I_‘-"il'. :_'I'-H'-'l'”‘l il _JJ-"‘:-"-'--\ |:I|{I 3 |IE-:E':'I' as 18 shown by ‘.|;|' |-||.-:|l'|'\i|3_l_-; |-'-]:|F;-;!|'_:_|E'-.'|

it formed, at various stages when

VIABLE ORGANISMS IN M., « DRY SEDIMEXT

MILLIONS T'ER C.C. FER 1(M) C.i
Perigd of incubation,

ik 2T it 37°( at 2700 at 37N

1 week | | &) £
2 weaks . ili] B 14
k4 4 ; a1 %] a1
H = - 10 67 15 )
i o ¥ ; =3 itH o5

Un m.!i|| rn---li;u H ,l.-'.\.".'-.x ;L.|:~-:| -||||'.'.'.-' -':||'L'l.'l-." l_l."::l.l.‘.|' At J L e ‘||= |.4.ir|1 |||"i‘:|=_r
a useful one for the purpose of differentiation

An in|[|-|='|,-a|1| [u.i||r in regard to the mperature of incubation --t||||_5-.*.1-ii has

recently been raised by Schutze (1982) as the result of his observations on the
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antigenic fractions of B. pestis. Schutze conziders that a heat-labile antigen.
101
n. He finds that
'i|'\.'|-]n:||l' formation 18 more marked at 37°C. than at 27°C. and his tests of the
il.-|||'.'|r|i1_l. ]
when the hi

aszsociated with the presence of a |.'!'f.-||||]'|1:|:_‘| of ¢ |'_u_',||i:-r|':-: _-"!||.'u.l.:1=:5 the format

of a gelatinous envelope, is the main factar in iImmunizati

oduced b

V VACCINes |:|'--_:-:|||':| at these EMPErATUres gavi better results
er tempers
int at the Hafikine Institute !|:I';|. not so far corroborated
Schutze's findings and there are differences as to the strains used and the

cperimental methods adopted which make comparison of results difficult.
The question is obviously one of the hi t importance |-.-F:---L'i.'|iilx n view of

-

the lower toxicity of the vaccine incubated at 37°C. noted by Schutze. Further

y ||':. iI||'1i}:-:E_

m was employed. Preliminary observa-

tiong on this j

work will be required to settle this question.

In a previous chapter the loss of virulence which oceurs during ineubation in o
fluid medium at 37°C. has been shown and, although the conditions of erowth were

not exactly the same as in 1

.-.|' |. -1 |

ation, the results of the

tests would sugeest that some « e exXe cted If vaceins Wi

incubated at this temperature.

the potency of the vaccine. ]j'_ the ||]'---:|-|;! gtate of our know |--i-_|' 1t appears

h loss in virulence m

it have an influence on

advisable I:.n adhere to the vae of a I|'t|'|!||-!'.|_||j|'-- of 27°(C. for incubation.




CHAFPTER XIV.
THE RELATION OF VIRULENCE TO POTENCY.

HarFRINE laid down as a principle that the vaccine should always be made
from virulent strains of B. pestis. He obtained fresh strains as frequently as
possible from human cases and, in the earlier davs in Bombay, had no i]iﬁil".!l!l'a.' 1m
doing this. When human fresh strains were not awvailable he advocated the
maintenance of the virulence of eultures hv the use of passage anmimals. In giving
evidence before the Indian Plague Commission, Haffkine showed that rﬂ.'-'ir.-_( to
laboratory difficulties he was not always able to carry out such passages and attri-
buted the less satisfac LOTY resul lta obtained 1 ¥ the use of certain brews of vaceine
to the nse of culture strains, It does not aj ppear ti hat Haffkine's .'|-!'.'|'||'il_|_'_'|.' of the
use of virulent strains was based on experimental evidence.

The Commission in their .ﬁ‘--_nru'-'. when dealing with this subject, quoted the
finding of the German Plague Commission that no protection was obtained in
monkeys by the use of vaccines made from avirulent strains and stated tl
opinion that, until evidence was obtained as to the possibility of immunity being
produced by the use of vacecines prepared from avirulent strains, the use of virulent
strains should be adhered to. Liston at the same period had shown that virulence
was easily maintained by animal passage.

Bannerman in the Annual Report of the Laboratory for 1905 recorded his
nbservation that growth on agar for 23 dayvs at Bombav room temperature (27°C.)
|r:-‘.'.'|-|'|'.| 1|']" virttlence of i -=I|.I!I. of H Ll fis 250 il e 2, .;E|'||| |..|| I|I|'|." n 1| [”1 _y.-|-||
purposes, the material used should be prepared by one remove from r|||- animal

source to broth. This procedure was emploved in Bombay until the recent intro
duction of the Jtu-rll_rni of single colony eulture h'*-ul blood-agar

H1r””:;_r |:I‘,H_|T:| obtained a |'_-'|g|| deores of '|]'|:|'II"IrII|". mn "\L]JI"III]LI.I.-..I_| animals
with living attenuated eultures but in the course of his work found that animals
which survived an infecting dose of a virulent strain of B. ‘.u-'.~'.".l.~e showed themselves
to be highly immune to a subsequent infection, while those which had received an
injection of an avirnlent strain (not an im r'I'II"II)Z.]I" doze) showed no 1m munity
'.ﬁ'ill':l tested. Using two strains, one of which was of VET'Y low virulence and r]|.-
other of only a|iu||1.].'.' hicher virulence, !II' found that the survivorz of those
inoculated with the latter strain showed distinetly higher immunity.

