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ABSTRACT

We evaluated safety, reactogenicity, and immunogenicity when the WHO-prequalified single-dose
Typhoid Vi-polysaccharide conjugate vaccine, Typbar-TCV®, was administered concomitantly with
measles (MV) or measles-mumps-rubella (MMR) vaccines in 8- or 9-month-old children. We enrolled 493
children who were randomized 2:1:1:1 to four groups to receive either TCV (0.5 mL intramuscularly) and
MV (0.5 ml subcutaneously) concomitantly at 9 months of age (Group 1) with two subgroups given TCV
booster 28 days (Group 1A) or 180 days (Group 1B) later, or MV on Day 0 and TCV on Day 28 (Group 2); or
TCV at 8 months of age and MV 28 days later (Group 3), or MV only at 9 months of age (Group 4). All
children received MMR at 15 months of age. We observed no statistically significant differences between
group rates of solicited or unsolicited adverse events assessed throughout the study. Seroconversion rates
for measles, mumps, and rubella antibodies were unaffected by concomitant administration with TCV,
being similar in Groups 1, 2, and 3 and comparable to Group 4 (Control). IgG anti-Vi antibody titers were
similar in all groups after primary Typbar-TCV® vaccination and were not increased by a second dose 28
days later. A small response to a booster dose of Typbar-TCV® given at 180 days did not achieve the high
titers observed after the first dose, suggesting that booster vaccination may be more effective after
a longer interval than 6 months. Typbar-TCV® can be safely co-administered with measles and MMR
vaccines in children aged =9 months.
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Introduction Until 2017, only two typhoid fever vaccines were available,
the parenteral S. Typhi capsular Vi polysaccharide vaccine was
licensed for use in individuals aged >2 years of age and a live
oral Ty21a vaccine was licensed in the USA and Canada for use
in individuals aged >5 years.® In 2017, the WHO prequalified
the Bharat Biotech typhoid conjugate vaccine, Typbar-TCV®
which consists of the S. Typhi Vi capsular polysaccharide con-
jugated to tetanus toxoid carrier protein for administration as
a single intramuscular dose in individuals aged >6 months to
45 years.”

Following demonstration of its safety and robust immuno-
genicity in a phase 3 study,® in October 2017 the Strategic
Advisory Group of Experts (SAGE) on immunization advised
the WHO to recommend Typbar-TCV® for routine use in

Typhoid fever is an acute infection caused by a gram-negative
bacterium Salmonella enterica serovar Typhi (Salmonella
Typhi) transmitted through ingestion of food or water con-
taminated with feces of infected persons. The most common
symptoms are abdominal pain, pyrexia, chills, headache, and
weakness.! Global Burden Disease (GBD) survey data from
2017 show that there were 10.9 million cases and more than
116,000 deaths due to typhoid fever globally which declined to
9.24 million cases and 110,000 deaths in 2019, with highest
incidence is among individuals living in emergent nations in
Asia and Sub-Saharan Africa.> Typhoid disease incidence is
low in the neonatal period and increasingly evident in children

with increasing age.* US Centers for Disease Control and
Prevention (CDC) surveillance recorded 3-30 cases per
100,000 travelers with the highest incidence rate (59%) in
travelers who visited India.” Emergence of new typhoid fever
antibiotic-resistant strains is making treatment for enteric fever
more complicated and more expensive to treat, making effec-
tive vaccination programs a priority."

children over six months of age in typhoid endemic countries
and also called for its introduction to be prioritized for coun-
tries with the highest burden of typhoid disease or of antibiotic
resistance to Salmonella Typhi.® Consequently, the Typhoid
Vaccine Acceleration Consortium has introduced Typbar-
TCV® to emergent nations including Bangladesh, Burkina
Faso, Malawi and Nepal. In 2019 Pakistan and in 2021
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Liberia, Samoa and Zimbabwe have introduced Typbar-TCV®
into routine childhood immunization programs.’

