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In 2002, the first Chinese domestic preservative-free
inactivated hepatitis A vaccine, Healive®, was introduced
in China. It is highly immunogenic, and provides lasting
protection in healthy individuals and generates protective
levels of antibodies in other at-risk individuals. Over 10 years
since its first licensure, postmarketing surveillance data have
confirmed the outstanding safety profile of the vaccine.
Comparative clinical trials indicated that Healive® induce
equal or similar immunogenicity with other currently available
inactivated hepatitis A vaccines and are interchangeable for
the course of HAV immunization in Chinese children. The
vaccine is effective in curbing outbreaks of hepatitis A due to
rapid seroconversion and the long incubation period of the
disease. Additional issues surrounding the use of the vaccine
are also reviewed.

In 2001, a new preservative-free inactivated vaccine against
hepatitis A virus (HAV) infection Healive® produced by Sinovac
Biotech Co. Ltd., was licensed in China. Since then, this vaccine
has covered 31 provinces, autonomous regions and municipalities
directly under the Central Government and nearly 30 million
doses have been given to over 15 million vaccinees. More than 20
clinical trials of its immunogenicity, reactogenicity, efficacy and
safety have been conducted in more than 7,000 Chinese subjects,
making it the most widely-studied Chinese domestic hepatitis A
vaccine.

This review summarizes the data accumulated during more
than a decade of clinical experience with the vaccine in China.
Original research papers, review articles, meeting report and
editorials in the public domain were reviewed. The literature
included data from clinical trials published since 2001, reviews of
the epidemiology of HAV disease and risk-factors for infection,
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cost-effectiveness studies and current recommendation for vacci-
nation. Information on safety was obtained from the safety moni-
toring system of Sinovac Biotech through reporting by healthcare
professionals. Immunogenicity is measured by the elicited sero-
conversion rate and the geometric mean concentration (GMC)
of antibody to HAV antigen (anti-HAV) measured at intervals
after vaccine administration. Seroconversion is defined as the
achievement of anti-HAV levels of > 20 mIU/ml, as determined
by enzyme-linked immunosorbent assay (ELISA) using commer-
cial Abbott’s AXSYM® HAVAB 2.0 quantification kit. To define
a protective antibody response, clinical trials with Healive® have
used the level = 20 mIU/ml, reference to other inactivated hepa-
titis A vaccines.?

Hepatitis an Epidemiology in China

Hepatitis A, one of the major public health problems world-
wide, is an acute infection of liver caused by the hepatitis A virus
(HAV). HAV is responsible for 1.4 million cases of hepatitis A
worldwide annually. In China, hepatitis A has long been a public
health concern. As early as in 1988, the largest documented hepa-
titis A outbreak in the world occurred in Shanghai, with more
than 300,000 persons infected, and with estimated direct costs
of $58 million and indirect costs of $64 million.> During 1990
to 1992, between 584 353 and 637 717 cases of hepatitis A have
been reported, with incidence in these years of 52.6/100,000,
55.7/100,000, and 52.1/100,000, respectively. Surveillance data
from the early 1990s also show that the highest incidence was in
children aged < 10 y (between 100-140/10%/yr), followed by per-
sons aged 10-19 y and 20-39 y (less than 40/10°/yr).> Thus, hep-
atitis A represents a substantial healthcare and economic burden.

In China, the most common recognized modes of transmis-
sion of hepatitis A outbreaks are ingestion of food and water, con-
taminated by hepatitis A virus,® as is the case in other countries.”
However, many individuals are likely infected through close
personal contact with an infected person.® In order to control
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Figure 1. Hepatitis A vaccine distributed by year: 1992-2007. Source: Chinese Domestic Biologic Companies. ‘

hepatitis A infections, an effective live, attenuated hepatitis A
vaccine was first licensed for private use (Class 2 vaccine, i.e., not
routinely recommended for childhood vaccination, and was avail-
able to persons willing to pay for vaccination.) since 1992,° and
inactivated vaccines became available in 2002.!° In 2008, China
has integrated hepatitis A vaccines into the National Expanded
Immunization Programme and provided free of charge to eligible
children beginning at the age of 18 mo. National vaccination
against hepatitis A not only is highly effective in preventing both
clinical hepatitis and in reducing disease spread, but also resulted
in robust health and economic benefits.!! On the other hand,
with continuing economic development of China during the past
20y, the quality of water, food, and sanitation has substantially
improved. Therefore, fewer people became infected through
water and food, and transmission through close contact was also
reduced due to improved sanitation and life style. The economic
growth also enhanced the national strength to afford large-scale
vaccination for hepatitis A.

