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THE CAUSA'rION AND PREVENTION OF ENTERIC 
FEVER IN MILITARY SERVICE, WITH SPECIAL 
REFERENCE TO THE IMPORTANCE OF THE 
CARRIER. 

BEING AN ACCOUNT OF WORK DONE AT NAINI TAL ENTERIC 
DEP01', 1908-11. 

By MAJOR D. HAR VEY.' 
Royal Army Medical Corps. 

(Continued from p. 508, vol. xxiv). 

PREVENTION. 

IT follows, then, that if the cause of enteric fever and para
typhoid fever is the presence of infected persons in a snsceptible 
community the prevention of those fevers will lie in the detection 
and removal of such individuals. 

To detect an unknown carrier, especially among a large number 
of inoculated men, is an exceedingly difficult task. If he should 
give rise to a few fresh cases his detection may be facilitated, but 
it is far better to go to the fountain head, and by the early detec
tion and isolation of all enteric fever cases remove the carrier, or, 
at any rate, prevent his return to ordinary duty. 

The writer is firmly convinced that in military service at least 
all carriers have previously suffered from an attack of enteric fever. 
It follows, then, that by the rapid and accurate diagnosis (by blood 
culture, Widal reaction and clinical picture) of all cases of fever, 
and the isolation and examination of all convalescents, it will be 
possible to eliminate carriers. Those who were carriers previously 
will automatically disappear as they become time-expired. 

Such a condition of affairs now prevails in India, where we have 
a "carrier-free" Army. 

To relate how this has been accomplished is the purpose of the 
remainder of this essay. 

However, no paper dealing with the prevention of enteric fever 
in military service would be complete without a reference to anti
typhoid inoculation. The writer is well aware that but for the 
reduction of enteric fever brought about by inoculation it would 
have been impossible to deal adequately with convalescents; the 

1 Now Lieutenant.Colonel. 
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D. Harvey 95 

depots would at their inception have been overwhelmed by 
numbers. 

Typhoid inoculation was first introduced into the Army in 1898, 
just prior to the outbreak of the South African War, by Professor 
(now Sir Almroth) Wright. He based the principles of his method 
on that of Haffkine for cholera. The vaccine consisted of a broth 
culture of typhoid bacilli of ten days' growth, killed by heating 
to 600 C. for half an hour. This temperature was regulated by 
Dr. Wright's ingenious paraffin thermometer, which indicated 
when a temperature of 600 C. had been attained, but, unfor
tunately, placed no check on its going much higher subsequently, 
as indeed it did frequently in the personal experience of the writer. 
At the time this was not thought to be a vital point and was 
regarded as being useful to " mac siccar." 

The use of this vaccine was not attended with the happiest 
results, as the local and general reactions it produced were severe 
and the protection not always of a very high degree, although 
statistics collected from units during the South African War 
undoubtedly showed that there was a certain amount of protection, 
and also that if infection followed it was as a rule more mild in the 
inoculated than in the uninoculated. 

Further investigations were conducted by Lieutenant-Colonel 
(now Sir William) Leishman and Major W. S. Harrison, R.A.M.C. 
Their object was two-fold:-

(1) To reduce the severity of the reaction. 
(2) To increase the protection afforded. 
The results of these investigations, which entailed a great deal 

of most elaborate and careful scientific work, were as follows :-
(1) A vaccine heated to 600 C., or over, for half an hour, is 

practically inert.! 
(2) A vaccine which has been kept for more than three months 

is comparatively useless. 
(3) A vaccine heated to 600 C., or more, gives rise to a much 

more severe local and general reaction than one heated to 530 c. 
for one hour. 

(4) The minimum of reaction with the maximum of protection 
is obtained by the use of a vaccine which has been prepared from 
a forty-eight hours' growth in broth of an avirulent strain killed by 
heating to 530 C. for one hour, and 0·3 per cent lysol added to the 
cool vaccine. 

I This applies only to a broth vaccine of the B. typho8U8. 
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96 The Causation and Prevention of Enteric Fever 

With this vaccine as now in general use such excellent results 
have been obtained that little difficulty is experienced in getting 
volunteers. Typhoid inoculation was revived in India in 1904, 
when Captain Smallman, R.A.M.C., who was attached to the 
1st Battalion Royal Fusiliers, arrived in the country with this 
regiment. 

The regiment had prior to embarkation furnished the material 
for a series of critical experiments to discover the amount of the 
antitropic substances present in the blood serum after inoculation. 
Unfortunately, as regards the trial of the vaccine, this regiment 
was for the first two years in India placed in a station where the 
men were not exposed to the risks of typhoid infection and, sub
sequently, when they were moved to a station where enteric was 
endemic cases occurred as often among the inoculated as among 
the uninoculated; the fact being that the protection afforded by 
the original vaccine, then in use, had already vanished. For these 
reasons the experiment proved aboriiive and, indeed, in some 
degree the results retarded the cause of enteric inoculation in 
India. 

A second regiment, the 17th Lancers, was a year or so later 
sent direct from England to Meerut, a station which, especially 
from the cavalry lines, had yielded many cases of enteric fever 
annually. Qne hundred and twenty-seven men of this regiment 
had been inoculated twice and twenty-three men once only, while 
four hundred and forty-three had not been inoculated. The vaccine 
used was Wright's as modified by the more recent investigations 
referred to. Sixty-three cases of enteric fever occurred in the regi
ment within a few months of their arrival; all but two were among 
the uninoculated. The two cases among the inoculated had only 
received one dose of vaccine. Not one of those who had been 
twice inoculated suffered from enteric fever, although all were 
exposed to the same risks. 

This brilliant result, as recorded by Captain Luxmoore, R.A.M.C., 
the officer on special duty with the regiment, may be said to 
have re-established anti-typhoid inoculation in the Army, and 
the measure was thereafter actively pushed. Fortunately, the 
Commander-in-Chief showed himself to be interested, and a believer 
in the efficacy of vaccination, and in consequence it was at last 
well received by the regimental authorities. 

At the same time a word of praise must be given to the medical 
officers who carried out the actual propagandism and inoculation, 
no light labour, and in the early days (1906) - I speak from 
personal experience-often III very thankless task. 
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D. Harvey 97 

Some figures are given showing the numbers inoculated during 
the last five years in India, and are taken from a paper by Colonel 
Firth published in the JOURNAL OF THE ROYAL ARMY MEDICAL 
CORPS for June, 1911 :-

Inoculated Ratio per 1,000 
1906 4,682 66 
1910 58,481 823 

These figures speak for themselves, and when it is remembered 
that among the twenty per cent or so not inoculated are included 
those who have already passed through an attack of enteric fever, and 
also those men who are beyond the age of maximum susceptibility, 
we see at once what a remarkable change has been effected. In 
place of a susceptible community we have an immunized Army. 
This immunity can be shown directly by the results of the Widal 
reaction, and also by statistical returns. 

AGGLUTINATION TABLES. 

73 men tested. 
51, i.e. 70 per cent = ± 100. 
14 ,,19 " = ± 40. 
8 ,,11 " = Nil. 

