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A cluster-randomized trial of Vi-TT was conducted in Dhaka, Bangladesh, using JE vaccine as the control.
A subset of 1,500 children were randomly selected on 2:1 basis (Vi-TT vs JE) to assess immune response.
Blood was collected before vaccination, and on days 28, 545 and 730 post-vaccination and plasma anti-
Vi-IgG response was measured. A robust, persistent antibody response was induced after single dose of
Vi-TT, even after 2 years of vaccination. While there is no accepted serological antibody threshold of pro-
tection, analyzing the antibodies of children who received Vi-TT provides evidence that may later be use-
ful in predicting population protection.

� 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
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1. Introdcution

Salmonella enterica serovar Typhi (S. Typhi) causes typhoid
fever, and is transmitted through food and water contaminated
with human feces. Typhoid fever is a public health concern in areas
where clean water and sanitation infrastructure are not well estab-
lished. It is estimated that more than 9 million cases and 110,000
deaths due to typhoid fever occur each year with an especially high
incidence rate in school-aged and pre-school-aged children resid-
ing in urban slums of developing countries [1,2]. Increased levels
of antimicrobial resistance in S. Typhi strains and emergence of
multidrug-resistant and extensively drug-resistant strains in dif-
ferent geographical location of Asia and Africa is worsening the sit-
uation [3,4].

Typhoid fever also remains a major public health problem in
Bangladesh. A prospective population-based surveillance was car-
ried out in densely populated area of Mirpur (wards 3 and 5) in
Dhaka city, Bangladesh to measure the age-stratified burden of
typhoid and paratyphoid fever. The highest disease burden was
seen in children 5–9 years of age with overall incidence of 161
(95 % CI: 145–179) per 100,000 person-years of observation;
increased levels of antimicrobial resistance in S. Typhi strains has
also been reported [5].

Both short and long-term control strategies including vaccina-
tion and water, sanitation, and hygiene (WASH) interventions are
important to contain the spread of typhoid fever in urban slums,
where the burden of the disease is very high. However, large finan-
cial investments for WASH intervention are required to ensure
proper sanitation and safe water, likely not implementable in most
low-income countries in the near future. The World Health Organi-
zation (WHO) prequalified the Vi capsular polysaccharide vaccine
conjugated to tetanus toxoid carrier protein (Vi-TT) (Typbar�

TCV, Bharat Biotech International Limited) in December 2017 [6]
and recommended the typhoid conjugate vaccine (TCV) for routine
immunization programmes for children above 6 months in coun-
tries with high typhoid burden and encouraged generation of effi-
cacy data by conducting clinical trials including co-administration
studies [6]. The Typhoid Vaccine Acceleration Consortium (TyVAC)
has been conducting large randomized controlled trials of Vi-TT in
different urban settings of Asia and Africa and the studies revealed
very encouraging efficacy data against clinical typhoid [7–9]. In
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addition, a randomized controlled trial performed in Burkina Faso
has revealed that the Vi-TT vaccine is safe when co-administered
with routine group A meningococcal conjugate vaccine (MCV-A)
and measles– rubella (MR) vaccine and a robust immunogenicity
profile has also been documented with co-administration of TCV
and MCV-A [10].

A large-scale cluster randomized-controlled trial (CRT) of Vi-TT
vaccine, conducted in a geographically defined area of Dhaka city,
Bangladesh, using SA 14–14-2, live attenuated Japanese encephali-
tis (JE) vaccine (Chengdu Institute of Biological Products) as the
control. An interim analysis of 18 months data of this trial has
reported 85 % total protection including 81 %, 80 % and 88 % vac-
cine effectiveness for the children aged 9 months to < 2 years, 2–
4 years and 5 to < 16 years, respectively [7]. As part of this study,
blood specimens were collected from a subset of vaccinees of both
Vi-TT and JE clusters to assess the immune responses induced after
vaccination and plasma anti-Vi-IgG antibody responses were mea-
sured by using a commercial enzyme-linked immunosorbent assay
(ELISA) kit [7]. To assess the long-term immunogenicity and the
decay of levels of antibody responses in vaccinees over time, the
vaccinees were followed-up until two years post-vaccination. Here,
we report the plasma anti-Vi-IgG antibody responses in vaccinees
of all age groups (<2 years, 2–4 years and 5 to < 16 years) on day 0
before vaccination and on day 28, at 18 months and two years.
Table 1
Baseline characteristics of immunogenicity participants by vaccine groups.

