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Objective: To evaluate the persistence of antibodies three years after primary vaccination
with typhoid conjugate vaccine (TCV) of either Cadila Healthcare Ltd. (Cadila-TCV) or Bharat
Biotech International Ltd. (Bharat-TCV) administered in a previous phase Il/lll study, and to
study the booster dose response to Cadila-TCV. Methods: This was an open-label, phase IV
extension study conducted in tertiary care and multispecialty hospitals in India. 112 subjects
(Cadila-TCV-57, Bharat-TCV-55) who had patrticipated in previous study were enrolled. Of
these, eligible subjects received a single-dose of Cadila-TCV and were followed-up for 28
days post-booster. Primary outcome was persistence of antibodies 3 years after primary
vaccination and seroconversion (>4-fold rise in antibody titre from baseline) 28 days post-
booster. Safety was based on reported adverse events (AES) post-booster. Results: The
baseline GMT reported in the current study was significantly higher than pre-vaccination GMT
reported in the previous study. 89/112 (79.5%) subjects had antibody titer 210 IU/mL at
baseline; eligible subjects (n=17) who had baseline antibody titre <10 IU/mL were administered
booster dose. All the vaccinated subjects showed seroconversion post-booster. The GMTs
reported at 10 days and 28 days post-booster were significantly higher as compared to GMTs
reported after primary vaccination in previous study. 4 (23.5%) vaccinated subjects reported
9 AEs; all were solicited and of mild/moderate intensity. Conclusion: There was a significant
persistence of immunogenicity after primary vaccination with both the TCVs, and robust
immune response after booster vaccination with Cadila-TCV.
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yphoid conjugate vaccines (TCVs) have Vi

capsular polysaccharide of S. typhi conjugated

to different carrier proteins. Four such TCVs

have been approved and marketed in India.
Zyvac TCV (CadilaHealthcare Ltd.) waslicensed based
ontheprelicensurephasel /111 non-inferiority clinical trial,
the results of which were published previously [1]. The
current phase 1V trial was conducted as an extension of
the previous phase 11/111 trial in which the same subjects
were followed-up three years after their primary
vaccination to evaluate thelong-term persistence of anti-
Vi 1gG antibodies, and response to the booster dose of
TCV administered to the eligible subjects.

METHODS

Thisprospective, open-label, multicenter, post-marketing
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clinical study was conducted from September, 2019 to
November, 2020 at the seven centers (tertiary care or
multispecialty hospitals) which also had participated in
the previous study. The study was approved by the
Central Licensing Authority and also by the registered
local Institutional Ethics Committeesfor individual sites.
The study was registered with Clinical Trial Registry —
Indiabeforeinitiation of enrollment in the study.

In the previous study, atotal of 240 healthy subjects
aged 6 monthsto 45 yearswereenrolled, out of which 236
subjectsincluding 117 and 119 subjectswho had received
TCV of CadilaHedthcareLtd. (Cadila=TCV) and TCV of
Bharat Biotech International Ltd. (Bharat-TCV),
respectively completed the study with both pre-
vaccination and 6 weeks post-vaccination immuno-
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genicity assessments [1]. The subjects who had
participated and completed the previous study were
considered for enrollment in the current extension study 3
years (3 months) after their primary vaccination.

Prior to screening, a written informed consent was
obtained from the adult subjects and parents of the
pediatric (<18 years) subjects; additionally, an assent was
also obtained from the pediatric subjects aged >7 years.
Adult subjects or parents of the pediatric subjects were
also required to be literate enough to provide written
informed consent and fill the diary cards. The subjects
were excluded if they had a history of typhoid fever or
vaccination against typhoid fever after previous study;
any ongoing clinically significant systemic disorder,
immunological disorder, coagul ation disorder or thrombo-
cytopenia; any ongoing anticoagulant, immuno-
suppressive or immunostimulant therapy; history of
administration of blood, blood products or immuno-
globulins within past 3 months, participation in another
clinica trial within past 3 months, or acohol or drug abuse
within past oneyear.