The introduction of TCV into the already clustered routine
EPI Immunization schedule visits will require concomitant
administration with other vaccines. The most appropriate
health visit for TCV administration, before most natural infec-
tions occur (see Figure S1) is at 9 months of age when measles
vaccine (MV) is routinely administered so potential immuno-
logical interference is a concern.'® Further, in different coun-
tries it is likely that during introductory or catch-up campaigns
TCV may be administered concomitantly with measles-
mumps rubella vaccine (MMR) at an older age. Therefore we
performed the current study to assess the safety and immuno-
genicity of co-administrating Typbar-TCV® with measles vac-
cine (MV) or MMR in Indian children aged 9 to 15 months.

Methods
Study design

This was a phase IV, randomized, factorial assigned, open-label
study, performed in healthy children at 8 or 9 months of age at
six sites in India: KLE-Belgaum, Khalatkar Hospital and Mogre
Children’s Hospital in Nagpur, Cheluvamba Hospital, Mysore,
King George Hospital, Vizag and Institute of Child Health in
Kolkata. The trial was approved by the Central Drugs Standard
Control Organization (CDSCO) and the respective ethical
committee of each site (see Table S1) and was conducted in
compliance with local (Drugs and Cosmetics Act, 2005, Indian
Council of Medical Research, 2006) and international Good
Clinical Practices and ethical guidelines for biomedical
research on human participants.

Participants

Healthy 8- or 9-month-old children were recruited at the
health care facilities of the clinical trial sites during routine
immunization visits and screened for the eligibility criteria.
Informed consent as signature or a thumbprint on the consent
form was obtained from parents and caregivers, who were
given general information orally in the local language. Both
audio and video recordings of the entire consent process were
made for documentation purposes.

Children were eligible for enrollment if they were healthy,
>8 - <9 months of age inclusive, were available for the next 2
years for follow-up and had not previously received any
typhoid or measles vaccine. Children were excluded if they
had any of the following: presence of any illness requiring
hospital referral on the day of vaccine administration, known
immunodeficiency, receipt of blood products in the last 6
months, known case of HIV or other major immunological
abnormalities, received systemic immunosuppressant or sys-
temic corticosteroids or had any household contact on immu-
nosuppressant, known allergy to any component of the vaccine
or any other condition identified by the investigators to inter-
fere with the evaluation of the vaccine or to represent health
risk concerning study participation.

At enrollment all children were randomly assigned into three
groups (Groups 1, 2 and 4) in a 2:1:1 ratio using a computer-

generated randomization code, and were assigned a unique treat-
ment allocation code generated by a third-party agency (Sensaas
India Solutions Pvt. Ltd) with a randomization sheet provided to
the investigators for the administration of vaccines.
Randomization included further stratification of participants in
Group 1 were into two sub-groups (Groups 1 A & B). Participants
in Group 3 were enrolled at 8 months of age and were not
included in the randomization. They received their first TCV
vaccination at 8 months to allow the measles vaccine to be admi-
nistered alone according to the Indian immunization schedule at
9 months and so act as controls for concomitant vaccination.

Vaccines

Each 0.5mL dose of Typbar-TCV® (Bharat Biotech,
Hyderabad, India) vaccine containing 25 ug of S. Typhi Vi
capsular polysaccharide conjugated to tetanus toxoid is admi-
nistered by intramuscular injection. The commercially avail-
able freeze-dried measles vaccine (M-Vac™, Serum Institute of
India, Pune) LI.P. contained live attenuated Measles virus
(Edmonston Zagreb Strain). The freeze-dried measles,
mumps and rubella vaccine (TRESIVAC®: Serum Institute of
India, Pune) LP. is prepared from live attenuated strains of
Edmonston-Zagreb Measles virus, L-Zagreb Mumps virus and
Wistar RA 27/3 Rubella virus. Before use the MV or MMR
vaccines were reconstituted in the supplied diluent and each
0.5 mL dose was administered by deep subcutaneous injection.

