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ABSTRACT
Varicella (chickenpox) is a common, highly contagious disease caused by primary infection with 
varicella zoster virus (VZV), which can result in bacterial superinfection, central nervous system 
complications, and hospitalization. Stage 2 of this Phase 3 open-label study (ClinicalTrials.gov 
identifier: NCT03843632) enrolled 100 healthy infants, children, and adolescents (12 months– 
6 years, n = 37; 7–12 years, n = 33; 13–17 years, n = 30) without a clinical history of varicella. 
Participants aged 12 months–12 years were administered 1 dose of VARIVAX™ 0.5 mL (Varicella Virus 
Vaccine Live [Oka/Merck]) and adolescents aged 13–17 years were administered 2 doses 6 weeks 
apart. For participants seronegative at baseline (VZV antibody titer <1.25 glycoprotein enzyme-linked 
immunosorbent assay [gpELISA] units/mL), immunogenicity was assessed by seroconversion (VZV 
antibody titer ≥5 gpELISA units/mL) and VZV antibody geometric mean titers 6 weeks after the final 
dose. For participants who were VZV seropositive at baseline (VZV antibody titer ≥1.25 gpELISA 
units/mL), immunogenicity was assessed by antibody titer geometric mean fold rise and percentage 
of participants with ≥4-fold rise in antibody titer 6 weeks after the final dose. A Vaccine Report Card 
was used to report solicited and unsolicited adverse events through 42 days post-vaccination. After 
series completion among seronegative participants across age groups (n = 74), 98.6% demonstrated 
seroconversion 6 weeks post-vaccination; among seropositive participants (n = 26), 65.4% had 
≥4-fold rise in antibody titer 6 weeks post-vaccination. No new safety signals were observed. 
Administering VARIVAX to infants, children, and adolescents resulted in an acceptable immune 
response with a safety profile consistent with the licensed product.
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Introduction

Varicella (chickenpox) is a common and highly contagious 
childhood infectious disease caused by primary infection 
with varicella zoster virus (VZV), a double-stranded DNA α- 
herpes virus that can be spread via airborne trans-mission or 
contact with skin lesions.1,2 Primary varicella infection typi
cally presents as a generalized vesicular rash that appears in 
crops concentrated on the head and trunk and then spreads 
to the extremities, which is preceded by a prodrome of 
malaise, loss of appetite, fever, and headache.1,2 For most 
children, the prodromal symptoms and lesion pain are mild.2

In unvaccinated populations in temperate countries, 
>90% of people may be infected with varicella before 
adolescence.3 In 2019, the annual incidence of varicella in 
Russia was 559.1 per 100,000 inhabitants, resulting in 
820,000 registered cases and 5 deaths, 4 of which were in 
children.4 Children comprise the majority of cases (94.3% 
in 2018), with the largest proportion (73%) in children 1 to 
6 years of age; more than half (56.8%) were in children 3 to 
6 years of age.4 Similar annual incidence rates of more than 
450 per 100,000 inhabitants have also been reported in the 
neighboring countries of Estonia, Lithuania, and Poland.5

Complications of varicella infection, including bacterial 
superinfection and central nervous system complications, 
affect approximately 20–30% of infected children.6,7 VZV 
infection in children is also associated with arthritis, 
glomerulonephritis, myocarditis, and purpura fulminans, 
although these occurrences are rare.8–10 VZV-related 
vasculopathy and inflammation is associated with an 
increased risk of ischemic stroke in children,11 although 
the risk of stroke is not increased following vaccination 
against varicella.12

Varicella infection in children has been associated with 
a significant clinical and economic burden in Central and 
Eastern European countries.13,14 Notably, 12.0% to 14.6% 
of children (age 1 to 12 years) infected with varicella who 
present to a healthcare center and are treated as out- 
patients in Hungary and Poland have been reported to 
have at least 1 complication, including keratoconjunctivi
tis, skin and soft tissue infection, bronchitis, pharyngitis, 
rhinitis, otitis media, severe pain, and facial paresis.13,14 In 
this setting, direct costs incurred by each outpatient child 
infected with varicella equated to approximately €50 
(equivalent to US$53 cost in 2015), but indirect costs 
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due to lost work for the child’s caregivers are estimated to 
cost an additional €108 to €190 (equivalent to US$101 to 
US$178 in 2015).13,14