According to Emergency Events Reporting System by Chinese
CDC, a dramatic decrease in reported hepatitis A cases in China
was observed during a recent 20 year period. The reported inci-
dence of hepatitis A has decreased rapidly from 56/100,000 in
1991 (584,353 cases) to 2.3/100,000 in 2011 (31,456 cases)."
Areas of high endemicity became areas of intermediate endemic-
ity and regions of intermediate endemicity have prevalent rates
previously associated with areas of low endemicity. During 1990
to 1994, the wealthier eastern provinces of China reported higher
incidence than those in western China, but the current incidence
in eastern China then declined more dramatically and was lower
than in western China. In addition, there were no significant
national differences in incidence by month or season; however,
there was a seasonal increase in hepatitis A outbreaks in April
and September each year. For age distribution of hepatitis A inci-
dence, the decline in incidence was seen in all age groups, most
dramatically among children younger than 10 y. Hepatitis A inci-
dence remains highest among children younger than 10 y, but
is only slightly lower among older age groups. Among reported
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cases in 2004 to 2007, 118,214 cases were farmers, 75,369 were
students, 28,459 were preschoolers, and 90,693 were classified
as other, accounting for 37.8%, 24.1%), 9.1% and 29% of cases,
respectively.’

The last two decades have shown that hepatitis A vaccination is
now playing a substantial role in the obvious epidemiological shift
in HAV infection in China. Between 1992 and 2007, 156 million
doses of hepatitis A vaccine were distributed (Fig. 1).> These vac-
cines have been used increasingly since 2000 to prevent hepatitis
A, mostly for school-aged children. The total vaccine distributed
from 2004 through 2007 (18 to 22 million doses each year) was
sufficient to vaccinate approximately 1 child birth cohort each
year (approximately 16 million children). Studies of population
vaccination with hepatitis A vaccine have highlighted the impor-
tance of herd immunity, which becomes apparent with coverage
0f 66% or higher.'>*? Thus, hepatitis A vaccine may have provided
significant protection to children, and to the entire population as
well.

Introduction of Chinese Domestic Inactivated
Hepatitis A Vaccine Healive®

Healive® was the first Chinese domestically produced inactivated
hepatitis A vaccine and was licensed in China in 2001. It filled
a domestic gap in which the commercially inactivated hepatitis
A vaccine is entirely dependent on imports before 2001. Sinovac
Biotech was the first in China to adopt the international advanced
level of the Cell Factory technology for viral culture. The strain
TZ84 of hepatitis A virus used for manufacture of Healive® was
cultivated in 2BS human fetal lung diploid fibroblast, then har-
vested, purified by chromatography, inactivated by formalin, and
adsorbed onto aluminum hydroxide. This allows large-scale pro-
duction, and the existence of a single serotype means that one
vaccine is effective against all wide type strains. The composition
of the vaccine includes HAV whole-virion antigen, aluminum

hydroxide, disodium hydrogen phosphate, sodium dihydrogen
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Table 1. Representative studies showing the immunogenicity of different dosages of Healive® administered according to different vaccination sched-

ules
Subjects Do(;a)ge Schedule N 1 mo after the 1st dose
Sero-conversion GMC
(Month) rate (mIU/ml)
Children 0,3 55 = =
1000
0,6 71 - -
0,3 57
500 91% 146
0,6 50
0,1 39 97%" 3711
500 0,3 31
99% 321
0,6 36
0,1 33 97%* 335%
250 0,3 34
96% 251
0,6 33
500 0,12 49 100% 370
250 0,12 36 94% 195
250 0,6 33 94% 382
125 0,1,6 32 63% 342
Adults 1000 0,3 16 94% 139
1000 0,6 32 88% 175
500 0,6 40 50% 159

Before the 2nd dose 1 mo after the 2nd dose Ref.
Sero-conversion GMC Sero-conversion GMC
rate (mIU/ml) rate (Miu/ml)
= = 100% 5106
= = 100% 7540
84% 180 100% 3269 10
97% 154 100% 4535
= = 100% 2800
= = 100% 6611
= = 100% 7154
14
= = 100% 1973
= = 100% 3265
= = 100% 5963
100% 456 100% 21696
100% 360 100% 14893 "
100% 391 100% 5963
100%* 531* 100%* 3170* e
100% 138 100% 1066 17
90.7% 264 100% 2747
65% 259 100% 1657 8

fFor vaccination schedule with 0 and 1 mo in 500U group, 2 weeks after the 1st dose; *For vaccination schedule with 0 and 1 mo in 250U group, 2 weeks
after the 1st dose; *For 125U group, before the 3rd dose; *For 125U group, Tmonth after the 3rd dose.

