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I.-VALUE OF THE WIDAL TEST IN INOCULATED INDlVIDUALS. 

IN view of the mass of literature which has accumulated in the past 
fifteen years on the subject of the Widal test, its technique, value in 
diagnosis, etc., some apology would appear to be needed for bringing to 
notice a subject which has been so thoroughly discussed in all its details. 
Owing to the rapid development of the pathological service in the Army in 
India during the past four years and the resulting increase in the laboratory 
investigation of cases of pyrexia, the extent to which the Widal test may 
be regarded as a reliable aid in the diagnosis of the enteric group of fevers 
is once again exercising the minds both of the pathologists carrying out 
the test and of the physicians in charge of the cases. 

There is a general impression among medical officers that the Widal 
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402 Enteric Group Injections in the Army in India 

test in T.A.B. inoculated individuals ought to yield a positive diagnosis in 
all cases of enteric group infection, provided that strict attention is paid to 
a standard technique, sufficiency of tests, etc. Increasing observation of 
many enteric group infections with a fair proportion of anomalous Widal 
results is producing a frame of mind which is either frankly doubtful of 
the value of the test, or entirely antagonistic. If one may be forgiven for 
saying so, this attitude of mind shows that the experience which accumu
lated during and since the Great War has been forgotten or overlooked, 
with the result that the test is being brought into disrepute owing to 
supposed fantastic claims as to its infallibility. 

That this frame of mind is not restricted to military medical circles in 
India we may see from an article in the Lancet of September 1, 1928 [1], 
in which we find if stated that the behaviour of agglutinins'in inoculated 
persons is the same as in the un inoculated, except that in the inoculated 
they start from a definite level, whereas in the uninoculated they start 
from zero. 

No.stress is laid on tho fact that clear-cnt results may be expected in 
only a majority of cases, and that there will always remain a proportion of 
cases in which definite readings cannot be obtained. 

It is also stated that in the inoculated it is essential to perform at any 
rate two tests at three to four-day intervals to demonstrate fluctuation in 
titre. . . 

From an examination of the results of very lUany hundreds of Widal 
tests in triply inoculated individuals, it is easily seen that little or no value 
can be assigned to results in which only two tests have been carried out, 
and for the purposes of this inquiry all such have been discarded as mere 
waste paper. Three tests have been accepted in a few cases as giving 
information of value, and then only when covering a certain definite period 
after the onset of the disease. In the majority of cases at least four, or 
often five, tests are necessary before a diagnosis, about which there can be 
no possible doubt, is arrived at. It is probable that the difficulties in the 
reading of the test were not stressed, as the article in question was intended 
for the general medical public, but .the effect on the mind of the general 
reader of such categorical statements is bound to be harmful should he 
ever be called upon to treat large numbers of cases of enteric group infection 
in triply inoculated individuals without previous experience. He will then 
find that in a certain run of cases the assistance in diagnosis on which he 
has been told by experts to rely is not forthcoming, and he may ultimately 
discard the test to the possible detriment of his correct diagnosis when 
applied over a large group of cases, as in contrast to only a few. This is 
practically the train of thought to which we appear to be progressing in 
India to-day, and for much the same reason. . 

A short summary of the various phases through which this subject has 
passed may be useful to demonstrate the fact that, although claims as to 
the infallibility of the test were made in the earlier stages of the war, 
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J. A. Manifold 403 

further experience proved that only in a majority of cases could such 
excellent results be expected, and that, in a considerable minority, the 
Widal test could take the place neither of accurate bacteriologicaldiagnosis 
nor of accurate clinical observation. 

The first extensi ve study of the agglutination test in certain infectious 
diseases was carried out by Gruber and Durham in 1896. This work was 
followed up by Widal. who showed a few months later that the test could 
be utilized for diagnostic purposes in 'cases of typhoid fever. The next 
advance was due to Sir Almroth Wright[2], who introduced the sedimentation 
method in 1897. 

Madsen [3J, in 1902, introduced a method of measuring accurately the 
agglutinating power of serum which appears to have been too complicated 
for general purposes. . 

Dreyer [4], in 1906, published the details of his method, by which for 
the first time an accurate estimation of the agglutinating power of the 
serum during the course of, and following on, an attack of enteric group 
infection became generally available to all laboratories. The details of 
the method were made known to English writers in general by a translation 
in the Journal of Pathology and Bacter£ology [5] in 1909. 

The reasons necessitating the use of some such accurately standardized 
test are too well known to require any elaboration. Dreyer's macrosc.opic 
technique, possibly with certain small modifications, is used in a very large 
number of laboratories all over the world. The committee which reported 
on this method in Medical Research Council, Special Report Series, No. 51, 
was definite as to its advantages, and careful workers all over the world 
have amply confirmed its findings. It has been for some years now the 
official Army method, and no other method is employed in any military 
laboratory in India. 

By 1909 much experimental, work on antityphoid inoculation had been 
carried out at the Royal Army Medical College, MiIlbank, and the late 
Lieutenant-General Sir WiIliam Leishman was able to persuade the 
military authorities to reintroduce anti typhoid inowlation in the Army as 
a voluntary measure. By 1911, 88 per cent of the British troops in India 
had been inoculated against typhoid fever. At the present day practically 
]00 per cent British and Indian troops are inoculated with the triple 
vaccme. 

In 1909, in a report of the Enteric Fever Convalescent Depot at N aini 
Tal, the fact that antityphoid inoculation complicated to some extent the 
reading of the Widal test in typhoid cases was noted; 

In the same year paratyphoid A fever was recognized in India, but was 
then considered a rarity. The incidence of this infection was subsequently 
found to be more common than had been thought, and in 1911 104 cases 
with two deaths were reported. 

In 1910-1911, Major D. Harvey, R.A.M.C., and Major H. W. Grattan 
and Captain J. L. Wood, R.A.M.C. [6] [7], demonstrated the fact that 
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404 Enteric Group Infections ~n the Army' ,in India 

an increasing complication had been added to the reading of the Widal 
test, in that the inoculation agglutinins to Bacillus typhosus were frequently 
increase~ in paratyphoid A infections, often remaining at a higher titre 
throughout the test than the A agglutinins, and that the titre of agglutina
tion caused by paratyphoid A infection was generally very low. Charts 
were published illustrating the curves of agglutination found in such cases. 

From this period until the outbreak of the Great War there is little to 
note. But from 1914 on wards, owing to the large numbers of "T" inocu
lated individuals in the Army; opinion became increasingly divided as to 
the value of the test. In 1915 Dreyer, Ainley Walker and Gibson [8J 
drew attention to the necessity for using Dreyer's technique, and making 
repeated tests at short intervals in order to establish a diagnosis. Given 
both above factors, they considered the agglutinin reaction to be the 
simplest and most reliable method of establishing a diagnosis in suspected 
cases of typhoid infection. Professor Dreyer again in 1915, at a meeting 
of the Royal Society of Medicine, stated that in every case bacteriologically 
proved to be a typhoid or paratyphoid B infection the agglutination method 
gave a positive diagnosis (100 per cent). In paratyphoid A infections the 
test failed in about 7 per cent of cases, the reason for this being that he 
had not realized at the time the frequently low titres of agglutination 
occurring in a certain number of paratyphoid A cases. 

The introduction of T.A.B. vaccine early in 1916 added to the already 
existing difficulties, and opinion became even more divided than in former 
days as to the value 'of the test. 

