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REPORT OF THE ANTI-TYPHOID COMMITTEE.

o,
PART I .o
L T Fr & x-i,’__“.'».
CHAPTER 1. bl oy T|
PR \‘H"',f : ”\_LI
INTRODUCTORY., Nt

The Committee were appointed on the 16th March, 1904, by the Army Council and

held their first meeting on the 11th May of that year at the Headquarters of the Army
s - Medical Service, 68, Victoria Btreet.

The ohject of the Commitice, as stated in the letters of invitation to the Members,
wis “ to ill.\’l.":-clignlc the 1}r'.1-:ri.iL:z|.l |Jru]h]|_1,']:ln;:l'.iu and Lil&nlpcutiu value of current metheds
of immunisation against Enteric Fever"”

f*-‘uur;um:-l[M:wrul Sir Alfred K(:n,'_{h, K.0.B., the Director-General of the Arm_j.'
Medieal Bervice, took the chair at the first meeting and farther explained the objeels of
the Committee and the |,|r-::];|-|:i.-:n;rt| agency for the carrying out of the contemplated
investizations.

Personnel of the Commitiee.

Colonel Davin Brock, F.R.8, Army Medical Service.

WiLian Borrocn, Esq,, M.D., London Hospital.

F. Fourn Camcer, Esq.,, M.I), F.R.C.P., Medical SBuperintendent, Sounth-Western
Fever Hoapital.

James Garroway, Hsg, M.D,, F.R.C.P,, {_'-]l:lr'mg Cross Hospital, Member of the
Advisory Board of the Army Medical Service.

Major W. B. Lemsnuax, R.AM.C., Professor of 'I"u!huln;_;}' in the Royal Army
Medieal College.

Roserr Bruce Low, Bsq., M.D., Local Government Board.

Professor A. Macrapves, Lister Institute of Preventive Medicine.

C. J. Marriw, Esq., M.D., F.R.8., Director of the l..in:_tcr Institute of Preventive

Medicine.
s A. E. Waignr, Esq., M.D., F.R.8., Lecturer on Bacteriology, 8t. Mary's Hospital.

\. Clhaermamn.

The Committee, at their first Meeting, unanimously appointed Dr. C. J. Martin,
¥.R.8,, as their Chairman, and he has served in that capacity throughout its existence.

& . Changes in the Constitution of the Commitiee,
1. Subsequent to the 8th Meeting of the Committee, held on October 12th, 1904,
the following Members resigned :—
Wniam Burvocn, Esq.,, M. D,
A. E. Wricnr, Esq., M.D., FR.S.

Macladyen through his death on 1st March, 1907,

3. J. Rose Bradford, Esq., M.D., F.R.8., was appointed to the Committee on 8th
N Mareh, 1907,

4. George Dean, Esq.,, M.D., was appointed to the Committee in place of the Iate
Dir. Macfadyen on 11th March, 1907,

."3“~\ 2. To the great regret of the Committee they lost the valuable services of Dr. Allen

Present Constitution of the Committee,
Chairman.

Dr. €. J. MarTiz, M.D., F.R.8.
(419.1) Az
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Members,

Sir Jonw Rose Bravrorp, M.D., K.C.M.G., F.I1.8.
Colonel Sir Davin Bruce, C.RB., F.R.&.

e r. F. Foonn Cuarger, M.D,, F.R.C.P.
Lir, G, Deaw, M. D,
Dr James Gatvowar, M., F.R.C.P.
Lieut.-Colonel 8ir Wintian Lesosmas, R.AMC, F.R.S.
Dr. Bruce Low, M.D,

Meerela riy.

This {hll}' was perforined by Licut.-Colonel Bruee SBkinner, M.V.0., BRAM.C,
for the major part of the period covered by the work of the Committee and, after his
departure from the War Office for India, Lieut.-Colonel Melville, R.A.M.C., and Mr.
E. T. Gann, have, in suecession, filled the ot

The Agency by which the experimental work detailed in the Report was curried out.

After full discussion at the earlier meetings of the Committee it was agreed that
this work should be entrusted to one of their number —Major Leishman, the Professor
of l'i'llhi.llt.l,".'.Ij' at the Hﬂ_‘rll' _'HILE.'I. Medieal ‘.'la-“l."'_f:!' and to such other officers of his COrpE
as e required to collaborate with him.  SBanction was obtained from the antherities for
the attachment of such officers to the Pathological Laboratory of the Royal Army
Medieal College for various periods and the whole of the work shortly to be detailed has
accordingly been done by these officers.  Throughout the investigations Major Leishman
has been in touch with the Committee on the nature and results of this work ; presentinge
sehemes for the future for the approval of the Committee and submitting, from time to
time, detailed reports of that which had been done.

Singe the commencement of the work in 1905, the followine offiecrs have eollaborated
with Major Leishman for varying periods :

Major W. 8. Harrison, R.AM.C.
w H. W. Grattan, R.AM.C.
s 2 L. Commins, R.AM.C.
Captain A, I. A. Wehb, R.AM.C, .
i 5 A. B Smallman, R.A.M.C
p O, C. Comming, R A.M.C.
Lieutenant F. M. (G, Tulloch, R.AM.C. -
5 It. G. Archibald, B AM.C.

L
The greater part of the experimental work, being of seientific interest, has been
published from time to time in medical amd seientific journals, of which the following is

% a lizt :
1. Journal of the Royal Army Medieal Corps, Yol. V., page 1, 19405,
2 ._. o i - Vol. VIIL, paze 472, 1907.
53 oS o 4 = Val. X, page 583, 1908,
4, i i e W Yol XI., page 327, 1908,
5. Journal of the Royal [nstitute of Public Health, Vol. XVIIL, July, August,

amd September, 1910,

The above publications gave full particulars of the details of the wvarious
experiments, and it is not thonght necessary in this Report to repeat the whole of them,
but those which resulted in definite conclusions have now been collated and ave wiven
in the Report, freed as far as possible from technieal detail, and unaccompanied by
the protocols which appeared in the earlier publications. It has, however, been felt
well to reprint some of the charts in connection with the experimental work for the sake
of more clearly illustrating the text.

The f,'uj;ll;;llillm'. have delayed the publication of the Report until the present 1[:1.'-'
for the following reason.  As will be seen, they felt it necessary (o aw ait the accumula-
tion of sufficient statistical evidence of the effeets of the vaccine, collected 1n accordanes
with a definite system which they had drawn up. 'This material was to be obtained from
|-l-gi|11¢|;[5 sent on foreign service from this country and, rl:LtIITII||j-‘, it |Iﬂ5_ taken some
years to allow of the accumulation of figures sufficient to enable them to frame definite
conclusions as to the effect of the modifications of the vaccine resulting from the
experimental work.
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Sufficient material having now accumulated to allow of such judrments bein
formed, the Committee feel that their Report should no longer be dnlaymlu; but, at the
same time, they realize that progress must be continuous, and they trust that the
researches on typhoid vaecine will be continued, with a view to the introduction of still
further improvements in the system in the light of recent progress in science.

CHAPTER II.

Snowr History oF Tyruotp Ixocvnation.

The fact that an atiack of enterie fever confers as a rule an immunity against a
gnbsequent attack has been held as proven for ]lmg and, ever since the discovery of the
Bacillus typhosus by Eberth in 1820, and ils isolation in pure culture by I}“Eﬂi‘_'r'-iﬂ 1884,
bacterinlorists have .'Il|.L"11I'||-h"|I to rc]rrmlm:'c this immunity in Inhnr}lf_up; animals I:_'li'
various measures, A fair amount of success attended these earlier methods of immuni-
gation but the results were not thought sufficiently striking to allow of the application
of any of them to man.

The next important step in advance eame with the discovery by Pfeiffer and by
Kolle of new subatances in the hlood of immunised animals which were capable of
analysis and measurement and which permitied an estimation being made of the degree
of immunity which had been reached by any given method of immunisation, The history
of the dizeov ery and investization of these substances forms a ];lrJr__‘ﬂ_- part of the modern
history of bacteriology and docs not lend itself to useful summarising, so all that
necd he said here is that the chief of these substanees were the agrelutining, the baeteri-
cidal substances, the bacteriolysing and, more recently, the opsonins, Some or all of
these substances were found to inerease largely in amount as a result of the various
immunising procedures and were found to bear a direct relationship to the degree of
immunity conferred.

Investigation soon showed that similar substances were present in the blood of eases
of enterie fever and that they persisted in the blood for many months after convalescence.
From these observations it was concluded that the immunity conferred either by an
attack of enterie fever or by some proeess of artificial immunisation in the ease of an
animal were attributable to the presence of these substances in the bloed and fresh
encourazement was thus miven Lo the Empm: 1hat |ZI_'!|" upp]_\"ing one of these processes of
arfificial immunization to man, a useful decree of protection mizght be induced against an
attack of the dEcase,

The first attempts in this direction were made independently, by Sir A. E. Wright™
and by ["feiffer and kolle,™ both of whom inoculated dead cultures of typhoid bacteria
info man with no bad effeets and with the resalt that speeific agelutining and bacteri-
cidins made their appearance in the blood of the inoeulated men. All of these workers,
however, have confessed their indebteduess to the earlier work of M. Haffkine, whose
experiments upon eholera vaceination in man had alveady proved that the inoeuolation
of dead cultures of Koeh's vibrios produced the appearance of specific substances in
the serum of the inoenlated and had also been able to show that this was accompanied
by an actual protection of the individual against an attack of Asiatic cholera.

In the years followine these first attempts at active immunisation of man against
enteric fever, the progress which was made in connection with the subject is unquestion-
ably due to S5ir A, E, Wright, who, in addition to his unremitling researches in the
laboratory, earricd out a laree pumber of inceulations with the vaceine which had been
devised by him, An aceount of thiz earlicr work of himself and his c::]luzglwﬂ at the
Army Medical School at Netley has been published by him in book form,™ and need
not be reeapitulated here, but it should be borne in mind that it is largely owing to the
untiring labours of Sir A, E. Wright in those early years that typhoid inoculation has
come to be recognized as o practical means of protection against the disease.

it was not until the publieation of the statistical results of these first inoculations
that the method was adopted on any scale in other countries, but the vaccines used in

* Laneet.,”  10th Septembnr, 1506,
e Demtscle Medicinische Woclmnschrife.”  12th November, 1806,
@ a A Bhort Treatise on Auti-Typhoid Ineculation.” A, Constalle & Co., 1004,
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such instances have mostly been prepared by different methods and, with few exceptions,
the numbers have been too small to afford any eriterion of their comparative valua,
while many suggested vaceines have not been tested at all outside the laboratory,
The best known of these vaccines are those which were devised by Levy in Austria,
by Pfeiffer and Marx, by Bhiga, by Brieger and Mayer, by Bassenge and Rimpau,
and by Wassermann in Germany, by Besredka in France, and by Dzeergowsky
in Russia.

The only tests of any statistical importance, other than those afforded by
Sir A. E. Wright's vaceine, have been derived from the use of Pfeiffer and Kolles vaceine
on some of the German troops engaged in the Herero rebellion in German South-West
Africa in 1904. The published results in this instance were favourable to the protective
power of the vaceine, hut appeared inferior to thoze obtained by Wright's vaccine. In the
case of the latter, the earliest records were in eonnection with epidemics of enterie fover
which occurred in the British Isles, notably at Maidstone in 1897, and at the Iichmond
Asylum in Dublin in 1900. 8ir A. E. Wright had also the opportunity of testing his
method on some of the British troops serving in India, to which esunt ry he wasz called
m 1899 to serve upon the Indian Plagne Commission. In several instances he was
suecesstul in obtaining a large number of the soldiers of a regiment to volunteer for
inoculation, and in some of these cases the subsequent incidence of enteric fever
afforded a valuable indication of the benefits of the process,

At the end of 1899 the outbreak of the Boer War offered a chanee of an extended
trial and Bir A. E. Wright obtained the sanction of the War Office authorities to earry
out his system of inoculation on such men as should voluntarily present themselves prior
to their embarkation for the seat of war. The men availed themselves of this on a large
scale, and, aceording to Lieut.-Colonel R, J. 8. Simpson's recent aceount of the Medical
History of the Campaign,” there are official records of the inoculation of 14,626 men ont
of a total strength of 328,244 men who served during the 3 years of the war. Oy ing to the
difficulties of obtaining accurate statistical information, which appear to be inseparable
from active service in the field, the evidence in the case of typhoid vaceine and its
power to protect against attack proved disappointing and it was only in certain units that
the material was of sufficient homogeniety to be of value. All the material which had
been accumulated up to 1904 was placed before the Committee and most carefully
studied by them at their first mecting, and their report upon these figures will he found
recorded in the minntes of their meeting held on 17th June, 1904, and were
incorporated in the Interim Report made by them on the &th July, 1904,

As a result of their enquiry into the whole of the available statistical evidence the
Committee recommended to the A rmy Council in their Interim teport, g¢.v., that
the system of inoculation, which had temporarily been in abeyance, should be re-intro-
duced into the Army as a voluntary measure, but, in addition to this, they recommended
that investizations should be commenced with a view to the introduction of possible
improvements in the system introduced by 8ir A. E. Wright. Aecting on the recom-
mendation of the Committee sanction was given by the Army Couneil for the recom-
mencement of the inoculations and also for the carrying out of the experimental work
which the Committee had in contemplation. The work in question now falls to be
deseribed. .

The first portion of the experimental work which the Committes contemplated was
the systemalic investigation of the blood changes which follow the inoculation of typhoid
vaceine, and, as soon as the re-adoption of the system had been sanctioned, this was
proceeded with, the experiments being carried out by Lient.-Colonel Leishman and his
colleagues, Major Harrison and Lieutenants Smallman and Tulloch. An aceount of this
work will first be given and this will be followed by a description of the rest of the
experimental work. Part IL of the Report deals with the statistical results which have
been collected during the existence of the Committes,

L = ——

@ Journal of the Roval Army Medical Corps, Vol XV, page 414, 1910,




CHAPTER IIL

[dvesTICATION OF THE BLOOD-CHANGES WHICH FOLLOW Tyenon [XOCULATION.

As the result of the work of Sir A. E. Wright and others, many of these changes
were known at the time the investigation was commenced, for instance, the appearance
of the specific agglutinins and the rise in the bactericidal power of the blood serum ; but it
was folt that useinl information might result by the systematic quantitative measurement
of the various immune substances for a period of some weeks following inoculation, in
other words, by the building up of “ jmmunity eurves” of the various substances in
question. In this way it was hoped that useful light would be thrown on such points as
the most appropriate dosage, the proper interspacing of the doses, the possible existence
of a negative phase, &e.

As soon, therefore, as sanelion had been obtained, steps were taken to orgamize
such an investigation of the blood of a number of men inoculated with typhoid
caceine. Choice was made of the 2nd Bn. Royal Fusiliers, at that time stationed at
Aldershot, as being the only unit of any size which was proceeding to India during
the trooping season at that time in progress. Every assistance was provided by the
Commanding Officer of the regiment, and by the medical authorities at Aldershot, while
advantage was taken of the presence of a small laboratory belonging to the District
Sanitary Officer, for the earrying out of the analytical work.

Although but a small proportion of the men who were to proceed abroad were
present at the siation at the time of the commencement of the work, many being absent
on furlough pending embarkation, those who were present at a lecture given to the
men by Major Leishman responded well, about 50 per cent. coming forward as volunteers
for inoeulation. A special appeal was also made for a small number of those inveulated
to attend daily for the purpose of having samples of their blood taken with which to
carry out the tests detailed below. These men were seeured without difficulty through
the assistanee of the regimental authorities, on heing excused morning parade during the
course of the experiment.

General purpose of the experiment.
The following were the prineipal points to which attention was directed :—

1. The construction of  immunity curves " of the substances which appeared in the
blood in response to the inoculation of the vaccine. Buch curves were built up from the
results of the daily quantitative tests earried out on the blood of the inoculated.

2, A companson of the effects of different doses of the vaccine as regards the
symptoms following inoculation and the development of the protective substances.
From such a comparison of the results oblained in connection with the groups of men
receiving different doses, it was hoped that light would be thrown upon the optimum
dose of the particular vaceine employed.

4. The determination of the effect of two consecutive inoculations, and of the most
appropriate moment for giving the second doese.

4. Investigations as to whether any evidence was 1o be gained from the daily
analyses of the protective substances with regard to the production of a © negative
phase " of resistance as a result of inoculation, the duration of such a phase, if it was
found to eceur, and its relationship to the dosage of the vaceine.

The vaccine employed.

Full details as to the preparation and the method of standardisation employed are
to be found in the detailed report already published,™ and it will snffice here to state
that, in accord with Sir A. E. Wright's recommendations, it consisted of a young broth
culture of a strain of B. typhosus which was of very low virulence. The broth culture
was sterilised by heating at an average temperature of 62° C. for a quarter of an
hour. (The temperature employed on this occasion should be borne in mind, as it has
an important hearing upon some of the later experimental work, and because it was
probably aceountable for the poor results, as regards protection, which were subsequently
obtained in this regiment, see page 58). After proof of sterility, by both aerobie
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an d anaerobie cultures, a small quantity of lysol, 0-5 per ecent., was added as a safe
guard against subsequent eontamination.
As regards standardisation, this was attempted by the enumeration of the numbe
H of germs by means of the mixture of a measured quantity of the vaccine with a know
dilution of normal blood, and a comparison of the relative numbers of the Zerms an
of the red blood cells, as deseribed by Sir A. E. Wright. The results, however, wer
not altogether satisfactory, and further help in the estimation of the bacterial content
of the vaceine was obtained from the ehairman, Dr. C_.J. Martin, who was good enougl
to estimate the weight of the dried bacterial bodies in a measured quantity of th
vaccine and, by means of a series of control experiments with emulsions of typhoii
germs, to obtain a eorrelation between the weight of such a bacterial residue and th
number of germs contained in a given volume of that vaccine. From the combinet
results of these experiments the conelusion was reached that the vaceine employed i
the inoenlations was of a strength equivalent to 1,700 million dead baeteria [er e.em
A considerable amount of experimental work, which was -illll:id_‘:1|1l{'|'|.‘[|,1'.' undertaken witl
a view to possible improvements on the system of standardisation, showed that thi
result can only be regarded as approximately accurate.

Dosuge,

It was decided to inoculate the weneral bady of the volunteers with one-third of a
c.em. for the first, and two-thirds of a c.em. for the seeond dose, these amounts
corresponding, respectively, to 566 millions and 1,133 millions of bacteria. These doses
were decided on in the light of earlier experiences of inoeulation and of the local and
gq"'l'l.r'l'.l'l] eflects which had followed the [il'l.llilrl'illﬂl"l-' inaculation of the ollicers ['1“111“1‘“"_[]_
the investizations.

From this cencral body of the volunteers six men were chosen for the purpose
of carrying out on their blood the daily tests for the various protective substances !
these constituted Group « B.” !

In order to test the effecis of doses of vaceine, higher and lower than this, two
other groups of men were seleeted : the first of these, Group “ A," reecived double the
amount given the men of Group “B,” at both first and second inoculations; while the
second group, *“ C,"” received but one-thind of each of the two doses wiven to the sreneral
body of the men from whom, as has been said, Group “ B was formed.

In addition to these three groups, “ A" “B,” and “ C,” a fourth was constituted as
the opportunity was found to offer of testing a point of some scientific intercst in
connection with protective inoeulation. This was the possible power of individuals whe
had been inoculated some time before to respond to the re-inoculation of a very smail
dose of vaccine by an unusually large output of protective substances into the blood.
In the case of this regiment it was found, before the experiment started, that a certain
number of men had been inoculated, 5 years before, on proceeding to the South African
= campaign.  Five of these men were persuaded to be re-inoeulated and they thus

constituted Group “ D™ and received as a first dose 4;th of the amount of vaccine wiven
to the general body.  As will be geen, the response to this small dose was so slicht that
it was considered advisable to increase the second dose disproportionately, and they were
given accordingly 10 times their initial dose at their second inoculations.,
- The details of the various groups, and of the reactions following the inoculation
of the doses respectively given to them, need not be repeated here. It will suffice to
- state in general terms that the reactions, hoth general and local, were of the usual
type and quite moderate in character, even in the case of the group which received the
largest quantity of vaccine. In no ease did the symptoms extend beyond the second day.,

The mevsurement of the F:'n!er!h-w subslances,

It was proposed to estimate daily the amount of the following substances present .
in the blood of each of the four groups :—

- A 1. Agelutinins,

2. Bactericidal substances.
3 Ihlﬂil'fi“]]’hiﬂﬁ.

. Opsonins,

. Btimulins,

-]

For this purpose it was decided, as had been suggested by Sir A. E. Wright, to
“ o les of blood colleeted daily from the men of each zroup, and to earr
pool " the samples of blood collee ¥ from group, CAarry




H

outl the tests on the mixture of their blood serums thus obtained. It was thougzht that
it would he ;.q-.;-mil;.];_: in this way to obiain a betier wea of the average lh_“-'i_'|u]l1m:nl of the
various substances than by relying upon the results obtained in the ease of one
individual. Considerable personal variations were already known to exist in respect of
the development of these substances, and it was therefore thought that the above
aystem mizht climinate this fallacy o a sreat extent, Previous work in connection
with this method of pooling had been done by Major Leishman and his colleagues
hefore the inoculations were undertaken, and the results showed that the system did
permit a fairly aceurate measurement of the average values of the various protective
substanees which develop in the blood of a group of men."
The results of the tests may now be considered.

1. Agylufinins.—In all four groups the st appearance of a rise of these substances,
above their normal level, oeenrred upon the Oth day after the first inoculation. Dosage,
therefore, wonld appear to have hittle to say to the h:!i-tl.-l:ing‘ or retarding of their
appearance.  Onee they made their appearance there followed a very rapid nse, and
the heights ultimately attained were very considerable in the ease of Groups © A, “B"
and “ . and marked also, considering the very small doses, in the ease of Group “ D.”
Following the rapiud initial rise, & fall occurced in all cases from 4 to 5 {|i‘l."l.'5- after
reinoenlation ; and subsequently to this there was a second rise to a level higher than
that previously attained, presumably as the result of the second dose of vaccine, since
the same interval of 9 days was found to clapse between this secondary rise and the
spconid dose of yaecine, as had been noted in connection with the first dose.

As regards the comparative heights reached in the different groups, it was found
that the initinl rise was oreatest in the ease of “C,7 and lowest in the case of *A ™
{excluding “1," in which the figures were low throughout), while this order was
reversed after the third week, the height of the agglutinins at the end of the
experiment standing in direct proportion to the size of the doses given to each
group. (See Chart L)

2. Buelericidal substonees.— A considerable amount of preliminary work was done
by Major Leishman aml his colleagues in order to seleet the best method of measuring
the bactericidal action of the blood scrum of the inoculated men. Bir A, E. Wright's
method was adopted, with certain modifieations which appeared called for as the result
ol some of these experiments, The biood drawn from the finzer of each man of the
particular group eoncerned was allowed to clot in the sealed capsules used for this
purpose and, at the end of 2 hours, the serum was drawn off from the elot and equal
volumes of cach man's serum were mized together to furnish the * pooled ” serum
with which the tests were earried out. Hvery possible care was taken to ensure that
the conditions under which this was done were as uniform as posible, in order that
the results of one day's observations might be fairly comparable with those of
the next,

The general prineiple of the test was the ascertaining of the extent to which the
serum of each group eould be diluted with an inert fluid before it lost its power of killing
off a certain definite nimber of typhoid bacteria.  For this it was necessary lo prepare
a series of dilutions of each pooled serum, and to mix each of these dilutivns with the
same * test dose ™ of typhoid bacterin.  The test dose adopted was a given volume of &
“4-hours’ broth eulture of typhoid whieh had been diluted 10,000 times. Previous
experiment had shown that the average nomber of bacteria present in this test-dose was
from 200 to A00, but a control experiment was made daily to aseecrtain the actual
number present in each day’s tests, The task now imposed upon each dilution of the
pooled serum was the killing of these 200 or 300 germs within one hour, at blood heat.
To ascertain whether this had been secomplished, cach tube's contents were blown oub
on to agar |rh|tg-.=-. which were inenbated for 20 hours, at the end of which time the
results were noted and recorded,  When the serum had been strong enough to kill all
the serms the plates rmluru":‘ remained zit:rrile::, while, if the hactericidal substances had
Leen too highly diluted, evidenee of this was found in the inereasing number of colonies
which developed on the plates

In fixing the l.‘ll-ll-!ll:ilill[." from which to frame the records and curves, il was
decided, for reasons which were fully explained,” o take as evidence of a negative
bacterieidal effeet the lowest dilution of the serum in which it was found that two or

o Joarpal of the Boyal Army Medieal Corps, Vol. V., page 30, 1503,
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more bacteria had survived, The dilution next below this, i.e., the one which contained
the gserum in stronger coneentration, was adopted as the umi-]nuinl and the standard of
measurement of the bactericidal power.

The method was one of considerable technical difﬁcu]!_\- but on the whaole it .'l'i:l‘]lll.'-d
results which were regular and easy of interpretation.

In drawing up the curves to illustrate the rise and fall of these bactericidal
substanees in the blood of the inoculated a normal base line was adopted at the level of
gerum diluted 1— 25, Thisvalue had been fixed on by preliminary experiments with the
method upon the blood of healthy voung men who had not been inoeulated and had not,
at any time, salfercd from epterie fever.  Individual  differences were 114|E||r.-|_ll_].'
encountered in these experiments and the figure mentioned was the averare of all the
obsorvations on these normal men, while, as has .-tlri-:a-i"l.' been stated, the system of
peoling appeared to minimise any fallacy due to these individual differences.

Turming now to the results of these observations of the baetoriciidal power, no change
outside the limits of normal variation was found te eecur for the first 6 days following on
the insenlation of the varions groups.  The first noticeable rise above the normal level
occurred on the Tth day in the case of the “B " and * I} " gronps and this was followed
by similar rises in Gronp “ A" on the Sth day and Group “ C” on the 9th. During the
gucceeding Liu_].'r: the levels attained rose more or less continuously and, in the main, in
proportion to the dose of vaccine adminisiered, It is to be noted that there was no
evidenee ol any n‘.-;::Li'!'.'-- p'll:lw reflleeted in the earlicst estimations of the bactericidal
power, even in the case of the group which received the largest dose, {See Charts II.
and LIL.Y
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At the time of the administration of the second doses the bactericidal power of the
various roups appeared still to be rising and, during ihe days immediately following
t rose still hizher and reached the points of maximum value in the
case of Groups # A, < 1,” and “C." In Group D there had been very doubtful
evidence of any increase as a result of the first small dose of vaceine while the second
noculation with a ten-fold larger but still small dose also failed to show any InCrease
in the amount of the bactericidal substanees.

In all cases the maxima were reached on or before the third day after reinoculation,
subsequently a decline eommenced which was interrupled on the Sth and Oth days by
a fall to or below the normal level, which was attributed to an experimental error, but
muy, possibly, have been a troe reading. At all events, it was rapidly re:nt'cru;t’l from,
and, at the eonelusion of the experiment, 15 days after the second inoculations, the
bactericidal power of the two Groups “ A ™ and “B," those, namely, which received the
high and mediom dose, respectively, were still considerably above the normal limits of
variation. ©On the other hand, the value of Groups “C” and “ D7 had, at that time,
fallen within these limits,

5. Bucterinlysins,—Assuming that the substances which kill the haeterin, in other

|]I|.!'1"|.‘ .‘“":'H'Illl 'il.l'I:H.

words Lhe * bactericidal substances” just dealt with, are distinct from those which are
responsible for their disintegration after death, an attempt was made to measure tl:‘e
development of the hacteriolyiie substances in the blood of the inoculated, and to this
end, before proceeding to Aldershot, a method was deviseldl for the estimation of these
bacteriolysins, 1t was felt at the time that the method adopted was lacking in precision,
but it served at least to demonstrate the fact that the bacteriolytic powers of the blood

{4191} B g




——— b2

were markedly increased as a result of the inoculations, and that the degree of this
power corresponded direetly with the dose of vaceine given; there was further noted
a fairly elose accord with the values attaching to the bactericidal power of the groups on
the same days. S :

It is now considered doubtful whether any distinetion can be drawn between the
bactericidal substances and bacteriolyzing, and the tendency at the present moment 18
Lo r'—’-:'-'“-”i them more as different J11El:li1-i."-mti1'lt1$ of the al.‘!tir;n of one substance or group
of substances, =

In the method employed a series of dilutions of the serum of each group was
prepared, and each of these dilutions was mixed with an equal volume of a 24-hours' hroth
culture of typhoid bacilli, undiluted except for this addition of the serum ; the mixed
geruim amil bacterin were then left in contact at blood heat for one hour. They were
next blown out on to slides and the resulting films were stained and examined
microscopically for the evidenees of bacteriolytie action, as manifested by the alteration
or complete disappearance of the bacterin. Various arbitrary standards were adopled,
and, from the readines thuos obinined, charts were drawn up for each group of the
moculated ; the normal line, as in the casze of the bactericidal substances, heing fixed at
the level determined from a series of similar observations apon the blood of normal men.
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The results of the daily tests showed that the bacteriolytic powers of the blood
were markedly raised by the inoculations, but this was only manifest in the ease of
Groups * A" “B,” and “C,” the highest levels being recorded in Group © A,” that
which received the larzest doses of vaccine. Group “ 1D, on the other hand, failed to
show any definite evidence ol an increase of these substances on account, probably, of
the very small quantities of vaccine used on this group.  No evidence of any negative
phase was forthcoming from this series of observations. (See Charts 1V. and V,)

4. Opsonins.—An attempt was also made to obtain a eurve of the ilevelopment of
Lhese substaneces, but at the time of the experiment comparatively little was known of
the nature and properties of typhoid opsonins, and the techinique which was devised for
the purpose did not yield very satisfactory results, The chief reason for the
comparative failure of the tests in question was only made clear when further experience
showed that the typhoid opsonin which develops during immunisation differs from the
typhoid opsonin  present in normal serum in being thermostable, the latter heing
thermolabile and readily destroyed by heating the serum to 60° C. In the technique in
question it was assumed that Sir’ A. E. Wright was correct in considering that
Lyphoid opsoning were thermolabile, and the thermostability of the immunc opsoning
only heeame manifest as the experiment progressed, and too late to allow of the
adoption of another system of measurement. Under these circumstances, therefore, it
i5 Lhougshi unnecessary to reproduce here the acecount of the opsonie estimations which
was given in detail in the account already published.®

As will be scen later, once the thermostability of the immune typhoid opsonin was
recoznized and a snitable method of measuring these adopted, much valuable
information was obtained as to the progress of immunisation in man and in
experimental animals,

b Stimuline—A fifth series of investigations was also undertaken with a view to
estimating substances which were supposed by Major Leishman and his eolleagues to
favour phagocytosis by direetly stimulating the leucoeytes, as opposed to the sensilising

*t Journal of the Koyal Army Medical Carps, Vol. V., page 25, 1905,
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action of opsonins upon the bacteria. The name stimulin had been given to suck
theoretical substances by Metehnikoff at an earlier date, and it was assumed that thi

action neticed by Major Leishman, on adding a trace of an imwune serum to a norme
serum, wag due to such a stimulin substance. Here, again, later experience has show

that the existence of these stimulins, as separate substances, requires further demon
stration, in view of the thermostability of the immune typhoid opsonins. One of th
chief reasons which led to search being made for them was that the stimulatin
action had been shown to be due to a thermostable enbstance, and therefore to somethin

which was distinet from typhoid opsonins, the latter, as has been said, being thought a
that time to he iln‘uriuh]}' thermolabile,

As regards the general resnlts of the investigation the following conclusions wer
T
drawn :—

(1.} The guantity of vaecine given, even in the ease of Group “ A" which reeceive
the highest amount, had not resulted in loeal or general reactions of any undue severit,
and the effects of inocuiation Liad ]l:lHHﬁ‘.‘ti off, m almost all cases, within 48 hours T
severity of the reactions was noted Lo correspond to a certain extent with the amoun
of vaccine used. The relative severity of the first and second doses was inconsistent 3
appeared however, that, in those who had the largest initial dose, the second inoculation
of double this qoeantity, produeed a smaller degree of discomfort than the first. (n
the other hand, those who had reeeived bot o small quantity of vaccine as a firs
inoculation suffered rather more at their sceond inoculation, when receiving twice wha
was Fiven at the first dose.

(2.} The effects of the inoculations wpon the blood was the development of 4
remarkable rise in the agglutining, bacteriolysing and bactericidal substances.  Thes
roge to heights far above the normal range and, even in the ecase of the eroup whicl
received the smallest doses, remained well above the normal at the termination ol thi
month doring which the observations lasied.

{.) As regards the relationship between the dose of the vaceine and the subsequent
development of the above substances, while the advantage appeared to liec with the
Group “ A" which veceived the largest dose, the values in this instance were hat little
above those recorded in Group “B,” which received but half the quantity of vaccing
given to “ A" In Growp “C" which reeeived one-sixth of that siven to “ A" the
values recorded were 1|i:al:|||:'L]I}' lower  but, :4Ii1|_. ||-".' no means in proportion to the
difference in dosage.

Taking into consideration the reactions as well as the development of thesd
proteelive substanees the most suitable dose would appear to have been that siven to
Group “B,” namely 566 million for the first inoeculation and 1,153 million for the
gsecond, (It may be added here that, althoush the vaecine itself has been modified
from time to time, m the lizht of the L'J'.]J'l.'l'-l-"lll.'tllﬂ detniled further on, the above-
mentioned firat and second doses of dead becteria have been approximately adhered to
and are still in use.)

(4.) The various tests showed no evidence of the oceurrence of a negative phase of
resistonee as an immediate result of inoculations, with the doubiful l:,a..;ru[;[i.m of the
transient fall in the bactericidal power eight or nine days after reinoculation.  As the
first tesis for the various substances were instituted within 16 hours after the initial
dose had been given it would appear that, if such a phase had resulted, it must have
been of o Very {!EIIIlJIl]t'I:':L] nature, The system of ]nu:llin-_-l' the blood of several
individuals of the same group admits the |rn:~'-'L|l'=|ill'r' of such a ]_Ill.il_.'\l_' having oeenrred
in individual cases but, had this been common, or even well maried in a single instance,
it could hardly have failed to manifest itself in the daily analyses. In deeiding
upon the mlnpliun for meneral nse of the dose H"ll.'q_-” to l:l'uu]l e il_l preference to thai
given to Group “ A,” this question of the possible danger of a negative phase was borng
in mind, as there can be little doubt that the larrer the dose of the vaceine the greates
the likelihood of such a temporary diminution of resistance to infection.