Up to 6% of patients infected with VZV may have 
complications requiring hospitalization.1 Most children 
admitted to hospital with varicella generally have 1 com
plication, while 21% to 38% have 2 or more complications 
including skin and soft tissue infections and pneumonia, 
all commonly experienced by outpatients as well, and then 
dehydration and cerebellitis.13,14 Consequently, the direct 
costs of treating children hospitalized for varicella are 
substantially higher than for outpatients, ranging from 
€554 to €959 (equivalent to US$591 to US$1023 in 
2015), although indirect costs for caregivers only increase 
by approximately €50 (equivalent to US$53 in 2015).13,14 

Overall, this translates into an estimated annual economic 
cost for treating varicella of 11 billion rubles (approxi
mately US$143 million) in Russia,15 although this estimate 
is likely to underestimate the true cost due to under- 
reporting of VZV infection.16

VZV vaccination substantially reduces the incidence of 
VZV infection and the associated complications including 
hospitalizations.2,17 A single vaccination reduces the risk of 
moderate or severe varicella by >80%,3,17–19 while a second 
dose reduces the risk by at least 98%.3,18,19 It has also been 
demonstrated that the rate of herpes zoster is lower after 
VZV vaccination compared with natural infection.20 In 
regions of Russia where VZV vaccination is part of the 
regional vaccination schedule, the prevalence of varicella 
has been reduced to levels that are 75% lower than the 
national average.15

Accordingly, the World Health Organization recom
mends 2 doses of VZV vaccine when the aim is to reduce 
the number of cases and outbreaks and decrease varicella- 
related mortality and severe morbidity.3 Furthermore, 
every US$1 spent on implementing a universal 2-dose 
VZV vaccination program in 2008 was estimated to save 
US$2.70.21

Monovalent varicella vaccines are licensed and available 
throughout the world for the prevention of infection in healthy 
children, adolescents, and adults.22 Varicella vaccine 
(VARIVAX™: Varicella Virus Vaccine Live [Oka/Merck], 
Merck & Co., Inc., Kenilworth, NJ, USA) was first approved 
in the US in 1995; however, at the time of this study, it had not 
been licensed in Russia. One VZV vaccine (VARILRIX®: Oka- 
RIT strain GlaxoSmithKline) was approved for use in Russia at 
the time of this study but had not been widely adopted, despite 
vaccination being recommended for children and adults from 
at-risk groups who have not previously been vaccinated and 
have not had varicella.4 In 2019, only 110,000 people in Russia 
had been vaccinated against varicella (62,000 children and 
48,000 adults).4 VARIVAX™ has since received marketing 
approval in the Russian Federation.23

Following successful completion of Stage 1 of this 2-stage 
study in adults, Stage 2 commenced to evaluate VARIVAX use 
in infant and pediatric participants (age 12 months–12 years) 
and adolescents (age 13–17 years) at 5 centers in Russia. The 
study was conducted to support the licensure for VARIVAX™ 
in the Russian Federation.

Materials and methods

Study design

Participants in this Phase 3, open-label, multicenter, single- 
arm trial were administered live varicella virus vaccine 
(Varicella Virus Vaccine Live [Oka/Merck]): 1 dose was 
admin-istered to participants aged 12 months–12 years; 2 
doses were administered to participants aged 13–17 years, 
6 weeks apart. The trial was prospectively registered in the 
European Union Drug Regulating Authorities Clinical Trials 
Database (EudraCT identifier: 2019-003903-36) and 
ClinicalTrials.gov (identifier: NCT03843632) registries prior 
to enrolling the first participant. Information provided to par
ticipants was reviewed and approved by relevant regulatory 
bodies and independent ethics committees at each center 
prior to initiating the study (protocol V210-058). All partici
pants provided written informed consent prior to enrollment 
or applicable assent where participants were under the age of 
consent. The study was conducted in conformance with the 
ethical principles originating from the Declaration of Helsinki 
(October 2013), Good Clinical Practice, and relevant local 
statutes and regulations.

