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Abstract. This study was undertaken to compare the immunogenicity and reactogenicity of two vac-
cines based on the attenuated Oka-strain of Varicella zoster virus (VZV), in adolescents and young
adults. One hundred and eighty-six subjects, aged 13 to 29 years, were randomized to one of two
groups to receive a one- or atwo-dose VZV vaccine. Pre- and post-vaccination blood samples were
assayed for VZV-specific 1gG. Solicited local and general symptoms, as well as unsolicited symp-
toms, were recorded post-vaccination. Seroconversion rates were 94.9% in the one-dose, and 100%
in the two-dose, regimen. The two-dose vaccine elicited significantly higher geometric mean anti-
body titer, 392.5 vs 86.8 pfu. Transient local injection site pain was the most frequently-reported
symptom per dose in both groups (one dose: 48.9%; two-dose: 32.8%). The two-dose vaccine regi-
men afforded the advantage of higher antibody titers and potential increased protection from disease,

without significantly increased reactogenicity.

INTRODUCTION

Varicella zoster virus (VZV) disease contin-
uesto be commonly seen asanirritating but gener-
ally mild disease by both the lay population and
healthcare professionals. Although typically benign
in healthy children, primarily infected adol escents,
adultsand immunocompromised individua sare at
risk of severe complicationsand occasionally desth
(Fleisher et al, 1981). In temperate climates, most
cases occur before the age of 10 and the mgjority
of adults, even those with a negative history for
varicelladisease, areseropositivefor VZV antibody
when tested (Rusthoven, 1994). The epidemiology
islesswell understood in tropical areas, where be-
tween 9-40% of adolescents and young adults re-
main susceptible to infection, a situation that has
important health implications owing to the age-re-
lated increase in varicella severity (Lee, 1998;
Clemenset al, 1999; Tregnaghi et al, 1999; Lolekha
et al, 2001).

Vaccines based on the attenuated Oka-strain
of VZV have been proven to be safe and effica-
ciousin controlling thisdisease (Kuter et al, 1991;
Krause and Klinman, 1995; White, 1997; Bur-
gesset al, 1999; Wiseet al, 2000). TheAmerican
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Academy of Pediatrics and the Advisory Com-
mittee for Immunization Practices (ACIP) have
included varicellaimmunization into the routine
schedule. Their recommendations for the VZV
vaccinein the USA include universal use of one
dosein children aged 12 monthsto 12 years and
two doses 4-8 weeks apart in susceptible adoles-
cent and adult populations (ACIP, 1999; Com-
mittee on Infectious Diseases, 2000), a recom-
mendation supported by the Centers for Disease
Control (Centersfor Disease Control and Preven-
tion, 1996; White, 1997). Other countriesinwhich
routine childhood vaccination has been adopted
include Canada, Japan, Korea, and Uruguay. Al-
though Finland is the only European country to
date that has adopted a universal childhood vac-
cination policy, the European Working Group on
VaricellaVaccination (EuroVar) has proposed an
immunization strategy consistent with that of the
ACIP (Rentier, 2000).

Mathematical modeling, using a range of
values for vaccine efficacy at different rates of
vaccine coverage, suggest that routine immuni-
zation of pre-school children would greatly re-
duce the number of primary varicella cases
(Haloran et al, 1994a,b; Halloran, 1996). The
World Health Organization (2001) advises that
routine childhood immunization be considered in
countries where this disease is a relatively im-
portant public health and socioeconomic problem,
wherethe vaccineisaffordable, and where high -
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85%-90% - and sustained vaccine coverage can
be achieved. In addition, immunization of ado-
lescents and adults without a history of varicella,
and in particular those at increased risk of con-
tracting and spreading infection, isrecommended.

This study was undertaken to assess the im-
munogenicity and reactogenicity of a one- and a
two-dose schedule of two VZV vaccines (both Oka-
strain) in susceptible adolescentsand young adults.

MATERIALSAND METHODS

One hundred and eighty-six teenagers and
young adults (aged 13 to 29) were enrolled into
this open prospective study, conducted at Khon
Kaen University, Khon Kaen, Thailand. The study
was approved by the institutional ethics review
board and was conducted according to the Dec-
laration of Helsinki and Good Clinical Practice
guidelines effective at study initiation. Written
informed consent in the local language was ob-
tained from the subjects or parents or guardians
(dependent upon the age of the subject) prior to
entry into thetrial.

Subjectswere excluded if they had received
previousvaccination against varicella, had aclear
history of clinical varicella/zoster infection,
prevaccination serum-positive for varicella anti-
body, as determined by enzyme linked immuno-
sorbent assay (ELISA), or had known exposure
to varicellalzoster within four weeksprior to study
vaccination. Other exclusion criteria were acute
or chronic disease, chronic drug therapy, immu-
nosuppressive therapy or receipt of immunoglo-
bulinsor blood productswithin three months prior
to vaccination, history of allergic disease, con-
firmed or suspected immunodeficient conditions,
chronic acohol consumption and/or intravenous
drug abuse. Pregnant or lactating females, or fe-
males of childbearing potential who were not us-
ing contraceptive precautions, were not included
in the study.