Procedures

In Group 1, children aged 9 months received TCV and MV
concomitantly on Day 0. To study the effect of a booster dose of
TCV, this group was further stratified into two subgroups,
Groups 1A and 1B to receive a booster dose of TCV 28 (+2)
and 180 (£7) days after the first dose, respectively. In Group 2,
children aged 9 months received MV on Day 0 and TCV on
Day 28; in Group 3 children received TCV on Day 0 when they
were 8 months of age so they could receive MV on schedule at
9 months of age. In Group 4 children received MV vaccine at 9
months of age on Day 0 and no TCV. All children in all four
groups received MMR at 15 months of age.

Participants were observed on-site for immediate post-
vaccination reactions for 30 minutes. Study visits took place
on Days 0 (baseline), 28 (£2), 56 (+7), 180 (+15), 360 (+30) and
720 (£30) when 2-mL blood samples were collected for immu-
nogenicity testing. An additional blood sample was collected
on Day 84 (+7) from Groups 2 and 3, and from Group 1B on
Day 210 to evaluate the boosting effect.

Safety and reactogenicity were assessed as solicited adverse
events (AEs) recorded by parents or caregivers for the 7 days
after each vaccination using paper-based diary cards. Diaries
were collected at the subsequent study visit (coinciding with
the blood draws). Study team members contacted the parents
or caregivers by telephone to ensure they completed the diaries
punctually. Any unsolicited adverse events or serious AEs
(SAE) occurring throughout the study were to be reported to
the study team immediately for documentation by a study
physician, and parents or caregivers were asked at each study



visit to ensure no events had not been reported. An SAE was
defined as any adverse event that was life-threatening or life-
changing event, resulted in hospitalization or death.

Immunogenicity

Antibody responses against Typhoid Vi, measles, mumps and
rubella were measured using validated commercially available
Enzyme-Linked Immunosorbent Assay (ELISA) kits (see
Supplementary Methods for details) by laboratory teams
blinded to group and vaccine allocation. Seroconversion was
defined as a four-fold rise in post-vaccination titer compared
with the pre-vaccination titer, and seroconversion rates are the
group percentages achieving seroconversion.

Outcomes

Primary study outcomes included noninterference of immune
responses against measles, mumps, and rubella when MV and
MMR were co-administered with Typbar-TCV® at 9 and 15
months of age. Secondary outcomes included the effect of
a booster dose of TCV in Groups 1A and 1B on Days 28 and
180, respectively, compared with the standard one-dose regi-
mens in Groups 2 and 3. Other secondary outcomes included
the proportions of children who experienced solicited AEs,
unsolicited AEs and SAEs.

Statistical analysis

Sample size was calculated based on the primary objective of
noninterference with measles vaccine using PASS software.
Sample size assumptions included an alpha of 0.05 (one-
sided), power of 80% allowing for 20% loss due to dropouts
or failure to collect sufficient serum. At 9 months comparing
a single antigen using an 89.6% seroconversion rate for
measles, the sample size needed was 98 per group. To study
interference with measles at 9 months, the sample size needed
was 82 in each group with and without concomitant TCV
administration. The power to detect a difference in seroconver-
sion for TCV immune responses was 100%. A total of 100
children per group was considered adequate to generate
exploratory and descriptive data on TCV, so 500 children
were recruited into four groups with a 2:1:1:1 ratio to allow
200 children recruited in Group 1 to be divided into two
subgroups with 100 children each to study the booster dose
effect. The chi-square test with Yates’ correction was used to
compare the proportions of participants who seroconverted in
the different groups. Differences in rates of adverse reactions
between groups were analyzed by Chi-square or Fisher exact
test. A statistical value of p < .05 denotes there is statistically
significant difference between the proportions of subjects ser-
oconverting, or having any particular adverse event between
groups.

