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Abstract. In Jiangsu, 30% of children between the ages of 5 and 8 yearstest seropositive for hepatitis
A. The safety, tolerability, and immunogenicity of a 2-dose regimen (0, 6 months) of VAQTA™ (0.5
ml of 25U) administered IM in 50 healthy children aged 5 to 8 years without prior serological screen-
ing was evaluated. Blood samples were collected prior to the first dose and after each additional dose
of VAQTA™ to determine the initial anti-HAV serostatus and response rates to the vaccine. Twelve
children (24%) wereinitially seropositive and 38 (76%) wereinitially seronegative. Four weeks after
the primary dose of VAQTA™, 34 of the 38 subjects (89.5%, 95% CI 75 to 97) were anti-HAV
seropositive. The geometric mean titer was 33.1 mlU/ml (95% Cl 22.4 to 49.0). After the booster
dose at 6 months, all the subjects were seropositive (37/37), giving a seroconversion of 100% (95%
Cl: 90, 100). The geometric mean titer was 7,585.8 mlU/ml (95% ClI: 5,623.4 to 10,471.3). Adverse
experiences were generally mild and transient. Results of this study are consistent with resultsfrom a
previous double-blind randomized trial of thisvaccine and confirm that VAQTA ™ ishighly immuno-

genic, and generally well-tolerated.

INTRODUCTION

Hepatitis A virus (HAV) infection is still
endemic in China, but where living conditions
are comparable to those of developed countries
and affluence has increased, especially in urban
areas, ashift inthe age when infection commonly
occurs has been observed (Barzaga, 2000; Wang
et al, 2001). Infections of susceptibleindividuals
can occur at any age, with inapparent subclinical
or unrecognized infectionsin young children, but
greater morbidity is reported in older individu-
als. Inthe last decade of the 20" century, various
Asian countries showed a dramatic reduction in
anti-HAV prevalence to 0.9-15% in their pediat-
ric population under 10 years of age (Yap and
Guan,1993; Kalayanarooj et al, 1995; Sohn et al,
2000). Prior to the socio-economic progress in
Asia, HAV infections occurred universally be-
fore 12 years of age. Increased prosperity and
improved sanitation hasresulted in adecrease in
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the seroprevalence from 16 to 48% in adults <50
years of age and in adolescents. In less affluent
areas of China, the seroprevalencein children un-
der 15 years of age varies from 25 to 80%(Chin
et al, 1991; Sinlaparatsamee et al, 1995; Li et al,
1998). A recent study in Wuhan with asingle dose
live attenuated vaccine has shown the cost-effec-
tiveness of implementing vaccination against
hepatitis A in a susceptible urban population 3-
19 years of age in China (Wei et al, 1998). For
the purpose of prevention, single-dose, locally
manufactured, live, attenuated vaccines and for-
eign manufactured, inactivated, attenuated hepa-
titisA vaccines, suchasVAQTA™, areavailable.
The field performance of VAQTA™ was evalu-
ated at a Center for Disease Control Field station
in Jiangsu, which is in an area of intermediate
endemicity.

MATERIALSAND METHODS

This study was conducted at a single center
in Chinato evaluate the immune response in the
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Chinese population. The study protocol was ap-
proved by the Ethical Review Board of Zhang
Jia Gang Feng Huang Hospital and the trial was
conducted in accordance with Good Clinical Prac-
tice and the Declaration of Helsinki.

After parental consent, children aged 2 to
17 yearsold wereeligible. Subjectswere enrolled
from schoolchildren attending the Jiangsu and
Zhang JiaGang Antiepidemiology Station. Chil-
dren wereexcluded if they had a previous history
of hepatitisA, hepatitis A vaccination, receipt of
blood products, immunosuppressive therapy or
any condition that might interfere with the study
objective.

Local reactions and oral temperature were
recorded for four days following each vaccina-
tion. All adverse experiences were reported for
14 daysfollowing each vaccination. All prescrip-
tions, medications and therapies received during
this period, and the reason for therapy, also were
recorded.

A commercialy available lot of VAQTA ™
(1448H) was used in this study. VAQTA™ is a
highly purified, inactivated, whole virus vaccine
derived from the hepatitis A CR 326F strain. It
contains no thimerosal or other preservatives.
Eligible subjectsreceived asingle 0.5 ml (~25U)
dose of vaccine intramuscularly in the deltoid
muscle at an elected date and a booster dose 6
months later. Subjects were not required to be
seronegative to HAV prior to study enrollment.
Serawere collected prior to thefirst doseand four
weeks after each dose of VAQTA™ for evalua-
tion of theimmune response with amodified ver-
sion of the commercially available HAVAB® as-
say kit from ABBOTT. Testing was performed
at Merck Research Laboratories. The modified
HAVAB® assay detects antibody (IgM and 1gG)
by comparing the competitive binding of anti-
HAV (hepatitis A virus) in serum with a
radioiodinated standard anti-HAV, using HAV
coated on a solid phase. In order to make the
HAVAB® test quantitative, a standard curve was
constructed using dilutions of a WHO standard.
Test sampleswere compared to the standard curve
and the titers of anti-HAV in milli-international
unit per milliliter (mlU/ml) were determined.
Samples =10 mlIU/ml were considered positive
and those <10 mlU/ml were considered negative
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(Miller et al, 1993).

