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TYPHOID FEVER. 

An Examination of the Virulence of Strains of Bacterium Typhosum derived 
from Blood Cultures of One Hundred Consecutive Cases. 

By MAJOR H. J. BENSTED, M.C., 

Royal Army Medical Corps. 

Introduction. 

IN a previous series of communications (Perry, Findlay and Bensted, 
1933 and 1934), investigations were described with regard to the virulence 
of Bactel'ium typhosu1n as assessed by the result of intraperitoneal injec-

. tions of measured doses of the organisms into white mice. It was stated 
in the last of these papers (1934(b» that" in endemic areas of typhoid 
fever it should be possible to ascertain the correlation, if any, between the 
virulence of the organism isolated and the clinical type of case." It was 
also considered probable that bacilli recovered from fatal cases would have 
a higher virulence than those derived from the milder type of case. 

vVith a view to answering these statements arrangements were made 
for the collection of Bact. typhosum, isolated from the blood, from 
one hundred consecutive cases of typhoid fever. 

Blood-culture is a routine practised in India on almost every undiag
nosed fever of more than three days' duration. Provided that veni-puncture 
is undertaken with due care at the correct time during the illness and the 
blood introduced into fresh ox-bile, little difficulty is experienced in cul
tivating the infecting organism in cases of the enteric group of fevers. 
'When the very large numbers of blood-cultures undertaken in military 
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2 Typhoi~ Fever 

hospitals and the relatively small numbers of isolations of enteric organ
isms are considered, it may be thought the technique or the medium is at 
fault. Whilst this may be true on occasions, it is believed, by those with 
very considerable and intimate experience of this sort of work, that the 
positive isolations represent at least 90 per cent of the cases of the 
enteric group amongst the very large number of continuous fevers 
investigated. 

The incidence, at the present time, of typhoid fever amongst the 
military popUlation of India is not great, and in the actual area in which 
this investigation has been undertaken, although perhaps the most impor
tant military district in the country, the numbers of cases seen in the 
hospitals were few. In view of this cultures were, of necessity, obtained 
from cases occurring in various r,tations throughout India and. except for 
one small group of three cases, no strain could be regarded as forming 
part of an epidemic. 

In order to avoid the possibility of antigenic changes taking place 
through frequent subculture on artificial media, medical officers were 
asked to forward the strains as soon after their isolation as possible. A 
simple proforma was also supplied to enable the essential facts of each 
case to be recorded. Owing to the difficulties that always arise when an 
investigation of this nature is underta.ken it was not possible to obtain all 
the information or material on some occasions. Generally, however, the 
data and the specimens forwarded were sufficient to enable the main part 
of the work to be completed. 

When investigating the virulence of an organism by injecting broth 
suspensions into animals it is essential that the medium should promote as 
luxuriant and regular growth of the bacterium as possible With few 
exceptions laboratories in India employ" Lab.-Lemco." together with a 
proprietary brand of peptone, for the preparation of their basic media. 
Whilst the manufacture of a culture medium from such ingredients is 
sim pie and generally free from objections of a religious nature, the growth 
of bacteria seeded into it is not always satisfactory. Again, sorne of the 
brands of peptone supplied impart such a dark colour to the broth that 
the estimation of bacterial growth by matching against a standard opacity 
tube is often a matter of extreme difficulty. 

It was foulld, however, that the staff of the laboratory raised no 
objection to working with the heart muscle or the pancreas of the ox. An 
extract of ox pancreas was, therefore, prepared, and by allowing this to 
act upon a mince of the heart muscle a digest medium was obtained that 
now forms the basis of all the routine culture media used in the laboratory. 
The growth of Bact. typhosum in this digest broth has been very satisfac
tory and regular alld the pale colour of the broth has enabled the matching 
with the opacity tubes to be carried out readily. . 