Results

The date of first enrollment was 3 April 2014 and the last
participant completed on 26 September 2015. Of 500 children
screened 493 (255 male and 238 female) were enrolled and
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vaccinated, consent was not given for the other 7 children. In
total 434 (87%) children completed the study up to day 720
with completion in the different groups is illustrated in
Figure 1. Most cases of loss to follow-up were due to blood
draw failures and many such participants were re-included at
later stages. Baseline demographic characteristics were com-
parable with no differences between study groups (Table 1).

Safety

The safety profiles for each of the vaccination regimens were
comparable and clinically acceptable. Vaccinations were well-
tolerated with no immediate reactions observed within the first
30 minutes. Solicited local adverse events were relatively infre-
quent, occurring in 3-11% of children in each TCV group, and
each event occurring in fewer than 3% of any group (Table 2).
In contrast, systemic AEs were recorded for 50-59% of each
group. The most frequently observed solicited systemic AE was
fever, reported in 20-26% of the TCV groups and 15% of the
MYV only group (Group 4). There were no statistical differences
in incidence rates of solicited AEs among all the groups.

Unsolicited AEs occurred in 8 children in Group 1, 4 chil-
dren in Group 2, and 7 children in Groups 3 and 4. The most
common unsolicited AEs were cough in Groups 3 (4 cases) and
4 (2 cases) and diarrhea in Group 1A (2 cases), Group 1B (2
cases), and one case in Group 2.

There were no deaths, but 8 SAEs were reported (3 each in
Group 1 and 3, and 1 each in Group 2 and 4). All SAEs were
graded as moderate and resolved without any sequelae and
were considered to be unrelated to the vaccine following
assessment by the site investigators (see Table S2 for details).

Immunogenicity

The control references for anti-Vi antibodies are the serocon-
version rate (SCR) and GMT in Group 3 when Typbar-TCV*®
was administered alone without concomitant measles vaccine.
On Day 28 post-vaccination the SCR was 93%, 93% and 88.9%
in Groups 1A, 1B, and 3, respectively. There was only a small
further increase by Day 56 to 96.6% in Group 1A after a second
TCV dose on Day 28, which was still similar to rates of 97.7%
and 91.2%, in Groups 1B and 3, respectively. A similar increase
to 89.3% was observed in Group 2 at Day 56 following TCV
vaccination on Day 28. Geometric mean titers (GMTs) of
antibodies in each of the groups were comparable (Figure 2).
There was a trend for SCR and GMTs to decline in Group 2
and Group 3 by Day 90 and this was more evident by Day 180
in all four groups. A small increase in GMT observed in Group
1B at Day 210 following a booster dose on Day 180, did not
achieve the same level seen after the first dose, but did increase
the SCR to 100%. Titers then declined further at Days 360 and
720 but levels remained above baseline (see Table S3). The SCR
remained at 77.1-81.0% at Day 360 across groups with
a further decline to 31.8-40.5% at Day 720 with no apparent
interference by concomitant administration of MV or MMR
(Table 3).

