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Abstract

AIM: To evaluate the protective effect of inactivated
hepatitis A vaccine (Healive®) against hepatitis A
outbreak in an emergency vaccination campaign.

METHODS: During an outbreak of hepatitis A in Honghe
Town, Xiuzhou District, Jiaxing City, Zhejiang Province,
two nonrandomized controlled trials were conducted
in September 2006. The first trial was to vaccinate 108
anti-HAV negative individuals with close contacts of the
patients from September with 1 dose of an inactivated
hepatitis A vaccine, Healive®. The control group comprised
of 115 individuals with close contacts of the patients
before September. The second trial was to vaccinate 3365
primary and secondary school students who volunteered
to receive a dose of Healive® and 2572 students who
did not receive Healive® serving as its controls. An
epidemiological survey was conducted to evaluate the
protective efficacy of the vaccine.

RESULTS: A total of 136 hepatitis A cases were reported
during an outbreak that started in June, peaked in August
and September, and ended after December of 2006. After
a massive vaccination of school children in September,
the number of cases declined significantly. No hepatitis
A was detected in the 108 vaccinated individuals with
close contacts of patients, whereas 4 cases of hepatitis A
were found in the controls. The infection rate of hepatitis
A was not significantly different in the individuals with
close contacts of patients whether or not they received
the vaccine (P = 0.122). No hepatitis A was detected in
the 3365 students who received the vaccine, four cases of
hepatitis A were found in the controls. The infection rate
of students with or without vaccination was significantly
different in the students who received the vaccine (0/3365
vs 4/2572, P = 0.035). The protective efficacy of the
vaccine was 100%.

CONCLUSION: Inactivated hepatitis A vaccine
demonstrates a good protective effect against an outbreak
of hepatitis A.
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INTRODUCTION

Hepatitis A is an acute, usually self-limited disease of
the liver caused by hepatitis A virus (HAV). Although
it is often a benign infection, up to 15% of the infected
persons have a protracted relapsing disease course lasting
up to 6 mo'". Hepatitis A infection may lead to acute liver
failure with a mortality rate of 0.43%0-0.58%0 in 2005
and 2006 according to China Center for Disease Control
and Prevention”. An estimated 1.5 million clinical cases
of hepatitis A occur globally each year. Since HAV is
transmitted from person to person, primarily through the
faecal-oral route, the incidence of hepatitis A is closely
related to the socioeconomic development and hygienic
conditions. In China, the incidence of hepatitis A was
above 100/100000 in the 1980s. With the economic
growth in the past decade, especially with the usage of live
attenuated hepatitis A vaccine and inactivated hepatitis A
Vaccinep“q, its incidence has decreased from 20/10000 in
1996 to 5/10000 in 2006”. Local outbreaks, however, are
often reported in small cities and rural areas. In a previous
study to investigate the prophylactic use of attenuated
hepatitis A vaccine during an outbreak in a village, the live
vaccine did not show protective effect, as the infection
rate was not significantly different between the vaccinated
and control groups'”. The reason for this might be that the
antibody induction petriod of the attenuated hepatitis A
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vaccine is relatively long and the seroconversion reaches a
peak 2 or 3 mo after injection'”. In contrast, the antibody
induction period of inactivated hepatitis A vaccine is as
short as 2 wk'™, and the seroconversion reaches a peak
one month after delivery"”. Tt is generally recognized
that inactivated hepatitis A vaccine could provide good
protection against hepatitis A after exposure to HAV'™'",
Until now, the protective efficacy of inactivated hepatitis
A vaccine has not been documented as an emergency
vaccination in Chinese population.

Honghe Town, which belongs to the Xiuzhou District,
Jiaxing City, Zhejiang Province, is an open rural community
in southeastern China. Hepatitis A has been periodically
epidemic in this area before vaccines were commonly used,
and its incidence has been brought down to the national
level with the introduction of hepatitis A vaccination
programs. A serological survey in 2002 showed that the
anti-HAV positive rate is 67.13% in this area'”. Great
changes have taken place in recent yeats, as the number of
migrants now exceeds that of the local population. Many
immigrants live in cramped dwellings and have limited
access to appropriate hygienic conditions. Their sewage is
drained directly into farmlands and streams without any
proper treatment. Moreover, food safety is not guaranteed,
as many people get food from unauthorized street stands.
Infectious diseases are, thus, very likely to develop and get
circulated.

