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ABSTRACT

Varicella-zoster virus (VZV) infections cause a substantial disease burden, which is underestimated due to
incomplete reporting data and lack of serological surveillance. In this post-hoc analysis of a randomized,
Phase lllb clinical trial (NCT00226499) with a ten-year follow-up period, we report anti-VZV antibody levels
and persistence in non-vaccinated children, as a varicella infection estimate in ten European countries
with endemic varicella. The present analysis specifically focuses on clinical and serological data from the
control group, which included 827 healthy participants aged 12-22 months who received two doses of
measles-mumps-rubella (MMR) vaccine. The per-protocol cohort included 744 children for whom varicella
occurrence was evaluated by clinical definitions, epidemiological links and PCR test outcomes. Anti-VZV
antibody levels were assessed by ELISA. The primary objective of this analysis was to correlate varicella
occurrence with anti-VZV antibody levels. Varicella was confirmed in 47% of MMR recipients. Among
participants without reported varicella, the percentage of anti-VZV seropositive children increased to 75%
and average anti-VZV antibody concentrations increased to 250 mIU/mL at year ten after vaccination,
suggesting infection or exposure. An eight-fold increase in anti-VZV antibody concentrations between
two consecutive visits, which is also observed after confirmed varicella, was detected in 37% of these
participants during the follow-up period. About one-third of children not vaccinated against varicella and
not diagnosed with varicella developed an anti-VZV immune response, suggesting subclinical varicella
occurrence. Longitudinal studies combining serology and disease incidence are necessary to reliably
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estimate total varicella burden of infection.

Introduction

Infections with the varicella-zoster virus (VZV) result in varicella
(chickenpox) and virus reactivation later in life results in herpes
zoster (HZ; shingles)."” Varicella is a highly contagious disease,
easily contracted by children and commonly regarded as a mild
childhood illness.'™ It is characterized by acute appearance of
maculopapular vesicular skin rash, which usually recedes within
a week from onset.””> Symptoms of varicella infection preceding
the rash (such as fever, headache, and nausea) are usually mild in
healthy children, but often accompanied by serious symptoms in
adults.> However, serious complications such as secondary
bacterial infection and pneumonia can occur in all age groups
as a result of varicella infection, leading to hospitalizations and,
in rare cases, even to death.”™*

There are two main varicella vaccine formulations contain-
ing the live attenuated VZV Oka strain: the monovalent for-
mulation (V) or the tetravalent formulation (MMRYV), which
combine the VZV Oka strain with the measles, mumps, and
rubella (MMR) vaccine. These vaccines have proved efficacious
in preventing varicella.*”

Introduction of mandatory varicella vaccination in broader
geographical regions has been hampered by the lack of reliable
disease burden estimations.*’ Varicella diagnosis relies pri-
marily on clinical detection, based on the acute appearance of
an itchy blistering rash with any number of skin vesicles as the

main symptom of the disease.” Previous studies also included
confirmation of varicella infection via epidemiological links
with valid index cases and detection of varicella virus DNA in
vesicles.'”"'? No other methods (such as serological testing of
varicella antibodies) are currently recommended for varicella
diagnosis or routine screening.’

Serological testing for varicella-specific (anti-VZV) antibo-
dies is a complementary approach to epidemiological studies
enabling the reliable estimation of total varicella infection
incidence. In countries of temperate climate regions with ende-
mic varicella, VZV seropositivity in adults is above 90%."
However, these studies offer only a snapshot of the seropreva-
lence status'® and, to our knowledge, there are no prospective
serological studies assessing the natural history of VZV infec-
tion in young children and its relationship with clinical disease
over extended periods of time. All European studies published
to date were retrospective and estimated varicella incidence
through different modeling approaches.*>'*™'® To date, the
proportion of seropositive individuals having unknowingly
experienced varicella infection remains unknown, and the con-
tribution of such cases to the total varicella burden of infection
and transmission potential is therefore difficult to measure
reliably.”'* In addition, the question of how anti-VZV anti-
body concentrations evolve over time in subclinical primary
varicella cases has yet to be answered.
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Previous publications from a Phase IIIb randomized trial
reported that 73% of children who were not vaccinated against
varicella and for whom a varicella event was not detected or
reported were seropositive for anti-VZV antibodies at the end
of the ten-year follow-up period."" These children, included in
the Active Control group to which varicella vaccine recipients
(MMR+V and MMRYV groups) were compared, received two
doses of MMR vaccine in their second year of life.'"'*

In the present post-hoc analysis of this Phase IIIb trial
focusing on the aforementioned Active Control group, the
immunological response profiles to natural varicella exposure
and disease were evaluated in children from 1 year of age
onwards. The evolution of varicella seropositivity and anti-
VZV antibody concentrations were assessed in this population
over a ten-year period. To our knowledge, this is the first
prospective serological study extending over a ten-year period
and aiming to characterize seropositivity prevalence and per-
sistence of naturally induced anti-VZV antibodies in children
not vaccinated against varicella and without overt clinical
varicella in European countries with endemic varicella.

A summary contextualizing the outcomes of this publica-
tion is displayed in Figure 1 for the convenience of healthcare
professionals.

Methods
Study design and participants

The study design was previously described in detail'' and is
schematically presented in Figure 2. Briefly, this study was
observer-blind, multicenter,

a Phase IIIb, controlled,

randomized study conducted in ten European countries with
endemic varicella (NCT00226499). The study was conducted
in agreement with the Declaration of Helsinki and followed
Good Clinical Practice guidelines. It was monitored by an
Independent Data Monitoring Committee (IDMC) for vari-
cella case adjudication.”