phosphate, sodium chloride, and water for injection. Healive®
was preservative-free, which can eliminate potential health dam-
age of ethyl mercury contained in thimerosal widely used as vac-
cine preservative and increase public confidence and compliance
to immunization practice.

In China, Healive® was licensed at a dose of HAV 250 U/0.5
ml for children from 1 to 16 y of age and 500 U/0.5 ml for
subjects aged 16 y and over in a two-dose regimen. A booster
dose is recommended at any time between 6 and 12 mo after
the primary immunization. There are two commercial packages
of the vaccine, including pre-filled syringes and vials. Pre-filled
syringes are user-friendly, enable exact dosing, and support safe
administration; however, vial packages reduce the cost of the
vaccine in order to make it available for children in economi-
cally underdeveloped regions.

In 2002, Sinovac Biotech designed, constructed and vali-
dated the production plant of the inactivated hepatitis A vaccine
in accordance with US. Food and Drug Administration (FDA)
and EU Good Manufacture Practices (GMPs) requirements,
and finally obtained the GMP certification and production
approval by the State Food and Drug Administration (SFDA),
China. Since then, Sinovac Biotech continued to develop and
improve internal production and quality management system
of the manufacture, and again fulfilled the requirement for the
manufacture of biological products by revised GMP guide-
line (2010 Edition) by SFDA. In 2011, the Chinese vaccine
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regulatory system passed the assessment by World Health
Organization (WHO) and was recognized to comply with
international standards for vaccine regulation. This means that
vaccine manufacturers in China are now eligible to apply to
WHO for prequalification of vaccines, and that vaccines pro-
duced in China will be eventually supplied through United
Nations agencies to developing countries. Therefore, Sinovac
Biotech is engaged in putting in place stricter quality manage-
ment system for vaccine production and plans to apply Healive®
for the prequalification by WHO in the next 1-2 years.

Immunogenicity of Healive®

The application for clinical trials of the inactivated hepatitis
A vaccine was approved by SFDA in 1998, following shortly
the imported inactivated hepatitis A vaccine (Havrix™,
GlaxoSmithKline Biologicals.) launched in China. The phase
[-IT studies have evaluated the immunogenicity of different
dosages (1,000 U, 500 U, 250 U and 125 U) of Healive® in
healthy adults (aged: 18-22 y old) and children (aged: 5-15 y
old) (Table 1). The eligibility criteria of subjects included axil-
lary temperature < 37°C, normal alanine aminotranserase (ALT)
as well as negative HBsAg and anti-HAV test. The results have
shown that = 250 U of this vaccine is highly immunogenic in
healthy adults and children, conferring protective immunity
against the disease 4 weeks after first administration. When first
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Table 2. Representative studies comparing the immunogenicity of Healive® with Havrix™

Subjects Vaccine Dosage Schedule N 1 mo after the 1st dose Before the 2nd dose 1 mo after the 2nd dose Ref.
- Sero- -
(Month) co:\?er:)sion (m?L,\J/}rCT1|) conversion (mcl:llrj/}rcnl) co:\/e;:)sion (MC?L,://l;I)
rate rate rate
Healive® 250U 0 208 100% 71.3 = = = = o
Havrix™ 720 EU 0 208 94% 67.3 ° - - -
0,1 33 97%% 335% = = 100% 1973
S - 0,3 34 _— - 100% 417 100% 3265
0,6 33 100% 391 100% 5963 14,22
Children 0,12 36 = = 100% 361 100% 14893
Havrix™ 720 EU 0,6 31 71% 158 71% 152 100% 1104
Healive® 250U 0,6 203 75% 29 98% m 100% 3450 .
Havrix™ 720 EU 0,6 98 52% 20 88% 47 100% 1467
Healive® 250U 0,6 72 = = 100% 134 100% 8905 -
Havrix™ 720 EU 0,6 75 - - 80% 41 100% 1901
Healive® 1000 0,3 16 94% 139 100% 138 100% 1066 e
Havrix™ 720 EU 0,3 15 73% 104 80% m 100% 761
Adults Healive® 500U 0,6 40 70% 159 65% 259 100% 1657 -
Havrix™ 720 EU 0,6 32 50% 173 69% 135 100% 1316

*For vaccination schedule with 0 and 1 mo in 250U group, 2 weeks after the 1st dose.

introduced in 2002, Healive® was recommended at a dose of 250
U/ml for children and 500 U/ml for adults in a two-dose admin-
istration regimen. And a second dose was recommended at any
time 6—12 mo after the primary immunization in order to ensure
long-term protection.