Eligible subjects were randomized into one
of two groups to receive either Biken Institute
(Biken) vaccine which consists of asingle dose,
according to its prescribing information, or
GlaxoSmithKline Biologicals' (GSK) vaccine
which is recommended as a two-dose schedule
in subjects =13 years of age (with asix-week in-
terval between the two vaccinations). Biken vac-
cine (distributed by Aventis Pasteur) hasapotency
of not less than 10° plague-forming units (pfu)
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per dose. Varilrix™ produced by GSK contains
=10%2 pfu/dose. Both vaccines were reconstituted
before usewith the diluent provided by the manu-
facturer and administered subcutaneously into the
non-dominant upper arm.

Pre- and post-vaccination blood samples
were assayed for varicellazoster (VZV)-specific
IgG, using a commercia indirect immunofluo-
rescence (I1F) technique (Virgo™ by Pharmacia).
Samples that showed no fluorescence or barely
visible fluorescence at the 1:4 starting dilution
were considered seronegative. Seroconversion
was defined as the appearance of antibodies in
the serum of subjects who were initially serone-
gative (ie llF titer =1:4 in the serum of a subject
who was previously seronegative).

Local injection site symptoms (pain, redness,
and swelling) were solicited on the day of vacci-
nation and for three subsequent days. All
vaccinees were followed for 42 days after vacci-
nation for the occurrence of general symptoms
(fever defined as axillary temperature =37.5°C
and rash/exanthem). Subjects were asked to
record temperature daily and any other findings
on diary cards, and to contact the investigator
immediately if they developed any rash at thein-
jection site or generalized rash, if they were ex-
posed to anyone with varicella/zoster, or if they
felt any symptom they thought was serious or re-
quired medical attention. Any post-vaccination
rash was evaluated and its relationship to vacci-
nation determined by the investigator.

The sample size was determined based upon
the expected ability to accrue seronegative adults.
Fisher’'s exact test was used to compare
seroconversion rates and the incidence of symp-
toms. Wilcoxon's test was used to compare geo-
metric mean titers (GMT) of anti-VZV, which
were cal culated using log transformation of posi-
tive titers and taking the antilog of the mean of
the transformed titers. Alphawas 0.05.

RESULTS

The mean age of the study cohort was 16.9
years, with a standard deviation of + 3.79 years,
and amale:femaleratio of 1:3.3. Thetwo groups
did not differ with respect to age or gender distri-
bution (Table 1). Of the 186 subjectsenrolled and
randomized, 32 were not eligiblefor inclusionin
the analysis of immunogenicity. Seventeen sub-
jects (11 in the two-dose regimen group, and 6in
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the one-dose regimen group) were eliminated
from analysis owing to anti-VZV seropositivity
according tothellF assay performed at first visit.
Two subjectsin the two-dose regimen group were
eliminated due to unknown serostatus. Twelve
subjects (7 in the two-dose regimen group, and 5
in the one-dose regimen group) failed to comply
with the blood sampling schedule, and one sub-
ject in the two-dose regimen group had received
aconcomitant tetanus vaccine.

Of theremaining 154 seronegative subjects,
73 received the two-dose GSK regimen and 81
received the one-dose Biken regimen. The one-
dose Biken vaccine elicited 94.9% seroconver-
sion, while the two-dose GSK vaccine resulted
in 100% seroconversion in these naive subjects
(Table 2). The level of significance was 0.1212,
as determined by Fisher’s exact test.

The GSK vaccine yielded significantly
higher GMT of post-vaccination varicella anti-
bodies; 392.5 vs 86.8 in the Biken group.
Wilcoxon'stest showed a statistically significant
difference (p=0.0001).

Symptomswerereported following 64.1% of
dosesin the one-dose regimen and 56.3% of doses
in the two-dose regimen (Table 3). Transient local
injection site pain, the most common side-effect
in both groups, was reported following 48.9% of

Table1
Subject distribution and demography of subjects
included in the analysis of immunogenicity.

2-dosevaccine 1-dosevaccine

dosesinthe one-doseregimen, and 32.8% of doses
in the two-dose regimen. Most symptoms were
described as easily tolerated by both groups and
no serious adverse event occurred in either group.
Clinically significant or Grade 3 pain wasreported
following 4 of thetotal 183 vaccinationsinthetwo-
doseregimen and 3 of thetotal 92 vaccinationsin
the one-dose regimen.

Over the 42 days of follow-up after each
dose, fever occurred following 20.9% of dosesin
the one-dose regimen and 24.9% of dosesin the
two-dose regimen (p=0.5452).

Four episodes of rash were reported (onein
the one-dose regimen group and threein the two-
dose regimen group), none of which was de-
scribed asvaricella-like by theinvestigator. How-
ever, all were attributed a suspected/probablelink
with vaccination.