Honghe Town consists of 9 villages with a population
of 59700, including a local population of 27000 and a
migrant population of 32700. In August and September
2000, a hepatitis A outbreak was detected by the Xiuzhou
District Center for Disease Control and Prevention.
An emergency vaccination program was implemented
for those with close contacts of patients and all school
children in Honghe Town to interrupt the outbreak.
Here, we report the protective effect of vaccination with
Healive”, an inactivated hepatitis A vaccine developed and
manufactured in China, on the control of hepatitis A in an
open rural community.

MATERIALS AND METHODS

Surveillance of hepatitis A cases

Routine surveillance data on hepatitis A cases were
obtained from the reports of physicians, laboratories, and
hospitals. The major diagnostic criteria for hepatitis A
were nausea, abdominal discomfort, jaundice, dark urine,
presence of IgM antibody, and elevated serum alanine
aminotransferase (ALT) level.

Considering two weeks needed for antibody induction
with inactivated hepatitis A vaccine!” and a 15-50 d
incubation period of hepatitis A, we defined 15 d post-
vaccination as the window period. Any case occurring
within the window period was excluded from the vaccine
protective efficacy analysis.

Composition of the vaccine

The inactivated hepatitis A vaccine, Healive”, developed
and manufactured by Sinovac Biotech Co. Ltd. (Beijing,
China), was licensed in China in 2002. The vaccine is
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prepared from the TZ84 strain of HAV. The virus used
for vaccine production can grow in human fetal lung
diploid fibroblast 2BS cells. Whole viruses were extracted
from tissue culture, purified, formalin inactivated, and then
adsorbed onto aluminum hydroxide. The pediatric dose
contains 250 U/0.5 mL. HAV antigen, and the adult dose
contains 500 U/1.0 mL HAV antigen. Other ingredients
include aluminium hydroxide, sodium dihydrogen
phosphate, disodium hydrogen phosphate, sodium
chloride, and water for injection.

Study populations and vaccination programs

During the outbreak of hepatitis A in Honghe Town,
Xiuzhou District, Jiaxing City, Zhejiang Province, two
nonrandomized controlled trials were conducted. Both
trials were approved by the Medical Ethics Committee of
Xiuzhou District.

Starting in September 20006, anti-HAV tests were
performed in individuals with close contacts of hepatitis A
patients, of them 108 were negative for HAV. In the first
trial, inactivated hepatitis A vaccine, Healive" was emergently
delivered to the 108 individuals with close contacts of
hepatitis A patients as a post-prophylactic measure after
informed consent was obtained. Subjects younger than
16 years old received one injection of a pediatric dose of
vaccine containing 250 U/0.5 mL hepatitis A virus antigen
and those older than 16 years received one injection of an
adult dose of vaccine containing 500 U/1.0 mL hepatitis A
virus antigen. These 108 subjects served as the intervention
group. Meanwhile, a retrospective investigation and follow-
up study were conducted among 44 patients from June to
August, who had 115 close contacts and none of them had
a previous hepatitis A vaccination. Because the vaccination
program was not implemented until September, these 115
close contacts formed a natural non-intervention group.
All those with close contacts in the intervention and non-
intervention groups were observed for 60 d.

The second trial of the vaccination program was
carried out from September 2 to 8 in primary and
secondary school students. A written consent form (which
provided information about the burden of the disease,
the role of vaccine, and the cost of vaccine) was given
to each student in the primary and secondary schools in
Honghe Town. After the consent forms were signed by
the students’ parents, 3365 students who consented to
receive the vaccination served as the vaccine group, and
2572 students who did not choose to receive served as the
control group. Students having either a history of hepatitis
A infection or contraindications for hepatitis A vaccination
were excluded from inoculation. One dose of Healive®,
containing 250 U/0.5 mL hepatitis A virus antigen, was
delivered to all students in the vaccine group.

