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Abstract:

While live attenuated Oka Merck strain
varicella vaccine has been safe and effective in
reducing the disease burden worldwide, it had not
been investigated in the Indian population. With the
purpose of obtaining licensure in India, we
evaluated the safety and immunogenicity of a single
dose of varicella-zoster virus (VZV) vaccine in
healthy children (1-12 years), history-negative for
varicella. Immunogenicity was assessed at 6 weeks
postvaccinationfor childrenseronegative before
vaccination, by estimating VZV-specific antibody
titer usingglycoprotein-based enzyme-linked
immunosorbent assay (gpELISA) and geometric
mean titer (GMT). For safety assessment, all
injection-site and systemic adverse events (AEs)
were recorded for all childrenuntil 6 weeks
postvaccination.All 130 children enrolled (mean
age, 4.8 years) received 1 dose of the vaccine. Of the
immunogenicity cohort(n=108), 84.3% had VZV-
specific antibody titers >5 gpELISA units/mL (95%
C176.0,90.6) 6 weeks postvaccination,with overall
antibody GMT of 9.9 gpELISA units/mL (95% CI
8.7, 11.2). Ofthe vaccinated cohort (N=130),43.8%
children experienced >1 AE, most were mild in
intensity; the most frequently reported AEs were
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pyrexia (19.2%), cough (17.7%), nasopharyngitis
(12.3%), and injection-site pain (6.2%).
Rasheswere reported in 3.8%and injection-site
reactions in 10% children. No serious AEs were
reported and no participant discontinued the study
because of an AE. This study demonstrateshigh
immunogenicity and good tolerability of VZV
vaccine in healthy Indian children. This has
implications for incorporation of VZV vaccination
into a universal immunization program in India to
curb varicella. Clinicaltrials.gov NCT00496
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Introduction:

Varicella (chickenpox) is a highly contagious
disease caused by infection with the varicella-zoster
virus (VZV). Overall seroprevalence of anti VZV
antibodies in India is 68.22%.1 The age-related
seroprevalence rate of anti VZV antibodies is 29%
in the age group of 1-5 years, 51.1% in 5-10 years,
71.7% in 11-15 years, 79.8% in 16-20 years, 88.1%
in 21-30 years, and 91.1% in 31-40 years,1
suggesting that a considerable proportion of
adolescents are infected with VZV in India.2While
varicella is considered a mild disease in children
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with symptoms of fever, malaise, and a generalized
rash lasting for about 7 to 8 days, it carries risk of
serious complications, including pneumonia,
central nervous system diseases, secondary
bacterial infections, hemorrhagic conditions, and
cardiovascular diseases or potential death.3-
6Varicella is a particularly distressing condition in
older children and adults.7

Live attenuated Oka Merck varicella vaccine
has demonstrated considerable safety and
effectiveness in preventing varicella worldwide.8-
11The Indian Academy of Pediatrics has
recommended that the first dose of vaccine for
children be given at age 12—15 months and the
second dose at 46 years. However, IAP permits
that second dose of vaccine could be given anytime
3months after the first dose.In adolescents aged >
13 years and in adults, both doses can be given 4—8
weeks apart.12In the 15 years since the introduction
of VZV vaccine in the United States, a major
reduction was observed in varicella incidence (from
25.8 to 1.3 per 1000 person-years) in various age
categories (5-9, 10-14, and 15-19 years of age),
along with a reduction in hospitalization (from 2.13
to 0.25 per 100,000) with no evidence of a shift in
the burden of varicella to older age groups.
8Varicella vaccination has a significant impact on
lowering the disease burden and future
susceptibility to VZV. Postlicensure studies have
confirmed the effectiveness and tolerability of VZV
vaccine. Effectiveness ranged between 86% and
94%in preventing varicella after the first dose of
VZV vaccine with 100% protection against severe
varicella.11,13Another study conducted over 5
years in Europe, on varicella vaccine-associated
AEs, revealed that 88% AEs were non-serious10
which was similar to long-term reports in the United
States.14

In developed nations such as the United
States and the United Kingdom, most of the
population seroconverts for varicella antibodies by
adolescence; however, in several Asian countries
there is arising trend in varicella incidence, 1 5due to
the delay in implementation of the universal VZV
vaccination.6Since the vaccine is not universally
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administered in India, reports suggest a threat for
future varicella outbreaks.16,17Nearly 25% of
unvaccinated adults inIndia aresusceptible to
varicellal6 and only 42% of the rural adults were
found to be immune to VZV by the age of 25
years.18 According to the Indian Academy of
Pediatrics (IAP), between December 2010 and
2013, 7.7% of infectious diseases were varicella
cases, of which, 58.2% were between 5 and 18
years, 18.6% between 3 and 5 years, and 15.4%
between 1 and 3 years of age.19These findings
suggest that a considerable proportion of varicella
disease burden exists in India across allage
groups.With higher complication rates,observedin
adolescents and adults20this raises a health concern
due to the potential increase in the incidence of
varicella thereby necessitating an implementation
ofvaricella vaccination in India.