The technique of the virulence tests followed closely that described 
originally by Perry, Findlay and Bensted (Hl33 (a) ) except that owing to 
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H. J. Bensted 3 

the large number of strains to be examined it was often not possible to 
employ more than five mice for each test dose. Practically all the animals 
used in the investigation had to be bred in the laboratory and it was, in 
consequence, sometimes difficult to find a sufficient number of males of 
20 grammes in weight for anyone experiment. Mice of from 15 grammes 
upwards, therefore were employed. The results, on the whole, were very 
regular but, owing to an occasional discrepancy, it was decided to record 
virulence in terms of the Average Lethal Dose (A.L.D.) rather than the 
Minimal Lethal Dose (M.L.D.). 

In the previous work, published in conjunction with Perry and Findlay, 
never less than ten mice were injected with the same test dose and, as the 
experiment was repeated at least twice, the M.L.D. thus expressed repre
sented a test performed upon a minimum of thirty selected animals. It 
was felt, therefore, that under the condition obtaining in the present 
investigation the A.L.D. might more truly represent the estimated virulence 
of the organism than the standard previously employed. 

Preliminary Classificatio~ of the Strains. 

Each culture was exa~ined as soon as it was received in the laboratory. 
It was first plated on deep agar plates, and after eighteen hours' incubation 
the various media were inoculated from a single selected colony, so that all 
the tests concerned with the confirmatioit of the identity of the organism 
and the correlation of its virulence by the mouse test with its agglutin
ability in the living state with a pure" 0 " serum could be carried out with. 
bacteria that had the closest possible connexion. " 

In order to maintain the same standards that obtailled in the original 
mouse experiments, tests were from time to time carried out in parallel 
with certain classical strains whose virulence had been confirmed by several 
independent workers (Perry, Findlay and Bensted, 1933; Felix and Pitt, 
1934; Kauffmann, 1935). It was found that of the typical strains isolated 
from the primary blood-cultures, only sixteen were insensitive to "0" 
agglutination in the living state or approached the virulence of TY. 2, 
Watson, or Rejuvenated Rawlings (called Rawlings-Ben. by Kauffmann), 
and that the remaining eighty-four possessed a virulence that was definitely 
less than these standard strains. 

Ty. 2 and Rawlings-Ben. were subcultured on to egg-medium in 
McOartney's bottles in February, 1935, and apart from a subculture taken 
from each in March, 1935, the bottles were not opeqEld un~il Ju.ly, 1936. 
After one subcultivation grown on agar for eighteen hours at 37° C., both 
these strains were found to be completely insensitive to " 0" agglutina
tion in the living state and their average lethal dose was 50 million. It has 
been realized for some time that Ty. 2 would retain its virulent properties 
over considerable periods on ordinary media without any special 
precautions (Felix and Pitt, 1934), but there is little doubt that when 
first rejuvenated Rawlings showed a tendency.to revert if very frequently 
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4 Typhoid Fever 

subcultured on agar, as noted by Brown (1936) .. Egg-medium was 
recommended to the present writer in 1932 by Dr. W. M. Scott for the 
preservation of the smooth characters of the typhoid bacillus, but it was 
immediately evident that the medium also preserved the virulent 
characters of the organism, and since that date Rawlings-Ben has been 
maintained thus in sealed bottles. It appears that this strain now 
consists of pure V (Kauffmann) forms and shows as little tendency to 
revert as Ty. 2. 

In Table I the virulence tests of the typhoid bacilli isolated from a 
hundred consecutive primary blood-cultures are summarized. 

Number of strains 
examined 

16 
6 

59 
19 

TABLE 1. 

Average lethal dose in 
millions 

50 
50-80 
SO-lOO 

Above 100 

Agglutination of live cultures with 
a pure "0" serum 

Nil 
± 
+ ++ to ++++ 

It will be seen that the resistance of living cultures of typhoid bacilli 
to " 0 " agglutination is regularly and directly proportional to their virulence 
as was noted by Felix and Pitt (1934) and others. In carrying out these 
tests it was observed frequently that the sensitivity of the organism to 
" 0 " agglutination was a more accurate guide in observing slight differences 
in virulence than the actual mouse test itself unless large numbers of 
animals were employed. 