The effect of virulence of the strain used in t]ll' pre F"'LJ'!T';IITI of the vaceine on the
immunity produced was tested by Naidu, Malone, and Avari (1926) by j preparing
A Vart lrl- F'Irﬂ!l_ An -:1| t ALT: kll] m-][ Ih AMAT ||l| Lure, a4 ':I'II'I.'|JJ|]:-f2'I'| bl ne made with
the reaults obtained with a vaceine made from the same strain raized o higher
‘.'jl’lll'.'fl'."'- I|“||" -:1r;.5_rir|:',| :-Crl'.-eill :'|;311 TEL |'I:[i1'-'|_'l.' ]II'\-| '.'i.""llii"un:'-' _;|r[|'- F',|'4'J.-j|||-|-|-| il
mortality of 20 per cent in rats when given in a fairly heavy dose st: |r|rl.m'1.z-~||
to a fixed opacity of a suspension. After forty-one successive passages in rats a
corresponding dose of the culture made from the strain enhanced in virulence in
this wav produced 86:6 per ceni 11|||r'1a|i|_‘-'. The results obtained with vaceines

( 108 )

i
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Ei‘l"]h'tl'i'li from the avirnlent and virolent cultures are extracted from the

1 f original
paper i(—

Total

Number N umber Deaths in 7 P deaths i (Survivors)
Material of experi of rats days following b .|-.I. 15 days percentage
meTls, waed, inoculation hiatakis followinge Immunity

infieq

0ld cultors, 5 years @ bl 1 cent) 4! 1 154
Old culture raised to L3 il i I ]! | 24 455
Untreated controls o e e 2 A 15 1ik{)

iy

he higher toxicity and immunizing value of the vaccine prepared from the

‘-':E'I!]I'II‘I I"'IILTIIT-" I*- ||-='r||l"-||:-CI1'.:r|'|| ||'. 1Ir|-':-C|' !:',:1L!r'_=_ '|-!||' '_‘:|r'|,-._"_i|::
experiment ¥

rest of this I

dose in this
-rat spleen. A later
s recently been carried ont by a different technique and with
a more accurate measurement of dosage and
1
i1

experiment was one which was found to kil

s a suspension of weighed quantity of pl
t 1

virulence. The strain selected for
10 PEr cent of white mice in a dose of
Hb organisms. A series of fiftv-seven subeultures on hlood broth was made at the
end of which a dose of twelve and a half million haeilli failed to kill. Vaccines
were then made from the virnlent strain maintained in animal passage and from
the avirulent culture strain. The results of tests of their immunizing value were
as follows :

\lllrlll!ll'.' I!!.

. " - . Plagun
Viovine, o, Infecting dose, white mice b '_
ndad tleaths
03 0.0 5a . peslis 3 i
From svirulent calture i .
5 51 £
003 oo, i
From wvirnlent passage | =03 ]
strain. u
| flu
Controls = 20 2 i # 2 2

Full ||:'-'sl|-r1inn was obtained by the use of the vaccine prepared ]-_1.- usze of the
virulent strain and lhittle or no protection with that from the ax |
when a muech higher dose was given. Bure
oreater protection was !

ent culture even
28 (1927) has also found that a much
ren by the use of vaccines made from virulent strains.

[t has always been the practice in the Haffkine Institute to use straing of the
highest virulence attainable for the vaccine but it is only in recent vears that this
has been measured with any degree of uracy. In Chapter IX the standard of
virul he strains employed reach has hee

2 which indicated and strains of lesser
virulence are not now used for manufacture. The regular tests of virulence which

are made ensure the .‘-:IIiT;|hi|irj. of the seed material in this respect. In addition to
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Bannerman’s finding ag to loss of virulenee in culture subsequent observations made
on [|Ii:—» [:l’:—il'l-'. l!'.-'|ll'l'i:I”_'| -»illl'l' rh.- i:"H l?"l"'il'lll r;!- ACCUTAT 'I]II'1.|!I'I|.*- ':'r 1|-~'-1ir|;,- |'I:I‘|"'
shown the Iil':iz'-'=' to which it oceurs on different media and at different tem-
peratures.

The results of a recent series of tests of the effect on virulence of growth of
B. pestis in broth, agar, and blood-agar at room mperature (27°C.) and at 37°C,
are given in Tables XXIII, XXIV and XXV,

Commencing with a strain of which four organmsmes E-!l-;:l_t-.c! 101} per cendt
mrn'.‘u!i]_'.' in white mice and 45 organisms (the smallest dose I\-ﬁ'Hl] Fave a similar
.'1tl1!'|:l.]j1_1' in B. rattus the virnlence at suecessive staces of weekly subeulture was

estimated i:';l'l.' the uae of '|.';|]'_'|.'i'|gg: doses. In the caze of the |":|i:'|',]'-.-,-c in broth 1t was
shown that only a shght logs of virulence had oceurred after the 12th subeulture at
rO0IT -'f'1“ﬂ§J-!'r'il1ll1.T4' but after the 16th subeulture a considerable loss was shown
At 37C. the broth cultures failed to kill after the 4th subenlture i doses which
produced 100 per cent mortality with that kept at room temperature. At later
J'll.']';.i'l-']F of subeulture at this temperature doses several thousand times the original
|{i“?rl'_' dose could still be made to imfect.  The enltures on agar at room '|"]"I!'|.H'r':l1|i!'l.'

"".!'.l"'-"-'i""i i EIean ]I':-C!-' II{ % ir":llr'rll"d' ]I_'L' I"IH' | |::|'_ _‘-'I,Illl":li['llt'l' .'iI:II Were ay il'1||1'!‘|| 1T TNAT "-

times the onginal dose by the 14th. At 37°C. there was a marked loss in virulence
h}' the 4th i'.||:|'|.]1|;|'£-. goveral times the killine dose of the unincubated enlture
not llllft'f'-'iI:_E. In blood-agar at room temperature virulence was maintained {-:Iil"._".'
well up o the 20th sl beulture i!hh-:n_-_rh -1|:--|'|- were indications of r:ii_'_rhl lozs of
virulence at this stage. At 37°C. the blood-agar cultures showed marked loss of
virnlence at the Gth subeulture and were --nlir'u-].x' avirulent in -C|||--c-.q|;|-n1 tests 1n
doses many thousand times that of the original fatal number of organisms.

Tante XXIII.
Jr'f_.f;;---." f:_l'. _'_-'r"--"-'.r'.- i broth on virilene af B pestis.

B. pestis klled 100 per cend Madras B. rattus.  Subculiures made al wed .n'.-.rrlr rnler
vals and incubated at (a) room mperature, and (h) 37°C.