The Oxford School, represented by Professor Dreyer and Dr. Ainley 
Walker, maintained that, although new difficulties existed in the inter
pretation of Widal tests, these could be overcome if certain necessary 
precautions were taken [9J and certain limitations realized. 

Dr. Ainley Walker, in November 26, 191f, LI0J, writes: "On the other 
hand, the agglutination tests, when suitably carried out and appropri!J.tely 
repeated, can be made to yield a uniform accurate diagnosis in cases 
examined during active infection. It has been shown by Dreyer and others 
to give accurate results over a long series of cases in which the diagnosis 
had been rendered absolute by isolation of tbe infective organism." 

In the same paper be produces charts of 13 cases of enteric group 
infection, in which 8 out of the 13 he considers were "mild and atypical 
enteric." It may be noted that the number of cases illustrated is few, and 
that the question of what percentage of mild cases may be expected to 
yield tbese good results is not discussed. 

By April, 1917, Dr. Ainley Walker bad found no reason to modify his 
convictions as expressed in the article referred to above, but he again 
stressed the limitations which must be realized in the interpretation of 
the test as laid down previously by Dreyer, Gibson and himself [11]. 

The teachings of Professor Dreyer and his co-workers are given in brief, 
as in the series of cases to be discussed later these have been strictly 
followed in all respects ;-
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J. A. Manifold 405 

(1) That Dreyer's technique and standardized emulsions be employed, 
and repeated tests at short intervals be carried out; an impor
tant test being that which is carried out early in the course 
of the disease to act as a base line for further observations. 

(2) There will eusue a rise in the titre of agglutination to the 
bacillus causing the infection arriving at a maximum between 
the 16th and 24th dai(usually 18th to 20th), followed by a fall at 
first rapid, subsequently slow, so that a high titre may be 
obtained for a long period. 

(3) As regards the other members of the group, three things may 
happen : (a) A relatively slight rise; (b) no appreciable rise; 
(c) a marked rise synchronous with, or somewhat antecedent to, 
the rise for the infective bacillus, and followed subsequently by 
the usual fall. 

(4) The diagnosis must not be based on a small rise such as 100-200 
per cent, if it is clear that the maximum to that rise falls 
markedly outside the period of 16th to 24th day of disease. If a 
regular rise and fall of even only 100-200' per cept occurs in 
titre, and the maximum falls between 16th and 24th day of 
illness, the case is likely to be one of E group infection. 

(5) Pyrexias of non-enteric origin will not give rise to fluctuation 
in inoculation agglutinins, provided that the infection occurs 
at a period later than two months after inoculation. 

By observing the limitations given in para. 4 and strictly following the 
technique laid down uniform results may be expected. 

This was not the experience of all workers. Lieutenant-Colonel 
H. Marrian Perry, in April, 1918 [12J, writes as follows :-

"It would be ideal if the above results could always be arrived at. Often, 
however, it happens that a rise and fall in titre of two or of all three 
organisms occurs synchronously and to the same extent. In these cases, 
whilst it is evident that the infection is due to one member of the group, 
it is always difficult, and often impossible, to say precisely which organism 
is responsible. Under such circumstances the diagnosis of 'enteric 
group' appears to be the only one justifiable, unless the causal organism 
has been isolated." 

And again, "Cases do occur in which bacteriological examinations fail 
to isolate the organisms, and agglutination readings are so level, or exhibit 
suc.h a slight variation, that they afford no help in confirming the original 
diagnosis." , 

He considers that the failure may be due to the infection being mild 
and agglutinins being produced only to a slight extent; or, on the other 
hand, that the organism responsible for the infectioll may be only a feeble 
producer of agglutinins. 

Medical Research Council Report, No. 51 [13], states: " It is not indeed 
always possible to interpret the results correctly, and it must be admitted 
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406 Enteric Group Injectiuns in the Army in India 

that the diagnosis requires not only a good technique but considerable 
experience, while at times, and notably when the disease occurs immediately 
after inoculation, it may be frankly impossible by this method." 

Garrow, in 1920 [14], writes that owing to the claims for infallibility of 
the Widal test in inoculated individuals (claims which he considers nn
justified) being generally accepted, clinicians were tending to rely more and 
more on a laboratory diagnosis in cases resembling enteric group infections, 
to the great detriment of correct clinical diagnosis, which he considers all
important. Atypical enteric he considers to be a myth and largely due to 
naccurate clinical observation, in particular of certain essential cardinal 

signs, three at least of which are invariably present. 
"Anti-enteric inoculation is the gift of practical bacteriology to pre

ventive medicine. . . . It would be a strange irony if the full fruits of this 
victory were lost amid the clinical chaos resulting from the undue domina
tion of bacteriology (and especially academic bacteriology) over clinical 
medicine." 

It should be stated that Captain Garrow, while not admitting the 
infallibility of the 'Widal test in inoculated individuals, fully realized the 
value and accuracy of Dreyer's technique, Lancet (correspondence, 1916, 
ii, 1307). The writer has still vivid recollections of Captain Garrow 
explaining and demonstrating to him this technique many years ago in a 
certain station in Portuguese East Africa. 

In 1923 the "Pathology" volume of the" Medical Historyof the War" [15] 
was published. The discussion of the enteric fevers, including the effects 
of inoculation, was undertaken by the late Sir William Leishman. His 
views in general appear to be fairly embraced in the following paragraph :-

" The history need not be followed in detail, and it will suffice to record 
here that towards the end of the year the different points of view had been 
very largely reconciled, and an increasing experience had demonstrated 
that, within certain limits, agglutination evidence could be relied upon to 
give a. definite diagnostic result, even in men who had been inoculated 
with triple vaccine." 

Again, on p. 236 he states, "In the majority of cases the agglutination 
curves were found to behave in characteristic fashion," and on p. 237, " In 
others, however, the curves proved either irregular or too small in ampli
tude to justify a diagnosis. Such border-line cases account for a con
siderable proportion, probably the 'majority, of the cases included under 
the diagnosis of enteric group which are analysed below." 

It will be seen that there is no claim to the unifo'rm accurate results 
which had been claimed by Dr. Ainley Walker in 1916, but only to a 
'majority of the cases examined giving definite results. 

An analysis of 223 cases of enteric group infection which could not be 
placed by the pathologists in any particular category is given. A special 
group of forty-thre!3 cases with very typical"symptoms was also picked out for 
careful examination, and in only two was a definite diagnosis possible on 
Widal tests alone. 
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J. A. Manifold 407 

In 1923 Pijper [16J reported a series of 120 undoubted cases of typhoid 
fever in which thirty-four, or 28 per cent, yielded a negative Widal reaction. 
It is to be noted that thesecases were apparently in the main in uninoculated . 
individuals. Dreyer's method was not used as a routine, but was employed 
in a certain number and gave no better results; This same worker, in 
April, 1928 [17J, presents further instances in which complement-fixation 
tests gave better results than the Widal test in cases of typhoid fever. 
Apparently, by 1925 complement-fixation tests in the Pretoria Hospital had 
definitely replaced the Widal for routine purposes. 

Felix and Olitzki [18] also state that not less than 27 per cent of a 
sel;ies of typhoid cases in Palestine yielded a serum at some stage or 
other of the dIsease that contained no H agglutinin but only O. In such 
cases, if only the usual formolized standardized emulsions had beeu 
employed the tests might have been negative. 