The subjects fulfilling the eligibility criteria were
enrolled and their blood samples were collected to
evaluate the baseline anti-Vi 1gG antibody titre. The
subjects whose baseline antibody titre was <10 1U/mL,
which corresponds to the proposed seroprotective cut-
off titre of 2 meg/mL [2,3], were considered eligible to
receive a booster dose of TCV. A 0.5 mL single-dose of
Cadila-TCV wasgiven asabooster dosewithin 90 days of
their enrollment, irrespective of the TCV administered for
primary vaccinationin the previousstudy. Thevaccinein
each dose of 0.5 mL contained 25 mcg of purified Vi
capsular polysaccharide of S. typhi conjugated to tetanus
toxoid (TT) as carrier protein. The vaccine was
administered intramuscularly in the deltoid region under
aseptic precautions following which the subjects were
closely observed for at least 30 minutesfor occurrence of
any immediate adverse events (AEs). Further blood
sampleswere collected during follow-up visitsat 10 (+3)
days and 28 (+7) days after vaccination, for assessment
of post-vaccination antibody titres. Theimmunogenicity
assessment was performed at the central accredited
laboratory. The assessment of antibody titers was
performed using the commercial Vacczyme ELISA kits
(Binding Site Group Ltd.). The antibody titreswere also
derivedin lU/mL using the WHO International Standard
for anti-typhoid capsular Vi polysaccharide 1gG (human)
(NIBSCcode16/138) [2].

The subjects were not administered the booster dose
of TCV if they had received any typhoid vaccine after
enrollment, received any vaccine within the past one
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month, history of fever or any infectious disorder of >3
dayswithin the past onemonth, and fever (>37.5°C) at the
time of planned vaccination. Urine pregnancy test was
performed prior to vaccination for femalesof child bearing
potential to rule out pregnancy. Pregnant or lactating
femal es, and females of child bearing potential not using
acceptable contraceptive measures were aso not
administered the booster dose.

Adult subjects or parents of the pediatric subjects
were dispensed diary cards to record the solicited local
(pain, redness, swelling and induration) and systemic
(fever, headache, nausea, vomiting, malaise, arthralgiaand
myalgia) AEstill 7 daysafter vaccination and unsolicited
AEst till the completion of post-vaccination follow-up.
Any abnormality reported in vitals or physical
examination was also planned to be dealt asan AE. The
intensity of AEswas graded as mild, moderate or severe
asdescribed earlier [1], and causality was assessed based
on theWorld Health Organi zation (WHO) criteriafor AEs
followingimmunization[4].

The primary immunogenicity variableswerelong-term
persistence of anti-Vi |gG antibodies 3 yearsafter primary
vaccination and seroconversion, which was defined asa
four-fold or greater risein antibody titer at 28 days after
vaccination, asper the WHO recommendations[2,5] . The
secondary immunogenicity variables were serocon-
version at 10 days after vaccination and geometric mean
titer (GMT) of antibodies at 10 days and 28 days after
vaccination as compared to the baseline. The safety
variableswerelocal or systemicAES, seriousAES(SAES)
reported, if any, and overall tolerability evaluation by the
investigators based on the reported AEs as follows:
Excellent - noAE, Good—mildAE(s), Fair - moderate AE(S)
and Poor - severe or serious AE(s). The maintenance of
seroconversion at the baseline, defined as four-fold or
greater rise in antibody titre at baseline in the current
study as compared to antibody titre reported before
primary vaccination in the previous study has also been
evaluated asan exploratory variable.

Sincethiswasan extension study, no minimumsample
size was defined for this study. All the 236 subjects who
had participated in and completed the previous study
were considered for enrollment inthe current study.

Satistical analysis. The immunogenicity analysis
representsthe data of full analysis set whichincluded all
the subjects with applicableimmunol ogical assessments
including those with protocol deviations. The safety
analysis represents the data of all the subjects who had
received booster dose of TCV. The GMTs (95% Cl) were
computed for description of antibody titers. The GMTs
between the groups were compared using unpaired t test
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while the GM Tswithin the groups were compared using
paired t test after log transformation of antibody titers.
Continuous datawas compared between the groups using
unpaired t test. Categorical data was compared between
the groups using Fisher exact test.

