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Abstract

Background: A new formulation of the live-attenuated varicella vaccine Varilrix (GSK) produced without human serum
albumin (HSA) was developed to minimize a theoretical risk of transmission of infectious diseases. A previous study showed
that the vaccine was immunologically non-inferior to the HSA-containing vaccine and well-tolerated in toddlers; low-grade
fever was numerically higher in children receiving the vaccine without HSA, but the study lacked power to conclude on this
difference.

Methods: In this phase lll, double-blind, multi-center study, healthy 12-23-month-olds were randomized (1:1) to receive two
doses of the varicella vaccine without (Var-HSA group) or with HSA (Var + HSA group) at days 0 and 42. The primary
objective compared safety of the vaccines in terms of incidence of fever > 39.0°C in the 15-day period post-first vaccination.
The objective was considered met if the upper limit of the 95% confidence interval for the between-group difference in the
incidence of fever >39.0°C was <5% (Var-HSA group minus Var + HSA group). Safety, reactogenicity and immune responses
were evaluated.

Results: Six hundred fifteen children in the Var-HSA group and 616 in the Var + HSA group received 21 vaccination. Fever >
390 °C was reported in 39 and 52% of participants in the Var-HSA and Var + HSA groups, with a between-group difference of
—1.29 (95% confidence interval: — 3.72—1.08); therefore, the primary objective was achieved. Fever rates post-each dose and the
incidence of solicited local and general adverse events (AEs) were comparable between groups. Unsolicited AEs were reported
for 439 and 36.5% of children in the Var-HSA group and 45.8 and 36.0% of children in the Var + HSA group, during 43 days
post-dose 1 and 2, respectively. Serious AEs occurred in 2.1% (group Var-HSA) and 2.4% (group Var + HSA) of children,
throughout the study. In a sub-cohort of 364 children, all had anti-varicella-zoster virus antibody concentrations 250 miU/mL
post-dose 2; comparable geometric mean concentrations were observed between the groups.
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immunogenicity profiles in toddlers.

Conclusions: The varicella vaccine formulated without HSA did not induce higher rates of fever during the 15 day-post-
vaccination period, as compared with the original HSA-containing vaccine. The two vaccines displayed similar safety and

Trial registration: NCT02570126, registered on 5 October 2015 (www.clinicaltrials.gov).
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Introduction

The burden of disease for varicella remains important, with
conservative estimates of 4.2 million severe complications
leading to hospitalization and 4200 deaths occurring globally
each year [1]. Despite the fact that the disease is vaccine pre-
ventable with vaccination being highly effective, not all coun-
tries recommend routine immunization [2].

The live attenuated varicella vaccine Varilrix (GSK) has
been successfully used in routine vaccination programs [3].
The original formulation of the vaccine contains human
serum albumin (HSA). Historically, HSA was an excipient
frequently added at vaccine formulation to improve the sta-
bility of lyophilised live attenuated vaccines. Even if HSA has
excellent clinical safety records [4], the use of human
plasma-derived products in the manufacture of biologicals is
associated with a theoretical risk of contamination with ad-
ventitious agents and the subsequent potential transmission
of infectious diseases [5]. Therefore, in line with recommen-
dations of the European Medicines Agency [5], a new formu-
lation of the varicella vaccine Varilrix does not include HSA,
while ensuring equivalent stability. Currently, both formula-
tions are approved for use worldwide, with the new formula-
tion without HSA being already authorized in several
European countries, Canada, Australia and New Zealand.

In a previous study in children 11-21 months of age
conducted in two European countries, the immunogen-
icity of a first dose of varicella vaccine without HSA was
demonstrated to be non-inferior to that of the HSA-con-
taining varicella vaccine and both formulations showed
acceptable safety profiles [6]. Unexpectedly, after the
first vaccination, a slightly higher rate of fever 237.5°C,
but not in fever >39.0°C, was observed in children re-
ceiving the vaccine produced without HSA (28.1-95%
CIL: 20.3-37.0%) as compared to the HSA-containing
varicella vaccine (18.0-95% CI: 11.7-26.0%) [6].

This study was conducted to confirm, in 1-year old
children, the safety profile of the varicella vaccine pro-
duced without HSA compared to the HSA-containing
vaccine specifically in terms of severe (grade 3) fever,
given the previously observed difference in the occur-
rence of fever.