The above summary has been drawn up ,merely to point out that 
exaggerated claims for .the Widal tests as a means of diagnosis in inocu
lated or uninoculated individuals are not being made by those with con
siderable experience of its working at the present day. The difficulties 
in the interpretation of the results are discussed later, but it may be pointed 
out that one cause of the unsatisfactory results appears to have been 
brought to light by the work of Weil and Felix, who have stressed the· 
phenomenon of variability in certain bacilli (among others the enteric 
group bacilli) depending on the relative development of two antigenic 
components, i.e., the labile H, or flagellar, and the stable 0, or somatic, 
antigen. Among the enteric group bacilli the former gives rise to large 
flaking agglutinins and the latter to fine granular agglutinins. 

These observers have shown that, in a certain proportion of enteric 
group infections, the H agglutinins maybe entirely absent, with result
ing llegative Widal results if ordinary formolized suspensions are used. 

It is interesting to note that Harvey and Wood, of the Royal Army 
Medical Corps, working at the Naini Tal Enteric Depot in 1908-09, noted 
the difference between 0 and H agglutinins, and published their obser
vations in the JOURNAL OF THE ROYAL ARMY MEDICAL CORPS, vol. xiv, 
1910, page 40l. 

These were cases of paratyphoid infection in men who had been inocu
lated against typhoid only; the infection agglutinins showed in low dilution 
as a fine granular haze, whereas the inoculation agglutinins WE're floccular 
and readily distinguishable. 

Felix and Olitzki [18] consider that the difficulties may be overcome by 
using two separate emulsions, namely, an alcoholized 0 emulsion to demon
strate the 0 agglutinins, and a formolized emulsion to demonstrate the H 
agglutinins. 1 

1 Since the above was written, an important article by A. Felix, in the Jou1·nal of 
Hygiene, February, 1929, has come to ha~d. Certain of his conclusions are noted later. 
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408 Enteric Group Infections in the Army ~n India 

Stuart and Krikorian [19] make use of living emulsions' of particular 
strains of enteric group bacilli, specially selected as being rich in either the 
o or H antigens. 

Some definite 0 variants of B. typhosus have already been received 
by Major R. F. Bridges, R.A.M.C., at the Enteric Laboratory, Kasauli, 
and routine tests using 0 emulsions as well as the ordinary formolized 
standard H emulsions are being carried out in several military labora
tories. Results of this work it is hoped will be available at the end of the 
present year. 

From a stuily of the literature of past years it will be seen that there' 
are very few exact details available for any large series of bacteriologically
proved enteric infections in triply-inoculated individuals, Statements are 
very general. Such phrases as U in the majority of cases," "a certain 
percentage" only are found. 

In the ., Pathology" volume of the" Medical History of the War," Sir 
William Leishman quotes the findings in sixteen cases of bacteriologically
proved typhoid fever with sufficient Widal tests carried out during the course 
of the disease, and states that the curve of the typhoid agglutinins was here 
typical in most instances. Similar results were given by nineteen cases of 
paratyphoid A infection, but in a fair number of these the first observations 

. had not been 'made early enough to detect the initial rise, and this" could 
only be assumed by the steepness of the fall after the 22nd or 24th day." 
The paratyphoid B cases number sixty-four, but the percentage of these 
cases which could definitely have been accepted on their agglutination 
tests as paratyphoid B is not given. It is stated that "occasional low 
readings are recorded, and in one case no B ,agglutinins were found at all." 

In past years the laboratory investigation of cases of pyrexia in the 
military hospitals for Indian troops does not appear to have been as thorough 
as among British troops. The gradual introduction of Indian station 
military hospitals from 1917, in lieu of the regimental hospital system, and 
the reorganization of the pathological service in 1925, led to an increasing 
interest in cases of pyrexia. In 1928, in particular, considerable attention 
was paid by many Deputy Assistant Directors of Pathology and officers in 
charge of Indian military hospitals to the milder types of pyrexia among 
Indian troops, the result being that the extent of typhoid infectioll in Indian 
troops, largely of a mild nature, is beginning to bA actually realized, 
although suspected for some time (see Table I). 

It should be made ~lear that the Regulations for the Medical Services 
of the Army in India only permit a diagnosis of typhoid, paratyphoid A, 
or paratyphoidB fever, when the causative bacillus has been isolated by 
the District or Brigade Laboratory, and later confirmed as such by the 
Enteric Laboratory, Kasauli. All cases diagnosed on clinical grounds alone 
'are included under the diagnosis" enteric group," irrespective of whether 
the Widal tests, show a rising curve of agglutination or not. The results 
of Widal tests in standard agglutinin units, and' all other important details 

, 
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J. A. Manifold 409 

TABLE I.-STATEMENT SHOWING ACTUAL ADMISSIONS AND RATIOS PER 1,000 OF STRENGTH 

AGAINST EACH COMPONENT OF ENTEBIC GROUP OF FEVERS AND PYREXIAS OF 

UNCERTAIN ORIGIN FOR 'THE YEARS 1920-28, 

British Troops. 

Typhoid fever Paratyphoid A paratyphoid B Paratyphoid C Enteric group Pyrt'xia of un· 

Average 
certain origin 

Year annual -----
.trength 

Adlilis- Admis· Admis- Admis- Admis·1 Ratio Arlmis· 
Ratio Ratio Ratio R,tio Ratio 

sions sions sions siolls ~lOns sions 

---- -- -------------- --------
1920 57,332 46 0'8 42 0'7 1 0'02 - - 173 

I 
3'0 116 2'0 

1921 58,681 43 0'7 25 0'4 6 0'1 1 0'02 127 2'2 37 0'6 
1922 60,166 66 1'1 16 0'3 2 0'03 2 0'03 94 1'6 41 0'7 
1923 63,139 44 0'7 21 0'3 11 0'2 - - 68 1'1 37 0'6 
1924 58,614 62 1'1 30 0'5 10 0'2 - - 79 1'3 3! 0'5 
1925 57.378 53 0'9 26 0'5 26 0'5 - - 79 1'4 . 3t 0'6 
1926 56,798 57 1'0 18 0'3 4 0'1 1 0'02 72 1'3 38 0'7 
1927/ 55,632 30 0'5 10 0'2 8 0'1 1 OO~ - 1~0 2'2 22 O·~ 

1925 55,991 55 1'0 16 0'3 7 0'1 - - 111 20· ~3 0'4 

Indian Troops, 

1920 216, 445 1 17 0'1 8 I 0'01 -

I 

- -

0~11 
104 0'5 307 1"4 

1921 175,384 23 0'1 9 0'05 3 002 2 82 0'5 21t 1'2 
1922 147,840 33 0'2 21 0'1 5 0'03 - 46 0'3 36 O'i 
1923 143,234 23 0'2 12 0'1 4 0'03 - -

I 

37 0'3 32 O·~ 

1924 134, 74~ 19 0'1 6 0'04 1 0'01 -- -- 33 0'2 54 0'4 
1925 136,473 33 0'2 11 0'1 7 0'1 - - 47 0'3 53 0'4 
1926 135,146 :W 0'1 9 

I 
0·1 2 0'01 - - 48 0'4 14 0'1 

1927 133.082 47 0'4 15 01 6 0'05 -
0~01 I 

97 0'7 14 0'1 
1928 131,324 154 1'2 27 0'2 13 0'1 2 154 1'2 15 0'1 

regarding the cases, are entered Oil Army Form I 3056, which on com
pletion of the case is forwarded to Army Headquarters for perusal and 
retention, 

Owing to the fact that a considerable percentage of irregular results in 
Widal tests on enteric grollp cases were being encountered in all laboratories, 
a search was made in the literature available for .some definite figures on 
the subject which, based on a large series of cases, might act as a standard 
for lahoratories to work by. Exact details appeared, however, to be very. 
few and generalizations many. 