Participants

Eligible participants were healthy males and females who 
were 12 months–17 years of age with a negative clinical 
history of varicella and herpes zoster infection. Individuals 
were excluded from participating in the study if they had 
a history of allergy or anaphylactic reaction to any compo
nent of the study vaccine, had received any varicella or 
herpes zoster vaccine at any time before the study, or 
been exposed to varicella or herpes zoster in the 4 weeks 
before the study. Eligible participants must not have had 
a febrile illness associated with temperature of ≥38.9°C 
within 72 hours of study vaccination, been vaccinated 
with a non-live or live vaccine ≤30 days prior or be expect
ing to be vaccinated during the 42-day safety follow-up 
period following study vaccination. Individuals who lived 
with a person who had, or they themselves had, immune 
deficiency, neoplastic disease, or depressed immunity, 
including receiving immunosuppressive therapy, were also 
excluded from the study. Female participants of reproduc
tive potential must have had a negative pregnancy test on 
the day of vaccination and agreed to remain abstinent or 
use 2 acceptable methods of birth control for the duration 
of the study period.

Immunogenicity

Serum samples were collected prior to vaccination at Visit 1 
and at Day 43 post-vaccination 1 (participants aged 
12 months–12 years) or 2 (participants aged 13–17 years). 
Antibodies to VZV were detected using glycoprotein enzyme- 
linked immunosorbent assay (gpELISA).24

For participants who were seronegative at baseline (VZV 
antibody titer <1.25 gpELISA units/mL), the 3 co-primary 
endpoints were seroconversion rate defined as a VZV anti
body titer ≥1.25 gpELISA units/mL; antibody response, 
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defined as a VZV antibody titer ≥5 gpELISA units/mL; and 
geometric mean titer (GMT) of VZV antibody as measured 
by gpELISA at 6 weeks for children and 6 weeks after Dose 
2 for adolescents.

For participants who were VZV seropositive at baseline, the 
co-primary endpoints were the GMT, geometric mean fold rise 
(GMFR) in antibody titer and percentage of participants with 
a ≥4-fold rise in antibody titer 6 weeks post-vaccination for 
children and 6 weeks after Dose 2 for adolescents.

Safety

Secondary endpoints included solicited injection-site adverse 
events (AEs; redness, swelling, and pain/tenderness) from Day 
1 through Day 5 post-dose, unsolicited injection-site AEs from 
Day 1–42 post-dose, maximum reported temperature ≥39.0°C 
oral equivalent from Day 1 through 28 post-vaccination, 
varicella- and herpes zoster-like rashes occurring from Day 1 
through Day 42 post-vaccination, and systemic and serious 
AEs occurring from Day 1 until the end of study. Laboratory 
assessments including complete blood count, chemistry, and 
urinalysis were also monitored during the study for partici
pants over the age of 7 years.

Statistical analysis

Approximately 100 children and adolescent participants 
were to be enrolled in Stage 2 of this study, with 
a minimum of 30 participants enrolled per age group 
(infants and children aged 12 months–6 years; children 
aged 7–12 years; and adolescents aged 13–17 years). 
Primary immunogenicity analyses were based on the per- 
protocol population and results are presented as descriptive 
statistics with 2-sided 95% confidence intervals (CIs) for 
antibody response rate and VZV seroconversion. CIs were 
computed using the exact method for a single binomial 
proportion. GMTs were calculated at each time point by 
averaging the log of titers across all participants values, and 
then back-transforming to the original scale with the 95% 
CIs for GMTs being calculated based on a t-distribution.

Summary statistics were provided for all prespecified safety 
events including the number and proportion of participants 
with AEs. AEs were reported using the Medical Dictionary for 
Regulatory Activities (MedDRA) version 23.0.

Results

Participants

In total, 100 participants (children aged 12 months–6 years, 
n = 37; children aged 7–12 years, n = 33; adolescents aged 
13–17 years n = 30) were enrolled at 5 centers across 
Russia. Pre-vaccination investigations indicated that 8% of 
infants and children under the age of 7 years were seropo
sitive for varicella compared with 33% of children aged 7– 
12 years and 40% of adolescents aged 13–17 years (Table 
1). All participants received the protocol-specified vaccina
tion regimen.