Clinical type of case 

TABLE n. 

Number of strains 
examined 

Agglutination of live culture Average lethal dose in 
with 'I 0 " serum millions 

---------- --------- ----------------
Not severe 1 Nil 50 

6 +++ 100-200 
2 ++++ Over 200 

Severe. _ 6 Nil 50 
3 ± 50-80 

55 + 80-100 
7 +++ 100-200 

Very severe .. 7 Nil 50 
3 +++ 100-200 

Fatal .. 2 Nil 50 
3 ± 50-80 
4 + 80-100 
1 ++ Over 100 

Table II shows the classification of the primary blood-cultures according 
to the clinical severity of the case originating them. 

It will be evident at once that although the very severe and fatal cases 
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H. J. Bensted 5 

did not al ways yield at the original blood-culture, organisms of the highest 
virulence, the bacteria recovered from over 50 per cent of all the cases 
which were of moderate severity, were also of moderate virulence. 

Mild Cases. 

The objections to classifyiug cases of an acute infectious disease according 
to their clinical severity are obvions, especially when the observers are 
many and widely separated. Nevertheless it was felt that after analysing 
the records, nine cases, with their short pyrexial periods and absence of 
serious symptoms or complications, might reasonably be labelled mild. 
Table III gives a brief summary of these cases, which, with the exception 
of B99, yielded organisms of less than average virulence. 

Index 
number 

B15 
B37 
B53 
B55 
B60 
B67 
B7S 
B79 
B99 

Interval since 
last TAB 

Un inoculated 
12 months 
10 months 
6 months 
6 months 

12 months 
4 months 
2 months 
9 months 

TABLE Ill. 

Agglutinins at time 
of culture 

H.Nil.O.125 
H.275.0.25 
H.500.0.25 
H.250.0.125 
H.250.0.110 
H.125.0.Nil 
H.1000.0.~75 
H.300.0.25 
H.450.0.70 

Agglutination of 
live culture by 
"0" serum 

++++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 

++++ 
Nil 

A.L.D. in 
millions 

Over 200 
100-200 
100-200 
100-200 
100-200 
100-200 
100·200 
Over 200 

50 

Note.-Cases B15 and B79 were extremely mild and their pyrexia only lasted 
for six days in each case. Case B99 was a mild fever that was not con
sidered typhoid until the routine blood-culture, taken on the fifth day, 
resulted in the isolation of Bact. typhosum. The pulse was slow and the 
patient displayed no other prominent sign or symptom than an impaired 
mentality. The temperature had fallen to normal on the ninth day and 
convalescence was rapid. Blood·culture on the seventh day was sterile, 
but one or two of the frecal cultures during convalescence yielded 
organisms of undiminished virulence. The agglutination titres for the 
typboid bacillus on the various days of the disease are given below ;-

5th Day 11th Day 14th Day 19t1i Day 

H. 450 500 175 175 
O. 70 175 125 125 
Vi. Not done iO 75 50 

Very Severe and Fatal Cases. 

With regard to the very severe and fatal cases, it was also felt that they 
were sufficiently different from the average illness due to typhoid fever to 
warrant examination of their histories in some detail. 

Three of the ten very severe cases occurred in young uninoculated 
children, who had prolonged pyrexias with deliri urn and other serious 
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6 Typhoid Fever 

symptoms. They relapsed, but fi~ally all three, BSI, B3S, and BS4, made 
good recoveries. 

Of the remaining seven cases in this group, each patient had received 
prophylactic inoculations, and the organisms cultivated from the blood 
were of the highest virulence :-

B39 had been inoculated twelve months previously. The case showed 
marked toxicity with delirium with a continuous pyrexia of thirty-five 
days. At the end of fifteen days the" TO" agglutinins had only risen 
to 50. There was no relapse, but recovery was very slow. 