The primary variable/timepoint of interest
was the proportion of subjects who developed
anti-HAV titers =10 mlU/ml 1 month after the
second injection of VAQTA®. The expected re-
sponse rate from the historical database of the
vaccine manufacturer in children and adolescents
210 17 years of age was >99% after the second
dose. For purposes of power calculations, we as-
sumed aninitial seropositivity rate of 10-15% and
intended to enroll 50 subjects, expecting 43 sub-
jects to be initially seronegative. Estimating an
evaluability rate of 90%, 38 subjects were ex-
pected to be available for immunogenicity sum-
maries, giving 94% power to detect a reduction
of 15 percentage points or greater after dose 2
compared to the historical response rate. If the
observed seropositivity rate post-injection 2 was
=97%, then the lower bound of the 95% confi-
dence interval on the observed rate would be
86.2%. Power was calculated using exact meth-
ods. All subjects with follow-up for safety were
summarized for safety and tolerability. All im-
munogenicity analyses and summarieswere pre-
pared on aper-protocol basis, ie, those who were
seronegative at baseline (<10 mlU/ml) and had
valid serological measurements post-vaccination.

RESULTS

Subjects

A total of 50 healthy children, all of them
primary one studentsfrom Jiangsu and Zhang Jia
Gang, were enrolled and vaccinated. Twenty-four
(48%) of the enrolled subjects were male and 26
(52%) were female. The mean age was 6.1 years
(SD 0.79 year) and the agerange wasfiveto eight
years. The mean weight was 20.4 kg (SD 2.78
kg) and the mean height was 116.6 cm (SD 5.5
cm) of which both werein anormal range. Forty-
eight subjectsreceived both doses of vaccineand
had aserology sampleat all specified time-points.
Two subjectswithdrew one after the primary dose,
the other after the booster dose).
I mmunogenicity

After anti-HAV testing, 12 subjects (24%)
were found to be seropositive prior to dose one

and were excluded from the analysis. Serologi-
cal resultswere available for 38 baseline serone-

Vol 35 No.4 December 2004




FieLp EvaLuaTtioN oF HepaTITIS A VACCINE IN CHINA

Table 1
Serum result 4 weeks and 28 weeks after vaccination.

Time point Seropositivity rate (SPR) Geometric mean titer
n/N SPR (%) 95% CI mlU/ml 95% ClI
4 weeks PD1 34/38 89.5 75,97 331 (22.4, 49.0)
4 weeks PD2 37/37 100.0 90,100 7,585.8 (5,623.4, 10,471.3)

n = number of subjects with =10 mIU/ml anti-HAV antibody; PD1 = post-dose 1
N= number of initially seronegative subjects with valid serology results at the indicated time point.

gative subjects post-dose one and 37 subjects post
dose two. Four weeks after the primary dose, 34
out of 38 subjects (89.5%) were seropositive. The
geometric mean titer was 33.1 mlU/ml. Four
weeks after the booster dose, all subjects (37/37)
showed a strong immune response. The sero-
positivity rate was 100% and the geometric mean
titer was 7,585.8 mlU/ml (Table 1).

Safety and tolerability

No subject died. There was one serious ad-
verse event reported (head trauma), which was
judged unrelated to vaccination by theinvestiga-
torsand did not cause the subject to be discontin-
ued from the study. No subject discontinued due
to an adverse event. Within four days after in-
jecting the vaccine, injection-site complaintswere
reported by eight subjects (16.0%) post dose one
and seven subjects (14.6%) post dose two, After
the first dose of vaccine, five subjects (10.0%)
reported pain and six subjects (12.0%) reported
tenderness. After the second injection, five sub-
jectsreported pain (10.4%), four reported tender-
ness (8.3%), and one reported swelling (2.1%).
All these experiences were of a transient nature
and resolved uneventfully (Table 2).

Within the 14-day observation period after
each injection, 34 of the 50 vaccinees (68.0%)
had no adverse experiences after the first dose
and 42 of 48 vaccinees (87.5%) had no adverse
experiences after the booster dose (Table 3). Af-
ter the first injection, fever (n=5) and upper res-
piratory tract infection (n=5) werethe most com-
monly reported systemic adverse experiences.
After the booster injection, fever (n=2) and up-
per respiratory tract infection (n=3) were again
themost commonly reported adverse experiences.
Side-effectswhich were determined by theinves-
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Table 2
Local and systemic experiences 4 days post-
vaccination on a vaccination report card.

