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A Study on Longevity of Immune
Response after Vaccination with
Salmonella Typhi Vi Conjugate

Vaccine (Pedatyph™) in Children

ABSTRACT

Background and Objectives: Owing to the limitations of the
conventional polysaccharide vaccines, global efforts have been
made to develop conjugated polysaccharide vaccines for typhoid.
Duration of immune response induced by these vaccines is critical
to define the efficacy and frequency of required booster dose.

This study was done to determine the duration of immune response
following vaccination with Salmonella Typhi Vi conjugate vaccine
(Pedatyph™) in children and to assess the booster effect of second
dose of conjugate typhoid vaccine.

Materials and Methods: Forty children were recalled from a
cohort of 400 children, who received one dose or two doses of
PedaTyph™, 30 months after vaccination. Ten non-vaccinated
children were also recalled. Their serum samples were assessed
by ELISA for anti Vi antibody.
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Results: Significantly high titers of anti-Vi polysaccharide 1gG
antibodies were present in vaccinated children even after 30
months of vaccination as compared to non-vaccinated children.
Geometric mean titers (GMT) with 95% confidence intervals were
14 (4.8-29.8), 17 (7.4-33) and 6.4 (0.8-12) ug/ml for single dose,
two doses and control group respectively. The children in two
doses group had higher antibody titers as compared to single
dose group. However, the difference was not significant.

Interpretation and Conclusion: Pedalyph™ was found to
induce long term immune response as evidenced by presence
of significant anti-Vi polysaccharide antibodies after 30 months
of vaccination. No significant advantage of two doses regimen
over one dose was found. Hence one dose vaccination with
PedaTyph™ is suggested.
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INTRODUCTION

Typhoid is a serious childhood disease especially in developing
countries. Globally approx 21 million children are affected annually
[1]. In Asia, rates of blood culture confirmed typhoid fever among
children of five to fifteen years of age ranged from 180 to 494
cases per 100,000 children [2]. Typhoid is generally believed to be
a disease of older children but studies have indicated that typhoid
causes significant morbidity and mortality in children below five years
of age [3-5]. Vaccination is recommended as a key intervention in
the control of typhoid fever [6] especially given the emergence of
multidrug resistant strains of S. Typhi [7,8].

A simple vaccine based on capsular polysaccharide Vi of S. Typhi
has proven moderately efficacious in typhoid endemic areas [9,10].
However, a polysaccharide alone vaccine has its limitations as it is
not suitable for immunization of infants and young children because
of its T cell independent properties [11]. These limitations have been
overcome to a great extent by conjugation of the Vi polysaccharide
to protein moieties [12]. The experimental conjugated typhoid
vaccine developed at the US National Institutes of Health (NIH) was
found to be safe and effective in field trials carried out in Vietnam
[138,14].

The first commercially available Vi antigen conjugated with tetanus
toxoid is manufactured by Bio-Med (P) Ltd in India and is available
by trade name Peda Typh™ since licensure in 2008. Serological
immune response was demonstrated in 100% of vaccinated infants
and young children after three weeks of vaccination in a clinical trial
sponsored by the company and published on their website [15].
Considering the need for further studies, we conducted a safety
and immunogenicity trial in 2011 using Peda Typh™ [16]. In that
study, 400 children were randomized to receive either one dose
(Group A) or two doses (Group B) of Vi conjugate typhoid vaccine.
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We demonstrated that a single dose of conjugated typhoid vaccine
(Pedatyph™) resulted in seroconversion in 83% of children and mean
antibody titers rose by nine fold at eight weeks post vaccination.

The present studies were conducted to assess the long term
immune response after vaccination with Peda Typh™ as this has a
bearing on duration of protection provided by Peda Typh™.

MATERIALS AND METHODS

Vaccine

The conjugate typhoid vaccine used, Peda Typh™, was received
as donation from Bio-Med (P) Ltd, Ghaziabad, India. The vaccine
was supplied by the manufacturer from the regular commercial
stocks in lots of 50 vials at a time as requested from time to time
during the study period. Each dose of the vaccine contains 5ug of Vi
polysaccharide of S. Typhi conjugated to 5ug of tetanus toxoid. The
vaccine was stored at 2-8°C in a refrigerator as per manufacturer’s
recommendations until used.

Study Design

In a previous randomized comparative clinical trial, 400 children
with age <5 y were vaccinated either one dose (group A) or two
doses (group B) of the vaccine [16]. We recalled 40 vaccinated
children, who were earlier vaccinated with conjugate typhoid
vaccine, 30 months later. Antibody titers of unconjugate typhoid
vaccine usually wane by 30-36 months, necessitating booster
doses. Hence, we chose 30 months as post vaccination follow-
up period. Twenty children were from Group A (Single dose) and
remaining twenty children were from Group B (two doses eight
weeks apart). We also included ten children (age and gender
matched) not vaccinated with typhoid vaccine as control group.
The study was approved by Ethical committee of SRM medical
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college and follow up study protocol was incorporated in Clinical
Trials Registry of India (CTRI/2010/091/003031). Informed written
consent was obtained from parents of all children recruited in the
follow up study. This cross sectional study was conducted in
the Department of Paediatrics, SRM Medical College from May
2014 to August 2014. Two ml of blood was collected from all
children, serum separated and stored at -20 degree Celsius. All
collected samples were transported to AU-KBC research centre,
MIT campus of Anna University where analyses of samples was
done.