Recent data of the seroconversion rates following a single
administration of Healive® have indicated that the vast major-
ity of subjects seroconvert within 2 weeks of vaccination,” well
within the 28 d incubation period of the virus. In this clinical
trial to evaluate early sero-conversions in the first month follow-
ing immunization in children, seroconversion rates were 35%,
93% and 100% at 7 d, 14 d and 28 d, respectively. And GMC of
anti-HAV antibodies were 7.9, 73.3, and 71.3 mIU/ml, respec-
tively. This rapid response means that protection against HAV
can be provided within the incubation period for the infection,
which average 28 d. Consequently, successful prevention of
disease may also be achieved when the vaccine is administered
shortly after exposure.

The immunogenicity of Healive® has been compared with
Chinese live attenuated hepatitis A (H2 strain) vaccines within
controlled clinical trials. In a randomized, controlled clinical trial
in which children received a single dose of either H2 vaccine or
Healive®, seroconversion rates were 25% and 35%, respectively,
at 7 d; 90% and 93%, respectively, at 14 d; 98% and 100%,
respectively, at 28 d, with no significant difference.”” GMC in
recipients of H2 vaccine or Healive® were 6.3 and 7.9 mIU/ml,
respectively, at 7 d; 42.6 and 73.3 mIU/ml, respectively, at 14 d;
46.8 and 71.3 mIU/ml, respectively, at 28 d. Similarly, both vac-
cines induce equal immunogenicity in young adults.** Another
trial compared the immunogenicity of Healive® with H2 vac-
cine in children one year after one injection.’ Twelve months
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following immunization, 95.2% in the Healive® group had
sero-converted, compared with 91.1% in the H2 vaccine group.
However, GMC was significantly higher in the children vacci-
nated with the inactivated vaccine (101.7 mIU/ml) than that in
the children vaccinated with the attenuated vaccine (65.5 mIU/
ml). These results illustrate that both vaccines are similarly
immunogenic in children; however, whether there is the differ-
ence in long lasting immunity is still unknown.

Except live attenuated hepatitis A vaccines, a number of clini-
cal trials have also compared the immunogenicity of Healive®
with imported inactivated hepatitis A vaccine, Havrix™ (720
EU, GlaxoSmithKline). Currently, both vaccines are the major
licensed inactivated vaccine in China. The excellent and simi-
lar immunogenicity of the two vaccines has been demonstrated
(Table 2). Considering that both Healive® and Havrix™ have
a good safety profile and relative immunity protection, a ran-
domized clinical trial evaluated the interchangeability of both
vaccines in Chinese children.?* Vaccine was administered to 303
healthy children at 0 and 6 mo in one of four vaccine regimens:
Healive- Healive Healive- Havrix Havrix- Healive or Havrix-
Havrix. Following two-dose regimen, the seroconversion rate was
100% among all groups. The GMC after two doses of Healive
was 8,905.5 mIU/ml compared with 1,900.9 mIU/ml after two
doses of Havrix (p < 0.001). The GMC in the Healive- Havrix
group was 3,275.8 mIU/ml compared with 4,165.8 mIU/ml in
the Havrix- Healive group (p = 0.058). The results of this study
supported Healive® and Havrix™ are interchangeable for the
course of HAV immunization in Chinese children and therefore
provide latitude in vaccine choice. Vaccination can be accom-
plished using the same vaccine for both doses or a combination
of vaccines may be administered.
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Long-Term Protection