Original virulence of culture : 4 B. pestis killed 100 per cont white mice. 4

CULTURES AT ROOM
E CrLToRES AT 700
TEMPERATURE. RES AT J7°C.
Tested at .
Dose of Plague |
B. pestis. |
| l
. : s i iR b g 9 |
31 days (4th subculture) .. ) i TELCo I| T mie | [
x i 5] 5 rabtius 1 13 B ralius ;
H 0 mared a 45000 B ralfus | 4
| Dk Lifstl] 3
80 dawvs (12th subeulture) e 4 l' | :
; | L13] 51 1 -
540 o : |
» o |
al I b mice 2 T 5 rallug ¥
116 '1:'.""" (Lith sohculture) M) I e 3 TN 5 raollus 5
8,(HK) 5 ratiua o b
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TaeLe XXIV
l|l":'_.|'li"r-r'-' r.-ll'- I 1 0N agar o .".-.-.-.r_l'.- e af “ [l' a1 i-hl
If.i',l'r'lr}.'..-.-r.lf virttlence 'i_l'. culture : 4 B, J""'C.i-" Eilled 100 per cend whilte mice,
Giri o oyl o ; . h
14 B. pestiz killed 100 per cent Madras R. rattus. Subcultures wmade ai weekly

pntervals and inewbaled ab (a) room & mperatire, and (b) 37°C.

ai 2

mice
1611 4 raling

32 daves (4th subculture

100100 i roaffius 2
54 days (Tth m ire)
Bl dawys (11th subculture) - .
2 dasa (14th subenltore)

Tapie XXV,

"rf:.'r.f""" '.’-"' qrowth on blood-agar on virulence of B. pestis.

Ir.’.-.f-.r.-.-.-'.l.'l mirilence of cullire * 2 B. nestis Filled 100 per cenl while mire iy
ctiliures made ot weekly intervals and snewbatad al

by el

{a) roomm lewm il ralure. ad ( b

CuLToREs AT 37°C.

Tested at

f } &
15 days (Gth subenlture) .. [} 1
| 1] Iy

70 days (11th subeulture) | | :

5 ratius

10 = #
| :'__ i o raliusz
112 dava (16th subculture) 1_.I i 5 raltuz
’ 12 a
| 1,210 | ; . .
7 3 o
142 days (20th sanboulture) 1 T 5o
{ 5 i i
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The L|l|-'-~1iu|| of the retention of virnlence of B. .l"""""-"."‘ in culture has been the
_~|1]1_i1-1'1 of a -4|l-'|'iu.| investization ||_‘.' Francis (1952) who refers to the earlier
|‘x]:1'!'i-.'ru'1':~ of _'l.h-l['.:-_'..' and Wilson who found cultures to be virulent after |n-]'i-:uE:-»
up to 10 Vears under certain conditions of storage. Their results indicate that
virulence of some degree may be retained by storage at a low temperature without
apubeulture. Franeis’ own -'3-']'1".'i1"ll".!|~u on this !"'i“I confirm these findings, a
enlture |;--F|T at 10°C. for nine vears without transfer being found virulent at the
end of that period while a corresponding strain subcultured on agar at three-
monthlv intervals had lost its virulence, In regard to thiz work there 1z no indiea

tion of a ’_rli.;l!lllﬂ.sll‘x'-.' test -!I.-I".'ilil.'_ been used based on a dozage of definite bacterial
content.

The question of the smtability of culture strains of B, ..I--"-*--'l'-\' for the preparat 101
of anti-plague vaccine, in relation to maintenance of virulence, hardly arises i the
Haffkine Institute where, with a very large output of vaceine, seed material is
it the vear, and continual animal passage is justi-

ittle extra work and expense. A laboratory engaged in only

]'r(gl'.]'l'-"r] ['1.'.'i|'l" '\‘.I'l'llr-::".' |E||'II||_E
I'inmz'- and ."l']iT*"\I'I'lT--.-
occazional manufacture |:||i'_'|'1 have to consider the use of strains |-:"|" on artificial
media and the obzervations on maintenance of virulence which have been quoted
.'| !||i-_"|'_1 he |1:|:‘>]|:_'.'|'||_ ||_ :-C'!-'-l':':l at ||l'|‘-. |-.-r|:|-|-:-.|TL|||-

LI

indicate the method wh
without transfer cultures would ||1-'-|'i|'1-|\'. after one or two animal passames, be of
anitable virulence for use for seed. Estimation of the virulence in the manner

'I'I.l-:il'lli .j|.']-1 Ii‘-d'l"!'L tr'-il"l'ihr'-i '.'.'I'i".l!':‘i !ll' .Eli".i‘-illl.l'.

|1 I*-u T '!_nm:-'“l]-_' 18] ];|_'.' -:j-:‘.'.':'l Aan exact measure 'f.l.-: Ij'l-.' '-.'i!'llll'l:l'.' '.'||::il'|l ”Il'
organism must possess for the purpose of producing a vaceine of the highest potency
but, as the result of certain comparisons which have been made, there are indiea-
tions that the high standard of virulence of the strains used in Bombav mav be
1'1'-\||||1|-'i]-'.|' in some decree for the etheacy of the vace ' . :
inceilation. A direct comparison of the irulence of the strains used in the Haff-
kine Institute with those used elsewhere cannot be made owing to the hkehhood

ne as shown by the reanlts of

of changes in virulence 1n transport, but the results of « .‘H'--tilrll"ul:lf work and the

comparison of dosage used in different countries for test purposes might suggest
isms is always a killing dose for R. ratius
with the straing used in Bombav. Rowland (1910) uaed three million organizms

I"-Z'I'lili.'.'l 'i.iﬁll'fl"'lll"t"‘- |.!':--.-' :lI!I!'I 1 CHCh o

as a test dose of what he considered to be a wirulent strain, in his work on
nuecleoproteid vaccines, to obtain 90 per cent mortality in white rats. Schutze
(1932} nsed doses of 37,000,000 and 606,000 in recent experiments for test.

Hul‘."arp[ fu,;|||_:'||,z on one -:-l'-'.:|-i-i||‘| H! HI:_||-{I'|| 5.'II"I'I':I:—'-' iII ".'illlll'rll [ -:JI' .'|i.*= .*".I'.'lErl o a
level at which he considered no '||;"|:-'i<'-;",ir-'|, could I"“*:‘“I‘-_'-' he obtained. [t iz &
matter for }-"::.-'-:'Iil:|'|;_||r| A8 TO 'kl.'_}:l*ll_'u-'l' his strain had not then become of the
arder of the virulence -:'II!III‘.I'IIII_'n.' maintained in ]':--]:|||:L.k'.