(8.} The interval of 10 1]:1}':'. between the admimsteation of the two doses, -'El[ll_rl:lh_"[
in this t‘.‘ipt‘:ri'rllurlt, i'Lplwllrl:Ll 1o he :ulli:at'.'u'iurj; at that time the ]Il'clll'l'l;.'--- substance:
had already made their appearanece, and the immediate effeels of re-inoculation were no
accompanied by any fall in the amount of these substances; on the contrary, it woul
seem to have stimulated their further elaboration.

{G.y The L'Illpl-l.'l} ment of a YOIy small dose of vaccine in the ease of the Eroup o
men “ 1,” who bad been inoculated 5 years before, did not confirm the anticipation tha




they would exhibit an exceptional response to such a dose in elaborating large |||;|:111til ies
of protective subsiances,

r

In order to trace the ‘-11!1‘1(:4|III‘I'L1 fluctuations of the protective substanees, one of
the officers engazed in the above work, Captain A, B. Smallman, accompanied the
feriment to India, and was attached to it for 3 years,

The regiment arrived at Lebong, adjoining Darjeeling, on 9th January, 1905, but,
for various rcasons, it was found impossible to commenee the varions tests until 13th
#ebruary.  T'he first ohservations made on the groups, approximalely 4 months atter the
first inecculations wiven at .-"L]ﬂl.'rhhui, showed that the agelatinins were still ||'I;_']|, and
that they then stowd in dircet ratio to the dose of vaeeine ziven; the values in the four
Groups, ©A," “B," G and “ D) were, respectively, 1,000, 600, 200 and 50, The
bactericidal power, on the other hand, had in most cases fallen within the limits of normal
variation, as these had been determined by the preliminary work of Major Leishman and
i eolleagues,  The subsequent analyses of these substanees made by Cnptain Smallman
cave very low and irregular readings, althongh the technigque, with which e was
thoroughily familiar, was rigidly adbered to and identical in every respeet with that
employed al Aldershot. [t appearcd probable, therefore, that some essential factor in
the experiment haid not remained constant.  From his later experiments with the
shlod of the inocnlated, and others which he devised with a view to controlling his
technique, it wonld appear that this altered faeior was to he found in the different
conilitions of growth of the culture of the l1.|llmll:i bacillus which was wsed thronghout
all the l-".purllllvllh. At home no diffienlty 15 experiensed in procuring meat of gnnl‘l
quality, from which to prepare the enlture material used for growing the bacilli, but this
i5 far from beine the ease in the [I’H]Iil."ﬁ It was found that the rrowth of the l\ll]luitl
bacteria in the nutrient broth propared in I}.u]uhn'r was greatly :r:rl-!rn'll:d the number
of haeteria which developed in 24 hoors averaging only about one-third or one-fourth of
what had been obinined al Aldershot,  The cuml:t1r:u|1=- of growth, therefore, being
obviously less suited to the requirements of the strain of {vphoid bacteria it is probable
that they were, at the same tme, rendered more sensitive to the baeterieidal power of
Lleod sermm, s that in eonsequence the readines obitained at Aldershot and Darjecling,
respectively, eannot be taken as sirictly comparable.  The above supposition appears
snpporied 11r=||| the results of the tests which were subsequently earried out on the blood
of normal men, the readings found hoeing dlhl_:lrl.:-']:. lower than the averagre of the
cstimations obtained at home,

"Flye '!I:LJ.'h*l'iu[}'I:it: snlistances were afzo foumd to bave fallen to the normal in the
vase of all of the growps at the time of the first Darjecling observations, four months
after the: Girst neeulations. In theze ohservations, also, it wonld appear that the
irrezular resuits at times in evidenee might he attributable to the greater sensitivity of
the bacterin growing under comparatively unfavourable conditions,

Fhie estimations of the phagoeytic powers of the blood, as tested by the obser-
vations made of the opsonin and the stimulin ratios, revealed similar irregularities,
and the only definite point which appeared to emerge trom fhem was the confirmation
of the fact poted ot Aldershiot that pecsistently higher readings were found in the case
ol the serum whieh had be N prey iously iu*ulu] with a view to the destruetion of the
suppused thermolabile opsonins,

Stinilar tests were continned at intervals during the siay of the regimeut at
Parjecling, anid, 5|1h.~i1-.||||1:1|l|_r, when the regztment moved from this station to Secunde-
pabaed 1 Novemboer, 1905, To summarise the results ¥ jelded |J:|.' these further tests, it
oy becsand fhat, in the ecase of all of the FTOUpS, 0o evidenee of the presence of
protective substances above their normal amounts could be found later than 6 to
 months after the inoculations had been carried out.  From this standard, then, it
wordil appear that the inoenlated individuals by this time had lost the increased power
af resistanee to ifection with which they were, presumably, endowed, when the amount
of the various substanees stond well above ihe normal, as was the ease for the first 4 or
d months following ineculation.  The crucial test of exposure to the actual danger of
infection was, hiowever, ]:lu'king at the time duriug which the substances were in evidence
in inercased quantity on account of the fact that Darjeeling is a healthy hill station,
7,000 feet above the sea level, and no eases of enterie oceurred while the regiment was
there, with the exeeption of two men whe had not been inoculated, and who contracted
the disease when absent at Allahabad,

Further inoculations were earried out on velunteers during the stay of the regiment
in the hills, and from among these men fresh groups were eonstituted upon whose blood

e e e - o - = e e Ll e Ll i
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similar tests were done, as apportunity offered, by way of supplement and control of the
former results.  The number of observations upon these new groups was not sufficient tc
give more than a gencral confirmation of the former results, and no new features were
brought out.  The vaecine cmployed in these inoculations was the same as had been
used at Aldershot, a point of importanee, as will be shown later.,

After the regiment reached Secunderabad, in the Madras Presidency, cases of
enterie fever commenced to g ppear.  The results as regards any evidence of protection
conferred by the inoculations were dizappointing, but hore out the view that the fall of
the protective substances to normal levels coincides with the absence of any degree
of increased resistance to infection. The detailed fizures in connection with the
statistical results of inoculation in this regiment are given in Part 11, and it need
only be mentioned here that the incidence among the inoculated was practically
identical with that among the nen-inoculated,  The twa groups were not, however,
homogeneous, as there were, at the end of 1906, only 181 inoculated men in the
battalion as contrasted with 232 non-inoculated.  As regards the severity and mortality,
Captain Bmallman reported that the type of the discase in the inceulated was much
milder than in the un-inoculated, and that, in his opinion, recent inocalation profoundly
modified the severity of a subsequent attack.  As regards case-mortality, there was only
one death among the inoculated men, and that was in a man who contracted cholers
while convaleseent from his attack of enterie.

Althougl the subject is fully dealt with elsewhere, it may further be mentioned,
in conclusion, that the comparatively unfavourable reselts of the inoeulation of this unit
were the starting point of much of the experimental work described in the following '
l:‘|uI|JH.'r':-:, and that the probable resson for the failure wiornlid appenr, from the results of
these experiments, to have lain in the fact that the vaccine used in this case had been
sterilized at a temperature which subsequent expericnee lhas shown to damaze its
inmunising properties,

i

CHAPTER 1V,

ExresiMeENTs 0% ALtERyATIVE METHODS OF RinLixe g Bactenia

In this work the investigators kept constantly before them that whatever method
was tested should comply with the following requirements : 1st. The method should be
simple and certain as regards sterilization and capable of heine emploved on a laree
scale. Znd. The bacteria should show themselves capable of autolysis when kept
subsequently at blood heat. 8rd. The vaecine preparcd from the bacteria should give
rise 1o o MHi:-Iil:'Lm'_'f development of proteclive substances on incculation.  4th. The
vaecine should be one which could be standardized with aceuracy.

The prineiple which was adopted in this work was to try a larre number of different
methads of killing the bacteria and (o make a selection of those which gave the
most promising results for further tests sach as their suitability for accurate standardiza-
tion and their immunizing properties when used upon experimental animals.  There i5 T
need 1o give details of all the methods investizated and it will suflice to mention those
which appeared most promising and the majority of which were submitted to the 1est of
experimental inoculation and the measurement of the protective substances which
appearcd in the blood of the immunized animals.

Expeiment 1.
Olject.—'To test the value of desiceation as a means of killing the bacteria

Emulsions of three different strains of typhoid bacilli were made in sterile distilled
water and dried in a vacoum over sulphurie acid ; sterility was obtained in one
experiment in 24 hours, in another not until 72 hours had elapsed, These experiments
were, however, performed with but small quantities in watch glasses and when lareer
amounts were employed, it was found that 6 days might he necessary before complete
sterility eould be reckoned on.  If the emulsions were dried for more than 6 days
the dried mass formed !ij' the bacterial bodies was found to be so toush that
it could not be cmulsified,  This change appeared (o take place between the Sth
and Gth days since, prior to this, the dried mass could be readily cmulsified in
saline solution. Many attempts were made to overcome this difficulty, for instance,
by spreading out the original emulsion in very shallow layers in large dishes,
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but without success. The emulsions made from the bacteria which had been dricd for a
shorter time than 5 days, although not always sterile, were found to autolyse rapidly
when kept for 3 days at a temperature of 37° C., but it would have been necessary
Lo l:nrnph:ll.r the sterilization i;_'l.' filteation @t this stage before such a vaceine could be
cunsidered safe. :

Conclusion.— Desiceation did not appear Lo e womethod sunitable forthe sterliztion
of bacteria in  the preparation: of o ovaceine on account of the ||11|:||_'::rl:1i||l:_',.' of the
destruction of the whole of the germs aml of the difficalty of aceurate standardization.

o |'||',-r'r|'1.l|r-.-|." i
Olyjeet.—To test the value of eliloroforin os a sterilizing arent.

This reagent was used first in connection with fluid suspensions of typhoid bacteria,
cither in the form of emulsions of azar cultures or in that of broth eultures of the
organism.  Such suspensions were placed in flasks and the vapour of chloroform was
passed throogh them |r".' means of o current- of air beinge fiest drawn !||n||u_-_rh a bottle of
the reagent and then through the susponsion of typlwid bacterin ; air alone was drawn
throweh afterwards in order td free the sispension frop. the traces of chloroform.  The
result of a number of experiments of this natore proved that exposure of 1 hour to the
action of chloroform waponr eonhl” he relied wpan to ensure the sterilization of the
cmnlsion or the broth ewlture. - Chloroform was alse used to destroy cultures of typhoid
bacteria growing upon the susface of agar in large Roux bottles, A few drops of ehloroform
were poured on the sotton-tool F:III;H which were then coversd with tig]ﬂ]}- fitting
rabibier eaps, the bottles were then placed in the ineabator at blogd heat for some hoors,
This method could I1-||;|||_\ B Felied pan Len |!1.'.-:lrn1'.' all the CRFINS O the surface of l]u_l:
arar, hot it was noted” o -one or twvo. oecasions that the coltures made to ascertain
whether sterilization had been ¢omplete, although showing no growth for 2 or possibly
Hobays, "'\-llél:\-l.'l!ll;‘“lll'.\ Vi :..'_'I'II'.'-E]I ol jiure t_\'plluhi From this it would apprear that
the latter method was 1ess relinhle than the former, anid t||:_'|1_: at times, some of the
zerms might beopieeély dnhiliatel in their awulbiplieation and not actually destroyed, a
danrerous possihil Iy in eonneetion with the proparation of o vaceine for nse in man,

Bacterin Killed o one o0 Chiese » ays .f.l.'l-' thie action of chloroform were next tested
as to their potentiality of undergoing anfolysis when kept at blood heat for some days.
Autolytie metion was found o gedur readily, bul 16 took longer thon in the case of the
l'::.-lll!'tlll.ll‘ ||-."l'|i'l?ll'l."|. froan B adlesieea el |r.'l|.'|l."l':‘.'lI l|i|i_=' snme #lare not |||_riug rum‘,]l,grrl I'm"
about 10 days, At thesdud ol this time, however, antolysis appeared to be complete,
no recognizable bacters bz cncommtered  in the fluid when this was tested by
microseopieal cxuminnlio,

U aeeownt of the rsults of 1his experiment, and because it was felt that it would
not be a matter of great difliculty (o overcome the technical troubles of preparing such
a vaevine on 8 Jarge seale, experimental vaccines were made from cultures killed by
ehloroform aml were wod o immunise rabbits, whose blood was Hﬂlj_-i.-l_!lll]i_!t]t!." axamined
as Ao the degree of development of the various protective substances, The resulls of
thiese experimints are mentioned in Chipler V. (see Experiment 8, page 21), and reference
to them will show that, while there was a good development of the various substances in
the blood of the noculated’ animals, they were not saperior to those which had been
olitaingd Ly heated ¥aetines, :

Ugnefision, — While it appears that an elficient vaccine may be prepared from
citltures whieh Tive Doen Killed by chloroform, this method does not present any
manifosLsuperiority overather proeedores, and the eértainly of sterilily is not so great.

o
f',r Tl brareard )

{iigegd, - ocasewertin the minimium degree of heat at which typhoid bacteria
wothd BT R ed, sl thie somparative value of vaccines prepared from bacteria which
b becne Rilled al differeil-temperaiures.

Lpedsegbie poriod ot which these  investigations were commenced anti-typhoid
vaceine ol alwave  boeen © killed by the action of molst heat, but it was felt
that dnvestizations  obelit to be wade to  determine  the effects- of small
differences of demperature upon the immunising  power of such vaceines. [In the past,
a temperature of G0 O, was, as a role, aimed at, and this was controlled by the
parafiin thermometer devised by Bir A, E, Wright. This thermometer, however, gave
but approximately aceurate results and, at times, the temperature of various brews

T e
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of vaccine exceeded this limit by several degrees, At other times the true temperature
was over-estimated with the result that sterility was not obtained, and the vaccine had
to be disearded or subjeeted to a second heating.

The first step was to ascertain with aceuracy the minimal thermal death point of
TYPWOTA hacteria under the conditions encountered in dealing with a brew of vaecine,
A long series of experiments was carried out in this conneetion, emulsions or cultures
.I'.'Illill,'_r sealed up n "_':'In:-:i {'ﬂ|p~i||.|{\-:-| al [-“|||||.|g-“_a|r|,- immersed in a water-hath mainlained
at the desired temperature, It was found that 53° C, was the minimum temperature
which could be relied upon to sterilize a eulture of typhoid bacteria in one hour. This
observation was repeuted many times and with different strains of tvphoid baeteria.

As regards autolysis, it was found that eniturcs which had been killed at this
temperature of 55° O, showed o considerable degree, but much less than in the
case of eultures killed either by desiceation or by ehloroform. On the other hand, cultures
which had been exposed to higher temperatures than this showed little or no ey idence of
autolytic action after incubation for seven days at blood heat.

After determining the lowest temperature which could be relied upon to kill the
baeteria in broth cultures or suspensions, a series of experiments was inausurated to
contrast the immunising efliciency of various vaecines which had been exposed to
different sterilizing temperatures, but were otherwise identical in {heir strength and
made of preparation.  The results of these experiments are recorded in Chapter V.,
Experiment 9, and show that, while a vaccine which had been heated at 657 O, is almost
inert, one which has been killad at 55° O, is distinetly more efficient in the production
of protective substances than a third which has been killed at 60° ¢

Conclusion.—A temperature of 53° C. maintained for 1 hour is the lowest thint
can be relicd upan o ensure the sterilization of enltures or emulsions of Evphoid bacterin,
Vaceines prepared from bacteria whicli had been killsd by exposure 1o varions tempera-
tures, when used to immunise animals, gave the best results in the case of these samples
which had been exposed to the lowest temperature,

F‘,'..l'lr-m rmentd 4.0

Uhject.—To ascertain the value of toluol as a sterilizing agent.

The method cniployved here was to run a layer of tolool, about | of an ineh ieep,
on to the surface of a tube containing a culture or emulsion of typhoul  bactering the
tube was then covered with a liu‘il[]u-fl[linf rulibier EIT1] il |ri::||-1_-1| in the incubator at
37 degs. C., being tested daily for sterility. 1t was found that all the bacteria ilied
within 3 days. The toluol was then got rid of by simply removing the rubber eap and
leaving the tubes in the ineubator : it evaporated completely at the end of 2 days, On
the fifth L];l:-' after the addition of the toluol marked "““”;."-‘i"‘ was found to have
acenrred in the eolture, very fiow nnaltercd  rods Bbeme detected on |L,.iL-|-.-._.;,_-,,.3,il.
examination. [t was farther notod that antolysiz was mueh more rapid and complete
with aome ealtures of typhoid than with others, and that it ocenrred more rapidly in the
tEeol emulsions made with Jistilled witler than in the case of those made with normal
saline solution, :

As this method of sterilization would have been simple in application, and appeared
to present certain other Iul-‘-:i|||l' advantares, vaecines were ]H‘t:]r:lﬂ!ﬂ in whieh toluol was
the lethal agent, and wore submitted to animal experiment. The results of these have
beem-detailed in Chapler V. (vee Experiments 10 and 11), where it is shown that the
ill]ll1!l||i?.i]l1' |"r""i|1'l'lil.‘.=~' af [1*[1l|h=-—|x'i.|1'1| Viaceine Wi ;ltil'ril:lf Lin l|rq|11- uI' a ||_g-;|1-i-;i“.-|j
vaccine, whether a filirate was L'I1|||]||-1'|'-e'n:| ar the whole vaccine,

f’..-.rl.-l*'rn:lru-.u; i

Olgecte=—"Fo test the value of glyeerine as a sterilizing agent.

Emulsions of typhoid bacterin were made in varvinge strengths of sterile nentral
glycerine, and placed in the incubator at 37° C., with the following resulis :—

MO0 per cent. glycerine—sterile in 24 hours.

- 411 T 75 e 2 dnys.
. 20 e o0 i 4 days,
1o = - not sterile in 8 days.

As the '.'!'I'Il||llﬂ_"-'l1'|1"IJ|i of ;;:;I-'wrirw would alwo have heen o Very "r||||+|.g= technienl
method, and as ils sterilizing properties appeared to be reliable, this method, (oo, was
submitted to the further test of animal inocnlation. The results of the inoculation of
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rabbits with a vaccine killed by glyeerine (Chapter V., Experiment 13) were sood, but
no hetter than those obtained with heated vaceines, :

A certain amount of autolysis was apparently indueed in such glyeerine-killed
eultures, but it was extremely diffienlt to estimate on aceount of the increascd
transparency of caltures to which large amounts of #lyveerine have been added.

(zlyveerine was also employed as the sterilizine agent in the preparation of a vaccine
which was used in some of the ingestion experiments recorded in Chapter IX.
{ woe I".'xptrrilllmlt 24,

Conclusion, ﬂ]_‘!.'tcl':ilu' in strong concentration is a simple and reliable method of
killing typhoid bacteria, and a vaceine prepared from bacteria killed in this way wis
found to be efficient in the production of protective snbstances in rahibita,

Experiment 6./
Object.—To test the value of aleohol as a sterilizing agent.

'l.':||-1l.'i1|;_-; ]rrui;urlimm of absolute aleohol were added to broth eoliures of [”]'I'mid
bacterin, and, althongh the results were not constant, it was found that, as a rule, a
strength of 10 per ecent. of alecohol would sterilize the eulture within 24 hours.
Examination of enltures or emulsions killed by this amount of aleahol gave no evidence
of any trace of El.llllril_'}'lil.! action afier ineobation of the killed colturcs for 7 lln_p; at a
temperature of 37° C.

It was not thoucsht necessary to inansurnioe any immunization u.'{lmrin:u'_mtﬁ with
vaccines killed in this way for various reasons, the chief being that the entire absence
of any trace of autolysis at blood heat made it probable that bacteria treated in this
way would not be readily broken up in the tissues when inoculated, and would thus be
ineflicient as regards their power of inducing the development of protective substances in
inpeulated men or animals,

Coielusion,—Aleohol did not appear to offer any a‘l.i_l'-'m]lil.gfri as an agent for
:-h-l'i|i?.t||;: 0 WACCIne,

The general aim of the above series of experiments was to ascertain whether any
alternative method of sterilization was preferable to that which had hitherto been
employed.  Several of the methods deseribed appeared to be effective substitutes for
heat, but none showed any decided signs of superiority ; while, viewed from the
standpoint of the eriterin mentioned at the beginning of this Chapter, few could be
regarded ns satisfictiory. With regand to the scecond of these eriteria—that the
stierilized hacteria should show some ﬂ[i'll:tl;\'tiﬁ when |[[,‘l]1,. at blood heat—it appears
reasonahle to suppose, it the method of sterilization had reacted upon the bacteria in
such o way as to remder them resistant to autolytic action, as in the ease of aleoliol, and
also when the bacterin were exposed to temperatures ranging above 60® C., that
Such luetoria would not be as useful for vaceination purposes as those which could be
readily broken up and digested by the action of the fluids and cells of the vaccinated
man or animal.  This view finds some support in conneetion with the proved efficacy
in the ease of animals of a vaceine killed at a temperature of 53° C., and the proved
mertness of vaceines killed at temperalures ranging from 6G2° C. Lo 65 C.

CHAPTER Y.

Fuw Renctive Breicacy oF VACCINES PREPARED BY DiereresT METIHODS.

It was proposed in this work to prepare various alternative vaccines, and to test the
ciliviency of these vaceines upon animals,  T'wo means were possible of judging by such
antmul cxperiments of the immunizing efficiency of these experimental vaecines : first,
thie -'.u-i_r ol e 1|n.-1't.-]u|1||u-:||! of prult'i'li\'u substances in their hluutl, ulld, Euﬂmld, the
determipation of the degree of protection which such vaceines conferred on animals against
multiple lethal doses of virulent typhoid bacteria. A large number of such vaceines
wiere aceordingly prepared and tested by the first of these methods, the development of
the profective substances in the blood of the inocolated animals. The second method, as
is mentioned below (page 32), did not prove satisfactory.
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Genernl character of the experiments.

In the great majority of eases rabbits were employed, as they presented many
advantages for such a purpose, the chief of these being that they are very responsive to
inoculations of typhoid bacteria, whether living or dead, and that they manufacture
quantities of the same * proteetive substances ™ which are known to appear in the blood
of men either suffering frof enteric fever or inoculated with a typhoid vaceine. Like
men, rabbits were, however, found to show considerable individual differences in respeect
of the inereased quantities of the substances formed in response to inoculation of
identical doses of vaccine, and, further, the amounts of these substances were found to
vary in different normal animals. This being so, the system of * pooling " the blood of
a group of animals, which had been suecessfu v nsed in the Aldershot experiments, was
employed in most of these experiments, and in all instances the tests were carried out
not on the blood serum of a single animal but on the pooled serum of a group of animals,
to each of which had been given the same dose of vaceine

Dosige.—Throughout this series of experiments the dosage of the vaceine given to
the rabbits has always been ealeulated in proportion to their weizht, relatively to that of
a man of averare build. Thus, taking the first dose for a man at 500 mi illion bacteria,
as fixed from the Aldershot experiments, and taking his weirht as being 70 kilos, the
dose for a rabbit weighing 2 kas. would be taken as 3% of this vaecinating dose for a
man. Much importanee was attached to this proportional reduction in the test doses
given to the rabbits, as it secured wniformity of the conditions in this respeet, and
permilted comparisons being drawn with greater confidence belween sepurate series of
experiments. Small as the doses were that were thus employed, it was found that they
indueed a very definite development of the various substances. The system had the
turther advantage that, by the use of these small doses, mueh smaller dilferences could
be detected in the efficiency of different vaccines than was the case if massive doses were
employed, as was not infrequently the ease in earlier experimental work of this nature,

Except where otherwise stated, the vaceines were administered by hypodermie
moculation, and, as-a rule, two or semetimes three doses, increasing in amount, were
given at intervals of 10 or more days, unless some reason existed for superimposing
them more or less rapidly than this. The blood for examination was drawn under
aseptie precantions from the marginal vein of the ear amd allowed to elot in hlood
capsules. The serum waz allowed to remain in contact with the elot overnizhit, and
was then pipetted off, amd corresponding volomes of the serum of each rabbit in the
group were mixed tosether to form the “ pooled serum,” with which the various tests,
referred to in detail below, were carried ont. Tt was decided, as the result of preliminary
experiments, thai the most satisfaetory method of ascertaining the normal values for
the various substanccs, from which to judre of the desree to which the inocalated
animals had responded to the inoculations, was te pool the serum of a * control " group
of normal rabbits daily, and, in the case of each analysis, to perform a separate
(e ITH riment with this pt:luh v normal serum.  The result of the various .'|:I'|l|';' aes, then,
was always read in the light of similar tests applied to the pooled serum ‘of normal
ulc]nl:hnh, and in this way indhividual differences were Lir”qh elimnated and greater
uniformity was obtained than would have been the ease if a fixed normal standard had been
adopted.  Suoch a fixed standard was further thooght inadvisable on the srounds that
experiments conducted at considerable intervals of time would be open to fallacies
incidental to small variations in technigue, in the vitality of the strain employed, and in
other points in which i1t might not always be possible to ohserve strict uniformity.

Erperiment 7.9
Chbfeet. To ascertain the influence of the tempernfurs of sterilization upon the
immunising properties of a vaceine.

An emulsion of an agar culture of tvplioid baeilli, of 24 hours’ erowth, was made
in normal saline solution; this was heated to G567 O, and kept at that temperature

“for 20 minutes.  The emulsion was found to contman 1,253 million rerms per cem., and

doses of this vaceine of ';th and ';th of a cem., respectively, were inoculated into a
rabbit at an interval of 11 days.

Tests, similar to those deseribed in conmection with the Aldershot experiments,
were carried out, either daily or at intervals of two or three days, over a period of one
month, to determine the values of agglutinins and bactericidal substances. In this
experiment the normal values were not obtained from a control rabbit, as llw imporiance

e o]
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of this was not at the time manifest, and the average of the normal values found by
previous experiment was taken as the basis of the various charts.

The result showed that there was no development of bacterieidal substances above
the normal level, and a very slight and delayed appearance of agglutinins. (See
Charls VI. and VIL)

Cuant YL

Il AR
DATE 8 9 I IZ I3 M4 15 16 17 18 19 20 21 22 23 24 25 26 27 28 23
T | | : ..[ T
=40 -l
o)
- I H“'h..
1-30 ¥ 3 A z
o= B Eo
1-20 - E S o o
e Ich:- |
=10 - | Ty 1 R e
35 ¥ poe s o i
I= 5 tl{‘l 1 :'I_!'! |
| i ot i, el [ T
Bactericidal woton of the sermn of a mbhit which peeeived 5 oo of a vaccine (killed at 65* C.) on
% 4
Warch & aml 'y co. of the same vaccine on March 21st.
Coant  ¥II.
MAR. -
DATE g2 9 I0 11 1Z 13 14 15 16 17 18 19 20 21 22 23 2425 26 27 28 29
| T 1 | | |
=250 =
L -
' 200 = T
i =3
=150 i ——-j;
o -
B 1 o
3 & =
T |
| | e
-_I : | - | S il i

of the seram of a rabbit which remeived e, of a vaccine (killed at 85° C.) on

3l

. -'-|' F e s ‘\..Ll'l'ill-l' il .ll'l-il‘\'-'ll-:_'lhr.

Conclusion.—It would appear from this that heating the bacteria at this temperature
of 65° C. wives a vaccine of low efficiency, as judged by the failure of development
of the charaeteristic protective substances.

d
f‘:.rll.'lfr';r.ln af B

(ihjeet.—To test the value of a vaccine which had been killed by chloroform.

An emulsion of a 24 hours’ culture of typhoid baeilli was made in normal saline
and killed by cliloroform (see Experiment 2). The vaccine was of the strength of
a3 H 1 n,i”h.n |~:-|.-|.n'|-i;|, |p|_-|- Cem, anidd iI_ WS l_{i_'u'q_*'l'l 10 & hiﬂg]ﬁ I'Jl.llhlt, h_':f' I]_‘r‘]_HZII!IL"I'I]'I'IIE
inoculation, in two doses of /;th of a cem. and \sth of a cem. at an interval of 11 days.
Tests were instituted for arglntinins anid baectericidal substances, and the results showed
that their development followed the same lines a2 in the case of men inoculated with
cultures killed by heating at 60° C., with the exeeption that they appeared in the
sermm somewhat earlier.  (See Charts VIIL and IX.)
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Conclusion.—A vaccine prepared from typhoil bacteria which have been killed by
f:ll]nrullnrm llﬂ_HZIII{'l.'!i- a marked development of protective substances in the blood of an
immunised animal,

Experiment D1
fJf{jﬂH.—--'l'n compare the efficiency of three vaceines, of the same strength and

gi\'unﬁ in the same tinﬁ.!.-r'-_,_ which had been killed, respectively, by heating at 53° €,
at 607 C. and by the action of chloroform.

An emulsion of typheid bacteria from a 24 hours’ agar cullure which contained
1,‘.’&'-:5 million hacteria per Coim. WwWis divided into three E.n;url_il;u]r_-i; one was killed by
chloroform, another by healing at G0° C.. and the third by heating at 53° C, AR
initial dose of agth of a cem. was followed, 14 days later, by a dose of fsth of a cem.,
and a third dose was given, after a similar interval of 14 days, consisting of ! cem.
In this experiment groups of rabbits were employed for the first time, and their sera
were “ pooled " in the manner already deseribed.  The gystem of employing a control
group of normal rabbits had not yet been introdueed. Tests were carried out as in the
case of the two preceding experiments to estimate the fluctuntions from day to day of the
agglutinins and bactericidal substances. Observations were also made of the phagoeytic
indices of the pooled sera, which were contrasted with the phagoeytic indices of ‘the
normal rabbits,
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The eurves of the bactericidal power showed a good development of these
subistances, no one group appearing to advantage in this respeet. As regards the
aselutining, these attained high levels, 1—500 and over, in the case of the rabbits
immunised with the vaecines killed at 55° C. and 60° C., but there was a much poorer
development in the ease of those which reccived the chloroformed vaccine, 1—200 being
the |-|i_a_-'||_|,--.: |Jr|i'||: altained, { Sre Charts X. and X1}

The results of the tests made to contrast the phagocytie index of the pooled
gerum of each group with that of a group of normal rablits, the serum l.!“'l]ﬁ]ﬂ}'(:li being
heated in each instance, gave the following resnlt. (The experiment was made
subsequent to the third inoculation} ;—

Average numler of bacteria
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Conclusion,— While each of the three vaceines in question induced a satisfactory
development of protective substances in the blood of the inoculated rabbits, the tests
appeared 1o indicale that the moest efficiént was that which had been killed at s tempera-
ture of 53° (', the ehloroformed vaccine coming next. In the ecase of the vaccine
which had been exposed to the temperature of 007 C. the general results were
distinctly less favourable,

; Erperiment 10,

Obiect.—To ascertain whether the filtrate from a cnlture of typhoid bacilli which
had been killed by tolual and had undergone considerable autolysis possessed any
immunizing properties for rabbits.

An cmulsion was made |I_‘!.' :uhiing 1 cem. of saline solution fo each of a series of
agar tubes of typhoid; the culture employed in this instance was a virulent one.  Toluol
wans added to the emulsion thus obtained and it was then allowed to antolyse and finally
filtered throneh a Kitnsato candie.  The filtrate, after having been proved to be sterile,
was inoenlated into two rabbits, 1 com. being given ]p_\'lpnxlurlnil'uIU' ns a first dose, followed,
g ||_;|I'r- |;|||'|_'I ]l:. it =ecanid I:II:IE\I.' of 2 cem.

I this experiment, and in all subsequent ohservalions of similar naiure, a control
aroup of normal rabbits was formed and :1|u||"|':-1':~i W |u:r1'ur!:|'u~l:i upHn the 'Eml:-lml blood
of this control STOup on each oecasion that the individual tests were carried out TH
the pooled blood of the inoeulated group.  The readings nbtained daily from the normal
oroup furnished the normal standard from which to gauge the results obfained in the
ense of the immonized animals, the eurves recorded in the charts being framed on new
lines in acecrdanee with this system.

Or Tpieraal llf-l.lll_- ltoyal .'l:rm}'“ilﬂiital Corps, Yol. YIIL, pupe 472 1307
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Tests were made over a period of one month as to the dl‘:ve!u}nnent of agglutinins.
and bactericidal substances.

The first named were late in appearing and never reached a higher level than 1—60,
but, at the conclusion of the experiment, they appeared still to be rising as the result of
the second dose. Little effect was produced upon the bactericidal power of the serum,
indeed, it showed a tendency to decline to and below the level of that of the control
EToup Illlll'i'l'l-f; the course of the l':!tl]t'!l.’il"i_!llt, but at its termination it was slon'l_','
recovering,

Canclusion.—The filtrate from the autolysed culture of typhoid bacterin which had
been killed by toluol, although not inert, produced but a feeble development of protective
substances when employed to immunise rabbits.

Experiment 11,7

Object.—To contrast the immunising efficiency of two vaeccines, one of which had
been killed I:I:I-' chloroform and the other h}" toluol ; neither was filtered before use,

Rabbits were immunised in the same way and with the same doses as were given in
the case of Experiment 10, above. Baclericidal substances only were tested for on this
occasion and the daily estimations were contrelled by a similar series of estimations upon
the blood of a normal group of animals,

The result showed that the development of the bactericidal substances, in the case
of the group inoculated with the ehloroformed eullure, followed the same enrve as in
the eaze of the previous experiments done with this vaccine {see Experiments 8 and 9} ;
on the other hand, the inoculations of the unfiltered toluol vaccine were foliowed by a
graduval and progressive deeline of the baciericidal power, until, finally, the serum of
the ETOup showed no bactericidal power at all. It was thouzht Imr,':si!;u]u that the tolonol
vaccine might have produced a prolonged negative phase by reason of the extensive
autolysis of the bacteria, but this explanation iz hardly probable, ginre the inoeculations
of other vaceines, in which the method of preparation had induced a degree of autolysis
in no degree inferior to that effected by the toluol, were not followed by a prolonged
negative phase of bactericidal power.

Conclusior.—"The toluol-killed vaccine was of no LIIMUnISIng value, .'h!i-jlll]"_fl,!ll |]J.'
the negative phase of bactericidal power which it induced; that whiclh was killed by
chloroform, on the other hand, |Jrc:l]|wﬂl a satisfactory development of this power, and
confirmed the results of the preceding experiments.

The 11 UN]JL'TiI:mIJts hriu[i:.' described above were, ||.|_:||1rt:|1i:rrmln:~|_}', of about the same
period and, taken in conjunetion with much incidental work in other direetions, some
of which iz detailed below, they led Bir William Leishiman and his colleagnes to the
conclusion that the temperatures formerly employed for the sterilization of the vaccine
had eccasionally been too high. It was evident, for instance, that a vaceine heated to
65" C. had lost a great part of its power to induce the formation of protective
substances in inoculated animals. ‘The experiment (No. 9) in which the effects of
vaceines healed to 60° C. and 53° C., respectively, were contrasted, brought out
the same point, namely, that the advantage lay with that which had been heated
at the lower temperature. The experiments with the other vaccines killed by alternative
methods, although satisfactory in some instances, such as in the case of that killed by
chloroform, had not shown to their conviction that they were superior to a vaccine
killed by heat.