Characteristics Vi-TT
(N = 1009)

JE (N = 503) P value

Age in years at enrollment
(Mean ± SD)

6.1 ± 4.3 6.0 ± 4.3 0.683||

Number and percent of vaccinees of different age groups
<2 years 132 (13.1 %) 63 (12.5 %) 0.954–

2–4 years 372 (36.9 %) 187 (37.2 %)
�5 years 505 (50.0 %) 253 (50.3 %)
2. Methodology

2.1. The Vi-TT trial and immunogenicity study

A cluster randomized-controlled trial (CRT) of a single-dose Vi-
TT vaccine was conducted in Mirpur (wards 2, 3 and 5), Dhaka city
of Bangladesh between April 2018 and March 2020 to evaluate the
protective effectiveness of the vaccine. A total of 205,760 popula-
tion was enumerated in the study area during baseline census, con-
ducted between 14th February and 25th March 2018. The study
area was divided into 150 clusters. Clusters were demarcated by
natural borders wherever possible and included contiguous house-
holds with approximately equal numbers of populations. A base-
line vaccination campaign was conducted between 15th April
and 15th May 2018 where 41,344 children were vaccinated. The
trial is registered at https://www.isrctn.com as ISRCTN11643110.

For the immunogenicity study, 18 of 150 clusters were ran-
domly selected to either Vi-TT or JE vaccine, and a subset of
approximately 1,500 participants were selected on a 2:1 basis
(Vi-TT vs JE) to blood specimens at baseline (day 0) before vaccina-
tion, and then at day 28, at 18 months (day 545), at two years (day
730). Selection of participants was also age-stratified (<5 years
vs� 5 years of age on 1:1 basis). Participants for the immunogenic-
ity study were randomly selected manner by an independent,
unblinded statistician. Blood specimens (3–5 ml) were collected
in sodium heparin tubes and transported to the Mucosal Immunol-
ogy and Vaccinology Laboratory, icddr,b for processing. Before
blood collection and vaccination, written informed consent was
obtained from parents/guardians of all participants and participant
assent was also obtained from participants aged 11 to < 16 years.
Gender
Female n (%) 517 (51.2 %) 250 (49.7 %) 0.573–

Body temperature (�C)
(Mean ± SD)

36.30 ± 0.35 36.28 ± 0.36 0.327||

Previous history of typhoid
Yes n (%) 57 (5.7 %) 25 (5.0 %) 0.583–,a

|| Two-sample t-test with equal variances.
– Pearson’s chi-squared test.

a Response of nine participants were ‘‘Unknown” and categorized them as ‘‘No”
to perform the statistical test.
2.2. Laboratory analysis

Plasma was collected from blood specimens by centrifugation
method and anti-Vi-IgG antibody titres in plasma were measured
using the VaccZyme commercial enzyme-linked immunosorbent
assay (ELISA) kit (The Binding Site Group ltd, Birmingham, UK)
[7,11].
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2.3. Statistical analysis

Pearson’s chi-squared test was used to compare the percentages
of dichotomous variables among participants immunized with Vi-
TT versus JE vaccines. Two-sample t-test with equal variances was
used to estimate the difference in mean age of the two vaccine
groups. Antibody titres were log-transformed before all statistical
processes. Seroconversion rate was defined as � 4-fold increase
in plasma antibody titres over preimmunization titre and serocon-
version rates between two groups were compared by using Pear-
son’s chi-squared and Fisher’s exact tests. 2-sided P-values < 0.05
were considered statistically significant. Paired t-test was per-
formed for comparison of antibody titres within Vi-TT recipients
between different time points.