The study enrolled healthy children in their second year of
life (between 12 and 22 months of age) who were followed until
ten years post-vaccination. Eligibility criteria were previously
described in detail.'>”'* Parents and guardians of the study
participants provided written informed consent prior to
enrollment.

Randomization and masking

Randomization was described previously and is outlined in
Figure 2. Eligible participants were randomized 1:3:3 to receive
two doses of MMR (Active Control group), one dose of MMR
followed by one dose of V (MMR+V group), and two doses of
the MMRV vaccine (MMRYV group) 42 days apart (Figure 2).

The present post-hoc analysis focused on the Active Control
group which remained observer-blind until completion of the
study.

Objectives

Primary and secondary objectives of the clinical trial were
previously published for the follow-up periods of three, six,
and ten years.'””'* Results of the post-hoc analysis presented
here are descriptive and include the assessment of (i) the

Plain Language Summary

o

What is the context?
* Varicella, also known as chickenpox, is a contagious childhood vaccine-

preventable disease caused by the varicella-zoster virus.
* Although varicella is often considered as a mild disease, it can lead to
severe complications, permanent sequelae, and in rare cases even to death.
* The assessment of varicella burden of disease is mainly based on
retrospective studies on disease incidence. However, the lack of screening
enabling the detection of antibodies against varicella zoster virus may have
led to underestimation of the disease.

diagnosed with varicella.

( * We screened participants from a study that spanned over 10 years in

European countries with endemic varicella.
* We detected the presence of antibodies directed against varicella zoster
virus in children who did not receive varicella vaccine and were not

* We found that about one-third of those children developed an immune
\ response suggesting they had a varicella infection. /

)
~

What is the impact?

should be re-evaluated.

e Varicella may occur in a significant proportion of children without \
manifestation of clinical symptoms. Since varicella disease will not be
diagnosed in those children, the previous estimations of varicella incidence

« Further studies using both antibody detection methods as well as analyses
of reported cases are necessary to provide accurate estimates of varicella
\ burden of disease on a global scale.

Figure 1. Plain language summary.



Sep 2005

DO

Y4 Y6

HUMAN VACCINES & IMMUNOTHERAPEUTICS 3749

Dec 2016

Y10

D42 D84 Y1 Y2
Study start l l l l l
I I

¢ & & 4 ¢
AN

b

Study end

I
I
é

e—

(72}

£ é Blood sample: anti-
g 1 2 VZV Ab

Q Active Control:  MMR MMR

T o6 MMRV: MMRV ~ MMRV aceination
[0} 2

% MMR+V:  MMR \%

()

Figure 2. Study design. DO, day of the first vaccine dose; D42, day of the second vaccine dose (Day 42, administered six weeks after the first vaccine dose); D84, follow-up
timepoint at six weeks after the second vaccine dose — Day 84; Y, year; Y1-Y10, regular blood sampling and follow-up timepoints after the second vaccine dose (after
one, two, four, six, eight, and ten years); Active Control, participants receiving two doses of trivalent measles-mumps-rubella vaccine (MMR); MMRV, participants
receiving two doses of the tetravalent MMR-varicella vaccine; MMR+V, participants receiving one dose of MMR and one dose of monovalent varicella vaccine; 1:3:3,
randomization format of participants in the treatment groups (Active control: MMRV: MMR+V); VZV, varicella-zoster virus; Ab, antibodies.

frequency of varicella occurrence, based on varicella case
reports and classification, in the Active Control group, and
(ii) anti-VZV antibody levels and persistence in the Active
Control group.

Procedures

Study vaccine and administration

All participants from the Active Control group received the
same MMR vaccine lot (Priorix, GSK; see publication of
Prymula and colleagues for details'®) by subcutaneous injec-
tion in the deltoid region of the left arm.

Laboratory assessments of varicella infection and immune
response

Blood samples were collected before vaccination, 6 weeks after
each vaccine dose (Day 42, after dose one, and Day 84, after
dose two), one and two years after the second vaccine dose and
every 2 years thereafter until study completion at 10 years post-
vaccination (timepoints denominated year [Y] 1, Y2, Y4, Y6,
Y8, and Y10). Presence of anti-VZV IgG antibodies in the
serum was assessed using the commercial enzyme-linked
immunosorbent assay (ELISA) (Enzygnost, DiaSorin [formerly
Siemens])'” and is expressed in milli-international units
per mL (mIU/mL). Varicella-specific antibody concentrations
measured by the anti-VZV ELISA were shown to be a reliable
proxy for estimating protection against varicella in young
children."”

In participants with suspected varicella skin eruptions,
DNA was extracted from dermal vesicle samples. Extracted
DNA was tested by polymerase chain reaction (PCR) test
coupled with Restriction Fragment Length Polymorphism ana-
lysis of the PCR products to identify and characterize VZV
serotypes. This analysis enabled the distinction between wild
type and vaccine strain infections.

Assessment of suspected varicella cases

Reporting and evaluation of possible varicella cases was con-
ducted as previously described'®'? and is presented in Figure 3.
All cases of suspected varicella or HZ-like rash were promptly
reported to the investigators, who arranged for clinical and
laboratory assessment of vesicles. The appearance of rashes
confirmed to be associated with varicella or HZ by the investi-
gators were further reported to the IDMC for blinded evaluation
if the case met the clinical definition. Rashes could also be
atypical in appearance with few or no vesicles.'"® The IDMC
classified cases according to the modified scale of Vazquez and
colleagues.'® A varicella case was considered as confirmed if it
met the clinical case definition with a positive varicella PCR
result, or if it met the clinical definition, was IDMC confirmed,
and epidemiologically linked to a valid index case.'*"**