The control references for the anti-measles response are the
GMT and the SCR for anti-measles IgG at Day 28 in Groups 2
and 4, i.e., following measles vaccine administration with no
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Group-1A ‘ Group-1B Group-2 Group-3 ’ Group-4 ’
0 TCV+MV (n=98) TCV+MV (n=99) MV (n=98) TCV (n=98) MV (n=100)
LTF l LTF l LTF LTF LTF
n=6 n=6 n=6 n=8 n=6
[Group—lA: Booster] [ Group-1B ] [ Group-2 ] Group-3 Group-4
28 TCV (n=92) (n=93) TCV (n=92) [ MV (n=90) ] [ (n=94) ]
LTF LTF LTF Recontacted LTF
n=4 l n=7 n=8 l n=1 i n=3
Day Group-1A Group-1B Group-2 Group-3 Group-4
56 [ (n=88) ] [ (n=86) ] [ (n=84) ] [ (n=91) ] [ (n=91) ]
LTF LTF
n=5 n=11
[ Group-TA ] [ Group-1B ] [ Group-2 ] [ Group-3 ] [ Group-4 ]
90 (n=88) (n=86) (n=79) (n=80) (n=91)
LTF LTF Recontacted Recontacted LTF
n=7 n=1 l n=4 l n=9 l n=6
Day [ Group-1A ] [ Group-1B: Booster ] [ Group-2 ] [ Group-3 ] [ Group-4 ]
180 MMR (n=81) TCV + MMR (n=85) MMR (n=83) MMR (n=89) MMR (n=85)
LTF
n=29
Day [ Group-1A ] [ Group-1B ] [ Group-2 ] [ Group-3 ] [ Group-4 ]
210 (n=81) (n=56) (n=83) (n=89) (n=85)
Recontacted Recontacted Recontacted LTF Recontacted
n=6 n=23 n=4 n=] n=8
Day [ Group-1A J [ Group-1B ] [ Group-2 J [ Group-3 J [ Group-4 ]
360 (n=87) (n=79) (n=87) (n=88) (n=93)
LTF Recontacted l LTF LTF LTF
n=2 n=>5 n=1 n=3 n=4
Day [ Group-1A ] [ Group-1B [ Group-2 J [ Group-3 ] [ Group-4 J
720 (n=85) (n=84) (n=86) (n=85) (n=89)
LTF= Lost to follow-up
Figure 1. Study flow chart of the vaccination and follow-up of the study population.
Table 1. Demography and other baseline characteristics of all enrolled participants.
Group 1A Group 1B Group 2 Group 3 Group 4
Parameter Statistic (N =98) (N =99) (N =98) (N =98) (N =100)
Gender, n (%) Male 46 (47%) 50 (51%) 51 (52%) 54 (55%) 52 (52%)
Female 51 (52%) 49 (49%) 47 (48%) 44 (45%) 48 (48%)
Age (months) n 97 99 98 98 100
Mean (SD) 8.77 (0.46) 8.72 (0.51) 8.74 (0.53) 8.11 (0.39) 8.73 (0.53)
Median 9.0 9.0 9.0 8.1 9.0
Range 8.00-9.29 8.00-10.08 7.24*-10.13 7.07*-9.08 8.00-10.26
Weight (kg) n 97 99 98 98 100
Mean (SD) 7.70 (1.03) 7.79 (0.87) 7.71 (0.88) 7.50 (0.85) 7.79 (0.85)
Median 7.8 8.0 79 7.6 7.8
Range 4.50-10.20 5.50-10.00 5.40-9.50 5.40-9.91 5.50-10.20
Height (cm) n 97 99 98 98 100
Mean (SD) 69.26 (3.99) 70.01 (4.14) 69.72 (4.25) 68.95 (4.55) 70.13 (4.53)
Median 70 70 70 69 70
Range 59-76 62-80 60-80 55-82 61-88

concomitant TCV. At Day 28 the SCR for anti-measles IgG in
Groups 2 and 4 were not significantly different from Groups
1A and 1B, in which MV was administered concomitantly with
Typbar-TCV®. Post-vaccination the SCR for measles was
increased in Groups 1A, 1B, 2 and 4 on Days 28, 56, 180,
360, and 720, respectively. The anti-measles IgG GMT and
SCR in all groups were similar at all time points and persisted
at high levels to Day 180 when MMR vaccination was

performed, and the GMT then persisted at high levels in all
groups through Days 360 and 720 (Table 4 and Figure 3).

Similar patterns of response to the mumps and rubella
components of the MMR vaccine were observed in all five
study groups expressed as SCR (Table 4) or IgG antibody
GMTs (Figure 4), including in the children in Group
1B who received Typbar-TCV® concomitantly with
MMR.
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Table 2. Solicited local and systemic adverse events (AEs) reported in the 7 days after vaccine administration.