With the availability of Healive® 10 y ago, the persistence of anti-
bodies was estimated to be at least 5 y. Initial serological data
from 81 children vaccinated with different two-dose regimen (0,
3 mo; and 0, 6 mo) and subsequently followed to study anti-
HAV antibody persistence confirmed that all (100%) subjects
remained seropositive 3 y after the first vaccination, with GMCs
of 285 and 496 mIU/ml, respectively.”” In a recent follow-up
study of 410 healthy children given either 250 U of Healive® or
720 EU of Havrix™ at 0 and 6 mo, all subjects were seropositve
at 5 y following the last dose and GMCs were 341 and 412 mIU/
ml, respectively, at 3 y, 339 and 222 mIU/ml, respectively, at 4 y,
and 261 and 180 mIU/ml, respectively, at 5 y (unpublished data).
Considering that many mathematical models have predicted anti-
bodies induced by Havrix™ to persist for at least 20-25 y with-

26,27

out the need for periodic boosters,**?’ it is reasonable to deduce

the long-term persistence of protection of Healive® in children.
Booster Immunization of Healive®

In China, a live attenuated vaccine against hepatitis A has been
developed in 1988 and was then launched in 1992. Live, atten-
uated hepatitis A vaccine is recommended as a single dose to
children older than 18 mo. Until now, more than 100 million
Chinese received live attenuated vaccines. Although having low
cost and high immunogenicity, they have been gradually replaced
by inactivated vaccines due to concerns about the safety. Because
live attenuated vaccines induce 44.9-100% of seroconversion
rates and vaccine-induced antibodies with only 1 dose were lost
rapidly,?®®
perhaps might be considered as a viable backup plan, especially

an additional booster dose with inactivated vaccines

in the regions with higher HAV prevalence. In an open-labeled
study, 70 HAV-seronegative children who had received the live
attenuated hepatitis A vaccine within one year were administered
a booster dose of Healive®. The results showed that the longer the
interval between live attenuated hepatitis A vaccine administra-
tion and the Healive® boosting was, the higher the GMC levels
of anti-HAV antibodies were.*® This was in accordance with the
immune effect of dose of different schedules of Healive®. So, the
inactivated hepatitis A vaccine can be used as booster vaccination
to children who had received live attenuated hepatitis A vaccine
before to induce persistence of vaccine prevention.

Halting Outbreak of HAV Infection

Although hepatitis disease incidence has decreased, local out-
breaks remained common, particularly in western provinces. Of
the 154 reported outbreaks that occurred in 2004 to 2007, 76
occurred in high-incidence provinces, 44 in intermediate-inci-
dence provinces, and 34 in low-incidence provinces.” Moreover,
with vaccine protection loss, childhood vaccination would post-
pone natural infections commonly occurring in children to
adults, especially older individuals, leading to an increased the
probability of HAV outbreak." Thus, despite enhanced aware-
ness of preventive measures, hepatitis A outbreaks have been
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difficult to control. Although widespread post-exposure prophy-
laxis with IgG may decrease HAV transmission, it does not stop
the outbreak.?!

In a previous study to investigate the prophylactic use of atten-
uated 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
period of the attenuated hepatitis A 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 weeks, and the seroconversion reaches a
peak one month after administration.” It is generally recognized
that inactivated hepatitis A vaccine could provide good protec-
tion against hepatitis A after exposure to HAV.

The successful use of Healive® to control an outbreak
of HAV in underdeveloped cities and rural areas has been
reported. In September 2004, 172 cases of acute hepatitis A
were reported in 15 rural communities in Xiangshan country.
Among these, 66.9% (115/172) were school-age children. An
epidemiological survey showed the majority of students were
estimated to be at risk of acquiring HAV infection, with only
22.7% being seropositive. Within 15 d, 51,305 susceptible chil-
dren (75.5% of in-school students) were vaccinated and then
the peak of HAV outbreak began to decrease in 2 weeks after
the primary injection. Thus, a single dose of Healive® can halt
community outbreak of hepatitis A if enough susceptible indi-
viduals are vaccinated and can also prevent an epidemic from
becoming established in communities where only few cases of
HAYV infection have occurred.