Statistical analyses

Varicella cases were followed up starting from the recorded
rash onset date and were assessed in the per-protocol cohort
for efficacy which included children with completed vaccina-
tions and fulfilled protocol requirements (see Figure 3).'%"'?
Varicella antibody persistence was evaluated in the same
cohort, in participants for whom valid serology results from
at least two consecutive study visits were collected. The anti-
VZV ELISA cutoff value was set at 25 mIU/mL, to enable
distinction between seronegative children (<25 mIU/mL), ser-
opositive children (225 mIU/mL) and children with serocon-
version (anti-VZV antibody levels above the cutoff in
previously seronegative individuals). Seroresponse was defined
as an increase in anti-VZV antibody levels from <25 mIU/mL
before to 250 mIU/mL after a defined blood sampling time-
point. The proportion of seropositive participants was calcu-
lated as the proportion of participants seronegative prior to
vaccination displaying antibody concentrations above the cut-
off value after vaccination. For geometric mean concentration
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Skin eruption

Investigator
assessment

391 (53%) .
YES: varicella-like rash

353 (47%) NOT 41 (6%) Does NOT meet criteria 350 (47%) YES: meets criteria
varicella-like rash (IDMC neg) (IDMC pos)

# 320 PCR + | 30 (4%) PCR — |
I } }

30 (4%) PCR — |

[ 331 (44%) PCR + | [ 213%) P+ | [ 9 (1% EPI— |

| |

| 352 (47%) confirmed varicella cases |

Figure 3. Occurrence of varicella cases in the Active Control group (per-protocol cohort for efficacy). IDMC, Independent Data Monitoring Committee; PCR, laboratory
PCR test for varicella-zoster virus DNA; EPI, established epidemiological link; +, positive; —, negative; Cases estimated not to meet clinical case criteria by the IDMC (IDMC
neg): “IDMC neg PCR —", suspected varicella case or no case, “IDMC neg PCR +", PCR-confirmed, IDMC overruled case; Cases found to meet the clinical case criteria by
the IDMC (IDMC pos): “IDMC pos PCR +", confirmed varicella case, “IDMC pos PCR — EPI +”, epidemiologically confirmed varicella case, “lDMC pos PCR — EPI —

probable varicella case.

(GMC) calculations, values below the cutoff were arbitrarily set
to half the cutoff value. GMCs were calculated as the anti-log of
the mean logarithmic concentration measured by ELISA.

Participants who were lost to follow-up or were withdrawn
from the study were considered for the analyses up to the point
of the last contact.

All computations were conducted in SAS software (version
9 - 3, with Proc-StaXact module version 8 - 1), including the
calculations of 95% confidence intervals (CIs) by the method of
Clopper.”®

Results
Demographic characteristics

Enrollment occurred between September 2005 and May 2006.
All 5,803 enrolled children were vaccinated, and 827 were
included in the Active Control group (Figure 4). The per-
protocol efficacy cohort included 744 children (Figure 4). The
last study visit occurred in December 2016 and the median
follow-up time for the entire study was ten years.

2,489 assigned MMRV |

The demographic characteristics of the study participants
were reported previously.'>'*?! The participant population
was overall homogeneous and comparable between countries
in terms of mean age, gender distribution, and ethnicity
(Supplementary Table S1). Most participants were recruited
in the Czech Republic, Russia, and Poland (Table 1). The
mean age of enrolled children was 14 months and almost all
(99%) were of European origin (Table 1). Approximately 90%
of the participants had contact with other children without
a known history of varicella vaccination or confirmed varicella
at least once weekly.

Occurrence of varicella in the Active Control group (MR
recipients)

Of all reported rashes in the Active Control group, 391 (53%)
were characterized as likely varicella rashes and, thereafter,
assessed by the IDMC and laboratory tested. Following PCR
testing and assessment of a link with a clinical index case, 39
cases (5%) were excluded as non-varicella and non-HZ cases,

359 withdrawn
2,487 assigned MMR+V ‘ 3 serious adverse events
356 others
5,803 participants_ enrolledand |, 827 assigned MMR I T =| 468 completed the ten-year study
randomized
83 excluded

_| 1 protocol violation
"| 9 varicella disease before Day 84

1 study vaccine not administered per protocol

30 no follow-up after Day 84
42 initially seropositive or antibody status unknown

A4

744 included in per-protocol cohort for efficacy

Figure 4. Flow of the participants included in the Active Control group. MMR, participants receiving two doses of trivalent measles-mumps-rubella vaccine (Active
Control group); MMRV, participants receiving two doses of the tetravalent MMR-varicella vaccine; MMR+V, participants receiving one dose of MMR and one dose of
monovalent varicella vaccine; Day 84, follow-up timepoint at six weeks after the second vaccine dose.



Table 1. Demographic characteristics of participants in the Active Control group
(per-protocol cohort for efficacy; N = 744).

Participant features

Age in months, mean + SD 14 +3
Gender, % female 48

Characteristic

Ethnicity, n (%) European 737 (99)
Arabic or North African 2 (<1)
Other 5(1)

Country, n (%) Czech Republic 171 (23)
Greece 32 (4)
Italy 35 (5)
Lithuania 86 (12)
Norway 25(3)
Poland 116 (16)
Romania 42 (6)
Russian Federation 130 (17)
Slovakia 68 (9)
Sweden 39 (5)

Care type, n (%) At least one sibling at home 192 (26)
Attending a day care center 187 (25)
Attending a childminder 57 (8)
At least once a week contact 680 (91)

N, number of participants included in the cohort; n (%), number of participants in
the defined category and their percentage relative to the corresponding cohort
size; SD, standard deviation.

leaving 352 (47%) of the per-protocol cohort for efficacy parti-
cipants diagnosed with a confirmed varicella case (Figure 3).
The person-year rate of confirmed varicella case occurrence
over the 10-year follow-up period was comparable between
countries (Supplementary Table S1).