3. Results

3.1. Baseline characteristics of immunogenicity participants at
enrollment

For the immunogenicity study, blood specimens were collected
from 1,009 recipients of Vi-TT vaccine and 503 recipients of JE vac-
cine at baseline before vaccination. Due to losses to follow-up of
vaccinees at different time points, 954 Vi-TT recipients and 479
JE recipients on day 28, 829 Vi-TT recipients and 427 JE recipients
on day 545, and 820 Vi-TT recipients and 374 JE recipients on day
730 were included in the analysis. An analysis of baseline charac-
teristics of vaccinees demonstrated no significant differences
between Vi-TT and JE recipients with respect to age at enrollment,
number of participants of different age groups, gender, tempera-
ture before vaccination and previous history of typhoid fever
(Table 1).

3.2. Anti-Vi-IgG antibody responses in Vi-TT and JE vaccine recipients

For Vi-TT recipients, the anti-Vi-IgG antibody geometric mean
titre (GMT) before vaccination on day 0 was 3.9, 4.8 and 5.5 ELISA
units (EU)/mL for children aged < 2 years, 2–4 years and � 5 years
of age, respectively. After vaccination on day 28, the responses rose
to 3053, 3047 and 2899 EU/mL; on day 545, the responses were
55.9, 105.3 and 199.4 EU/mL; on day 730, the responses were
40.7, 74.8 and 161.6 EU/mL for the Vi-TT vaccinees at < 2 years,
2–4 years and � 5 years, respectively (Table 2). Before vaccination,
the anti-Vi-IgG GMT in JE recipients aged < 2 years, 2–4 years
and � 5 years were 4.3, 4.8 and 5.6 EU/mL respectively and no sig-
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nificant difference was seen post-vaccination in those vaccinated
with JE (Table 2).

An analysis of the anti-Vi-IgG antibody GMT among three age
groups of Vi-TT recipients has revealed no significant difference
on day 28. However, the differences were statistically significant
in vaccinees between age groups on days 545 and 730. The
response in vaccinees aged 2–4 years was significantly higher
(P < 0.0001) than the vaccinees of < 2 years of age and significantly
lower (P < 0.0001) than in vaccinees aged � 5 years on days 545
and 730 post-vaccination (Supplementary Table 1).

Fold-rise of geometric mean titres (GMTs) of anti-Vi-IgG
responses, relative to baseline, in Vi-TT recipients aged < 2 years
were 777.6, 14.24 and 10.18 times higher on 28, 545 and 730
post-vaccination days, respectively. For children aged 2–4 years,
fold-rise of antibody titres were 627.7, 21.7 and 15.4 times higher
on days 28, 545 and 730 respectively than the baseline GMTs. For
older children, aged 5 to < 16 years, 525.3-, 36.1- and 29.3-fold
higher antibody responses were observed on days 28, 545 and
730 respectively. For JE recipients in all age groups the fold-rise
of GMT anti-Vi-IgG responses were not >1-fold on follow-up days
after vaccination (Table 2).

On day 28, all recipients of Vi-TT showed seroconversions
(�4-fold rise of antibody responses compared to baseline), except
for two participants vaccinated at 2–4 years and two participants
vaccinated at � 5 years of age. On day 545, seroconversion rates
were 91.5 %, 93.8 %, 96.6 % for recipients of Vi-TT at < 2 years,
2–4 years and � 5 years of age respectively, and on day 730, the
rates were 83.6 %, 88.1 %, 94.7 % for children vaccinated in these
three age groups, respectively. For JE recipients, the seroconversion
rates were < 2 % for all on day 28; the rates were 6.52 %, 3.18 %,
4.02 % for the children at < 2 years, 2–4 years and � 5 years of
age respectively on day 545 and on day 730, the rates were
7.69 %, 5.51 %, 3.84 % (Table 2).

We have carried out an exploratory analysis of anti-Vi-IgG titre
in 766 Vi-TT recipients for whom blood specimens were available
at all time points (days 0, 28, 545 and 730) to better understand
the decline in antibody titre over time. A significantly higher
anti-Vi-IgG titre was seen on days 28, 545 and 730 when compared
to day 0 before vaccination. anti-Vi-IgG antibody titre on days 545
and 730 were significantly lower compared to day 28 and the
response was significantly lower (P = 0.0133) on day 730 compared
to day 545 (Supplementary Fig. 1).
3.3. Antibody responses induced in Vi-TT recipients with breakthrough
infection