They decided, therefore, that the vaccine should thenceforth be killed by heating
for one hour at a temperature which was net allowed to exceed 53° C,, this being
the point which they had experimentally fixed as the minimum thermal death-point
of the typhoid bacillus within this peried of one hour. The Committce fully approved of
this action, as recorded in the minutes of the 12th meeting held on 13th October, 19045,
and since then no vaecine has been issued for use by the troops which has been subjected
to a temperature higher than 53° C.

It appears possible that some of the irregular results which bave been recorded
in the past, in the case of the vaceines formerly employed, may have been due io the
tact that some batehes of vaccine had been superheated in manufacture, and had thus
lost some of their efficacy, either as regards the degree or the duration of the protection
which resalted from their use.

iy .Juurnui of the Royal Il-:-u_'.'_&l.uau-l Corps, Yol, VIIL, page 472, 1307,
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Experiment 12."

Object.—To contrast the efficiency of a vaccine which had been killed by heating
at 53° . with that of one which had been killed by the action of lysol.

This experiment was instituted in order to aseertain whether the customary addition
of a small amount of antiseptic to the vaccine after heating had any deleterious effeet
upon its immunising properties, Besides this, it was thought possible that killing the
gorms by the action of lysol alone, without any previous heating of the vaccine, might
result in the production of a more potent vaccine. The amount of lyzol added to the
vaccines was (025 per cent., and experiment had shown the reliability of this small amount
to ensure the destruction of any germs which might subsequently gain entrance.

A 48 hours' broth eulture of typhoid was divided into two parts; one was killed in
the customary manner by heing heated at 53° C. for one hour, 0°25 per cent. of lysol
being added after this had been done. The other half received the same addition of
lysol but without the culture having been heated beforchand.  Both vaccines were found
to be sterile at the end of 24 hours.

Groups of rabbits were then inoeulated with each vaccine, identieal doses being
wiven in each instance, and quantitative tests were. commenced on the pooled serum cof
each group, control experiments being carried out simultancously with the pooled serum
of a group of normal rabbits.

It was found, in the case of the group which had been inoculated with the vaccine
killed by the action of lysol only, that there was a definite rise of agglutining and
bactericidal substances, while the phagocytic index was also raised in response to the
inoculations. On the other hand, no trace of any rise in these substances oecurred in
the group inoculated with the heated vaccine, to which the same amount of lysol had
subsequently been added.

This result was unexpected, as vaceines, apparently identical, had been frequently
tested on animals with excellent resuits as regards the development of protective
substances. It was conjectured that the inactivation of this vaceine might possibly have
been ecaused by the fact that, on this oceasion, the lysol had been added before the
vaceine had been allowed to cool down after removal from the water-bath in which it
had been sterilized.  To test this a second series of observations was carried out, the
heated vaccine this time being cooled down to room temperature before the lysol was
added. The results showed that the above conjecture had been correct since, in this
instance, there was the customary good development of all the protective substances for
which tests were made, not only in the ease of the lysol-killed portion but also in that of
the leated portion, As regards the relative value of the two no casential distinetion
could be made between them, the values recorded in the ease of the various substances
being approximately the same and the curves more or leas alike; both showed an
effective immunising power.

Conelusions.— First, it appears unnecessary to heat the vaccine beforehand, sinee
the subsequent addition of the lysol may be relied on to sterilize it efficiently
without apparently diminishing its value as a vaccine; second, previous heating of the
vaceine to this temperature of 537 C. does not lessen its efficacy as a vaceine, when
contrasted with one which had been killed by lysol alone.

As no apparent advantage was found to lie on either side, it was considered
unnecessary to make any alteration in the system of heating the vaccine and of
subsequently adding the necessary amount of antiseptic. It was, however, recognised
that this experiment had also served to bring to light a possible explanation of the
failure of certain batches of vaccine used in the old days. It was not at that ime
suspected that the addition of the antiseptic to the vaccine before it had cooled down
could have any deleterions effeet upon its properties, and at times of pressure this was
oceasionally done, althongh in most eases, as they were informed by Sir William
Leishman who made most of the vaccine used in the South African war, under the
directions of his then chief, Sir A. B Wright, it had been allowed to cool down before
this addition. Needless to say, this precaution has always been observed since this
experimental proof of its necessity was realised.

Experiment 13,0
Object.—To determine the efficacy of vaccines which had been killed by glycerine.
The experiments made in connection with various alternative methods of killing the
baeteria (see Experiment 5) having shown that certain advantages attached to the use of
glyeerine for this purpose, it was decided to test such a vaceine by inoculating groups of

& Joural of the Royal Army Medical Gurps, Vol. X., page 583, 1908,
(4181} o




rabbits in the manner described above, Two such vaceines were prepared from strains |

of different virulence. '
Broth cultures of each strain were erown for 24 hours, and to each was then added
a rcenl. of sterile pure~glycerine. The cultures were kept at bluood heat for a

week, and at the end of this time they proved to be sterile. The baeterial coutent of
cach culture was approximately the same, 503 million in the ease of the non-virulent
culture, and 175 million in that of the virulent strain.  Each group of rabbits received

g5 of a ecm, for the first dose, 1 cem. for the second, and ! cem. for the third: 16 days

_ il
geparnting the doses. Tests were earried out for agrlutining and bactericidal substances, |
while the phagoeytic indices of the heated serum were also ascertained, In all cases
the resalts of these tests were read in the light of control observations upon the pooled
serum of a third group of normal rabbits. The test organism employed in the varions
experiments was the non-virulent strain, from which the non-virulent glyeerine vaceine
had been prepared.

The l"E}lL‘IiIIH‘H' was continued thronghout 2 months. During this time there was a
very poor development of agolutining, the highest peint reached —and this on one
occasion only, and in the case of the virulent vaceine—was 1-60,  As regards the develop-
ment of bactericidal substances, little effeet was noted in the case of the two first
inoculations, the values being very little higher than these recorded in the normal
animals, but after the third dose there was a distinet inerease in the case of the virulent
vaccine, while the non-virulent was not much higher than the controls.  The tests made
for the subistances concerned in phagoeytosis did not show a very marked elevation in
the amount of these substances ; such as it was, however, it was in favour of the vaceine
which had been prepared from the virulent strain. It will be recalled that these tests
were carried out with the non-virulent baeilli whieh had been used in the preparation of
one of the vaceines, so the results in favour of the virulent one have more significance
than would otherwise have been the case,

Conclusion.— YVacecines prepared by killing the typhoid baeilli with glycerine,
although active, do not appear to have a high immunising value.  That which had been
made from a virulent strain of baeilli appeared somewhat more active in the production
of immunising substances than that made from a non-virulent strain. (For other
experiments upon the relative wvalue of virvlent and non-virulent cultures, see
Experiment 17, page 51.)

Ezxperiment 145

Object.—To ascertain the influence of the age of a vaccine upon its immunising
properties,

For the purpose of investigating this important point two vaccines were made use
of, Both had been prepared from the same strain of typhoid baeilli; the method of
yreparation and sterilization had been identical, and the same doses were given, as !

__*E-Tﬁﬁﬁl below, to groups of rabbits. The two vaecines differed only in respect of their
age and of the alterations of temperature to which the older of the two had been
exposed. (The influence per se of such alterations of temperature formed the subjeet of
another series of experiments.  See Experiment 16, page 30.)  One of the vaceines had
been freshly prepared, but the other was a year old and had been returned to the

e===latoratory after having been out to New Zealand and back. There was no apparent
alteration in the older vaecine, and it was sterile when tested,

Two groups of rabbits were inoculated with identical doses of each vaceine, con-
taining, respectively, 20, 40, and 80 million bacteria, at intervals of 11 days between first
and second doses, and O ﬂn:,':j between second and third. A third gronp of rabbits was

wsemob-inoculated, but furnished the pooled normal blood upon which similar tests were

- earried out daily,

In this experiment, which took place at a date considerably later than these detailed
above, the tests were four in number : agelutining, bactericidal substances, the estimation
of the phagoeytic indices, by Wright's method and by Klien's dilution method.™  T'ests

J wsmetihich had been made in connection with the latter method in the laboratory had

shown that it possessed certain advantages over the older methods of Leishman and of
Wright. The two methods were, therefore, employed in this amd in some of the later
experiments, as the general trend of the ur{:mriumut::l work had been to emphasize
the importance of the changes in the blood in respect to phagoeytosis in the course
of immunisation against typhoid bacterin.

“,.l.iL:“'l|-']I.|.Eﬂ|:.-t]|.l:]{th_'t'l.l.l ..-'I..r|||_1: Medical Corps, Vol. X., page 588, 1505,
1 fdem, Vol XL, page 827, 1005, %
™ Johns Hopking Bulluting Yol. XVIIL, page 245, 1007,
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The hactericidal substances formed in the blood of the inoculated rabbits were
measured lillillﬂ'-ll-'-l-ﬁ\'i."l_'l' on each oceasion, and the result contrasted with o similar
obzervation made upon the pooled serum of the normal group.  The result showed that
there was little to choose between the fresh and the old ‘vaccine in this respeet, the
curves of these substances following rather an irregular line ; such as it was, the
advantage lay with the vaccine which had been freshly prepared. (See Chart XIL.)
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Tests for the agglatinins, on the other hand, brought out a very striking result ;
while the curve for the rabbits inoculated with the fresh vaceine followed the customary
lines and, subsequent to the third dose, the value in this group rose to 1—1i00, the
rabhits who had been incculated with the year-old vaceine failed altogether 1o H-lil?“" any
response to the inoculations. The highest value recorded was a trace of agzlutination in a

dilution of 1—10, The normal rabbits gave negative results throughout. (~ee Chart X111 )
{4191} D3
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The experiments carried out to test the development of the phagecytic substances
ve & similar result: both methods showed that that the old vaccine had but a slight
influence in increasing these substances, while the fresh produced them in large amount.
{8ee Charts XIV. and XV.)

Conclusion.—The vaccine, which was a year old and had voyaged round the world,
appeared, from the above tests, to have lost a considerable amount of its immunising
properties when contrasted with a fresh vaceine.

As the ahove conclusion had an obvious importance in connection with the
practical application of the method of inoculation the experiment was repeated.

Experiment 156."
Object.—To ascertain the influence of age upon vaccines which had been kept under

. identical conditions.

On this occasion three vaccines were made the subject of experiment. All had
been prepared from the same strain, and the details of their preparation had been as
closely identical as possible. All of the vaccines had been kept in the same cupboard at
room temperature from the date of their preparation. Their ages, on the day of the
commencement of the experiment, were, respectively, 6 days, 11 weeks and 5 days, and
27 weeks. SThey will be alluded to below as the * fresh,” the * 3-months,” and the
" E—mnitha* vaccines.) :

m Journal of the Hoyal Army Medical Corps, Vol X1, page 327, 1908,
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In this ease, therefore, four groups of rabbits were employed, three being inoculated
with the respective vaccines, the fourth serving as the ﬂﬂl‘ltm{. The inoculated groups
received three doses, 20, $0 and 80 million bacteria, respectively, at intervals of 10 days
in each case. 'Tests were made for agglutinins and for the phagocytic substances, the
latter by both Wright's and Klien's methods. Bactericidal substances were not included
in this investigation, chiefly because of the great labour invelved in making so many
quantitative estimations daily.
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The agglutinin curves once more brought out in emphatic fashion the contrast
between the vaccines of different ages. While there was practically no difference in the
values of the fresh vaccine and the 3-months’ vaccine, the development of agglutinins in
both being normal and abundant, on the other hand, no trace of these substances could
be detected throughout the whole period of the experiment in the case of the pooled
serum of the group inocaluted with the 6-months’ vaccine. (See Chart XVL.)
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of normal rabbits served, as usual, to furnish the pooled serum to control the estimations

wade upon those inoculated. Before beginning the experiment several obscrvations
were made upon the blood of the various groups, (he result showing that there was no
essential difference hetween them, thos furnishine additional 1'|1|h'1'||-r of th relinbility
of the quantitative methods employved.

The aggelutining and the |1|.:1"m".|i-:‘ ratios, the latter Ly hoth Wright's and Klien's
methods, were determined.  The agelutinins showed the usual course of de '..]ulmn nt in
both of the ineeulated groups and the levels attained were high in eacl instance,
the curves showed almost identical Quetuations, ristoe and alline at the same time, and,
at the econcluzion of the experiment, 32 days after its eommencement, they stood at
practically the same heights. The strain of typhoid bacteria employed to test the
arclutinating power of the pooled sera was non-virulent, but not that from which the
non=virulent vaceine had been prepared.

As regards the phagocytic ratios these responded readily in cach instance to the
respective doses of the vaecines, and. in this instance also, it was not possible lo assign
i rreater value to one vaccine than to the other ; if one :||rpv;1:r-'|l to show to :u.]r:inl:u-_-;u
at one time the halanee inelined to the other side at o later stare,  The fest orcanism
in this case was a virulent one which had been recently isolated from a faial ease at
Bermuda, but was not that employed in the preparation of the virulent vaceine,

Conclusion.— 1L was gathered from the resulis of this experiment (hat the inoculation
of a vaccine prepared from a non=virulent strain of :_rl-]lrmi-'l hacteria was capahle of
indueing as satisfactory a development of *“ proteetive substanees™ in the blood
inpculated animals as one prepared from a strain of hizh virelenee,

5 - = - iy i = B o 5
From this experiment it will be seen that the impression left by the resulis of

I'_:.::|h.'t’i.'||ll,'ll.t. 15 had not been confirmed, and for this and other reasons it was decided not
to make any alteration in the system then in foree of makmg the vaccine for the troops
with a strain of little or no virulenee.

Az was stated at the commencement of this chapter it was intended to test the
efficiency of these ¢ ~:|::u'ri1||unl:1| vaccines, not only by the estimalion of the protective
substances which appear in the blood after inceolation but alse by contrastine their
immuniging value for animals by determining the lil'Hl’El‘ of protection which was-afforded
by such vaccines against multiple lethal doses of viralent typhoid bacleria.

Experimental inoculations in connection with this second method were therefore
undertaken in the ease of some of the vaccines first experimented with, Dt :lu_-_t Were
eventually abandoned on aceount of the fact that they proved incapable of detectine such
small differences in the immunising properties of different vaccines as the gquantitative
estimation of the protective substances. The principal reasom for this lay in the foct
that the animals experimented with displayed such variations in their respective powers
of resistance to infection, even when of the same age and inoculated with 1dentical
doses, that the only methoed by which certainty could be secured would have been the
moculation of a very large number of animals in each experiment and, unless the results
were likely to be of great importance, this hardly appesred justifinble. Besides this
there was a great difficulty in wmaintaining a particular strain of typhoid bacilli at a
constant degree of virulence and here again the individual resistance of different animals
rendered the task of estimating the exact lethal dose of the sirain a matter of uncertainty.
Further, although it might have been possible, by the use of a large number of animals, to
get fairly good comparative results during one cxperiment, there would have been sreak
difficulty in adjudicating the resulis obtained in another experiment, conducted with the
gnme strain some months later.  The employment of a fresh strain would have been
almost a |mt'|.-ﬁsit;-,' and, once the strain had been u||.a.1]gl_'tl, a number of factors would
have been introduced into the problem which would  have made it almost impossible to
draw defimite conelusions as to the Hldtll:'ril}ril:'" ar inﬁ:riuril_r of the vaceines |||L=i||;; tesben,

Some of the experiments done in this connection are briefly deseribed below.,

Experiment 18,

D.’.-jﬂcf,—-'l'n asceriaim the p‘l‘u:turﬂlire action of three different vaccines, killed,
n_-,.\i]wcl.i\'uly, |;|_'|r healing at 537 C., by heating at G0° C., and by the action of chloroform,
against multiple lethal doses of a virulent typhoid culture.

The culture employed in this -.,xlmrirnent was first tested as to its virnlence and it
was determined that a dose of 0°56 cem. of a 24 heurs” broth culture, per 250 rrammes of
guinen pig. when given intra-peritoneally, could be relied upon to kill a guinea piz
within 24 hours.

i Jousial of the Rc-]'a.l El.r.m}’ Medical Cor |-e-. Vol VIIL, page 472, 107,
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A group of three guines |:|1fr- was vaceinated with the  theee different experimental
vaeeines, which were identical i strencth: and aivien in doses of 01 eco. per 1O
srammes of cuinea pig. A test dese ofthe vienlent culture, containing fwice the
quantity w hich had been proved tofbe-Jethal Nlhﬂl Y hpurs, was given to each gunines
pig of the particular group, by intra-perifGuped inoculation, 27 IIMH after they had
received their immunising -lu-u.- of vaceine. A eontrol animal which had not been
imoculated received a similar dose of the virulent bacteria.

[ thi= inktanee the control animal died in 21 hours, winle the whole of the
moculated animals survived, so no conclusion could be drawn a5 to the relative value of
the- different vaccines,

The nest sories of ':LE]QTil'l:l'lH-l a lengthy and Inbovious test, was completely
invalidated by the failure of the tost dose of livine colture to kill !Iw- eontrol animals,
the virulenee having in the mean time fallen off.

i the following series the test dose, as the result of incidental experiment, was
derived trom  broth inocolated direct from an agar stab, which had been  kept
hermetieally sealed.  Three léthal doses of the culture were given 11 days after Lthe
inoeilition of ihe varions sroups. © This time the whole of the animals. died, with the
execplion of ané o those which- had been: inoculated with the vaceime: killed by
chloroform 'I'r]nhni.d hacteria were recovered Sin ot cultare from the heart hlood  of
the animals which suecombed.

In the next series-1he test-dose of 1'|4|:1 ure was redoecd . to two lethal doses, in the
tibjies ofelicittine “more definite information as to the rt's-c].llziill-'l!' L111.11111rt1‘-lll"r properties
ot the different vaceines, apd 2t was administered 12 days after vaccination.  The whole
of thie vacemated animald survived, the contral :i_ﬁ'in;: i N hours with L_'rpllllld buacteria
in its blood., Ohice more mocevidence other than that of the common profective value
of the different vaecines was oblained.

[ another sopies the animals were @iven two - doses of 002 eem. of vaccine per
DM rratnnes werght, atoan interval of 11 days, and this was followed, after a similar
interval, Ty four times thisamount of vaceine:.  T'wo lethal doses of culiure were given
to the animads of epeh series 13 days after the last inoeulation.  The control animal
ied in Jes4 than 20 honrs, while the whale of the inocnlated animals survived.

T the Jasst 1-~,5|--u||w||i which need be quoted the animals were vaceinated in the
e manner ag in the last series, but reecived 10 lethal doses 14 :1.“'- after their third
e o vaecine, the control animal receivine, as usnal, a sinrle lethal dose. Here,
acain, the whole of the inoculated animals survived, while the control died within
24 Jonrs, typhioid bacilli being isolated from ils heart blood in pure culture,

Conelusion, —Each of the three vaccines proved capable of protecting a guinea pig
asainst two minimal lethal doses of o virulent colture of typhoid bactena after the
subentaneons inoeulation of 0°1 cem. per 100 grammes body weight of the particular
vactine, while, if the animals were reinoculated, they were able to resist 10 lethal
doses.  No conclusive evidence, however, was - oblained as to the relative efficiency of
the vaceines killed respectively at 53°% C,, at 60° (., and by the action of chloroform.

Doubtless, as has been said, by maltiplying the number of animals and by
condueting simultaneous experiments with the test-strain of virulent bacteria, one might
Lie uble to elicit differences in respeet of the protective value of a series of vaccines ;
but, for many reasons, this mvtluui was abandoned as being too cumbrons and IITLELHMH
for the purpose which was in the view of the inve *-ul'.]"l'liurt Evidence of the protective

value of the inccolation of dead cultures of hpllﬂld bacteria is clear from the above-
.[uu{“l experiments, bot this has already been abundantly Ilrﬂ'l-'L{l by the numerous
experiments of 31111]&'.1' nature which have been eonducted in other laboratories for
Tears past.

CHAPTER VI.

Exeenivenrs peawiwc ok i Tecuxigue o PREPARATION 0F THE VACCINE.

The experimental work which has been earried out in this connection has, naturally,
been considerable and continuous. Much of it, however, although of great importance
from the point of view of facilitating the preparation of the vaccine upon a large scale
anil of u‘h‘_,gynrd.mg b From ennmmmu.l.mn during  the process of :llanufuclun., s
concerned with details of procedure and technique which it appears unnecessary to
include in the Hﬂ[!ﬁft..':alﬁ of the e&pﬂu’qﬂuﬁ *am. however, given in illustration of
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some of the more important of the investizations. e ]
the conditions which were found to favopr the ;_:rn:i'll.lh of
greatest extent, the mode of applying the temperatire necessary £
nature and strength of the antiseptic to beaddel o thic vaceine alted i ::li'rnrt. It
may be added that these investications are oulystichsas were aligectly eonnected with
the vaccine which has been adopted and which is nosSinise ; detnils sfwerk on similar
lines, in eonnection with vaceines prepared-in othér ways, & wot included.
e

I".',rprrf'mh'.n! 11 B '_‘_wt_ i Lo !
Object.—1'o study the conditions ander which optifium Seowtl of Gy phoul baeilli is
obtained, e, o

Having prey wnsly determined to 1'Itl|ahl_‘l.' none  bul Junmns ealtures of tv ol
baeteria in the preparation of a vaceine it was of obivians importanes Lo Seciire fuximam
growth of the baeteria within the time laid down, an||t|-|_l.', 45 honrs,  Fhis was deman ded
on aecount of the importance of economising time and material in the  preparation
of vaeeine on & laree seale and beenuse a small dose, a8 resards total Solosé ol Juid
injected; i3 preferable to a larre one.. Poor growths of typlieid i the varions eolture
media vield but a small amewnt of vaecine, sz measured I terms of the pumber of
baeteria, and, il the medium selected be notrient broth, a quantity corrésponding to
2 to & com. might be required for each inoculation.

Without coine into needless details as to the many l!.‘C]I{'I'III!IiL'IHH- tnrrvead ok T Ll
connection, it may be shortly stated that the more important of the Betors which were
found to influence the rszill and virorous =rowth of lj‘{ﬂluili bacterin: in broth appecarril
to be the following :—

1. The nature of the strmn employed.—1It was soon: Found: that all Straims Jdid nod
I:IL"I].‘-L\'{' :|]i.|-;t! when O IIIII:||.,'I' il.Jl!'IlI.il'.!l,l 1'1||||.]i['-|l:l!'|-'-, |1 Wi Jidl r'|:':|_| I|]_|1|r|_ -.|.|:.'|,| I_hin.
'.'.'l.ri:J]|]|i1_\ 1||:"||1'||l.]|._'|i as no constant factor soch as A, l.'-lt‘llli'n:'l'_. |r-j|gt;| of dime sines
solation, &e¢.; was found.  The fact, however, being redognized, seleetion las bien made
of a strain which was fonnd to give good results in this respeet from wmong tliose which
answered the other requirements for the préparation of a-vaeeine,  Certain strains, too,
hesides being ]|1|---.i||-1_|.' inferior in their powers of r.-|||-iq| |;|||i|i|r-.][¢-:ni-1||__ were-also fonnd (o
be unsnitable for use in & vaccine on aecount: of their tendency 1o anto-agelutinahility,
sich g tendency would of eourse greatly inereasé the diffienlties of any method of
standardization which depended upon the ecnmmermtion of the actual number of werms
present in o given volume, if it did not necessitate dheé employment of an altércther
different method.

2, The reaction of the culture medinm.—= 1t was found, as has often been noted in
the ecase of other bacleria, Lhat typhoid bacilli were extremely sensitive to small
differences in the reaction of the medivm on which they were orown.  Mueh work was
therefore done upon this point and the optimuny reaction was asceriained by experiments
with media of varying derrees of alkalinity. It was found thal the best resnlls were
obtained with a broth medium whose renction eorresponded to- 4 100 of Eyre's seale,
and this has been adhered to in the routine preparation of all brews of vaetine.

In this conneetion the relative ndvantage of broth, ns compaved with o solid medium
such as ordinary noutriont agar, was carefully gone into with the resolt that il was decided
to adhere to the use of Lroth cultores,  Vaceines prepared from young cullures grown
upon the surface of AZAT Are 11|I'Llu as cffective and as :rl:rudil_}' standardized as-vaccines
prepared from broth enltures, but the rechnical difficulties of preparing large quantitics
of vaccine Ir_'!.' the former method were found Lo b eonsiderable, and further, the da NS
of contamination during the process of manafacture appeared greater.  Many methods
were tesled and others devised to elvinte those disndvantages, bot it was finally"decided
to rely upon Lroth cultures. . The supposed disadvantagre attacliing to the use of hiroth
vaceines, in that lhﬂ} invalve thie injection of & certain amount of peplone, and possibly
other poisonons substanees, along with the dead bodies of the typhoid bacteria, was not
found to have much reality, since comparative inoculations of the same dose of dead
bacterin, snspended respeetively in saline solution and in the peptone bieath in which
they haid grown, gave similar reactions when tested upon men. At all events, there was
o ohvions disadvantaze attaching to the vse of the sterilized bhroth eultures {rom the
point of view of the local and general reactions oceurring in inoeulated men.

3. Pl frequeney with which the stoek eultures were re=inoculated was also found
to be a point of considerable moment in conngetion with the obtaining of an optimum
growth of the strain'in a short peried= This came out very clearly in connection with
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the experimental work at Aldershot where it was found that, as the daily experiments
# progressil, thevmrdur ol Thie t"l:l!‘.url.g,:'i;__h-hﬁ:' Al o -";fc-i1:|.m'||]:1li:m.l: increased to o
very considerahle - déEred, -Euhﬁuqtuﬂ“_-fi;' i ¥ s periment have shown that the
TR e | pirwer of wrowth MlPiIJT,riuHé l.i lis :limit ,hl_h:.'nm] wheh - further
inerease doces not teke plaed uudturﬂ:{-r’f-t i I;Irnl_tlr'" soTne smbknown comditions, there
may-he o later deercase in vigour ofgrowth wineh s maintiined for some time.

o Vhe desree of ndeation has alsoa marked cliect apon the rapidity of multiplica-
o i -broth eidtures. - 1T oxyzen 1@ ceadily avmilable: seowth 8 muehoanire rapid ihan
where the eontrary is the case. - This ok obsgpped S conmecting with the carlier
work earricd dul at Netley by Sir A B WESHD 4 " sir W Leidtman, and further
winrk it o Inter dite has 1-mp||.'ua.i?.mt the ilulmr't:nu."u af ::iq::'uri:rrg an abundanee of oxyvren if
o] Corowihs are  desired, .“||r111_'r techoieal deviees were pesorted to o scenre this
emd, withont saerifice of the general principles of simplicity and safety of preparation,
and the method which 15 now in use las been foand to answer the purposs ﬁ-‘lii!:-ii-:ll_'.‘t:lTi[_}',
The notricat broth is sterilized in Iu.r;__';t'. flat hottles known as * Roux's flasks.” The
quaintity of broth inteoduced into’ each bottle 15 ealenlated so as Lo rive a layer of broth
of abont ihree-quariers of an ineh decp whien Uhe fask is laid on its side.  After inocu-
lation from the stoek enlture the fasks are all placed in this position, and the typhoid
hacterin, ceowing in. Ahis slallow layer, il no- dilficalty in obtaining the requisite
amount of oxyeen and multiply. rapidly and satisfactorily.

Withont goine into forthér details of such experimental work, it will suffice to say
that, hy a_careful observanee of all that has been learnt from these experiments, it is
unw possilile to obiain srowths of typheid bacilli in enltures of 24-48 hoeurs® incubation,
eguivident Lo 1,500 million bacteria to the cubie centimetre, or even more. At times
ciltures will he found which, in spite of the observance of the uwsual precautions, fall
helow the standard, !mn-'.r-i:'lul_l.' far below if, but it is UHI:II.“J-' found that there has been
s sinple 4-3-;1|I:u,|1.':|ir||; of such a resull, such as inferiority in the Epl-‘lﬁlr\' of the beef
supplied, or irrezalaritios in the temperature of the ineubator.

Ex pe remend 2400,

filijeel.-—To ascertain the best method of sterilising the vaceine at the temperature

ok e L
Havine decided, for the reasons already stated, to sterilise the cultures of
typhoid bacteria iy lieating them at the lowest temperature that would ensure their
destrietion within oue hour, varions experiments were made with a view to selecting the
it supiabile ]pnll'rq]“rr, “ WIS S008 l'n|||n| I.]l:l‘i the treatment Ht‘ I:"T.:IL!‘ Hllil'll“-li.l'?i "J‘f
broth vaceine demanded exceptional precauntions if complete sterility was to be obtained
within this time without allowing the temperature to rise above 53° . The heat
was applied by means of immersing the large flasks in a water bath, which was raised to
and maintained at the required temperature.  Formerly, large glass jars of a special
pattern devised by Sir A, K. Wright were used, which were provided with three side tubes,
for the parpose of subsequent mixing of the contents of a number of flasks, and for
hottling purposes ; over these tubes were fitted short length: of rubber * pressure-
fulinnge, " and the open ends of these rubber tubes were ]IILI:,‘.T,‘;{H!. before sterilisation of
the jars, with picces of solid glass rod.  The temperature inside these jars, as has
alrewdy been mentioned, was mauged by means of the paraffin thermometer devised by
sie AL 1. Wright, whicls was eonstructed so as to sink when the temperature reached
GO° ¢ At Uns temperature the contents of these large jars, which bad a capacity
of 4,000 eenis, were sterilized, as a rule, with certainty in oue hour, but when it came to
b a :||||._-s-.liu:|1 aof |t||1p.'[||_'|.‘ing the - lower temperatnre of 63° €., it-was found that
sterility was not always secured. . Further experiments were, therefore, carried out to
dizeower the renson of flis failore, as the results bad been very uniform when smaller
grnntities of vaeeine were heing deult with, It was found that the weak spot lay in the
rithler dulics connicted with the glass side tubes.  Germs which were lodged within this
“bick pressiire tabing were diot exposed to the same temperature as those in the mass of
-thie Huid, nd b tiaees soeli were ‘able Ao survive the heating for the puriml of an hour.
This point was-tested Ly eareful thermometric readings taken inside and outside such
~ - tubes placed in o water bath.  The jars were therefore discarded and replaced by large
Hasks of a capucity of 2,000 gem., with smooth interior and gradually sloping shoulders.
“I'he enltures were introduced into these Hasks with great care, so as to avoid any
s, Splashing of thie contents above the highest level at which the whole volume of fluid was
to stand.  This précaution was necessary to prevent germs drying on the walls of the
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ntilized as & means of controlling  the hlr-,-|”;|'|| and the dose of suceessive Lrews of
vaccines, the errors were Telt to Le far toa grent and the method i general upsaitable for
this purpose, .

In carlicr work there had r||r|ur;u'|-|l to b Eome |u-hlni:—i- of obtaining a satisfactory
method by menns of weighing the dried bacterial sediment remaining after centrifngali-
sation of a given volume of suspension, a system of preliminary trials yiclding a
numerical eoéfficient for the weight of snel o bucteriel sediment, in terms of the number
uf germs present in the original volume of fluid.  Further experiments with the method
had not, however, very sutisfuctory results, and it, oo, was abandoned. as being  of
i.“::l.'.”i'.'il'||1 HI'I'|||,'H'.'.._

Of the other methods which were tried, two more may be mentioned whose -.-|.:_||-4'1
it was Lo ascerlain the hacterial content of the emulsion or broth eulture liy estimating
il i'l'l"II':“rl;.: the devree of s -||:.l:||'ill1-. The first of these was the method which

had been devised some years before by Colonel Letshman,™ and which lad  been

II.~|'|'£ Jl"lI ”ll' |.i.||||-:-| ui. :~r;|||||.i|_|-.|;.-':'|-_-L il II_!.Julul;.'-el 1-.'|_|'-:':=||r, ]|| I|Ji |||l||'-:'-Ju|- L||-:-
i!illl;.'l' of @ Lest "I-'_i‘:"[ wins A lirown IJI'| means of a microscope mieror Lhrougeh o layer aof
vaeeine confained in o el risling on the staree of the |||i|'|'-u.-~-v|'u||-:'I and Lhe L af
(i WEE TS il_'.

vagcine which was fonmd to be necessary Lo desLlroy or biliir this im
H“ll*ll.l'.{ the conrse ||I-j'i||"||l.'lL'|l|. of a |Jli1'l'l.l3'\-l'li\l|l!' to lower inle the fluud o ilil e ol .||:1I||'

glass in place of an objeetive. In this way it was found possible, under standard
conditinng of illumination, distanee of the Lest ul‘.llit.'-'[, K, 1o determing ViirY sl
differences of llp:il'i1_'| in baeterial RUE[EELONE. Carelul tests, however, carried oul with
this method, althon it was modified amd improved in varions ways, did not afford
measurenents of sueh small ditferences hll'l.]l'_l|| as. were consilered 1o be of
illlpl”'lﬂlu'l.' from the |_a-|.lil1[ of view of the accorate standardization of o series of vaceeines,

The second of these H]l'lh”llh wis an i-lll.l'i!.llill-!] of Lthe ||-hhhllnl'|l.'|. ilevised

ll}' .'".f:s_ic-r Harrison,” I this an altempl was made Lo ineasure the degree of interference
to Ll [ [HEET Y il Ii;ijl 1':111111' |.II'| |||i||'i1|'_'L 16 1ol ol an l!']'l'lll'il' |i:;|d|. i flat-sdod LiLLE L]
of definite thickness, filled with vaceine.  The instrument consisted of a long hoard
ulrull;_'L '|I.Li-:'l|ulll:' 1'uu||1 :||i||4' ii |'4:r|'i|-r ||-:||||:i||'_'L H }f::|||n|.": HOErcn, ill Ihi' conlre of '-I-llil'll:
there was a small Lrense hlll.ll made with n |It1|p of eastor oil. At the ends of the Toard
WEpe Ii;\l.-lt Lwis :\-1-H|:.t ii1"IIJI-'\ lllli'ijllil] I_unl.l'l, “.hl_'n I.::-ih;_': Llie I|;||i-I|J':l=|!II'-|J the Jll.lirl| nt
which the two sides of the sereen were equally illaminated (as shown by the disappearance
of the imu;_[v of the ETeAse spolp, WAs ||.u||'|ir thiree H':ll||i|:;_'-| I inzr made under the
following conditions :—1st, with: the light from each lnmp unobstrueted ; 2od, with o
flat-gided vessel full of roth in front of one of the lamps; Srd, with the same vessel
full of the vaccine Lo be tested, fe, the same broth bot with the typhonl genos
htt:-i]u-u:-ii-rll. IL was Iui-p-'d that, in this WILY, the obstraction to the light eansed by the

bodies of the bacteria might be measured and o standard fixed with which other brews

of vaecine could be compared. The method gave good promise of sucecss at first but

was evenlually abandoned on account of the fact that every now amd then Lhe resnlis
ghowed a considerable error which was atiibuted |J.'Lrli_} to differences in the illnminating
power of the lnmps and partly to the eye-steain which followed on prolonged use of the
apparatis.