B45 had been inoculated fourteen months previously. The disease ran a 
normal course for the first part, but relapsed on the twenty·sixth day. 
Myocardial degeneration set in and the outlook became very serious 
when serum from a patient convalescent from severe typhoid was 
injected intramuscularly. Recovery was dramatic. The" 0" agglu
tinins which had risen to 100, fell to zero at the time of the relapse 
before they began to rise again. 

B47, a case related to B45, bad been inoculated less than three months 
previously. He relapsed about the twentieth day and was clinically 
similar to B45. This case was also treated with convalescent serum 
and the recovery was' uneventful. As in the previous case the "TO" 
agglutinins, which had a titre of 35 at the beginning of the illness, sank 
to zero before the relapse, and five days after the administration of the 
convalescent serum had risen to 100. 

B57 had been inoculated seven months previously. The case was complicated 
by a serious bronchopneu"monia. The" 0 " agglutinins rose to 500 hy 
the fifteenth day. 

BSI had been inoculated three months previously. Bronchopneumonia was 
so early that typhoid fever was not considered until the organism was 
isolated from the first blood-culture on the tenth day. The" 0 .. 
agglutinins only rose to 125. The case became a temporary urinary 
carrier. 

B87 had been inoculatecl one month previously. The case was very toxic 
with hremorrhages and prolonged pyrexia. Only one sample of blood~ 
serum, taken on thA fifth day, was available when the" TO " agglutinins 
were found to have a titre of 200. . 

B96 had been inoculated ten months previously. Very toxic with delirium 
and long pyrexial period. No relapse and no record of " 0 .. agglutination 
available. 

In the series of eleven fatal cases investigated there were only two in 
which the original blood-culture yielded an organism of the highest 
virulence :-

B46. A companion case to B45 (v.s.), had been inoculated fourteen months 
previously. After a preliminary fever of normal intensity a relapse 
occurred about the twenty-fifth day with marked toxremia, delirium and 
myocardial involvement. The patient died before the treatment, which 
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H. J. Bensted 7 

appeared to be so effective in the case of B45, could be exhibited. The 
" TO" agglutinins remained at 35 throughout the illness. 

BIOO. An un inoculated case in a boy aged 12. A very severe case originally 
diagnosed bronchopneumonia, but a blood·cnlture taken on the fifteenth 
day gave pure growths of Bact. typhosnm. The case steadily improved 
up to the thirtieth day, when a relapse occurred with marked myocardial 
involvement. A. fatal issue followed with great rapidity. 

The essential details of the other nine fatal cases are as follows :-

(
These two cases had been inoculated some eleven months previously. 
They were very sev.ere and toxic from the beginning, yet the bacilli 

B88( isolated from the primary blood-culture were only just above average 
B91 virulence. Both cases succumbed to peritoneal involvement. In B88 

the perforation was successfully treated by surgical means, but the 
patient did not long survive. . 

B93 had been inoculated ten montbs previously and yielded an organism 
ratber. above the average virulence. The patient, although his" TO " 
agglutinins rose to 225 011 the eleventh day, showed no clinical resistance 
to his illness and died on the thirteenth day. 