60 men tested. 
35, i.e. 58 per cent = ± 100. 
19 ,,32 " = ± 40. 

6 " 10 = Nil. 

Of these, the majority had been inoculated within twelve 
months; ten of those who gave a negative reaction had been 
inoculated more than a year previously. 

Of the 335 cases of enteric fever which occurred, in 1910, 187 
were inoculated men, and 148 were not inoculated. Incidentally, 
this shows, as everyone is aware, that inoculation is not an absolute 
protection; but it must be borne in mind that a number of these 
cases among the inoculated were really paratyphoid fever. 

Admission ratio Death ratio 
Inocula.ted 3'19 0'37 
Uninoculated 12'72 2'06 

Of the hundred and eighty-seven men who suffered from enteric 
fever during 1910 :-

25 per cent had been inoculated one year. 
46" " "two years. 
17" " "three years. 
9" " "four years. 
3" " "more than four years. 

Colonel Firth also attributes to inoculation the fact that there 
dS now a definite postponement of the maximum incidence of 

7 
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98 The Oausation and Prevention of Enteric Fever 

enteric fever from the first twelve months of Indian service, as 
previously, to the second or third year as at present. 

The new arrivals are either freshly innoculated or are inoculated 
soon after landing. The protection lasts two years, but is wearing 
off gradually during that period. Moral: re-inoculate after thirty 
months. 

TABLE SHOWING THE REDUCTION OF ENTERIC FEVER INCIDENCE SINCE THE INTRO

DUCTION ON A LARGE SCALE OF ANTI-TYPHOID INOCULATION' AND THE ESTABLISH

MENT' OF THE DEPOTS FOR CONVALESCENTS. 

RATIO PER 1,000 
.-A-. 

Year Admi&;ions 
'1906 15'6 

1907 13'1 
21908 14'6 

1909 8'9 
1910 4'1 

ActuaZs. 
1898 2,375 
1906 1,095 
1907 910 
1908 998 
1909 616 
1910 335 

Naini Tal Depot, 1911. 
Of 18 enteric fever cases diagnosed by blood cultures 

Of 39 
" 

diagnosed clinically 

Of 85 paratyphoid fever cases 

D;aths 
3'19 
2'77 
2'74 
1'58 
0'62 

657 
224 
192 
191 
112 

47 

9 were inoculated, i.e. 
50 per cent. 

20 were inoculated, i.e. 
50 per cent. 

80 were inoculated, i.e. 
94 per cent. 

Ten years ago there were more deaths from enteric fever than 
there were cases in 1910. 

A brief account of the history of anti-typhoid inoculation and 
of its firm establishment has been given, as, although latterly the 
work of the writer has lain along other lines, yet he is convinced 
that the reduction of enteric fever in India is in the main due to 
this practice. And he is also convinced that although inoculation 
is a "confession of weakness," yet it must always be one of the 
first weapons to be used when troops are about to be exposed 
to danger of infection over which we have no control, as when they 
are engaged on active service in a country where enteric fever is 
endemic among the inhabitants. 

In some quarters, and these high quarters, the reduction of 
enteric fever incidence in military service has been attributed III 
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great part, if not entirely, to improved sanitary methods. Un
doubtedly there has been of late years a great improvement in the 
personal hygiene of the individual soldier; this must have had 
a considerable bearing on the typhoid problem in reducing the 
opportunities of the carrier. But the writer is convinced that if 
a carrier was introduced into a station no amount of sanitary effort, 
as at present understood, would prevent the occurrence of fresh 
cases of enteric fever, although, of course, cleanliness, public and 
private, would reduce his opportunities. 

It must be remembered that in India at least, apart from the 
substitution of a " wet method" of conservancy in place of the old 
dry-earth system, there has been no radical sanitary change of 
recent years. The latrines and cook-houses and barracks are the 
same buildings which were in use twenty years ago. It is, I think, 
a little unfair to our predecessors to say that there has been an 
enormous improvement in sanitation of recent years in India; and 
a perusal of an article, which is included among" Echoes from the 
Past" in the JOURNAL OF THE ROYAL ARMY MEDICAL CORPS of 
February 1912, will show that officers twenty years ago were just 
as keen and had also realized the importance of attention to sanitary 
details. 

The difference now is that this keenness and knowledge are not 
confined to the Medical Corps only, but are shared and appreciated 
at their true value by the regimental officers who are the executives. 

Roberts, in his book on "Enteric Fever in India," points out that 
sanitary effort has been effective against other" filth" diseases, but 
that, in spite of all efforts, and they have been very real and 
energetic since 1890, there has been a gradual and continued rise 
in the incidence of enteric fever since that time and up to the 
present (1906), if that incidence is calculated on the numbers of 
susceptible people exposed. 

In his opinion, the only sanitary measure which could have any 
effect on the incidence of enteric fever would be the introduction of 
a water-carriage system of sewage disposal, aud apart from this 
" all sanitary effort is mere beating of the air." 

In spite of the fact that no water-carriage system of sewage 
disposal has been introduced, enteric fever has almost disappeared 
in India in the five years since 1906, when the above opinion was 
expressed. 

It is obvious, then, that we must look beyond ordinary sanitary 
measures if we wish to discover the reason for this remarkable 
reduction. 
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100 The Causation and Prevention of Enteric Fever 

TABLE.-AcTUAL NUMBER OF DEATHS AND RATES PER lI!lILLE, 1862-1900, INDIA_" 

Deaths and Death-rates only. 

Periods. Cholera Enteric Other Dysentery, Total deaths, 
Average strength fever fevers diarrhrea all causes 

1862-70 2,630 1,589 1,441 1,700 13,020 
59,827 4'9 2'9 2-6 3'15 24'2 

Total, 10-4 per 1,000. 

1871-80 1,592 1,184 724 946 10,363 
56,213 2-8 2-1 1-2S 1-7 1S-67 

Total, 7-9 per mille. 

1881-90 899 2,342 431 546 8,7H 
61,399 1'46 3'81 0'7 0-89 14'24 

Total, 6-9 per milIe. 

1891-1900 .. 726 4,404 506 638 6,274 
68,224 1'06 6'46 0'74 0'94 

Total, 9-2 per mille . 
.. Table taken from" Enteric Fever in India," by E. Roberts. 

In 1862-70 the death-rate from cholera was double that from 
enteric fever, that is, in the pre-sanitary era. In 1891-1900, a period 
of marked sanitary effort, the death-rate from enteric fever was 
three times as great as in 1862-70, and six times greater than that 
for cholera. 

To everyone who had studied the question of enteric fever in 
military service in recent years it was obvious that although im
provement in the water supply, etc., had almost eliminated cholera 
from the list of diseases to which troops were liable, it had had 
no effect whatever on the incidence of enteric fever. It was obvious, 
then, that some other cause or causes must be looked for to account 
for the increasing prevalence of the disease. 

The work of Robert Koch and his fellow-scientists in Germany, 
which has already been referred to, at once directed attention to 
.. man the storehouse of the virus." 