A summary of the clinical relevance of the research,
aimed to be shared with patients by health care pro-
viders, is represented in Fig. 1.

Methods

Study design and participants

This phase III, double-blind, randomized study was con-
ducted in 5 countries (Estonia, Germany, Mexico,
Thailand, and the United Kingdom) between November
2015 and October 2016. Healthy children aged 12-23
months were randomized (1:1) to receive either the vari-
cella vaccine produced without HSA (Var-HSA group) or
the HSA-containing varicella vaccine (Var + HSA group)
administered as a 2-dose schedule at days 0 and 42.

Children were included in the study if they had a prior
dose of measles, mumps and rubella vaccine at least 30
days prior to first study vaccination and if the investiga-
tor believed that compliance with the protocol require-
ments would be achieved. Children with any history of
varicella disease, vaccination against varicella, recent
varicella or zoster exposure (within 30 days prior to the
study) were excluded from the study.

Randomization was performed accounting for country,
center and immunogenicity sub-cohort, using a central,
internet-hosted randomization system.

The vaccines were presented as lyophilized pellets,
which were reconstituted with 0.5 mL of water for injec-
tion, before subcutaneous administration in the left
upper arm. Both vaccines contained live attenuated vari-
cella virus (Oka/RIT strain) with a potency of >10%3
plaque-forming units per dose.

Written informed consent was obtained from each parent/
legally acceptable representative before vaccination. The
study was conducted in accordance with Good Clinical Prac-
tice and the Declaration of Helsinki and is registered at
www.Clinicaltrials.gov (NCT02570126). A summary of the
protocol is available at https://www.gsk-studyregister.com
(study ID 200147).

Study objectives

The primary objective of the study was to demonstrate the
absence of increased rates of fever >39.0°C in the 15-day
period following the first vaccination, for the varicella vaccine
without HSA when compared with the HSA-containing vari-
cella vaccine. The success criterion was set at 5% for the
upper limit of the 2-sided standardized asymptotic 95% con-
fidence interval (CI) of the difference (vaccine without HSA
group minus HSA-containing varicella vaccine group).
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Focus on the Patient

A varicella vaccine has been used globally for more than 3 decades. This vaccine contains human serum
albumin (HSA), which was used as a stabilizer. Since HSA is a protein derived from human blood, there is a
theoretical risk that it might contain infectious agents which could be unsafe for humans. Given this potential
concern, a vaccine without HSA was manufactured.

A previous study detected a slight difference in the occurrence of fever 237.5°C between toddlers receiving
the first dose of the vaccine with or without HSA. In this trial, we compared the safety and immune response
of both vaccines. We collected information on fever and other safety outcomes. We showed that the varicella
vaccine without HSA did not cause more fever or reactions than the HSA-containing varicella vaccine, even
during the period after vaccination when most fever and other reactions are expected. The immune
responses were also strong and similar between the two varicella vaccines.

The elimination of HSA from the varicella vaccine has no impact on the safety and immune response of the
vaccine. This supports the use of the varicella vaccine produced without HSA as a valid replacement of the

HSA-containing vaccine to protect against varicella.

Fig. 1 Focus on the patient
A

Secondary objectives assessed the safety and reactogenicity
of both vaccines and the incidence of fever 238.0°C after
each vaccination, including fever temporally-associated with
serious adverse events (SAEs). Immune responses were eval-
uated in terms of seroresponse rates and geometric mean
concentrations (GMCs) for anti-varicella-zoster virus (VZV)
antibodies in a sub-cohort of participants, at 43 days
post-each dose.

Safety and reactogenicity assessment

Solicited local AEs (pain, redness and swelling at in-
jection site) were recorded for 4days (days 0-3),
while solicited general AEs (varicella-like rash, fever
[axillary temperature > 38.0°C], other rashes and fe-
brile convulsions) and unsolicited AEs were followed-
up for 43days (days 0-42) post-each vaccination.
Fever starting within 7 days from an SAE was consid-
ered temporally-associated with the event and was re-
corded for 15days (days 0-14) from each dose. SAEs
were recorded throughout the study.