IJ“|||- ]!H[III}'[E'Itll"i' ||[ -‘|_l lse ||:. kL il'l]|l.'i|'| '\-I.".Ii|'.:- -::I' ” Jl.u'r"".ll"‘" :'.l:'l 'I|.l' ||:-'|'||I|"L|,|,i.||rl
of the vaceine has been demonstrated and it wonld appear soul d that strainz of
the hehest virnlence obtainable should be used for this purpose. The mainte-

nance u[ ‘-'il';ll--"u'-' 18 hest !||:1'|:ri|'|5 ||'.' I"!-' L .-.’ 'l|1"i' (PR RE: ."'l:“l. | DARER TR




CHAFPTER XV.

THE RELATION OF TOXICITY TO POTENCY.
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istic change
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I d
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114 Haffkine’s Plague Vaceine.

Fortv-five control rats given 0°5 e.c., 1 c.c. and 2 c.c. of broth and kept under the
aame conditions showed average mortality of 88 per cent. (Irregula: II||r-|' ality is
frequently experienced in trapped rats used for experiments especially after
handling).

The survivors of these experiments when given an infecting dose of plague-rat
howed recove Iy I vtes of 44 per cent, 1| ver cent and 10 per cent respect :h-l_x'

spleen &
A5 COMPAart il with D per cent 1 Ccontre e, Naii 1Ih Malone, and Avari (1926) using a
dose of "5 c.c. of the whole vaceine for 1|;-- immunization --f 015 K. ratius found

a martality of 233 per cent to occur within seven lava of inoculation. The survi.
; ] !

vors showed 339 per cent immunity. Repeating the tests with the fractions of
the vaccine, the toxic deaths occurring were :

Whale ||1-c-||’:|_\'|;1r-1i-- L .. 282 opercent (456 rats used ).
Supernatant fluid - T i (462 ol
Hediment .. i ; 8 ._& (226 ., A

When subsequently infected the relative  immumty of the survivors was
respectively 35°2 per cent, 39°5 per cent and 14 per cent as compar: d with 87 per
cent for controls with the dosage given

Naidu and Jung (19 ”‘.!] |'-'1:'|.t::||'-:'~| the ]-r--d---.-ti'.'u- Vi

» of dozes of 025 c.o.
ind that the lower dose

and 05 c.c. of ten successive brews of the vaccine and fou

resulted in ':|.-- ::l'll'{|'|-1ic m of a |+'«~u--r decree of nrm-.'mi‘.r. the Il-:-rrl-r'ti‘-r fi ures
I'-,l']!',n-:|'.|::F|_-|.f 300 each oiven 25 c.c. a nd 00 c.c. being _“} per |'-';|‘ i|||||.f:TI||.|-‘
cent ; the toxic mortality in this s ries was low. The same tests repes ated wi

guinea-pigs showed no perceptible immun ity as the result of the inoculation -.‘.'
0-25 c.c. while some degree of I|1|||. |.||I*- was pro duced with 005 c.e. No toxie

a3 the result of these doses

maort .l oy III'I".II'I"'-‘| in the :':Iill- B |

White mice differ from wild B. railus in tl
of the va '.;|I||| ean be ].I:”_'-.' -"'|'|1"|||i_i-'_-'-: ]I i dose ||| ||'.“__'|| NT 0 1|:;|T nsed for
R. rattus, in proportion to their hody-weight, with
effect. The dose usually required to immunize white '|||--1- is 0-03 c.c. and this will
as a rule mive |||I|}H r cent --I|'E"-.|:| gt the standard test dose f B. ----"M ]I"
times this dose is needed to produce toxic I!I-;l1|1~-. T |:|~ fl-||--'-'-'ll':.-: 18 4an -'.\':I!rl_l'»]-- of

-!_:-|.-[|1I|I.|I'|-\. to the toxic action

1t |'|| opeeurrence of any toxic

n recent test of immunizine and toxic effect in these animals :

Yacoine. Diose, Infecting dose. Mico nsed, :Ilr‘l:;.:ll:l:_ |l:_|-l.::'l-

Brew 5008 ve | 003G e, 103 B. pesl B o s
s 1112 . - - b " 1
72048 ok “: = b .n 5o

T308 i 03 c.o. nal 4 |
A LT I - . 4 o ok
- Teeg o o - ! 3 L.
Controls o i 103 B. pestis ; e 3

These differences in susceptibility to the toxic action of iImmunizing doses of
the vaccine make it necessary to consider the question of the relationship of toxi-
city to immunity from another point of view. In Chapter V it has been shown

hi;
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that the toxie action, as indicated by the reaction oceurring on inoculation i
human beings, is most severe when the vaceine has heen br wed for a short period
and when it is used immediately after preparation. Stevenson and Kapadia’s
results indicate that the conditions which result in high toxicity are those which
also produce the most potent vaccine. r|'|s|-l'».' assign the highest value to vaceine
will be most toxic to start with,

8 toxieity diminishes with storage. remains

&

prepared by a short ‘in-l'ie.-i of i.'l-:".l|::|.1ill?'l. whic
and find that s
||||I--.‘|| for a '||."-\|'.II|-_""r! F;--I'ilui

A ree

rl!'\iil'“".' El

1 vaceine, i :‘l'l'-l_'_l'! I

t detailed investization of the effect of the period of incnbation on the
ency of the vaceine was carried out by Naidu, Malone. and Awvari
with vy ly prepared for the purpose. A series of brews made from
four different strains of B, pestis wer
INCHDAtion at PEr
tested on B, re
by that meubated up to four w

CITNEes &3

¢ manufacture of the vaceine after

£
used for t

ods from one week and UPWAar

5, and their |ux|r_-;"_1' and potency
g, [t was found that the h

A III_\;E-:' !;|ur-1..-,-|i.‘_-.' Was I'I'III|||r-J_--;]
The toxicits On moras |||'.-.|. i
fairly high until the end of three me
after dropping considerably.

red neubation
hs' incuba-

e Immunizing value was highest with

dropped somewhat, but continu
Pl

tion, there

vaccine of five weeks' incubation period

Naidu, Malone, and Avari

with vac ines pPrepare i

for varving periods 1
I

ave summarized the figures relating to tests made
" incubation (approximately) and kept in storage
months. The results with B. ratius show a

first month of stor

certain deoree of reduection of

g but thi ough-

toxicity is maintained resultine in g
ied by maintenance of potency, which
5 to dimimsh somewhat after .il year of storage., The r'--:w'u|l-.-.-|- these
1eate |‘-|.-.>r ru.\.il.'il_'-' ani '||||‘|-|||'_'L' ares {'.III"'\-I'l."\.' !'l'lii'll'll :I]”'II:I_I_’iI they

||n not ran l".\,;ll'|§.".' ||; |||| |;_5_-|.-|- 1| P |.-_.|,||iri.|':!\. “|' test.