Immunogenicity

Among participants who were seronegative at baseline, the 
antibody response rate ranged from 95% to 100% across all 
age groups. Specifically for adolescents, the antibody 
response rate at 6 weeks post-dose 2 was 100% (n = 18; 
95% CI, 81.5%–100.0%), whereas the corresponding rates 
were 95.5% (n = 22; 95% CI, 77.2%–99.9%) for children 7– 
12 years at 6 weeks post-Dose 1 and 100% (n = 34; 95% CI, 
89.7%–100.0%) for children 12 months–6 years at 6 weeks 
post-Dose 1.

All adolescents who were seronegative at baseline (n = 18) 
demonstrated seroconversion 6 weeks after Dose 2, with 
a GMT of 78.6 gpELISA units/mL (95% CI, 46.5–133.0) after 
2 doses versus 0.4 (95% CI, 0.3–0.5) gpELISA units/mL at 
baseline (Figure 1A). This represented a GMFR of 210.8 (95% 
CI, 117.2–379.0) in VZV antibody titer.

Among seronegative children and infants, 95.5% (21/22) 
and 100% (34/34) aged 7–12 years and 12 months–6 years, 
respectively, demonstrated seroconversion 6 weeks after a 
single dose with a GMT of 11.3 (95% CI, 7.3–17.5) 
gpELISA units/mL for children aged 7–12 years and 13.9 
(95% CI, 11.2–17.2) gpELISA units/mL for children and 
infants aged 12 months–6 years after 1 dose versus 0.3 
(95% CI, 0.3–0.4) gpELISA units/mL at baseline for both 
groups (Figure 1B,C). This represented GMFRs of 32.8 
(95% CI, 21.4–50.4) and 40.8 (95% CI, 31.7–52.5) in VZV 
antibody titer, respectively.

Among adolescents who were seropositive at baseline, 
66.7% (8/12) had a ≥ 4-fold rise in antibody titer 6 weeks 
after Dose 2 with a GMT of 151.7 (95% CI, 92.5–248.6) 
gpELISA units/mL versus 13.4 (95% CI, 5.8–31.0) gpELISA 
units/mL at baseline (Figure 1A), representing a GMFR of 
11.3 (95% CI, 4.6–27.5). A ≥ 4-fold rise in antibody titer 
6 weeks after a single dose was observed in 54.5% (6/11) and 
100% (3/3) of children and infants aged 7–12 years and 
12 months–6 years, respectively, who were seropositive at 
baseline. GMT for seropositive children aged 7–12 years was 
125.0 (95% CI, 37.9–411.7) gpELISA units/mL after 1 dose 
versus 24.8 (95% CI, 7.2–85.5) gpELISA units/mL at baseline 
(Figure 1B), representing a GMFR of 5.0 (95% CI, 2.6–9.7). 
GMT was 47.6 gpELISA units/mL 6 weeks after a single dose 
in the 3 seropositive infants and children aged 12 months– 
6 years versus 4.2 gpELISA units/mL at baseline, representing 
a GMFR of 11.2 (Figure 1C).

Table 1. Baseline characteristics.

Characteristic

Adolescents 
(13–17 years) 

N = 30

Children 
(7–12 
years) 

N = 33

Children 
(12 months–6 

years) 
N = 37

Sex, n (%) 
Male 
Female

14 (47) 
16 (53)

19 (58) 
14 (42)

19 (51) 
18 (49)

Race, n (%) 
White 30 (100) 33 (100) 37 (100)

Varicella zoster virus serostatus, 
n (%) ≥1.25 gpELISA units/mL 12 (40) 11 (33) 3 (8)

gpELISA, glycoprotein enzyme-linked immunosorbent assay.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 4185



Safety

Over the course of the study, AEs were reported by 52% of 
participants (52/100; all-participants-as-treated population). 
Vaccine-related injection-site reactions (Table 2) were reported 
by 30% (9/30) of adolescents after Dose 1 and 23% (7/30) after 
Dose 2, 33% (11/33) of children aged 7–12 years, and 19% (7/37) 
of infants and children, aged 12 months–6 years, after a single 
dose. All injection-site AEs occurred 1 to 5 days after dosing and 
were mild in intensity, except for 2 instances of moderate injec
tion-site pain. All instances of injection-site erythema and injec
tion-site swelling were ≤2.4 cm in size.