Another principle of standardization was attempted by estimating the chemical
changes which oceur in nutrient broth as a consequence of the growth of typhoid
baeteria™ 'The principle was to centrifuge a 48 hours’ growth of the bacteria until the
supernatant fluid was perfectly elear, and then to carry out 1'l|L'tl1i_d‘llf Lests upan the
supernatant fluid, contrasting them with similar tests of the broth in wlieh wo germs
had been cultivated, It was found that there was o rise in specific gravily, in Free and
albuminoid ammonia and in oxidisable matter as a result of the growth of the hacteria,
The total solids were inereased but the residoe, after incineration, was reduecd, s was
the amount of eblorine.  These changes, however, although marked and constant, were
not sulficienl IJ.I regular for the purpose of forming the hasis of a method of standardiza-

tion, nor were the chemieal tests sufficiently delieate to detect such small varistions of

strength as were felt to be of importance where actual dosage was concerned.

A method of standardization of typhoid vaccine bad been suggested by Lamb il
Forster,™ and this was, naturally, given a eareful trial. The prineiple ul'l thie metliod
advocated by these authors was the determination of the smallest quantily of vaccine

W firvtiah Medival Sl 30t Japasry, 1900,
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which would  reprave “the - hactericidal power from s given li!lH'I‘it-llt.:ql' of normal goat
e wihen o tested (L} ICEL R s s redl lllh‘ill|i|._'|n' af Ii'l:'i1|;_" bacteria. ‘The l.:.'li.pl.'l‘i:li'l.l!'lllﬂ
wlhiich were undedlaken fo see whether such o method eould be relied upon far the
Cpraetieal estimation of the strenggth of o series of vaceines were earried oot with the
“poadial sermm ol rabilits, as the Eont sefmng used by Lamb and Forster, was not
svarladide 3 i principle of the W@ed was nob affected by this alteration and all the
ol tier detnils woere closely salligred (o, The provess wis found to e a very laborious one,
Fevr v = Lhiam thie |.-.'r||||n||—|'1|-ll||li.'l||'_f metbiod deseribiod |ru~!1r1.l|' bt a much e BeTTOus
--’-_l-a'llnln wits fononed i the Faet that it conld ot e relied ] TTVITR ) detecl n variation of
i A2 LT R b ] iy Ll streen: "I!I‘I Oof 1 vie e, T s coneluded that 2ach a |;|1|;ll,|u:||] with
il more ~ati Lary Fq-hrnqm- Illl'fhl TV of crriveLl l..:!lll,- i Il]‘\[llllllllg :'rp|i||“r|-.nn-¢ n
| e wa e i Sl reennrl he of vaccines tirL'II]TI"II nder JIHJI"I:"Ihl'r' 11||||:~|‘|_r|t -\\hlq-'”n-c h:rt l:]|||_t,
it was unsniba e Ber the porpose of accurale standardization of dilferent '|_|r|_-1.-,p; rd vaceine

Jirs ||.|I-'-. oy 4 b sapinne it bl
Ve e a0 e ahovie. method s bad ]Il'il'l'd‘ll of sullietent aceurney, it was decided

Lov experinent willi thie method of r'|a-!l||1i]|'_'| the FEFLE devised I_I:I.' Sir A, Ii. i.'l‘r]';,_-h‘hr__"'

|]| |i|:'\- (R ||:1||| H! |\.J||..|\'|-|| 'u'l.lltt“l.l:" 1|‘I. 'uill'l'illl' i!\ .'llrll-l'll '-H- ik ]I.r“.lllhrt hl’.]“_l“l.l‘ 1." 1|]I|“t|,|||

biapeaeni Bdopond maned . thae bwao ovolinmes arg  intimat ]l. i xed 1||--|,!|u-j' A sample of the

il by an 1I|.I]J-rl.l|lllul1.l' dye, and the red Blowd
--rr|,n-—-5'- <l linclerin, e -|HHI:.I:'JH ire cnomeraled In o series of 1||||'|us-c|'nl;]4' I||r]41:~.
||u ORI ||uruiur il J|'~|| 1=II'|HI*-I Il.'m ||| [} ilH |.I!-|'I Inoas |:|I||Ir|I| '|r| Fooinin., a 1'|HI||'|_ 1.||1||r]|,
i chenble movery eonsiant, iL s a simple maller (o dedoce the number of baeterin in
Lo worlume of Ahe '|':I-l"l'illl' wiel bad been mixed 'I.'|i!|p the |ii|tﬂ|'|l. i,lln-l:,u:l_

e s binve Hysletn PR O Y l':\'ll:l.ll:«!i'.i'|_'|' tested o eonnection withi the  Aldershot
wirk, with o view o Lhe cstumation of the streneth of the vaecine used in that -Hl!k.-l.ILiJIi:{',
bl the pesulis were tonnd 1o e somewlnl erratie and uoreliable, - The rm*thru:ll i||||.'|.'1_l'|.-'|:rrI
|..|-'| |...--|| |-1l.-‘;|'ll 1.1. l'l-ll*-i.~|-|'l:1.|-|!-. e-|'r'|'i|'r|' 'irl |:'||-l|n|-'|:‘tir:||| Will| t|||,~ i_':hur“rl_'t'n:liun uf
trelepial -I:-|.-l:'|1ii||||- oller than those of the I_'|||l||1i|[ |l:1:'ti-riit, and it -was felt thal
Pt bier imvestiantion !|Ii_!_'|l| resull - in ilrl|rl|r'|.i||'_1 it and in Ifll.ljl.-rihp: it o pr‘m-li::ul
e bl af stanedard prat ton Tor Ly r;||-:|iu' viLee e, F':‘-;.lld‘]'if"l'nl!p'lu’l.l‘.'l'l' therefore undertaken
tor T oub wherein Uhe illiqr'l'llr.'lr_'.' ill..'i.' when the method was HM||'-||.:||. to the enumeration
ol I_'.|||:i.|-‘| FUrnsE II-;l-'JuirlII, Withouot goinge m detall into the varioos L'.'J‘.]jl;}ri_li'ullnﬁ
ity b -'rll.-.'l|_'. stated - that Lhe :il'lu';_-4||;|lili|"-. were - attributed to three main
RIS sl The difficnltics of olbtaining o perfectly even film when the mixture of
Pl sl . vaecine wa '!.-il'.'lll L] keI 1i||." |nir"r’u-1-u|ri1'm| J-Iill.i". ”ll|l_'r§|-j H'[ld.'h 1S fiilll i11. llf
perfect srvoot iness, 1t s in.--.imhl. thal some parts would contain an undue proportion of
cither baneterin or Woml eells; this would not be & matter of any moment, provided that
lhlI llll.:lli'ul I|I|:|||'|||'|:-\. il |]||--..|- r1'I|r.|.|I4 fonstant, hll! 1h|.~s Wis :ll__1,- i eans fuu_“ql Ly h-.g-
the case, and-in-soch wnevenly  disteibuted  films very different counts were olitained
from the thicker and the thinner Foparcts of the film I'-"-|M'4"1L'-'|.']'. Lvery deviee which lLad
been snggested for the purpose of secaring even spreading of the film, and many others,
were Tested without securing any great increase of aceuracy, and even very large counts,
earvicd out upon definite systems of various-kinds, were not found to improve things to
any marked degree.  2nd. The mechanical action of the various reagents employed for
fixing and staining thé films in loesening and washing off some of the hacteria
from the Gl This fullicy it was not casy to prove, but it was felt very strongly by
the workers that it was one which baid to bhe taken into consideration, Many fixing
agents wore employed, and also o variety of slains, in the lopes of finding some method
which could be relied apon with conlidence (o 0ix in position upon the slide every eell
anil CVErY werm, it tliere wos no illll]l'l:l'nl.'IIIL'IIL in the vesulta of -the counis, ns r{!gnrdn
greater uniformity, in the ease of suecessive counls of the same vaoeine, either by the
gaime olserver ar’ by dillerent observers cqually praclised in the method. 3rnl. The
Laeteriolyiie action of the blood fluids upon the vyphoid bacteria.  This factor was felt
b A ome which it was dmpossible Lo negleet, and, probably, to be thai which was

o ruspoiisible Gie fhe larger portion ol the irregularities encountered.  The factor is not
aue which comes into play in connection with the enumeration of other germs, such as
Blaphylococei, which are not suseeptible to the hacteriolytic action of the blood fluids,
bt it was fonind, as indesd was well known before, that the typhoid bacillus was extremely
siceptible wosnch aetion. - Even allowing for the ficts that the serum or plismn was
dilited to the extent of 15 or more in the case of the mixture from which the film was

oy and that the period of contaet between the blood floids amd the baeterin was
aliori- - ilic lntier IH'L[III'JIHJ lh~|u-|ulmg upon the eelerity with which the tenlmlqu-u (:u'r.lld
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be earried ont consistently with acéurate work <-still, some bacteriolysis was found to
take p|:!::1-, and was 1:m'ieitrnue_|lj}; llj&fffcqncnt ajpearanese ol p:lln and swollen batteria.
which could only be stained and recogmised as typhoid zerms with difficulty. It this
effect was produced upen gome of the bacteria, a8 judged by the cve under the micro-
BCOH, it could not be denied that a similar but more ru:mp]vlt‘ bacteriolysis mixht have
overtaken others of the baeteria originally introdueed, and that, in their ecase, the
process had gone on so far that they were no longer recognisahle.  Were this the case,
such a film would, when {11:u|1[.|;-1],‘;_-."r\-4,; a result which was an under-estimate of the
original baeterial contents of the mizture.

Thiz lnst factor IlEI!_Illii_':-l m'.lur.-lli:u, with greatest foree 1in the caze of sueh vaeecines
or bacterinl suspensions as are tested hefore they have been sterilised by heat.  Vaceines
which have been subjected to the prolonzed action of heat, even at such a low tempe-
rature as 53 ., are certainly much less liable to this fallacy, sinee the action of
the heat is to make the bacterin fir more resisiant to bacteriolysis than they were
before.  An obvious way, therefore, of avoiding this thied fallacy would have been to
earry out the enwmeration 1|_1.' the blood-countings miethod [ml}' alter the vaccine had
been sterilized by heat, and this was given a thoronsh trinl, - Unforfunately, this method
was not found |I'|J[:|i-:",'t.'-|t~, for the reason that one of the actions of the heat to which
the bacteria had been !-'ul:l|l_i|._'|'||.:||: was to hring about®a amall dezree of mechanieal
agelutination by whieh small clumps of bacteria were formed.  This was not very
marked, and was somelimes absent n'l!r:u_thi'r. but itz ocenrrence at fimes made the
method inapplicable for general use, such agglutinated vaceines siving readiigs winel
were felt to be qule unreliable. and. indewd, were 13:'-111'-i to e s0 when the same
vaceine was counted on severnl oceasions.  Again, the use of dead bacteria was found
to increase the difficulty in securing a perfect mixtire of blood cells and the baeteria,
probably on account of the fact that sinee the natural mobility of the bacterin was
I||!l."_'r‘1||rl-li'L‘ 1|||'_'.' had a greater tendeney to sediment or precipitate than when they were
actively mobile.

Such, then, being thourht to be the |;|ri|u'ip:|i factors I the '|Jr-:1:|1|4,'tinr| of the
il'i‘l.'.ult]il.r'll.h‘a noted, allempts were mide Lo overcome them E.Il'n' VATIONS IeAns, ."llil_iﬂl'
Harrison devized a modification,”” sinee further amended, of Wricht's orizinal technigue
which, in the hands of practised workers, gives much more reliable results. A brief
deseription of this method may now be given since relianee is, at the present moment,
placed upon it for the standardization of the vaceine now being issued for the use of the
troops.

A measured volume of the Iiving vaccine is taken. ]||'i-::|' to its sterilization h}' heat,
and mixed with & measured volume of diluted human blood in which the bleod plasma
has been removed from the cells and rgp!ﬂ,q‘ud h_!.' an ipert fluid which is isotonie and has
no bacteriolytic action upon the living bacteria. 'T'o achieve this end, a volume of blood is
taken from the finger of a normal man and washed into a centrifuge tube with citrate
of soda solution., The ecitrated plasma is pipetted off after all the cells have been
driven down il:.' c-:nu'il:'uga] action, and iz, in it2-turn, TE]plﬂl:i‘(i ]}_'.' normal =aline salution
alone, which is theroughly mixed with the sedimented red cells.

This is repeated twice, and the alternate washing in saline and centrifuging
results in the complete removal of the citrated plasma and its replacement by saline
solution, the red celle remaining unaltered and constant in numbers throughout the
procedure. After the final washingz the corpuscles are onee more brought up to their
original degree of concentration by means of the marked pipetie in which the fresh
blood was drawn from the finger. ‘I'he next stages consist in the intimate mixture of a
measured volume of the living colture with a similar volome of a known dilution of the
suspension of blood cells in ealine solution. 'The usual dilution found to be eonvenient
for purposes of counting is one part of blood suspension to four parts of saline, but
this may be altered as required according as the enlture is thicker or thinner than usual.
Great care is taken to ensure as therongh admixture of cells and bacteria as possible
by frequent drawing in and out of a fine capillary tube, and, when this has been accom-
plished, a small drop from the centre of the mixture is laced upon a perfectly clean
ﬁlidi:, covered at once with a ::u\'r:r—;;!uﬁﬁ and I‘i:llgenl with wvascline. 1f the strain of
!jplmiﬂ whieh is ulup]u:,'-ed 15 une which is a!:ti\'elj' mahile, a trace of formalin is added
hefore the cum'ur-glrms is a||lﬂi{-,~|,l, and this has been found cffectunl in eausing the
mobility to diminish to a pont at which it ne longer interferes with the subsequent
enumeration.

At least six preparations are always made and counted in order to control one
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© another, and it has been found quite simple to eount the unstained bacteria under these

circumstances, with a little practice. The specimens are given a little time for the cells
tn settle before they are submitted to examination. 'The actual operation of counting is

“ condueted systematically with the aid of a mechanieal stage, each field being taken in

succession as it comes into view, and the fields to be counted are narrowed to a size suitable
for use without causing cxecssive eye-strain, by means of o counting-disc of fine intersecting
#lass threads which is dropped into the ocular to rest on the diaphragm. At first, a
boginner at this method will underestimate the number of germs considerably—the
cells, of course, are easily enumerated—sinee it is necessary, even with the thinnest possible
film, to focus systematically from the under-surface of the cover-glass down to the

= upper-surface of the slide, in order to make sore that the whole of the bacteria in sus-

pension in the fluid are counted as well as those which, like the red cells themselves,
have settled down to the bottom. Practice, however, soon results in a satisfactory
degree of uniformity over a pumber of counts of the same vaccine, and one can rely
on keeping the error of a series of such examinations well within the limits of
= 10 per cent. :

This margin of error is smaller than bas been been oblained by any other
method, and the technigue described is felt to be the best al present available for
the purpose of standardizing a vaccine by means of enumerating the actual number
of bacteria present in a given volume. It may be added, in conclusion, that the uniform
character of the reactions obtained in the case of bodies of men inoculated with
successive batehes of vaceines standardized in the above manner furnishes confirmatory
evidenee as to the accuracy of the method.

Although the method in question appears to be the best available for the
purpose of standardizing the vaceine, as at present prepared, it is hoped that further
advances an bacteriological science may afford sugeestions which may lead to the
elaboration of a moré perfeet method.

CHAPTER VYIII.

ATTEMIIS TO MODIFY THE REACTIONS FOLLOWING INOCULATION

This branch of the subject has been studied by direct experiment with vaccines
modificd in a manner which appeared likely to cause milder reactions, and also by the
elose examination of the reactions following inoculations with different vaccines, whether
devised with the above object or not.

[t may be said at once that the latter method has yielded more useful information
than the former, and that by taking advantage of all that has been learnt from the
eareful observation and record of the reactions in groups of men or in individuals, it
has been possible to introduce beneficial modifieation inte the procedure of inoculation.
The search for a special vaceine which should give little or no reaction, and, at the same
time, show no diminotion of immunising powers, has not been successful.

The :::n;purinw.nl}i 1!ua]it|g with Epﬂcinl Vaccies may first be described,

Experiment 22,

Object,—T'o test on man a vaccine which contained only the bodies of the typhoid

- bacteria suspended in an inert fluid.

There was eonsiderable rround for thinking that the loeal if not the constitutional
reactions might owe some of their severity to the fact that the peptone and other
ingrodients contained in the notrient broth were injected simultaneously with the
bacteria, as well as any soluble products derived from the bacterin, Most of the
symptoms ocearring after a bacterial inoculation are usually attribufed to the fact that
the bacterin inoculated hecome dissolved or bacteriolysed in the tissues, and liberate
there any endotoxins which they contain ; such endotoxins being held responsible for
the local pain and swelling, the fever and the other sequela of the inoculation. In order
to see whether any reduction of these symptoms could be brought about by inoculating
only the bodies of the bacteria and none of the constituents of the broth or the soluble
products formed during the growth of the bacteria, an experimental vaceine was prepared
in which the broth was removed and replaced by sterile normal saline solution. This

* 1 Journal of the Royal Army Medical Corps, Vol, X., page 583, 1008, .
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will react to the same dose, in spite of identity of age, condition, procedure, &e. The
explanation of this personal idiosyucraey is far from clear, but its existence is undoubted,
and has been noted in connection with the inoculation of vaccines other than typhoid
vaccine. Highly strung, neurotic individuals usually have more severe reactions than
the average, indeed, men of this type sometimes faint before the needle has touched
them ; but, on the other hand, strong and well-balanced individuals do ot suffer less,
on the average, than their weaker brethren. In this conneetion it may be recorded that
the investigators have gathered the impression that an unusually severe reaclion
indicates an unusual susceptibility to enteric, and they have eases in their memories
of some men who suffered such exeeptionally violent reactions, especially in the
earlier days of inoculation, who subsequently contracted enteric fever; in one case a
young medical officer who had such a reaction had two definite and severe attacks of the
disease within the following four years. It would appear that, in such a case, there
must have been a greatly increased susceptibility to the disease, and that there would
be little probability of such an one benefitting to any great extent from inoceulation,
since his first attack failed to proteet him from a seeond.

An interesting point has recently come to the notice of the investigators in the
report of an officer w#m inoculated a draft of men with a bateh of vaccine which had
been quite freshly prepared. The local and constitutional symptoms in this case
were certainly somewhat more marked than was customary, and it was conjectured, in
the absence of any known difference in the strength and constitution of the vaccine,
that this might have been due to the fact that it was used so soon after it had been
prepared.  'This appeared to be the case, as inoculations of other batches of men with
the same vaceine at a later date gave :rn]._}' mormal reactions, SBinee then vaceines are
not taken into use until they are three weeks old. It is not elear npon what changes in
the vaccine this diminution of reaction on keeping depends; it is eertainly not
progressive, since no noticeable difference ecan be detected in the effects of the same
vaccine inoculated three weeks after its manufacture and when it is three months old-
the limit of age which has been adopted.

As regards the manner of the inoculation, this has always been by hypodermie
inoculation into the subeutancous tissue, and no reazon has been seen to change this
procedure ; an experiment was made on one of the workers in which the usual dose
of vaceine was inoculated intramuscularly, hut this was found to cause wore pain than
the usual system. On another oceasion a dose of vaccine was, unintentionally, injected
into the derma, the needle not being thrust through the skin; in this case, as might
have been expected, the pain was considerably inereased, both at the time of injection
and later, when the usual local reaction developed.

One or two instances, which bave been reported to the investigators, of excep-
1,im|“1|‘-,r Bevere symploms, I'ullu-n'ing imnu_-r!iat::_}' on the inoculation, and in which a
condition of temporary collapse appeared to have been induced, may possibly be
attributable to the vaceine having been introduced directly into a vein. It is not,
however, possible to be certain since no such case has come within their immediate
knowledge, but one may assume that, if such an action were to happen, the reaction
would be likely to be one of exceptional severity from the sudden throwing of the
whole of the dose into the systemic circulation, instead of the gradual process of
absorption which probably takes place when it is introduced into the subeutancous
tissues. It may be noted, incidentally, that one of these exiremely rare cases was
found, on enquiry, to have been inoculated in India with a vaceine which was not pre-
pared at thu(iuhumtries of the Royal Army Medical College, and no details are known
as to its exact constitution and the amount of the dese. It is hardly necessary to add
that careful inspection should be made of the eourse of the veins in all cases before the
needle is thrust into the site selected.

A simple modification, and one which, more than most of the others, has been the
cause of reducing the inconvenience of the local reaetions, is the change of site of the
inoculations. In the earlier days it was the eustom to inject the dose into one of the
flanks, at a point an inch or two above the crest of the ilium. 'This site was recom-
mended by Sir A. E. Wright, on the grounds that, since the subeutaneous tissues were
exceptionally loose in that region, there was likely to be less pain eansed by the subse-
quent effusion of lymph round the site of inoculation. While this was correct
theory, and confirmed in practice, at the same time the adoption of this site was
_attended with the disadvantage that, in the event of the reaction being a severe one,

the swelling and tenderness in the side made walking difficult or impossible. Many
individuals were, therefore, lamed for a day or two, and oceasionally rendered quite
_helpless for a short time. Further, this production of a limp, or at least of a slow and
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075 eem. There were no symptoms exeept on one oceasion, when there was some
gastrie disturbance, which was probably due to another cause,
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Curve showing the rise and fall of the bactericidal action of the serum of a normal o (T, 1. G.) after
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The bactericidal power was markedly raised by the treatment, reaching a height of
I—tid-one month-after it had commenced, and at the end was still at a level of 1-23, as
compared with a normal of 1-10. (See Chart XIX.) There was again very little evidence
of appearance of agglutining, which reached on one occasion a maximum of 1-30, and at
the end were incomplete in 1-20. The phagoeytic ratio, on the other hand, was depressed
during the whole of the experiment, and for 11 days after its termination, when it began
to rise, and finally stood somewhat higher than the normal. In this respect the behaviour
of this officer’s serum was in marked contrast to that of the previously immunised man,
in whose ease it will be recalled that these substances exhibited a most striking and
well maintained rise,

Conelugion—The administration of a glyecerine-killed vaceine by the month, in the
case of a mormal man, resulted” in the clevation of the bacterieidal power, and, in a
slight degree, of the agglutininating power, but the substances influencing phagocytosis
were depressed thronghout the treatment, and appeared to indicate a true negative
phase.

The two experiments recorded above, although, of course, far from conclusive in
many points, at least served to show that the administration of dead typhoid bacteria by
the mouth was able to induce marked modifications in the amounts of the various
protective substances, and, to this extent, they were decidedly encouraging. The
experiments were, therefore, resumed on a subsequent oecasion, and with a different
procedure.,

Experiment 206."

(ihject.—To ascertain the effect of swallowing dead typhoid bacteria suspended

in fat.

In this instance the bacteria were grown on agar, emulsified in sterile water, and
killed by desiceation over sulphuric acid. The resulting mass was found to be sterile in
48 hours, and was then finely ground in & mortar and mixed with lard, to which a little
stearing had been added to make a firmer mass. The admixture with fat was made in
the hf.ll}e that in this medinm the bacteria would be enabled to pass II[tllligi:Hll,H] tl:ruugh
the stomach, and would subsequently be absorbed in the small intestine with the fine
particles of fat. The mixture was divided into pills, each of which contained the
equivalent of one agar tube of culture.

The pills were swallowed at short intervals by W.8.H., the subject of the first
ingestion experiment with glycerine-killed vaccine. They were taken at intervals of
2 days, half an hour before breakfast, and caused no unpleasant symptoms, except for
slight nausea on one or two occasions, which was attributed to the taste of the stearine.

o Journal of the Royal Army Medical Corps, Vol. X., page 583, 1908,
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The various protective substanees in this instance already stood considerably above
normal levels on the experiment being commenced, but the effect of the ingestion of
the pills was evident in the production of a rise in the amount of the agglutinins, and
in the substances eoncerned in phagoeytosis. On the other hand, the bactericidal
power of the serum was markedly depressed by the treatment, and only rose to and
above the normal level on the pills being discontinued.

Conelusion.—The ingestion of pills containing dead typhoid bacteria in fat, in the
case of a man already immunised, was followed by a response in the production of
certain antibodies; the bactericidal power was, however, lowered, possibly on account of
ovier-dosing.

= (i}

Experiment 2
ODbjrct.—The ingestion of dead typhoid bacteria suspended in lard and enclosed in
relatine eapsules,

In this experiment & normal man was the subject, he had neither been inoculated
nor had enteric fever. In the three previous experiments the doses were large, and
had been given in rapid succession, the purpose being the double one of ascertaining
whether any disagrecable constitulional effects were pl‘ﬂdllm'li, and whether it was
possible to induce modifications in the quantities of the various protective substances.
[n the light of ‘these experiments, a somewhat different procedure was adopted in (AT
instance. 'The doses were given at lengthy intervals, about one month between each,
and the estimations of the various substances were carried out at intervals during the
intervening periods.  The purpose here was to ascerlain more accurately the effects of
each individual dose in the case of a perfectly normal individual.

In this instance no agglutinins appeared at any time, although towards the end of
the experiment the doses were taken at shorter intervals of 10 days. The bactericidal
power also was not affected in any way. A different result was, however, obtained in
the case of the substances influencing phagocytosis. In the ecase of the phagocytic
ratio, there was a distinet rise 13 days after the first capsule had been taken, and this
rise was repeated, though at shorter intervals, on each subsequent occasion on which a
dose was taken. The levels attained were not very high, EIEEPL upon oné or two
oceasions, but they were consistently higher than normal, with the exception of one
record, which was subnormal, but this was probably eonnected with the fact that the
subjeet was at this time suffering from a severe coryza.

Conelusion.—Single doses of dead typhoid bacteria, suspended in lard and enclosed
in gelatine capsules, when taken at long intervals, were followed by a rise in the
substances coneerned in phagoeytosis, but none in the ease of the agglutining, nor was
any effect produced upon the bactericidal power of the serum.

Ezperiment 28.%
Object.—'The ingestion of dead typhoid bacteria suspended in fat and enclosed in
gelatine ecapsules,

In this experiment, which was done some months later than those recorded above,
three officers and one private of the R.A.M.C. were the subjects ; two of the officers had
been previously inoculated with typhoid vaccine, the other officer and the private bad
not, and none had suffered from enteric fever. These four volunteers swallowed the
capsules of typhoid bacteria at different intervals and in different numbers, the details
of which are fully recorded (loe. cit.). The majority of the capsules contained
bacteria which had been killed by exposure tu the vapour of chloroform, but in a few
instences they had been killed by heating in the fat to a temperature of G0° C.
Fach capsule contained the equivalent of one-half of the growth on the surface of an
ordinary agar tube, incubated for 24 hours.

The tests which were carried out were estimations of the opsonins by both Wright's
and Klien's methods, and the estimation of the agglutining. No analyses were, on this
oceasion, made as to the bactericidal gnbstances. At each separate estimation a control
observation was made upon the serum of a healthy and mon-immunised man.
results in the ease of each subject may be considered separately.

i Jyuroal of the Royal Army Medical Corps, Vol X., page 583, 1008,
" Idem, Vol XL, page 327, 1908,
{419-1) : &




———— — _...ﬂ_

L) Caarr XX.

befors treatment. Daps after commencing tredtment

pavs 9iz|s|alififals]?]9 [nlialis)izslzilzal28]2712931 (333537035 4 1[43a5]a7 4a(51]53)
DILUTION -4 . { | !
OF SERUM - it 151
160 . ,],‘
150 —— 1 -d oy
140 Ll ! d Bl [ 1
30 i i O \ 1
120 = Vi L 4
110 ” - L
100 L1E L e B () ] G
90 AW | R TP

80 A L N
70 £ 2| i1 Ee] s .
60 t"f_ it : |

50 PR 1ol |2 |
40 ot # a A

- L) )

ao 4 it C S 7= e
20 |t . el Lo B d
5 NWANSE

| Sy

£ ]

b
=

‘Li"'-L

e

. s ] ] —
1
-

1
DOSES 5 2 P o e ot
SWAL - : ke 8. o
LOWED =P, hod in

i e = [} = N

HELEL
;
i

b 34 P deeck R ipe pnde.

|r-|.'.ll' #fiom LT wlheapal r-_-J--.’.--.-n'-! daeterfe,  Cuarves of |'.l-.'-ll."l.\!|.u|..|l-'_

Cuarr XXIL
Lhgym beftre trectmignt. Days aflir COTIRRELG Eresimenl,

oavs [9]|7is|al]v]a]s]|2[alufia)isizlielzi [zalasle7ize[31 aalaslazlla e saela gl 535
RATIO TO ] R EE
NOAMAL |+ : —— ——1 1 -1
3 " 5 — — e = - .._|_|..
3.0 : ! o) 52 (] o
. 1 b (24 F .t . |
2 M - AT GEEEEE A L
= ! a0 5 arte ..__J."._
‘15 = ‘«..,_,,___"' e -1 | A4 % L~ r‘h_’_.?-'!-
i a T o —— -l'-l == =
5 e = B il oot BN "‘-"?‘ 1
~ 1 i
DOSES i e B ot e T
SWAL - i 1 Shwp. o =t 1=
LOWED =t ..'J"fabz 2 LW 3 0 [ & L _1
l+|l —[.-ln.- f— - . & e i FATI N |

Twgestian of dead typloid bacteria.  Phagoeytic indices of four volunbeers, tested by Wieight's method,
e X

1. Major G, had been |:|r|;w1'.m[:f["|.' inoeulated with the usual vaceine ilwo years
hefore. He took in all eight capsules within a period of five weeks. 'The treatment
was followed by a marked and well-maintained elevation of the phagoeytic power as
tested by Klien's method, but, on the other hand, Wright's method did not show the
same result, the readingefalling below the normal after the fifth dose had been taken,
and not reeovering until a fortnight after the last dose. Agglutining which, at the
beginning of the experiment, had stood at a level of 1—440, roge tol— 160, and at the
conclusion of the experiment still remained as high as 1—120;

2 Captain D)., previously inoculated some years before. Only two capsnles were
swallowed in this easesasdbesubject was upset by the treatment, considerable digestive
disturbance ensuing. His phagocytic ratio which, at the beginning of the experiment,
stood well above normal, fell, after some oscillations, to within normal limits, Agglu-
tinins, which stood at 40 at the beginning, fell to vanishing point while the experiment
was in JrogETess, but HUIJ.\ivtlm_-,-nl]y recovered on the fapau'lc.u- h-eing discontinued.

3. Lientenant W, had neither been inoculated nor had enteric fever, He took 10
capsules over a period of one month. In Iis ease they gave rise to no unpleasant
symptoms, but his blood, thronghout the whole of the experiment, showed no signs of
the development of either inereased phagocytic power or of agglutinins, It may also be
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mentioned that this officer, when moculated at a later date the ordinary vaccine,
had an anusually severe type of local reaction, and his general reaction, although not
exceptionally severe, was prolonged into the second b appears possible that in his

case the large number of I;_!.'I.II!':[I][!.-L tuken, eﬂnﬂﬂﬂi five agar tubes of culture, had indoced
a certain measure of hyper-sengibility to the subsequent hypodermie inocolation.

4. Private 1. had neither been inoculated nor ha eric fever. He took four
eapsules within 10 days. A transient rise of phagoeytic aclivity was evidenced I.'I-Jl’
Klien's but not by Wright's method, but this soon disappeared, and his phagoeytic
power remained normal after the termination of the experiment. A trace of agglutina-
tion |_|||-I;u|_'||r\|_'1] in his sernm tright l:ill.j'}i after the last dose had been taken. He was not
upset in any way by the ingestion of the eapsules. (See Charts XX. and XXI.)

Taking these four experiments as as whole, and bearing in mind the results of those

recorded in the foregoing series, it connot be said that they demonstrate ipzestion to be
an efficient substitute for inoculation. 1t is obvious that the ingestion of dead typhoid
bacterin is eapable, under certain eonditions, of ingreasing the amount of typhoid protec-
tive substances in the blood, but the resulis “Whieh have been obtained by these
ecxperiments have been too irregular and apparently too little ander eontrol to warrant
the applieation of the method upon a larger scale, at 811 events for the present. There
appear to be greal individual variations in the manner in which different persons react
to the ingested bacteria and some of the cases suggest that the immediate effect of the
treatment had been the production rather of an iuummihﬂit}r than an inereased
protection,  The reason for this variability is far from clear, but it is obvious that the
conditions of the intestinal tracts of different i||{'li1:id||n[s_- st differ widely as regards
“secretions, bacterial florn, absorptive capacity, &c., and™it is probable that in some
instances many bacteria may have been absorbed into the system, in others few, or
possibly none. It is possible that further experience mwy indicate a line of procedure
from which more regular results might be anticipated ; should this oecur it is proposed
to resume these experiments at a later date.  The whole question of the absorption of
germs and their products through the intestinal walls is one which is still in its infancy,
and the valuable results which have followed the deliberate modifieation of the bacterial
contents of the intestine by the swallowing of cultures of lactic acid beeilli sugrest
possibilities which may eventually render intestinal immunisation with typhoid bacteria
practicable.

Conelusion.—The results obtained by the ingestion of pills or eapsules of dead
typheid bacteria are too irregular and too little under control to justify the adoplion of
this method of immunisation, at all events, at the present moment,

CHAPTER X.
w

MiscerLaxeous ExreriMgsTs.

A.—The influence of the virulence of the strain o the immunising properties of a
.pr-'infri' Harecine,

The question of the virulence of-thestrainashichshould be used for employment in
a bacterial vaceine is one which has given rise to considerable differences of opinion
among bacteriologists, some bholding that a non-virulent strain should be selected and
others that the best resulls were only to be expected when a strain of high virulence was
employed.  Since the introduction of typhoid vaceine into the Army, none but non-
virulent strains have been used, as Sir A, E. Wright was of the opinion that such
presented definite advantages over virulent strains. It was felt, however, by the
Commitiee that experiments should be instituted to test their relative merits by
the immunization of animals and a blullll}l' of the manner in which their blood serum
reacted to virulent and non-virulent vaceines respectively.