The Government of India decided that an inquiry should be 
instituted on the lines of the German Commission, to determine 
whether enteric fever was due to the presence of infected persons 
among the troops. This inquiry was started in 1906, and the writer 
was fortunate enough to be selected as a member. 

Major E. D. W. Greig, LM.S., who was at the time in England, 
was directed to proceed to Germany to study the methods employed 
there at first hand. He made a stay of some months in the 
country and was given every opportunity to study the work in 
all its details. On his return to India work on similar lines was 
at once commenced. 
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D. Harvey 101 

I thi nk there can be no two opinions as to the value of this 
work, although at the same time I am not prepared, as some 
officers are, to attribute the reduction of enteric incidence entirely 
to its effects and that of the depots subsequently established. At 
the same time no paper dealing with the prevention of enteric fever 
in military service would be complete which did not deal fully with 
these researches. 

The work was commenced at Meerut in 1906. This station 
was selected as it had returned a large number of cases of enteric 
fever for several years. Colonel D. Semple, Director of the Central 
Research Institute, who shared in all the work of the inquiry. 
decided to commence by the examination of the excreta of healthy 
men in units in which enteric fever was endemic, with a view to 
the discovery of carriers. Out of five hundred men examined one 
man was found to be excreting the B. typhosus in his falces. 

On looking back on this work in the light of recent research. 
I am of opinion that we were lucky to find even one such case. 

It was obvious that this line of work was not likely to prove 
productive, and as time was limited it was decided to abandon this 
side of the question and to take up the examination of actual cases 
of enteric fever, and to follow them up throughout convalescence. 
This was done in a series of eighty-six cases. 

The urine and f!Bces of these men were examined daily. As 
three large nine-inch plates of Conradi medium were used for the 
falces, and two for each sample of urine, it can be understood that 
to examine the excreta of a dozen or more convalescents was no 
light work. Each plate required approximately thirty cubic centi
metres of medium, and every likely colony was picked off and 
investigated. 

Of these eighty-six men, ten were found to be passing the bacillus 
in their falces or urine for periods longer than six months after 
defervescence. This gives a percentage of 11'6, a very high per
centage indeed; but, as a matter of fact, only two of these men ever 
became true chronic carriers. 

I n addition to this work on the f!Bces and urine which had such 
a practical bearing on the enteric problem in India, a considerable 
amount of work was done on the treatment of enteric fever cases 
by autogenous vaccines (Semple, Lancet, 1909). Also in all cases 
the Widal reactions, opsonic index and bactericidal content of the 
serum were estimated, with the view of discovering whether such 
examinations would be of use in the detection of carriers among 
convalescents and healthy men. The methods of estimating the 
opsonic index used by the writer in 1907 were as follows:-
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Two volumes of serum diluted one-fifth, heated to 60° C. for 
ten minutes, 

Two volumes of washed blood cells. 
One volume emulsion of B. typhosus. 
The whole mixed and incubated for fifteen minutes at 37° C. 
An improvised incubator capable of holding eight tubes was 

utilized and was placed on the work bench. 
The sera of a very large number of normal men were examined 

by this method, and it was found that none gave a higher count 
than an average of one bacillus per cell. The normal, therefore, 
was taken as unity, and the index of the patients' serum was 
recorded as the average number of bacilli ingested per cell. As 
ca rule the patients' serum gave an average of five to ten or fifteen 
per cell, according to the stage of their illness, the highest point 
being reached about the third week of the fever. In one case 
which on admission gave a count of about ten bacilli per cell, the 
index dropped gradually from day to day and was entirely negative 
{)n the day of death, which took place from toxremia about a week 
after admission to hospital. 

An alternate method used by the writer at this time (1907) was 
to treat opsonic estimations on the same principles as agglutination 
tests, by means of dilutions; the highest dilution which reduced 
immune serum to the level of the normal being taken as the end 
point. This method was abandoned, as it was too laborious and 
{)ccupied too much time. 

The results so far as the detection of carriers was concerned 
were not satisfactory, as many convalescents who were not carriers 
showed raised indices and several carriers gave less than the 
normal counts. 

One curious phenomenon noted was that the serum of one 
worker, who was being used as a "normal man," quite suddenly 
began to give a raised index to typhoid, and continued to rise till 
the count was equal to that of a severe case of enteric fever in the 
third week, i.e., an average of about twenty bacilli per cell. The 
blood and excreta of this man were carefully examined, but with 
negative results, and he was apparently in his usual good health. 

Later on the writer was using his own serum as normal when 
suddenly the index commenced to rise and rose gradually for about 
a week, and then gradually subsided again to the normal. It would 
be well to keep such contingencies in mind, as otherwise they may 
give rise to error. 

The serum of another worker, on' the contrary, remained at 
unity for months without any variation. 
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The bactericidal content of the serum was also estimated by the 
usual method of utilizing a diluted broth culture of typhoid against 
varying dilutions of the sera. This method occasionally gave con
cordant results, but sometimes the normal gave a higber reading 
than the immune serum, this being due to a lack of free comple
ment in the latter. This difficulty was overcome by beating both 
sera and adding equal quantities of fresh guinea-pig serum to tbe 
normal and to the immune. 

The result of the work at the Central Research Institute and 
elsewhere was to direct attention to the fact that young soldiers, 
after an attack of enteric fever, may continue to excrete the bacillus 
in their fooces or urine for months, and in rare cases for years. 
When this fact was realized it was at once evident that the system 
in vogue at the time, of returning men to duty as soon as they 
were physically fit, was one attended with a considerable degree of 
risk. At least ten per cent of such men would be infective for 
varying periods. 

It was therefore decided, as it would not be feasible to keep 
all men in hospital until such time as they might be considered 
non·infective, to establish depots in the Hills, to which all men 
convalescent from enteric fever sbould be sent, and where they 
would remain as long as they were found to be infective, and for 
at least three months if all examinations were negative. 

It was thus proposed to meet two requirements :-
(1) To secure a place where convalescents from enteric fever 

would have an opportunity under favourable climatic conditions of 
recruiting their strength, and where tbey might gradually return 
to full duty by a series of carefully graduated exercises and drills. 

(2) To establish a central laboratory where the excreta of these 
men could be bacteriologically examined, with a view to the detec
tion of carriers and the quick return of the non-infective to duty 
consistent with their physical fitness. At the same time to con
tinue the work begun at Kasauli on the duration of infectivity, and 
the identification of bacilli, etc. 

The place selected for the first depot was at Naini Tal, in the 
Kumaon Hills. These barracks had been used for many years in 
the snmmer time for the reception of sickly men from the 7th and 
8th Divisions. Convalescents from enteric fever had been accom
modated in one block, and convalescents from malaria, etc., in the 
others, while healthy men on furlough were placed in tents. 

It was now proposed to reserve the entire barrack-room accom
modation (I24) for enteric fever convalescents alone, from the 1st, 
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2nd, 3rd, 7th, 8th, and part of the 5th Divisions-that is to say 
from practically the whole of Northern India, from Nowshera in 
the north to Calcutta in the east, and as far south as Jubbulpore. 
Latterly men were also received from the 4th Quetta Division. 

