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Recombinant hepatitis B vaccines are of the A2 genotype; one of ten known genotypes whose
distribution varies globally. Reports of rare HBV infections in blood donors with an imbalance
of non-A2 genotype HBV in vaccinated subjects have raised questions about the cross-protection
afforded by HBV-A2 vaccines. Infections in HBV vaccinees were asymptomatic and transient,
indicating that vaccination prevented clinical disease. Preclinical data demonstrate cross-reactivity
and cross-protection by A2 vaccines against non-A2 HBV genotypes. Substantial improvements
in HBV control have been demonstrated in countries with diverse genotype distribution that
have introduced universal childhood HBV vaccination programs. Available data show that current
HBV-A2 vaccines are highly effective in preventing infections and clinical disease caused by all

known HBV genotypes.
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The global burden due to HBV

One third of the world’s population is estimated
to have been infected by HBV [1]. Each year
approximately 620,000 individuals die from
HBV-related illnesses, including acute fulmi-
nant infection, cirrhosis and hepatocellular
carcinoma [1,2]. In countries of moderate HBV
endemicity (population seroprevalence of HBV
surface antigen [HBsAg] between 2 and 7%)
or high endemicity (8% or higher of the popu-
lation HBsAg positive) [1], transmission most
frequently occurs either by perinatal transmis-
sion or horizontally during early childhood.
The outcome of infection is related to the age at
which infection occurs, with up to 90% of peri-
natally acquired infections becoming chronic
(3]. By contrast, approximately 30% of infec-
tions acquired before the age of 6 years become
chronic, and the risk decreases further with
increasing age [3]. Approximately 21% of deaths
from HBV-related diseases occur in individuals
who were infected perinatally and 48% of deaths
occur in individuals who were infected during
early childhood [2]. Thus, prevention of HBV
infection by vaccination is most successful when
it targets infants, and when prevention begins
with administration of the first dose of HBV
vaccine soon after birth. In the most optimal
scenario (i.e., administration of birth dose and

high vaccine coverage), mathematical modeling
suggests that as many as 84% of HBV-related
deaths could be prevented by vaccination [2].

Vaccination against HBV began 30 years
ago with availability of plasma-derived, inacti-
vated HBsAg vaccines. Soon after, recombinant
HBsAg expressed in yeast cells led to the produc-
tion of vaccines that are currently used in most
countries, either alone or in combination with
other pediatric vaccine antigens.

Hepatitis B vaccination

Immunization of infants with HBV vaccines
was advocated by the WHO [4]. In 1992, the
WHO World Health Assembly endorsed the
recommendation for the integration of HBV
vaccination into national immunization pro-
grams in all countries by 1997 [s]. Relatively
slow global uptake of vaccination was revital-
ized by initiatives driven by the Global Alliance
for Vaccines and Immunization (GAVI), which
was established in 1999 [6]. Development of vac-
cines combining HBsAg with antigens, such as
diphtheria, tetanus and pertussis, already rou-
tinely recommended during infancy, facilitated
uptake [7]. In 2008, universal childhood HBV
vaccination programs existed in 177 countries
(8]. Universal infant vaccination against HBV
is cost effective in countries of high HBV
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endemicity [9]. Although more costly in countries of low ende-
micity, the cost-benefit of universal HBV vaccination in these
countries compares favorably with other preventative healthcare
programs [10-12]. Since the onset of vaccination, significant reduc-
tions in morbidity and mortality due to HBV have been recorded,
most strikingly in countries of high HBV endemicity [13].