Vaccinedose/N  Dose UN=50  Dose 2/N=48
Local injection-site reactions:
Pain 5(10) 5(10.4)
Tenderness 6 (12) 4(8.3)
Swelling 0 1(2.1)
Warmth 0 0
Erythema 0 0
Body as awhole: fever (oral)
<38.3°C. 4(8) 2(4.2)
>38.4-39°C. 12 0
=39.1 0 0
Table 3

Summary of all adverse experiences reported
(Days 0 to 14 post-vaccination).

Dose 1 Dose 2
Subjects N=50 (%) N=48 (%)
No adverse experiences (AE) 34 (68.0) 42 (87.5)
Oneor moreAE: 16 (32.0) 8 (16.7)
Injection siteAE2 8 (16.0) 7 (14.6)
SystemicAE 10 (200) 8 (16.7)
SeriousAE 1(20) 0 (0.0)
Discontinuation dueto SAE 0 (0.0) 0 (0.0
Desath 0 (0.0 0 (0.0)

ameasured for four days only

tigator to be possibly vaccine-related, were re-
ported in a total of three subjects (3.06%); two
(4.0%) after the first dose (acute tonsillitis and
common cold) and one (2.1%) after dosetwo (fe-
ver).
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DISCUSSION

In areas with an intermediate level of risk,
hepatitis A infection circulates and immunity is
low. However, epidemiological patterns are dy-
namic and can vary considerably even within one
district. As infection rates in children decrease,
adolescents and adults are at risk, and the poten-
tial for outbreaks increase, as was demonstrated
by the outbreak of 292,301 cases of hepatitisA in
Shanghai in 1988 (Tang et al, 1991). Vaccination
programs have been shown to be cost-effective
in selected populations in China and elsewhere
(Fitzner et al, 1994; Smith et al, 1997; Buma et
al, 1998; Fenn et al, 1998; Lee et al, 2000).

HepatitisA sharesmany similaritieswith po-
lio. Initidly it wasthought that an oral live hepa-
titisA virusvaccine could be developed. However,
all vaccine candidates attenuated so rapidly that
oral immunization was unsuccessful (Midthun et
al, 1991; Sjogren et al, 1992). Parenteral single
dose live attenuated vaccine candidates were de-
veloped in the US and China, but needed an in-
oculum dose of greater than 10°tissue culture in-
fectivedosestoinducean antibody response (Adler
and Shouval, 1996). Thelargest trial of aliveHAV
vaccinewas conducted in Chinaon 3,089 subjects
using the H2-strain. The seroconversion rate after
~4weekswas 95.6% (Mao et al, 1997; 1985). Four
vaccinees were tested for excretion of virusin the
stool by tissue culture techniques and virus was
detected in three, but no transmission of vaccine
virusto non-vaccineeswas observed. The concern,
that alive attenuated viral HA-strain could mutate
back to a more pathogenic form, like ora polio
strain with vaccine induced flaccid paralysis, was
never proved, because the only evidence was
seroconversion, which could have been induced
by the antigenic mass contained in the vaccine
rather than new antigen produced by replication.
This concern of the possible emergence of viru-
lent revertants that may be excreted in the stool,
and subsequently in the public sewage system,
eliminated the development of a live viral HA-
strain in the Western hemisphere and focused in-
stead on inactivated attenuated HA vaccines(Adler
and Shouva, 1996).

The principle of vaccinationisto first show
safety, then immunogenicity, then protective ef-
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ficacy upon challenge, and lastly, duration of the
protection. Only two efficacy trials have been
conducted for an inactivated hepatitis A vaccine,
one for VAQTA™ and one for HAVRIX™
(GlaxoSmithKline). Both vaccines have been
shown to be highly efficacious, VAQTA™ after
one dose and HAVRIX™ &fter two doses (Innis
et al, 1994; Werzberger et al, 1998).

Prior to endorsing vaccination with an im-
ported vaccine, Chinese health professionalswere
interested in the field performance of an attenu-
ated hepatitisA vaccinein asetting where screen-
ing was either not possible or cost-effective. This
wasasmall safety and immunogenicity trial, the
observed findings are consi stent with those of two
immunogenicity studies with VAQTA™ in 99
Chinese and 88 Korean children that showed
100% seroconversion after dose 2 (Wan, 2000;
Sohn et al, 2001). Findings are also consistent
with those of alarge-scale, double-blind random-
ized trial with VAQTA™ in a pediatric popula-
tion reported in the literature (Werzberger et al,
1998). Since the immunogenicity results found
in our trial are similar to those in a trial of
VAQTA™ in Monroe, NY and in arecent evalu-
ation of routine hepatitisA immunization among
children residing in large popul ations where the
diseaseisrecurrent, the vaccineis expected to be
equally efficacious (Averhoff et al, 2001) inaChi-
nese population at risk of infection.

In conclusion, apediatric two-dose regimen
of VAQTA™ was found to be highly immuno-
genic and generally well-tolerated in children in
Jiangsu, China.
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