Unfortunately, when selecting these barracks for this purpose 
the local civil authorities were not consulted-Naini Tal is the 
summer headquarters of the United Provinces Government-with 
the result that there was continual friction and misunderstanding 
with the local authorities. One very highly placed civil medical 
man was of the opinion that all the men sent up to the depot were 
" carriers" and that all were excreting" millions of bacilli," and 
advised the Governor, Sir John Hewitt, in these terms. 

An outbreak of enteric fever in the. civil community was 
attributed to the depot, although none of the men were permitted 
to enter the town, which was distant one mile and a half from the 
depot and some hundred feet above it. 

rfhe depot was supplied by the same piped water supply as the 
town, and one medical man gravely considered the possibility of 
typhoid germs being placed in the water at the depot end of the 
pipe and travelling up against a strong head of water to the source 
of the distribution. One lady, the wife of a Surgeon-General, 
A.M.S., now retired, was heard to say that her" dear Naini would 
be quite spoiled," as she could no longer take a favourite walk for 
" fear of meeting one of these dreadful carriers." 

It will be understood that the work of the depot, at no time of 
the most congenial, was not rendered any the more pleasant by 
reason of the local prejudice, which would never have arisen had 
the purpose and scope of the work been explained before its incep
tion. But it is pleasant to be able to relate that the depot survived 
several "inquiries," and in 1910 it was visited by the Sanitary 
Commissioner with the Government of India, the late Lieutenant
Colonel Leslie, LM.S., who came in the first instance at the request 
of the local government to condemn, but remained to praise, in that 
he not only exonerated the depot from all blame, but asked that he 
might be supplied with a detailed account of the. plan of work, with 
a view to the institution of similar depots on the civil side. 

No structural alterations were made in the barracks or latrines, 
but a boiler for excreta was provided and a steam sterilizer (Thresh
DeIepine) was also sent up. 

Saponified cresol was used in the latrines and, after boiling, the 
excreta were trenched on the hillside about half a mile below the 
barracks. 
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The men began to arrive at the depot on April 8, 1908, and have 
been passing up and down in constant but ever lessening numbers 
up to the present. 

There was fortunately a very good and fairly well equipped 
laboratory situated near the Station Hospital, and about a mile 
from the depot. This laboratory was used in the hot weather by 
the Sanitary Officer of the 8th Lucknow Division, Major J. C. 
Morgan, R.A.M.C. No grant was given for the laboratory work 
of the depot, but it was stated in the preamble that material would 
be supplied by the Sanitary Officer, 8th Division, from his grant of 
thirty rupees per 'lnensem. It may be said here that the bacterio
logical work could neither have been commenced nor carried on 
had it not been for the very cordial co-operation of the Sanitary 
Officer and his successor, Major J. C. Weir, R.A.M.C., who not 
only gave up practically the whole of their grant for this work, but 
also expended a considerable amount in excess, which they, only 
after a great deal of trouble, were able to recover from the financial 
authorities. 

Lieutenant-Colonel D. Semple, Director of the Research Insti
tute, Kasauli, who was interested in the carrying on of the work, 
contributed from time to time grants of material, without which 
it would not have been possible to do work on any scale at all, and 
indeed even with this assistance the work, as will be seen later, 
was sadly in arrear by the end of 1908. 

With regard to the administration of the depot, it must be noted 
that the men were discharged from hospital before they left their 
stations and were provided with uniforms by their own units. They 
did not rejoin their regiments, but proceeded direct from hospital 
to the train and came straight up to the depot without passing 
through the civil station of N aini Tal. The original rule was that 
no man should be discharged from hospital until he had been free 
from fever for six weeks, and only if he was considered fit to travel 
and to eat ordinary rations on arrival at the depot. In some 
instances men who had never been on solid food and had only just 
got out of bed for the first time were sent up to the depot, although 
in many cases the railway journey occupied two or three days, 
followed by a tonga, or pony ride, of fourteen miles. 

If possible, several men were sent from one station at the same 
time, and they were invariably accompanied by a non-commissioned 
officer. 

Strict rules were laid down as to the necessity of care in regard 
to the disposal of the excreta of these men and all had received 
a course of urotropine. 
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106 The Oausation and Prevention of Enteric Fever 

The depot was run on a military footing, the staff consisting of 
a commandant, a medical officer, an adjutant, one subaltern 
(company officer), a quartermaster-sergeant, and an assistant 
surgeon. Discipline in the depot was carried out by the non
commissioned officers among the convalescents. There were as 
a rule a good supply of sergeants, as they have a way of avoiding 
inoculation and acquiring enteric fever. At one time, out of one 
hundred and twenty men in the depot, twenty-five were non
commissioned officers. All duties in the depot, such as guards, etc., 
were carried out by the convalescents themselves, and including 
the assistant surgeon who was quartered in the depot every man 
there was an enteric convalescent. 

Latterly (1910) owing to lack of convalescents some difficulty 
was experienced in carrying on the duties. 

The men usually arrived at the depot in the afternoon and were 
seen the following morning by the medical officer, and as a rule 
were excused duty for ten days or, if considered fit, might be 
allowed to do light duty. In some cases it was found necessary 
to admit the men to hospital for a few days. At the same time 
a capsule of blood and a blood film were taken from each man and 
the agglutination reaction estimated. For a time also a sample 
of urine from each man was examined, but owing to lack of proper 
equipment and the increase in the numbers of men this had to 
be given up. But latterly (1910) it has been possible to examine 
the urine and freces of each man for a week after arrival. 

The fresh arrivals were seen daily for ten days by the medical 
officer, and if considered fit were at the eud of that period put on 
to light duty for another ten days, and then were allowed to do full 
duty. 

The duties at the depot consisted of a carefully graduated scale 
of drills, including light marches, short parades, route marches, 
musketry, signalling, physical exercises, etc. Hockey and foot
ball were also allowed for those who were considered fit. 

The result of this system was that at the end of a stay of three 
months or so, the men as a rule were fit and well and ready to take 
their places again in the ranks of their regiments, instead of, as in the 
case of men returning direct from hospital, requiring to be retaught 
their drills. The rapid improvement in physique of nearly all of 
the men was most gratifying, and apart from carriers no man was 
invalided home on account of ill-health, and only one death occurred 
in three years. 

Several men with" enteri:c-Ieg " were returned to their stations 
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after being in the depot for some months (twelve in one case) in 
statu quo, although they were able to carry out light duties all the 
time-one was a most efficient billiard-marker. 

The method of collecting samples of urine and freces for 
examination was as follows: ten, fifteen, or twenty men, as the 
case might be, were told off by the orderly serjeant to attend at 
the inspection room at 5 p.m. and again at 7 a.m. the next morning. 
These attendances were looked upon as parades and non-attendance 
as a crime and punished as such by the officer commanding 
depot. At 5 p.m. each man was given a small lidded tin, provided 
with a spoon, and was instructed to collect aud bring to the hospital 
on the following morning a sample of his freces. These tins were 
collected by the orderly on duty and packed for conveyance to the 
laboratory. At the same time (morning) each man passed a sample 
of his urine into a sterile bottle, which was also labelled and packed 
and carried at once to the laboratory. Here sufficient plates had 
already been poured to deal with the number of samples expected. 