Group 1A Group 1B Group 2 Group 3 Group 4
Vaccines received TCV + Measles TCV + Measles TCV & Measles TCV & Measles) Measles
AE Term (N =98) (N=99) (N=98) (N=98) (N=100)
Local AE
Any 10 (10) 7(7) 3(3) 3(3) 0
Pain 1(1) 3(3) 2(2) 1(1) 0
Redness 3(3) 0 1(1) 1(1) 0
Swelling 2(2) 1(1) 0(0) 1(1) 0
Induration 2(2) 1(1) 0 0 0
Itching 0 1(1) 0 0 0
Tenderness 2(2) 1(1) 0 0 0
Systemic AE
Any 49 (50) 56 (57) 53 (54) 58 (59) 53 (53)
Fever 20 (20) 25(25) 22 (22) 25 (26) 15 (15)
Headache 0 0 0 0 1(1)
Nausea 0 1(1) 1(1) 0 0
Vomiting 1(1) 2(2) 0 1(1) 2(2)
Other
Anaemia 0 0 0 0 2(2)
Cold 12 (12) 12 (12) 13 (13) 13 (13) 21 (21)
Constipation 1(1) 0 3(3) 1(1) 3(3)
Cough 7(7) 7(7) 8 (8) 11(11) 1(1)
Crying 2(2) 1(1) 1(1) 1(1) 2(2)
Dehydration 1(1) 0 0 0 0
Diarrhoea 4 (4) 5(5 2(2) 5(5) 5(5)
Ecchymosis 0 0 1(1) 0 0
Itching 1(1) 0 0 0 0
Rash over the body 0 3(3) 0 1(1) 1(1)
Redness 0 0 1(1) 0 0
Running Nose 0 0 1(1) 0 0

104

10°

1024

Geometric mean Vi-IgG Titers
(95 % CI) on log;  scale

10°
Day 0
98 TCV+MV

Day 28
- 1A (N) 92TCV

1B(N) 99 TCV+MV 93
-2 (N)

3(N)

92 TCV

98 TCV 90 MV

Day 90

|

80

Day 180
81 MMR

Day 210

Day 360

Day 720
85

85 MMR + TCV 56

83 MMR

89 MMR

Figure 2. Geometric mean anti-Vi IgG antibody titers measured by ELISA (Group 1: Typbar-TCV® and MV co-administered at 9 months; Group 2: MV administered at 9
months and Typbar-TCV® at 10 months; Group 3: Typbar-TCV® administered at 8 months and MV at 9 months; and Group 4: only MV administered at 9 months. To assess
TCV booster doses Group 1 was stratified into Group 1A, given a TCV booster at 10 months of age (28 + 2 days after the first dose) and Group 1B, given a TCV booster at

15 months of age (180 + 15 days post the first dose).

Discussion

The current study was performed as a pre-requisite for WHO pre-
qualification, with concomitant vaccination of Typbar-TCV* with
measles or MMR vaccines to show that Typbar-TCV* is safe and
there is no interference with the immune response. Reactogenicity
and tolerance of the vaccinations, and the magnitude of the
immune responses to typhoid, measles, mumps, and rubella
were not impacted by concomitant administration of TCV in age-
eligible children. Immune responses against all vaccine antigens
were comparable across groups throughout the study duration.
The IgG antibody responses against Vi and measles persisted

until day 720, two years after the primary vaccination series.
Immune responses to either Vi or measles antigens were non-
inferior in terms of IgG GMT or seroconversion rate when
Typbar-TCV® and MV were administered concomitantly at 9
months of age compared with separate administration of the
vaccines alone.

The efficacy of TCV vaccination against S. Typhi has been
demonstrated in several studies. In a population-based immu-
nization campaign in Pakistan in 2018 involving 23,407 chil-
dren from 6 months to 10 years of age living in high-risk areas
TCV demonstrated 95% effectiveness against culture-
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Table 3. Seroconversion rates for the anti-Vi IgG ELISA responses.