Deputy Assistant Directors of Pathology were therefore as}{ed to carry 
out as many tests as possible on all bacteriologically proved enteric infec
tions in addition to their routine tests on the "enteric group" cases (i.e. 
clinical cases not bacteriologically proved). The tests on bacteriologically 
proven typhoid and paratyphoid A cases seem now sufficient in number to 
give the required information, and the results of a smaller number of testr,; 
on the paratyphoid B cases of sufficient interest for discussion, although of 
no value as an indication as to the percentage of positive results which may 
be expected in a series of proved cases, 

Series of tests carried out on many hundreds of cases have been carefully 
scrutinized, and those only selected in which there are available sufficient 
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410 Enteric Group Injections in the Army in India 

tests carried out over a sufficiently long period after the onset of the disease 
to give the information required. 

The average number of tests per case in the 522 bacteriologically 
proven and group cases selected works out at 4'39 tests per case. In 
over 70 per cent the first test had been carried out before the 8th day from 
the onset of the disease. In many two tests were carried out before this 
date. The remainder have· had their first test sufficiently early in the 
course of the disease to enable a rise to be followed in the agglutinin titre 
if such occurred, e.g., 9th, 10th, 11th days. 

The fact that these 500 series of Widal tests have been carried out by 
not one, but many bacteriologists in 'different laboratories, seems of 
importance in estimating the value of the test in actual laboratory practice. 
All the bacteriologists have wide experience of the test and, it may be said, 
were brought, up on Dreyer's technique. 

For practical purposes 2-3 C.c. of blood are required to provide sufficient 
serum to enable tbe technique to be carried out satisfactorily against, T, A, 
Band C emulsions, and thus the custom in the Army is to withdraw the 
lIecessary blood by vein puncture. 

The tests have been carried out at varying intervals of time, either at 
four-day, five-day, or seven-day intervals. 

It is possible that more absolutely accurate results might have been 
obtained by ~ Widal test carried out in all cases during the first week of 
illness, and then by further tests on the i'2th, 16th, 20th, 24th, 28th, and 
32nd day of the disease, as has indeed been done in quite a. large number 
of cases in the present series, but that such a rigid series of tests can have 
any application in general practice is more than doubtful. There pre
sumably must be some limit to the .endurance of the patient. The main 
value of the test, from a practical point of view, is in the diagnosis of the 
milder forms of enteric fever with pyrexia of nine to fourteen days duration. 
It is somewhat hard to persuade a patient who has suffered from little 
except a slight headache for two days, in addition to a mild pyrexia and 
possibly scime constipation for a week, of the necessity of having blood 
withdrawn from his median basilic vein at intervals up to the 28th day 

.. from the date of onset of his trouble. In 99 cases out of 100 the British 
or Indian soldier will cheerfully offer up a lew cubic centimetres of his 
blood on the altar of science, if requested to do so by his medical officer prior 
to proceeding to the hockey. field for his afternoon's recreation, but it 
is doubtful whether this would be the case in civil practice. Yet these are 
the cases in which a diagnosis is really required. In the severe toxic cases 
the physician in charge of the case has no doubt regarding his diagnosis, 
and thus there is little or no danger of the patient infecting others, whether 
a bacteriological diagnosis has been arrived at or not. 

Until the end of 1927 standardized emulsions obtained from the 
Standards Laboratory, Oxford, were universally employed. During 1928 
these have been prepared at the Enter ic Laboratory, Kasauli, by Major R. 
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J. A.. Manifold 411 

F. Bridges, B.A.M.C., and it may be said that they have given as good 
results as those formerly obtained from Oxford. A subculture of all enteric 
group bacilli isolated in the military laboratories is forwarded to tbe Enteric 
Laboratory, Kasauli, and unless the bacteriological diagnosis of the District 
or Brigade laboratory is confirmed, the diagnosis of the case remains 
" enteric group." 

The procedure followed in this study has been to examine carefully the 
results of tests on the bacteriologically proven cases, working out the 
perceniJage rise in the titre of agglutination to each bacillus, and then to 
examine the enteric group cases in a similar manner. The limitations in 
the reading of the tests, as laid down by Dreyer and Ainley Walker, have' 
been carefully observed, with the exception that in some caseS a rise to a 
maximum as early as the 15th day (in a few cases even earlier) has been 
accepted as a positive result, if the effect on the agglutination titre for the 
other bacilli has been negligible. 

The term /. nil units" used throughout the series of tests implies that 
no evidence of agglutination is present in a titre of 1 in 25, the lowest 
dilution of serum employed. 

The 522 cases selected fall into the following groups :-

Enteric gran p 295 r 131 British cases) Cases clinically diagnosed and 
. . (164 Indian cases J no specific bacilli isolated 

Bacteriologically proven typhoid 1521 52 British cases) 
I ] 00 I ndian cases " 1 

B t '1 ' 11 t 1 2" B 't' h Specific baClllns 1so.ated and 
ac eno oglca y proven para y. 51 27" I r

d
1,ls cases r confirmed at the Enteric 

Pboid A . n lan cases " 
11 B 't' h ) Laboratory, Kasanh 

Bacteriologically proven para· 24 J rl 1S cases . 
typhoid B I 13 Indian cases 

RjllSULTS OF WIDAL TESTS ON 152 BACTERIOLOGICALLY PROVEN TYPHOID FEVER CASE!'. 

(Average Widal Tests per Case 4'45,) 

Severe cases 
Mild cases 

British 

Indian 

84 (55'2 per cent); average pyrexia 
68 (44'7 per cent) 
52 {'32 severe cases 

20 mild cMes 
100 (52 severe cases 

(48 mild cases 

26'17 days 
14'9 
26 
13'6 
26'35 " 
16'3 

Of 52 British caseR, 33 or 60'4 per cent could have been classified as 
typhoid fever on their vVidal tests alone. 

Of 100 Indian cases, 64 or 64 per cent could have been classified as 
typhoid fever on their Widal tests alolle. 
. There remains a considerable minority of cases in which, had the 
infective bacillus npt been isolated, a diagnosis of typhoid fever could not 
have been arrived at, in spite of repeated Widal tests, 

If the 84 severe cases are taken in one group, 75 per cent can'be classi
fied as typhoid fever, whereas if the 68 mild cases are taken in one group, 
only 50 per cent could be so classified. 