out the rest of the period a high
)

mortality of about 20 per cent, and accom

only he

ohservat 1ons ind

An interesting sidelicht was threwn on the question of the "r-|-<s<r;'u.=|:~'.5|ip aof
:

toxicity to immunity in the course of tests of

vaccines consisting of suspensions
of ATUr-orown |"_ii"':."--.-c J-‘_'--!n;u'»--l in -'-I:'|--r' |r|~ri1|,-|:-\_ r|'1l|:' tests were |i||]|-:- on white

mice by an exact standard te hnigue and gave the following results :—

Vuccine. Dhoga,

4
b

i

P. L - | 03 e.c.

|_ 10 .o, 3 ntl
Controls e e it b 86 B, pestis | 5

The L. I. vaccine was a much heavier suspension and was both toxic and of
high potency. The P. I. vaccine under the conditions of test was non-toxic and did
not protect,




] | f ff.".'_{'l}lﬂl.'.-:.li'-.w.' J!'.rr:'_.l'.'r |...-'.l|'|'.'.1.-r <

Rowland (1910) working with ° derived * ant

irens of the B. I||."-~C.'-'--~C found that
zoluble substance extrad ted by two methods was both toxie and of 'rllllll.l':'-’..‘l-,-

i.lil'! |':|I|”:|"1' substance was non 1.-'-}.'il' and of no value,

value while the rem
"n.r;u_'rir.----. '||"-'||:If"--l|. ‘.I'III'I': :I‘-'il'.ll-.'!l! agtrains are nNnon-rtoxic ::I|=| of little |:I'-.-I|-|-I|'._'|-
'-.':l]'.l:'. ‘_\- i .'l-.lil..ll?'l-. .'|r|l! .1l.".'..-l';_ 1-:'-5’.1'!: 'I!'Ii*-' ‘:n.-il.' '-.ii:| VL il {5 !I‘:'--!,'."l'---, 5'_"|-:|.

g . i |

ani

a strain of low virulence and the same strain made virulent by a series of animi

4 . 1 . ¥ w
passages 'he comparatl resunlts wer

Vacein
1 41
2 15
15 tok
108

Other tests with white mice have shown the low toxicity of vwirnlend

VACCINES.

: 2 . i
1nEad by (Q08ER ¢ the vaccine "L'..:i"] ari

Although white mice are easily mmmi
wn-toxic for them the cm
3 been found to be the s

oy &8N

prepared in different wavys

OUNers Vaccines prepared

v, which have been shown

F1T

of the hichest Immum

to be the most toxI T other

T

value for white mice
The results of animal experiment indicate a close relationship between the

. ) . L ey 1.3 -
tOXICILY ._|||:| the potency ol 1i|--..||'|||||-.;':l.. an tar. not only |.|l'!|:l|.|~ll.:' VACCITE
1 .

but other vaceines for plagne, which have been proved to be effective, have also

i "

been :.'\..-'-i"lli., to canse |!|'fi'|i1:' I :|:'1i-\|. of a :.-'-._5-- nature w hen used in |!||-:;!:_|-

ITLRTL flli| !I.ITI- tio !I.III"II!..-'f:I'il!'.!.
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CHAPTER XVI,

I'HE EFFECT OF STORAGE ON POTENCY,

THE questio of the effect of storage on the POtency
i 1 Ei :-:' ||-I_-ilil"‘:'II

ocenr as the result of exposure to high temy

mportance 1n view of the possibility, w

eratures in Indis
I III ”-:'.lil'il aur
y in
ted in production. Thi potency of vaccine 1-:.-!-.' for va

i bv Btevenzon and [\::l'!l.']-ii;!_ (1%
Coine | Y A Hl.l"'l [:l-l .I:'l |:.|' ':El:':lll.i1fl.':'|

looree Of T e e |'||_"

keeping propert

es of the vaceine are of special interest to

in relation to the st

to Ked par hand and to the laborator
to the |||:!‘.| v to he adi
periods at room temper:

in 1911 and it
maintained a higl

e of manufacture

emploved showed a

Vaccines for which over three months’

lower protective value afts r I.:'r.!.-!::---'!

storare on potency was carried out

he short I"'.I 10d of incubation which
has E'u.-|-"_ B

WEere as |‘.- :-]i:"-.'. 8

Stored for it
1kl =
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1 18 10 142 il
1] 1 H ] 248
Ry 1l (i1 170
180 11 i
23 12 i
& 1] 11} L] 1

[l. |I_'i'_!""5 “." ||-'I'-"-";|'

immunity show the irregularities incident on the

AT10NSs 1n '|'l.-"|:'

wl for '.".
potency up to t ] rom date of manufac
elghteen months. The standard of

f B, pestiz which mav occur wh
etion, but their general level shos

e-rat spleen emulsion

satisfactory retention of

12 end of a vea

rht fall up to

f immunity indicated iz very similar to that which

1as been observed 1n routine testinge of recently F:1'--;.-.:|'."| vaccine by the same

experimental ll'!'ilf‘llli'l 3,

o1 The Vvaccine wias

: n for 64

rilized and tled om 17th January., The potency

was tested on 11th February and a survival rate of 476 per cent was
117 )

.. of B. il stis. by ‘:r'|:||.'|

days was prepared and finally ste

ol T brew
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obtained in rats inoculated as compared with 10 per cent in controls. Half of each
brew was kept in the Haffkine Institute, Bombay, at room temperature, and h
at the Public Health Equipment Depot at Jullundur, in order to test the effect of

storage under the extreme hot weather conditions of the Puniab on its potency.

g of the vaceine i d th 5r"||n'_ TICY
on rats in comparison with bottles of the same brews which had been retained
shown 1n Table XXV,

. . . ¥
At the TN ‘\.':!|!:|' Ol .'!;|- vaccine atter ten 1||..|:'.|--

were returned from Jullundur at intervals as

. 3 s | 3
in Bombay. The results of the tests ;

j'l '.-.._ |||- =,

storage, incl
fempe
(Alle

which do not I'i

uding a complete hot weather in the plains of the Punjab at roon

ure, was at least equal to that found one month a

fter manufact 1Tre.