—O-No case (all)

—@-Case since previous visit
10000 5

1000 4

100 -

Anti-VZV GMC (95% Cl)
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Presence of anti-VZV antibodies in the Active Control
group

Anti-VZV antibody concentrations in participants from the
Active Control group with and without a diagnosed varicella
case were analyzed over time (Figure 5 and Table 2).

One year after the second MMR dose, on average 8% of
Active Control group participants without a confirmed vari-
cella case were seropositive for anti-VZV antibodies. The per-
centage of seropositive participants without a diagnosed or
reported varicella increased during the study. At Y10, 75% of
children from the Active Control group without a confirmed
varicella case were seropositive (Table 2). In participants for
whom no varicella case was reported, the anti-VZV GMCs
increased over the follow-up period, reaching an average
GMC of 250 mIU/mL for the entire group (seronegative and
seropositive participants) and 680 mIU/mL for the seropositive
subgroup at Y10 (Figure 5, compare “No case [all]” and “No
case [seronegatives excluded]”). When considering partici-
pants who experienced a varicella case at any timepoint, the
GMC reached 1,026 mIU/mL at Y10 (see Figure 5, category
“case before previous visit” at Y10). When only considering
participants with a varicella case in between blood samplings,
the GMC reached values as high as 2,145 mIU/mL (see Figure
5, category “case since previous visit” at Y10).

Anti-VZV antibody concentration increases for Active
Control group participants with and without a confirmed

——No case (seronegatives excluded)

—@-Case before previous visit

Y1 Y2 Y4 Y6 Y8 Y10
Follow-up timepoints
Follow-up timepoint Y1 Y2 Y4 Y6 Y8 Y10
o) No case (all) [ 626 529 291 190 151 128
<o No case (seronegatives excluded) 50 71 90 105 104 96
L Case since previous visit | 38 56 134 58 24 1
@ Case before previous visit 38 87 181 267 280

Figure 5. Evolution of anti-VZV antibody GMCs (lines) and the number of participants (table) in the Active Control group (per-protocol cohort for efficacy). Case before
previous visit, varicella case confirmed before blood sampling preceding the reference point; Case since previous visit, varicella case confirmed between previous and
reference blood sampling; No case, no varicella case detected until the reference point (data for all of these participants and for a subset excluding the seronegative
participants is shown); VZV, varicella-zoster virus; GMC, geometric mean concentration in milli-international units per mL (mIU/mL); 95% Cl, 95% confidence interval;
Follow-up timepoints, blood samples collected at indicated study visits after the second vaccine dose; Y1-Y10, post-vaccination blood samples obtained at year one,

two, four, six, eight, and ten of follow-up.
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Table 2. Anti-VZV antibody levels in the Active Control group participants without
a varicella case, or with a case detected since previous visit or before previous visit
until each timepoint (per-protocol cohort for efficacy).

Anti-VZV =25 mIU/mL

Varicella case Timepoint N n % (95% Cl)
No case Y1 626 50 8 (6-10)
Y2 529 71 13 (11-17)
Y4 291 90 31 (26-37)
Y6 190 105 55 (48-63)
Y8 151 104 69 (61-76)
Y10 128 96 75 (67-82)
Case since previous visit Y1 38 35 92 (79-98)
Y2 56 55 98 (90-100)
Y4 134 133 99 (96-100)
Y6 58 58 100 (94-100)
Y8 24 24 100 (86-100)
Y10 11 11 100 (71-100)
Case before previous visit Y2 38 37 97 (86-100)
Y4 87 86 99 (94-100)
Y6 181 181 100 (98-100)
Y8 267 267 100 (99-100)
Y10 280 279 100 (98-100)

varicella case were further categorized in two-fold incremental
steps (two-fold, four-fold, and so on until 128-fold). When
looking at increases in anti-VZV antibody concentrations
between two consecutive visits, at least an eight-fold increase
was detected in 97% of participants with a confirmed varicella
case. A similar increase was detected in 116 out of 318 (37%)
children without a confirmed varicella infection (per-protocol
cohort for efficacy).

In children without a confirmed varicella case, there was an
increase in anti-VZV seropositivity, with anti-VZV antibody
concentrations spanning wide ranges (Figure 6). This increase

25 miU/mL

in percentage of seropositive participants was most pro-
nounced between Y2 and Y6 with a peak at Y4. For participants
with a confirmed varicella case, comparable increases in anti-
VZV antibody concentrations were observed between conse-
cutive visits at all timepoints, regardless of when varicella cases
occurred (Figure 7). The percentage of participants with
a confirmed case and an increase in anti-VZV concentrations
superior to 200-fold was higher at Y6, Y8 and Y10 compared to
all other timepoints.

Discussion

This publication, reporting a post-hoc analysis of data from
a Phase IIIb clinical trial with a ten-year follow-up period,
describes the unexpected anti-VZV serological evolution over
a 10-year period in children not vaccinated against varicella and
without overt clinical varicella in countries with endemic varicella.

Previous publications from this clinical trial reported that
seropositivity for anti-VZV antibodies in MMRV and MMR+V
groups was characterized by a persistent and progressive
increase of anti-VZV antibody levels from Y1 to Y10.'"'* As
previously described, the GMCs at Y10 timepoint were com-
parable in the Active Control group without censoring of the
post-infection data and the MMRV group.''