The most frequently reported systemic AEs were respira
tory tract infections, increased body temperature (not meet
ing the protocol-defined criteria for fever), and headache 
(Table 3). Vaccine-related systemic AEs were reported by 1 
adolescent, 3 children aged 7–12 years, and 4 children aged 
12 months–6 years.

Protocol-defined fever (maximum oral or oral equivalent 
temperature ≥39.0°C) was observed in 1 child aged 7–12 years 
and 3 infants/children aged 12 months–6 years. A varicella-like 
rash was reported by 2 children aged 7–12 years and 1 child 
aged 12 months–6 years. All varicella-like rashes were mild in 
severity and no herpes zoster-like rashes were observed.

One serious AE of severe headache was reported 1 month 
after Dose 1 for an adolescent that resulted in hospitalization, 
which was considered to be unrelated to study vaccination. 
This severe headache was concurrent with mild pharyngitis, 
which was also considered to be unrelated to study vaccination.

Laboratory abnormalities were generally not considered 
clinically meaningful, and none were reported as vaccine- 
related AEs. No deaths were reported during the study, and 
no participants discontinued the study vaccine due to AEs.

Discussion

Varicella vaccine (VARIVAX™) induced an acceptable immune 
response and was generally well tolerated in adolescents receiv
ing 2 doses and infants and children aged 12 months–12 years 
administered a single dose. The response rates, GMTs, and 
seroconversion rates in this pediatric and adolescent popula
tion were consistent with those reported previously for chil
dren administered this vaccine.25,26 Likewise, there is ample 
real-world evidence on the effectiveness and safety of varicella 
vaccine since its licensure in 1995,18,27 and there were no 
unexpected safety or tolerability concerns identified in this 
study compared with the vaccine’s >25 year real-world experi
ence. The efficacy and safety data observed in Stage 2 of this 
study were also consistent with those observed in Stage 1 in 
adults (reported separately).

Earlier studies have indicated VZV vaccination reduces the risk 
of VZV infection, especially with a 2-dose regimen.3,18,19,21 

Furthermore, epidemiologic data have confirmed that widespread 
utilization of VARIVAX reduces the incidence of varicella in both 
vaccinated and unvaccinated individuals (herd immunity), an 
effect that is maintained at the population level over at least 
15 years for both vaccinated and unvaccinated individuals.28 

Figure 1. Changes in geometric mean titer from baseline following administra
tion of varicella vaccine in (A) adolescents 13–17 years post-Dose 2, (B) children 
aged 7–12 years post-Dose 1 and (C) children aged 12 months–6 years post- 
Dose 1.CI, confidence interval; gpELISA, glycoprotein enzyme-linked immuno
sorbent assay.
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However, while children in this study were only administered 1 
dose, the US Centers for Disease Control and health authorities in 
many other countries recommend 2 doses to reduce the risk of 
breakthrough VZV infection and transmission to at-risk popula
tions, including immunosuppressed individuals and adolescents 
and adults without evidence of immunity, who have a higher risk 
of severe disease.18,29

Many physicians may consider varicella infection to be 
a relatively benign condition, but complications associated with 
VZV infection can result in hospitalization and potentially death.29 

VZV vaccination reduces clinic visits, overall varicella-related 
morbidity and mortality, and overall medical expenditure asso
ciated with varicella infection.1 Analyses performed in Central and 
Eastern European countries have suggested that vaccinating for 
VZV has the potential to reduce the clinical economic burden of 
treating patients with varicella,13,14,29 which continues to be high in 
Russia in the absence of widespread vaccination.4

Primary infection with wild-type VZV also carries 
a higher risk of VZV establishing a latent infection in the 
dorsal root ganglia, which can reactivate, causing herpes 
zoster, often many years after the initial infection1,2 

However, vaccination for VZV reduces the risk of develop
ing herpes zoster later in life compared with wild-type VZV 
infection.1,29

This study was limited by its sample size and inadvertent 
inclusion of children over the age of 7 and adolescents who 
were seropositive at baseline despite a negative clinical history 
for varicella. Strengths of the study included evaluation of all 
age groups across Stage 1 and Stage 2 of the trial, which 
encompassed adolescents and adults not routinely assessed in 
clinical trials for pediatric vaccines. Also, the study evaluated 
individuals who were seropositive at baseline, showing an 
increase in antibody titers in all these participants that is 
indicative of a boosting effect with vaccination.