Data analysis

The protective rate was calculated from the formula:
(incidence of non-intervention group-incidence of
intervention group)/incidence of non-intervention group.
Fisher’s exact test was used to compare the incidence
between the intervention and non-intervention groups.
Z-test was used to analyze the number of cases. A two-tailed



Shen YG et al. Protective effect of inactivated hepatitis A vaccine 2773

40 -
35 -
30 -
25 -
20 -

No. of cases

15 -
10 -
5+
1

|
o 51
QO W
QS;L Yb«l

| | |

o o o o o o
W W W (W (W (W
3\)«')« N \)\f)« wq')« SQQ:L Od':)/ $0\‘f),

Figure 1 Number of hepatitis A cases by month in Honghe Town during the
outbreak of hepatitis A in 2006.

P value less than 0.05 was considered statistically significant.
Statistical analysis was carried out using SPSS 11.5 software.

RESULTS

Epidemiology of the hepatitis A outbreak

The outbreak of hepatitis A started in June 2006 and
ended in January 2007 (Figure 1). A total of 136 cases of
hepatitis A were reported. The first wave peaked in August
and September in 67.65% (92/136) of the total cases.
Forty-four cases of hepatitis A occurred in the second
wave of outbreak, accounting for 32.35% (44/136) of the
cases. The incidence was 227.86/100000. Among the 136
reported cases, 64 patients were immigrating population
while 72 patients were local population.

The cases had a different age distribution within the
two populations. In the local population, most of the cases
[81.9% (59/72)] were found at the age of 20-49 years,
while 37.5% (24/64) and 32.8% (21/64) of the cases were
found in the migrant population at the ages of 0-10 and
30-39 years, respectively.

Protective efficacy of the vaccine in those with close
contacts of the patients

Within the 60-d observation period, 4 subjects in the
non-intervention group during the first trial developed
clinical symptoms and were diagnosed with hepatitis A. In
the intervention group, the earliest and latest emergency
injection of the vaccine was given 1 d and 31 d post-
contact (the median was 12 d). No hepatitis A clinical
symptoms were observed in the intervention group during
the 60-d observation period. The statistical test showed the
difference in the infection rates between those with close
contacts who received vaccination (0/108) and those who
did not receive vaccination (4/115) was not significant
(P = 0.122). The protective efficacy was 100% in those
with close contacts.

Protective efficacy of the vaccine in students

To evaluate the ability of a massive vaccination of students
to prevent the outbreak, students were enrolled in the
vaccine group or the control group, according to their
willingness to receive the vaccine. After the vaccination
for 3365 students in eatly September 2006, one hepatitis
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Figure 2 Hepatitis A cases by age group in Honghe Town before and after
intervention. The vaccination was implemented in early September 2006.

Group No. of subjects No. of cases Incidence (1/100000)
Vaccine 3365 0 0
Control 2572 4 155.5

A case was reported 3 d after injection. Another 5 cases
were detected between September and December 2006
in the control group of 2572 students, on September 16
and 30, October 5, November 1, and December 10. The
single case in the vaccine group and September 16 case
in the control group were excluded from the incidence
analysis. The incidence of hepatitis A in the vaccine and
control groups was calculated (Table 1). Fisher’s exact test
indicated that the incidence of hepatitis A in the control
group was significantly higher than that in the vaccine
group (P = 0.035). The protective efficacy was 100% in

students who received vaccination.

Effect of vaccination program on reducing the number of
cases

After vaccination, the number of cases was reduced
dramatically in the student group (5-19 years old) and in
other age groups (Figure 2). Compared with the number
of cases before the vaccination program, the number
of cases in the student group (5-19 years old) decreased
by 70% after the vaccination program (20 cases in July-
September 25 6 cases in October- December) (Z = 2.740,
P < 0.01). The number of cases decreased by 22.22% (54
cases in July-September 25 42 cases in October-December,
(Z = 1.224, P > 0.05) among those outside the student

group.

DISCUSSION

We report a vaccination program in certain populations
of an open rural community using an inactivated hepatitis
A vaccine as an intervention to a hepatitis A outbreak.
This is the first study to demonstrate the protective
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Age group (yr) Total
0- 5- 10- 20- 30- 40- 50-
136 160 71 41 532

103 120 59 34 414
757 75 831 829 77.8

Number of tested persons 8 19 97
Number of positive results 4 16 78
Positive rate (%) 50 84.2 80.4

effect of inactivated hepatitis A vaccine (Healive®) on a
Chinese population, and the vaccine was shown to have a
100% protective efficacy, suggesting that the vaccination
program reduced the incidence of new hepatitis A cases
after a massive vaccination in school children. The precise
contribution of the vaccine campaign to the control of the
outbreak of hepatitis A is difficult to quantify because the
outbreaks are often on the wane over time.