Conradi's original blue medium was used, and about two litres 
were used daily. A small portion (about one gramme) of the freces 
was emulsified in five cubic centimetres of tap-water, and the 
mixture allowed to stand for about one hour; then two or three 
drops of the supernatant fluid were placed on a plate and spread 
with a glass spreader, which was again used to inoculate a second 
plate. The remainder of the emulsion with the glass tubes and 
rods and tins were-placed in a basin of cyllin and the whole boiled 
for ten minutes. The urine was plated by placing one or two drops 
on a plate and allowing them to run over the surface. It was found 
that by getting the men to pass the urine directly into the sterile 
bottles and plating within a couple of hours or so, sterile plates were 
invariably obtained unless the man happened to be a carrier. 

The same batch of men paraded for five days in one week, and 
again for five days in the next week, ten examinations in all. If 
the results of these examinations were negative the man was 
allowed to return to his station, provided he was otherwise fit and 
had been more than three months in the depot. 

It is not contended that every carrier could be detected by this 
method, but as all the men before examination had been four or 
five months free from fever, it was regarded as the best that could 
be done under the circumstance~. Later on, with more adequate 
equipment, it was possible to examine each man for a week after 
arrival and again for a fortnight before his return to his station. 

Two known intermittent frecal carriers were examined by the 
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108 The Oausation and Prevention of Enteric Fever 

two weeks method, and both were detected as passing B. typhosus, 
one twice during the ten examinations and one once. 

Men who ultimately become chronic carriers are almost in
variably constant carriers in the early months, although they may 
become intermittent later on. Thus the weekly examination on 
arrival was a great help in indicating the men who ought to be 
followed up carefully. At the same time, it must be admitted that 
in one instance a man was examined for a week on arri val and 
all examinations were negative, yet B. paratyphosus A was re
covered from his freces on several occasions two months later. 

The majority of the men did not like to be kept in the depot, 
and it was a common thing to have men attending the sick parade 
in the morning, and on being asked what was the matter, saying, 
"Beg pardon, sir, might I be put on tubes?" meaning, could they 
be examined so that they might return to their stations. All the 
men were under the impression that they were infected-" germy" 
as they called it-on arrival and that it was not till they had been 
examined for some time that the germs disappeared. This idea 
was enconraged, as it ensured that each man was careful to bring 
a sample of his own freces. 

Known carriers were required to pass their excreta in hospital, 
and any suspected carrier had a sample taken from his excreta by 
the orderly in addition to the sample supplied by himself. 

During the three years, 1908-11, no case of deliberate sub
stitution was encountered. 

The method of examination of the plates prepared from freces 
or urine was to pick off all non-lactose-fermenting colonies, i.e., all 
blue colonies. Many of these proved on further investigation to 
be capable of splitting lactose. Small drops of high titre serum 
diluted 1 in 60 were placed on a glass slide, and a small portion of 
the colony to be tested was rubbed up in the drop. 

The sera used were for typhoid, paratyphoid A and paratyphoid B. 
Great difficulty was experienced in obtaining serum for A, as the 
Berne Institute does not stock it; but some was obtained from 
Kasauli, and an animal (rabbit) was immunized at N aini Tal, 
although several were killed in the process. Apparently, suscepti
bility is increased rather than diminished by repeated doses of this 
bacillus, and any attempt at increasing the dose may be followed 
by a complete disappearance of antitropic bodies, and possibly the 
death of the animal. 

Whether the colony was agglutinated (macroscopically) or not 
by the typhoid serum, it was invariably also tested in A and B 
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serum, and a colony which was immediately agglutinated by one 
serum and made an even grey emulsion in the other two, was 
always regarded hopefully. 

A curious fact is that the majority of freshly isolated para
typhoid A bacilli are agglutinated in the typhoid serum as well as 
by their homologous serum, although the converse is not the case. 
If the colony was found to agglutinate in anyone serum, in two, 
or in all three, it was planted out on an agar slope for further 
investigation. On the following day it was retested from the agar 
culture in the sera, and a series of " sugar" tubes was inoculated. 

The following were used as routine measure :
Maltose. 
Lactose. 
Glucose. 
Mannite. 
Peptone water. 
Milk (litmus). 
Cane-sugar. 
Neutral red agar (glucose), shake culture. 
These were examined daily for a week and the results recorded 

from day to day. If a tube was found to be fermented a plate 
culture was made to show whether this was due to a possible 
contamination. 

A second agar culture was made and agglutination tests were 
carried out from this. 

(1) With the serum of the man from whose excreta the bacillus 
had been isolated. 

(2) With the serum of a carrier or of a man whose agglutination 
titre for typhoid was known. 

(3) With the specific sera. 
All these estimations were made in sedimentation tubes with 

emulsions made in saline solution and standardized by counting 
or opacity. 

Absorption tests were used in all cases where' there was any 
doubt, and latterly in every case. 

These latter tests have shown that there are bacilli to be met 
with in human falces which will apparently give all the reactions 
of a true typhoid bacillus and are agglutinated by human serum, 
and yet" are not what they seem." At the same time, the writer 
has met with bacilli which obviously did not belong to the typhoid 
group (fermentation of cane-sugar) and yet absorption with a strong 
emulsion of these bacilli removed all the agglutinins from the 
specific serum (paratyphoid B). 
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I do not think, indeed I may say after an experience of some 
years, I know, that it is not sufficiently realized how closely the 
bacilli of the typhoid group may be simulated by other bacilli in 
human excreta. These bacilli are not commonly met with, any 
more than bacilli of the typhoid group are commonly met with, but 
they do occur every now and then and give rise to mistakes. 

Quite a number of men were sent up to the depot as " carriers," 
yet in no single instance did these men prove to be true carriers, 
although in the excreta of several of them bacilli closely simulating 
typhoid or paratyphoid bacilli were met with. As a rule, these 
bacilli were agglutinated by one or other of the specific sera, 
but differed from the typhoid group in their sugar reactions. In 
one instance a man was invalided home by the writer as a carrier, 
although on looking back I am quite convinced that he was never 
a true carrier, but was excreting one of these readily agglutinable 
bacilli resembling typhoid. Mention is made of this case under 
" Notes on Carriers." 

Some examples of bacilli which simulated bacilli of the typhoid 
group are given below. 

It is somewhat difficult to describe on paper the reactions of 
these various strains of bacilli, as some apparently gave the true 
sugar reactions of the typhoid group, and were also agglutinated 
by one or other of the specific sera, and could only be condemned 
from the quantitative point of view, as it were. Others, when the 
results are put on paper, are apparently far removed from the 
typhoid group, and yet it was only after prolonged work that these 
could be excluded. 

Reactions of bacilli isolated on the same day from the freccs of 
Private H. and Private N. 

Clear blue colonies; clump at once in A serum, not in typhoid. 
Sugar Reactions. 

Peptone Water Tubes. 
24 hours 48 hours One week 

Lactose Nil Nil Nil. 
Glucose 

" 
Acid Acid. 