Seroconversion rate, % (95% Cl)

Day Group 1A Group 1B Group 2 Group 3
28 93.0% 93.0% - 88 9%
(87.9, 98.1) (87.9, 98.1) (80.5, 94.5)
56 96.6% 97.7% 89.3% 91.2%
(90.4, 99.3) (91.9, 99.7) (80.6, 95.0) (83.4, 96.1)
90 - - 94.1% 88.8%
(86.7, 98.0) (79.7, 94.7)
180 87.7% 85.9% 84.3% 94.4%
(78.5, 93.9) (76.6, 92.5) (76.1, 92.3) (97.4, 98.2)
210 - 100% - -
(93.6, 100)
360 77.1% 81.0% 97.9% 77.2%
(66.8, 85.4) (70.6, 89.0) (91.9, 99.7) (67.1, 85.5)
720 38.8% 40.5% 33.7% 31.8%
(28.4, 50.0) (29.9, 51.8) (23.9, 44.7) (22.1, 42.8)

Group TA: TCV and measles co-administered at day 0 (9 months of age) and booster TCV vaccine

at day 28.

Group 1B: TCV and measles co-administered at day 0 (9 months of age) and booster TCV vaccine

at day 180.

Group 2: Measles administered at day 0 (9 months of age) and TCV at day 28.
Group 3: TCV at day —28 (8 months of age) and measles administered at day 0 (9 months of age).

Table 4. Seroconversion rates of MMR vaccine antigens as measured by anti-measles, mumps and rubella 1gG ELISA

responses.
Seroconversion rate, % (95% Cl)
Day Group 1A Group 1B Group 2 Group 3 Group 4
Measles
28 82.7% 82.7% 78.3% - 87.2%
(75.0, 90.4) (75.0, 90.4) (68.4, 86.2) (78.86, 93.2)
56 83.0% 83.7% 84.5% 79.1% 78.0%
(73.5,90.1) (74.2, 90.8) (75.0, 91.5) (69.3, 86.9) (68.1, 86.0)
90 - - 79.8% 76.3% -
(69.2, 88.0) (65.4, 85.1)
180 82.7% 87.1% 83.1% 85.39% 82.4%
(72.7,90.2) (78.0, 93.4) (73.3,90.5) (76.3, 92.0) (72.6, 90.0)
210 - 98.2% - - -
(90. 5, 100)
360 93.1% 91.1% 97.7% 95.5% 90.3%
(82.6, 97.4) (82.6, 96.4) (92.0, 99.7) (88.8,98.8) (82.4, 95.5)
720 90.5% 89.4% 97.7% 85.9% 80.9%
(82.1, 95.8) (80.9, 95.0) (91.8,99.7) (76.6, 92.5) (71.4, 88.2)
Mumps
210 - 36.8% - - -
(24.4,50.7)
360 65.4% 63.8% 59.8% 65.5% 52.9%
(54.0, 75.7) (51.3,75.0) (48.3,70.4) (543, 75.5) (41.9, 63.7)
720 62.2% 61.7% 64.3% 63.4% 59.3%
(50.8, 72.7) (50.3,72.3) (53.1, 74.5) (51.1, 74.5) (48.2, 69.9)
Rubella
210 - 24.6% - - -
(14.1, 37.8)
360 64.2% 71.4% 67.1% 76.2% 60.9%
(52.8, 74.6) (59.4, 81.6) (55.8,77.1) (65.7, 84.8) (49.9,71.2)
720 73.2% 65.4% 69.1% 76.1% 68.6%
(62.2, 82.4) (54.0, 75.7) (58.0, 78.7) (64.5, 85.4) (57.7,78.2)

confirmed S. Typhi and 97% effectiveness against extremely
drug resistant (XDR) S. Typhi.'' In Malawi effectiveness in
vaccinees from 9 months to 12 years of age was 80.7%,">"’
and an efficacy of 81.6% was reported among Nepalese children
aged 9 months to 16years."*'> Subsequently, a two cohort
study conducted in Burkina Faso showed Typbar-TCV® can
be safely co-administered with measles-rubella (MR) and yel-
low fever (YF) vaccines at 9 months or with meningococcal