It is evident that when a large group of typhoid infections is und er 
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41'2 Enteric Group Infections in the Army in India 

consideration, the severity of infection influences to a considerable extent 
the production of infection agglutinins as distinct from inoculation 
agglutinins. When individual cases only are considered, this is by no 
means the case. Occasionally a severe case may lead to little or no rise in 
the agglutinin titre throughout the illness, and a case classified as mild may 
show a distinctive rise considerably greater than in many severe cases, for 
example:-

Case I, 24.-Severe. 
3rd 8th 12th 16th 23rd 28th 35th day 

{"""'" M",. 48 d.,. B. typhosus 0 8 5 0 0 0 o pyrexia. B. typhosus 
S A isolated' from blood .on 

B. paratyphosus A 43 72 67 57 60 75 601 "i 2nd day, and from urme 

B. paratyphosus B 56 200 53 55 85 11 63 J um s on 45th day. Inoculated 
with 1 c.c. T.A.B. 569 
days before onset 

Case B, 15.-Mild. 
, 11th 17th 25th 32nd uay 

B. typhosus 5 24 96 431t ' (Mild case, 12 days pyrexia. B. 
B. para/yphosus A 21 21 21 21 S. A. typhosus isolated from stools on 

D. paratyph?sus B .. 8 fl 0 
) units 1 11th day. Inoculated with 1 c.c. 

17 . T.A.B. 138 days before onset 

, When, however, the very mild cases of typhoid fever are examined in 
a group by t4emselves, for which purpose 24 cases in which pyrexia con
tinued for not more than 11 days are available, it is found that only 37'5 
per cent are classifiable by their Widal tests (9 out of 24). 

The agglutination results recorded in certain of these cases are illus
trated later when discussing the results of tests on the typhoid cases 
unclassifiable by their Widal tests. 

That poor results are often met with in mild infections was noted by 
Marrian Perry [12J, working in France during the war, and also by Sir 
William Leishman [15J, when summing up the results of agglutination 
tests at the end of the war. Actual figures, however, are not given by 
either writer. That the results are as poor in these very mild or abortive 
typhoid infections has been an unpleasant surprise. 

WIDAL ,TESTS ON 97 BACTERIOLOGICALLY PROVEN TYPHOID CASES WHICH COULD BE 
DIAGNOSED ALSO ON THEIR WIDAL RESULTS (SEE ApPENDIX I). 

Severe cases: 63 or 64'9 per cent (average pyrexia 27'1 days) 
M:ild cases: 34 or 35 " (" "17'1,, i 

British troops, 33 per cene classifiable 

Rise in T.A.B. ., 9 or n'2 per cent l63'4 
RiseinT.&B.only 90r27'2" J per 
Rise in 'r. & A. only 3 or 9 " cent 
Rise in T. only .• 12 or 36'3 

Indian troops, 64 per cent classifiable 

Rise in '1;.A.B. • • 
Rise iu T. & B. only 
Rise in T. & A. only 
Rise in T. only .. 

14 or 21'8 per cent } 54 '5. 
17 or 26'5 per 
4 or '6'2" cent 

29 er 45'3 

In both British and Indian cases the synchronous rise in "A" anG 
"B" is marked, and the" B" agglutinins are more affected than" A." 

The actual details of the extent of the rises in the severe and mild cases 
for" T," " A" and" B" agglutiniml respectively are given in Appendix 1. 
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J. A. Manifold 413 

The It A " agglutinins are affected in practically the !';ame percentage in 
the severe and mild groups, slightly more so in the latter, viz., 30 per cent 
in the severe and 32'2 per cent in the mild. The severe infections, however, 
tend to produce a greater rise than the mild. Taken all round, the rise is 
small. In 66'6 per cent it is under 200 per cent. 

The .e B" agglutinins are affected in a larger number of cases, 49'2 per 
cent of the severe and 52'9 per cent of the mild. In 71'4 per cent the rise 
is under 200 per cent. 

In the classifiable cases, therefore, although the inoculation agglutinins 
show a synchronous rise in approximately 60 per cent of the cases, in the 
majority the rise has been small and presents little difficulty in diagnosis. 
In the unclassifiable group, as will be seen later, the synchronous rise in 
the inoculation agglutinins has been one of the main difficulties. 

The "T" standard agglutinin units in these classifiable cases show 
naturally a greater rise than either" A " or " B" units. Of the severe cases 
55'5 per cent give over 1,000 per cent rise,in most cases many thousands per 
cent. The milder show a smaller percentage with over 1,000 per cent rises, 
viz., 32'3 per cent. The above points will be clear if reference is made to 
the tables in the Appendix. Before discussing these agglutination reactions 
further, the un classifiable group of cases will be examined in order to 
demonstrate the contrast between the results of the Widal tests on this 
group and on the classifiable cases. 

WIDAL TESTS cm 55 CASES OF BACTERIOLOGICALLY PROVEN B. typhosus INFKCTIONS, WHICH 
COULD not HAVE BEEN CLASSIFIED ON THEIR WIDAL RESULTS. 

The distribution of cases into Severe and Mild is almost exactly the reverse of that found in 
the classifiable cases. 

Severe cases: 21 or 38'1 per cent (average 25'3 days pyrexia) 
Mild cases: 34 or 61'8" (12'7 ) 

British troops, 19 eases Indian troops, 36 casE'S 

Rise in T.A.B. .. 6 or 31'5 per cent}68'3 Rise in T.A.B. 13 or 36 per cent) 66'6 
Rise in To & B. only 5 or 26:3" per Rise III T. & B. only 7 or 19 " J per 
Rise in T. & A. only 2 or 10'5" cent Rise in T. & A. only 4or.ll·1" cent 
Nil rise in T. .. 6 or 31'5 Nil rise in T. 12 or 33'3 " 

The synchronous rise in inoculation agglutinins is more in evidence, and 
the rise in the specific" T " agglutinins is distinctly lower on the whole. 
In over 30 per cent no rise occurs during the period over which the tests 
were carried out. 

The slight increase in the. amount of the ,. T "S.A. units is shown in 
Appendix 1. 

The severity of the attack is an important factor, as out of the 21 severe 
cases 19, 01'90'4 per cent, do show some rise in the" T " units, even if only a 
trace, whereas only 18 of the 34 mild cases (52'9 per cent) show a similar 
rIse. 

Both" A" and" B " agglutinin units are raised to a greater extent than 
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414 Enteric GrOttp Infections in the Army ~n India 

was found among the classifiable classes, i.e., in the severe group I' A" 
nnits are raised in 61'8 per cent, and" B" units in 71'4 per cent. In the 
mild group "A" units are affected in 50 per cent and" B "in 79'4 per 
cent. 

The" B " element is again involved to a greater extent than the" A" 
element. It is noted that i:n both classifiable and unclassifiable groups the 
" B " units appear to be affected in a greater number of instances in the 
mild cases than in the severe. The cases in which no rise in " T " infection 
units o~curred amount to 18 (11'1 per cent of 152 cases), 2 severe and 16 
mild. In 9 (1 sfwere) there is an actual drop from the first test onwards. 
In 6 "nil units" are shown throughout the tests. 

The average number of tests in these 18 cases is 4. The duration of 
the pyrexia in the 16 mild cases averaged 11'5 days, and in 7 it was under 
10 days. The tests on the single severe case in which a drop in titre from 
the original test occurred are not very satisfactory, in that no estimation 
was done between the 19th and 37th days, but there is a definite drop to 
the 19th day, and the S.A. units on the 37th day were 200 per cent less 
than on the 10th day. 

The results of a few tests are given to illustrate the interv(Lls between 
the tests and the type of case invol ved in those showing no rise or a definite 
drop in the specific agglutinins. 

B, 7.-Fairly severe case, pyrexia 17 days, 1 relapse, pyrexia 17 days. 
B. typhosus isolated from blood on 8th day and from stools on 23rd day. 
Inoculated with 1 C.c. T.A.B.144 days prior to onset of illness. Tests on 
9th, 15th, 20th, 25th day-nil RA. units to "T." 