Mannite 
" " Cane-sugar .. Nil Nil. 

Milk Acid. 
Peptone 

" 
No indoI. 

Agglutination Reactions. 
Serum of Private H., an enteric convalescent. 

Dilutions 

IQ 40 lOO 
... 

20 200 
H.'s bacillus + + + + + 
N .' s baeill us + + + + + 
Paratyphoid A •. 
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Private No's serum. Enteric convalescent. 

H. 's bacillus 
N.'s bacillus 
Paratyphoid A .. 

Dilutions 

__ ------P---------10 20 40 100 

+ + + + 
+ + + + 

Private B. 's serum. Paratyphoid convalescent. 

N.'s bacillus 
H.'s bacillus 
Paratyphoid A .. 
Typhoid 

Dilutions 

--------~---------10 20 

+ + 
+ + 
+ ± 
+ + 

40 

+ 
+ 

± 

100 

+ 
+ 

Private B.'~ serum after absorption with N.'s ba.cillus. 

N.'8 bacillus 
H.'s bacillus 
Paratyphoid A •• 
Typhoid 

Dilutions 
.--"'-----. 
10 20 40 100 

+ + + + 
+ ± 
+ + ± + 

Private Bo's serum after absorption with H.'s bacillus. 
Dilut.ions 
--"----

10 20· 40 lOOt 

N.'s bacillus + + + + 
H.'s bacillus 
Paratyphoid A .• + ± 
Typhoid + + ± 'F 

111 

These were interesting bacilli, as it was found that they were 
immediately agglutinated by every sample of human serum they 
were tested against and yet were not agglutinated in a control tube 
of saline solution. Absorption with one bacillus only removed the 
homologous agglutinin, showing that this was specific, and although 
both bacilli were agglutinated by paratyphoid A serum they could 
not remove the agglutinins for this bacillus from the serum of a 
convalescent. Had it not been possible to use specific sera of high 
titre these bacilli would have resembled typhoid bacilli very closely 
as they were agglutinated by the sera of convalescents. 

Colony isolated from the freces of Private W. 
Agglutinated at once macroscopically by A serum, not by 

typhoid or B. 
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Lactose .• 
Mannite 
Glucose .• 
Cane.sugar 
Milk 
Peptone 

Sttgar Reactions. 
24 hours . 

Nil 
A + G£* 

A + G. Total" 
Nil 

Acid 

'l'en days 
Nil. 

A+ G. 
A+ G. 

Nil. 
Acid. 

No indo!. 

* Too much gas for para.typhoid A. 

Did not remove the agglutinins from paratyphoid A serum by 
absorption. 

Colony isolated from the freces of Private G. 
Agglutinated at once in A serum, not in typhoid or B. 

Sugar Reactions. 
Nil. 

A + Gi. 
Lactose 
Glucose 
Mannite 
Cane-sugar 
Milk 
Peptone 

A + G. Total. 
Nil. 
Acid. 
Nil. 

The colonies of this bacillus on a Conradi plate, where they had 
room to grow out, were too large and coarse for the typhoid group, 
but the smaller colonies were apparently quite typical. 

Absorption Tests. 

Untreated high titre serum specific for A bacillus. 
Stock paratyphoid A Immediate clumping. 
K. 's bacillus 
Wo's bacillus 
G. 's bacillus 

" 
Serum A after absorption with Wo's bacillus. 

Stock paratyphoid A Immediate clumping. 
K.'s bacillus 

" W.'s bacillus No clumping. 
G. 's bacillus Immediate clumping. 

Serum A after absorption with Go's bacillus. 

Stock paratyphoid A Immediate clumping. 
K. 's bacill us 
W. 's bacillus 
G.'s bacillus 

" 
" No clumping. 

Specific A serum after absorption with K.'s bacillus. 
Stock A •• No clumping. 
K.'s bacillus 
W.'s bacillus 
G.'s bacillus 

" 
" 
" 

" 
" 
" 

" 
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This series of experiments showed that K.'s bacillus was a true 
paratyphoid bacillus, as it removed both the specific and group 
agglutinins from the serum, and also showed that W.'s and G.'s· 
bacilli were not paratyphoid bacilli, as absorption with these bacilli 
removed only their particular group agglutinin and did not touch 
the specific. 

Another interesting bacillus isolated from freces gave the 
following reactions:-

PEPTONE WATER NUTROSE WATER 
..---'----- -------

24 hours 48 hours 24 hours One week 
Lactose Nil A+G Nil Nil. 
Glucose A+G A+G A+G A+ G. 
Mannite A+G A+G A+G A +G. 
Cane. sugar •• A+G A+G Nil Nil. 
Milk Acid Acid Acid Acid. 

It will be noted that but for the milk tube this bacillus, in the 
sugars prepared with nutrose water, gave the reactions of para
typhoid B, but in the peptone water sugars gave the reactions of 
the colon group. This bacillus was agglutinated at once in normal 
saline solution and consequently by all sera diluted with normal 
saline. Absorption with this strain of bacillus of sera specific for 
typhoid, paratyphoid A and paratyphoid B removed all the agglu
tinins from the last but did not touch the other two. 

Examples might be multiplied indefinitely, as it was rare for 
a day to pass without encountering one of these "simulating" 
bacilli; but enough has been said to show how closely some bacilli 
may resemble the typhoid group and also how common these bacilli 
are in the excreta of enteric convalescents. 

It might be urged that such careful investigation of each bacillus 
is not necessary, but it is undoubted that without some such system 
mistakes will occur. Fortunately, these mistakes when they are 
made are, as a rule, on the safe side, i.e., bacilli resembling typhoid 
are taken for typhoid; the converse is not so likely to occur. 

The method used in the absorption tests was as follows :
About 0'5 C.c. of the serum was placed in a watch-glass and the 

whole of an agar culture of the bacillus to be tested was rubbed 
up in the serum to form a very thick emulsion. This was then 
pipetted into a narrow tube which was plugged with cotton-wool, 
placed in the incubator at 37° C. for three hours, then removed and 
centrifuged and the clear supernatant fluid used for the subsequent 
tests, either in sedimentation tubes or simply as a drop on the slide 
for the macroscopic method, a portion of the cultures being rubbed 
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up in the drop. By this method quite a number of bacilli could be 
tested at one time against the specific sera. 

There is little doubt that these" typhoid simulators" account 
for many erratic findings of typhoid or paratyphoid bacilli in the 
freces of healthy men, in flies, etc., and work on the detection of 
carriers should only be attempted by those who have had special 
experience. 

During the nine months of 1908, 310 men arrived at the depot. 
With the equipment available it was only possible to examine the 
excreta of 10 men daily, and as it was considered necessary to 
examine each man at least ten times, it will be understood that 
it was not possible to keep abreast of the work. Only 190 were 
examined and returned to their stations, leaving 120 men in the 
depot at the end of the year still to be examined and about 80 men 
waiting to be sent up from the plains, for whom there was no 
accommodation. As soon as the new equipment, consisting of one 
gross smaller plates (six inch) and a larger incubator, capable of 
holding eighty such plates, arrived, the number of examinations 
was doubled and the arrears were soon wiped off. 

