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Controlled field trial of a high-dose oral killed typhoid vaccine in India
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Abstract

A controlled field trial of a modified vaccine con-
taining Salmonella typhi, TY 2 strain, in a dose of
400 x 10 9 killed organisms per capsule, was carried
out in schoolchildren aged 6-17 years. The children
were followed up for 6-8 months. There were 66 cases
of typhoid fever in the vaccine group (7312 children)
and 54 in the control group (7292 children who had
received a placebo). This difference is not statistically
significant. The results confirm that, as found in
earlier trials, oral typhoid vaccine, in the dosages used
so far, gives no protection.

In 1968-69, for the first time, a large-scale con-
trolled field trial was carried out with an oral typhoid
vaccine. The vaccine was prepared from Salmonella
typhi (TY 2 strain) and contained 100 x 109 killed
bacteria per enteric coated tablet. The dose schedule
was one tablet daily on each of three consecutive
days. The results indicated that the vaccine was
ineffective in the field (1). Another study, carried out
on volunteers who were challenged after vaccination
with varying doses of the same vaccine, also proved
that the vaccine gave no protection in the recom-
mended doses (2).

After the first trial, it was suggested that a vaccine
containing a larger number of organisms might
prove more useful in areas where typhoid fever is
endemic. A killed vaccine containing 300 x 109
organisms was therefore tried in another controlled
field trial conducted in 1970-71 (3, 4). This time the
vaccine was prepared from a different strain of
S. typhi, i.e., TY 58. At no stage of the trial did the
vaccine offer any protection (3). Further laboratory
studies on this vaccine showed that it conferred no
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protection in rats and that its solubility in artificial
gastric juice was poor (5).

In 1974, a new, modified vaccine containing S. ty-
phi, TY 2 strain, in doses of 400 x 109 killed
organisms per capsule, was prepared by Behring-
werke, Federal Republic of Germany. According to
the manufacturers, the vaccine showed high solubil-
ity in artificial duodenal juice. The present study was
carried out in order to find out by a controlled field
trial whether the vaccine is effective and to assess the
duration of the immunity conferred, if any.

Material and methods
Area andpopulation: The area selected for the field

trial-Trans Jamuna Colonies, extending from Lax-
mi Nagar to Chander Nagar, Delhi-had character-
istics similar to those of the area in which the earlier
two trials in India had been carried out (1, 4). It was
selected because experience had shown it to have a
high incidence of enteric infections.

There were 19 primary and middle schools and one
higher secondary school in the area. The children
resident in the area who were included in the trial
were all in the age group 6-17 years, in which the
incidence of typhoid fever (as indicated by our earlier
studies) was estimated at 7-8 per thousand. A sample
of 6000 children each in the control group and in the
experimental group was considered sufficient to
achieve a statistically significant difference between
the two groups, provided that the effectiveness of the
vaccine was at least 50%. After a number of children
had been excluded from the trial for various reasons
(see below), there remained 7312 children in the
vaccinated group and 7292 in the placebo (control)
group.

Vaccine. The vaccine and placebo capsules were
prepared by Behringwerke and were given the code
letters A and B, respectively. Each vaccine capsule
contained 400 x 109 acetone-inactivated, lyophilized
S. typhi, TY 2 strain.

Procedure. Children who were suffering from diar-
rhoea or fever at the time of vaccination were
excluded from the trial. Those remaining in the trial
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were given vaccine or placebo according to their roll
numbers in class.

Administration of the vaccine was started on
1 February 1974 and completed in April 1974. The
dates of vaccination were entered in the family
registers.
Of the 15 933 children in the age group 6-17 years,

14 604 received all three doses of vaccine or placebo,
one capsule being given on each of 3 consecutive
days. The remainder were given only one or two
doses, either because they refused another dose or
because of illness. (Vomiting occurred soon after
ingestion of the capsules in 19 children who received
typhoid vaccine and in 24 who were given placebo.)
Only the children who received all three doses were
included in the trial.

Surveillance. Each of the 14 604 children included
in the trial was followed up regularly by house-to-
house visits from the first day of vaccination (during
the period February-April 1974) to 15 November
1974. Details about the sickness of any child were
entered in the family registers during those visits.

All sick children, irrespective of the type of illness,
were referred to the two medical clinics specially
established in the area during the trial period. They
were examined and treated. Children with fever were
followed up every day until they felt well; those with
fever of more than 3 days' duration, irrespective of
other symptoms, were investigated for enteric infec-
tion. A 5-ml sample of venous blood was taken from
the patient for bacteriological examination.
The criterion for the diagnosis of typhoid fever

was a blood or clot culture positive for S. typhi.

Results
Fever lasting more than 3 days was recorded in

1064 children during the follow-up period, 537 cases
occurring in the vaccine group and 527 cases in the
placebo group-an incidence of 73.4 per thousand
and 72.3 per thousand, respectively.

Effectiveness of the vaccine. The analysis revealed
66 cases of typhoid fever in the vaccine group and 54
cases in the control group-an incidence of 9.0 per
thousand and 7.4 per thousand, respectively. This
difference is not statistically significant.

Discussion
The present trial has shown that the vaccine tested,

when given in the recommended dosage, gave no
protection. It thus confirms the findings of earlier
controlled field trials, that killed typhoid vaccine
(TY 2 and TY 58 strains), given orally, conferred no
immunity in man. What is needed is probably a
larger number of doses of a killed antigen or of a
suitable live attenuated vaccine.
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