Hepatitis B genetic diversity

HBYV is a small dsDNA virus. Classification is into serotypes (and
subtypes) based on antigenic B-cell epitopes that map to enve-
lope proteins, or into genotypes according to the entire genomic
sequence. There are ten recognized genotypes (A-J). The HBV
genome contains four open reading frames, one of which, the
Pre S/S gene, encodes three coterminal glycoproteins — large
(L), middle (M) and small (S) surface protein. The S protein,
better known as HBsAg, is the target of the protective humoral
immune response in humans induced by vaccination. HBsAg
contains a cluster of conformational B-cell epitopes that map
to the so-named a determinant region (at amino acid positions
121-149), which comprises two loop structures and is common
to all serotypes and genotypes of HBV. There are at least four
subdeterminants, 4 or y and r or w: 4 or y are determined by
variation at amino acid position 122, ris determined by variation
at position 160 and w is determined by variation in up to four
amino acid positions [14]. All & subtypes have a lysine at position
122, whereas an arginine is present in all y subtypes. All w sub-
types carry a lysine at position 160 and all 7 have an arginine at
this position [15]. Based on different potential combinations of the
above allelic variations, HBV serotypes can be divided into adr,
adw, ayr or ayw, with further division into a total of ten serological
sub-subtypes. Although this is an apparently complex classifica-
tion, two simple concepts need to be kept in mind: first, that the
a determinant region is common to all the different serotypes
and genotypes of HBV; and second, that this region is pivotal
in conveying protection against HBV infection. Over 90% of
human HBsAg-specific serum antibodies and human B-cell lines
isolated following HBsAg vaccination are directed toward the 2
determinant [16,17].

The distribution of the known HBV genotypes has recently
been reviewed [18,19]. The distribution of the ten known geno-
types varies markedly both within and between continents, and is
thought to be influenced by immigration (Ficurs 1) (18]. Genotype A
is prevalent in North America, parts of South America, sub-
Saharan Africa, northern and western countries in Europe and
is also found in Australia. Genotypes B and C are common in
Asia and North America. Genotype D is widespread, found com-
monly in all parts of Europe, North Africa and the Middle East
and some parts of South East Asia. Genotype E is found mainly
in West Africa, whereas genotype F is prevalent in Central and
South America. Genotype G is rarely detected in most regions.
Genotype H is found mainly in Central America. Recently,
molecular and phylogenetic analyses characterized two new HBV
genotypes: the first designated as genotype I, in Vietnam and Laos
(20-22], and the second as genotype J in Japan [23]. Some evidence
suggests that the severity of clinical disease may be influenced by

HBV genotype [24], but the risk of disease progression and devel-
opment of HCC for individual serotypes appears to be regional
(19], and more evaluation is needed before implications of infecting
genotype for treatment options become clear.

Do recombinant A2-derived HBV vaccines protect
against infection due to other genotypes?

All currently available genetically engineered HBV vaccines are
produced with the A2 genotype, serotype adw. The humoral
immune response following vaccination with recombinant HBV
vaccines is largely directed against the common a determinant, with
a lesser response directed against the 4/y and r/w subdeterminant
epitopes [16,17].

The ability of A2-derived HBV vaccines to protect against non-
A2 HBV genotypes has recently been brought into question fol-
lowing the publication of a study of 3.7 million blood donors in
the USA [25]. In this study, specimens from all blood donations
collected in 2008 were screened for HBsAg, anti-HBc (HBV core
antibody) and HBV DNA. Nine HBsAg-seronegative individu-
als were found to have circulating HBV DNA. Six of the nine
had been vaccinated with HBV vaccines and four vaccinees had
anti-HBs >10 mIU/ml (range: 11-96 mIU/ml). The viral load
was very low in all subjects (11-86 IU/ml), and in seven indi-
viduals with available follow-up samples, the duration of detect-
able viremia ranged between 34 and at least 137 days. Although
acute infection (positive for anti-HBc IgM) was demonstrated
in eight of the nine donors, evidence of clinical infection only
developed in the unvaccinated donors. Infections in vaccinated
individuals were subclinical and transient. All three unvaccinated
donors and one of the six vaccinated donors were infected with the
A2 genotype. The genotypes infecting the other five vaccinated
individuals were C2, F1, B2, 6D-2A2 and 7D-4A2-1A2/D. The
authors concluded that while breakthrough infections with non-
A2 genotypes were recorded in HBV vaccinees, HBV vaccination
prevented clinical disease. In addition, their findings suggested
that the vaccine may be less effective for non-A2 infections. In
view of the variability in genotype distribution globally, any gap in
the efficacy of A2 vaccines has potentially important implications
for the ongoing protection of populations against HBV infection
and its consequences.