DISCUSSION

The one-dose Biken vaccine and the two-
dose GSK vaccine dlicited seroconversion rates
of 94.9% and 100%, respectively. The generd pre-
sumption has been that seroconversion after ad-
ministration of a live attenuated viral vaccine
correlates with protection from natural disease.
In reality, data indicate that seroconversion does
not alwaysrender protection from disease. Rather,
the more robust the antibody response after vari-
cellavaccination, aswas elicited by thetwo-dose
vaccineinthisstudy, thelesslikely theindividual
is to have breakthrough disease in the following
years (White et al, 1992).

In this study, the level of antibody response
to the two-dose vaccine was clinically and statis-

N=73 N=81 tically significantly higher than the single dose
Mesnageandrange  166+372 166+ 357 vaccine. ,
(years) Humoral responsestotheVZV vaccine have
Gender ratio (M/F) 16/57 21/60 been measured by various assays, including im-
_ mune adherence hemaggl utination assay, fluores-
N: Number of subjects cent antibody to membrane antigen assay, en-
Table 2
Seroconversion rates and geometric mean titers of VZV antibody after varicella vaccination.
o . Seroconversion GMT
Vaccination regimen N % 95% Cl Value 95% Cl
1-dose vaccine 81 94.9 87.5;98.6 86.8 63.6;118.6
2-dose vaccine 73 100.0 95.1;100.0 392.5 318.7;483.3

N: Number of subjects tested; Cl: Confidence interval
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Table 3
Incidence of symptoms per number of doses of vaccine.

Symptoms GSK (N =183) Biken (N = 92) Fisher's exact test
n (%) n (%) p-value
Any symptom (solicited/unsolicited) 103 (56.3) 59 (64.1) 0.2431
Local injection site symptoms solicited until Day 3 after vaccination
Pain
Total 60 (32.8) 45 (48.9) 0.0123¢
Prevented normal daily activity® 4(2.2) 3(3.3 0.6899
Redness
Total 26 (14.2) 17 (18.5) 0.3816
>20 mm diameter 1(0.5) 0(0.0) >0.9999
Swelling
Total 24 (13.1) 17 (18.5) 0.2819
>20 mm diameter 0(0.0) 0(0.0) 1.0000
General symptoms solicited until Day 42 after vaccination
Fever
=237.5°C 45 (24.9) 19 (20.9) 0.5452
>39°C 2(11) 1(11) >0.9999
Rash
Total 3(1.7) 1(11) >0.9999
Varicellalike 0(0.0) 0(0.0) 1.0000

N: number of documented doses; n (%): number/percentage of doses followed by the specific symptom
aStatistically significant; “clinically significant or Grade 3; °papulovesicular or vesicular rash

zyme-linked immunosorbent assay (ELI1SA) and
glycoprotein-based ELISA (gpELISA).

Antibody titer, as measured by gpELISA in
the six weeksfollowing vaccination, hasbeen used
asasurrogate marker for protection against natural
disease (White et al, 1992; Bernstein et al, 1993,
Krause and Klinman, 1995; Gershon, 1998; Shaw,
2000). Low-level antibody response (titer <5 U)
has been associated with breskthrough infection,
although with generally milder disease than after
natural infection (Plotkin, 1996; White, 1997).

A report of a10-year survey of the Biken vac-
cine, as used in Japan, confirmed that acorrelation
also exists between the degree of protection and
the height of antibody response, as measured by
immune adherence hemagglutination assay, ie, the
likelihood of devel oping varicellapost-vaccination
isininverse proportion to the concentration of an-
tibody. In fact, the reporters concluded that the ad-
ministration of abooster dose, ie, a second dose of
vaccine, would likely decrease the incidence of
breakthrough varicella (Ozaki et al, 2000).

Although breakthrough cases of varicellain
vaccinees are generally mild, these factors need
to be considered when implementing a vaccina-
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tion program. Because latent infection is likely
to be related to the skin lesions seen in varicella,
reducing breakthrough varicella seen in those
vaccinated might also play arole in decreasing
the incidence of herpes zoster (Lim et al, 1998).

The immunofluorescence assay used in this
trial is specific for IgG class antibody, which has
someV ZV-neutralizing activity and, when devel-
oped in response to wild virusinfection, persists
indefinitely. Long-term immunity is thought to
be conferred by the persisting 1gG antibodies, as
well as cell-mediated immunity (White, 1997).

Sinceit hasbeen demonstrated that measure-
ment of humoral VZV antibody concentration
providesthe best determinant of responseto vac-
cine and defense from disease, the two-dose vac-
cine performed moreeffectively than the one-dose
vaccine.

Aside from the obvious fact that one group
received one more injection than the other, both
vaccines gave rise to local and general side-ef-
fectsof the sametypeand intensity. Theincidence
and type of symptoms in both groups were con-
sistent with these previously reported for inacti-
vated VZV vaccines (Clements, 2000; Diaz-
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Mitomaet al, 2000).

Resultsof thisstudy indicatethat thetwo-dose
vaccine utilized in this study afforded the advan-
tage of higher initial antibody response and thereby
the potential for increased protection from disease
without significantly increased reactogenicity.
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