The effectiveness of the vaccine was further evaluated during
an epidemic in Jiaxing country in 2006.* Two nonrandomized
controlled trials were conducted. In the first trial, inactivated
hepatitis A vaccine, Healive® was administered to the 108 indi-
viduals with close contacts of 25 hepatitis A patients reported
in September as post-exposure measure. Meanwhile, 115 close
contacts of 44 hepatitis A patients reported from June to August
were regarded as the untreated control. Within the 60 d obser-
vation period, 4 subjects (4/115) in the non-intervention group
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 cases (0/108) were observed in
the intervention group during the 60 d observation period. The
protective efficacy was 100% in those with close contacts. The
second trial was to evaluate the ability of a massive vaccination of
students to prevent the outbreak. The vaccination program was
performed in 3,365 students who were given one dose of Healive®
served as the vaccine group, with 2,572 students who did not
receive the vaccines as the control group. After the vaccination
for 3,365 students in early September 2006, only one hepatitis A
case was reported 3 d after injection, which was excluded from
the incidence analysis. Another 4 cases were detected between
September and December 2006 in the control group of 2,572
students. The protective efficacy was 100% in students who
received vaccination.
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Table 3. Representative studies evaluating the safety and tolerability of Healive® with Havrix™

Period Investigators Subjects Vaccinees (N)
1999 Chinese CDC Adults 16
1999 Chinese CDC Children 275
2000 Chinese CDC Children 206

2000-2001 Chinese CDC Children 65
2001-2002 Chinese CDC Children 85
2001 Chinese CDC Adults 72
2001 Chinese CDC Children 42
2002 Dalian CDC Children 91
2002 Hangzhou CDC Adults 3
Children 102
2002-2003 Chinese CDC Adults 246
Children 171
2002-2003 Chinese CDC Adults 213
2004-2005 Langfang CDC Adults >3
Children 220
2004-2005 Liaocheng CDC Children 2989
2005 Jingmen CDC Children 518
2006-2007 Changzhou CDC Children 300
2008 Tianjing CDC Children 165
2008 Nanchang CDC Children 159
2010 Tianjing CDC Children 227
2010 Chinese CDC Children 208
2011 Guangdong CDC Children 136
2011 Yantai CDC Children 104
Total 6736

Protection of HBsAg Positive Children

Acute HAV infection superimposed on chronic hepatitis B infec-
tion is associated with more severe disease and a higher case fatal-
ity rate than acute HAV infection alone. During the epidemic in
Shanghai, China in 1988, 15 deaths were reported due to HAV
superimposed on HBV infection.? A clinical trial has evaluated
the safety and immunogenicity of Healive® in HBsAg positive
and anti-HAV antibody negative children, without ALT abnor-
mality and clinical symptoms.”® 42 children aged 4-10 y old
were divided into four groups to be administered the 250U dose
vaccine according to 0 and 1, 0 and 3, 0 and 6, 0 and 12 mo
schedules, respectively. The positive seroconversion rates of anti-
HAV antibody were 100% in all four groups one month after the
first dose. No significantly statistical differences were observed in
the immune response between HBsAg positive children and the
healthy children of the same age one month after two-dose vac-
cination. Most adverse reactions were mild and ALT levels were
not significantly increased at any time during follow-up. Thus,
Healive® was indicated to be safe and effective to HBsAg positive

children.
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Doses (n) Number of AR Incidence (/dose) Ref.
32 3 9.4% 17
548 21 3.8% 10
512 13 2.5% 14
162 3 1.9% 16
170 1 0.6% 15
144 8 5.6% 18
84 0 0 35
182 n 6.0% 39
73 (0] 0
102 3 2.9% 40
738 18 2.4%
513 7 1.4% 4
490 34 6.9% 42
106 0 0
440 1 0.2% ”
5089 30 0.6% 44
1036 14 1.4% 45
596 8 2.6% 23
165 16 9.6% 21
237 5 2.1% 20
295 18 6.1% 24
208 50 24% 19
136 18 13.2% 46
104 5 4.8% 47
12162 287 2.4%

Cost-Effectiveness

Economic model assessments in some developed and developing
countries showed that widespread childhood vaccination could
be costeffective,’*?® and immunization programs in several
populations have significantly reduced hepatitis A rates. In 2008,
an analysis using the Markov model was performed to evaluate
whether universal childhood hepatitis A vaccination is advisable
now in China." In the study, a single cohort of 1,000,000 healthy
children was enrolled in 2005 and administered the Chinese inac-
tivated vaccine with vaccination scheduled at ages 12 and 18 mo.
The authors compared vaccination with no vaccination using the
identical model structure, and evaluated the cost-effectiveness of
vaccination from the health system and the societal perspectives.
The analysis was run separately in five regions (covering all the 31
provinces of Mainland China) defined by anti-HAV prevalence
(around 50%, 50-69%, 70-79%, 80—-89% and 90%-). The
study projects that with the Chinese low-cost vaccine, vaccina-
tion could gain quality adjusted life years (QALYs) through the
whole country and save health system or societal costs in the low-
est, lower, intermediate and higher infection regions. Vaccination
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Healive Under Registration

Figure 2. Marketed and registration status of Healive outside China (Updated on June, 2012). ‘

should also be cost-effective in the highest infection region
because of low additional costs per QALY gained. The trend that
the lower infection level the region has, the more cost-effective
vaccination would be is obvious.

