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THE PROGRESS OF ANTI-TYPHOID INOCULATION IN 
THE ARMY. 

By BREVET-LIEUTENANT-COLONEL W. B. LEISHMAN. 

Royal Army Medical Corps. 

THE system of protective inoculation. against enteric fever, which 
was introduced by Sir A. E. Wright in 1897, has recently been 
resumed in the Army as a voluntary measure, and every effort is 
being made to secure the inoculation of as many men as possible,. 
prior to their embarkation for countries in which the disease is 
endemic. Under these circumstances, I feel that an apology is 
hardly necessary for the following account of what has been and 
is being done with regard to typhoid vaccine. 

I may, in the first place, recall the chief points in the history of 
inoculation. After it had been employed, on a large scale, upon the 
troops in India and Egypt, with results which appeared most 
encouraging, the system was adopted in the case of the troops 
leaving this country for the Boer War. Although perfectly volun
tary as regards the men, a very large proportion availed themselves 
of the method, and it was hoped that, at the conclusion of the war, 
the question of the amount of protection afforded by inoculation 
would be definitely settled, one way or the other. Unfortunately, 
for reasons that must occur to all, statistical evidence on the subject 
was extremely hard to collect, and was only available with regard 
to certain units, in which it had been possible to ascertain the inci-
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464 Prtogress of Anti- Typhoid Inoc1tlation in the Army 

dence of enteric among the inoculated and the uninoculated. I 
need not enter into an analysis of such statistical records as were 
made and published, but will only mention that it was obvious that 
a considerable diversity of opinion existed as to the merits or 
demerits of inoculation. 

This divergence of opinion was one of the reasons which led to 
the temporary abandonment of the system after the conclusion of 
the war. The other was concerned with the possible dangers of a 
"negative phase," i.e., a period following on inoculation, during 
WhICh the natural powers of r.esistance to infection are reduced 
below their normal level. Sir A. E. Wright, with his customary 
candour, had been the first to point out the possible existence of 
such a negati1'e phase and the dangers to which it might expose 
the inoculated before it had given place to the "positive phase," 
with its accompanying increase of resistance to infection. 

The system was accordingly discontinued until such time as 
these differences of opinion and doubts could be reconciled alld 
cleared up, and to this end a Committee was appointed by the 
Army Council to collect and consider all the evidence which was 
available, and to carry out any investigations which they thought 
proper. This Committee, of which I have the honour to be a 
member, under the chairmanship of Dr. C. J. Martin, F.R.S., 
Director of the Lister Institute, is still in existence, and it was 
upon its recommendation that typhoid inoculation was resumed, 
after an interregnum of a year and a half. Besearch work, on lines 
approved by the Committee, has also been carried out continuously 
at the Boyal Army Medical College, with the object of improving 
the system. . 

The first portion of this work was published in the Corps 
Journal of July, 1905, and in the Journal of Hygiene of that year. 
Since then I have had the advantage of the constant collaboration 
of Major W. S. Harrison, while, more recently, Major H. W. 
Grattan and Lieutenant R. G. Archibald have been attached to 
the Pathological Laboratory to expedite the progress of the 
in vestigation. 

The article alluded to above embodied the results of a series of 
quantitative tests of the substances which appear in the blood after 
inoculation, these tests being carried out daily, for a period of 
four weeks, on groups of inoculated men of the 2nd Royal Fusiliers. 
The dosage of vaccine was different for each group, and one of the 
results of our work was the determination of the dose of vaccine 
which promised to produce the greatest quantity of what are 
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W. B. Leishman 465 

termed" protective substances," without undue severity of the local 
or general reaction, and without danger of inducing a negative 
phase of resistance. The dose thus fixed we have adhered to in the 
case of the vaccine since prepared at and issued from the Royal 
Army Medical College; 

The employment of two inoculations and the ten days' interval 
between first and second inoculation were also indicated l>Y the 
results of this analytical work and are also adhered to at the present 
moment. 

While the Committee were convinced, froni a careful study of the 
whole of the available statistics, that inoculation had a distinctly 
favourable influence, both on the incidence and on the case mortality 
of enteric, it was recognised that the results were not uniform,and 
that, in some instances, little or no protection appeared to have been 
conferred by the inoculations. They recommended, accordingly, 
that further research work should be undertaken with the objects 
of improving the vaccine, if that were possible, and of securing a 
greater degree of uniformity in the amount of protection conferred 
by the process. This work was entrusted to Major Harrison and 
myself, and some of the more interesting results of the investigation 
are embodied in the Report which follows this article. 