One Vi-TT recipient had breakthrough infection with S. Typhi
positive bacteremia who was enrolled on day 543 post-
vaccination in the passive surveillance for typhoid fever which
was carried out in the TyVAC study. The anti-Vi-IgG antibody
response was 103.93-fold on day 28 compared to the baseline titer;
however, the response had decreased significantly to 1.38 and 1.16
folds on days 545 and 730 respectively.
4. Discussion

In this study we demonstrate the longitudinal changes in IgG
antibody levels against S. Typhi specific Vi-antigen (anti-Vi-IgG)
in Vi-TT and JE vaccine recipients among Bangladeshi children over
the period of two years after vaccination. A single dose regimen of
Vi-TT, given to Bangladeshi children aged 9 months to < 16 years
induces a robust anti-Vi-IgG antibody responses. The responses
remained relatively unchanged in the JE recipients during the
entire study period.
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There are no established assays for measuring functional anti-
bodies that are considered true immunological correlates of pro-
tection against typhoid fever. However, according to the WHO,
estimation of anti-Vi-IgG antibody responses by enzyme-linked
immunosorbent assay is the key assessment tool to measure
immunogenicity of the new typhoid conjugate vaccines [12]. In
this study we have used the same enzyme-linked immunosorbent
assay kit (VaccZyme, Binding Site) to measure the antibody titre
that has been used in different efficacy trials of TCV, conducted
in Kolkata, Nepal, and Burkina Faso [8,10,12].

A significantly higher anti-Vi-IgG antibody responses were seen
in Vi-TT recipients of all age groups after day 28, at 18 months and
two years post-vaccination compared to baseline antibody
response. The finding is consistent with other immunogenicity
studies of TCV trials, conducted in typhoid endemic countries
[8,10,12]. A decline in antibody levels was observed over time in
Vi-TT recipients of this trial; the responses were declined on days
545 and 730 compared to day 28 in all age groups and the anti-Vi-
IgG titre on day 730 was significantly lower than day 545, however,
the response was not disappeared on day 730. We found 10.4-,
15.6- and 29.4-fold in GMT antibody response in children
at < 2 years, 2–4 years and 5–15 years, respectively on day 730
over baseline GMT. Similarly, a decline of antibody response was
observed (7.5-and 8.8-fold in GMT in children aged 2–4 years
and 5–15 years, respectively) in Kolkata study after two years of
vaccination with Vi-TT [12].

Age dependent decline of antibody titres were observed over
the study period, the highest decline was seen in lower age group
(<2 years of age) compared to children of older age groups (2–
4 years and � 5 years) at 18 months and two years post-
vaccination. This could have occurred due to subclinical exposure
to S. Typhi that usually begins in early school age due to consump-
tion of contaminated food and water outside of the home and
develop natural immunity in pre-school and school-going children.
A study conducted in Nepal has also demonstrated that the natural,
humoral immune response to S. Typhi is acquired with age and
related to subclinical exposure to the organism [13].

Since typhoid fever is caused by an enteric pathogen, and IgA
antibody shows a critical role in inducing mucosal immune
response, it is important to determine if IgA provides any protec-
tion at intestinal mucosa or IgA is a surrogate marker of protection
against typhoid fever. A human challenge model study has
revealed higher anti-Vi-IgA responses and its association with pro-
tection against typhoid fever in participants who were immunized
with TCV [14]. IgA response was also significantly higher in indi-
viduals who received TCV in Nepal efficacy trial [15]. Therefore,
we are also planning to measure anti-Vi-IgA titres in plasma spec-
imens used for IgG ELISA to reveal the magnitude of IgA responses
in Bangladeshi children.

This study confirms that Vi-TT vaccine is highly immunogenic
in Bangladeshi children aged between 9 months and < 16 years
and induced a persistent anti-Vi-IgG plasma antibody response
after a single dose of immunization with Vi-TT, even after 2 years
of vaccination. Our findings also suggest that children who will
receive the vaccine at young age (<2 years) will need booster doses
for protection against typhoid fever.

The findings of this trial will help for consideration by policy
makers to integrate TCV to the routine immunization programme
in Bangladesh and globally and to help guide the need for and tim-
ing of booster doses of the vaccine.
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