I,12.-Mild case, pyrexia 6 days. B. typhOSllS isolated from blood on 
4th day. Inoculated with 1 c.c: T.A.B. 256 days prior to onset of illness. 
Tests on 5th, 17th, 22nd, 29th day-nil S.A. units to" T." 

I, 17.-Mild case, pyrexia 8 days. B. typhosus isolated from stools on 
22nd day during examination for carrier condition. Inoculated with 1 C.c. 
T.A.B.l11 days before onset of illness. Tests on 4th, 10th, 17th, ~4th day 
-nil B.A. units to "T." 

I, 14.-Mild case, pyrexia 15 days. B. typhosus isolated from blood on 
3rd day. Inoculated with 1 C.c. 'l'.A.B. 73 days before onset of illness. 

8rd 

50 
8th 

50 
12th 
43 

16th 

25 
22nd 

8 
261 h B8rd day 

9 10 B.A. units to " T." 

B, 8.-Mild case, pyrexia 11 days. B. typhosus isolated from stools 
during examination for carrier· condition. Inoculated with i and 1 C.c. 
'r.A.B. 615 days before onset of illness. 

8th 
46 

15th 
35 

22n<1. 

38 
30th 
17 

37th day 
20 B.A. units to "T." 

There is little indication of any general tendency to the rise or fall in 
the inoculation agglutinins being earlier or later than the infection 
agglutinins, though instances do occur in which each effect is seen. 

An important point is whether any of the irregular Widal tests recorded 
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J. A. Manifold 415 

in this group would have led to a diagnosis of paratyphoid A or B in 
lieu of typhoid fever had B. typhOSllS not been isolated. If so, a similar 
error may be expected in the reading of tests of enteric group cases. 

The" A" agglutinins actually show a higher rise than those for" T " 
in 23 of the 55 cases, or 41'8 per cent. Most are irregular and followed by 
a sudden drop. In others the rise occurs at a very late period. In many 
there is quite a steady rise throughout. The rise in "T" or "B " 
agglutinins in the great majority approximated so closely that no diagnosis 
other than enteric gronp could have been possible. 

Two cases, 1'2 per cent, only would have been classified as paratyphoid 
A:-
Case I, 27. 

7th 19th 16th 21st day 

B. typhosus 26 46 52 " r ',p'"'= '"lal,d f"m bl"d 00 
}' S A 7th day and stools on 35th day. 

B. paratyphosus A .. 8 16 41 64 u~it~ Pyrexia 19 .days, fairly severe. 
B. paratyphosus B .. 4 5 4 11 Inoculated WIth 1 C.c. T.A.B. 258 

days prior to onset 
C<1se I, 19. 

6th 13th 21st 44th 58th day 
B. typhosus 20 9 9 8 8) ( B. typhosus isolated from blood on 

, B. paratyphosus A .. 3 14 54 250 94' SA. 1 6th day. Pyrexia 9 days only. r units 1 Inoculated with 1 C.c. T.A.B . 
B. paratyphosus B .. 0 0 0 0 o 354 days prior to onset 

" B " agglutinins show a higher rise than" T " in 32 of the 55 cases, or 
58'1 per cent, i.e., 9 more cases than" A." 

The same remarks regarding the character of the rises apply as in the 
case of A, but a larger number of cases would have been classified as para
typhoid B on Widal tests alone. 

Five would have been definitely so classified, viz., 3'2 per cent of 152 
cases, and three other cases are very nEar the border line. 

The tests on two cases which would have been considered as para
typhoid B and on one of the doubtful cases are shown below. 
Case E, 17. 

10th 17th 24th 31st 38th 50th 57th day r- Iyphooo, '"f,l,d '"m B. typhosus 0 0 0 7 7 22 23 blood on 10th day. Py_ 
5 S.A. rexia 11 .days, mild. B; paratyphosus A 7 4 7 6 0 0 

} units Inoculated with 1 C.c. 
B. paratyphosus B .. 0 0 18 46 20 58 23 T.A.B. 374 days prior 

to onset 
Case I, 24. 

4th lOth 15th 20th day 

B. typhosus 0 185 435 17< r I,p,""m l"l."d from blood t S A on 3rd day. Pyrexia 19 days, 
B. pa1'atyphosus A 0 0 0 o u~it~ moderate. Inoculated with ! 
B. paratyphosus B .. 11 1,111 1,633 1,533 and 1 c.c. T.A.B. S days before 

onset 
Case I, 16. 

4th 8th 12th 17th 23rd 31st 38th day 

B. typhosus 0 r Iyph" .. '"bl,d f"m 0 0 6 0 3 6 blood on 4th day. Py. 
3') B.A. rexia 11 days, mild. B. paratyphosus A 13 13 23 34 10 26 ~} units Inoculated with 1 c.c. 

B. paratyphosus 11 .• 11 13 21 38 13 21 56 T.A.B. 61 days prior 
to onset 
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From the examination of the tests on 55 cases (36'1 per cent) of typhoid 
fever which could not have been classified as such by Widal tests only, it 
is seen that the rise in the inoculation agglutinins, particularly as regards 
the" B " element, most affected in mild cases, is the great obstacle to a 
definite reading. The difficulty is intensified by the small rise which may 
occur in the 11 T " infection agglutinins, particularly in mild cases. 

In 18, or 11'1 per cent of 152 typhoid cases (16 mild), the infection 
agglutinins were apparently not affected throughout the period of the tests. 

In examining a large number of enteric group infections by their Widal 
tests alone, the error in regard to the typhoid infections might therefore be . 
at least as large as 1'2 per cent wrongly classified as paratyphoid A, alld 
3'2 per cent as paratyphoid B. . 

The 97 cases which would have been classifiable on Widal tests alone 
may now be examined again in order to ascertain to what extent they agree 
with what may be taken as the usual teaching, namely, that the rise in 
S.A. units from the base line resulting from inoculation should be first 
apparent about the 10th to 12th day, should steadily increase to a maximum 
between the 16th and 24th day (usually 18th to 20th), and should be followed 
by a fall at first rapid, subsequently slow, possibly to the base line of in
oculation, but frequently remaining at a high level for long periods. 

It is impossible to give accurate figures regarding these points from the 
scrutiny of a large number of cases in which the serum has been collected 
on different days after the onset of the disease, and at varying intervals of 
time. In general, the majority of the tests may be said to fall in with the 
above teaching. On the other ~and, there remains a large minority in 
which, although ultilnately classifiable if sufficient tests are carried out, the 
results are found to be irregular in many respects. For example :-

(1) In a large number the peak of the curve appears to be nearer the 
16th day than the 20th, and in a few the peak is reached well before this' 
date. 

Case B, 16. 
5th 12th 19th 26th day 

Severe case, pyrexia 32 days. B. 
B. typhosus .. 472 1,159 694 326) {'YPhO". '''I.... 'oom b1,'d '" 
B. paratyphosus A .. 21 21 12 6' B.A. 4th and 7th days and on 39th day f units from urine. Inoculated with 
B. paratyphosus B .. 25 17 . 17 21 1 c.c. T.A.B. 196 days before 

. onset 

Case I, 50. 
5th 11th 16th 21st day 

B. typhosus .. 155 . 287 163 '55 j S,,,,, '"'' p,'"'' "d.y'. B. 
S A typhosus isolated on 5th and 6th 

B. paratyphosus A .. 0 0 0 o} u~it~ days from blood. InOCUlated with 
B. paratyphosus B .. 9 0 0 o 1 cc. T.A.B. 132 days before 

. . onset 

(2) In many the initial.rise is late in making its appearance. 
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Case I, 61. 
6th llth 18th 221lfl day 

, Severe case, 28 days pyrexia. In-
B. typhosllS 0 2 0 8601 J testinal hremorrhage, recovery. 