RESULTS

Atotal of 121 subjectswere screened in this study, out of
which 112 subjects (76 adults, 56 males) were enrolled
whilethe remaining 9 subjects, who had received another
dose of typhoid vaccine prior to this study, were excluded
(Fig.1). Themean (SD) age, height, weight and body mass
index of theenrolled subjectswere24.7 (12.6) years, 148.7
(22.9) cm, 51.5(19.9) kg and 22.1 (5.2) kg/m?, respectively.
The baseline characteristics of the enrolled subjects are
presentedin Tablel .

The GMT of antibodies reported at baseline in the
current study (Table I) was significantly higher as
compared to those reported before primary vaccinationin

Potential subjects (n=236) |

Excluded (n=115)

* Not contactable, 37

* Non-participation of one
study site, 30

» Refused to participate, 37

* Relocated, 11

Screened (n=121) |

Excluded (n=9)
» Not meetinginclusion-
exclusioncriteria, 9

Enrolled (n=112) |

J/ Not given booster (n=95)
Analysis (baseline) * Not eligiblefor vaccination,
 Immunogenicity (n=112) ) 89
\L « Voluntary withdrawal, 6

| Vaccinated (n=17) |

)

Completed post-
vaccination follow-up

(n=17)
i)

Analysis (post-vaccination)
Immunogenicity

» Day 10 post-vaccination (n=13)
» Day 28 post-vaccination (n=17)
Safety (n=17)

Fig. 1 Study flow chart.
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LONG-TERM IMMUNOGENICITY OF TYPHOID CONJUGATE VACCINE

Table| Baseline Characteristics of Participants Who Had
Received Typhoid Conjugate Vaccine (TCV)

Parameter Previous TCV Received
Cadila-TCV Bharat-TCV
(n=57) (n=55)
Age(y)? 24.7(13.1) 24.7(12.2)
Agegroup
Adult 37(64.9) 39(70.9)
Pediatric 20(35.1) 16(29.1)
Malegender 28(49.1) 28(50.9)
Basdlinetiter (EU/mL)P 140.8 203.6
(93.9,211.2) (144.3,287.5)
Baselinetiter >10 lU/mL 44(77.2) 45(81.8)

Data presented as no. (%) or @mean (D) or "GMT (95% CI). All P>0.05.

the previous study (P<0.001). A total of 100 (89.3%)
subjects, 50 subjectseach who had received Cadila-TCV
and Bharat-TCV, for primary vaccinationin the previous
study had maintained seroconversion at baseline in the
current study (P=0.76). Based on the cut-off titer, 23
(20.5%) subjectsweredligibleto receivethe booster dose
vaccination, out of which 17 subjectswerevaccinated. All
the subjects followed-up on day 10 and day 28 after
vaccination had shown seroconversion with asignificant
rise in antibody titers after vaccination as compared to
baseline (P<0.001) (Table I1). The GMT of antibodies
reported at day 10 and day 28 after booster vaccination
were significantly higher as compared to that reported
after primary vaccination in the previous study (P<0.05)
(Tablell).

A tota of nine AEs were reported in four out of 17
(23.5%) vaccinated subjects; local pain in four
participants, local swelling in two participants, and local
redness, fever and headache in one participant each. All
the AEs were of mild intensity except local pain in one
participant, which was of moderateintensity. No severeor
serious AE was reported for any subject. All AEs were
solicited in nature, considered certainly related to the
vaccination, and resolved completely within three days
of their occurrence with/without supportive medications.
Based on the reported AEs, an excellent, good and fair
grade of tolerability wasgiven for 13 (76.5%), 3 (17.6%)
and 1 (5.9%) participants, respectively.

DISCUSSION

In the current study, we demonstrated that there was a
significant persistence of antibodies at three years after
primary vaccination with TCV, and the eligible subjects
who received the booster dose mounted an antibody
response which was significantly higher on day 10 and
day 28 than that reported after primary vaccination. The
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Tablell Antibody Titersat Various Time Pointsfor Participants Receiving a Booster Dose of Typhoid Conjugate Vaccine