Overall, the participant population was nearly exclusively
Caucasian (European ethnicity), and varicella person-year rate
did not differ markedly between countries suggesting homo-
geneous exposure to circulating wild-type virus, thus making
the grouping of countries for the analysis in this paper accep-
table and relevant. In the present post-hoc analysis, the anti-
VZV antibody levels increased in the Active Control group
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Figure 6. Reverse cumulative distribution curves of anti-VZV antibody concentrations in Active Control group participants without a varicella case (per-protocol cohort
for efficacy). Participants without a varicella case during the ten-year follow-up period; VZV, varicella-zoster virus; mlU/mL, milli-international units per mL; ELISA,
enzyme-linked immunosorbent assay; ELISA cutoff value of 25 mIU/mL of anti-VZV antibody level is indicated by the dotted line in the left panel; MMR, participants
receiving the measles-mumps-rubella vaccine; Y1-Y10, post-vaccination blood samples obtained at year one, two, four, six, eight, and ten of follow-up.
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Figure 7. Reverse cumulative distribution curves of anti-VZV antibody concentration fold increases in Active Control group participants with a confirmed varicella case
since the previous visit (per-protocol cohort for efficacy). Participants with a confirmed varicella case since the previous visit during the ten-year follow-up period; VZV,
varicella-zoster virus; 8-fold increase in anti-VZV antibody concentration indicated by the dotted line in the right panel; MMR, participants receiving the measles-
mumps-rubella vaccine; Y1-Y10, post-accination blood samples obtained at year one, two, four, six, eight, and ten of follow-up

over several years. The percentage of anti-VZV seropositive
children without a confirmed varicella case increased from 8%
at Y1 to 75% at Y10. The increases in seropositivity rates and
anti-VZV concentrations over time are unexpected for the
Active Control group, as participants with a history of con-
firmed varicella were censored. Moreover, among the partici-
pants without a confirmed varicella case, throughout the ten-
year follow-up, about one-third (37%) of the children experi-
enced an eight-fold increase in anti-VZV antibody concentra-
tion between two consecutive visits, such an increase being
similar to what usually happens to children having confirmed
varicella. This could have been a consequence of misclassifica-
tion of “no cases” (lack of clinical data or lack of household
reporting) or of the presence of subclinical varicella cases. In
addition, the numbers of participants without a varicella case
progressively decreased during the follow-up and anti-VZV
seropositivity at Y10 was observed in 96 of the 744 efficacy
cohort participants. Nevertheless, these results strongly suggest
that varicella infection, detected serologically by anti-VZV
antibody ELISA, may occur without overt clinical skin symp-
toms which served as the primary method of suspicion in this
and related studies.'”"'> These undetected infection events are
either truly asymptomatic, or with minimal, atypical or partial
symptoms (e.g. fever only), thus not leading to a suspicion and
diagnosis of varicella. While both subclinical primary VZV
infections and subclinical reactivation cases have been
described,” ~** to our knowledge, this is the first study report-
ing the long-term serological detection of primary VZV
infection.

Opverall varicella infection incidence is likely underestimated
in most epidemiological surveys, as serologic screening is not
systematically done. Consequently, varicella vaccine efficacy,
herd protection, and benefit/risk profile may be higher than
originally estimated. Furthermore, it is unknown if minimally
symptomatic varicella cases may contribute to further viral
transmission. It was already reported that unknown varicella
or HZ disease history may hinder precise estimations of the
risk of HZ occurrence.*® Ideally, systematic screening for pre-
sence of anti-VZV antibodies in any given population would
provide valuable insight into true VZV prevalence. However,
such testing should only be conducted if it is necessary to
measure exposure to circulating virus and if it is deemed
feasible, given the logistical and financial burden it poses to
study design and its participants.

While the present post-hoc analysis was based on clinical
trial data, to our knowledge, most studies on varicella preva-
lence are retrospective and rely on modeling to estimate the
evolution of varicella seropositivity in different age groups.®’
A recent review summarizing seroprevalence data from 16
European countries found that between 73% and 97% of chil-
dren below the age of ten were seropositive for anti-VZV
antibodies before the introduction of national varicella vacci-
nation programs.® These data are consistent with an earlier
European study.”” A further comprehensive review of varicella
seroprevalence in Europe revealed high variability in burden of
disease in different countries, associated to social mixing pat-
terns and healthcare seeking behaviors.” In this review, authors
estimate that, in the absence of universal varicella vaccination,
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the highest incidence of disease is expected in children below
the age of five, with more than five million infections per year
at the European level.

Other studies compared seroprevalence data with varicella
case report frequencies across different age groups.'*'® The
findings of one study from Italy indicated that varicella seropre-
valence might be up to eight-fold higher than expected based
solely on case reporting.'* The analysis was based on the dis-
crepancy between the serological data and the reported cases.
Since 2010, there are still no European standards for varicella
reporting and surveillance.”® Therefore, future prospective and
longitudinal follow-up studies would be informative to obtain
accurate data on the total varicella burden of disease in Europe.

The profile of the anti-VZV antibody concentration kinetics
in seropositive Active Control group participants having no
confirmed varicella cases was similar to the previously pub-
lished profile in MMR+V recipients."" This could suggest that
these participants are protected to the same level as children
who received one dose of varicella vaccine. Similarly, the anti-
VZV antibody concentrations were comparable between
Active Control group participants with a varicella case since
previous visit at Y10, obtained in this study, and the MMRV
recipients at Day 84 timepoint published previously.'" These
results are strongly supportive of a two-dose immunization
schedule against varicella.

The strengths of the study include the plurality of the
involved countries and centers, a long follow-up period of the
same participants, and stringent controls for assessment of
vaccine safety and varicella case definition.