{

These cases had all been inoculated well within the year and at no time 
B89 durit:Jg their illnesses were Organisms. of more than average virulence 
~~~ isolated from their blood. Clinically the cases presented the same 
B95 picture as B93, quoted above, and a fatal issue followed without any 

apparent fight on the part of the patients. 

B98. Inoculated two and a half years previously, and the organism recovered 
from the primary blood· culture was just above average virulence. From 
a clinical point of view the case appeared to be proceeding normally 
when suddenly on the twenty-seventh day the patient became gravely 
ill with acute toxremia and delirium to which he quickly succumbed. 

B92 had been inoculated sixteen montbs previously. The 'clinical history 
of this case is again very similar to that of B93, but the culture obtained 
from the blood was extremely sensitive to " 0" agglutination, and the 
A.L.D. was estimated as well over 100 millions. 

TABLE IV. 

Index Age Day of Agglutination of live culture A.L.D. in I Remarks number period culture by "0" serum ~lliO=-- ____________ ---- ------- --------
BlO Adult 6th +++ Over 100 Severe. No complications. 

Recovery 
B15 Adult 5th ++++ About 200 Very mild. Recovery 
B3t Child 6th +++ Over 100 Very severe. Relapse. Myo-

carditis. Recovery 
B33 Child 5th +++ Over 100 Very severe. No complica-

tions. Recovery 
B3i Child 8th ++ About 100 Very severe. Relapse. Re· 

covery 
B54 Adult 8th + 80-100 Not severe. No complications. 

Recovery. Paratyphoid pre-
viously 

BlOO Child 15th Nil 50 Very severe. Relapse. Myo-
carditis. Fatal 
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8 Typhoid Fever 

Uninoculated Cases. 
Although few individuals are admitted to military hospitals in India who 

have not received prophylactic inoculation against the enteric fevers, there 
are certain classes who may not be protected. Amongst these are still to 
be found children of both officers and subordinates, together with certain 
followers. In the present series seven such cases occurred, and these have 
been summarized in Table IV, which needs no comment. 

Change in the Virulence of a Particular Strain. 
Experiments were described by Perry, Findlay and Bensted (1933), in 

which it was shown that if a sub-minimal lethal dose of typhoid bacilli of 
high virulence were injected intraperitonealIy into mice, orga,nisms could 
be recovered, after varying intervals, from such animals that had a lower 
virulence than the bacteria originally introduced. Conversely, it was also 
shown that if exactly lethal doses of bacilli of relati,ely low virulence were 
similarly injected into mice it was possibie to recover, post-mortem, from 
the animals organisms having an exalted virulence. 

Index 
number 

B26 

B45 

B46 

B47 

B53 

B56 

B98 

Day of 
disease 

4th 
5th 
7th 
9th 

7th 
9th 

12th· 
13th 

7th 
9th 

10th 
29th 

24th 
25th 
27th 
29th 

8th 
9th 

13th 
15th 

6th 
8th 

10th 

12th 
14th 
17th 
23rd 
26th 
28th 

Agglutination of li ve 
culture by pure 

"0" serum 

+ 
+ 

++ 
Culture sterile 

Nil 
Nil 
+ 

Culture sterile 

Nil 
+ 

Culture sterile 
Nil 

Nil· 
± 

++ 
Culture sterile 

+ 
+ 

++ 
Culture sterile 

+ 
+ 

+++ 
± 
+ 
+ 

++ 
++ 
Nil 

TABLE V. 

A.L. D. in 
millions 

50·100 
50-100 
50-100 

50 
50 

50-100 

50 
50-100 

50 

50 
50-80 

About 100 

50-100 
50-100 

Above 100 

50-100 
50-100 

Above 100 

50-80 
50-100 
50-100 

Above 100 
Above 100 

50 

Remarks 

Severe case at the beginning. Crisis 
and rapid recovery 

Very severe case. Relapse 26th day. 
Convalescent serum injected. Re
covery 

Very severe case. Relapse 28th day. 
Delirium and myocarditis. Death 

Very severe case. Relapse 23rd day. 
Very toxic and delirious. Convales· 
cent serum. Recovery 

Severe case, but recovery without com
plications 

Severe case, but recovery without com
plications 

I 

Severe case that appeared to be re
covering slowly. Temperature not 
quite normal. Patient suddenly 

I 

became gravely ill (27th da.y) and 
died three days later 
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H. J. Bensied 9 

It was considered that an examination of the cultures recovered from 
the blood at different periods during an attack of typhoid fever from the 
same patient might exbibit certain changes in virulence- that might be 
comparable to these experimental observations. Table V gives a brief 
account of multiple blood-cultures carried out in seven cases. 

In the case of B26 the mouse test was not sufficiently delicate to 