It was also realised that, unless yery ﬂm'lﬁi,m information was obtained as to the
inferiority of the non-virulent vaccine, it wou advisable to substitute for it a
virulent omne on account of the more severe nature of the reactions which follow
inoculations of a virulent vaccine, and the ndwermicta which this would be likely to
fave upon the number of men volunteering for i tion.

teference may first be made to the following tests whieh were conducted with a
view to ascertaining in how far the Serunof*s*mmmewhw had been inoculated with the
‘usual non-virulent vaccine was capable of reacting with other and more virulent strains,
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Erperiment 29,0

ﬁ:-':"f'-*c'-'-—-'l‘ﬂ ascertain the action of the serum after inoculation upon strains of
typhoid bacteria other than that which had been employed in immunisation.

The serum used was that of an officer who had been inoculated some months before
with a vaceine preépared from the non-virulent strain, *R,” at that time in general use,
and who had, on & subsequent oceasion, ingested pills and capsules of dead baeilli of the
same strain.  The blood serum of this officer was tested as regards its bactericidal power
against three different strains of typhoid bacteria. 1st. The non-virnlent strain which
was employed in the preparation of the vaceines with which he had been immunised.
2nd. Another strain of equally low virulence. 3rd. A more recently isolated strain,
which posscssed a considerable degree of virulence for guinea-pigs. The bactericidal

" power of a sample of his serum was determined against each of these three strains, the

principle of the tests being the admixture of identical test doses of each strain with a
series of dilutions of the serum, the incubation of these mixtures at blood heat for one
hour, and the determination of the bactericidal power of each dilution of the serum by
plating the mixture out on MeConkey's mannite-bile-salt medinm.

The results showed that the bactericidal power of the serum was equally hizh with
each strain, as contrasted with the bactericidal power of a normal control serum, in the
case of cach varicty of bacillus and of each dilution of serumm.  'This was in accord with
the results of similar experiments, whieh had been made at an earlier date, and althougrh
the immediate ohect of the above t:xpuri.nu-nt was to elicit information bearing upon
the ecomparative values of monovalent and polyvalent vaccines, it also bears upon the
question at issue of the advantages or disadvantages of a virulent rersws a non-virulent
VaCeIinge,

Conclusion.—The serum of a man inoculated with a non-virulent strain contains
substances which are effectively bactericidal, not only against the strain used to vaccinate
him, but alse against other and more virulent strains.

From the above experiments, and others of similar nature, it appeared ceriain that
a vaecine prepared from a non-virulent strain might be trusted to produce substances
which would act effectively upon the wvirulent strains to which the individual miehit
subsequently be exposed, but this did not settle the question of the possible superiority
of a virulent vaceine in the way of producing a larger amonnt of protective substanee
than would resclt from the use of a non-virulemt strain. The following experiments
were, therefore, earried out to see whether animal experiments would throw licht upon
the subject.

Both of the immunisation experiments upon animals, in which this point was dealt
with, either direetly or indirectly, have already been detailed (ses experiments 13 and 17),
g0 it will suffice briefly to reeall their nature and eonclusions. In experiment 13, two
vaccines, whichehad been killed by the action of glyeerine, were used to immunise Froups
of rabbits; one of these vaccines had been made from a non-virulent stramm, the other
from a virulent one. The conelusions reached from this experiment, in so far as the
factor of virulence was concerned, showed the advantage to incline to the side of the
vaceing which had been prepared from the virulent strain: the differences, however,
were not strikingeand, such as they were, appeared more in evidence in connection with
the bactericidal power than in the case of the arclulining or of the substances concerned
in phagoeytosis,

Experiment 17, which was carried out at a later date, was direetly concerned with the
experimental testing of this qllﬂ-:iin!ll of virnlence, :Hlir:, in this instance, f!l!" 1.'u_|:'¢'i|:||.-:-t
whose immunising power were contrasted, were sterilized by heat at 537 C. in the
manner which is now employed for the vaccine issued for the use of the troops. The
conelusion reached in this experiment was that as satisfactory a development of protee-
tive substances was induced in the blood of inoculated animals by the use of a non-
virulent heated vaccine as by employing one which had been prepared from a highly
virulent strain,

B.—The JIJrrﬂl-li'.llr-t‘ af .I'_llllp.ﬁ{.u'rf raeeme on '.]‘Ji'!il'rj'.l'_‘l,l'jil.ﬁl'}i—d in feclions.

The above question has come to be one of considerable importanee in connection
with anti-typhoid vaccination for two reasons, first, beeause the wore frequent employ-
ment of modern methods of blood-eulture in the Army has demonstrated thal paraty phoid
infections are far from uncommon in some tropical stations, and sccond, because an

0 Journal of the Royal Army Medical Corps, Vol, X., page 583, 1004,
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:l||:EJI1'!1!E.'L]rI1' number of eases of continued fever which have been :=.||hﬁc:incnl!y |!!'m'r:l| to
be paratyphoid in nature bave occurred in men immunised against typhoid and have
been recorded as instances of the failure of typhoid vaccine. The following experiment
was therefore undertaken :

Ezxperiment 30,

Ubjeet.—To ascertain whether the serum of men immunised with typhoid vaceine
exerted any power upon paratyphoid bacteria,

The sera of two men who had previowsly been inoculated with typhoid vaccine was
tested as to their arrlutinative, bactericidal and phagzocviic power ainst P-'Ir:l[j"[hllﬂrllt
“ A" and Paratyphoid #B,” respectively. The results were contrasted with those
obtained in the case of the blood of a normal man who had not been inoeculated and
who had never suffered from any continned fever resembline typhoid or paratyphoid
The results were as follows.  Bactericidal substances for paratyphoid bacteria were
present in the serum of the inoeulated men, but in no greater amount than in the hlood
of the normal uninoculated man. The variety “ A " was more readily killed by the
diluted serum than the variety * B,"” but in neither case could any distinetion be found
ween the immune blood and the normal.  As regards agglutinins, a slight « aroup
dutination ” was found with both men, and in the eage of caech 1.':'|:riq-1‘_1. of i|:|_1-::l_1,-E:.]||:i1|
illi, the highest dilution giving the reaction being 1 30; the normal serum, on the
other hami, showed no trace of agglutinating power on the paratyphoid bacilli even in a
dilution of 1—=10. The [l]lﬂ'_:-'n;'_'.1lll-' power of the inoenlated men, when tosted o the
fwo varcties of ]l.'lr:li_l'|r§|||-5||__ showed no distinet :'C”I"":'E“rit." to that IHHHE‘-‘“'TI 'JJr the
blood of the normal man. At the time of the tests the phagocytic power of the
inoeulated men tested upon typhoid bacteria was twice as ereat as that of the non-
inocilated control.

Canelusion.—Inoculation with typhoid vaccine does not appear to confer any
appreciable degree of immunity against subsequent infection by paratyphoid bacteria.
Since the above experiment was made, the number of cases of paratyphoid infection
whieh have been brought to licht by means of modern metheds of blood examination
has continued to increase.  Although the disease is not quite so severe as true typhoid
[ and has a-lower :rnlr'l;|]ill1, at the same time 1t rives rise to a considerable amount
of sickness, and experiments are now in progress with a view to determining whether it
would be possible to utilise a vaceine eombining typhoid and paratyphoid bacteria whicl
wotlld be proteetive against both diseases, without brineine about any loss of efficiency
in the typhoid portion. These experiments are not sufficiently advanced to allow of
their inclusion in this report, but the results so far are favourable to the idea that such
a vaceine may be prepared with good prospeet of its exercising a double protective action
arainst the two ||i-|-.-|-;qj--;.

C.—The employment of living baclerie for immunisalion.

No experiments have been performed with living bacteria, in all instanees. the
typhoid bacteria emploved in the above described experiments had been killed by one
or other of the methods detailed. At the same time there is now considerable evidence
in conmection with other bacterial diseases, notably in the case of cholera, that the
moculation of the living germs is an effective and relinble method of protection against
the particular disease. The advocates of these living vaceines claim for them the
production of a more rapid and more dwable immunity than results from the use of dead
zerms, and, in some cases, that the degree of immunity which is produced is also higher.
Apart from smallpox vaccine and Pasteur's anti-rabie method, both living vaccines, the

cholera vaccine of Haffkine and the pligue vaecine of Strong, may be quoted as recent
cxamples ; bath of these living vaecines have been given by hypodermic inoculation
with good resulis and without reproducing the discase which they were designed to
prevent. A living typhoid vaceine has not infrequently been advoeated, and has

recently been used by Castellani, it is said with good results, but the Committee have
felt that the inocnlation of living typhoid germs was undesirable in_the case of the
Army for reasons which will oceur to everyone, not the least of these being the fact
that such inoculations could only be earried out by trained bacterivlogists at central
laborateries, a procedure which would greatly narrow the utility and applicability of the

" Jourial of the Hoyal Army Medical Corge, Yol. X, page 585, 1908,
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process. Should further experience with living typhoid vaccines prove that such actually
possess a much higher immunising efficiency than dead cultures, it might be advisable
Lo reopen the guestion, and to investizate the method with a view to its adaplation on
a large seale to the incenlation of the troops, but such o super iority has not yet been
demonstrated, and the arguments which are used in support of the method are chiefly
coneerned with animal experiments and the blood changes produced in them and in
men ; statistienl evidence of actual protection against enteric fever is slill lacking,.

CHAPTER XI.

Tueg Broop Choaxces nesonrida rros Tyeooin Frver.

The following inveslization was initinted with o view to determining the fuectuations
of the various protective substaneces in the blood of men suffering from or recently
convaleseent from 1_|."|||'||i|=_ fever, 1t was felt that a series of ohservations on such cases
might throw a valuable light upon the degree of importance attachineg to the various
protective substanees, and thus help towards the recognition of that one of them which
might be taken as the hest indicator of the degree of immunity, whether such immunity
be the natural immunity acquired by the convalescent or the artificial immunity following
on the moenlation of H‘|:l'|||.li|'i vaeeine

The blood changes in gquestion have already been investionted 111 varions hacterio-
logists, bnt the results obtained proved of little assistanee in connection with the
|*_:|||'-I_i|,:||| of 'i_l::|]||lill '|':|-:'|'i1||.',, 1|'|'.i.||: to the fact that I‘III' -:!1I-I|-'||.!I‘|i1-l.L :IIII|. l]II:Iril.if.I“.'-r
methods employed varied widely from those which have been used throughout the fore-
coing series of analyses. [t was, thercfore, difficult to contrast any twoe series of
experiments and, the need for some such standard of comparison hetween the con-
valeseent and the inoculated wan beine feld 1o be wreent, the following investization
wns undertaken as time and |';|||-I.|I"I|]|i.1 V. Ware |'I'II'I5|I'H|:'|iII;','.

Binece 1t wns not F-l.l-»*-1||||' for the mvesticators Lo sty active cnscs Personal |‘- III'I
Lo follow up individual patients during the months succeeding an attack of typh ol
they endeavoured to secure the imformation of which they stood inneed in the foll oW T
manner.  The sample of blood serum obtumed from cach patient, or convalescent, on
being received ab the laboratory, was tested at once, and once ”‘“l."- for agrelutinine,
in.:||_'|-_-;|':_1'||i.|_| --||i|-|_:|1|--.'.-\. iJ:I||| ||||---||I|il1.--I I|Ll.h-. !'||l.'|.|ll..ll|:-. l'llll:ll'\-l}'l.'li. ]I;';.Il;t [llllﬂ-i' 'l'l.:lil.'il WLt

utilised in the case of the animal amd human experiments just recorded. These tests were
earricd out as material ||§:||'r'1,'1|, amd 41 cases were dealt with within 6 monthe,  The
majority of these men were convalescents admitted to the IIli..i1:lt'L'I- |I'|I‘|:I.I1.il.|:'1 of .""-Ii:lh'.}'
and Millbank, while a few eases of active enterie fever, which occurred during this time,
were also utilised., l,.||i|n.l||||i|;;l. was to a certain extent secured Il.'t' :ll'l'i”tj_‘ilz'_' that the
Iood serum should, in all cases, remain in contact with the clot for 24 hours before it

was drawn ofl’ and submitted Lo analysis,

A chare was drawn up in conneetion with each substance on which the observation
made trom the l|||1|| siflar serum and ||_'|1|['1]|,:i under thie l-.l![ll'lll.lr week d l[JH” from the
commencement of the original attack., It was hoped that, in this wiy, the mean value
of each substance |||i;_l‘]|; 3 H'\-I'i_'l'iil,i_”l,:ll_ '-|-||ri:'|,'-1 |.'u|'|: woek of the disease and each week
in the months immediately following convaleseenee, and that curves of thosé means
muie bk 'L.uh-.-g':Jthlil'. be eonstructed which would yield uscful information. As was
’L'L""-‘E:"i“-l considerable individual variations were ¢ meountered and it was therefore
decided, when it came to be gquestion of deawing the curves from the colleeted observas
tions, to negleet an izolated record standing under any one week and to mark o point on
the eurve of the averages only when this conld be arrived at from the mean of two or
more tests, on separate individuals, made during the same week of the diseaze or
aof eomvalescenee.  In the later months of convalescence, however, when such individoal
varintions should be less in evidence, the mean of iwoe or more observalions oecurring
within the same fortnight was admitted, supposing there was no more than one observa-

tion in a given wgek.

Information was also elicited in eonnection with eaeh case as to whether the orizinal
attack had been mild, ordinary or severe. but it was found that the naumber HJ|I:‘ tied
contaimed so great an exe ess of severe caszes that little of value could be antie I]nllu from
this side. The preponderance of these severe eases was due to the fact that most were
goldiers who had been invalided from India or elsewhere abroad on account of the
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severity of their attacks or their protracted convaleseence ; mild cases of typhoid fever
are no longer sent home, but underzo their convalescence at a sanatorium or hill station.
The few mild or ordinary cases which were tested were either local cases or soldiers who
had been invalided for some other disease,

The details of this lengthy experiment have already been published, together
with eharts of the eurves, and their general character only will be indicated.™ The cases
raneed from the 2nd week of the disease up to'the Tth month of convalescence, but were
principally gronped round the sSred and the 4th months from the commencement of the
attack ; the cases tested during the actual attack and immediately after this were
comparatively few. To deal with the various substances in turn,

1. Arclutining. These have already formed the sabjeet of many and exhaustive
inviesti _,|":||||-L and no ‘|||'-!| fnets were elieited, the resultz being quite in accord with what
lias en nobed |.-'\. other ohservers From a mean level of 1 250 duringe the 2nd week
ol I|||, [ f--'::w-u' "!; = fhir ||_.,I_ ||||'-- |1'|J ,,|_||'||||!. 1|,|:I| I l|||' |]|'|]'1]|' ut 1h|" h-.--r :lrlti I'E']1I:li]|l‘ll.
with rare exee| tions, at a low level, hetween 1 1w aned 1 —00, for the h!“"l::i"'{"l.iill._'._‘: manths :
in no ease was o nesative result recorded, even # months after the attack. Considerable

vidual fluciuations were ..|.u|.|| v in evidence and one eaze of exceptionally high
] ith week, 1-—1000, it s ]-tl-=-!| ile that this case
r,” bl there was no opportunily of putting this to the
rminated fatally, subsequent to the test of his serum,
i n the 8th week of the attack, a comparativ 5’}' low azslutination value, 1--50,
|:-I'.'4,-1| i'|| l,||u animal -e");F!ll,'rir!u'uI- Wis
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LR | he only e

Bactericidal substances, i techmigue em)
i red (ooin the mensurement of these substanees and each observation was contrasted
imilar one carried ot on the blood of a normal man,  The eurve [:]uU el from
e '|.|'\-' "I-'ll:.ll"fl ||"|'i'.':'l'||';i I':"'"Il _.:||:I|'| < 1 |':I|li. |]|'|' e ||| tllll,"‘-ﬂ 'h||-||'h1thh"“1
woand a fall to or even helow the ||u|"|'|.ﬂ |-.".|.'. [ oy .r!:+.~1=.1-| 1J||'.'I.!|i|:l'.-,_
i the eases whieh had been elassed as “ mild © was consideral r|'|. hirher

bt gl as Y severe, the |nr| |I| |]I1\ 1||‘ l|n' cronps T st F:Hr'u'n"n,' hl_'

orne m oanmd in this instanee, The fatal ecase, .'-I‘H'll tested, showed a comparatively
| HEEEL :.:' WIWir, i !|||i'_| l.'||.i|'i, "I.ill lii :--|1'I'-.|'|| Lia .:I:::Ii!'l.

O L FEITE e ratio,  This was tested on each occasion by Wrizht's method, heated

unly i employed, and each plservation wae controllad |l_'.' a similar one earried

i the serum of a normal man.  Individeal variations were again marked, but the
v plotted Trom the means was interesting and showed a marked contrast to the enrve
i | 5. DBezinning at a low point, little above the normal, the
rose in the weeks followine eonvalescence, and this hizh level
| showed little tendeney to dimimish even in the Sth month, when
wl Tallen to or helow the normal,  The averaze values in the
Jier than in the severe one [n the fatal case the interesting
..|..|l Ll ~|I| Lin -.-,||-- I -.\.-r Wils I:u. low normal in the Hth week of
a sub-normal reading was recorded

LEg -!-1|| siance in whi

i r
o anond hs,
n

lows minely stress 18 not lagd Upon the results of this il'l'l-'1"h|i_'_:1||1.:"”, the numbers
being comparatively small, and the individual variations considerable, but, at the same
reneral conclusions appear justifiable.  The h'l.l..‘IILI_f amnd |JI'ﬂ_:1'L'4~i1'|' decline
;’||1i1|:|'_i(||| ciirve, and, still more, in the hactericidal Curve, stood out 1n
rast 1o the curves of the phazoeytic substances which-tended to rise as
s lrEname more ¢ I:l||.|-~=||'||J amd were still bigh at a time when the hacteri-
F the blood had fallen 1o or helow |:urr|||~|'| If, therefore, it is the ease
tend to diminish after an attack of enterie while the
i, It appears reason: able to attribute

i il ! § )  —
e facterieulnd sunstances

sl hstnnees coneerned 1 phaeaeyiosid teyd Do inder
i e

to the lutter o more important role in the |||u|l,|_|1|-1| of ilur individual against a snbse-

quent  stia ] It 12 troe that the aoclutinins, n -|:-.1-~ af the m[nll initial LI”, are
frequently i to e demonstralde coveral years after an attack, but there is little
tendency ot spresent day to atinbuto to these bodies any illly-lrlnrrl Jiart in the defen-
sive orennization.  In the view of 2ir William Leishiman, and his fellow-workers, estimations

evelo Pt of the prhia e viie sulatances furnish the best indications as to the
adue of @ I:1.|p°|||:n||l VIO, B ,._,”.-l” $1011 I|:1"|. Lhave reached as a result of thdir
HUIETOus experiments, many of which have been deseribed above, and for which they
find =ome confirmation in I|u,' resulis of this p.H'lI.l ular l.-hilli."l'l'l't"‘!“
Owing to the small number of cazes clagsed as mild there was little information to

Journal of thse |:'|,|-.1|'1|| ﬁl’ml\r :“.HjLI_'lﬂ l'nri.a-, L :".ll.i | ;}:F, 1508,




b

be gained as to the relationship of the different protective substances to the severity of
the orieinal attack. On the whole, it would appear that in the prolonged and severe
cages there is o diminished production of these substances and that this deficit 18 not
1'|,:|||||||'|;-;|1|'|,l :.'I_l. IECres L [ [

accordance with personal observations of seve

cleironm al n inter ol COnvik

eseenee. 1 his appears in

of the investirators that men who
seviere allack of entene fever have il|.1|-. ot elion

have recovered from an exce
arainst another attack and, war hyper-sensitive and likely to contract a fresh
infection.

rehy the tatal cnse was an isolated one, the blood examina rougr it
d the

|||I'~'.'|i||:'\- WETre

utinms were prescent i

moderate amon il

wils LEsLe:

waz oood. at the time the samg

definitely in default and ever

oL LI BTk tound 1N nore

if |'{l||':.'|.'|l'l| in similar enses SR

and, in addition, would bear further witness to the essential

J||_;1]_fu|';.|¢|»|u I combating an attack of

enterie fever
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PART II.

CHAPTER [.

L L prouosnls ol It o medical officer should he
. Ll | [ WY L | |-|'I||-|? -Ill - _'.l.'.ll". '-|i=||
i : Lan :||| I|"-'.|" s i :|;||-"!'.|;|:ri||:|_
[ i 1ons o s aulhorities, amd, from
] Ireesi wits altached for this
ClE -l Bl T THEETIE =~ 4 Uavalry LEES I !.!I-I:_‘t‘ O .'II -_'.'|||- = ] ,'I.;I .,.-|'_1' l.'.i_||'|;,
fry tor foreizn o colonisl service. . Tnothas parl-ed “The report, the
faesiveel s in connesf o vt these wn b el Tort b,
i (el 3 (e T Fwers Tused e Ll diflicnliies which the Commiltee
(B [ I v L bl Ll ist s prresC e fo Lhem at the ¥
TUE TR red - i licial  or Privale  sonrees wil hiond iy
wy of Mhese caglier tables, and also the later offieinl
A LT L=t o ive fli ctailed information which th A [ i
1 1 i UH I Vi 1 of such & nature
i Eaarmenal vonedans Col eareful reconds L '-_'-L an
14 | 111 TN [Tl i nal cobservation for 1 |.l'l'il--E o years.
i i ' i i .'|;|'|'||. i
| il A in | of alie
T L bl 1 fin bt aimmed 1
I I il lnls upon el they o
I- :-"\'.l i i i ] I| 1
I -I | -:'. H | iLle ] I I
L 1 il i L il LEURS| N (i
\ riny i Flin Lic =l B
' | 0y | i i R 1 I N T Lickm il
ey Eliron il il ree V il i these olficers
T vt a4 b Bachorad 5 | .'I.EI;._'I. Moedieal 1'“”:':1'
LA E LEEHE B ETELS i LR T | I I cr ira ||E'--_; in |1||-
1) sitlel Csntsdappe h Wr A : H-POr- e o celion with o Ins spescial ]
Iy uitralory work, the W LT instructed in oo
e fid ilentifying the t acillus and the allied members of
arelsing, 1) the technigue of a tion work,

ERLSIEES = Oapkkire o) i instructions :;'.l n bt them in connection willi

T T 3 years and are to
1 Y 1L o I
| {41 vn } before embarkation
1
' i ]
| [ full ||:|rl,i|"|[.'|_|'-1
sil  sralenronm i3 i ."!l
i Ll il INEOrmalion of ol
of cnler the ineculated or the
1isli=§11 |
| wre o keop in men detached from the 'r'll';|.||{|;:.'l.l'||'r.-\. of the

ERANEL, B0 oTeley Ty i pcase of real or -ul:-|n'l'l|.'l.E enterie CHREM) NS

oh=ervilion and re ik,

I net placed by the Benior Medieal Officer of the station in aetual charge of
the fever cases, they are te arrange that they obtain full particulars of such

that they have aceess to them for the purpose of carrying out the

hlood tests in the manner in which they have been instructed,

Tl =0, I

I
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J. They are to verify the diagnosis of enterie fever by bacteriological methods
wherever possible.

T TIII'_T arc to |rl.'|'|"llr||L. or al least to atteml, all ost=-mortem examinaiions on
men lJHiII" ol enterie feve r, Lik record the ]||r-| 111l:ll'11,I|t ii"lII("'l,|';|||l,'l"'\- i:|| 3-:1;||:~I|
cases amd to make cullures in the way they have heen shown,

8. They are to arrange for the effeetive earrving out of their duties if sick or on
leave,

9. For the information of the Anti-typhoid Committee, they are to I.;-.L]|

Licut,-Colonel Leishman posted in all that bears upon their special dulies
and to semd him from time to time such relurns as may T |.|i||,-|'L for h‘-,-
L‘illl, showine the influenee of inoculation npon the meuwlenee, :-.r'...-“r",,"
||mrl;|]i1_'.'J S of enterie fever i their aniis,

The duties indieated in the above instruetions have heen well earried out by the
officers eoncerned, and the results of their reports have heen analysed by Colonel
Leishman and. appended az a short history of the evenls concerned with inoculation in
sach of the 24 units. A table summarizing the results of the whaole of the units is also
appended.

Hl'rurl' COMmmen 'iIL:’ the account of -.-'ill'h il|-:ii1.i|:;|;:|| nnil il Iy b well 1o ||u"||‘ T
that in certain nstaneces the whole of the information r4-||11i1_'|-|l couli] not be obbaimed

ll‘-'-ill:'1l!l |i|l.' t':‘-i:l'!li"ll'-\- |_-1' ||I.i}i1.'l|"| :-.l't".il"-l' .'|.||.e|,, HA ri|:|a--_ x.,:,r":'| ir,-I-||;!,:|1i|||| PR ] |E “r=|l. |.|-
abtained |r_'. the medieal officers under conditions ealline for the eropbest Coet aod

_il:d;ﬂlh‘“[. T|I:|.I 1 fi r.-|mr:~ are as .-”:||=|'||-||_- ;|r||| ||:-I,'|,:||-|| ETL -.,|'I b seon-to e the eage

reflects, in Sic William L

avd with thiz the Committes, after a careful -1I||f_'. of the retwrns, s in Dol aereow et
:'lT:III_\ of the difficulties alluded (o wonld only be |'||:|\|. .||-'E||'|-|'i.:'_;-| |:_l. thiose famibiar

|

with the life and s=orroundines of the soldicr amd will wol e menbiomnol oL, exeipl

5 . L 3 -
1shman's O ROTE, ||||." .'_:l'l':lll,"\-l i L oon Lhe ollirers conee Tk,

where necessary to 1'?.§liui|| some blank in the information furmished by the  atizelicl
I!J:|~|I|r'ut n”ir'l.'r:-'.

xrr Mo,
2ud Bu. The ||.'-'-:'_-l-'.|I Fiis -..".'-.l.w-',
Medieal Officer—Captain A, B Smallman, R.AALC,

This resiment, as will be seen from the section of the gt dlealine witly thee

f"i|ll'|'i'llll"|lril| wiork," was the one whicl was -|'||'|_'I|,-|.' :in r|.--:|||‘,l|:||l:| uf Piweg = the first |~1'
the @ Test-units,” and it was inconnection with it that the daily .'|I|:|'_1=-iw- of  the
||"--I|-r1'r'-'»=- anihatanees oy rIl'i.l"' in the Flosd after inoealation was carricd out ";J]u1::i1|

Bmallman was selected to LI il abroad with ‘them for 3 FOArs as boe hianed. B e of
the officers who earried out this ¢ ||1'|;||||.1'||1..|.| work af Al ||,: duot, amd  the Commiticee
desired that farther tests of the same nature. should be earried out after the reiment
Ililll i”Fi"l.'lil HI [Illi.r-'l..

I"ill' ||I:I*-' |I|II'|h’“1'1L {'Jt[l1.'li1| '.""'I'I:||.’||.=.'||| Wis |l'|"1'.l'iil!l.'*|. 1'..i|_]| ik .||:|-|'||'t'i-||||:'i|'i'|.| ottt
guitable for the l:';lil'}'ill:_" on of the tesis in which he had :||H'.‘H|I'|' hieen :-||:4r:4-1|, and on
r4-:u-]|ir|;: []Il.‘ first Illlii.:lll statlion |;||'1|||;- |'|','._.'ih]i'rl.|. |||_' [:|'|'r:u;'|_'|_'||_41|_ FIE "'”‘I." T l::;ru'li:':q!nlp‘
to recommence Lhis .iI.II:I|_'|'Iir:|] work. The resulis of this '\.l.u|:|.., bth that whieh |:r'|'1'|,-|!|,'4|_
and that whieh followed the 1|1'|l-'lllll'|'l.' of the resiment from Encland, have alvendy Deen
I:'Hllhi:]-.‘:n'l! in Chapter I, and meed not be further mentioned here, exeept with
relerence Lo the cnses of enterie fever which subsequently cecurred.

,f.'ul'l.-r." aadd wrgrements l'l," the wmnil, f'iL]l-[”:in =mallman jniltv-:] the  bBattalion at
Aldershiot on  16Gth Cetoher, I'.Illn, anil .|-:|_-mn|a-;mi..-d it to Indin. The reciment sailed
firomm ?“llllill-"llkl‘llﬂl on 2ird H1r'|-'1'll'.|u'l' and arrived at Calenita on 258 I heecmber, rr|||'-.'|'
encamped on the Maidan, ouiside Fort William, and remained  ihere until Sed .I.'H'.Ililt‘lu,_
“'”-_'1 wlhien 1.]II.'_'- |I:I'Il-l.'d.'l'l|41J |.-'l rail .|.'||i roule mare I| Lik |,|"|-|||| 2 l'||i'-|r|| Wil= t'rl_'.'Ll‘|||.'lII i3]
fith r’-‘l'llﬂil.r':l. This station adjoing Darjecling and has an altitude of about 7,000 feet.
It was ||||hn-r[||ru|.[- from  1he Pk of view of the ll'-.,tl-.ll':-|||u_'||'|, that it 15 one of
the healthiest st IIHHZIH inn the hills, and that enterie fever is EI'I'iil't'll,':l,]!}' unknown there,

The r t','_'l1||l"|11 lisft i.l.'hurl_l_:' on the Sth :"Hnmn!u_'r, |,rl|.-, and ||rl|||,'|.‘|.'|E1'I| to Ltheir first
!itilli-l.'lﬂ. in lht' ]I|H.1-H.'~1 '|'|'ir:|II|;_{i|L'[r:|.', _'|_||i||i|:|i1|;r H|,~|'|||ia|_|_'r:4.||-:||E, which was reachod on
16th MNovember, 1905, The barracks being full they remained under canvas at the
station until 1.]IL‘ middle of FF 1_-hj'u-1r\ 19006, when 1I4|_1. uu,llll-u'd the barracks vacated IJ_}'
the regiment which they had relieved.

@ oo Chapter 111, page 7.




Capt ain Bmallman's connection with the resiment ceased at the end of December,
1007, on his u|u|||L!|||-- the 3 yvears originally fixed, and he was transfe wrred] to Quetta Lo
ke up the appointment of Divisional "-nmlun Ollicer at that station,

fiane.—The streneth of the battalion at the time of embarkation for India
555 {all strencihs here mwentioned refer to warrant ollicers, non-

Wik

CUHE Meers and men only and do net include officers, women or children), the

wlion being mady i Lo full strength by drafis from its other battalion after it lad

slawd. 106G men presented II;--i||=|,'.';'.|.--. for inoculation at Aldershot and of these

=Ep reee il two doses, I| || :|||::|.||'|' iy 00T .'-‘.lli'.15|l ||.'_]I it must he I'l.‘l:!.'ll]l'1| it 1|ii-‘~

wis L irst reciment (o be addressed on the subjeet of inoeulation after it had been in

1 I AT ] anid further that, owing to furlonzhs and other

{ o5, Or bomen eonld ted to listen to Colonel Leishiman’s appeal.

!;-- 1 ¥ i -||:---I.I|-"I_'-. JOan |: . || i:-:|| jrte':l|l!|'|| SR INNe '.t|i!l |,;||] |h.‘l.'l!|

lerine Lhe period of the S an War, 5 =i VeArs before, and a certain

LI | = WoOore CAar §oanigl iu. i':lill.'l,iu :':Ili.ll;.“lill I-'|.|I:||I' III|' Wil 'I-'|'JI|!|:

mend, as well as some re-incculations of men previensly inoculated at Aldershot.

| el VI, VEryY siccessii i thi= Al ||||ri*.|: Inis 5 yuars T !lll'lj' 1~1I1"l'rL‘l.il.'l|. i.ll
riis Inted strie by from 100G to 1=,

i) tn I stantly zoing on in the personnel of a regiment it will

10 21 i i Vi apartions of” inoenlated to non=incenlated must oscillate

el Men trapslerred to other corps, discharzged as time-expired,

i reduce the nmumbers of ll.|ll.' ur oiher T, while fresh

Lre 1 dtuations are inevitable, and it was 1hv||||:_':i|[ that the

of 1lhie actual state of aifiars e on :E'-l.'ll unit would be to present the

[ three separate  hemds which recond, first, IIZII' inoculated strengih  on

H e Forelon station, sceond, the Lol i numbier of fresh moe sulations earried

T sl 1 ieer durmme  os ||1-|:||ui_ of  ohsery |I ion, torether with  other

fir thie strenstl the inocalated group, and, third, the actual sirencth of

pirilated prese | unit on the date of the last report received from it. A

I |.. fim ded with resarnl to the (otal strencth of the umnit, and the

fiil 1t oo each instance = fivst, the si th {always exeluding oflicers,

] T L R i) i I,'.u- i las L '.|.|.i|": i e ||r.'1|i|':|| i =T _'|u'-II:2H'1| ”‘ﬂ.‘ Illlir; ﬂ.!L'iIIlI:],

i Lhe unit was brought ap Lo or ne {5 full establishment on reaching

Fasr [ } ; the umit-on the date at which the

v be explained that the sccond of

o o th on completing the establishment at the foreign

fie fael that ny battalions take over a lange

[ 1 Latialion at such a time, if the latter h:l|r|.--.'ll.i Lo

i 5 i to be on the point of retorning to I erlaunil,
(BT cthumld of g {hie figures inthe forin of averages appeared
fue \ imterpreted aml would have entailed great additional labour on

Floe cebornnee oliveers wil o, .|]||i:|:|'IL|.'l. any. oreal illlﬂ':l1llilj.!l‘ |'|-|.]||'r in ACCUTRCY  OF

Laeidewee of enderic.—As already noted, it wos -unfortunate, from the point of view
il L[ -:|EI||- ] .'||;;- i|||||'|_|_].' El!'ll'\-, Ih:l.I Ll |'l"_'|'i|IH'||1 shiould have beéen
i | station. The urt!:.' pases which oeeurred while |‘|ll-'_‘|' were nl
[ Lo ooWore Pwi ininocilaled men, who wore adm feal to |:|-|h=|_|-i.|.4l| on 21xl -lll'i '—"—‘II'l
3"-|-‘_:'.--_.'.- WA LY B O .:_.._-.-|i-_. '. In their ease the dizscase was not conbr in the
statin, b elther in Alahabad or on the Wil from Lhat |||:I'.'l' to Lebong ; ”“'_"" Ll
Beeen ol that station to onders: Momnted [nfantry conrse. Baoth cases were
pinilid, @il peciev Aot hier ense was adimitted soon after, bat {'-:In:tin Bmallman was
gl Divalactor Al Il Wik A para- ['-.r_|||-|||l. infection : the latter also was an uninocnl: '|L"ll
mikee, - It sliondd e mentioned .||_.|1L where clear evidenes was '-'T”ﬂ”IJHII cases of

'.--lI---'_-il. ot Fever are nof :Iil'|I|I|1'I.|' 1 the T LTS, J'iﬂ‘li'l' of the JH"L"':I'-J"'-] or H‘f”ll'
T =Tneetin e,

(i changing their station Trimulgherry, however, enterie fever was not long in

muking ils appearanec in the u,,,.lmnl. the first case being admitted on the 1st

Il being diagnosed during that year. Of these nine

in non-inoculated.  Eight of the 42 terminated

lit deaths, however, are

Felirgary, 1006, and 42 cases in
ocecurred i moeulated men and
fatally, one of them being an inoeulated man.  Three of the ei

S remarks in coniection with Unit No. 20 page 61,
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not shown in the returns as deaths from enteric as they died from cholera. This disease
broke out in August in the enterie fever ward ; 12 men, ineluding three of the Fusiliers,
were attacked, all of whom died except one. Two of the cholera deaths were in men
who had not been inoculated, the third in an inoculated man.

f';!]ﬂ-‘!l'-lri BSmallman, ecommenting on the incidence of enteric durine this vear, noted
that there 'l|h|.u:'lr1'1|. to be little or no evidenee of protection in the case of the inoculated
T, I_|||'I l!"ll-v-]llt wWenee of the two PO s ]||'t||ff .||r:|||:--\I: ||:] hl_. ,:i |_r| connection l.1'i|:|:.
|,||1= however, 1t must |_u, recalled that the first ense in an inocalated man did wot take
]_rlill o until more than 15 months after mocelation, and r1|.|1 it had been subose |||||-||1|l,,'
'|l-|'1|'.'1'»:| h_\.‘ the -15|ETFI|~1I|..I| work dotatled o Part e that the |||,|||:|,|;||_| vaCcine
used in Ahis reriment was one which had lost a laree E.l.l'l.. of it ;||:|Il'|'.|u~ power .-|l.1.'|]'|--l
to the manner of its preparation.  The vaccine prepared in this manner will be
alluded to throushout as the “old vaccine” to distinerwizh it from the modifed
vaceine sinee emploved.  Captain Smallman’s analyvtieal work at Lebone boars further

i

witness to the accuracy of the conclusion founded on the experiments conducted at the
Army Medical Coll

] as he found that 1o 4 i :|||1-||.'| % the |.|:||-:4-.;"_il.|- stubstaneces had
fallen to the normal values in the blood of the i1||:-|'ll.|'l14'l| men.  Unfortunately, the

results of the work alluded to were not arrived at until a later FJ"‘I"'| siv 1l {resl)
inoeulations and re-inceulations which were earried ot |-_'.' Captain Smmllm lane
with the same ¢ |:-'!|| LT l'illl.'.,” which must now be looked REpRON A= O el :.,|L

n in comparison with that conferved by the vaecine wath whiaeh sioh-

[‘r;'ll"'.”l"r_"' Ill'llll.'l.'
sequent units were moculated,

|:|||]"]|I,'_r |':|'II: the I'l.':i'ln'llr remed at 1y I|||||| |-"._x !Ili-: i|| Plils  Reny 2o raseg
ocenrred amone the non-incculated, with four deaths, and
amone the inoeulated, one of whom died v of the men wl
been done with the old vaceine,

Durine  tihis yoear ':'.||r!:|‘:|| Bmallman  earrted  ont 2% Presh ineenlation= - and

re-ineculations, amd, althoush the nomber i3 small, 0 was noted dhat oy case ol
enlerie  oecurrel amons  these men, lirl :.||. (NiTE rospment. Lo receve 1he W
'i'ill'*'ifl'l".