The limitations of this study were the ethnically homoge-
neous population of participants and the two-year periods
between serological assessments during the long-term follow-
up. Despite regular contacts with the children’s families, it is
possible that the time of rash onset was not always precisely
determined. Another limitation was the availability of antibody
concentrations only as immunological read-out, as it has been
demonstrated that cellular immunity is implicated in long-
term protection against varicella.**°

To our knowledge, this is the first prospective long-term
serological cohort allowing to characterize seropositivity pre-
valence and persistence of naturally induced anti-VZV anti-
bodies in children not vaccinated against varicella in European
countries with endemic varicella, over a ten-year period. About
one-third of children not vaccinated against varicella devel-
oped an anti-VZV immune response although no varicella was
detected or reported. While syndromic and seroprevalence
surveys are important tools to assess the large-scale impact of
varicella, used independently, such analyses are likely to reveal
only part of the picture, with seroprevalence data failing to
provide robust information about burden of disease and syn-
dromic surveys potentially underestimating incidence.

Acknowledgments

The authors thank the Modis platform for editorial assistance and manu-
script coordination, on behalf of GSK. Irena Zurnic Bonisch and Urszula
Miecielica provided medical writing support and Julie Mellery coordi-
nated the manuscript development and editorial support.

Access to full trial protocol

For the study protocol, please see www.gsk-clinicalstudyregister.com/
study100388.

Author contributions

S.C. was involved in the study conception and design and all authors were
involved in the data analyses and interpretation. All authors had full access
to the study data and take responsibility for data integrity and analysis
accuracy. All authors reviewed and revised the manuscript, and approved
the final manuscript as submitted.

Data sharing statement

Anonymized individual participant data and study documents can be
requested for further research from www.clinicalstudydatarequest.com.

Disclosure of potential conflicts of interest

All authors are employees of the GSK groups of companies. S.C. and P.
G. hold shares in the GSK group of companies as part of their employee
remuneration. All authors have no non-financial interest to declare.

Funding

This work was supported by GlaxoSmithKline Biologicals S.A., which was
involved in all stages of the study conduct and analysis and covered the
costs associated with developing and publishing the present article.

ORCID

Paul Gillard ([») http://orcid.org/0000-0002-2841-0170

Trademark statement

Priorix is a trademark owned by or licensed to the GSK group of
companies.

References

1. World Health Organization. Varicella and herpes zoster vaccines:
WHO position paper, June 2014. Wkly Epidemiol Rec. 2014;89
(25):265-87.

2. Gershon AA, Breuer J, Cohen JI, Cohrs RJ, Gershon MD, Gilden D,
Grose C, Hambleton S, Kennedy PGE, Oxman MN, et al. Varicella
zoster virus infection. Nat Rev Dis Primers. 2015;1:15016.
doi:10.1038/nrdp.2015.16.

3. Liese JG, Grote V, Rosenfeld E, Fischer R, Belohradsky BH, v Kries R,
Group EVS. The burden of varicella complications before the intro-
duction of routine varicella vaccination in Germany. Pediatr Infect
Dis J. 2008;27(2):119-24. doi:10.1097/INF.0b013e3181586665.

4. Ziebold C, von Kries R, Lang R, Weigl ], Schmitt HJ. Severe
complications of varicella in previously healthy children in
Germany: a 1-year survey. Pediatrics. 2001;108(5):E79.

5. Freer G, Pistello M. Varicella-zoster virus infection: natural his-
tory, clinical manifestations, immunity and current and future
vaccination strategies. New Microbiol. 2018;41(2):95-105.

6. European Centre for Disease Prevention and Control. Varicella vacci-
nation in the European Union. Stockholm: ECDC; Sweden; 2015.

7. Watzler P, Bonanni P, Burgess M, Gershon A, Safadi MA, Casabona G.
Varicella vaccination - the global experience. Expert Rev Vaccines.
2017;16(8):833-43. doi:10.1080/14760584.2017.1343669.


http://www.gsk-clinicalstudyregister.com/study100388
http://www.gsk-clinicalstudyregister.com/study100388
http://www.clinicalstudydatarequest.com
https://doi.org/10.1038/nrdp.2015.16
https://doi.org/10.1097/INF.0b013e3181586665
https://doi.org/10.1080/14760584.2017.1343669

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bollaerts K, Riera-Montes M, Heininger U, Hens N, Souverain A,
Verstraeten T, Hartwig S. A systematic review of varicella seropre-
valence in European countries before universal childhood immu-
nization: deriving incidence from seroprevalence data. Epidemiol
Infect. 2017;145(13):2666-77. doi:10.1017/5S0950268817001546.
Riera-Montes M, Bollaerts K, Heininger U, Hens N, Gabutti G,
Gil A, Nozad B, Mirinaviciute G, Flem E, Souverain A, et al.
Estimation of the burden of varicella in Europe before the intro-
duction of universal childhood immunization. BMC Infect Dis.
2017;17(1):353. doi:10.1186/s12879-017-2445-2.

Henry O, Brzostek ], Czajka H, Leviniene G, Reshetko O,
Gasparini R, Pazdiora P, Plesca D, Desole MG, Kevalas R,
et al. One or two doses of live varicella virus-containing vac-
cines: Efficacy, persistence of immune responses, and safety six
years after administration in healthy children during
their second year of life. Vaccine. 2018;36(3):381-87.
doi:10.1016/j.vaccine.2017.11.081.

Povey M, Henry O, Riise Bergsaker MA, Chlibek R, Esposito S,
Flodmark CE, Gothefors L, Man S, Silfverdal SA, Stefkovicova M,
et al. Protection against varicella with two doses of combined
measles-mumps-rubella-varicella vaccine or one dose of monova-
lent varicella vaccine: 10-year follow-up of a phase 3 multicentre,
observer-blind, randomised, controlled trial. Lancet Infect Dis.
2019;19(3):287-97. d0i:10.1016/S1473-3099(18)30716-3.