With the purpose of obtaining licensure in
India, the safety, tolerability, and immunogenicity
of a single dose of VZV vaccine was evaluated in
Indian children aged 12 months to 12 years who
were history-negative for varicella. This study was
conducted in 2005 as per the prevailing global
recommendations and IAP guidelines for a single
dose of VZV vaccine.12,21

Material and method : Study design

This open-label, single-arm study (Merck
protocol number 056-00, NCT00496327) was
conducted at 6 centers (2 centers each at Bangalore,
Mumbai, and Pune) in India between June and
October 2005. The study was performed in
accordance with the principles of the Declaration of
Helsinki and of Good Clinical Practice. The study
protocol was approved by the Independent Ethics
Committees of the respective investigational
centers. Written informed consent was obtained
from parents or legal guardian of all participating
children before enrollment in the study.

Study population

Healthy children aged 12 months to 12 years
with no history of varicella, who had not received or
expected to receive any form of varicella vaccine,
immunoglobulin or blood products, 5 months
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before or within 3 months after enrollment in the
study, and were not hypersensitive to any of the
components of the vaccine were eligible for the
study. Children were excluded if they were recently
exposed (last 4 weeks) to varicella, had any medical
condition which, in the opinion of the investigator,
could interfere with the study objectives; had
received any other inactivated or live vaccine (14
days [inactivated] or 30 days [live]) before or
expected within 42 days after administration of the
study vaccination; or was a pregnant or nursing
female. Participants were recommended to avoid
salicylates during the 6 weeks after vaccination
because salicylate use in children with varicella had
been associated with Reye's syndrome. Participants
could withdraw at any time or be withdrawn from
the study at the discretion of the investigator
because of violation of the study protocol, or
administrative or safety reasons.

Study procedure and vaccine

Eligible participants received a subcutaneous
0.5 mL dose of VaripedTM (VZV vaccine live,
Merck & Co., Inc., Oka/Merck strain, globally
registered as VARIVAXTM), preferably into the
outer aspect of the upper right arm (deltoid region)
or anterolateral thigh, on Day 1.

Assessments

Immunogenicity was assessed as the
percentage of individuals with VZV-specific
antibody titer > 5 gp ELISA units/mL at 6 weeks
postvaccination. Antibody titers > 5 gpELISA/ml
are considered to be correlates of protection.22 A 5
mL blood sample was taken before (Day 1) and after
(Day 42 [+7days]) vaccination. VZV antibody titer
was determined by Merck Research Laboratories
(West Point, Pennsylvania, U.S.A) using the gp
ELISA assay. The GMT at 6 weeks postvaccination
was calculated by taking the log of the titers,
averaging over all individual values, and then back-
transforming to the original scale. Only participants
with a titer of < 1.25 gpELISA units/mL
(seronegative status) at baseline and a measurement
at 6 weeks postvaccination were included in the
immunogenicity population.
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All injection-site and systemic AEs were
recorded from the time of enrollment to the end of
follow-up. Parents/guardians were trained to record
temperature from time of vaccination through day
21 post vaccination and to notify the study
physician in case of high fever, varicella-like-rash,
or any other unexpected reactions during the 42
days after vaccination.

The safety population included all
participants enrolled in the study. All clinical charts
containing information about adverse events were
approved by a qualified physician. Laboratory
samples were analyzed by Merck Research
Laboratories.

Statistical analysis

A planned sample size of 100 evaluable
participants implied that if no serious vaccine-
related adverse experiences were observed in this
trial then it could be concluded that the rate of
serious vaccine-related AEs in this population is no
greater than 4.6%.All statistical analyses/
summaries were performed using Statistical
Analysis Systems, Cary, NC, USA. For the
percentage of individuals with VZV-specific
antibody titer > 5 gpELISA units/mL at 6 weeks
postvaccination, 95% CI was calculated according
to the method of Crow.23 The 95% CI for the GMT
was calculated using a normal approximation. All
reported AEs and baseline characteristics were
summarized using descriptive statistics.