Ab the emd of this .'.'1'.II'-'!f“'._| the vienrs of n!:-m-|'!.';|',in|| R r-:--rill-f--i, ;|||.i_
Captlain Smallms: other station.: On - the $st Pecombior: TO07, 4he
resnlt as |'-|'i'_f.'ll'-in imaculation and entoric |il|1i||'_= this in_':':nnl stowd thns

TR TE] ||I|'\-\.‘_-.'1| fan

Fotal streneth of resiment | . WE T 3 RN
MNumber of incenlated i = S
Number of non=inocnlated |, e s L =15
Cases of enterie in inoeulated men | : i 1]
Deaths from enferie in inoeulated men L 1
(Cases an IIIIII-i]II?I'II'.l.'Ill'l] nEn : - s il
[Deaths 1 non=inoculated men I o e H,

Bince Captain Smallman left the resiment, liowever, later  information was
received as o the incidence of enterte fever duringe the
alun il:l;.f this |||-rin-| have therefore been immeluded in the _'_;l.-:lll'l';l] return, and 1:'“':; I||':||1 the
total number of cases up to the following points :—

following G months, the icares

Reésumd.

Total strength of resiment | . o S T 1,018
Number of mocnlated S i i i 1408
Number of uninoenlated | i i i =15
Total number of cases ] o s it =1
Total number of deaths o o y T 10
Cazes in inoeulated men ke ™ = = iz
I'eaths in inoculated men . a2 g i 1
Cases 1 non-inocelated men ke = it (35
Deaths in non-inoculated men S =X 2 U

Cage incidence.
Inoenlated . s 30 per 1,000

Non-inoculated i : & s i S o
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Cise mortalily.
Inoculated |, i : 2l per cent.
Non-1noctlated e R 1%

Ihe whole inciden in the ease of the Royal Fusiliers refers to
i T 11 10 (LT old ™ 5
I i i | ca=es A :|;|I:1'i|t Smallman stales that e was fuit

VI | that those winel oecurred AN e iocilated men were of o malder natiare L

i | I il 1 i among vi=inoenlitbed, and s s

T @ ot 1 il brts subimitfed for examination,

1% 5 )
f 1i !
Offieer— Cantain 1o ob TATe i cats ST,
i i® il I i | _:'_-: thir T 1T EITIES T |'|':1.|'|! '-'_|.'-'i,|!
aval-An M {ollio: ININE il dntics meconnection with
0 i i | e aoralvieal avethimds of menznrin:
i I | |l 4 I owii= frod -'.||i-u-i

apta =mathman was furmshe Mhe tesls

1T 1 [} (LT O |-I,IE';|"I il ml il L | Tl g L

i ikt ) oflicer in clhares

'l 1 Laneers wor tioned at Padinburs

i i ¥l (11} 11 1 k& III'I'. II|II i!:

| i | | 1 i
| | 11 hiesnaleguin r< of 1 reciment in order to
{ 1 i st be | i

[ (LR | : i
Fi e
[ i il il
{ B o8 1 el to inoenlate 1350
i ¥ T
I 1 ViLCi as the results of the
Bl ceoval Ariny v = o own that the earlier
e lio 1=} derree the immunising p rlies.
[l | i 0o reached station, Meerat, on
| il R T Rl station durine the whole of the 3 years
1 B ILERY (L i i i B |
s |1 ¢Ima sLa by er the expiry of his & years
tment, ot n Lol reciment, the report brings its hl-.‘.ur'_-. up
TR HIEH CTioH servation of 5 vears 10 month
[} FEET LR ||;-.-|-!:--||l.'li :||||-l.|'_ 13500 men were i||I'I'||l:-'|1|'|I out of a .-1r1-||:_[l.|:

| hiolore T Viery soon atier reachine .".;. ariil, indecd 1n the month rl!-.illl'-llll'_'_. H

vere epidemie of enterie attacked the regiment, and the incidence of the disease |rL""r'-"
alvinos dively confined 1o those wha Bad not been inoeulated naturally ]rruu-nl
: LK1} |];|'|I'1'I"-|' 1}]1' ':Ill.JI.H'l
wedd o the
[ f b o b mer Jess than 4535 fresh inoculations and 263 re-inoculations. Al
WErec wWore

pwhaequent endeavours of Captain Luxmod

of thie imoeala [burine the i"""*'l i 3 vears durine which e was attacl

il date of the last return Prom the resiment, dated Oih ."l.H','ll*-l. LM%, Lk

preserit A0 Jnoe i .! men ond of a sLEcen: 'r|| 1I| e,
v siddaditiom to the number ol men i'|i|||'l'|l'|: hiw 1|||'||'I|,].'I.|‘III:!I there nre I'll'-'lll_'l':-i |.II'I'-1:I|'|

oriatn number of soldiers who have suflered from I'Jlll'l'i-"' fever 1n Lthe '|h'|:‘-|.. In the
ens of this resiment, in particular, this group was a gradoally increasing one and
eventunlly attained eonsiderable size owing to the very larpe number of cases which
aceurred  during the period of observation. This is ulr'lrhn-l' which to some extent
complicates all returns of inoculation concerning soldiers and it was partly for this reason
that o limit of & years was fixed upon asthe X imm |J¢:I1nii during which it was !IIIJIJ\L'|'r
to interfére I.'tll|.. the general statistical observatiovs to any great exteni. W hatever
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infim:rwr- this has on the figures it was decided not to attempl o statistieal record of i
in the case of these units as it was particularly desired to keep them as simple and eansy
of interpretation as possible. Finally, it may be neglected the more safely as any
influence which it might be shown to have on the fizures would be to the |!,i,-.r||IE-.-,-|_||1,-.._rT_-
and not to the advantage of inoculation, since men who have had enterie in the past and
who have never been inocolatel are, in A sense, [rrll-t-:.‘n:.‘ti‘-:i e, who o0 Lo swell the
numbers of the uninoculated ;

However, in this case of the 17th Lancers, in which the number of cases of enteric
has been much the largest of any of the 24th units, and in whieh, in consequence, the
number of the men shown as non-inoculated in the returns comprises a larger proportion
of men protected by a previous attack than in any other unit, Captain Luxmoore worked
out the following tables. In these it will be scen that he deals with averasres and nod
actuals as regards the strencths,  These averages were obtamed by adding together the
number of days in the yvear for which each man was, as the case may be, protected by
one, two or more doses of '|'.'|-:'I'i||l.'. Lin

) L
oteeted by ino

L 1 dation or |.-r'4||,- l'ln-ui by o |||'.|-l.'i|;.,:~.
attack of enterie fever: the result was then divided by the number of d; i

Lys 1 Lhe year.

Tapre I,

.Jl"r"'—'l':'.'l".!'.:r-l.ll i .I'|:_|'.-:!' |._:' i_-.-.-,-_-,.f-',-_._- ,'|,- Troelyee,
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I prrotisetod P i | ] il
Tanre LI.
_J-’"'- "-'.lll"'» _.I-. r ||I|II'" seeamd | ..: (] '.l.|.r"r_-\.' .-'._: thl"'II-l'l_
i i 1 (HT =Erie ! i I Ik
i e, LR chlerie
\ v | i L L] i s L I
I i
L YR AL i i i a i i
A 1 ' 1 i
Fo R
N viops 1 I | (Rl i il i ]
facielmes af enbferie. — The disease appeared in the regiment within a few weeks o
droarrival at .lllii‘c'J'-!-iI, amdd GG enses with 11 deaths had oeearred in the |||-ri.,|.| ol one
Fear trom thew arrival at Meeral. 1t will thus be scen that the regiment presented

i IIL'I.Il-.I‘I:-: conbrast to that whieh |l.'|-\._il|-[ |)|_'|_'r| |i1--.ﬂ|:'iin_-|i,I the “u_l.,[l |'||-.'_,i|-|\._ = el
A% it was al backe:d =-.-_'|' enterie wathm a few weeks of the |';||'_-_1.'-|||_- oul of thie st
inocubitions and part. of * the ineidenee of the disease  oecnered within
i Yok alter moen [
reginent the “new " vaceine was employed for the first time, as the experiments alredy
referved - to Dind been concluded shorlly  before the departure of the Lancers from
Eeland.

The occurrence of the epidemie therefore alforded the opportunity of determining,
to some extent, the value of the modifications introdoced 1n the |:!|i'|'|.':|:|':i'.il-1| of the
vaccine and its proteetive properties in the case of men who lad, presumably, reached
the highest point of their immunization,

Perence lies o the facel that in Lhis

Another |r||-iril, uf

A detailed aeeoint of tlee Freatir pEor b of thas srpnaberaee, A easees, s Bsiaen |.u:-!:--|.--|i by Unptan

I
Luxmoore in the Jouroal of the Hoyal Army Medieal Corps, Yol YILL, pagre 102, 1307,
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The ecarly effects of inoculation in the regiment may be readily appreciated by the

study of the followi ing table, which records the resulis Je]rrrrh*ﬂ by Captain Luxmoore from

\ the arrival of the regiment in India np to the 1st May, 1 907, a period of 1 year and

1 months Under each date is iven the total number of eases and deaths 'L'l]|h_h had
oeeurred m oeacl group up to that date -

17ih Lancers— Arrvived Meerut, 4th Octaber, 10005,

5 I ez la bl M= 1 .:!..||11,
Hrengil
I 1
1 1] (4]
.
el [ mpap— ' 15 S reaEtl TS Il
I th, TS 1l. La Lhi, R, il
i i | ] L wiki .
' i 74 [ i ETT] 1 [}
{
19hi 8 3 oo a i j ok it 11
I i T o (1] st | ] L] ]l
. 95 @ il 20K i 11

I'he above tahle ecovers the '|||'|'i|'--! of the rreatest meidenee of enterie in the
| there were -||||".' i few more cases l||||l'i||'r the remainder of the Year 15H0 T .
1 1N year, 14908, cases oveurred at intervals t||1|.ﬂ|"'§|r!|||1 the year .|1|||_ on the
0th December, i.e., 2 Fears and % months since their arrival in ltul:lll.} the fignres
stood as follows,  (Officers are not included and the strengths are the actual strengths
Hicn present with the resiment and are not averagse h1|‘¢1|;,'t]|h]". -

otrength of regiment L. 2t " o ou GO0
Number of moenlated | . =31 e i e 450
Number of uninoculated e e b B
Cases of enterie in inoenlated men . i 13
[heaths from enterie in mocnlated men Es = 1
Cases of enterie in unminoculated men, . b - H
IMeaths from enteric in unineculated men B % i1

Yithourh | :|'||I.|1r. | "J"a. Noore s Elr""lll. of attachment to the I|"'| nent terminated on
| of th year he remaine ol om du Ly al Mecrut and was therefore able 1o
furmish later :I.lllIHI..'I|'iII:I as to the further iIll'Il.il'r.rL' of the disease and in the last return
turnished |:_'. iom on Sth Avewst, 1909 the resulis stand as follows -

Flr' -.'| i |.'|'l"r.

Strenoih of reciment . 2 H e i s

Numiber of moeulated |, e P oo - 4

S umber of aninoculated o i = e ] t3ld

Cnses of enterie i imoenlated men |, bt i 18

Preathis from énterie in inoculated nen e iz 2

Cnses of entere i onioenlated e, . s L 1IN

[reaths from enterie 1n aninoeunlated men iy =15 18
e dncidence.

Fnenlated % ¥ < =) X o el per 1,000

Nom=moei b iod oA 4 - i ak (HILE] i
Cntae o fanlid .

i1 ot il i o e A ad v 11:1 per cent.

Stk o bEoal i = i : s 157 8

£ b nE L erelore, . ol ur'.|_'.' has the meidenes of enterie fever beon

S Eh e bl of  Lhe cases accarnine in the moculated to those

L B LR e

L ri= o redd= e

-l stz A LlE Cenad of Uhe 3 vears and 10 months” observation, at the
perring ko e g S BN

From the misesmortality in the non-inocolated it is evident that the type of the
ase wis of the ayveeage severity encountered in India and, apart from this, the
nosts lias been verified as far as possible by agglutination work and, during recent

I thi slrnve retirns olfficers are ineluded in Ll .','I!r-l-l.ug_:'lh;\:,l in all other returns 1_]|-|_-_||' are o] ndisd,




i
years, by blood eultures during the attack. As a result of the svstematic attempts
made to isolate the cansative bacillus a certain proportion of cnases of para-typhoid
not  found .II'_I he
|II'iI"'|iI'-'I|=}I.' durine the first year of observation amd hoth eroups may thercfore have
included a ecertain number of 2uel :
J | L] .'I!]‘H'u'll'll L

i|||.|:‘l'ri|5"|| W I'I:I'l'l.l|||r1I'I-l'||_ '!Ill! '\-il||'|:' these el:l._;l|-||:||;|!i|;|||. Wi rs

lwnds, the eases of this disease -|I||--1--|Il-'1ll|'.

emain in whichever RO ||||-_-. oceurred, In i

it must be borne in o mind that the .-\l;..-|i:||. ntal! work detailed

the earlicr sect lemonstrated that I.'\.||l|||-: | vacrcine had Mitle or no |.|-.-.|.-.-|:-,.- 1]
.'|'_::'|i.‘.-| ||:|r.|-!" 1 I this 1n o

in the total ol

nleebions ; the lusion therefore of certaim eases ol this inf
» enses acenrring in inoculated men s tumlwir Lo nocuixliion In the

-I'.||-|'|il||'| I unils suel | inteellons, ns

|'»----r-. 111 L Ilfi.|'||'||_| lisves I;.-.-r-_

A tew more points of interest cmers Lion - of the ol L
AECE WHIRCH 0 rm n imocnlated .
Illil smaller i e af mimn ol el ! i LERT| vl 1 1 il sl .I
1 that res n o twn dosi iHrs n i {r bbess Ll thie wehinle
|"- Cil =i Wl -|, I FTLM (TR AT | | Wi § T Tt i ol T
coonid do =, el who 1 ConEeiguemner, I CIV " BT ti 1k o
[LHE R 1 oy . TH Fhiz wil ---|-|-|-E,|,-\. T | e L fil
during whiel the on A o W biich oeeurced in inoenlsted e fean fiimiher ot ol o
total of 72 durines i period, were e men who Tind onbelad™one dake

| 1
]
EIICERR R ! LR FRICSCLA) FEER T EH T WY LR E [ :.,---. I 1) L LY o ik "
wpsn bes R Clapsicd Shetween s inacubetzon sad .
| w1 ‘1‘“ ¥
P2t Bengode, Rogel Flapse Arff
Ml fesgi?! € e R T 1 - o L B TEIT Y ey et T e B

rhsta ey et g ik b i, Thils-hriomle was consbibidod- by Batreries =y "

.Iln.!" Illl- ."; Ll |-I-"-';,: Dlarsi Aelallery ol .~|iI1'|'-i|||:_1|;_ o TR o Ny o |,| (5 il T FTL { E5 LT A
{ Linin I.-:lll'.'."'-" posnineel thicon al-thas station ) ;;l'-'-ll|||-...i-.-J Ehpg=mie et =it A friea,

whiere: v were guartered ol Pretoria, whiteh e g resetied II-_'- Etves “hrigmmile o

Jantiacy, 1906, The unit romained (here s o BepeadeS il ehe  cmdtol 0 et e 1

whivm Lhicy |:f""""|'-"1 Frevm  Sonkhe A Teeas e b =anewine ot Bamboy on 1 vl
November, 1907, e heiciilewis (e ke uy, =V " Bt by presecedi |
P cCW T Battery o7 sialkot s Captaini™ Lith cow Sanecompagiged 4

Pimady, sindd Lept Comeli, as far as |||-~J_i;_'1-_ wil i * ot oeny Thcn e i b e i Lhe

viceords.  TEowill be realized, howevers that Che difieonbiies i comiest e aaie F i rocise]
Wt :ri'.‘ll]_'. illl'll'!l'-l.ll ii-_‘- il.i'\ !.I.'\-'\.l'l.'i|||II|| ikl LI Dwer Bkt et s, .
Under instructions from the War o

winit was terminated on 1st Julv, 1908, an

! |- I'.|||.r:||r. ],!lll:l.ll'l Lo b ) R LT L L R TR T

b PetIrns - S |||;|;i-u'r! L e bl rolore

not coarried bevomd this date, i, they cover (he inmenlati
prT‘ilHl at 2 yours iI||Il T ol s,

i ilir\-[lll'_\ b theo unit For

Dioculations,— Captain Lithgow's endeavours to persusde the menw'of these batierics
Ly IH." iIIIFl‘lt1iI'1'1| hrl'nw ll‘:ll'iII:' .1|]4|l|'|"hi|ll'|_ inel 'uil|: !|I|= L i |'|,~xF|-|||w-|,~_:||||E 4|||_|_!.' jii

men were done before the |:rllf'_".l1]|." sailed. DPuring the year and & months doring which




the brirade remnined in South Afr

ea, also, he was only able Lo carry ont 20 fresh

e lat pons A fresh impetus was given, however, on the |-J'jj:.'|_|||- reaching ITndia, 131
i i = y } C L ] [ T o . S
resh imoenlations hemne earried ont am @Y Baticry at Rawal Pindi, and 31 jn W
Battery st Sialkot I'he last return on 30th Jdune, 1908, showed, out of a strength of
H0 an the two batteries, that there were 202 inocolated men
Frideice - af rilerid Thaa has heen shight i the brigade, only seven enges with ona
ilienthi | nee peenreed durine the 21 vears they wiere ander alisérvation The whole of
thie cases o redd in the unimoenlated men.
I dispropoeriionate size of the cronps oF moculated ool non-insculated while the
1 ! ELA T i oul ol strencth of about
ikl i i tviesecllent 1 R 'I|-l"'1|'."i--||_ E-||I_ ir:
ST e i ton small to e of muoeh valie
I 1L}
I esaran e,
el | Llp ae | |!.II Ty : srd = .
Soumlier ol dnoenlated | i g S e
Soapniher ol wninoenlated Ay E e o
s ol e beeie- b i TR R S T [ i = o L}
Fregth s Dromeenterte i inoealated nien = = )

Cases ol cotere meawinoen lated anen |

Pleaths Trodn enteviestipaminocdated men P

Lol tasil . Jor e s % Mil.
S o doenlated L) 5415 per 1,000

Pepcvrni bt ol : e b, e T Sl
Moo= pnennlad ool L i foir o 142 per cent.

VAl I e s b s sers
Mdhienl Cotieer— E':||a-'!.'|i|| CrE  Faweett, 1 AM.C.

Eoonl theaeneds —="The 140h Hossars were stationed ot 8hornelilfe
1. They sailed for India
i gl - e follnwine” wvomth wod arri at  Banralore on the Sih of

boers Pl il elidlicee. of Sintion  during  the period which they were
o Eovhseren o aind s he dateof thelase seporl, Sth Tuly;, 1904, they were still

||_I' i Ot AR afa

Fawertt gomed themoon the 150 Auen

o
{

¥ 1
st L e poel v Dz oes:

Lasiondset g -0 cof i 00tal streneth of - 558 the resiment arrived ol Bangalore
Bl oden S s Preshi il ations were ‘enrvied oul as apportunity - ollered
o =L Marely T0T, Chiptanr Fanectl reported that the munber had been

il ik v Vil Slaisiiasat vre o2 | inpeolated men present with the
S e MR 3 : 5 1ot | .

gt T S LR e ].[c-ul.'lﬂig_i_p_f_g:w’ wd el a e Faweelt had, in all, carried

CURTY B s e il'.un':|:.|l'-||: Titgl " i I‘I_'..I“I:Ii‘.li T ']'Ju* hi|].'|.|.|.'1' uf the i]llrl'lliil|l,'1|?

NS TR RV TF] T HREH Tt M TR 1 a1 drried el il Hfllh-l'l[lll'"' inoculations was made
[hj1 s Praeniba i eeid=lo o1 Lige ||.-::;:||l|'||’ F ] i III'{'-"__.H[.lu'illiill'il i olher stations.

Er- e 2 SRR R e e e Sdad a5 Ui Ta b en,  there were present with the

T YL TR T e oo ok AT bend - ven eecalted. S The fall in the nomber of the

bk o Simbdl oy D the adeparture Trofnd e ree pnont of Bme-cxpired  men,
sipedibey phar it bt Clplain Faweott Bl not carcied oud aoy Tresle indealations doring

Pl dir=t Bt hscad Ve vewr J4O0R),

Incidence af rteric~ The 14th Hussars soffored litle froncehterie, there having
vien - omly 10 cases during the 2 years aml 1) months, The st case occurred
i February, 1997, and this was the only one admitted o hospital during the lirst year
ot the iegiment's sbiLy in Indin, Phe ense was i a non=inoculated man and it terminated

fuially.
(R I
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Hlll'ill::' 1R, eiercht eases occurred @ Four in men who Dad Been imoealatod and fone
in non=ineculated, one of the mnocnlated eases died from perforaiion on Ui 2Tt iy,
when he -'I|||J"HI-'I!' o iz ]|I'1|'_'|-'---E||-- favonrn by, |'::.:|1:|i|| Fianwaasit e [T FE that the
other three eases in the inoealated were very il P etz wascmmile on Lhe elinieal

signg anmd on a mation. None of the coses reacted tooparaiyliogd

Daring 1908 there wos only one other case, an a-nonsmoenbbed man, amil this ease
alsn proved fatal,

I'he only connmment which nppears eanl leal Tor an cesmmeetnay wikh 4l Fonr  ense
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Medieal Ofieers—Facutenant J, 1 Gralion, BoACMACL s (Bdar s Magor W .
Ershine, 18.A M

Hestory e porements of the sl "This Iattalion of - the aards wis fosmisd iy
Lientenant Girahame ol London,  on 209 September, TG, and (hey Sailed - <hort!
afternarids to |'_'_'|!rl. ;II'I'Z'nill_-_L at  Alsbassiehmear S Cavre: “on o1 E Chelndoc s 1000
The regiment remained thercoamtil the cud ol V905 awhen the beaulgiariors  jioeceded
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This is l'l*l'l‘r‘l'-lhl_'r' borne out ]-_1_,' the -i.--»r:ri“t'iuu of the two eases which oceurred in
this brigade among the inoculated men.  Fach of these men had received two doses of
vaceme.  The first man's temperature fell to normal on the sixth day after admission
amd the second man's on the fifth day. In neither case eould a bacillus be jsolated and
the diagnosis appears to have been based on the appearance of the patient. The
agglutination in each case was no higher than would be aceounted for b
inoculation, but Captain Littlej
and, of course, they are ree

¥ the previous
johns believed that they were renuine cases of enterie
d ax such.

Captain Littlejolins himself suffered from a similar mild altack, the fever lasting
i |ril:|.'-'. blond cultures were necative : he haid been inoculated, His case is o,
however, recorded as this return of the evidence in the units deals only with warrant
officers, non-comimissioned officers and men,

The frequency with which paratyphoid infeetions are cnconntered in Pretoria has
been. pointed ont by Captain Statham, R.AM.C." and must be borne in mind in any
series of statisties dealing with inoculation in connection with troops stationed in this
loeality.

Revumé,

=treneth of the unit. | e - i 3154
Number of inoeulated i L o g uis
Number of uninoculated - i = 3 114
Cazes of enterie in inoeolated = e o 2
|'|1':I.|;|= fromn enteric in inoculated Lo Y L 1]
Unses of enterie in uninoculated o an [
l"'i'il-”J-'- from colerie in uninoculated i ¥ 0

r,.l-'f-""ll' J‘I'II"."'.'II‘"HI"I"_
Inocolated . = 4 P T = 8-5 per 1,000
Uninvculated i PRy R i %5 a4 =

[lrrze h'i'ru'Fn."J.f.l,r_
[oeulated L i e K, e 5 Nil.
Uninocnlated . i d = o= Nil.

e

Umir No. 11.
HET A -"-'.IJ:I'F;I.-."J.' h’ﬂr_“.,lf”“.[,
Medical Officer—Lieutenant J. B. G. Mullican: R.AM.C.

.flr.l'.\'l'-'.'.l_l_. vl movements of fhe r-":'l.'l:ln'll'uf.—I;iﬁl‘l][i‘:]l:]l]l Mullizan joined the Suffolk
tepiment. at Waoolwich in September, 1407, they sailed for Malta in_ the middle of
November and reached it on 27th November, 1907, The regiment was still quartered
there'on 17th June, 1909, the date of the latest return.

Inocufation. —thut of a strength of ‘890 men onw arrival 367 men. had been twice
inocwlated by Lieutenant Mulligan, as well as 24 who refused to have the socond dose,
No fresh inoculations were earried out during - 1908, but in the beginning of 1909
36 fresh men were done and six men were re-inoculated.  On 17th June, 1909, the total
strength of the regiment was 926 and of these 412 had been inoculated,

lucidenee of enteric.—-There were no cases of enteric in this reriment during the
15 months they were stationed at Malta.

Réeume,
Strength of the reciment . . - e %
Sumber of inocalated iz 4 414
Number of uninoculated

Cluse dneidence and cuse mortulity.
Nil.

=il of the Koyl Army Medioal Corpe, Vol IX,, page 226, 147,
L Vol XL, powre 617, 15068,




Usit No, 2 L

L EY I'flulll.'lr,'l-u Fil ripaan fruards,
Medical Oficor—TLientenant 3 H. Stevenson, K. A M.,

History and movements of the regiment.—Eiculenant Stevenson joined this regiment
| - |'.'||f il_ WL I;'l-il-l' ﬂ.‘ui:“.'- fur |r1-|i:t il H.'|.I.||.'|E at Ihl'!
hing Amballa, its first Indian station, on 2 December,
stationed there on S0t June, LWk the datle of the lalest

] Tl ent on leavinge  Fnoland was a2, and the

| [ af  me rour oon hoard il I.;|:|-[|.|]'.‘. wng 22,

In i were carried ont on volunteers, anil, by the end

! | I' 0 strencetl i gkt e, Llhere werre 50 i!l--u'l:.-.lll'll'_ of these I):JlI'-'
Pl giseanad f s

\ i ] al’ the lngesi repaort there were 485 inoeulated ten present ol of

reno bl of GENE o S0l D imes T

Liciddoiree o f vateric fev For the first & montha of thei Indinn tour there were
o cases ol cnlere e the Pracoon Gonrds Uednmenting e this, Liculenant Blevenson

S Every resiment ststio e Amballa) lias had some cases this vear with

AR T

execption of the Kine's , whio have s fag escaped. oL L The

boane = Dienenon Gluards s the only regimentin Amballa which ean be recsarded as an
b it Fegriment

welween June, 10 and 1 end of that yeur, tour casces ocearred in {he reiment
o - ¥

eases were inomocnlated men, and the others. one of which

fatal, in g L e further ease, in an inocolated mn, ocenrred in the
L T AR T | ir:: il tondael T tpr Lin fivi AT SiLh ..l|||||.-‘ [HTHA
CH the three cases wlinels aeewrred - L inoculated, the frat and the seeand WEre

showed a severe onset hul aborted enrly, a secondary

crature ol 4 davs” ditration Bocame ddie "o '_lII'liTi'\-_l. In the first ease tlie

st ais  very wiilid, ' O

us wius isolated from the blood. The « ‘eond was typical but blood culture
wen an mberval of 20 months between first and second

vils negrative alzo n the ease of the third nan, -'IllliII

Licutenant Stevenson was inclined to consider it a

prikaty gl poial however, definite proof of this s |::|'L:i||;: it has been

nelmdid in the return ns a trie entorie case,

Liv

ant Stevenson himself sulfered from an aitack of continuéd fever diagnosed

Iy Ly |!'|"'!l||r of |

terie fever, he had been inoculated against enterie 1 year
wee. Blood enltures in his ease were alse negative, but his arelutinaton

o 1)

il illus was nesative on the various oecasions on whicl it Wik Lested
whitle b paradyphoid © A ™ in oo dilution of 1-80,
II-.'-- MHmRe,
sirenatli of the resiment b % L S
Mumber of inoeulated 1 : 5 e .17
Sumber of uninocolated i 5% A a5
Cnses of enterie in inocalated, | i g -
Dedths Yeom enterie:in i lated . e 3 1}
Cases of enteric by aninoeulated i 5 I b
Drecathis from enterie uninoenlited | | o Ee i
Cise ineidenes,
Inoeulatod e 5y L e . = el per 1,000
U nimoe nlated e S : 2 = 144 i
'r'u"\--' IFTLEF) .".-rl'-"_|,'.
Inoceulated Ee: i P i A Nil.
Uninoewlated -, | o i e = iy a0 per eent.
LR LR b K
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Tair No. 18
158 Br. Lancashire Fusilicrs.
Medieal Oficer— Licutenant F. I . Howell, R.AM.C,

Fliztory ond movements af the regiment.— 1'his reriment, at the time it was selected
as one of the Lest units, was stationed at Malta but was under orders to proceed to India
Lientenant Howell joined the battalion on board the transport at Malta at the end of
November, 1907, and sailed with them to India. They reached their first station,
Meernt, on the 16th December of that year.  The reciment remained at Meerut for the
remainder of the cold weather and then proceeded '-I} route march to the hill station of
Chakrata, which was reached on [arch, 108, They returned to Meerut on the
Sond December, 1708, on r avine for Chakrata at the end of their second eold

rrivinge 1there on h March, 19,  On the date of Licutenant Howell's

wenther
last return; ®nd Jolv, 1900, the reciment was still at this latter station.

Ag Licutenant Howell was not to j
jons were arranceild for al Malta

i the hattalion until their

Ir.'l".l"'l

departure for In

& - 1 | | 1
the inoculat anid thanks :'Ilil'I:|_1. Lin

1 Winder, RLAAC., and the support of the o

rs of the reciment,

1-]||' l.'?'ll'f':_"'. ol | ||_ 1 1
a very larec proporiion of volunteers was obitsined. ['he strencth of the '.|'__-i nent o
leavine Malta was =30, and of this number 716 bad been inoculated, A fow of the

hl.:l'li.]-li illlll'i-
Lientenant Howell. On completing their full strength in L further inoculations
nd on Sth Mav, 1908, ool of 40 men present with tl pnent, 795 had

mtare ;||\H1_ I|_'|:||' | :l:-|||||_'|i|||.‘1 Wils Tl L atall |.i:|'!-. r il

ations which remained to be done were performed on boarnd the transport by

were done,

: o
risgr this

]II_'I'II. illl"l!"'l .'|'I|. H |i|'|'

e danuary, 1900 oot of 997 men no less than

md been inceulated,

e

VEar, .'|I|.-.i 00 =
equal to B2-8 per cenl.,

The last report, dated 2nd July, 1908, the strength present was 950 and of {hese
800 had been inveulated, precisely the same percentage as above, viz., 925 per cent.
detdence of enferte.—This boing & N0s wrote hiy inocnlated rersiment of the 24,
f 'his béinge the most thoroughly inoculated regiment of the 2

i.1. 'i*- h-:l.llli'.lH'. of intorest Lo see Ir|1|'.l|. 1':|! 'il |I:|.-. :‘-.llﬂ:.'l'l'll :.Z'n!n 1'I|':-:'ri|! I.I!I':Il'_f |!Il.' ] _'|'1'.II'
and 7 months during which it had been in Indin.  Only two mild cases have oceurred,

I'II.-';|1|_'||,_ this 18 El;ll'l!!_‘.' surp i

and althous of these were in men who had been i
when the fact that 92-% per cent. of the regiment was inoculated is borne in

These two cases were admitted to ]Ililh]lil.'ll r'l.'ﬁdlll'rii'-l.‘i__'\- year and 4 months and 1 year
and & months after the arrival of the rvesiment in India, therefore, for this period of

1 vear amd 3 months there had not been a single case of enieric in ihe battalion, That
- 3 - 1 | 2 . - 1 "
this fact can hardly be avcounted for by absence of any danger of infection scoms clear

1 o . . ; 3 \ . . . 3 i
f'r“r” the following, Drstly, '|_|‘||_' fact that ot was twice slationed at. Meernt tor '-L"‘-L'l'-CII
months at-n time, and the danrer of enterie here may be-realized by referring to the

history of the 157th |4:|1||_'|_~:,-'l, who were also stationed at Meernt at the same time.
L‘w'--_-q-..“..!;l._ in their first march up to Chakrata, Lieutenant Howell mentioned that,
although the Fusiliers had no cages, the Cameroniang, whoe did the same mareh the year
before, had 10 or 12 cases contracted on the journey. Thirdly, when the regiment was
e end of 902, it had no eases, while the South Lancashire

out at manicnvees al
Resiment which was Brigaded with ol had six.
: = : e M i : 4 :
It woulid app therefore, in spile of the ineidenee having bheen confined to the

inoeulated, that 1 Linncashire Fusiliers had come well out of the test,

Rexunee,

Strensil ofthe umt © . £ e i ot DG0
N pan b of Tnoenlaled | oh i s S -
N teler of-uninocnlated i 4 i s tifd
Cuwes of enterie in inoculated | | i e o =
Dicaths from enterie e inoctilited by . o i
e of onterie 46 wmnoeairted A % s i
Phogihs from enterie in aninoeulated”, | = i 0

(e Thecrdence,

+ firy
s i T-Z-f-l:ifh:'l‘:]ilh'l] £ i iy i o o 2+ per 1,000
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Umit No. 14,
drd Din. Worcestershire Regiivent,
Medieal Officer—Licntenant wW. H. r"r:|':._1"1]|, E.AM.C.