'B. paratyphoslls A .. 0 0 0 o S.A. B. typhoslls isolated from blood f nnits I on 6th day and stools on 10th 
B. paralyphosus B 0 0 0 o ~ day. Inoculated with 1 c.c. 

T. A.B., 287 days before onset 

Case I, 26. 
6th 15th 20th 25th 32nd 30th 45th 52nd oOth day 

B. typhoslts 0 0 0 0 5 46 27 5 
I! t S.;\. B. paratyphosus A 11 11 11 11 16 15 11 8 unlts 

B. paratyphoslls B 25 10 25 10 17 25 10 7 ]3 ' 

The case was severe, pyrexia 3S days' duration, no relapse. B. typhosus isolated from blood 
on 6th day. Inoculated with two doses T.A.B. 389 days before onset. 

This is an extreme case of a late rise, and if only the" usual" tests had 
been carried out, or if B. typhosus had not been isolated; this case would 
certainly have remained as enteric group. 

(3) In a considerable number the peak of the curve is found to be 
reached after the 24th day if tests at a sufficiently late p'eriod are carried 
out to show this, ana in many there occnrs a secondary rise well on in 
con valescence. 

Case B, 18. 
9th 16th 23rd 30th 6nth 76th S3rd 91st day 

B~ typhosus .. 179 476 539 793 20 347 392 
450 } 

B. paratyphoslls A 0 0 6 97 8 0 4 S.A. 
: ,units 

B. pamlypho61lS B .. 0 0 13 30 3 3 3 

This case is interesting in that the percentage rIse in both" A " and 
" B " units is distinctly larger than ill the case of the "T" units. The 
mathematical accuracy required by Dreyer's method in the reading of tests 
such as above, in which the relative rise in agglutinin units to each element 
is to be measured against the similar rise in the other two elements, rather 
than by t"akiug into consideration the actual number of agglutinin units 
present, seems rather to break down in certain cases, such as the above, ill 
which one or other element shows few or no agglutinin units at, the time 
Df the initial test. Common sense would appear to indicate that the above 
infection was really typhoid and not paratyphoid A. '1'he secondary rise 
in this case is due to a relapse which occurred on the 59th day. B. typhosus 
was isolated from the blood on the 9th and 10th day, and again during the 
relapse. It was also recovered on many occasions from the stools and urine. 
The patient was inoculated with 1 C.c. T. A..B. 93 days before onset of 
Qisease. 

(4) The following two cases illustrate well the late rise in convalescence, 
which frequently occurs, apart from any relapse. 

27 
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Case I, 42. 
17th 23rd 29th 38th 42nd 58rd 60th 70th day 

B.typhosus 152 154 98 154 72 129 510 1,100 1 
B. paratyphosus A 30 38 15 3i 39 32 34 28 r S.A. 

units. 
B. paratyphosus B 62 72 21'4 55 71 71 110 110 ) 

Severe case, 31 days pyrexia. B. typhosus isolated from blood on 9th day, and from stools 
on 43rd day after onset. 

Case I, 45. 
6th 13th 20th 27th 34th 41st 48th 55th 64th day 

B. typhosus 
B. paratyphosus A UnIts 

~: 1~ 1:'9 ~~:~ 19~'9 ~~ ~:'5 4::9 98~'91 S.~. 
B. raratyphosus B 39 213 55 36 27'5 28 31 12'2 31 
A severe case, pyrexia 38 days, no relapse. B. typhosus isolated from stool on £3rd day 

Inoculated with 1 c.c. T.A.B. 184.days before onset. 

Almost all the irregularities which can be met with are shown by this 
test: Drop on 13th day, late initial rise, late peak of agglutination curve, 
secondary rise in convalescence. 

(5) The large majority of cases definitely demonstrate a higher agglutinin 
content to the infecting bacillus at the end of the series of tests than at the 
commencement,. but by no means all. 

Case I, 12. 
4th 8th 13th 23rd·day 

B. typhosus 45 68 68 171 . r'~ ,,",.28 d.,. "''', •. B. ,g. 
B. paratyphosus A .• 7 5 0 o S.A. phosus isolated from blood on 

units 4th day. Inoculated with 1 c.c. 
B. paratyphosus B .. 21 9 9 9 T.A .B. 2CO days before onset 

(6) In a number of cases the actual number of standard agglutinin 
units for the specific element was less throughout the series of tests than 
in the case of " A" or "B," and at the completion of the tests fewer S.A. 
units were present to "T" than to "A". or ." B." The results of tests 
taken weeks after an attack of enteric group infection with a view to 
ascertaining the nature of.that infection must therefore be very fallacious. 

Case I, 32. 
5th 9th 14th 21st 28th 38th 43rd 48th day 

B. typhosus .. boo 235 116 38 19 9'9t 
B. paratJlphosus A •• 0 0 0 14 11 7'7 9'1 18 S.~. - J umts 
B. paratyphosus B .. 0 0 0 5 5 7'2 17 14 
Severe attack, 24 days pyrexia. B.typhosus isolated from blood on 5th day. Inoculated 

with 1 c.c. T.A.B. 100 days before onset. 

(7) In a small percentage of cases, in lieu:of the usual rise in titre about 
lOth to 12th day, a definite drop may occur (Case I, 45 above). 

In 106 of these 152 cases, the second, 01' in some instances the third, 
test coincided with 10th to 12th day. 

In 62 or 58'4 per cent a definite rise was apparent. 
In 31 or 29'2 per cent no rise had occurred. 
In 13 or 12'2 per cent a definite drop' was!present, i!l most cases to be 

followed by a rise at the next test. 
The above examples show that even among those cases which could be 
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classified on their Widal results, almost any departure from what has been 
quoted above as the normal may be met with in quite a large number of 
instances. It is obvious that at least four tests will usually be required for 
efficient diagnosis, and in a certain number of cases even more. Two tests 
only would be entirely unreliable in the majority of cases. 

For practical purposes the most suitable periods at which to carry out 
the tests in order to include all types of reactions appear to be: the first 011 

any day during the first week, and the remainder on the 14th, 21st, 26th, 
31st days after the onset of the disease. Tests carried out at four-day 
intervals from the 14th day to the 30th day would be more accurate, but 
would entail six tests per patient, which seems unduly severe, particularly 
in mild cases. 

Sir William Leishman [15J writes, "The older view, that exceptionally 
severe cases s.how a very poor development of agglutinins, is not borne out 
by the recorded observations of fatal T, A and B cases in France." 

It is also contrary to experience in IndIa. There were 9 deaths in the 
152 cases under discussion. In 8 there was prm;ent a considerable and 
steady rise in the agglutinin content to " T " up to the last test, carried out 
usually a day or two before death occurred. No difficulty would have arisen 
regarding the diagnosis of any of these cases on their Widal tests alone. 