Table 3. Systemic adverse events.

n (%)

Participants, n (%)

Adolescents (13–17 years) Children (7–12 years)
Children (6 months–6 

years)

Days 1–42 post-Dose 1 (n = 
30)

Days 1–42 post-Dose 2 (n = 
30)

Days 1–42 post-Dose 1 (n = 
33)

Days 1–42 post-Dose 1 (n = 
37)

≥1 systemic AEa 7 (23) 8 (27) 12 (36) 21 (43)
GI disorder 1 (3) 0 (0) 1 (3) 3 (8)
Vomiting 0 (0) 0 (0) 0 (0) 2 (5)
Infections and infestations 0 (0) 3 (10) 7 (21) 10 (27)
Respiratory tract infection 0 (0) 2 (7) 2 (6) 5 (14)
Respiratory tract infection viral 0 (0) 2 (7) 1 (3) 4 (11)
Rhinitis 0 (0) 0 (0) 0 (0) 2 (5)
Investigations 3 (10) 3 (10) 2 (6) 9 (24)
Body temperature increased 3 (10) 3 (10) 2 (6) 9 (24)
Nervous system disorders 6 (20) 2 (7) 5 (15) 0 (0)
Headache 6 (20) 2 (7) 5 (15) 0 (0)
Respiratory, thoracic, and mediastinal disorders 0 (0) 0 (0) 0 (0) 2 (5)
Skin and subcutaneous tissue disorders 0 (0) 0 (0) 2 (6) 3 (8)
Rash vesicular 0 (0) 0 (0) 2 (6) 1 (3)
≥1 vaccine-related systemic AE 1 (3) 1 (3) 3 (9) 4 (11)
Increased body temperature 1 (3) 1 (3) 1 (3) 3 (8)
Headache 1 (3) 0 (0) 1 (3) 0 (0)
Rash vesicular 0 (0) 0 (0) 2 (6) 1 (3)
Serious AEs 0 (0) 0 (0) 1 (3)b 0 (0)
Discontinued due to an AE 0 (0) 0 (0) 0 (0) 0 (0)

aIncidence ≥5%; bUnrelated to the study vaccine; AE, adverse event; GI, gastrointestinal.

Table 2. Injection-site adverse events.

n (%)

Participants, n (%)

Adolescents (13–17 years) Children (7–12 years) Children (6 months–6 years)

Days 1–42 post-Dose 1 (n = 30) Days 1–42 post-Dose 2 (n = 30) Days 1–42 post-Dose 1 (n = 33) Days 1–42 post-Dose 1 (n = 37)

≥1 injection-site AE 9 (30) 7 (23) 11 (33) 7 (19)
Solicited injection-site AEsa 

Pain 
Erythema  

0–≤2.4 cm 
Swelling  

0–≤2.4 cm

7 (23) 
1 (3) 
1 (3) 
0 (0) 
0 (0)

7 (23) 
0 (0) 
0 (0) 
1 (3) 
1 (3)

10 (30) 
1 (3) 
1 (3) 
1 (3) 
1 (3)

5 (14) 
0 (0) 
0 (0) 
0 (0) 
0 (0)

Unsolicited injection-site AEs 
Hemorrhage 
Bruising

0 (0) 
1 (3)

0 (0) 
0 (0)

0 (0) 
0 (0)

2 (5) 
0 (0)

aAccording to participant Vaccine Report Card; AE, adverse event.
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In conclusion, varicella vaccine (VARIVAX™: Varicella 
Virus Vaccine Live [Oka/Merck], Merck & Co., Inc., 
Kenilworth, NJ, USA) has demonstrated immunogenicity 
and safety in children and adolescents that is consistent 
with previously published studies, supporting its licensure 
in the Russian Federation.
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