The intensity of each solicited and unsolicited AE
was graded by the investigator from mild to severe,
based on measurements recorded by the parents/legally
acceptable representatives on diary cards. All reported
varicella-like rashes were evaluated and confirmed by
the investigator. Any suspected febrile convulsions were
classified using the Brighton Collaboration levels of
diagnostic certainty [7] and the American Academy of
Pediatrics definitions [8]. All solicited local AEs were
considered as causally-related to vaccination; the caus-
ality of all other AEs was assessed by the investigator.

Immunogenicity assessment

Blood samples were collected from sub-cohorts of partici-
pants (+ first 400 subjects, after randomization to the treat-
ment groups) pre-vaccination and at 42 days post-dose 1
vaccination and 42 days post-dose 2 vaccination. Anti-VZV
immunoglobulin G concentrations were measured using a
commercial enzyme linked immunosorbent assay (Enzyg-
nost, Dade Behring, Marburg, Germany) with a cut-off of
25 m-International Units [mIU]/mL. Seroresponse was de-
fined as post-vaccination anti-VZV antibody concentra-
tion 250 mIU/mL for participants who were seronegative
(antibody concentration < 25 mIU/mL) before vaccination.
Anti-VZV antibody levels >50 mIU/mL were considered to
offer clinical benefit.

Statistical analyses

A sample size of 1220 participants was calculated to reach
at least 579 evaluable participants in each group. The
power to meet the statistical criterion under the null
hypothesis of no vaccine difference and a one-sided type 1
error of 2.5% was 96.3%.

The safety analysis was performed on the total vacci-
nated cohort, including all participants receiving at least
one study vaccine dose.

The immunogenicity analysis was carried out on
sub-cohorts of ~200 participants from each group, who
were included in the according-to-protocol (ATP) cohort for
immunogenicity. The ATP cohort consisted of eligible partic-
ipants (see exclusion criteria in Fig. 2) with available results
who were seronegative at pre-vaccination. Anti-VZV anti-
body GMCs were computed by taking the antilog of the
mean of the log concentration transformations of all values
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Total enrolled cohort (N=1236)

A\ 4

Total vaccinated cohort (N=1231)
5 excluded from analysis: invalid consent form (5).

v

Group Var-HSA (N=615) |

ATP cohort forimmunogenicity (N=188)

Analysis planned:2082; 20 excluded:
administration of forbidden vaccine (7); study
vaccine not administered per protocol (1); initially
seropositive/unknown status (7); concomitant
infection (1); non-compliance with vaccination
schedule (1); serological data missing (3).

!

Completed study (N=609)
6 withdrew: consent withdrawal (3)®;
migrated/moved from the area (1);
lost-to follow-up (1); other reason (1).

Fig. 2 Participant flow chart. Group Var-HSA, participants receiving varicella vaccine produced without HSA (human serum albumin); Group Var +
HSA, participants receiving varicella vaccine containing HSA; N, number of participants; ATP, according-to-protocol. Note: a Immunogenicity
analyses were only planned in a sub-cohort of ~ 200 participants in each group. b Not due to an adverse event

v

| Group Var+HSA (N=616)

ATP cohort for immunogenicity (N=176)

Analysis planned:2022; 26 excluded:
administration of forbidden vaccine (2); study
vaccine not administered per protocol (3); protocol
violation (1); initially seropositive/unknown

status (12); concomitant infection (2);
non-compliance with blood sample schedule (1);
serological data missing (5).

Completed study (N=607)
9 withdrew: protocol violation (1);
consent withdrawal (7); other reason (1).

J

>40 mlU/mL (the lower limit of quantitation), with
anti-VZV antibody concentrations of >40 mIU/mL-25 mIU/
mL being given a value of 25 mIU/mL and concentrations
below the assay cut-off being given an arbitrary value of 12.5
mlU/mL.

Results
Demographics
A total of 1231 participants were vaccinated and 1216
completed the study; the reasons for withdrawal from the
study are indicated in Fig. 2. The ATP cohort for immuno-
genicity included 364 participants: 188 in the Var-HSA
group and 176 in the Var + HSA group (Fig. 2).

The majority of participants (261.6%) were White-Cauca-
sian. The demographic characteristics were similar between
the two vaccine groups (Table 1).