inee has to he IMiE

=||- f:l." r_:!“ |lll*-‘-i||i:"_'\.' l:'ll variation i1_| 1 Tt li_||-|-_v nsedl

er successive tests exactly comparable).

conditions of
storage represent the maximum temperatures which the vaceine is likelw to be
.--'||I':|Iil‘--l'. to i|| sStorngre In ]l_-|i;| and the

ade temperatures in Jullundur during
: E
r over 110°F,

y vaceine after a period of storage is wi

|i|||' '|'|l':I!| er show !|.i_i|_'. :;||,|,1;ir|;'_i|';.-. fri
The value of

illl1.-.i|:|':| with a '-.'il,l'l'il'_-l' brewed !-:-I I“ WoCE

]l shown by the r sults

iI!Z'Z] HI:|||-|| [:II' 1ng |!!||.‘|Ii:}- ]!|'f|||'l'
istrict. The statis-

1 only with B
@l Only with house-

, during an inoculation campaign in vill; in the Bijapur d
woculation campaign are of special value as thev d

tics of this i1 I
I

woth inoculated and uninoculated persons were present and with
rences only after the date of inoculation. The following are the fig
f'r]' these 1'i||:|:|--.'

given

[NOCTLATE] UIxoctr, 1
Name of willame, Imoculated., Uninoculated.
L| Deaths {ases, eathe
il a8 L1 i &7 36
41 | i | i "
12 12 B 2 20 19
Torars . 124 121 15 3 G BE

In approximately

the same households the

ual numbers of Inoculated and uninoculated persons in

lague were 62 and 3.

The vaccine had remained of high immunizing value for a period of nine months
from the date of manufacture.

These observations indicate that. after a slicht drop in poten v which occurs

duringe the fi
little indi
in onlv a

st month, the vaceine retains a high immunizing value for a vear with

1 of loss of potency. A further period of six months storage

ze results
diminution in value. The tests of potency were carried out with
: kept at room temperature and there does not appear to be any necessity
to employ cold storage

Vacc




HAPTER XVII,

mMTANDARDIZATION OF HE VAOCINE

Whex Hafikine introduced his plague prophvlactic tl
1 L] 1 ) N . &
incnbation emploved resulted 1na g ot of complex compozsition ti

of H.||.,|‘||,| ion baszed on |:'||I.
wonld contain living and dead B.
18TIE, -5:--:||'k-'-: |-.--I-E|:|' -'|!=~ X
1 ".-H~|I|1.--'n'~"

i Tel B ETL]
VACCIN sthiod

element of

o he based on ! composit

as on the sediment Hiz opn

has heen fully confirmed.

No meth

15 applicable to the va fo tandurdiza
t1on. In th growii o the B. pestiz 18 at hrst EApICl
and the number regehies 1t3 maxiumum within a |:| riod ol

1 - . . | 1 hhaa . .
two Or Thlee Wed CONEIAeT '!l.'. Aand DeElngr Freatly .|||l|---_ '--

the termination of the six weeks period of inenbation employved by Haffka

Estimation of the number of organisms present by means of dih n, p ating
| ..-'E..‘|.'-_' ;||||||‘i|.:_ '|'-.-'|:_- | show a much lower count at the end of six wecks
on the vaccine would have reached a high poteney, than would be found

gfter one week of incubation at w 1 the v 18 not  effective

Microscopical counting 1s also not

|-‘..-"|II|::1|E'. bhecomes .-|-r|||||----| 'I|.':i'..‘.' 0l [--_

VATIOUE Stages ol disn teoration

Biochemical methods for esti
fAuid which might have had a ¢
not in Haffkine's time | :
and such methe [kine considered
that immunization was only obtained with his vaccine when a definite strong rea

yting particilar fractions i the

s relatl l||:-|.'i'!.l to its Immunizing prop hi:
to the extent that they have heen subsequently
lable for standardization. Ha

l'|'I-.=-"-.l |l| |
not ava

tion oceurred after inocula
anv

Instead of adopting a direct method of esti

e vaco

I PONENT of he used a doge of the vaceine in accordanee with its
taxicity., In effect, he used as large a dose of the vaccine as i"'-"":!""- andl o

nroducing a toxic re action without such severe effectz as would result in extreme

'1|r|||||’|' varcine as al i"HI [.!.__IE._II:_.I._ b .". Il_l.l-__l.ill-II o
Tar from hetr o f reoar ;-l'n:||::'. V: Ifcil---::- in the strains ol ..'r'i' f s ;I.’Ill

in the different batches of broth, and in period of incubati n, according to

-i--|:-.||..l\ rezulted in the toxicity and probably the potency

lifferent brews
::'_' -'|~'|'~' Haffkine fixed a standard cor

; sting of a rize of temperature
11* 102°F. after the inoculation of 6 c.c. of the vaccine in the majority of adults
{ 120 )
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treated, and obtained this degree of reaction with his

case of brews of lower toxicity he prescribed mmltinles
.
I

18, Was ot I||i;|i-." and could pot be maintained.

wat - hrews, In ths

15 dose accordin i

¢ Laboratory on which

(K] I:|-' reaction -!:l:‘.'.":. I|Ii| -"|||||_'. |![
these tests could be mad

--...'|I iil' !-'-'.I;' i il !|||' CLDSELEr | ||'.' El;lil HIATOrs as :|I|'

l.':iil-":lll_'.. Hafi
a rou

result of their own eXperience. kine adopted
in additional w!:l'l-f:il'-'.'iz..'l'll:| I measurement
1

the vacecine and

0 with the human tests,
to tory. When tri human tld not be carried out this
Wil v test emploved. His opinions on ths of these methods ar
4 in Cl |_'::|"' [T1.

amount of sediment present in the v qne will be to a considerable extent

oI the amm

nt of -_-..l.l.":; wh

has taken ||:<'||'|- ant :'||"|_-'||||5.--||I|'-,'

h had been availabl

x Lt Fam Y1 I s £
Mg rorm an inaex ol

. 1
amount of antigrenlc subhst

ar

to pass into solution.
la 1

vent it from |||'||::_r|_-
.'Il‘.l'l'

re used, estimation of the

re o number of factors w

reliab ring

1€ Vae v and strains of constant immunizing val

: oF : :
weleht of sediment mirht prove to be in some des an 1 tion of potency.