Sudy, timepoint

Previous TCV received

Overall

Cadila-TCV

Bharat-TCV

Current phase |V study
Basdline

Day 10 post-booster

Day 28 post-booster
Previousphasell/Il3study
Post-primary

n=8,17.5(7.1, 43.3)
n=7,2734.3(1066.1, 7013.2)
n=8, 2107.1(1004.5, 4420.0)

n==8,829.5(315.4,2181.4)

n=9,34.0(22.9,50.3)
n=6,1891.8 (795.3, 4500.4)
n=9, 1733.9(1043.4, 2881.5)

n=9, 952.8 (429.5, 2114.0)

n=17,24.9(15.9, 38.9)
n=13,2306.9 (1326.1, 4012.8)
n=17,1900.5 (1288.3, 2803.7)

n=17,892.6 (517.1, 1541.0)

Data presented as GMT (95% Cl) in EU/mL. TCV: typhoid conjugate vaccine. 8Full results available in reference 1.

booster dose administered to the selected subjects was
alsowell tolerated.

One potentia limitation of the study was that only
around 50% of the subjects who had completed the
previous phase [1/111 study were enrolled in this study.
Other possiblelimitations could be selection of 10 1U/mL
(2 pg/mL) as the cut-off titer for considering subjects
eligible for booster vaccination, and non-evaluation of
other immune response parameters such as gG subclass
response, functional antibodies, antibodies targeting
other antigensapart from Vi capsular polysaccharide, cell
mediated immune response etc.

To the best of our knowledge, there is no
seroprotectivetiter defined for anti-Vi antibodiestill date.
From an earlier efficacy study of Vi-rEPA conjugate
vaccine, 4.3 pg/mL was initially presumed as the
seroprotective cut-off titer, which on subsequent re-
examination based on the statistical modelling was
estimated between 1.4-2.0 pg/mL [3], and based on the
sameevidence, 2 pg/mL has been used asthe cut-off titer
inthisstudy. Inapreviousstudy, all the subjectswho had
received single-dose of Bharat-TCV and evaluated at 2
years after vaccination had maintained antibody titer >2
pg/mL [6]. Inafurther long-term follow-up study, all the
subjects in a subset population aged 6-23 months at
primary vaccination and who did not receive the booster
dose subsequently (n=25) had maintained antibody titer
>2 pg/mL at 7 yearsafter vaccination [ 7]. The proportion
of subjects maintaining the antibody titer >10 IU/mL (2
pg/mL) in the current study was relatively lower;
however, it was comparablefor boththe TCVs.

L ong-term persistence of serum anti-Vi antibodieshas
already been demonstrated upto 7 years after primary
vaccinationwith TCVsintheearlier clinical studies[6-8].
In astudy conducted with Bharat-TCV, the proportion of
subjects maintaining seroconversion at 2, 3 and 5 years
after primary vaccination was 59.5%, 73.5% and 73.2%in
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6-23 monthsage group and 74.1%, 76.2% and 69.2%in 2-
45 years age group [9]. In a subset of subjects from the
former age group, 44% had maintained seroconversion at
7 years after vaccination [7]. Likewise, in a study of
another TCV, the seroconversion was maintained in 83%
subjectsin theimmunogenicity subset at 12 months after
primary vaccination [8]. Although the data of current
study cannot be directly compared with that of
previously published studies, the baseline GM Tsand the
proportion of subjects maintaining seroconversion at 3
yearsafter primary vaccination reported in our study was
found comparablefor boththe TCVs.

Although the number of subjects receiving the
booster vaccination was small, the robust booster
response seen with TCV scan be explained by generation
of immunological memory owing to conjugation of Vi
polysaccharidewith TT carrier protein which rendersthe
antigen T-cell dependent leading to production of plasma
cellsand memory B cells[10]. Administration of the same
vaccinefor booster dose may be apossible explanation of
a higher booster response observed in the subjects who
had received Cadila-TCV for primary vaccination. The
safety data of the booster vaccination reported in this
study is also consistent with that reported with the
marketed TCVs [11-13], even though our study had
limited numbers.

Overall, this study provides useful insights on the
long-term immunological persistence and response to
booster dose of TCV. Further long term studies are
warranted to confirm waning of antibody titres and to
eval uate efficacy/effectiveness of TCVsover theyearsof
follow-up. Pursuant to limited availability of long-term
follow-up data, there is currently no recommendation
provided for booster dose of TCVs [2,14,15]. The data
derived from the current study and that generated from
long-term follow-up studies of other TCVs will help
policymakers to take appropriate decision on the
reguirement and timing of booster dose of TCV.
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