Prymula R, Riise Bergsaker M, Esposito S, Gothefors L, Man S,
Snegova N, Stetkovicova M, Usonis V, Wysocki J, Douha M, et al.
Protection against varicella with two doses of combined
measles-mumps-rubella-varicella vaccine versus one dose of
monovalent varicella vaccine: a multicentre, observer-blind, ran-
domised, controlled trial. Lancet. 2014;383(9925):1313-24.
doi:10.1016/S0140-6736(12)61461-5.

Seward ], Jumaan A. VSV: persistence in the population. In
Arvin A, Campadelli-Fiume G, Mocarski E, Moore PS,
Roizman B, Whitley R, et al. editors. Human herpesviruses:
Biology, Therapy, and Immunoprophylaxis. Cambridge; 2007.
Ciofi Degli Atti ML, Rota MC, Mandolini D, Bella A, Gabutti G,
Crovari P, Salmaso S. Assessment of varicella underreporting in
Italy. Epidemiol Infect. 2002;128(3):479-84. doi:10.1017/
50950268802006878.

Mossong J, Putz L, Schneider F. Seroprevalence and force of infec-
tion of varicella-zoster virus in Luxembourg. Epidemiol Infect.
2004;132(6):1121-27. doi:10.1017/S0950268804002754.

Munoz MP, Dominguez A, Salleras L. Estimated varicella inci-
dence on the basis of a seroprevalence survey. Epidemiol Infect.
2001;127(3):501-07. doi:10.1017/S0950268801006264.

Habib MA, Prymula R, Carryn S, Esposito S, Henry O, Ravault S,
Usonis V, Wysocki J, Gillard P, Povey M. Correlation of protection
against varicella in a randomized Phase III varicella-containing
vaccine efficacy trial in healthy infants. Vaccine. 2021I.
doi:10.1016/j.vaccine.2021.02.074.

Centers for Disease Control and Prevention. Varicella/Chickenpox
2010 case definition. 2010.

Vazquez M, LaRussa PS, Gershon AA, Steinberg SP,
Freudigman K, Shapiro ED. The effectiveness of the varicella

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

HUMAN VACCINES & IMMUNOTHERAPEUTICS . 3755

vaccine in clinical practice. N Engl ] Med. 2001;344(13):955-60.
doi:10.1056/NEJM200103293441302.

Clopper CJ, Pearson ES. The use of confidence or fiducial limits
illustrated in the case of the binomial. Biometrika. 1934;26
(4):404-13. doi:10.1093/biomet/26.4.404.

Mehta SK, Cohrs R], Forghani B, Zerbe G, Gilden DH, Pierson DL.
Stress-induced subclinical reactivation of varicella zoster virus in
astronauts. ] Med Virol. 2004;72(1):174-79. doi:10.1002/jmv.10555.
Papaevangelou V, Quinlivan M, Lockwood ], Papaloukas O, Sideri G,
Critselis E, Papassotiriou I, Papadatos J, Breuer J. Subclinical VZV
reactivation in immunocompetent children hospitalized in the ICU
associated with prolonged fever duration. Clin Microbiol Infect.
2013;19(5):E245-51. doi:10.1111/1469-0691.12131.

Schunemann S, Mainka C, Wolfft MH. Subclinical reactivation of
varicella-zoster virus in immunocompromised and immunocompe-
tent individuals. Intervirology. 1998;41(2-3):98-102. doi:10.1159/
000024920.

Boulianne N, Duval B, De Serres G, Deceuninck G, Masse R,
Couillard M. Most ten-year-old children with negative or
unknown histories of chickenpox are immune. Pediatr Infect Dis
J. 2001;20(11):1087-88. doi:10.1097/00006454-200111000-00017.
Lieu TA, Black SB, Takahashi H, Ray P, Capra AM, Shinefield HR,
Adler NE. Varicella serology among school age children with
a negative or uncertain history of chickenpox. Pediatr Infect Dis
J. 1998;17(2):120-25. d0i:10.1097/00006454-199802000-00008.
Harpaz R, Dahl RM. Administrative data to explore the role of
family history as a risk factor for herpes zoster. Mayo Clin Proc.
2018;93(6):747-51. doi:10.1016/j.mayocp.2018.02.017.

Nardone A, de Ory F, Carton M, Cohen D, van Damme P,
Davidkin I, Rota MC, de Melker H, Mossong J, Slacikova M,
et al. The comparative sero-epidemiology of varicella zoster virus
in 11 countries in the European region. Vaccine. 2007;25
(45):7866-72. doi:10.1016/j.vaccine.2007.07.036.

Bacci S, Glismann S, Muscat M, Bang H, Lewis H. Surveillance of
varicella and herpes zoster in Europe as of 2010. In EUVAGC, editor.
Statens Serum Institut, EUVAC.NET hub. Dept. of Epidemiology;
2011.

Weinberg A, Lazar AA, Zerbe GO, Hayward AR, Chan ISF,
Vessey R, Silber JL, MacGregor RR, Chan K, Gershon AA, et al.
Influence of age and nature of primary infection on varicella-zoster
virus-specific cell-mediated immune responses. ] Infect Dis.
2010;201(7):1024-30. doi:10.1086/651199.