Another recommendation of the Committee which has been. 
carried into effect, lay in the attachment of a medical officer to 
each regiment proceeding on foreign service, after a special course 
of instruction at the Royal Army Medical College. These officers 
are to remain with their regiments for three years, and collect and 
report· upon all the information obtainable as to the protection 
conferred upon the inoculated men in the regiment. At the present 
moment eight medical officers are so employed, and it is hoped that, 
in this manner, we shall soon be in possession of definite information 
as to the effects of inoculation, checked by agglutination tests, post
mortem evidence, &c., such as were unobtainable under conditions of 
active service. 

One of these regiments, the 17th Lancers, suffered from a severe 
epidemic of enteric shortly after its arrival at Meerut in 1905, and 
the report of the attached medical officer, Lieutenant Luxmoore, 
furnishes a striking piece of evidence as to the protective effect 
of the inoculations. It may be pointed out that this epidemic 
affords as good a test case as could be desired, and that it has all the 
value of a laboratory experiment, being checked by blood examina
tions and post-mortem examinations, whenever these were possible. 
The uninoculated portion of the regiment served, unintentionally, 
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466 ProgTess of Anti-Typhoid Inoculation in the At'my 

as "controls," and the fact that of 63 cases, 61 occurred among these 
controls, and only two among the inoculated men of the regiment, 
is one the significance of which it is hard to minimise, Further, 
it will be noticed by those who study the report, that both of the 
inoculated men who contracted enteric were of those who refused 
the second inoculation, and who thus, in our . opinion, had not 
received the full measure of protection following upon re-inoculation. 
The results of inoculation in this regiment have another interest, 
inasmuch as they are the first that have come to hand from a unit 
in which the vaccine employed was prepared and standardised with 
the modifications suggested by some of the results of our experi
mental investigations. These modifications will be referred to 
agam. 

While it is desirable, on many grounds, that men should be 
inoculated at home, prior to embarkation, this cannot always be 
done, and at times the numbers who come forward, in response to 
thellecture which is given on the subject, are so small as to suggest 
that the lecturer has not himself been convinced as to the benefits 
of inoculation. As a result, the proportion of inoculated men in 
many corps serving in India and other foreign stations is very low, 
and efforts are now being made to secure a more liberal response 
to the carrying out of further inoculations on the spot. In India, 
in particular, these efforts are being put forth, and 15,000 doses of 
vaccine have been despatched from the Royal Army Medical Oollege 
on the requisition of the Principal Medical Officer in India. The 
cause of inoculation in India has been greatly strengthened by the 
keen personal interest shown by the Oommander-in-Ohief, Lord 
Kitchener, who has been in communication with the Anti-typhoid 
Oommittee on the subject, and who has himself suggested lines 
. along which efforts should be made for the improvement of the 
system. Among other measures adopted to further the carrying out 
of inoculations in India, may be mentioned the appointment of a 
senior officer to each of the commands to supervise the inoculations 
and to dAliver lectures to the men when necessary. In addition, 
a specially designed case, containing all the apparatus necessary for 
inoculation, has been issued to every command. 

In many instances, owing to the exigencies of furlough, short 
notice, &c., it has only been found possible to carry out the first 
inoculations before embarkation; in these circumstances the second 
has to be done on board the transport, and for this purpose vaccine 
and syringes are placed on board each ship by the embarking 
medical officer at Southampton. It was felt that, although this 
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W. B. Leishman 467 

procedure entailed obviol)s disadvantages, we should not be justi
fied in refusing to sanction such a compromise under existing 
conditions. 

Preparation of the Vaccine.-A short account of the manner in 
which the vaccine is now prepared may be given. The method, in 
its essentials, is that of Sir A. E. Wright, which we have modified 
ina few particulars in the light of the research work on which we 
have been continuously engaged during the last two years. We still 
employ a non-virulent strain of typhoid for our vaccine, although 
the relative value of virulent and non-virulent cultures cannot be 
said to be definitely settled, and some of our recent work would 
appear in favour of the employment of a virulent culture. The 
good results, however, which have been recently obtained with a 
vaccine prepared from a non-virulent strain, would at all events 
indicate that virulence is not essential to the protecting properties 
of a vaccine, and strong evidence is required before such a change 
of procedure would appear to us to be justified. 

The typhoid germs are grown in broth, of a definite reaction, 
and incubated at 37° C. for from twenty-four to forty-eight hours, 
never longer. In order to encourage free growth special flasks are 
used, giving a shallow layer of about an inch of medium, so as to 
permit of good aeration, this being essential to obtain maximum 
development. At the end of this period the contents of a series 
of flasks are mixed together in a 2-litre flask and sterilised by heat. 