e method does not

e Into consideration the ‘..;allj-'

of the vaccine _'||_|--|‘:'_l: with the work whiel 1n recent vears on thi

AL II=:I-'i.f:I‘-il"I'| ||_'. mannfacture [:l-‘-i-':'.-|-' meth
1 i e sediment or |.4-ET||;|,|EH:_' the

Ve |l|l'|:

wtecd, and standardization |

:'é"\ nas :-"I-". !""""-I'IE as a4 sl .:: i i

} ] e ount of certain fallacies and
difficalties. When Haffkine's laboratorvy was transferred to the Old Gove rnment
House

rovements 1 staff ;:I:-:l :':!'._;||||'_|-! i

. the better conditions available for the manufacture of th cine, and th

enahled a pr a more regular character

w turned out.  As the result of experience of several million inoculations the

dose of the vaceine became fixed at 4 c.e. for adults, this amount civine a fairly

regular degree of reaction. This dosage was still based on
dose hel T 1 A ich did

produce serious toxic symptoms 1n any While general principles had been
laid of the wvaceine variations in the method of
production were permitted for n number of years in regard to points which were

1mF FI¥Véen wiil

._-||||!|E De toleraten Oy the average '|_u|r:| nt ancl

not considered essential, and vaccine was turned ot of greater or lesser toxicity
I
emploved.

ALuiLg value as affected ||_'-' differences in the _;:u-l'iuul ot i*|:-|1|-;|ri(|l]|

The absence of any of stand

IlZaT10n '||Z|'i|:_'_1 a F:'I,"I'_-II\.: ol Vears I,-,-J:.-!|
1} .l 11 | THE R 'I A e > 3 = packR
S11Q Varm|mtions were allowed must have residted in _|_l- 155104 |.I| vaccins 1.'._'|||,'I'| WAS

irregular in its potency and effect.

In the dnnual Reporl of th H-._-..J'.-r_;_,- Brcteriologionl .Ir.-'-'il-‘--;-'.'-'-;.-_.:.l for 1905 an
account of a biological method suggested for the standardization of the vaccine is
given, the details of which had been worked out by Liston. Using a dilution and
plating method, for counting the organisms present in the suspension of B. pestis

= 1 4 g E ] LI k | P
used as the infecting dose, Liston fixed a standa

ril unit for the vaccing consis

of * the maximum qua
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ity of a vaceine which will in 48 hours, protect a guinea-pig

50 to 300 Frammes ag

at least 100 times the lethal dose of a
plagne culture 1solated from the body of an animal not more than one week
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previously *.  This was intended to bhe used as an indication of the safe amount

.0 :'C:"'f' |].'il'!| ill |.:||' Case ':'! I“ Is00ns ||\'||._r ” il.{':":".t"i |'|'"".I"!Ill:il.""\- i“'l-"i." Ilrl"
question of the production of a negative phase was settled. Subsequent work
:'I.E; .‘-ull!ll'l-'\“ 1|:|' f.']l!."i"i.l'-«. |1. COnan 1||'_ Jr]]. I."-""-r"..‘- li"'- '_'In".‘..'].l ‘II!-. |'{.||.|.';|:-C LR ] I'."IE-."I.'H.'.'
reliable. The test does not appear to have been

||:'|'I|.¢:l| '.'|'lrl'|-| l.EI'r'ilfi. il il'l I’ '_'ill'd LKt 1|'|l' I|l|.||'|

arar and the method 18 very un

b 1L

used to any extent. The exper

f

of the Per d of incubation of the vaceine and of storage on potency and toxicity
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werned in the produetion of the vaceine has been studied

11 time &ach Iactor o

in detail and systematiz

A hiochemical --‘.::||_'-.' of the changes 1n the vaccine culture has been earried
out during the last four years and an attempt made to find a chemical index of
Fanr:-1|':':|_'_'-.'_ E':'\-|i'lli-ii.'ll"|.-' of the !:';I'Il-'l'ill fractions on a flirate from the "..!ll:'-:'i!;:'

‘ supernatant fluid °) were carried out ||_1. removal of the heat coagulable
; cipitation of the remaim
;I"I"'C al -::i|l|.|"'-'r|| L T EE

|
protein followed by fractional pr

proteins with

of incubation
coagulable fraction which followed

wo MOre or |.'-\_-» ilg l'-:l|1'-'-\||||‘:-:':--I|| e with 1!,: I|"'.-'!-.l_t ment -:-r. potency which

-illllil.'l'!l .‘-'-'I:'.'-I 11 FLL 1'. series ol ll.:"CI I'vial

Inaicate | A Progressive INcrease 1 -'|!I' |:
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has been observed in immunization experiments with the vaccine. An equal

-;|-:"\.l.'|-.3l[l!||-_-r|1 |=|. !;|i:-1 [‘_':il'lill': 11 Vac il'-l"'\- Ili'l |':|-"l.'l': |'|'|-r|'. :|'.i."'.|;l'_‘|'_ cultures: w ;'|i|'i

are without |I:'u1--i'1i'-.'-~ value indicates that the estimation of heat coaculable

protein 18 not a sufficient 1ng

met |_|r-rl ﬁlll gtandardization.

ox of |II:I-.'?'II"'.' T -.'||:I.Il;l' 'Il.i:-i ta he ._,'I'.in:]n:'_-_'u,; A58 0

rogen ficure as an indieation «
15 |.i|."' ;I'.:'\(:l ot ||""n f':"l;,li_‘:

noteney

The question of the adoption of a ni ] :
| I satisfactory or

of the vaccine hi
i'il.]'|<'=|||||~ of pract

18 heen considered but th

cal appli

cation.

De Bmidt (1929) adopted a combined method of standardization, partly
]|_1.' chemical means, with a vaccine of the Haftkine iype w hich he ]'-|'|-|u|r'--(l in
H:,-lﬂ_'.-;_ -.‘il'.'_[ I"-F an -"*-»'I:I'I'::I‘il"llz of fi!l' !l"ll]-':rl content ;|:|.r_-_r '.'.ilf'| am
||F:-:!|-il_1.' pstimation of the sediment. The ficurez he fixed as indi :||ir|1_r 1 var i|.|
||_'- ;-:.,-I',-\.r;l:'1|.-|'_‘.' :'||."II||I|-,~i|:.II.'I wera : II: 10 to 50 M, :|i-*—C:l!'-,'-'xi '|l||:1|'}!5 [;-|-| et

precipitated by Esbach's method; and (2) 045 to 0-55 mg. of sediment per

s with wvaccine ."l.'.:l"}:il:;_{ '|_i--‘ standard. of

with the vaccine pr

i He I_II'Il.:IErII'IE profectlon 1n

a derree verv similar to that obtained pared and tested by
ng in Bombav, but a much lesser degree of protection with brews considerably

below this standard.