Results : Study population

Of 130 children enrolled in the study (30
children each at 2 centers in Bangalore, 20 children
each at 2 centers in Mumbai and 1 center in Pune,
and 10 children at 1 center in Pune), all received 1
dose of the vaccine and were included in the safety
population; 4 children were withdrawn from the
study and excluded from the efficacy population
because of deviation from the protocol: 3 received
oral poliovirus vaccine and 1 received a blood
transfusion.A total of 126 (97%) children
completed the study and were followed up at 6
weeks postvaccination (Figure 1). Of these, 17
children were excluded because of>1.25
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glycoprotein-based enzyme-linked immuno-
sorbent assay (gpELISA) units/mL VZV-specific
antibody titer (i.e. potentially seroprotected against
varicella) before receiving varicella vaccine. One
child was excluded because of missing value of the
postvaccination titer. Immunogenicity population
thusincluded a total of 108 participants.

All children enrolled in the study were of
Indian origin and had an even gender distribution
(52% males) (Table 1). During the 6-week post
vaccination follow-up period, 53 (40.8%) children
received medicationsparacetamol, chlorphen-
amine, and amoxicillin were the most commonly
used medications to treat vaccination related AEs or
concurrent illnesses no concomitant vaccinations
were administered.

Immunogenicity

Of the children who were originally
seronegative (108), all (100%) of them in the
immunogenicity population seroconverted with
VZV IgG antibody titer>1.25 gpELISA units/ml at
6 weeks post vaccination. Ninety-one of them
(84.3%) were found tohave VZV-specific antibody
titersof>5 gpELISA units/mL (95% confidence
interval [CI] 76.0, 90.6) (Figure 2). In the
immunogenicity population, the overall antibody
geometric mean titer (GMT)was 9.9gpELISA
units/mL (95% CI 8.7, 11.2).The distribution of
VZV-specific antibody titer post vaccinationshows
that more than half the children(53.7%) had VZV-
specific antibody titersof>10 gpELISA units/mL
(Figure 2).

Safety

Of the 130 subjectsincluded in the safety set,
majority of the vaccinated cohort(73[56.2%])did
not experience an AE; 57 (43.8%) subjects reported
at least one adverse event (AE)(Table 2). The most
frequently reported AEs were pyrexia in 25 (19.2%)
children, followed by cough (23 [17.7%]),
nasopharyngitis (16 (12.3%]), and injection-site
pain (8 [6.2%]). No serious AEs were reported, and
no participant discontinued the study because of an
AE.Total 16 (12.3%) children had AEs that were
related to vaccination. Injection-site reactions such
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as pain, rash, or swelling were observed in 13 (10%)
children.While all injection-site reactions were
deemed probably or definitely related to
vaccination, the intensity of these reactions were
mostly mild (10 [7.7%]), with just 2 (1.5%) and
1(0.8%) participant/s reporting a moderate and
severe reaction, respectively. Among skin and
subcutaneous conditions,rashes were reported in 5
(3.8%)(these rashes were nonspecific and not like
either VZV or wild type),lichen spinulosus in 2
(1.5%), and dermatitis atopic and pigmentation
disorder in 1 (0.8%)children. In addition, upper
respiratory tract infection was found only in 6
(4.6%) children.The experience of injection-site
reactions in most patients (10 out of 13) occurred
during the first 5 days following vaccination.

Discussion and conclusions

In the present study, a single doseVZV
vaccination regimen was safe and highly
immunogenic, eliciting protective seroconversion
with aVZV-specific antibody titer of >5 gpELISA
units/mL in 84.3% of Indian children who were
originally history-negative for varicella. The VZV-
specific antibody titer of > 5 gp ELISA units/mL at 6
weeks postvaccination can render children 3.5-
times less susceptible to breakthrough varicella,24
indicating that the VZV vaccination not only
induced preventive mechanisms but also provided
protection and resilience against breakthrough
infection. The results of our study are consistent
with a previous report wherein 86% children had gp
ELISA levels of >5 units/mL at 6 weeks
postvaccination.13Results of other studies
conducted in the United States have shown
response rates ranging between approximately 79%
and 96%, with similar antibody level criteria as used
in the present study.13, 24-26 While there is a dearth
of studies assessing the VZV vaccine in India, a
multicenter study evaluating the Oka-strain
varicella vaccine (VR 795) in Indian children was
recently published.27 The authors chose not to use a
commercial ELISA kit, stating reliability issues.
They also did not perform a fluorescent antibody to
membrane antigen assay, as it was not available
commercially. The study found that 98.3% achieved
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a post-vaccination titer of VZV IgG antibody
>10mIU/mL. However a true comparison cannot be
made with the current study because of different
baseline antibody criteria used.