Hiztory and morements of the regiment.— The 8rd Bn. Worcestershire Hesiment was
tationed at Aldershot when Lientenant Forsyth joined them on the 2nd September,
South Afriea at the end of November and reachod Wynhbere on

VLT, A detachment of 185 non-commizsioned officers and men
these I'd-iuill:-:; {he ]:||-5|.1||.JII;||'1-|'|'9. nf

went to Standerton on .1'||--I|.'.I|_--| 1||_|',|||:|'_'. |i||r'| anil
the reciment on 10th June, 1902 at W 1'|!||'r;-_

On the reduction of the streneth of the sarrison in Bouth Afriea the Worcestershire

teriment was o se concerned and was ordered to return to Eneland,  They lefi
L P TE | (5] L :IIZI -":l'zll:'llllr- [ " I."'". amil = s {1 =11 |ii. ¥ .I|:.\'I.'|' "||- | -»I:I"i-!-lll.'IE
] ¥ BT period, Lher dfore, for which th v OWEre under olwervation in connection
1l 1 months and eceased with their de ture from =2outh Afrien

the date mentioned
| . Vthouzh Lieutenant Forsvth earried oot over 200 noculations
TR cregiment satled, he found constderable (i fieulty in getiing =0 many men to
come forward for a reason w sufficient inlerest to detail, It was known in the
ciment that one of theirw T F Iy heen inoenlated by his family doctor
11 WL VR rios]y COTIE RO LI P nant I re fownd it very
ril to convinee either officers or men o the procedure and of the
ol erade gevierity of the reactions whi il. |.' 1] ||;|||!u-|-_- i Bt I|u_'

b i
Cilone led in consuliation 1o see

history of Lhits case 1= Known L

l=its ol .I:i'l-l_'-|.'!!'=i" serunr, obtained from o commers firm, nnder the 'i|:'|[|'|'|-“i..|| that

s wi T VaAlcine, Nol unuatura ly, the jriticmnl hiadl gevere sy mplonns of
aphyia sl of two large doses of horse serum ot an interval of 10 days
Phie regziment arrived in South AR iwhe 2008 inoculated men oul of a streneth of

G4, Only four fresh inoculations were carvied owt in Afrien hefore the resiment
returned home, at which time the inoculated stood at 208 ot of G35,

lacidenre of enderic, (inlv three easos i irred i Lhe reciment .|-:r::.-; Ltha o0
months : the first of these l:-:"ul'Ill!.l'l. o L 1= I| HHE) .1. |i5.' ','|p',_'|;_:|- il =i Wis _|||_||p;||||‘r

“ . 1 1 1 - - v
inlracted n | e land, the two others woere admbbed e Fi !|._-||_||". 2 |'_|II'-I misine ol [l-_,!:“I
v

ul all reeovered,  Imoone of the latter cases there was snEpeion of
of the aselatination results, Lot blood enltures failed to verify
=Il'|l':ii| LLEM R Y i-ll;:lr"-l 11 '.; i ';:I'-'-\.;llh ool b, NI'IHI," ol the CASes

RIS AICE T
Il Beem inoenlated,
R
Sirengeih of the unit, | . b ik P Gehd
Number of inocolated £ " __ = 204
Number of aninoculated B, £ X - 424
{Cnses of enterie in inoewlated 3 ol ¥ i}
Preaths from enterie in inoeulated | . e : i
{Cases of enterie in uninoculated = o 3
Irenths from enterie 1o wnooenlaed ot - i)

Caxe qmeaddene

Inocolated ., . 2 A i 1
Uninoculated - : i A P -3 T per 1,000
l”|.l-r et ey,

lnoenlated .. : : o gy 3

|..I|II|.1||'II|:|1|'||._ =+ L i P ol

Uxrr N, 15,
laf B, Yorkshice Reqiment,
Medical Officer—Captain =, O'Grady, R.AM.C.
Iestorn amd amdements aof the reginent .. Captain 'Grady  joined tlis regiment at
Aldershot on Sed Seplember, 1907, and sailed with them to Egypt in the middle of
Sinuary, TU02 The lnu:lthuurtura and seven companies arrived at Alexandria on 30th

(€7 LCH ] K 2




|||l:|I|||'L|"n-'I 1H0E, and one |'||:'||i|_'||;" al 0wy

1 is on the 20th of the same month. Captain
U'”I':’u]_‘.‘ W= :‘l :.’I—I'il -.'_.||;|.||¢-.-| alb Al

i 5
18 P 1|ll| Hifig thve 12 month 1in -!l'." S

but he kept eareful toueh of all that oecurced in the company detached to Cyprus, o

rakion,

the details given Lelow refer, as usual, to the whole of the resiment. The reciment
maoved from Alexandrin to Cairo on 20Lh January, 18009, and wa
of the last report, viz, 20th July, 10050,

¥
cre on Lhe dat

Troewlolion (n leaving Alilershot the strengeth of the reciment was 704, and o
these 4
the regiment in Heypl, 38 fresh

W owere inocilabed, either there or on board the tran ot Phrine the stay of

WERE CATEIx """.‘""-":_'- on men of the

drafts wh poined froom Eneland, t firures show 4060 men inoealated ol

of a streneth present on 20th Joly, 19040 of 247,

Twcwdenee af ralerie, | has heen sleht, only three cases havine oceurred in the
battalion dorine the 18 months it bas been ander observation,  Two of these cases. one
of them fatal, o ciirred i 1T30E, the third in | YNone of thom were In 1 _|;|r.-:!
ImeEn.

I
Strength of the unit . . - ) . !l ¥
N umber of |:|l--"||:i‘-l | Kis =5 Figtd
Number of nninoculated s i ST
Cases of enterie in imoculad el i . Nl
Deaths from enterie in iooculated |, Excs = Ml
Cases of enterie i unonoealated - 3 - B
Ireaihis from enteric in uninoenlated 47 Ea ]
{lase aneidenee
Inoenlated |, £ b L yoh o Nl
LU ninoeulated T i £ Fa = 7T per 1,000
{ I.'l' e meorfefed
Inoeulated ., 3 a2 ¥a o Nil
Uniinoculated i 2 Al ha L 39

Usrr No. 116,
drdd M. Kong s Ragal Hafle Carps,

Maedieal Ciffieor Laewtienant |, W. 1), |.l'-:il', R.AM.C.

History and movenenis of e vegomend, - Licutenant Leslie joined the regiment ai
Aldershol an the 280l of December, 1907, and sailed with them for Crele in the begin
ning of Febirnary, 1902 The headguarters and 51 eompanies arrived at Candia

on 25th Februnry, 1908, half & company was delached to Canea, Crete, and bwo
I"IHII||.;|.r|i1'-- tio Malta, where I||l'.'| arrived on Lhe 285th of |'1l"'lr|I!Jl'-'r Rl 8

Twn of the companies arvived at Malta from Candin on S0Lh -|II|_'\-', 1905, and  the
smaining companies on 2 ud January, - 1900, the regiment being subsequently united at

mlta, whenee the last rejort wis sent oll o 22mwd June, 190E,

N

faenladinng . — The reriment Jeft: Aldershol #2589 strong, and of these 177 hald bhoen

inoclated.  Durime their stay ot Crete and Malta, 109 fresh mocolations wers cnrried
arul. ,'Lr;-ll 00 Supl .|;.'|||-. |‘_i||'| |||p ||.!|_||' ||| :ll-l' inst return .'..'".llll ‘!il.l‘l:i.._ ||I|']'|' Wi ._J...u-

inoenlated men present with the battalion ont of & ‘rll'll:.':||l of H2H,

Facidence af viaferic. < X0 enseys e orearred lillrill'_': e |H'.'ir1|| of 1 VOar i maonths,

during whieh Lhe recinent has been ander obscrvialion.

Strensth of the unil, . = i oyl o 28
Momlier of il el ) e a'n . 217
HHTIHH'[ |-|- I.||-.i||lll'|l|iL|l.'li i b, & e Tl i

{axe dinctdence auil=Crye nrarinlity.

Wil




Usrr No. 17.
T,I'-', ’JJ’IJI’E'I'.I.-I.' rr'ilfl"n';u’.

Medieal (Mlicer—Lieutenant B, Gikton, B.AM.C.

flisiory wnd movements of the regiment.~—Lieutenant Gibbon joined this reziment at

Canterhory on 1=t Avgust, 19082, They s=ailed from Encland in the middle of the
fi i month and reached Cairo on 27th "';"i'l"lll!-'l'l', 1AM, Here "h"'."-' wWere
ri=dd il lI.: nerich where the 1'l"_'EI|:v|'I.I L [1F ] ||.-| i |‘_|:| :.-|||E.-r |-||-.q-|1,-,-.|;i.,r|_I
L e 171 men were imoeulated ont of o gtreneth of 575 bhefore or ri|_|r"'|n;_;
i visviioe Lo |'."'.!;1. and simee then Locutenant Gibbon has ecarried out 79 fresh
Liam 1l cat hprmres, dated 2Otk ne, 1900, show 242 mnoculated men
out of a strength of 2061,
may e nobed that the reaction after one of these inoeulations was of .--"--].|1|||1-:r|
YIS il i Elbi ieEm alter || y -l'l"'lllli LIEHET i.-l'l'l-llllu: -'l.-!:;||| PRI 111! Teving Lo Bwe
taken to hosp iffering from diarchea and vomiting He dented havine n Lo the
R(LE it vomit smelt tronely ol beer there can be little doubit that this was
in instanee of the bad effect of aleohol when taken shorily after inoeolation. He
recovercd ecompletely 1noa <-||||;.||- il li.l-'h. i

Inewlenee  of enlerie,—During the 9 months which the resiment was  under

" 5 : . -
ab=ervation Lthere Wis Only One Case al i Tever, ending fatally = this Was 1n an

andnoculated man.

Résume,

Btrength of the resiment i s o ca b
S umber of inoculat : : s =i S e
Number of uninoculated : £ _ I
Cases of enterie in inoeulated | | L - R, 1 |

Ieaths from enterie ino inocialated

i 573 P 1

Cases of enterie in aninoeolaled

-

E "o ww

Preaths from enterie in aninoculated |,

'r-rl S INr l.lI e,

n E; o b L e || B

Inoculated

U nimoeulated S 2 e e et 31 Ty IR
|r'r|'-|" |'|r'.l|f-f||.rr_l.

[moenlated o .. : an L . NIL

U'ninocolated . . S =y b o 5 LM per cent.,

Unts - No. 1B
il Lru.l-ll.hI."JrI!'Ir Dhrovepo vz,
VMedieal (Mlieer —Licatenant J. oda 1P r;lll:_’:li-»hl'. R.AM.C,

{listory wnd wevenents of e regiment, —The inoealation history of this regiment
starts fronm the date of their arrival at Mbow in Indin,  Before this they had been
stationed in Feypt, and Lientesiant Langrishe jomed them on board the transport ot
“iey oom 20th September, 19028, While at. Uaire the regiment bad been very well

T r 90 per eent. of tl archgth, and on enguiry it was found that they had
el fuaril ase of enterie for a year before Laeatenant  Langsrishe .jr.-:i:u'd them. The
e of L arrival ot Mhow was 9th Oetober, 1902, and the latest report was dated

fram the st slation on Uih "I“l"r |RHILTHE

Lo listbams.— Owing to the laree number of inorulations which had been done in
|‘:-'."]" bt remmined Tor Lieutenant - Lanerishe to do in this respect when he first
joined the resiment, out of a strength of 433, 397 were already inoculated ; later, as
tresh deafis joinel the regiment in Dndia, fresh inoeulations were earried out, and on the
b July, P out of a strength then present of GOo Lhe inoculations numbered 547,
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Uxir Mo, 22,
2nd Bn. Liverpool Negimend.
Medieal Officer =Lientenant W. Mitchell,-R.AM.C,

History end movements of the reginent.—Lientenant Mitehell joined thiz regiment
al Gosport on 183th November, 1908 ; it sailed for India in the middle of the following
month and arrived at Amballa on Sth January, 1909, At the end of the cold weather
the hattalion moved 1o S8abathu, in the hills, reaching this station on Stth Mareh, 1909 ;
there was no further change of station up to the date of the latest report, Sth July,
1408 The battalion, liowever, while at Sabathu. furnished a nomber of detachments to
smaller stations, the following being the distribution in July, 1904 :—Headquarters and
six companies at Sabathu itself, one company at Jutogh, one company at Dagshai, and
smaller detachments at the following : Nasirabad; Kalka, Kasauli, %imla and Amballa.
The fizures below refer, as usnal, to the whole of the regiment, and include all the men
detached to these various stations,

Fnoculations.— On leaving Gosport, the strength of the Znd Battalion was 461, and
of tlie=e 405 were inoculated |::-' Lientenant Mitchell before embarkation. The batialion
took over a larse dratt from the lst Battalion on arrival at Karachi, bringing the
strength of the regiment up to 900, and of these a certain number had already been
inoculated so that, with the addition of a few men inoculated on the voyage, the total
number of the inoculated om arrival at Amballa was 471, out of a strength of 900,
Since then a few fresh inoculations, 52 in all, were carried out, and at the date of
the latest report, =th July, 1909, there were 510 inceulated men present out of a
strength of DOD.
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Liciddence of enleric.—"Two cases of cnteric fovér have oceurred in the regiment
during the G months of observation.  'They wibe Selniticd to hospital ot Sabatha on
Pt and 120h :"||;|_:|., n-r-pu-l.‘iiwrh', amd -eanme 1'!'u|i|.__ ni barrack-roome clw hiis-first
report upon these cases Lienténant Mitchel = sttedthat one of the men had been
inoenlated but ot the othwer. Do daber et er, dioo cver; Bie sabd that thsowas an Error,
and that the second man also was founid 1o bave Tl acsiogle dose of vaecine 18 menths

& ¥
tefore. ; TR v T o G

In hotly these cases Iilu_'l'-.' ilppEcar Liv TpAVe 1|n|.'|'1'|f1‘-|i||‘; it d'r ,l;ltlllﬂ:i. ns Lo t]l:_'.'
« pertracy of fhe dinznosis.  The first, Private O, received two lo=0SSilEivaecine and was
admitted to hospital in one month rom the date of the  last Cinoealation 16 15 therefore
prisEs e, =up W Lo h,‘rn_r ||-|'|'r| a4 1rie .‘1.|1:|:|'I., ol cnlel il', that IEt' '|'-:'|*--'-IrhI|'III:t[I-‘n| 'l.'l-il|!!|ill
il neulation !-.-:'1|..|1h1|gq'L- the Intest authorities |-:.||'-|' thie outside Lt of this !H'I'il:ll:l al
15 dnys However that anav he, Lieutenant Mitehell states: “ The bacteriologieal
resnlis are ,,'| |:-|-'_-.|_I_l.|,-_;|||-:| | im .;||-.|||.E||E||.;. thie case :.- '||rn]|:|.-|.'r 1t e ”{ 1-||||,‘:||_{'_" Illill.‘
Letnprerat e chartl is, however, suspicions, and he ds reecorded as having had o true

Plack of CTleri.

BT .:-...,.i AT L |'|il\.;||_|_I “,, L1 B I;lu- fifn '.I-llll |.-.l||. ruw'g‘i\'l.'li :In|_'.' iL :"\-ill'_'|ll." |.|'!I*-1' 1It1
i 1< months before and the |i_::|,l:|||-_-.i- here & even more doubtful than in the
“ § VT LS '|Li,. attack comumeneed os one of 1|i'|||;|,:|||.~|.h.'l, { e -|'i]|hl|u'|"i:l Teillus |:t'iH:_T
olated from his throat and anli-toxin treatment employed ; when apparentiy eonvalescing
v this fiis Lemperatnne .:I.j_'l':l-ri. rosc and he was 1|i:|;_'|L':I-l'I|E cnterie o, :I'l.r||1':l.l:1"|]
Lacteriolomieal investication of the stools failed, however, Lo demonsteate the prescnce
il |-,|.i,..i.| Lacillus amd his blood sernm save twice as strong an acclolination
reaction with para-typhoid * B " as with B. typhesus.  Licutenant Mitche I states * The

case 18 probably one of I.I:II':I-l_'\-'|l|'.'=|il.]_“

In this case also, sinee the official diaesnosis remained as. enlerie. the ense is
allowed dn stand, althoneh it scems unfair to inoculation to include cither in the
stnlistics:

It sy be added in conelusion that the smele dose of vaceine given to: Private H.
in 1907 was T omonths old at the Hme and, theretore, |||--|-.-|.h|_'r inactive so Lthat, 1|l|l|:llil*-ill‘=."."
i'l ta have been o true i||14|l'|~1 l,'||_- i v bl ||_1I:||_~ O N ]_l'l'qul_':l:lilrtj ;rt[ a5 Lhee result
of this inoenlation 18 months: before,

IEsiine.
f Btrenetl of the regiment (. i byt e HL
- Numhber of inoeulated 1 =% i g il
Number of unincenlatedl wi e 5 e ]
Cases of enteriE in mbenlatcd e e e o 5
& ; ey et
Deaths from eabere i inoenlated o i g3 ]
Cases of enterie mecnninnenlated =k i . i
[eaths From-enteric in uninoeulated 23 i L
Cosedneilenee, :
[noendated .. oy aa . v . S0 per 1,10
Uninoenlated 3 e 4 o T Nil. m
{ase um-rl'uﬁ.‘_r;.
i 4
Incenlated .. . g 2 o = Nil ]
Uninoenlated o e =~ % §- Nil.
2 wrT No. 28,
tad fin. Deconsfitre Hryfruru.l'.
: Medical Officer—Lientenant W, K. Beaman, R.AM.C.
Hisdary and moremenls -l'a__l" Lhe _I'r"hll:r-li‘{"'rd!.-—I.il."ll".!lel"‘L Beaman _i“."”"'] Lhis r'-';'-f;“:lﬂnt-
e 1 t}'i_‘\'ul]]uﬂ'i on 12th Huplmn}wr, 18E, "l']w_'r gailed from i'.n;.{]ullfl at the |m;.{:num,r; of
Jamiary, 1909, calling first at Malta, where three companies were left on 16th January,
- and then woing on 16 Crete where the headquarters and five companies arrived on

Ceatth January, 1909, This was still the distribution of the battalion on 20th June, the
date of the last report, *
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Inoeulation.—On leaving Devonport the strength of the regiment was 481 and of
these Licutenant Reaman had inocolated 253, On the reriment completing their full
gtrength from the linked battalion there does not appear to have been any adidition to
the numbers of the inoenlated and on the date of the latest return, 20th June, 1908,
there were still nnly 263 inoenlated men out of a total H'Tt‘ligl-ll of the whole resiment
of 05, No fresh inocolations were éarried out either at Crete or Malta.

Incidence of enterie fever.—Only one ecase of enteric occurred in the regiment, a
man of the detachment at Malia, diagnosis being confirmed by the isolation of the
typhoid bacillus from the blood and stools, It was severe but the man recovered. He
had not been inoealated,

Resumd,
Strengih of the regiment e e = S 1
Number of ineculated | a53
Number of uninoculated fine
Cases of enterie in inoenlated | | Nil.
Deaths from enterie in inocolated Nil.
Cases of enterie in unineculated |
[Meaths from enteric in uninoculated | | il
{irge F-.lﬂ'l.l.rf FECE,
Inaculated e 8 gk - 5 Mil.
Uninoeulated . 4 il T 3 <+ 15 per 1,000
Cise morlalily.
Inoenlated 43 s o 3 e ||
Uninocnlated | . il . 22 o Sl 1

Usir No. 24,
lst Bn. Royel Scols.
Medical Officer—Licutenant A. C. Amy, R.AM.C.

History wmd movemenis I'J_,r the rr'y'almr',lr.l', Laeutenant ,-‘|.|||J.' _ir]ilwd the Eu.}'n| aeots at
Bhorncliffe on 12th Octoher, 1908, and =ailed with them at the end of January. to India.
The regiment reached Ranikhet on 18th Febroary, 1900, and have had no change of
slation up 1o the date of the last relurn on 30th June, 1909,

Inaculations.—The strength of the battalion on  leaving England was 542,
Lientenamni Amy’s difficulties were even greater than is usual, but he overcame them
Hllt‘.l.’EHﬂtll“_‘.', and was able to got 476 men inoculated before the recriment sailed.  The
battalion ﬂ‘ﬁllljlh‘lﬂil its full streneth |1_1.' a large draft from the Ynd Battalion ad |.’r-r:|1|'|m_1.,
and the strengih on reaching Ranikhet were 910, of whom the inoculated numbered 561,
the additions being due to further inoculations carried ount on board the Lransport, and
to the small number of men in the draft of the 2nd Battalion who had previously been
dmoenlnted,

Since the regiment has been stationed at Ranikhet, Licutenant Amy has earried
ot & number of fresh Hlm.‘tl]aliurm, which brought the total strengih of the inoculated
on $0Lh June, 19040, up to 702, out of a strength then present of 881,

Inctdence of enteric.—1Ip to the date of the lasi report, aoth June, 1909, there had
been three eases of enterie in the regiment, The first two were in unincculated men,
both recovered though one had a relapse, the third was in an inoculated man who had
received Lwo doses of vaceine 23 monihs hefore, the case was very mild and there was
some doubt as to the diagnosis, no definite information was obtained from agglutination
or from cultures, the latter !‘ailin_g;_ The ease was admitted on Gth July and was making
a good recovery at the time of the report.

Licutenant Amy also mentions a ease of fairly severe and typical enteric in a child

ed 6, the son of one of the Warrant Officers of the regiment, as interesting on account
this child being the only uninoeulated member of a family of four.
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Résume,
Birength of the regiment 4 L 5 . e Bl
Number of inoeulated , . i L = ST 1
Number of uninocolated b i Ak Fem k)t
Cases of enterie in inoculated | | b 1
Deaths from enterie in inoculated |, iy s N
Cases of enteric in uninoculated L o i 2

[Meaths from enteric in uninoculated | | < 1

Cuse incidenre,

Inoculated A xa i

o i 14 per 1,000
Unimocnlated ., 24 i - o FLF I

=

Case mortalily.

Inoculated & o - e ; Nil.
2 Uninoculated . et o e S |

CHAPTER II.

SUMMARY OF THE STaATisTicAnL REsSunTs.
(With Table L.)

The table which is appended to this chapter summarizes the results recorded in the v
case of the 24 units, whose detailed history has just been given, These results deal ;
with the inocolation history of each unit from the date when it first came under ohaer:
vation until the month of July, 1909, [t is regretted that for various reasons, including
the temporary disablement of Bir William Leishman by illness, it has not been found
posaibile to bring the figures up to a more recent date, but, at the same time, the table
gives on the whole as good a view of the effeets of inoculation as eonld be expected
under the conditions which obtain in serviee abroad. Subsequent to the date at whi
the records terminate—July, 1900—the military authorities became, in ever-increa
degree, more sympathetie towards inoculation, and the soldiers themselyes more and
more convineed of its l.':Iﬂﬂich' in l:itlli.lihg the risks of infection. l"mmllqlu_-nl]_}','
increasing numbers presented themselves for inoculation with the result that, in many
umits, the very lorge majority of men were inoculated, and but a few were left as
uninoculated controls.  Indeed, in the ease of some of these * Test-Units,” the latest
figures have shown that 100 per cent, are inoculated. This being so, such units had
olwviously become useless for any comparative statistical test of the prolective value of
inoculation.  On the other hand, at the time the table was ||n|,'.1.'|1’|.||11 the two groups of
inoeulated and non-inoculated were fairly homogeneous, there being 10,878 of the
tormer and 8,936 of the latter class, out of a total of 13,3]4 en.  The subsequent
disproportion of the two clas#k, when realized by the War Offi thorities, led to the
termination of the sysiem of attaching special medical officers Lo these units and to the
substitution of the customary official mechanism for the colleetion of statistics bearing
upoen the results of inoeulation.

The present table, then, appears to furnish as good an illustration of the effects of
ioenlation as could be hoped for, in view of the homogeneity of the material and the
great care which has been exercised in the verification of the diagnosis, as will be
1‘:'1.|J]nim d below. i

As will be seen, Table I. summarizes the information detailed in the preceding
chapter in conneetion with each individual unit, but a few words of further cxplanation
are ealled for that it may be fully understood. These remarks may conveniently be
given under the headings of the various columns which compose the table.

Colurans 1 and 2.—The units are numbered consecutively in the order in which
they went on foreign service or eame under the charge of a special medical officer,

Column 3, —(Gives the name of the special medieal officer attached to each unit.
In two cases—units 5 and 9-—the original medieal officer was detachied™froni“the unit

[(419-1) Lz
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BTII.i ||_i-; i,l:u-n;'t WS tak{-n !1:, aru]t]u:r 'du|||1 "'!t.'ll'l i‘LI “i1il ﬂL:‘ ||.lli1 ““ I]I-t' 1I:L1.l' of [l:l‘ |i]‘|
reiurn.  In most insiances the medical officer named was with his unit for the whole of
the time mentioned 1.\_nw.i|| for shorl ahsenvesdne o leave or to sickness, durine whieh
his duties were earried ont by another officer whom he had thoroughly posted in the
:xpl't"tl] wiork.

Caolomn 3.—In this is <hown the station at which the unit was servin= al the date
“t'”“-. |_;|H| riprort of the ||_-_*-,]:|-;|'| ifTiemer H.‘:tl“.‘]]l}', '-|tl I|i1' casie of the wmits which had
Leen longest ander observation, there lmve been one or more chanees of station duaries
the period of observation; where this ocearred fall details=will Le found wuler the

history of the special anit in the
Column 5.—Date of arrival al
except that in a few instanees the unit did not start from home but from one of the

foreroine WpReT.

rst foreien station.  Thiz calls for ne comment

.,‘ITL'llitL" e =i 15 Thiese, toon, ane |'-|I_|:'-|-1| 'ill the Prec j i I'|-.I|-I:'|'.
Columns G and 3 Give the date of the Iast retum of the medical officer. aml the
iur:l] ',-u-rin-'.' under oliservation in vears and H:J”!]l.ll"u This ]H'l'-l""z ""-i! e zcen (o range

from 3 vears and 10 months in the caze of the 17th Lancers, o 4 months in the eaze of

the 12t Iin. Boval Scots.  The average period during which the 24 units were inder
ohzercation works ont at 1 VAT and % mwonths:

Columns 2, 0 and 10, —These «ive thie total stren=th of the particular unit, and it
has been thowsht well to =ive three separate figures in conneelion with this for the
followinge reasons ;

The ]ln-'.-l::.lli--:: of a reiment 15, 1o a o psiderable extent, a floating one, it is con-

= I - & il W 1 o { "% 1 | | P § ¥ 1
finually sending men to the Heserve and makimg up ths dr by drafts of reernits, while

smailer losses of sirengrth oceur throuzh o iine, death, transfer to other corps and

desertion ."-'..:-:1'!._ | 1"'_'i'!ll-.1|!'. LTI DR R l'.:"! Irom o homae station Lo a |1-|'1-E-_-r: One Very
t'l-"«.‘i”:.:ﬂi-l_ -il'E.- voery mirel ||r_‘_!|_! -||-; !||: AT _:li: _'“'_-:I JI-E_I'. I".III‘:|:-I.I|'!"- ii"\- "'-|il1l!"-| et

I.:.l._'u on the

on arrival alroad from men belonging to its linked battalion which 1s pr
|mi1.! of returning home and may transier a larre |=-'-*'|l='-'|i"iII of the men who have still
SOHEE finee to serve o the sister battalion.

In these ways there 15, ot ||'_;1'-||||_|;-_1||_|]_I|_,'l YErY marked difference between the
;\-'I_r-,-||;I:I of 1he reciment on iis arrival at 1ts first 1.I'II'I.'i',U'| station and on 1ts he :lil.i e
up to its full strength at a later period.  Once it has been made up to its establishment
further chan=es are n.rn;g:_l_ph'rl.l durine what 12 known as the IFOOPBING  SCHS0T when
lihu'-l"\]rl:'l.'l'. men are sent ferme ;|]|.: wien |E=‘|||_,-., ol r-|_'4'|~:'il;=- coane wnl Lo take 1hear
place.

It mizht have been possible to present the fizures in connection with tolal sirenzth
siplate amd o VETY
ted of showine the

in the form of averaswes, hut this would have been diffieult 10 eal
doubiful henciit as resards clearness o the alternative has been s
total streneth of cach wmit unider ihree hoads :—ist. The actpal strenctiy on the date at
which the medical officer juillrl.! his unit. 2nd. The actual strength when the unit had
arrived at its first foreism station. 3nd. The actual strength of the unit on the date
at which the medical officer made s last return.

The st ilupn'-.-e:'iuu of the averace rance of this luetuation 15 to b obtained 5!_1-'
contrasting thig siren=th =iven in columns 9 and 10, Further information upon these
fiuctuations is given in the history of the individual omits.

It must be borne in mind that the numbers given are those of warrant officers, non-
commissioned officers and men only ; officers have not been included, neither have
women and ehildren.

Tursing wow to the totals of the 24 units it will be seen that when the respective
medieal officers joined their units the total strength was 13,980. Wien their umts
kad reached their first foreizn stations and had made up their full strength this number
had increased 1o 18.483, while on the dates on which the last returns were made up
the total figure stocd at 19.214. It so happens that the last total i= hizher !}:.' about
200 men than the total in column 9, which records the figure when the units were first
made up to their full strength, but this difference between the two totals does not greatly
affect the resnlts <inee the fluciuaiions due to the causes uiri'ml} mentioned are
constantly operative and, when coneerned with such a large body of men, would be found
to amount to somcihing anproximating this difference of B0 at separate summations
made at intervals of a few months,

Columns 11, 12, 13 and 14 deal with the totals of the men inoculated in each unit,
and here it has been thought well to zive two series of figures, the first showing the
number of iroculated men present on arrival at the first foreien station, the second,
the total of inoculated men present with the unit on the dateof the last return. It will
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b seen it as mizht be expectody theunmbiersin almost evoey inatance show a markad
incerease, the derree of this 'i!H'I'i"H:.'il"-]'!L:LTi{l‘_f_ teslinony. 1o the succeess of the attached
mediv: feer in wetting the men (o thme fopwand 80r inoculation.  Naturally, this was
fourd to Lie an easier task when the anit in- question was actually serving in a siation
awlere enterie fever was present and where the men had the dangers and vesults of the
nfection before their eves:  Aswill he seen, the total number of the invenlated rose
from B.815 1o 10.378 at tho date of the Inlest reting: 1t iz on the last lzare tha
i snedhenee per 1000 has heen ealealated ad, althongh the liflerence between
terl in Lhis instance eonsiderable, the latter Gonre may hestikeh as approxi-
mately renresenting the strengtl of the inoeulated thronshount the period mndee olisern-
i <t U oreab vise in the nember of the inoculnted in most of the unif3 aecnrrel
arvival at their foreien stations,

vory short v atter theldr

Colonms 15 and T4 recornd I'l'*-!.l'n'Iil.n v the total mumber of  cases ot enterie fever
amd aleathi= from this disease which have ocenrred among the invcalated men e each
muit dueipe the whole period under observation.

A\ fewwiord i he said here to emphasize the Taet of the very special care whieh

Loy Lai ke s liaonosiso ol enterie fever by e mpedienl officers of each anit
{ ine to Lhe =vsiem ;|.’..|=r:|-.] 1k iy saledy be samdthntain case of enlerie ofcurrine i
T hie ViR ke, il s ean (LR :- haver wsenped ||-'||-1-|'|-':=I;i|:-1|, H;:In'u' YAy I|-II|-=||:II| case ol
vonfinned fever was: spe .:I||I'n' v es by all- the modern methods which were
avatlabbe s thiese included, in all eases, the agelutingtion redetion, and i iy, i not in
fhi jreril il sl igedation and ddentification of the hacillus, eitlier from he

o sbools durine Life, or from the body afler death,  Owing: o the exirencics ol

sonelitions, which, as may be readily gnessed, were not infrequent, it was ol
pu=sibile o earry out the I enltures in every instanee, hut whenever this was possible

wiw which was oldained was considerable, "‘-:r'l'iil:”_\' i

that the recent great improvements in the techmgue of this eperation

i In this comuection afteniion mav also he calliod fo I'|i'-l|l|"'|' [
- ;

i
1
¥ . T pupe 1 | | H | \ i 1
v Renert where will e found the conclusions ol the sub=commiiee wiio

b ihe detailed hnstors anid the temperatnre chinrts of all the ecasea which

dl i this Pables both in the inoenlated and in the non-imoeniated men,
Vo will Be seen, this Sob-Committee had oo douiit as Lo the correctness ol the dimenosis
el of these cases,

vother point whicelh most be mentis {he guestion of paratyphoid fever, as i

- om this
Proseny 10 s By Lhpe porod edcbive 1;|_E-_11l |:‘!' !'l,‘;|||-|i|i |r.;||':|i:||:_| M. I.I || II'||'|' stmee Lhe \'.‘II']H'I'
il im

IHERHT TR T rhanl | ; o7 gy comcislons which mavy I drawn

tions e Do s

(&1 ]
LA EL}

I "
et 1 | Afren has beon brouzht 1o Tei B |-|‘- Yrmy M

nnits cmne under ohbsepvation that the Prisgue ey ol

otficers, thanks  to e

inereasine fre JURCETIE Y of ||}|H‘-|] |'||’.I'.:|'-'- amd the systematie !I.I-"-'I"1'|ll:Il'iI! InvestiEatiomn 1o
| .