demonstrate the decrease in virulence of the third blood-culture. The 
increased agglutinability, however, of the living culture in the presence 
of a pure" 0" serum was very marked when suspensions of the three 
organisms were examined together. 

The cultures from B46 and B98 demonstrated both changes. In the 
former case the organism lost virulence during the first part of the disease 
and after the relapse this was enhanced. In the case of B98 there was 
a sligbt though steady loss of virulence until a day or two before death 
when the sixth and last blood-culture was completely insensitive to 
" 0" agglutination and by the mouse test was found to have an A.L.D. 
of 50 millions. 

Further examples of this exaltation of virulence have been observed in 
two of the fatal cases mentioned above :-

B88. Three blood-cultures during life were slightly sensitive -to "0" 
agglutination and had an A.L.D. of 80 millions. The organism recovered, 
post-mOdem, from the spleen was insensitive to "0" agglutination 
and had an A.L.D. of 50 millions. 

B91. The only blood-culture during life was readily agglutinable when the 
living strain was examined with an "0" serum and its A.L.D was 
100 millions. The spleen culture was completely insensitive and the 
A.L.D. was 50 millions. 

It should be noted, however, that this increase in virulence of spleen 
cultures is by no means a regular finding. In four of the other fatal cases, 
B89, B90, B92, and B95, from which organisms of average or less than 
average virulence had been recovered during life, the post-mortem spleen 
cultures showed no exaltation of virulence. As has already been mentioned 
these four cases had a fatal termination without allY obvious clinical 
reaction on the part of the patient. 

When the attempts to raise the virulence of the classical avirulent 
Rawlings strain were first carried out (Perry, Findlay and Bensted, 1933) 
it was observed that massive doses of the strain, injected intrapel'itoneaIly 
into mice, caused the death of the animals without inducing any ellhance
ment of the virulence of the organism that might be recovered at the 
post-mortem examillation. If, however, the dose of organisms was just 
lethal, it was found that this change might be brought about. A parallel 
to this would appear to exist in some natural infections ill man. When the 
infecting dose is too massive or the agents of resistance (whatever they 
may be) too weak, a fatal issue may occur from an infection with an 
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10 Typhoid Fever 

organism of relatively low virulence and without any enhancement taking 
place during the illness. Cases B89, B90, B92, B93, B94 and B95 would 
appear to be examples of this. Where there is some marked reaction pro
duced in the body of the patient the virulence of the infecting organism 
may become exalted. It is possible that the reactions produced by the 
relapses of B46 and B98 and the peritoneal involvement of B88 and B91 
were responsible for the increase in virulence of the bacilli finally isolated 
from these cases. 

It appears probable, therefore, that the behaviour of the typhoid bacillus 
in natural infections in man are subject to the same influences that have 
been observed in the experimentally induced infections in mice. 

Vi-Antigen in the Cultures Isolated. 

By the use of a pure Vi-antiserum it was possible to show the presence 
of Vi·antibody in all the strains isolated from the blood-cultures. Felix, 
Bhatnagar and Pitt (1934) have shown that the agglutinability of a living 
culture in the presence of a pure Vi-antiserum is inversely proportional to 
its Vi content and Felix and Pitt (1936) demonstrated that the Vi absorp
tive power of a living culture was directly proportional to its virulence. 
No attempt was made to estimate the proportion of Vi-antigen present as 
a routine in the series under investigation, but certain of the cultures were 
examined by this method and rrable VI shows the results of absorbing a 
pure Vi-serum with constant doses of living cultures of strains compared 
with their virulence. 

Culture 

901 "0" 
B15 
B92 
B90 
B45 

Rawlings 
Ben 

A.L.D. 
in milliolls 

Over 200 
Ahout200 
About 100 

50·80 
50 
50 

TABLE VI. 

Agglutination of 
living cnlture 

by a 
pure I' 0" serulll 

++++ 
++++ 

++ 
± 

Nil 
Nil 

Agglutination of 
living culture 

by a 
pure Vi·serum 

Nil 
++ 
++ 
+ 
+ 
+ 

Absorptive power of living culture 
of constant dose against a pure 

Vi·serum (titre 1 : 500) 

ViS.-901" 0" v. B92 = 500 
ViR.-B15 v. B92= 200 