Safety and reactogenicity

In the 15-day period post-dose 1, fever > 39.0 °C was re-
ported for 3.9% children in the Var-HSA group and 5.2%
of children in the Var + HSA group. The between-group
difference was -1.29 (95% CI: -3.72—1.08), hence the
primary objective of the study was achieved. In explora-
tory analyses, a between-group comparison showed

similar rates of fever between 38.0 and 40.0 °C, with in-
crements of 0.5°C, reported during the 15-day period
post dose-1 (Table 2).

Any fever (temperature >38.0°C) was reported for
13.6% of children in the Var-HSA group following each
dose and for 15.0% (post-dose 1) and 14.1% (post-dose
2) of children in the Var + HSA group (Table 2 and Add-
itional file 1: Table S1). The onset, duration and out-
come of the reported fever cases were similar between
the two vaccine groups (data not shown).

In the Var-HSA group, fever >38.0 °C was temporally-as-
sociated with a SAE (acute bronchitis and acute nasophar-
yngitis, post-dose 1 and pneumonia, post-dose 2) for 0.3%
(95% CI: 0.0-1.2) and 0.2% (95% CI: 0.0-0.9) of children,
respectively. In the Var + HSA group, temporally-associated
fever was reported for 0.3% (95% CI: 0.0-1.2) of children
following each dose, with the SAEs being acute serious oti-
tis media and worsening bronchitis, post-dose 1 and pseu-
docroup and otitis, post-dose 2. None of these events were
considered as causally related to the vaccination by the
investigator.

The most common solicited local AE reported after
each vaccination was redness, in 24.3% (post-dose 1) and
27.5% (post-dose 2) of children in the Var-HSA group,
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Table 1 Demographic characteristics (total vaccinated cohort)

Group Var-HSA  Group Var +
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Table 2 Incidence of fever reported during the 15-day (days 0-
14) and results of between-group exploratory analyses, post-

(N=615) HSA (N=616)  dose 1 (total vaccinated cohort)

Mean age at first vaccination 16.7 (3.3) 16.9 (34) n (%) Difference in

(D), months Group Var-HSA  Group Var + HSA pgrcentage (Var-HSA

Female, n (%) 318 (517) 312 (506) gg;;;Yf” +HSA) %

Country of enrolment, n (%) Post-dose 1 N=612 N=614
Estonia 82(133) 82(133) Any 83 (136) 92 (15.0) ~142 (-536-251)
Germany 119 (193) 118 (192) >380°C 83 (136) 92 (150) ~142 (-536-251)
Mexico 71 (11.5) 71(15) related 53 (87) 33 (54) 3.29 (043-6.23)
Thailand 133 216) 132(214) >385°C 42 (69) 45 (73) ~047 (~339-245)
United Kingdom 210 34.1) 213 346) related 21 34) 14 (23) 115 (<0.75-3.15)

Geographic ancestry, n (%) >390°C 24 (3.9) 32(5.2) -1.29 (-3.72-1.08)
African/ African American heritage 3 (0.5) 1(0.2) related 120) 10(16) 033 (=1.25-1.96)
Asian-Central South Asian heritage 2 (0.3) 2(0.3) > 395°C 18 (29) 1320 082 (~0.99-2.71)
Asian-East Asian heritage 3(0.5) 2(03) related 9(15) 1(02) 131 (038-263)
Asian-South East Asian heritage 133 (21.6) 135 (21.9) > 400°C 5(08) 5(08) 0 (=1.17-1.18)
White-Caucasian/European heritage 379 (61.6) 381 (61.9) related 1(02) 0 (0.0) 0.16 (~046-0.92)
Other 95 (15.5) 95 (154) Medical advice 19 (3.1) 28 (46) ~1.46 (-3.72-0.72)

Ethnicity, n (%) Group Var-HSA, participants receiving varicella vaccine produced without HSA
Hispanic or Latno 75022 72019 Vaceing containing HSA, (%) rumiber (petcentage o paricpants repering
Not Hispanic or Latino 540 (87.8) 543 (88.1) the symptom at least once, C/ confidence interval; N number of participants