The outbreak of hepatitis A showed a typical epidemic
mode: a weak second wave appeared a couple of months
after the first wave. One possible reason for the second
wave is that 30% of the patients were not hospitalized, and
the HAV transmission might have resulted from a delayed
quarantine. The appearance of the second wave could also
be explained by the fact that the vaccinated population was
not large enough to form immunity. In this vaccination
campaign, 3365 students and 108 individuals with close
contacts of hepatitis A patients wete inoculated, leading
to a vaccine coverage of 56.7% [3365/(3365 + 2572)] in
students and an average vaccine coverage of 5.82% [(3365
+ 108)/59700] in the whole community. As vaccination
was targeted mainly at students, the vaccination campaign
only increased seroconversion in the student group, and
hepatitis A virus could still circulate among the susceptible
individuals in preschool children and adults. We believe
that incomplete interruption of HAV is the consequence
of a lack of vaccination coverage in preschool children
and adults.

A corroborative survey was conducted to investigate
the anti-HAV positive rate when the outbreak occurred in
the community (Hai-Tao He, Xiuzhou District Center for
Disease Control and Prevention, personal communication,
2006) (Table 2). The anti-HAV positive rate was low in those
at the age of 0-4 and 20-39 years, suggesting that a large
number of susceptible individuals are the preschool children
and adults. These data provide evidence that a low anti-HAV
seropositive rate and the lack of a vaccination campaign
in preschool children and adults might be the cause of the
aforementioned second wave of hepatitis A epidemic.

It was reported that inactivated hepatitis A vaccine
was used in prevention of community-wide outbreaks of
hepatitis A" Studies showed that an epidemic of hepatitis
A could end eight weeks after 80% of susceptible children
and adults received one dose of hepatitis A Vaccinelm; the
epidemic may persist for up to 30 wk in another location
where less than 50% of the susceptible individuals were
vaccinated"”. Tt is still unknown what level of vaccination
coverage is required to curtail a community-wide outbreak
of hepatitis A.

It was difficult to promote vaccination in the local
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community, as vulnerable individuals besides the students
refused to receive the vaccination in spite of our
recommendation. Since inactivated hepatitis A vaccine is
at expense of the recipients and whole-family vaccination
is still unaffordable for many households, school children
enjoy the priority in receiving the vaccination. We hope
that the government and public health authorities can
allocate a larger budget to support emergency vaccination
programs to control outbreaks of hepatitis A more rapidly
and effectively, especially in areas with a high incidence of
HAV infection.
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COMMENTS

Background

Hepatitis A is an acute, usually self-limited disease of the liver caused by hepatitis A
virus. Although the use of inactivated hepatitis A vaccine as a prophylactic treatment
has been reported in Europe and USA, little is known about the application of such a
vaccine in control of hepatitis Ain China.

Research frontiers

Although hepatitis A is regarded as a benign infection, it may cause serious
symptoms. The disease can be prevented by vaccination and hepatitis A vaccine
has been proved effective in controlling its outbreak worldwide.

Innovations and breakthroughs

Our study showed that inactivated hepatitis A vaccine demonstrating a good
protective effect against outbreak of hepatitis A could be used for emergency
vaccination. The study reports the first clinical study evaluating inactivated
hepatitis A vaccine in an emergency vaccination campaign during an outbreak of
hepatitis A in China.

Applications

Hepatitis A vaccine has several advantages over immune globulin, including
long-term protection effect, ease of administration, and widespread availability.
Substitution of immunoglobulin by inactivated hepatitis A vaccine and its
application in both routine and emergency vaccination during an outbreak of
hepatitis are proposed.

Terminology
Hepatitis A: an acute infectious disease of the liver caused by hepatitis A virus.
Emergency vaccination: vaccination used during an outbreak of hepatitis A.

Peer review

The present study demonstrated the protective effect of inactivated hepatitis A
vaccine against hepatitis A during the outbreak in an open rural community. It
provides an interesting insight into the control and prevention of hepatitis in a rural
community of China.
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