Safety and Tolerability of Healive®

The majority of vaccinees experience no undesirable effects. In
21 postlicensure studies conducted in 16 cities, involving 6,736
subjects given 12,162 doses of vaccine, 287 vaccinees reported
systemic and local adverse reactions and no serious adverse reac-
tions were observed in the 3 d following injection (Table 3).
Most reactions were mild and resolved spontaneously and
included fever and injection site pain. The post-marketing safety
monitoring system of Sinovac Biotech noted 70 spontaneous
reports of adverse reactions from 2002 May to 2011 Dec during
which approximately 15 million subjects received 2.85 million
doses, with the frequency of adverse reactions less than 0.25/10°
doses. Of these, 68 adverse reaction reports, including 11 serious
adverse reactions, came from children given 2.72 million doses;
and 2 reports without serious adverse reactions came from adults
given 0.13 million doses.

Domestic and International Market Expansion

Since the implementation of the batch release by SFDA, China,
in 2006, the total amount of hepatitis A vaccine batch release
substantially increased from 8.89 million in 2006 to 32.64 mil-
lion in 2009. The amount of inactivated hepatitis A vaccine

1842 Human Vaccines & Immunotherapeutics

batch release was 5.88 million doses in 2006 and 13.93 million
doses in 2009, with an increase of 1.5 times. During the period,
a total of 24.16 million (i.e., 3.17 million in 2006, 7.76 million in
2007, 5.93 million in 2008, and 7.30 million in 2009) Healive®
has been approved for batch release, accounting for 57.1% per-
cent of the total amount of inactivated hepatitis A vaccines, and
the batch release amount of four consecutive years ranked the
first. The production capacity of inactivated hepatitis A vaccine
Healive® has reached 20 million / year.

With the successful increases in domestic market, Sinovac
started to explore international market opportunities with
Healive® since 2008. Presently Healive® has been marketed in
Nepal and Mongolia in 2009. Since then, more than 250,000
doses of Healive® have been distributed in these two countries.
No severe adverse reactions have been reported to date. In addi-
tion, Healive® is being registered in other seven countries (as
shown in Fig. 2), most of which are developing or less developed
countries in South East Asia, Africa, Southern America and West
Pacific regions.

The Recommendations For Use in The Future

Over the past decade, China has been experiencing an epidemio-
logical shift from high- to intermediate-hepatitis A endemicity.
Fewer young children are infected due to universal vaccina-
tion, but because relatively high levels of circulating hepatitis A
virus persist, the disease burden from hepatitis A paradoxically
increases as greater numbers of older children and adults who
lack immunity become infected and have symptomatic illness.
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This is a global occurrence and disease outbreaks associated with
this phenomenon have been seen in South America, central Asia,
and elsewhere. In some areas with low incidences in China, hepa-
titis A incidence peak begins to shift to individuals with 20-40
y old.*** Infection in young children is generally asymptomatic,
while in older children and adults, infection is usually accompa-
nied by symptoms, and can lead to severe illness. Previous studies
have shown that HAV infection in adulthood is symptomatic in
75% to 90% of cases, and case fatality rates exceed 2.1% among
those aged 40 y or older.* Thus, although levels of endemicity
fall, hepatitis A can impose a serious healthcare and economic
burden. Strategies for catch-up immunization may be considered
as components of universal immunization programs. However,
currently available data from the United States, Israel, and some
European countries suggest that there is a significant herd-
immunity effect associated with immunization of young children
against hepatitis A. The programmers for catch-up immuniza-
tion will await further surveillance to determine if the indirect
effect on older, nonimmunized groups continues.

Overall, future directions in the development of Healive® are
therefore likely to focus on: continued evaluation of safety for
at-risk individuals, maximizing the potential for flexibility of the
vaccination schedule, exploring the effectiveness of a single-dose
administration and the continuing development of combination
vaccines, such as the combined hepatitis A and hepatitis B vac-
cine, Bilive™. Such combination vaccines increase the comfort
of vaccines, have the potential to reduce costs associated with
vaccination, and contribute to further expanding the potential
applications of this vaccine.
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