Group Var-HSA, participants receiving varicella vaccine produced without HSA
(human albumin serum); Group Var + HSA, participants receiving varicella
vaccine containing HSA; N number of participants in each group, SD standard
deviation; n (%), number (percentage) of participants in each category

compared to 24.5% (post-dose 1) and 30.3% (post-dose
2) of children in the Var + HSA group. Grade 3 solicited
local AEs were rare (Fig. 3a). Any rash was reported in
14.5 and 12.4% of participants in the Var-HSA group
and in 16.9 and 12.8% of children in the Var + HSA
group, post-dose 1 and 2, respectively. In both vaccine
groups, following each vaccination, varicella-like rash
was reported in < 1.5% of children (Fig. 3b). Febrile con-
vulsion was reported in a low percentage of children
(0.2% in each group post-dose 1 and 0.2% in the Var +
HSA group, post-dose 2) (Fig. 3b). All these cases oc-
curred with concurrent AEs, were recovered/resolved
before study end and none of them were considered
vaccination-related by the investigator.

At least one unsolicited AE was reported for 43.9 and
36.5% of children in the Var-HSA group and in 45.8 and
36.0% of children in the Var + HSA group, post-dose 1
and 2, respectively. In both vaccine groups, nasopharyn-
gitis was the most common unsolicited AE, reported for
9.1-9.6% and 6.2-6.5% of children post-dose 1 and 2,
respectively.

SAEs were recorded for 2.1 and 2.4% of children in
the Var-HSA and Var+ HSA groups, respectively. All
SAEs were resolved before study end, none were consid-
ered as related to study vaccination, and none were fatal.

with available results

Note: Bolded values indicate that the primary objective was achieved (the
upper limit of the 95% Cl <5% for the between-group difference in incidence
of fever >39.0 °C). All other comparisons were exploratory, without adjustment
for multiplicity; therefore, the results should be interpreted with caution

Immunogenicity

At 43 days post-dose 1, seroresponse was observed for
94.1% of children in the Var-HSA group and 98.8% of
those in the Var+HSA group. All children had
anti-VZV  antibody concentrations =50 mIU/mL
post-dose 2. Antibody GMCs were comparable between
vaccine groups at both time points (Table 3).

Discussion

Our results showed that the incidence of fever > 39.0 °C
following the administration of one dose of varicella vac-
cine produced without HSA was not significantly differ-
ent from that observed after vaccination with the
HSA-containing varicella vaccine, which was the primary
objective of this trial. The 39.0°C threshold in the
present study was selected based on its clinical signifi-
cance in the targeted age group, in view of the potential
consequences in terms of need for medical advice, com-
plications, or hospitalizations [9].

A previous trial indicated a slight numerical increase in
the incidence of fever >37.5°C for the varicella vaccine
without HSA, but the statistical significance of the differ-
ence could not be evaluated, as the study was not powered
to detect differences in terms of fever between groups [6].
Our study included a larger number of children of the
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A. Solicited local adverse events (days 0—4 post-vaccination)
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B. Solicited general adverse events (days 0-42 post-vaccination)
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Fig. 3 Percentage of participants with solicited local and general adverse events, post-each dose (total vaccinated cohort). Group Var-HSA,
participants receiving varicella vaccine produced without HSA (human albumin serum); Group Var + HSA, participants receiving varicella vaccine
containing HSA. Note: Error bars represent 95% confidence intervals. Grade 3 adverse events were defined as: cried when limb was moved/
spontaneously painful for pain; diameter > 20 mm for swelling/redness; temperature > 39.5 °C for fever; > 150 lesions for varicella-like rash;
prevented normal, everyday activities and leading to seeking medical advice (all other events). *Two grade 3 varicella-like rashes were reported in
this study, both of which were following dose 1 in the Var + HSA group

Table 3 Immunogenicity results at 43 days post-each dose (according-to-protocol cohort for immunogenicity)

Group Var-HSA Group Var+HSA

N SRR (95% Cl), % GMC (95% Cl), mIU/mL N SRR (95% Cl), % GMC (95% Cl), mIU/mL
Post-dose 1 185 94.1 (89.6-97.0) 139.9 (126.7-154.5) 168 98.8 (95.8-99.9) 146.0 (132.5-160.7)
Post-dose 2 180 100 (98.0-100) 931.8 (841.1-1032.3) 173 100 (97.9-100) 11024 (996.1-1220.2)

Group Var-HSA participants receiving varicella vaccine produced without HSA (human albumin serum), Group Var+HSA participants receiving varicella vaccine
containing HSA, N number of participants with available results, SRR seroresponse rate, Cl confidence interval, GMC geometric mean concentration, /U
international units

Note: Seroresponse was defined as post-vaccination anti-varicella-zoster virus antibody concentrations >50 mlU/mL
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same age (1231 vs 244 in the previous study) and was
powered to assess any statistically-significant increase in
rate of fever >39.0°C in the 15-day period post-first
vaccination.