ViS.-B92 v. B92= 100 
ViS.-B90 v. B92= ?25 
ViS.-B45 v. B92=Nil 
V.S.-RB v. B92=Nil 

Note.-The equation in the above table shows the result of absorbing a pure 
Vi-serum with a constant dose of a living culture of the particular strain 
shown in ,column 1 and then testing it against a living strain that was 
known to agglutinate well with the Vi· serum. The final figure is the 
titre of Vi·agglutinins remaining. 

Estimation of Vi-antibodies in the Serum of Patients. 

Although the presence of Vi-antibodies was demonstrated in the serum 
from a considerable number of cases the actual estimation of the titre was 
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· H. J. Bensted 11 

a matter of some technical difficulty owing to the different absorbing dose 
required for different sera and the possible loss of Vi-antibody in the 
process of absorption. The prelirbinary treatment of the absorbing bacteria 
with acid as recently recorded hy Felix and Pitt (1936) has heen tried in a 
few cases but there has not been sufficient opportunity of examining this 
method for the demonstration, if any, of the correiation between the 
virulence of the organism responsible for the infection and the production 
of Vi-antibody in the blood of the patient. 

The Virulence of Organisms Isolated from Carriers. 

It is perhaps outside the maiu scope of this communication, but it may 
he of interest to 1I0te that out of five carrier conditions investigated all 
were found to be excreting organisms of the highest virulence. Three 
were fmcal and two were urinary carriers. One fmcal and one urinary 
carrier were still passing these highly virulent bacteria six months after 
the acute disease, one urinary and one fmcal carrier were of a temporary 
nature, and one "healthy" carrier was discovered during the routine 
examination of the stools of a menial prior to his employment in the 
handling of foodstuffs, but it was not possible to obtain any satisfu.ctory 
information from him with regard to his previous illnesses. This last case 
was examined on many occasions over a period of six weeks and bacilli 
having exactly the same characters were present in the stools in practically 
every specimen submitted. 

In the case of the two temporary carriers it was possible to study the 
virulence of the organisms recovered from the blood, urine and fmces 
throughout the disease to convalescence. The A.L.D. remained constant 
at fifty millions. 

Discussion. 

It will be evident at once that the questions concerning the correlation 
of clinical severity with the virulence of the infecting organisms have not 
been answered very satisfactorily. Whilst the greater proportion of normal 
cases of typhoid fever appear to have been caused by organisms having an 
average virulence, there are so many instances where the virulence of the 
infecting bacilli appears to bear little or no relation to the clinical severity 
of the case that the estimation of this property of an infecting organism 
would not seem to have great practical value as an aid to prognosis. At 
the same time it should be appreciated that amongst the mild cases there 
was only one that yielded bacilli of high virulence. The very severe and 
fatal groups produced four organisms of Iow virulence, but three cases 
were in young children who had not received any prophylactic inoculation 
and the other, a fatal case, c.annot be satisfactorily explained. With 
regard to this and the other fatal cases it would appear that the virulence 
of the bacteria isolated from the blood was not entirely responsible for the 
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12 Typhoid Fever 

fatal issue. In cases B88, B89, B90, B93, B94 and B95, where the clinical 
prognosis was so very grave, almost from the very commencement the 
infecting organisms were not of very high virulence and the "TO" 
agglutinins rose from a relatively low titre to over 100 before the tenth 
day. . 

The I< TO" agglutinins were estimated every five or six days in over 
50 per cent of the cases investigated and as all the examinations were 
carri~d out with standardized broth cultures of Bact. typhosum 901 "0" 
it was hoped that they might, in conjunction with the virulence test of the 
infecting organism, be of some value in assessing prognosis. So irregular, 
however, were the results that it was felt that their inclusion in this 
communication would serve no useful purpose. 

It is generally agreed that the titre of the "TO" agglutinins in the 
blood-serum is a rough guide to the antibody response of the other known 