Serological Testing

Viantibody titers were measured by ELISA that was a modification of
ELISA technique of the NIH, U.S.A [17]. Human IgG anti-Vi reference
sera for S. Typhi with strength of 33 ug/ml was kindly donated by Dr.
Shousun C. Szu of theNIH, USA [18]. All the remaining reagents for
ELISA were provided by Bio-Med (P) Ltd. ELISA was carried out as
described briefly below.

Wells of a microtitre plate were coated with 0.4 mg/well of Vi
polysaccharide antigen covalently bound to bovine serum albumin.
Dilutions of serum to be tested (1:100 for pre-immune serum and
1:100, 1:400 for post-immune serum) were made and added to
the wells. NIH standard reference anti Vi polysaccharide human
serum was used as reference. Anti human IgG-HRP conjugate
and substrate for peroxidase were added sequentially. The optical
density was measured in ELISA reader at 492 nm wavelength. A
standard curve was generated using a four parameter fit. Antibody
titers in test sera were calculated from this curve.

RESULTS

Baseline characteristics were comparable among all three groups.
The mean age was 4.5 y and 58% were boys. The median follow
up period for previously vaccinated children was 30 months.
Geometric mean titers (GMT) with 95% confidence intervals for
single dose, two doses and control group were 14(4.8-29.8),
17(7.4-33) and 6.4 (0.8-12) ug/ml respectively. Low levels of
anti-Vi polysaccharide IgG antibodies could be detected even
in non-vaccinated subjects. However, as can be seen in [Table/
Fig-1] vaccinated subjects had significantly high titers of anti-
Vi polysaccharide IgG antibodies compared to non-vaccinated
subjects, even after 30 months of vaccination. Even though GMT
in two dose group was higher than single dose group the difference
was not significant.
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[Table/Fig-1]: Serum antibody titres in Peda Typhvaccinated and non-vaccinated
children. The geometric mean is represented by the horizontal bars p values were

calculated by Kruskal-Wallis one-way analysis of variance p 0.05 was considered
significant

*p<0.05 Dose 1 compared to Non Vac group

**p<0.05 Dose 2 compared to Non Vac group
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DISCUSSION

The Vi capsular polysaccharide (Vi antigen) of S. Typhi is well-
recognized as the necessary factor for virulence and as antigen that
confers immunity against the typhoid fever [9]. However, like any
other polysaccharide, Vi antigen alone does not induce immunity
in infants below two years of age due to its ‘T” cell independent
nature. Thus, it is unsuitable for protection of infants and young
children [11].

Vi antigen has been conjugated with various protein carriers eg
rEPA (recombinant exoprotein A of Pseudomonas aeruginosa [17],
di-O-acetyl pectin protein [19], cholera toxin [20], B subunit of the
heat labile toxin of E. coli [21] or diphtheria toxoid and tetanus
toxoid [22] to produce experimental vaccines. Bio-Med (P) Ltd
uses tetanus toxoid as protein carrier to prepare conjugated Vi
antigen vaccine that is licensed and marketed as Peda Typh™ in
India since 2008 [23].

Peda Typh™ was the first conjugated Vi antigen vaccine tested
on infants of 3 months and older age. The vaccine was found
safe, least reactogenic and induced immune response (>4 fold) in
100% of vaccinees tested after three weeks of vaccination [15].
Clinical trials conducted in Vietnam Mekong Delta area using Vi-
rEPA conjugated vaccine experimentally produced by NIH, USA
demonstrated 89% efficacy over a trial period of 46 months in 2-5-
year-old children [14]. Even though rEPA conjugated Vi antigen has
been tested in clinical trials for protective efficacy and serological
responses for approximately four years, it was considered desirable
to test the immunological response of Vi antigen conjugated to
tetanus toxoid (Peda Typh™) vaccine in infants and young children
over a 30 month period and record protective efficacy of the
vaccine in Indian conditions.

In our previous study we assessed the safety and immunogenicity
of Peda Typh™ vaccine [16]. Adverse events occurred in 17% of
children after first dose and 21% of children after second dose. But
adverse events were not serious and children recovered within 48
h. We demonstrated 83% seroconversion and increase in mean
antibody titers by 9 fold. We conducted this follow up study to
assess long term persistence of immunogenicity and to assess the
booster effect of second dose. From the present study it is interesting
to note that vaccinated children had significantly high titers of anti-
Vi antibodies even after two and half years of vaccination compared
to non-vaccinated children. Seven children in single dose group
(Group A) and ten children in two doses group (Group B) had titers
above 15ug/ml whereas no child in control group had such high
titers. These findings clearly suggest that antibodies generated
after vaccination with Peda Typh™ persist at 30 months after
vaccination.

The antibody titers in two doses group were higher than single dose
group but the difference was not statistically significant. This finding
suggests that there is no significant booster effect by second dose
of conjugate typhoid vaccine. Phase 2 clinical trial results of other
conjugate typhoid vaccines (Vi-CRM197 & Typbar-TCV) also show
that there is no incremental effect on antibody titers due to second
dose [24]. Our findings support IAP COI recommendation of giving
one dose of conjugate typhoid vaccine [25].

LIMITATIONS

However, our study has few limitations. Large field effectiveness trial
would be preferable to a serological study like the present one. It is
desirable to compare with other commercially available conjugate
and unconjugate vaccine brands. A further five year follow-up study
is needed.

CONCLUSION

From our study we can conclude that Peda Typh™ is safe and
immunogenic even after 30 months of vaccination. Second dose
of Peda Typh™ given after eight weeks of first dose didn’t produce
any booster effect and hence single dose is recommended.
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