The temperature at which the vaccine is killed is ODe of the 
points which has been modified as a result of our experimental 
work. Formerly, a temperature of 60° to 65° C. was employed for 
this purpose, but stress was not then laid upon accuracy in this 
respect, and, at times, this limit was exceeded. The measurement 
of the temperature used to be controlled by the ingenious paraffin 
thermometer devised by Sir A. E. Wright, but, in actual practice, 
this was not always to be relied upon, and the temperature occa
sionallv rose considerably above 65° C. Some of our experiments, 
'~s will" be seen from Major Harrison's report, disclosed the fact that 
such super-heated vaccines had lost a large part, if not all, of their 
power of inducing the appearance of protective substances in the 
blood of inoculated rabbits, in other words, their efficacy as 
vaccines had either been greatly diminished or destroyed by the 
excessive temperature to which the typhoid germs had been 
exposed. In view of the great importance of this fact a series of 
experiments was carried out in order to determine the lowest point 
at which sterility could ~e assured after heating for ODe hour. The 
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468 Prog1'ess of Anti-Typhoid Inowlation 1,n the Army 

point proved to be a very definite one, 53° C., and to this point 
we have adhered up to the present moment. The heating is carried 
out m a water-bath, specially constructed for the purpose, and fitted 
with a thermo-regulator, by which the temperature can be con
trolled with perfect accuracy. The large flask in which the vaccine 
is sterilised has no angles or side tubes, and the broth cultures are 
introduced in such a manner that there is no splashing of the 
culture on the neck of the flask above the level at which the fluid 
stands. It is necessary to observe these precautions in order to be 
certain of securing sterility with the low temperature employed. 
Samples are then taken for the. purpos~ of proving the fact of 
sterility by aerobic and anaerobic cultures. A small percentage of 
lysol is afterwards added in order to prevent the danger of subse
quent contamination of the vaccine during the processes of opening 
and closing the phials used to hold the vaccine. The amount of 
lysol used is ·25 per cent., this quantity having been determi.ned 
by experiment and found to be sufficient to sterilise a vaccine 
artificially contaminated with microbes of many kinds, including 
anaerobes and spore-bearing organisms, within five days. 

Standardisation.-Numerous experiments have been carried out 
with a view to effecting an improvement in the means at present 
at our disposal for estimating the strength of a bacterial vaccine, 

. but, so far, without great success; for the present we rely upon 
an enumeration of the number of bacteria by means of Wright's 
blood counting method.1 In this method a volume of the vaccine 
is mixed with a similar volume of a known dilution of blood, the 
relative numbers of bacteria and red cells being determined by 
counting a series of microscopic fields of a stained film, the strength 
of the vaccine being then ascertained by a simple calculation. This 
method, an excellent one for germs which are not influenced by the 
blood fluids, has not, in our hands, proved sufficiently accurate in 
dealing with typhoid germs, since we have found that a certam 
proportion of these are dissolved up by the action of blood fluids, 
and in this way the strength of the vaccine is liable to be under
estimated. The modification of this method described by Major 
Harrison,2 in which the blood fluids are replaced by an inert fluid, 
by which the bacteria are not affected, gives much more regular 
results, and is the method which we at present employ in the 
standardisation of the vaccine. 

1 Lancet, July 5th, 1902. 
• JOURNAL OF THE ROYAL ARMY MEDICAL CORPS, March, 1905. 
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W. B. Leishman 469 

Numerous other methods have been tried, such as the one 
advocated by Lamb and Forster, but none have proved capable 
of detecting such small differences in the strength of the vaccine 
as that just mentioned. At the same time we are forced to recog
nise that the present system of enumerating the germs, although 
sufficiently accurate for this purpose, does not necessarily afford us 
an accurate measurement of the protective properties of a vaccine. 
We are still in doubt as to which of the protective substances, 
whose appearance can be demonstrated in the blood after inocu
lation, is the one to which the immunity is mostly due, and until 
this most important point is settled, no method of standardisation 
can be regarded as completely satisfactory. We are now engaged 
in making a comparison between the blood picture following 
inoculation and that which results from an actual attack of enteric 
fever, which, we trnst, will throw further light upon the subject. 

After proof of sterility and standardisation, the vaccine is 
distributed into sterilised glass phials and capsules of varying 
capacity, and is then ready for use. Full instructions 'are, of course, 
sent out with each bottle of vaccin·e. 