Weinberg A, Pang L, Johnson M]J, Caldas Y, Cho A, Tovar-Salazar A,
Canniff ], Schmader KE, Popmihajlov Z, Levin MJ. The effect of age
on the immunogenicity of the live attenuated zoster vaccine is pre-
dicted by baseline regulatory T cells and varicella-zoster virus-specific
T cell immunity. J Virol. 2019;93(15). doi:10.1128/JV1.00305-19.
Prymula R, Povey M, Brzostek J, Cabrnochova H, Chlibek R,
Czajka H, Leviniene G, Man S, Neamtu M, Pazdiora P, et al. Ten-
year follow-up on efficacy, immunogenicity and safety of two doses
of a combined measles-mumps-rubella-varicella vaccine or one
dose of monovalent varicella vaccine: Results from five East
European countries. Vaccine. 2021;39(19):2643-51. doi:10.1016/j.
vaccine.2021.03.085.


https://doi.org/10.1017/S0950268817001546
https://doi.org/10.1186/s12879-017-2445-2
https://doi.org/10.1016/j.vaccine.2017.11.081
https://doi.org/10.1016/S1473-3099(18)30716-3
https://doi.org/10.1016/S0140-6736(12)61461-5
https://doi.org/10.1017/S0950268802006878
https://doi.org/10.1017/S0950268802006878
https://doi.org/10.1017/S0950268804002754
https://doi.org/10.1017/S0950268801006264
https://doi.org/10.1016/j.vaccine.2021.02.074
https://doi.org/10.1056/NEJM200103293441302
https://doi.org/10.1093/biomet/26.4.404
https://doi.org/10.1002/jmv.10555
https://doi.org/10.1111/1469-0691.12131
https://doi.org/10.1159/000024920
https://doi.org/10.1159/000024920
https://doi.org/10.1097/00006454-200111000-00017
https://doi.org/10.1097/00006454-199802000-00008
https://doi.org/10.1016/j.mayocp.2018.02.017
https://doi.org/10.1016/j.vaccine.2007.07.036
https://doi.org/10.1086/651199
https://doi.org/10.1128/JVI.00305-19
https://doi.org/10.1016/j.vaccine.2021.03.085
https://doi.org/10.1016/j.vaccine.2021.03.085

paysiignd uasq
9ABY BIYEAO|S PUB BIUBWIOY ‘PUR|O4 ‘eluBNYlIT DIjgndaYy Yd9Z)) 104 elep,, *(|BAISIUI 9DUIPYU0D 9%G6) d1el Jeak-uosiad ‘(D %S6) 1/u ‘A10631ed usaaib e ul syuedidilied jo (sbejusdiad) saquinu ‘(%) u Eo_u_m;% piepueis ‘qs

#(1D %56) 1/U ‘ej|dd1ieA jo
(0£°0—SL'0) LZO0 (6L°0—LL'0) SL'0 (0L'0—S0°0) £0'0  (Pauyapun) 00'0 (80°0—0°0) 90°0 (920—O0L°0) 9L'0 (£0'0—E0°0) SO0 (SL'0—+0°0) 80°'0  (PauUydapun) 00°0 (£2°0—~1°0) 0Z'0 d3ea Jeak-uosiad aeak-g|

((AZAK43 (1°£6) L9 (9'16) LEL (000L) £¥ (1'v6) LTL (5°59) 61 (6€8) 8¢ (5°£8) s€ (0°€6) OF (1'56) 941 e
)}o99M B 30U0 1ses| 1y

(€6) ¥ (89) ¥ (r'8) 21 (000 0€) ¥ (910)8 (N (sL1) L (600) 6 (0'2) €L Jopuiwp)iyd e Buipuany
(859) vT (2N (¥'£8) STl (000 (€9 L (8vp) €1 (0'87) 9T (s70) 6 (€01 (CAVES 93U
a1ed Aep e buipuany

(zog) €1 (67¥) L€ (rzo) T (871) 9 (6'57) S€ (S¥€) oL (8'0L) OL (Sz1) L (620 Tl (9'82) €5 awoy

1e Bul|qis suo 1se9| 1y
(%) u ‘adAy asey

(00) 0 )L (00) 0 (1ol (00) 0 (69) T (00) 0 (S L (00) 0 (S0) 1 1BYI0
(00) 0 (00) 0 (00) 0 (00) 0 (00) 0 (00) 0 (00) 0 SO L (Lv) T (00) 0 uedLyy YUoN Jo diqely
(0o0l) €v (9°86) 89 (0rool) evL (6°26) 9F (0rool) s€L (L'e6) LT (0o0l) €6 (0°56) 8¢ (€'56) LY (5'66) ¥81 ueadoing
(%) u “fapruyig

CLE ¥'ov €8y X474 €S 45 [4°14 SLS 88 L8y 9[ewa) 9% 49pudan
0C+ 96l YT+ ¥Sl cLFotl 6'CF €61 ClLF6CL 0L+ 1Lyl CTFYYL L'cF6€l 8T+ L'GL '€ F €51 @S F ueaw ‘syjuow ui 3by
uspams enjenols eIssny eluRWOY puejod KemioN eluRNYI ey 229219 dgnday Y29z JnsueIey)

3756 P. GILLARD ET AL.

dnoib [043u0) ALY By} Ul A3unod Jad syuedidiued Apnis o (Moyod Adedyys (00301d-13d) S3el Jeak-uosiad ejjadueA Jeak-0L pue (HoYod pajeuddeA [e303) sdlisHRldeIRYd dlydelbowa( (LS 3|qe) Areyuawajddns



	Abstract
	Introduction
	Methods
	Study design and participants
	Randomization and masking
	Objectives
	Procedures
	Study vaccine and administration
	Laboratory assessments of varicella infection and immune response
	Assessment of suspected varicella cases

	Statistical analyses

	Results
	Demographic characteristics
	Occurrence of varicella in the Active Control group (MMR recipients)
	Presence of anti-VZV antibodies in the Active Control group

	Discussion
	Acknowledgments
	Access to full trial protocol
	Author contributions
	Data sharing statement
	Disclosure of potential conflicts of interest
	Funding
	ORCID
	Trademark statement
	References