A vaccine at 15 months with no immune interference, support-
ing large-scale uptake in sub-Saharan Africa.'®'” In addition,
a single-dose of TCV significantly decreased the incidence of
typhoid in Zimbabwe after a mass vaccination campaign in
response to an outbreak conducted in 2019 among children
aged 6 months to 15 years, with an effectiveness of 84%.'*"
Total vaccine protection was evidenced as 85% in children aged
9 months to 16 years of Bangladesh.”® Our study provides
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Figure 3. Geometric mean anti-measles IgG antibody titers measured by ELISA. All groups received MV at 9 months of age: concomitantly with Typbar-TCV® in Group 1;
separately from Typbar-TCV® which was given at 10 months in Group 2; separately from Typbar-TCV® which was given at 8 months in Group 3; and with no Typbar-TCV®
dose in Group 4. All groups received MMR at 15 months, which was administered concomitantly with Typbar-TCV® in Group 1B.
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Figure 4. Geometric mean anti-mumps and anti-rubella IgG titers measured by ELISA. All groups received MV vaccination at 9 months of age and then MMR vaccination
at 15 months, which was administered concomitantly with Typbar-TCV® in Group 1B.

further corroborative data showing Typbar-TCV® can be safely
co-administered with measles or MMR vaccines without any
interference.

In 2018, the Global Advisory Committee on Vaccine
Safety (GACVS) concluded that as the safety profile of
Typbar-TCV® vaccine is reassuring as no signals of serious
adverse events had presented. The GACVS recommended
that countries introducing TCV into their routine immuni-
zation schedule or campaigns make every effort to ensure
robust monitoring of safety.”! Also in 2018, based on the
data obtained in the present study the WHO recommended
that Typbar-TCV® can be co-administered with MV or
MMR vaccine.”

This study demonstrated that a single dose of Typbar-TCV*®
at 9 months increased anti-Vi IgG antibodies titers and the
seroconversion rate 28 days after vaccination, but a second
dose at days 28 or 180 did not produce any significant further
increase in titer. This may be due the gradual maturation of the
immune system during infancy.>> The immature immune sys-
tem in infants lacks certain key immunological features neces-
sary to provide long-lasting immunity and the magnitude of
infant antibody response to dosing schedules reflects the inter-
val between two doses, i.e, a longer interval elicits a higher
response.”* From our observation of the lack of response up to
180 days after the primary dose it seems likely that a booster
schedule with a longer interval may be required. It may be
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appropriate to administer a booster dose approximately 5 years
after the primary vaccination for better longevity of protection
as suggested in our previous publications.*** This would allow
the booster to be co-administered with the routine DTP/DP/
Td booster dose given at school-going age in India, but this
requires further investigation.

The current study has some limitations. Firstly, as it is open-
label certain biases may have been introduced. Although all
immunogenicity assessments were performed in a blinded
manner the safety comparisons must be interpreted cautiously
as the study was not powered to evaluate comparisons, but it
was notable that parentally reported events were consistent
across all groups. We could not measure the lack of interfer-
ence with mumps and rubella antigens at 9 months of age as
MMR vaccine was not licensed for use at this age in India when
the study was performed. Further, there were differences in
GMTs and SCR in this study from those in our previously
conducted phase 3 study which is attributed the differences in
the median age of the children compared with adults and
infants.>*’

Conclusions

This study has shown that concomitant use of Typbar-TCV®
with measles or measles-mumps-rubella vaccines does not
affect the immune response to any vaccine component in
Indian children. Further, we found that administering
a second dose of Typbar-TCV less than 180 days after the
first dose is ineffective in boosting antibody titers.

Abbreviations

AE Adverse Events

MV Measles Vaccine

MMR  Measles Mumps Rubella Vaccine
SCR Seroconversion rate

SAE Serious Adverse Event
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