agents of resistance of this nature. But, unless the fatal issues referred 
to above were governed by the initial infecting dose of organisms, it is 
difficult to believe that there are nbt other barriers to infection whose 
breakdown may be responsible for some of the fatal terminations. 

Although the cases are in no way selected the numbers are too small to 
make allY comparison of the mortality rates between the inoculated and 
uninoclllated individuals. Superficially it may appear that there is little 
difference between the percentage of deaths in the two groups, but apart 
from the fact that only seven uninoculated cases were investigated in this 
series, it must be appreciated that the one apparently anomalous result was 
the case of an individual who had a previous history of paratyphoid fever, 
and on the eighth day of his typhoid attack his "AO" agglutinins 
were 250 . 

. Since the examination of the series of cultures under review has heen 
completed a further ten uninoculated cases have been collected. It is 
of interest to note that five of these cases yielded organisms of the 
highest virulence and terminated fatally. Of the other- five organisms 
that were recovered from the blo·od-cultures one was of moderate 
virulence and the remaining four had average lethal doses of well over 
100 million and were very sensitive to "0" agglutination. Although 
these cases were critically ill they eventually recovered. 

In view of the recent reports by Felix (1935) and McSweeney (1935) of 
clinical trials of a Vi-antiserum, a certain amount of interest attaehes itself 
to the three companion cases that relapsed after about the same interval 
and displayed marked toxic symptoms with myocardial involvement. The 
rapid disappearance of these toxic symptoms in two of the cases following 
the exhibition of convalescent serum having a relatively low" 0" antibody 
content suggests that if this agent was responsible for the improvement in 
the condition, some other factor must have assisted in the neutralization 
of the toxins produced by the infection. 

The change in virulence of the infecting organism during an attack of 
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typhoid fever follows so closely the changes observed in the experimentally 
induced infections in mice as to need iittle comment. It is, of course, 
possible that many of the blood-cultures of the middle group had suffered 
this change and that an earlier blood-culture might have yielded organisms 
of a higher virulence. 

Felix, Bhatnagar and Pitt (1934) observed that one of their strains, Ty. 1, 
existed in two forms, one sensitive to "0" agglutination and the other 
insensitive. Several strains of the series under review, when received in 
the laboratory, were found to be a mixture of V and VW (Kauffmann) 
forms. These were separated from plate cultivations into the two types 
and sealed in McCartney's bottles for further study after a suitable interval. 
vVhether pure V forms of all strains can be maintained thus on egg-medium 
for long periods remains to be seen, but it is probable that the behaviour 
of the new strains, provided they are in a pure V state, will follow that of 
Ty.2 and Rawlings-Ben. 

'1'he demonstrations of Vi-antigep in all the freshly isolated cultures 
confirms the findings of Kauffmann (1936), although the work of Gundel 
and Abdoosh (1936) suggests that such regular results may not always be 
obtained. 

The high virulence of the organisms that may be excreted by" carriers" 
is difficult to understand. It is possible that it may be associated with 
tissue reactions such as are known to occur in the gall-bladder of some 
" fffical carriers." 

Summary. 

(1) The results of virulence tests of primary blood-cultures in one 
hundred consecutive cases of typhoid fever are described. 16 per cent 
were found to be of the highest virulence and 59 per cent of medium 
virulence. 

(2) Over one half of the cases were of normal clinical severity and 
yielded organisms of medium virulence. '1'he results from mild, very 
severe and fatal cases were less well defined. 

(3) The change in virulence of the organism during its stay in the 
blood-stream of a patient follows the same lines as the change observed in 
the experimental infections in mice. 

(4) Vi-antigen was demonstrated in all the strains freshly isolated from 
the blood. 

(5) Five" Carrier" conditions were investigated and were found to be 
excreting organisms of the highest virulence. 
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