[n recent vears the guestion of biological standardization 1

18 been the subject
of a large amount of BUUAY and m the ||::|;-I|-|' on HKxperimental "|]|1|. |
(Chapter 1A) we have digenssed the lines of work and some of the results obtained.
Using a fixed dose of vaccine for the mmumzation of susceptible trapped

R. raitus and a subsequent infecting test dose of plague-rat spleen it was

1 OoYer a |.E|

,"-'11|_'.:-i tl

» series of experiments the Immunity obtained in rats

et of the vaccine av

which survived the toxic efl in the neichbourhood
of 30 per cent, but In successive tests and repeat ftests there were wvery
marked irregularitics. Some of these results have been quoted in Chapters X1I

and XTII.
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vears 1926 a

the ||-~:;-'.~ obtain --|| n 1926

re |!’|-.' results II_: Lests ||'[ 105 ]_I]'J_"I.\."‘-'\- -’i()lu' ir '!|.'I'

h brew consisting of 120 to 260 flasks. The following were

LIl

Brow. ehiia, LB Brew.

Braw.
immunity. i

13 b4
14 291
45 310
HR 4]
{ pld L ol

ne 1Immunity obtaln

d in the tests done in 1926 varied from 154 per cent to
| to 64 per cent. The 1927 tests were
ws only 9 fell below 30 per cent.
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529 per cent and in

on the whole more regula;

Naldu and Jung gave the following ficures for the results btammed in rats

immunized with Haffkine's vaceine over a series of vears -

] ralue of |-|- test 18 shown, but the irrerularity of the results with
individual brews renders it unsatisfa torv. The results obtained with repeat tests

with the same br

LAY .'||-u :-C'h--‘-'.'n d '.'-':||.' '..||;:|':i|-;_--.

This test was actually employed for a period as a means of standardizine the
vaccine and its use resulted in a consider: able number of brews not bei ing passed for
1ssue.  Asthe method of preparation of the vaceine had by that time h;...n I!L"HLI’IK- ]
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standardized infectine doses of B. pestis of known bacter

124 Haffkine’s Plague Vaccine.

in all details 1t did not appear ]i]-:"|_'m' that such variations in POLENCY as Were suggesti d
by the tests conld really have oceurred, and 1t became necessary to ov erhaul the
methods of testing used.

The irregularity in the bacterial content of plague-rat spleen emulsions which
have been used for test purposes and the defects which trapp« d R. rattus are subject
to for nse as experimental animals have already

for testing immunity to plague after inocula

been shown. The revised technigque
;II'!I! |:_';' 1!’|(' 118 |||. '.'.l E'.'." mice aAnd
al content, which has
been described in Chapter IX appears likely to be suitable for use for the
! u‘:l:._|:||:|i' ._.:,|.:-I.I[|. '|.|_!' 1I|:"| ||:!_ ||.I-C '__;'. e consistent !'I'.*-I.I|1 5

purpose of biolog

g2 1
etion will

in a long series of tests and the ability to produce a standard n
enable a direct comparison to be made of the value of successive brews of
the vaceine. .

[::l !“-‘l"l"!"l'l'l:-:"
after Immunization with 0003 c.c. of the vaccine its potency 1s considered =satis
|-:||'T|-:"_'~' if |I rest *lliw' \'II“-':.'-.'-'. T|i" O ..'-i".‘la‘! |||'= » 1IN a group
15 permitted. HExamplez of such tests are shown m 1 able XXII. The method of
e in virulence of the B. pesfis

gionally oceurs in the passage strain especially in the hot weat

the results of the tests the prineiple laid down has been

: - . :
stinge 13 not yet periected on account of the ¢l

which occ

When this difficulty can be overcome the method of testing should be capable of

:|]-h|i-:':|‘.|-:-|| for routine standardization

facture used are designed to furnish a product

In practice the methods of mam
of as regular a composition and v

2 (aY the nuse of an animal strain of h

||||-x;-c:h|.-. the |'I'|:|ll' it ;:-im-r- d to artain

Vi

this result beir nce, (b) the isolation

and preparation of seed material under ly regular conditions, (¢) the use of a
medinm of fixed composition and reaction, (d) incubation at reg
for a fixed period. A umiform growth of ifi ||1'.]_'.' high virulence
15 obtained 1o this way and, az ha wn by the results of the latest hiolog

method of testing, the immunizing value of the vaccine is constant.

1aT I:?II| erature

an organism of un

ical

s been :

A question which arises is whether the dosage, which has remained fixed at
!|." il-'.'u-f -.-r i &.c. laid ri-:-.'. n for I'.'.':‘u_l. - ra, 18 & correct one for ]"ITI::H: |:--i|l:.~C.
Complaints of exces ion are occasionally received in regard to the use of
vaceine within a short period after its

Teac

paration but not with regard to older
inid on the score of reaction there does

s not heen possible to

vaceine, This has always been the
not appear to be ANy reason for red

the n-a,, S b

obtain statistics of the relative protective value of the vaccine in human being
with different doses and it does not appear likely that we shall be able to fest this
effectively. In Kenya the vaccine of the Haffkine type prepared is used in doses
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il. COMmMpa I'Erl'_' the !'-'-'_||f:-C ||1. a .~r|~.;|1" "'CI""il'-' of

of 2 c.e. for adults, and de Smidt (1
individuals with certain of the Indian fizures in which
ger dose was used finds that the survival rate was very similar in th

C¢.C. may he & -".:r“l.l il'l'l1 Er'll'l'!lll! :?:i'“_u I|!'l-'|' ||':=,' wo ]!il‘\. g

plague cases in inocn

I' e TWo

groups. It 1s posaible th
no opportunity of determini

In summing up this ¢l ;
as prepared at the Haffkine Institute, by the use of st ndardized methods of
manufacture iz a product of i--~_:|:'.;1f'c'nn'.]|-- m and strength, and that ]'j'l'illj_jit'ill-
methods of testing show it to be of regular and high immuni

iter we may state our opinion that the pls

e VaCCcIne,

value,
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