T A - afeontimmed fever e n solilier s now .tIIEIiI.'I'l.I'II. Ihis (uesklion,

therctore, boeame one of inercasing imporiance in conneelion with the returns from the
wnits the ||a1|:|-|' Lhey ware ahroad, sind o ibemizion had to e grrived at as to how =uch
lenee of entere It waonld

Loy shomld b ddealt with in |'1I|r|.|.r|l:'1i!|'_" the talile of the el

fave Leen manifosthy anfaie o inelnde vades ol |r;:r;Lt_'||1"||2-:--=| fever oecurring gmons  men

iocilated with r}}-'il--'ill vaceine s this would el aeainst inoealntion nnjustly, for the
reason ilint. as has been shown - in Tart 1 0E the Report, experiment has proved that
:_‘.]-I.--|I|. noenlation - cives rise 1o httle or nodevelipmaent o snlslances |||u|x--'|f¢rr it
a paratyphoid infeetion,  On the otlier land; if the diagnosis of |I-'IF_-'L|_'I|I-:-'I'l-!'| was too
readil v accopted; some daneer wonld exish of exelunding eases of cenuine typhoid from
thie table.

After caroful consideration it was decidod o admit the diagnosis of paratyphoid
fever only when paratyplioid bacilii has been i=olated from the p;ut.'n-hl and ddentilied by
cultvo=nl fnira, o Ulases, l"l"-'l'i“]i,"' it earlier unils, were “nol infrequently reeorded by
Che medied] officers ns pasntyphail Tever, the dinenosis: having heen mapde on the

awelutination reaction and, to o smatler extent, on the clinjeal signs,  Sueh diagnoses it
wae thowent inadvisable to aceept in view of the notorious diffienlty” of interpreting

correcily the * rrougp porlntinnlions which fre sn |n_-r|m_~1|l!'|_\' met with in 1't~l.|.-l.1_ ||||.:-_tn
1 e l_-.'|rr.|p-:'||i_i Py nf bacterin. Dioubiful cases, then, of I.IZI.I'iH_"-']JIItJiI!: fevier, III-. whieh
the bacilius had sl heen isolated anil identified have in all cases been ineluded in this
Tablbe ns cases of entepcfever.  Itois ]u-:--ihlu, and indeed most '|lr1|hn|h|1.'. that by this
svstem certain coses of paratyphoid have been included which onght not to have been,
bt it was felt Better to'fun this risk than to adopt the alternative of excluding cases becauso
they were possibly paratyphoids ; the latter procedure might justly have been eriticized
as tending towards an unduly favourable view of the effects of typhoid vaceine.
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It is hardly necessary to add that the same strict rule was applied to cases of para-
t_','phuiu;l ar HIIHIH;.‘I:‘.‘LEII, paraty shoid nennrring nmong the oiher rroup of non-inoculated
men and such cases were only excluded from the returns when paratyphoid bacilli had
been isolated and identified ; otherwise they have all been included as cases of genuine
enteric fever. In this way, although as has been said, some cases that were really para-
typhoid may be included in one or both groups, the two groups are at least comparahle
since each has been submitted to the same arbitrary method of elimination.

As regards the totals recorded at the foot of the columns, it will be seen that there
have leen BB cases of enterie fever among the men of the 24 units during the period
for which they have, respectively, been under observation, and -that of these 56 cases
b have died. Full details with regard to the inoculations will be found in Table IL. and
an analysis of this Table is given in Chapter 1L, so no more need be said about
them in this place.

Columns 15, 16, 17 and 18,—These deal in similar fashion to the preceding four
columns with the strength of the nor-inoculated in the various units and with the
incidence and mortality of enterie in this group.

The number of the non-inoceulated in cach unit and at each period has been arrived
at |J_‘,‘ :-illhlnl.i'.iiu;_' the number of the inoculated men on a certain date from the total
number of men present with the unit on that date. As will be seen, in this instance the
strength of the group is a falling strength and the total number of non-inoculated fell
from ll,EﬁB, whien the units reached their first foreign station, to 8,536, tllL‘:‘[]'L“IIg[]I
which was present with the units on the dates at which the latest returns were made up.

Columns 17 and 18 show the actual number of cases of and deaths from enteric
fever which oceurred in this non-inoculated Froup duringe the whole of the Emriml niurin;;
which the unit had been under the observation of the attached medieal officer.

The remarks which have been made upon the cases and deaths from enteric oceurring
among the ineculated group apply equally to this non-inoculated gioup. The same
pains have been taken, in every instanee, to verify the diagnosis in every possible manner,
to exclode none but bandd Kide eases of paratyphoid fever, and to make certain that no
case eseaped observation and record through a man going sick al some oul-station where
he had been detached on some gpecial duty.

The Bub-Committee already referred to submitted the temperature charts and
detailed medieal history of these cases to the same careful serutiny as those of the
inoculated men, and their report may e studicd i connection with the correetuess of the
diagnosis.  {See Chapter IV., Part I, page 98).

Looking to the totals at the foof of eolumns 17 and 18 it appears that in the group
of 8,936 non-inoculated men present with the 24 uwnits on the date of the last returns
272 had contracted enteric fever during the period under observation and that 46 of
these cases were fatal.

Columns 19 and 20 record the case-incidence per 1,000 men in each of the groups
of inoculated and non-inoculated. The sirengths from which these incidences have heen
derived are those which were present in each unit on the date on whieh the last return
was completed and will be found in columns 12 and 16, respectively. In considering
these incideneces it must be borne in mind that I;]u_-,-_l|.r refer to the ineldence ealeulated for
the whole period during which the unit in question has been under observation and that
this ranges from 3 years and 10 months, in the case of the 17th Lancers, to 4 months in
the case of the 1st Bn. l"ln_\':ll Scots, - The average ]H_'riml of ohservation of the 24 units
was 1 year and 8 months.

It will be seen at onee that the incidence is in favour of inoculation in every instance
except two, units Nos. 13 and 22, but in each of these regiments there had only been
two cases of enteric during the whole period of observation so the figures are not of much
ﬂ-igni!h'nn::e,

The case-incidence of the whole body of inoculated men is 5°39 per 1,000, while
that of the non-inoculaled zroup is 30°4 per 1,000.

The “probable error” of these figures has been worked out by Colonel R, G. 8.
Simpson, C.M.G., R.A.M.C., who finds that in the case of the incidence of 539
among the inoculated the probable error is 4 048, while, in the ease of the incidence of
304 among the nou-inoculated, the probable error is 4+ 1'23.  Colonel Simpson
concludes from his examination of the figures and the smallness of the probable errors
that the difference in the incidence of enteric in the two groups is, in statistical
language, * sicnificant.” ™

A

W L view of the fact that the percentage of typhold in either group is very small, absolutely, the
distribution of rmuden errors in second samples will hardly be normal, so that prolalile errors, caleolated by
alie usual formula, need care in interpretation.  (See Karl Pearson.  PLil. Mag., page $65, March, 1907.)
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Fxpressing the ratio of one group-incidence to another gives the result of one case
in an inocnlated man to 50 cases among non-inoculated men, or, to put this mass of
figures into still plainer language, $hey show that typheid fever was between five and six
times as common in the non-ineenlated as in the moculated,

Columns 21 and 22 show the case-mortality per 100 in each unit in the h:ﬁ'pr:tiw
arpups and also the ease- 111r11“!.1]lf:.'1f the whole number of cases which oceurred in each
oroup. The latter fizures will be seen to he B0 per cent, in the imoculated and 169
per cent. in the non-inoculated. Too much stress should not, however, be laid on these
fisures as the total number of cases dealt with i=s too small and there is so great a dis-
proportion between the number of cases in the two groups, but at the same time
attention may again be directed to=the report of the Bub-Committee (see Chapter IV.,
Part 11} who concluded from their detailed study of the individual cases that there was
evidence that previous inoculation resulted in modifying the severity of a subsequent
attack of |'!.I.l.':|'54'_ 1‘[ i‘~ '||I'--|r:|'!|||'_ 1h|'|'|'!:'|-r|'_ l|,.'|_| 1||1' lower rate of ||mrlu|i|:_'.' irldil'“l{!i'
|.-_'|' these Ii"'.:l'l:"- in the case of the non-inoculated .'||Ih|i-r¢_l_;||. .-»I;|1ir-ti|'.'L]E_1-' unsound
practically correct.

Licavine on one side the statistical '-Il|iL|.i1"- of the ficures it will be admitted that it
|*- naot -:.|'-'| (£} r~\|||'|1|| 1]|| e I= I|| al in the 11||.1]|L|" r|‘v||||]| of .EL'E—L‘}G MOT=- mocnlnte 1] T
46 have died from enteric fever; while in the larger group of 10,378 men there have
been bl B deaths from this disease, on any other grounds than the protection afforded
l"." mocnlation. R

It may be noted, in concluding this chapter, that in unils Nos. 11, 16 and 18 no
cases of enterie fever occurred in either group dering the period under review. The
numbers therefore gwell the general tolal withont affording any information as to the
elfectz of inoenlation.  The subtraction of their tofals from the whole, however, |.:|1'||.'|.'
influenees the final results fraction: :.I-u ginee the number of inoculated and non-inoculated
men in these three regiments is fai In' cvenly balanced.,
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CHAPTER IIL

Tie Cases or Tyranomn Fever amoxs tine Ixocunaten.
{With Table I1.)

As it was anticipated that useful information might be derived from a careful study
of the cases of enteric fever which oceurred in men who had been inoculated, accurate
records have been kept in every unit not only of the faet of inoculation but, in addition,
of the number and date of the vaecine employed, the number of inoculations, the period
which had elapsed between inoculation and attack and many other points. The influenee
of inoculation in modifying the severity of the atiack has been studied by the
examination of the temperature charts and the detailed medieal history of each ease by the
Sub-Committee appointed for the purpose, whose report will be found in the next chapter.

Table I1., then, will be found to summarise the information which has, from time to
time, been communicated to Sir William Leishman by the medical officers attached to
each unit in connection with the following points, relating to each of the 56 eases of
enteric fever which oceurred in inoculated men : —

1. Name of the patient.
2, Total number of inoenlations which he had received.
3. The number and date of preparation of the vaccine or vaccines employed.
4, The age of the vaccine at the time at which it was nsed.
b. The period which had elapsed between inocolation and atiack.
6. The nature of the attack, according to the following classifieation : —
Very mild.
Mild.
Moderately severe,
Severe,
Fatal.

The final eolumn of the Table is left for remarks in eonnection with individual eases.

The Table does not appear to call for many words of explanation. The eases are
numbered consecutively, by units, and each man's name is iven, with two exceptions,
where the medieal officer only furnished his initial.

The number of inoeulations given to each man varied from one to four, Although
two inoculations, at an interval of 10 days, are always advised it has not been possible in
all cases to persuade the men to come forward for their second dose, while in some cases
illness or absence has been responsible for this second dose being either abandoned or
considerably delayed. In other cases a man has been re-inoculated after the lapse of a
year or two, either with one dose or with two. In each instance, eolumn 4 will show Lhe
]Iﬂrtii'UI:lr vaceing which was d.'m'plﬂ_}'r.'l.l in each inoculation or re-incculation,

The older vaceines were distinguished by letters, the more recent ones by figures,
and in each instance the date on which the sterility of the vaceine was verified is also
recorded. In this conneetion it is important to bear in mind that all vaceines up to and
including letter I were prepared according to the old system, in use at the time of Lhe
South African war, and all vaccines lettered F, G, &e., as well as all those distinguished
by numbers, are what have been referred to throughout this Report as the © new " vaceine,
i.e, a vaceine which had been sterilised at a temperature of 53° C. and had been
prepared from a young culture of 24—48 hours’ growth.

The next column gives the age of the particular vaceine which was employed at
each inoculation ; as will be scen, in many instances, this greatly exceeded the period
of 3 months which was subsequently fixed on as being the maximum time during which
a vaccing could be counted on to retain its full efficacy.

The next mives the Iu.-r'md I years and months which had i,:lnp.ls.ml hetween
inocnlation and attack., In eases where more than one vaceine had been llﬁml, either at
an interval approximating 10 days or in the case of a re-inoculation after many thonths,
the period between each series of inoculations and the subsequent attack is separately
recorded.

The other columns eall for no explanation.
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. Jhe principal object in collecting the various items of information smmmarized in
this ‘l'able has been to throw light upon such points as the relative efficiency of one
inoculation as compared with two or more, the differences, if any, in the apparent
protection afforded by different batches of vaceine and other points whose importance
had emerged during the experimental work dealt with in the earlier chapters,

The question of effective protection should be judged by the standards described
below, and is of obvious importanee in considering the eases of the men who, in spite of
inoculation, have contracted enterie fever, :

. The standards of effective protection which have been adopted, either as the result
of experiment or experience, are the following. Justifieation for them is to be found in
the detailed account given in the earlier chapters.

1. Two inoculations, at an interval of 10 days, are considered necessary for the
conferring of the maximom degree .:f immunity ; men, therefore, who had only received
one dose, cannot be regarded as fully protected. In this connection it shonld be
reealled that the first dose of vaccine contains only 500 million bacteria, while the
second contains 1,000 million.

2. The vaceine employed should be the “ new " vaceine and not one which had

been to some extent damaged by the excessive heat formerly employed in sterilization.
In conncetion with this standard it will be noted that in two instances the vaccine which
was nsed ig recorded as “ Kasauli," which means that the vaceine wsed in these cases
had been prepared at the Pasteur Institute, Kasauli, and no information as to the actual
details of preparation was available,

3. The vaceine should not have been more than 3 months old at the time of its
employment.

4. It has also been concluded that the protection given by effective inoculation
does not last more than 2 years in the great Ju:{.inrit_'r of l'ﬂhL'ﬁ: as evidenced IJ.:,' thi
decline of the protective substances in the blood and statistieal information -as to
protection.

Taking these four standards as evidence of what may be ealled * elfective
protection,” the Table permits of a determination of how many of these 56 cases were to
be classed as effectively protected at the time at which they eontracted the disease.
Failure to conform Lo one or other of the four standards will first be considered
.‘i.l:'imT:|1l.'|l'r. and then the total of those who fail in one or more respects will bearrived at.

(fazs 1. One anoculation only.— In 8 cases this will bhe seen to be the case.  These
eases are Nos, 15, 14, 15, 16, 26, 40, 42 and 55,

Cluge 2. Not iwoculuted with new vaceine,—Vaeeine prepared in the older manner
was employved in 18 cases, including the whele of the eases in the Hoyal Fusiliers., The
cases affeeted are Nos. 1—12, and also Nos, 87, 38, 40 and 41.

In eases 11 and 12 no information could be obtained as to the actual nomber of the
vaecine used, a3 the men were inoculated on board transports when coming out with
drafts to join the regiment in India, and only the fact of inoculation had been reconded
in their decuments.  From the date at which they arrived, however, it was certain thai
the new vaccine had not then come inte use. Cases 2:5*and 30 were inoculated witk
“ Kasauli,” but are wof included since thi= vaceine, having been prepared by Lieut.-
{olone]l Bir Davad Hﬂmpir, may with confidence he ncm-ph-d as clfective.

(Mese 5. Faecine nsed more than % months old.—No case has been included in this
cluss ii'||||.'|' one of the doses which he had reecived at varions times was less than 3
months old at the time of use. 15 cases fall into this elnss. Nos. 5, 6, @, 16, 19, 21,
93 35, 37, 88, 40, 41, 42, 45 and 55.

ess 4. Attark 2 years or more ginee inoculalion.—This happoned in 3 cases,

Nos, 22 25 and 246,

Examining now the whole of the 56 cases from the point of view of failure to
eomply with one or more of these four standards of effective protection, it appears that
30 arc included in one or more of the classes, and only 38 come under the above
definition of having heen q:ﬂ'u-l'li'l.'ﬂ:,' pmi{'uh'd. The details are as follows :—

Included in one class only. . L A 19 -
Included in two clisses e s {1
[ncluded in three classes . fis L 1
Wot included in any class ., i i 26

Total o ot
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It will thus be seen that although 58 inoculated men contracted enteric fever out
of the total of 10,378, only 28 of these cases were in men who might have been
considered as effectively protected by their inoculations.

No exact figures are available for comparison as to the numbers of men effectively
protected and not effectively protected in the units, but it may safely be said that the
enormous majority were effectively protected in the sense deseribed ; for instance, in
many units there was no single ease of a man who had received only one inoculation
and, since the year 1906, no dose of the old vaeccine has been given to any soldier.
Agnin, the regulations about the non-employment of any vaccine more than 3 months
after its date of preparation have been strietly enforced since the importance of this
was recognized, and in the ease of the majority of the units it was only by accident or
oversight that an odd dose of a vaccine older than this has been given.

''he fact that considerably more than half of the 56 cases are shown by this table
not to conform to the definition of effective protection is one of great significance and
should not be lost sight of in assessing the general protective value of the new vaccine
from the results displayed in Table 1.
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TABLE TII.
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The cages G_f Enteric Fever

Hegiment and name.

2od Ba. Royal Fusilicrs,

1 | Wilson .. “a e
2 | Keats
3 | Longhurst
4 | Smith
b | Buckley ..
£ | Luddington
7 | Coléman ..
8 | Arboor
8 | Hewitt
10 | Laowe S
11 | Whistler ..
12 | Bone
1Téh Lameers.
18 | Cotter ..
14 | Roehuck . :
15 | Groom :
16 | Richards ..
17 | Leverton
18 | Riclimond
19 | Orchard
200 Jehib
21 Kirl:
23 | Poale
28 | Thornton. .
24 | Laws0n
25 | Cooper
26 | Payne
&7 ]:I.ll!l!l.'}'
28 | Pulbrook. .
20 | Bmith
A0 | Lancaster
146 Hussars,
31 | Stavens .. .
82 | Murch ..
338 | Lockwood

34 | Chester

Srd Bn, Coldstream Guards,

3b I Prescott ..
86 | Willinma, .

» 5
amloead il B

Wumber of

5
i | bt
% Number and date of vaccine, | panm ‘:::Eczlu:u =i
- | |
- | 1
e Siaet ! -
|
! |
I -
[ Yrs. Mihs,
a B.=icf,, 1004 % :J i
| st two .. R |
. =Dpt-, 1904 { Ind tt:::: § ws 1 1
.| VO .a 1
4 | B—Oet. 1904 { I}m‘] ik ; £ III |
" st twor ., . | 1
1 B—ct., 1904 {I i iy 1 "
2 | B.—0et., 1904 . 1 il
2 | B—0ct., 1904 ol 1 III
3 I B.—UOct., 1904 _.]L:!i“”__ 2 IJ =
- 1st Ewir .. e || I
1 B—lvt., 1904 2nd two, . e | (1]
2 B—Oct., 17404 : | [}
2 E—duly, 1305 o g
Fo T “ ¢
A | ¢ | !
|
i
|
!
1.| F.—Aug., 1905 3 I 0 14
1 | F.—Aug., 1905 o
1 28 —July, 1507 [} iy
1 | 42.—Tan., 1108 . i g g
5 [| 1st two .. G.—Nov, 1905 . .| [ 1st twao SR |
1! 8rd . 10 —May, 1806 .. | dcd .. Dty RS 7
2 Jl.—Aug., 1907 by 0 1
2 G.=Nov,, 1905 1 1
2 | b.—Ang., 1908 0 1
2 G.—Nav., 1904 1 |
2 F.—&ug., 1005 s i 'I
2 | Kasauli.—April, 1908 , . 1R
2 | S5l—Aug., 1907 5 Hy ] 1
4 st two .. F.—Ang., 1905.. { lat twao e || |
| 2nd two .. G.—Nov, 19056, | 20d two it i
1| 1—May, 1905 i 0
2 | 42 —Tan., 1208 i 3
2 | 8l.—Aug, 1907 a 0 1
q [ | 18t two .. 12, —June, 1904 ;

: drd «« 44 —Mar,, 1004 fd g ik *
2 1=t e L—Ang., 1908 1st ad Al 17
{ Znd . Kasauli—April, 1908 | 2od .. e I

|
2 | 89 —Mar., 1907 1]
' | 1), — :'i!.'l_'g.', 106 3 P L] 4
- 15t .. 10.—May, Li0E ool J Lat L Lol 3
:{- 2nd .. 11.—May, 1906 ol 2md - .. it -
Z 10.—May, 1906 - L1 .
|
2 | 11.—May, 1906 AR 0 43
| 1st two .. 10.—May, 1906 ../ | 18t two 0 1]
E{Etlr-l ve 26 ~—Mwy, 1907 ..| | 9nd .. 0 14
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amanyg the Inoculated,

{418:1)

Hiomarks.

Relnpee,
Diration of fever, 18 1|P|.}'!.

Duration of fever, 12 days.

Ied of cholers during convalescence,

Daration of fover, 14 days.

Fatal ]urlnunlﬂllﬁ(ﬁ.
Complicated with malaria.

Malaria. Thrombus.

Thrombas,

Malaria.
Paratyploid A ¥

Helapee.

«»| Duration of fever; B days.

hiration of fever, 12 lhll-_'r'ﬂ.-
Following ponorrhoea.
Complicated with malnria,

Blight relapse,

Duration of fever, 8 days.

|
Parforation.

I}llrll.liﬂn of l'1-'l-'rl', ] l:|l'l-_1-'H.

B .- Duration of fover, 18 days.

&

|
W : Al :
Period ]:ﬂl;:;ll:|1|:|:ifl ulation Nabicre 6f atteo
Trs Mths. |
1 4 | Bevore
15k twidx 1 4 by
nd two 0 4 Mild
L;ltll t““‘ ill :IE-: 1|I|"rI ||-|th
It twa 1 ]
{ Pl Lo 0 10 Hud-_-ratehr BOVORY
1 1] Mildl
1 0 Mild,
1st two | 10 :
{ rd 1 0 Mild
(BT AT 2 (1] , -
and tera 1 g Very mild,
1 0 | Very mild.
1 10 | Died
¢ | Mild
7 Haviere
0 2L | Mild.
H] G4 | Moderatedy severe
0 1 | Mild.
11 days | Very mild..
I8t two a8 2 a2 1. i R
{ 3r-| TE 1 10 .,“I:II.I ral |_'|" BV
1 2 | Molerntely severe.
1 11 | Moderately sovere
0 1E | Mild
| 11 Bovere,
5 1} | Died.
(1] 1 Moberatoly severe,
1 4 | Very mild..
156 two it | [ agua
{El.dh\'u * 0 e
2 7 | Mild -
o 11 LIS
1 4 | Mild
I8t Lt o | il ok
'{ ard o a0 |fTen mild
| J 1at e 1] H PR
{ i | 0 3 Very mild
|
1 | YVery 1 _ﬂi.
0 11 | Yery mild
| L=t ; S Lo | B 1 RE
R R T R e ried
1 0 | Very mild. . e .
i
1 o | Very mild . . i
H Ist twoe '3 (il v u
{ 53 Y iy |} wry mild o
f

Duration of fever, 12 days.
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. - k2 E + | Ao of vocolne at time
Hl‘p{il:lbl!'lilt and namws, _.-"'E .:: Nuomber and date of vaccine. | = of
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EN
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| | |
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: 38 | Walker £ o - 2 Fo—Mugr., 1905 - 1 7
3% | Bryan 4 = 1 i I 2 10 —May, 1906 S 0 3
40 [Private B AR R S T W T T T il I
41 |Privata D... .. = ..| 2 | BE—Aug, 1905 st} L
2nid Br. Doreelikire .ﬁ'r'-‘rr, | ! | i
8 Fly o i e | 1—May, 1906 .. .| o i)
13k Firigade, Royal Horse | |
A rtill!r.r,-. | |
| rums | F lst .. l16.—lanoary, 1907 15t P | ] T
44 | Llools 21! 2nd .. 27.—Tuly, 1907 ": T T
lip et e 1st .. 26.—May, 1907 st 3 | 4
44 | Pringle .. se ol 8 | ond ., 87—July, 1907 { o S e
| |
st Jl.'J'.ll:le Diragoon (fuards, I |
45 | Bennett .. 2 ar | 2 | 83 —Sept., 1907 s o 0 3
46 | Christian ., e sl )9 | 88 —Bent, 1907 Tl 0 u%
47 | Fawoett . 2 | M), —Aug., 15908 e -n L LI
st Bn Lancaskire Fusiliers. | !
: |
48 | Brenoan .. a5 i pa : 2 | #4.—Sept., ]'J]ﬂ-? 4 i 0 2
b i It .. S0—dualy, 1907 A o i | | 1
43 | Whiteside i 1 o ..!'{ fud.. 31.—Aug., 1907 { 2l = ST 1 |
1 i
itk Bn. Worcestershire Regt. |
50 | Llewcllyn 2 | §0—Any., IEITM s il 0 1é |
L. Ist .. lZ.=—lan, 19 | 1sat s a1 1% |
51 | Hate s { et i e SR | e e S
52 | Birhicp 2 al.—Aug,, 1008 = . .| 0 1
53 | Ashlbyy & | 48 ——June, 1508 - 7 | Q 2
|
Ind Br. Liverpool Regl™ | |
5 | Chesterman = i 3 2 | 65 —Feh., 1909 v ! 0 2
55 | Hardinge, . [ ok -5 1 I . —April, 1907 iy L1 T
|
14t Bn, fl'c.-yrl! Neols. i
|
56 | Lindsay .. o it e 2 | 28.—April, 1907 * A L] 3
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L. —continued.
i X : - r—
— b:zm‘:;:ﬁmu‘“m" Nature of attack. | Hemarks.
T |
Yre, Mths,
0 6 | Very mild.
] 6 | Mild. : :
1 4 | Died 4 e 5% . .| 4 months batween 15t and 2nd inoculations.
| &4 | Mild.
1 G "n'l_-'r:,' ] ) — T v o | Duiration of fever, 14 d‘-l-_'ln'!.
0 T | Very mild
-P—
f ]J'T]LI:i g i:i Yery mild o 7+ oo | 6 days' fover, paratyphoid ?
L:I:[ } ;i Y ory maild mw— aw .o Bodays’ fover, ]IH-F-H,TEDIII!'M '
i 5 Vory mild, k :
1 1 Mild R S —— vo | 2f months betwen 1at and 2nd inoeulations.
(1] S | Mild M ; = .« Duration of fever, 11 days
| i | Mild i o e . Bliglt :':-'_:1|h.|-_.
J’E-\:!_ m e | l;-- }'l"lt "
T20d .. e B Mikbd.
(1] 4 Vory mild — o .. Duration of fever, 10 days,
L L Very mild i t .. Duration of fever, 6 days,
2nd 1 10 ’
] T :‘l!lll]l'r.'l'!l'l:.' e T, :
9 Mild £ o o .| Duration of fever, 12 days.
- mE R ewsmm—
(i 1 Very mikd . . = s .. Uomplicated by malaris
1 6| Mild-

17 11 | Very midd
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CHAPTER 1V,

e

Rerorr or tor Bue-Commrrree ox Tyeuoin Cases,

1. The following Bub-Committee was appointed at the 16th meeting of the Anti-
Typhoid Committee, on 2nd July, 1908 :—

Dr. James Galloway.
Dr. R. Foord Caiger. ~
_Lieut.-Colonel 8ir W. Leishman. ™

2. They were requested to make an examination of the case-sheets and temperature
charts of the 208 cases of enteric fever shown in the return presented to the Committee
'hg' Lieut.-Colonel Leishman in August, 1008, and to report to the Committee the results
of this examination.

3. The collection of thesdoeuments was undertaken by the War Office and they
were forwarded to Colonel Leishman as soon as they were received from the various
foreign stations at which the test units were or had been stationed.

4, Bince the process of collection took a considerable time the total number of cases
had, in the meanwhile, increased and the sub-Committee were therefore able to study
the particulars of 60 additiesal.gases, making a total of 258,

The documents, then, which have been studied by the Bub-Committee are as
follows :—

Non-inocuolated cases . i oy i PR
Inoculated cases iy o e P, A it
Taotal o -3 |

5. The Bub-Committee have no hesitation in expressing the opinion that these were
genuine cases of enteric fever; indeed the records tend to show thal, in the large
majority of the cases, the atback was typical. Besides the information gained from the
temperature charts and the elinical histories recorded in the case sheets they also noted
the following points. 1st. Widal's reaction had been carried out in every instanee.
¢nd. In a large proportion of the cases the attempts which had been made to isolate the
typhoid bacillus during life from the blood or excreta had been successful.  3rd, In those
fatal cases in which an autepsywas permitted the post-mortem characters recorded were
typical of enteric fever.

6. It was felt that a closer study ef the details of these 258 cases might disclose
information bearing upon the relative severity of the disease in the inoculated and the
non-inoculated, respectively ; this was therefore undertaken on the following lines : —

Each casze, after a carefalconsideration of all the available evidence, was referred to
one of the following five classes :—

Class 1.—* Very mild cases,” In this were included such as showed an exceptionally
brief period of pyrexia, not exeeeding 14 days, and in which the range of the temperature
has been low. They had also been completely free from complications and had shown
no severe signs of toxemias=

Class 2—* Mild cases.” In these the duration of pyrexia was somewbat longer
than in Class 1, averaging 18 to 21 days, but resembling Class 1 in the moderate height
of the temperature, the freedom from complications and signs of toxmmia.

Class 3.—* Moderately severe cases.” Buch were cases of average severity and
duration, the pyrexia lasting-8 weeks or longer ; the degree of pyrexia was also higher
than in the former classes and the patients had shown signs of toxmmia, though not of
a severe nature. Cases, also, which, although mild in the initial attack, had been
followed by a relapse, as well as such as had been complicated by the occurrence of
-E:l']ahi:i& ronchitis, hamorrhage, &e., if not exceptionally severe, were also included in

[ER y S—

Class 4.—* Bevere cases.” In this class were placed all cases in which it was clear

that the patient’s life had been in danger, either from hyper-pyrexia, prolonged pyrexia,

severe toxic symptoms, dangerous complications, severe & or greatly protracted
convalescence. : ‘
Closs 5.—* Fa " No attempt was made in such eases to distinguish between

these in which the a appeared to be of mild nature, death oceurring from some
accident such as haemorrhage, and those in which death was due to the intensity and
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severity of the infection. The small number of fatal cases in the inoculated would have
rendered any comparisons of this
_ The Sub-Committee were in agreement in each instance as to the particular class to
which each case should be assigned, and, jn the majority of the cases, the classification
was made independently by two members
The following is the result of the classification :—

Ulnss, Inocuiated, I| Non-inoculated. Total.
1. * Very mild" i ‘ . | 7 | 26 12
2, % Mild "™ ‘i o A i ) | a3 5l
3. © Moderately severe™ .. .. 11 | 60 i1
1. v Bevers ™ o o B 3 l 43 a2
3, Fatal™ e . i s K] 1] 39
Totals X ok e Mo iﬁ'!E : 28

It will be seen from this table that the average severity of the atiack has been
greater in those who had not been inoculated than in those who had been inoculated
and subsequently contracted enteric. 'THi§ is still more apparent when the relative
percentages of the classes are considered and contrasted, as has been done m the
following table. Tn this the milder cases comprised in Classes 1 and 2 have been
grouped together and contrasted with ¥ smmilar-grouping of the moderately severe,
severe and fatal cases included in Classes 3, 4 and 5.

|

. | Peroet ~on bimwsdd
| Percentage of combined | 1::;—:&!;’;? :t-:-rl::

—_ “yery mild™ and “mild " | II:II.:I  Fatal ®

ey
e | CHAEs,
f
Inoculnted .. . s G6-1 per cent. 339 per conte
MNon-inocilated o il 200 ol LLE i

General conclusions.

i. The examination of the case-sheets and temperature charts of the 208 cases

proves that they were genuine cases of enteric fever.
. The average severity of the inoculated cases was considerably less than that of

the non-incculated.
JAMES GALLOWAY.

F. FOORD CAIGER.
W. B. LEISHMAN.

December, 1909,
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PART Il1I.

FINAL SUMMARY AND COKNCLUSIONS.

The results of the more important of the various i:lu'estigntimm undertaken for the
Committee, and the—eonelusions drawn from them, may be Dbriefly summarised as
follows 1 —

A.—ExrerivesTan Resours,

1. The development of immunity against the typhoid bacillus, as indicated by
quantitative investigation of the various anti-bodies produced, was exhaustively studied
both in man and animals.

2. The relative efficiency of vaccines prepared in different ways was then measured.

Vaccines made by a variety of methods were compared, but none found to possess
material advantage over that of Sir A. K. Wright, provided the temperature employed
for sterilieation be reduced to 53° O,

3. A large number of methods which had been suggested for the standardization of
vACCINes were cri:ical.ll_v examined, and the enumeration of the number of baecteria in o
griven volume of vaceine was adopted as the most accurate and convenient.

i. The keeping qualities of the vaccine at various temperatures and under practical
conditions, such as a voyage through the tropics, have been examined. Vacecines three
months old were found to be efficient, but serious deterioration in immunizing value was

apparent in those which had been prl. s1x months or upwnrds_

5. Careful experiments were made upon groups of volunteers, in order to determine
the most effective system of dosage, viz.,, one affording adequate proteetion with the
minimum of temporary disability to the soldier.

B.—BratisTicarn. Resvnrs.

The histories, as regardetyphoid fever, of 19,514 soldiers, whose average period of
serviee abroad was 20 months, were carefully followed, and every precaution possible
was laken to verify the diagnosis bacteriologically, Of this number, 10,378 were
inoculated, and 8,936 not inoculated. The case ineidence of typhoid fever among the
inoculated was 539 per mille, and among the non-inoculated 30-4 per mille.

There is no reason for supposing that this difference ecan be attributed to a want of
homogeneity between the two groups. The age distribution among inoculated and non-
imoculated was approximately the same. They were intermingled and lived under identical
conditions,

The experience of Lieut.-Colonel Sir W. B. Leishman and the inoculating officers
lends no support to the view that soldiers who, from their characler and habits, might
presumably be more likely to incur the risk of infection, presemt themselves for
inoculation in smaller numbers than their more carcful commdes.

In the upiufun of the Committes the gubstantial difference in the incidence can

ﬂ1|!l'l.' he attributed to inlnclﬂlll"t{:n,
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