The effect of a relapse on the development of the specific agglutinins 
was marked in most cases. In all, 29 relapses are recorded (severe cases 
23, mild 6). In 11 the Widal tests were continued during the period 
covered by the relapse; 9 of these show a marked development of both 
specific and group agglutinins. In one case no units to "T" were present 
up to the 25th day, but were high after the subsequent relapse, and in 
another the B.A. units only returned to and increased over their original 
number at the first test after a relapse which commenced on the 38th day. 

Case I, 17. 
Relapse 

6th 14th 25th 36·45th 51st day 

B, tuphosult ,. 0 0 0 5,333 S.A. units 

Case I, 40. 

2nd 10th 18th 
Relapse 

24th 24th-S2nd 32nd 42nd 50th 56th day 

B. typhosus •. 0 0 23 9'9 4,000 32,000 16,000 1O,ooO} ~~~~ 
Case I, 41. 

it)\ 12th 17th 24th 28th 35th 
ReJapse 

42nd 28·35th 40th 58th .66th day 

B. typhosus •• 175 49 22 7 7'8 35 ~7 510 165 143} ~;tt~ 

RESULTS OF. WIDAL TESTS ON 51 BACTERIOL0GICALLY 'PROVEN PARATYPHOID A CASES. 

(SEE ApPENDIX II.) 
Total cases: 51 (British 24, Indian 27). 

Severe cases: 9 (17'6 per cent) average duration of pyrexia 25'5 days 
Mild cases: 42 (82'3 " ).." 16'8 " 
Average number of tests per case: 4'1 
32 cases, or 62'7 per cent, are classifiable by agglutination. 
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Owing to the small number of severe cases in this group no distinction 
is n;lade between the Widal results of the severe and mild cases. Two of 
the severe cases could not have been classified on their Widal tests, and in 
both this was due to the close rise in the inoculation agglutinins of "'1'" 
and" B" 

Classifiable 32 or 62'7 per cent· 

Rise in T. A. B. . . 9 or 28'1 per cent) 59'3 
Rise in T. & A. only 4 or 12'5 " '. per 
Rise in A. & B. only 6 or 18'7 J cent 
Rise in A only .. 13 or 40'6 

Unclasslfiable 19 Or 37'2 per cent 

Rise in T.A.B. .. 5} 
Rise in T. & A. only 3 52'6 per cent 
Rise in A. & B. only 2· 
Nil rise to A. 9 or 47'3 per cent 

In 46'S per cent of the classifiable cases the rise of the " A" agglutinins 
is over 1,000 per cent, in many several thousands per cent. In 59'3 per 
cent it is over 500 per cent. A greater percentage of this group therefore 
gives good agglutination reactions than in the case of the classifiable mild 
typhoid cases. 

In the 19 unclassifiable cases the failure in the development of the" A" 
agglutinins is the main source of difficulty. The rise in inoculation 
agglutinins plays a smaller part than was the case with the unclassifiable 
typhoid cases, both as regards the percentage of cases involved and the 
extent of the rise. 

The maximum rise to " A " is only above 300 per cent in two cases. 
In one of these the rise was present on the 11th day, but had disappeared 
again by the 15th day. In 17'6 per cent of the 51 cases there is no rise 
throughout to " A" agglutinins, as against the 11'1 per cent of the typhoid 
infections in which no rise in the specific agglutinins occurred. 

'1'be frequent occurrence of this weak agglutination reaction in "A" 
infections was pointed out as long ago as 1910 by Harvey, .Grattan and 
Wood, in India [6] [7J. In the classifiable group the majority of the cases 
fall in with the usual teaching as regards the rise and fall in specific 
agglutinins, as seen in the similar group among the typhoid cases, but 
again all the irregularities met with in the typhoid, group, i.e., late rise, 
early peak of curve of agglutination, late peak of curve ef agglutination, 
drop from first test, secondary rise after an initial fall, are seen in a certain 
number. . 

Martin and Upjohn [20] in 1916, and MacAdam [21J in 1918, drew 
attention to the fact that a late rise in agglutinins frequently occurred in 
paratyphoid" A " infections.' Out of 17classifiable cases in which the initial 
test has been carried out during the first week, a rise was apparent by 
9th to 12th day in lR. In the 9 cases which show " no rise" in " A " through
out the period c'overed by the test, the day after onset on which the last 
test was taken was as follows: 28th, 27th, 40th, 49th, 34th, 27th, 41st, It)th, 
20th day. In only the last two cases could there have been much chance 
of a late rise being missed. 
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A few late rises did occur, but it is doubtful if such are more common 
in the case of " A " infections than in "T" infections, and the inoculation 
agglutinins seem usually t9 be affected at the same time (Case I, 16). 

Case I, 15. 
4th 

B. typhostts 0 

B. paratyphos1ts A 0 

B. paratyphosus B .. 10 

Case I,16. 

13th 

o 
o 

23 

l~th 

o 
o 
o 

2ith day 

1 

Mild case, pyrexia 13 days. B. 
o S A - paratyphosus A isola.ted from 

27 u~it's blood on 4th day, and ~rine on 
12} 16th day. Inoculated wIth 1 C.c. 

T.A.B. 20 days before·onset. 

7th 11 th loth 20th 27th 34th 41st day 

B. typhosus 18 
B. paratyphosus A 11 

B. paratyphoslts B 46 

n 
10 

36 

26 

11 

12 

3] 

o 
34 

10 

5 

7 

18 
8 

7 

40} . S.A. 
37 units 
50 

Severe case, pyrexia 
27 days. B. p.araty· 
phosus A isolated 
from blood cultures 
on 7th day. Inocu
lated with 1 C.c. 
T.A.B. 313 days be· 
fore onset 

The fact that paratyphoiu "A" infections induced a rise in "T" 
agglutinins in "T" inoculated individuals was also pointed out by Harvey, 
Grattan and Wood [6] [7J in 1910, 1911. 

In the present series of cases a rise occurred in "T " in 21, or 41'1 per 
cent of 51 cages, 13 classifiable, and 8 unclassifiable. 

In the former group no rise occurred until the 19th day in 4 cases. In 
9 the rise was apparent" by the 12th to 13th day, but no further rise or a 
sudden drop followed in all but 2, in which a steady rise occurred during 
the period of the test-Case I, 16 is an example. 

The extent of the rise to "T" was greater than that to <I A" in all 8 
un classifiable cases, but in all either a sudden rise was followed by. a sudden 
drop, or the difference in extent of the rise between" A " and" T" or " A " 
and" B " was insufficient to lead to any diagnosis other than enteric group. 

Case r. 17. 
5th 9th 13th 17th 21;,t 29th 36th day j Mild case, pyrexia 11 

. B. typhosus 94 139 31 35 24 8 3 days. B. paratll' 
! A phosus A isolated 

B. paratyphosus A 217 245 61 61 61 31 :: I ~~it~ I ~":.~. hI7':,;;;;. ::; B. paratypllOsus B 200 226 176 56 56 22 
with 1 c.c. T.A.B. 
27 days before onset. 

" B" agglutinins were raised in 25, or 47'8 per cent of 51 cases, 15 
classifiable. and 6 unclassifiable, a slightly larger percentage than in the 
case of 11 T." The extent of the maximum rise is greater than the rise in 
" A " in 6 cases, but, as in "T," no other diagnosis than enteric group 
would have been possible owing to either the irregularity or trivial nature 
of the increase, or the presence of a nearly equal rise in "A" or "T" 
agglutinins. 

(To be continued.) 
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