But it was not until the end of 1909 that it was possible to 
examine men at once on arrival and for a fortnight before their 
return to the plains. 

During the summer months the men who had been longest in 
the depot were accommodated in tents, thus making room for fresh 
arrivals from the plains. At one time there were close on two 
hundred convalescents in the depot. As already pointed out, had 
it not been for the reduction in enteric incidence brought about by 
inoculation, it would have been quite impossible to deal with the 
convalescents from so many stations. Indeed, in former years, one 
large station, such as Lucknow or Umballa, would have required 
a depot of its own, with a whole-time medical officer, whereas the 
present depot was run by a medical officer in addition to his 
ordinary duties, which duties in previous years prior to the estab
lishment of the depot had given employment to two medical officers. 

In 1909 the medical officer in charge of the depot was struck off 
duty at the Station Hospital, and in 1910 a second medical officer 
was appointed for duty in the laboratory and depot. 

Out of the 190 men whose examinations were completed 
by the end of 1908, 5 carriers were detected. Notes on the 
cases of these men are appended. Two of these men came from 
Kasauli and were already known to be carriers, 1 was returned 
in error, 2 only were definite chronic carriers from among 
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the new arrivals, thus giving a percentage of 1·05. This I con
sider about the true percentage of definite chronic carriers among 
young men convalescent from enteric fever. One thousand four 
hundred and seventy-two samples of fmces were examined and 
one thousand four hundred and forty-eight samples of urine. Not 
reckoning repeated examinations of the same man, the typhoid 
bacillus was only recovered once out of all these samples of urine. 
One of these men was a f!Bcal carrier, the other urinary. During 
the three years following up to the end of the year 1911 no other 
<lhronic urinary carrier has been detected either at the N aini Tal 
or the Wellington depot. It maybe urged that some may have been 
overlooked, but with the urine of this chronic carrier it was only 
necessary to place a single drop on a plate to ensure a pure 
.culture of the B. typhosus on every occasion. 

Again, when examining the urine of some boys who were 
suffering from enteric fever, the B. typhosus was recovered from 
the urine in fifty per cent of the cases during the fever and in 
-early convalescence, although all ceased to pass the bacillus within 
a month of the cessation of the fever. 

Apparently among young men the "chronic urine carrier" is 
.a very rare accident indeed, and fortunately so, because he must 
necessarily be a greater danger to his comrades than the fmcal 
.carrIer. 

As at this time (1908) there were two men in the depot, the 
·one Br. S., a chronic carrier (urine) of B. typhosus, and the other 
Gr. C., a chronic carrier (fmcal) of the same bacillus, it was 
decided to carry out some experiments, with a view to determining 
the viability of this bacillus under as nearly as possible natural 
.conditions. The results of these experiments have already been 
published, but are briefly recorded here, as they have a very direct 
bearing on the problem of the causation and prevention of enteric 
fever in military service. 

Before recording the results of these experiments, a word of 
.explanation is necessary as to the expression used "B. typhosus 
in pure culture." This expression, when referring to a plate 
culture from fmces is only a relative term and depends on the 
medium employed. 

For instance, if an equal amount of a fmcal emulsion from a 
typhoid carrier is plated out on:

(1) Ordinary agar, 
(2) McConkey's bile salt neutral red agar, 
(3) Conradi's crystal violet medium, 

.the results might be expressed as follows ;-
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116 The Causation and Prevention oj Enteric If'ever 

(1) Plate almost overgrown principally by coli colonies; 
numerous minute typhoid colonies. 

(2) Not so many coli colonies; typhoid colonies numerous and 
larger. 

(3) Practically a pure culture of typhoid; a few scattered coli 
colonies. 

This expression, then, refers to the appearance of a sample 
of fruces (Gr. C.'s) plated on Conradi's blue medium, and does not 
imply that there were no colon bacilli in the sample of freces. 

EXPE RIMENT 1. 

To determine the viability of the B. typhosus when voided 
directly on to the ground in the urine of a chronic carrier. 

Br. S. micturated on to a patch of dry ground in the depot. 
Result.-Six hours after pollution the B. typhosus was easily 

recovered from the washings of ~ grm. of soil, but thirty hours later 
could not be found. A not unimportant detail is that the soil was 
still damp with urine for some hours after the B. typhosus had 
disappeared. The methods used were rough, and intentionally so, 
as it was not proposed to discover how long a single bacillus could 
be found, but simply to show how long the urine of a chronic 
carrier is dangerous after it has been voided on the ground. For 
this reason more than O' 5 grm. of soil was not used for the 
experiment. As it was considered that possibly the sun and light 
had determined the rapid disappearance of the bacillus, the experi
ment was repeated, but on this occasion Br. S. passed his urine 
on the ground in the corner of a dark hut. But here also the 
bacillus could only be recovered from the washings of a small 
quantity of soil up to twenty-four hours after pollution and not 
later. 

Practically the same result was got with polluted soil kept in 
the laboratory at room temperature exposed to light but not to 
sun. The B. typhosus was readily found for a few hours but not 
after one day. 

These experiments show that the surface soil is dangerous for 
some hours, but it is no longer so when dry enough to be blown 
about as dust. 

Very different results were obtained when towelling was soiled 
with the urine and allowed to dry, as in this case bacilli could be 
recovered up to ten days or more after the soiling of the material. 
The reason for this is that on the towels there can be no multi-
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plication of coli or soil bacteria, and hence no rapid destruction of 
pathogenic bacilli. 

Thus it is evident that the few drops of urine on the underwear 
of the carrier are a source of greater danger than the bulk voided 
on to soil or in a latrine pan or urinal tub .. 

It is a well-known fact that soldiers freely lend and freely take 
the loan of one another's clothing, i.e., football shorts, etc., and thus 
many obscure cases of enteric fever may be accounted for. 

The experiments with the freces were also devised to answer 
questions which are frequently propounded. 

If a carrier passes a stool into a dry-earth receptacle, how long 
does the stool remain infective? 

The answer is contained in the following table :-

Date 
12.11.8 
13.11.8 
15.11.8 
16.11.8 
17.11.8 
18.11.8 
19.11.8 
22.11.8 
25.11.8 
27.11.8 
29.11.8 
1.12.8 

TABLE. 

Sample plated out 

" 

" 
., 

Result 
B.T. numerous. 
B.T. + 8 colonies second plate. 
B. T. Ooli increasing. 
B.T. + " 
B.T. +" " 
B.T. - from outer crust. 
B.T. + from centre. 

B.T. +" " 
B.T. +" " 
B.T. -
B.T. -
B.T. -
Not later. 

The B. typhosus was recovered in large numbers for the first 
two or three days and it could be recovered from the outer portions 
of the frecal mass up to the fifth day, but not later. From the 
centre of the mass it could be recovered for a fortnight, but not 
later, even when large pieces of the freces were emulsified and 
several plates prepared from the emulsion. 