A not inc6nsiderabie objection to the process of inoculation in 
the past has been' the pain and swelling at the seat of inoculation, 
called the" local reaction." It may, in the future, be possible to 
avoid this altogether, but, at the present moment, a certain amount 
of this local reaction appears to be unavoidable; it is present in 
the case of nearly all other bacterial vaccines, in greater or less 
degree, and, in the numerous typhoid vaccines which have been 
used in Germany or France, the reaction, in most instances, is. 
certainly no less than with Sir A. E. Wright's method. We have 
made numerous experiments with a view to the diminution of the 
reaction, and although without much success, it may at least be 
said that, with our present system of dosage, we never meet with 
the very severe reactions of earlier days. As the reaction is sensibly 
milder, there is no longer the same reason for inoculating in the 
flank, and we now advise the outer side of the upper arm, or the 
pectoral region, as the best site for the injection; the pain and 
swelling being no longer excessive, either of these situations offers 
obvious advantages over the flank, not the least of these being that 
the individual has no pain or stiffness on walking, and is thus less 
likely to act as a discouraging example to his uninoculated comrade. 

The importance of carrying out the second inoculation should 
always be borne in mind; not only is the reaction less severe than 
when the two doses are given together, but it has been clearly 
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470 Progress of Anti-Typhoid Inoculation in the Army 

shown by animal experiments that a higher degree of imm unity 
is produced by successive doses of vaccine than by a single one. 
In this connection the incidence of enteric in the case of the 17th 
Lancers may be recalled; here the only cases of enteric which 
occurred among the inoculated were in men who had refused to 
have a second inoculation. This fact does not stand alone, and 
there are many other instances showing that re-inoculation affords 
a higher degree of immunity than a single dose. The same thing 
is brought out by the results which have been published by the 
German authorities in connection with the anti-typhoid inoculations 
of the troops which were engaged in the Herero campaign; in this 
case the increased degree of protection afforded by two, or still 
more by three, inoculations, is clearly brought out by the careful 
analysis of the statistical results WhICh have recently been published. 
In the lectures which are given to the men before calling for 
volunteers for inoculation, this point should always be emphasised, 
and it should be impressed upon them that a single dose will not 
give them the maximum degree of protection which may be 
expected from the system. 

We have seen no reason to depart from the practice of allowing 
ten days to elapse between the two inoculations; a closer approxi
mation of the doses is undesirable on several grounds, and Con
tinentg,l experience is in accord with our own in regarding the 
ninth or tenth day as being the most suitable for re-inoculation. 
There is not the same objection to allowing a longer interval than 
ten days between the two doses, and at times it will be found 
necessary to sanction such an extension, but, if possible, the 
optimum interval of ten days should be as closely adhered to as 
may be. 

Dosage.-The quantity of vaccine to be given for' first and 
second inoculations respectively, remains for the present at the 
amount which appeared to us, from the Aldershot work, to produce 
the maximum quantity of protective substances with the minimum 

. severity of reaction, viz., 500 million bacteria for first inoculation, 
and 1,000 million for second inoculation; these amounts are, as a 
rule, contained in t and 1 c.c., respectively, of the vaccine. At 
times, however, owing to a greater or lesser concentration of the 
vaccine, the volume of the dose may be less or more than the 
above; such differences in the amount of vaccine to be given are 
always marked on the bottles, and it will be understood that, 
although the dose appears to vary with different samples of vaccine, 
the difference is only apparent, and the same number of bacteria 
are given in each instance. 
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W. B. Leishman 471 

The details of the experimental work, to which reference has 
been made, are appended in the form of a report by Major 
Harrison, and will be followed shortly by a second, bringing the 
results up to date. These reports, which are published at the 
instance of the Anti-'ryphoid Committee, will embody the more 
important of our results. The special report of Lieutenant 
Luxmoore on the results of the inoculation of the 17th Lancers is 
also given, and may serve as a useful object lesson to illustrate 
the lectures of those who may have to bring the advan.tages of 
inoculation to the notice of the soldiers. , 

In conclusion, it may be mentioned that any who may wish to 
get a more general view of the subject of anti-typhoid inoculations 
will find an excellent survey of the whole question in the Bulletin 
de l'Institut Pasteur, vo!. iv., 1906, by Professor N etter. In this 
review a full description and analysis is given of the numerous 
method~ which, at one time or another, have been proposed for 
active immunisation against enteric fever. In the case of those 
methods which have got beyond the laboratory stage, compara
tively few in number, the results are also given, both of the blood 
changes following inoculation and of the statistical evidence as to 
the protection afforded by the process. In summing up, at the 
conclusion of his article, Professor N etter, in speaking of the 
system which is the subject of the present communication, says, 
"It may with confidence be recommended in every case in which 
it appears necessary to have resort to anti-typhoid inoculations." 
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