In the current study, although a slight increase in the in-
cidence of fever >38.0°C related to vaccination was ob-
served for the varicella vaccine without HSA, exploratory
analyses showed that the incidence of fever of any severity
was similar between the two groups in the 15-day period
following first vaccination. Similar fever rates were found
for low grade fever (>38.0°C) between the two vaccine
groups for the 8-day post-first vaccination, in contrast
with previous observations [6]. No increase in the inci-
dence of fever was observed after the second dose and
data related to the intensity, onset, duration and outcome
of the reported fever cases post-each vaccination did not
indicate any clinically significant difference between the
two vaccines. Moreover, fever 238.0 °C associated with an
SAE was uncommon in both groups, and none of the re-
ported SAEs were considered as related to vaccination.

The incidence of solicited and unsolicited AEs were
comparable between groups and consistent with the pre-
vious reports for the HSA-containing varicella vaccine,
which has shown an acceptable safety profile in clinical
trials and post-marketing studies [3, 4, 10]. Mild
varicella-like rash is usually observed in < 5% of children
aged between 12 months and 12 years, following vaccin-
ation with a varicella vaccine [11, 12], while in our study,
varicella-like rashes were reported in <1.5% of partici-
pants in both groups. It is worth noting that molecular
analysis performed on the varicella cases among vacci-
nated children in the present study revealed that such
patients were infected with the wild type virus. However,
the incidence of reported varicella-like rashes following
administration of the HSA-containing vaccine was
shown to vary, from 0.0% in Taiwanese children 15-18
months old receiving a measles-mumps-rubella vaccine
concomitantly with the varicella vaccine [13] to up to
6.4% of children 1-12years of age in a Canadian study
[14]. Overall, in the Var-HSA group, the percentage of
participants with both solicited and unsolicited AEs was
similar or even lower following the second vaccination
compared to the first vaccine dose. No safety concerns
were identified during the study.

The immunogenicity of the two vaccines following each
vaccination was comparable, in line with previously
reported results [6]. Following first vaccination, point-esti-
mates for seroresponse rates were lower in the group
receiving the vaccine without HSA, but the 95% Cls were
overlapping and the study was not powered to assess any
statistical difference for immunogenicity results. This differ-
ence is not likely to be clinically significant, seeing that all
children in both groups showed seroresponse following the
second dose.

Page 7 of 8

The main strengths of our study were the large sample
size which allowed the detection of statistically signifi-
cant differences for fever >39.0°C; and the study con-
duct across countries in three different continents. Also,
the safety data collected in parallel to fever allowed the
evaluation of the clinical significance.

Our study had some limitations. Although the study
was conducted in children from various geographical re-
gions, most children were White-Caucasian, due to the
higher number of participants recruited from European
countries; therefore, the generalization of the results to
larger populations might be somewhat hindered. The ex-
ploratory analyses were performed without adjustment
for multiplicity and therefore, their results should be
interpreted with caution.

Conclusions

A new formulation of the varicella vaccine produced
without HSA was developed to minimize the theoretical
risks of contamination. The vaccine was not associated
with an increased incidence of post-vaccination fever as
compared with the historical HSA-containing varicella
vaccine. The safety and immunogenicity profiles of the
two vaccines were clinically acceptable and comparable
when administered as a 2-dose regimen in children 12—
23 months old.

Additional file

Additional file 1: Incidence of fever reported during different follow-up
periods post-vaccination. Table S1. Incidence of fever reported during
the 15-day (days 0-14) post-vaccination period, post-dose 2 (total vacci-
nated cohort). Table S2. Incidence of fever reported during the 8-day
period (days 0-7) post-vaccination period (total vaccinated cohort).
(DOCX 15 kb)
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