It was found that when small portions of the freces were smeared 
on blanket, the pathogenic bacteria rapidly disappeared (three to 
four days), provided that the weather was warm and permitted of 
the multiplication of coli. The frecal experiments differ from the 
urine in this point, namely, that in the former, coli invariably 
accompanies the B. typhosus. 

These experiments wi th blankets and others on the same lines 
done at Kasauli and Poona throw a very lurid light on the famous 
South African blankets, from which 11 millions" of typhoid bacilli 
were stated to have been isolated many months after a very 
problematical pollution. 
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118 The Causation and Prevention of Enteric Fever 

When the weather is too cold to permit of multiplication of coli 
quite other results are obtained, as in one instance typhoid bacilli 
could be recovered from contaminated blanket one month after the 
experiment was commenced. 

Two years after the above experiments were performed it 
happened that there were in the depot at the same time two men, 
both chronic carriers (frecal), the one of the B. typhosus and the 
other of the B. paratyphosus A. It was thought that it would be 
useful to repeat some of the previous experiments, using the freces 
of the two men as material. The purpose of these experiments 
was two-fold:-

(1) To ascertain whether, as is generally supposed, the B. para
typhosus is more resistant in nature outside the human body than 
the B. typhosus. 

(2) To ascertain whether with the added experience of two 
years' work, and with the aid of the newer media (Conradi's green 
medium and Fawcus and Padlewski's modifications of the same), 
it would be possible to recover the bacilli more readily and over 
a longer period. 

It may be said at once that both these questions had to be 
answered in the negative. 

EXPERIMENT I. 

Private H.: Typhoid carrier; entire stool passed into gumlah 
filled with sawdust. 

Private M.: Paratyphoid carrier; entire stool passed into 
gumlah filled with sawdust. 

From time to time 0·5 grm. of freces was removed, emulsified in 
tap-water and plated out. 

5.9.10 •• 
7.9.10 .. 

1!!.9.1O •• 
14.9.10 •• 
21.9.10 •• 

TABLE 1. 

Ho's freces; typhoid Mo's freces; A 
B.T. numerous.. Paratyphoid A numerous. 
A few B. T.; great increase of coli A few paratyphoid A; many coli. 
No B.T. ; pure coli No paratyphoid A; pure coli. 

After one week neither B. typhosus nor B.paratyphosus A could 
be recovered from a gramme of freees taken from the centre of the 
mass. 

EXPERIMENT H. 

Ho's total stool placed in a sterile stoppered bottle. 
M.'s total stool placed in a sterile stoppered bottle. 
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20.9.10 
21.9.10 

23.9.10 
26.9.10 
27.9.10 
28.9.10 
30.9.10 .. 
1.10.10 
3.10.10 

D. Harvey 119 

TABLE n. 
H. '8 freces; B.T. 

225 colonies; no coli 
Nearly pure culture B.T .•• 

32 colonies B. T. 
A few B.T. 
NoB.T ... 
A few B.T. 

" No B.T.; pure coli 

" 

M. '8 freces ; paratypboid A 
226 colonies; numerous coli oolonies. 
Failed to find paratyphoid A ; numerous 

coli. 
No paratyphoid A; pure coli. 

" 
" 

" 
" " 

" 7.10.10 " " 

Ten days after the f!Bces had been placed in the bottle the 
B. typhosus could be recovered, but not later, whereas the B. para
typhosus A could not be found after the third day. 

The only difference in the conditions was that at the com
mencement of the experiment coli colonies were much more 
numerous in the f!Bces of the paratyphoid carrier than in that of 
the typhoid carrier. 

By a curious coincidence typhoid bacilli and paratyphoid were 
present in almost identical numbers. During the time that this 
experiment was being carried out the weather was warm and moist 
and coli multiplied rapidly at room temperature. It is in my 
opinion this factor which determines the length of life of the 
B. typhosus in nature. 

EXPERIMENT Ill. 

During December, 1910, when the temperature rarely rose 
above 45° F., and multiplication of coli did not take place, some 
further experiments were undertaken with the freces of Private B., 
East Surrey Regiment, a chronic carrier of the B. typhosus. 

A portion of the f!Bces of Private B. was placed in a stoppered 
bottle in the godown; 0'5 grm. was removed and emulsified and 
plated out from time to time. 

Results. 
23.12.10 3,000 typhoid colonies; four coli colonies, "pink" variety. 
26.12.10 Typhoid in pure culture. 
27.12.10 
28.12.10 
29.12.10 

2.1.11 
3.1.11 
5.1.11 
9.1.11 

11.1.11 
12.1.11 
13.1.11 

" 
" " About twelve coli colonies; rest of plate typhoid. 

More coli colonies. 
Oolimorenumerous; great reduotion of typhoId colonies ; weather warmer, 
Typhoid numerous. 

" " Typhoid still present in Maroh, 1911. 
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120 The Oausation and Prevention of Enteric Fever 

This experiment shows that when the weather is too cold to 
allow of multiplication of coli, B. typhosus can be found in the 
falces for many days, up to eighty days in the above experiment. 

EXPERIMENT IV. 
This experiment was undertaken to compare the above results 

with those obtained when using laboratory cultures in artificial 
media. 

Two loopfuls of twenty-four hours' broth cultures of B. typhosus, 
B. paratyphosus A and B. coli were placed as follows ;-

In 10 C.c. of peptone water. 
Tube 1, two loopfuls of B. T. + two loopfuls B. coli. 
Tube 2, two loopfuls of B. T. + two loopfuls B. paratyp1wsus A. 
Tube 3, two loopfuls of B. paratyp1wsus A + two loopfuls B. coli. 

These peptone tubes were not incubated, but were placed III 

racks on the bench exposed to bright daylight but not to sun. 
Results. 

10.10.10. One loopful from each tube plated out. 
Tube 1, B.T. present; B. coli predominates. 
Tube 2, B.T. andparatyp1wsus A both present. 
Tube 3, paratyphosus A present, hut B. coli predominates. 

3.1.11. 
Tube 1, pure oulture coli; no B. typ1wsus. 
Tube 2, B.T. andparatyphosus A both present. 
Tube 3, pure culture coli; no paratyphosus A. 

The colonies of typhoid and paratyphoid could be quite easily 
distinguished from one another; the typhoid colonies were larger. 
whiter, and more opaque than the paratyphoid, which were small, 
blue, and transparent. As a genera] rule it is quite impossible to 
tell colonies of typhoid from paratyphoid. Typhoid and paratyphoid 
were present in equal numbers. 

The above results have been confirmed by no less an authority 
than Colonel Horrocks. who, in a paper on the viability of the 
B. typhosus, JOURNAL OF THE ROYAL ARMY MEDICAL CORPS, 

March, 1911, refers to our work, and in the conclusion of his 
article says: "These experiments (i.e., his own) seem to indicate 
that the duration of life of the B. typhosus, as at present recognized, 
is very short under natural conditions," and again. "If the dejecta 
contain many B. coli, millions of typhoid bacilli disappear in two 
or three days," a conclusion which. as will be seen above, I had 
already arrived at and had embodied in my Annual Report for 1910, 
submitted in January, 1911. 

(To be continued.) 
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