An enhanced GMT was observed at 9.9
gpELISA units/mL in our study which was similar
to previous studies reporting 11-13gpELISA
units/mL at 6 weeks post vaccination.13, 25,
28However, it should be noted that a non-linear
relationship exists between antibody titers and
long-term disease protection, without a
proportional increase in efficacy at high titers.
Therefore, it is more important to achieve protective
antibody titers than develop high levels of VZV
antibody.13These immunogenicity findings can
translate into vaccine effectiveness and increased
likelihood that long-term immunity against
varicella will be maintained in this population.

The immunogenicity of the VZV vaccine in
Indian children was comparable to previous reports
on Asian populations. Seroconversion rate defined
by > 4 fold increase in antibody titer was 94%,
postvaccination in individuals from Philippines, a
majority of whom were seronegative prior to
vaccination.29In Japan,a single dose of live
attenuated varicella vaccine provided long-term
protective immunity, with a sub-set of vaccine
recipients still showing presence of humoral and
cellular immunity to VZV more than 20 years
following immunization30and in China, VZV
vaccine conferred a high level of protection against
varicella with immunity lasting for at least 6
years.31

Besides being highly immunogenic, the VZV
vaccine demonstrated good tolerability with
majority of the children not experiencing any AEs
or serious AEsin the present study consistent with
previous reports.15,29,30 Similar incidences of
pyrexia, cough, and injection-site AEs have been
observed in previous studies evaluating the VZV
vaccine.14,32,33Injection-site reactions were
common following varicella vaccination and
resolved quickly as observed in previous
studies.7,15,22Rashes were reported in 5 (3.8%)
children only during the 6 week follow-up period,
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of which 3 of them were injection-site rashes. All
injection site rashes resolved spontaneously in 48
hours.

One reason for the proven success of the VZV
vaccine is the acceptable safety profile over a long
duration, even in selected immunocompromised
individuals.9,13,14Yet, evaluation of breakthrough
varicella is warranted; it is noteworthy that84.3% of
children had a VZV-specific antibody titerof>5
gpELISA units/mL at 6 weeks postvaccination in
the present study, a level that could be considered
protected against breakthrough varicella.24,34

Additional attributes that contribute to the
protective effects of the VZV vaccine include the
low risk of transmission of infection and robust
protection even after 14 years postvaccination.
8,9,22Despite these benefits and the favorable
findings, our study has its limitations. Given that the
study was first of its kind in Indian population with a
purpose to obtain the required registration of the
vaccine, we did not assess long-term effects of the
vaccine. Nevertheless, the findings from this study
are expected to provide confidence to include
universal varicella vaccination in India beginning at
12 months of age.

In conclusion, the VZV vaccine had an
acceptable safety profile and was highly
immunogenic in healthy Indian children.
Oka/Merck varicella vaccine is already available
globally in many countries. This study further
justifies that the vaccine will be an important tool to
protect Indian children from varicella.
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Figure 2. Distributions of Varicella-zoster virus vaccine (VZV)-specific antibody concentration 6-

weeks after vaccination (Immunogenicity population)

Table 1: Summary of demographic characteristics (Vaccinated cohort)

Characteristic Classification Subjects N=130
Gender Female 62 (48%)
Male 68 (52%)
Race Indian 130 (100%)
Age Mean + SD 4.8+2.8
Range 1-12
Height (cm) Mean £SD 101.9 £19.0
Range 71.0-149.0
Weight (Kg) Mean £SD 15.6 £6.0
Range 7.0-35.0

SD = standard deviation

Table 2: Summary of adverse events (Vaccinated cohort)

n (%)
Total number of patients in safety set 130 (100)
Number of patients whoreported atleast 1 AE 57 (43.8)
Number of patients with serious AEs 0 (0.0)
Number of patients with vaccine-related AEa 16 (12.3)
e injection-site AE 12 (9.2)
e systemic AE 4 (3.1)

AE = adverse event
aAE determined by the investigator to be possibly, probably, or definitely related to the vaccine
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