In order to address the questions raised by the study of US
blood donors, we reviewed the available evidence to evaluate the
ability of current vaccines to protect against infections and clini-
cal disease caused by non-A2 genotypes. Our approach was first
to assess preclinical data on cross-serotype protection by current
HBYV vaccines, and second to review effectiveness studies of HBV
vaccination in different geographic areas where non-A2 genotypes
are prevalent.

In vitro & preclinical evidence in support of
cross-genotype protection

Following vaccination the dominant response is directed towards
the @ determinant, common to all genotypes of HBV. In one anal-
ysis of sera from vaccinees receiving three doses of HBV-A2 vac-
cine, over 90% of HBsAg-specific antibodies were directed to the

1710

Expert Rev. Vaccines 10(12), (2011)



Hepatitis B vaccine effectiveness in the face of global HBV genotype diversity

HBsAg
B >8%
kY » [ 2-7%
i ] >2%

@ HBV/A [@ HBV/E
M HBv/B [ HBVF %
B HBv/.C [ HBV/G
0 vevD M HBVH

Figure 1. Geographical variation in the prevalence of HBV genotypes A-H. Results of a review of genotyping results from 45,000

HBV-infected individuals over a 10-year period.
HBsAg: HBV surface antigen.
Reproduced with permission from [18].

a determinant, with the remainder being specific for the 4 deter-
minant [16]. 1 month after the first vaccine dose approximately
65% of anti-HBs antibodies have anti-a specificity. This increases
to more than 90% after the third dose [26]. Similarly, a study
investigating antibody specificity in B-cell lines derived from the
blood of 34 vaccinated individuals showed that of 222 lines iso-
lated, 97% were found to be a-specific, 2% were directed towards
the 4 determinant and less than 1% towards w [17].

A human monoclonal antibody derived from a subject vac-
cinated with an HBV vaccine (adw) showed equivalent binding
activity against adw, ayw and adr viral particles [Leroux-RoeLs G,
COOREMAN M, PAULY W ET 4L., UNPUBLISHED DATA]. Slmllarly, polyclonal
sera from five vaccine recipients showed reactivity against viral
particles from the same three subtypes, albeit with some donor-
to-donor variability in the response profiles [Leroux-Roers G,
COOREMAN M, PauLy W ET 4., UNPUBLISHED DATA]. Monoclonal anti-
bodies specific for the 2 determinant are capable of protecting
chimpanzees against challenge with diverse serotypes of HBV.
A human monoclonal antibody mapping to the # determinant
neutralized HBV (adw) challenge virus and protected animals
from infection [27]. In an earlier study, a single a-specific mouse
monoclonal antibody neutralized challenge with both HBV adr
and ayw serotypes [28]. Cross-serotype protection against sero-
type ayw was demonstrated in chimpanzees vaccinated with a
recombinant DNA HBV (adw) vaccine. Vaccination conveyed

full protection against infection for 1 year, whereas unvaccinated
controls rapidly developed signs of hepatitis B infection [29].

Impact of hepatitis B vaccination
Countries that have a distinctive genotype distribution and
were early to adopt universal infant HBV immunization include
Taiwan (1984), Thailand (1991), China (1992), the Gambia
(1990) and South Africa (1995).

Taiwan is a good example of a highly endemic country with
a substantial reduction in HBV achieved through universal
childhood vaccination. HBV is highly endemic in Taiwan, with
chronic carriage evident in as many as 20% of adults [30]. In
Taiwan, 80% of infections are due to genotype B and the remain-
ing 20% due to genotype C [31]. HBV vaccination of infants
born to HBV carrier mothers was introduced in Taiwan in 1984,
and universal vaccination of infants began in 1986 [32]. Plasma-
derived HBV vaccines were used until 1991 and recombinant
vaccines thereafter. The overall prevalence rate of HBsAg sero-
positivity in children younger than 12 years of age decreased from
9.8 to 1.3% after 10 years of systematic vaccination of children
(33]. In the same children, the overall prevalence rate of HBV
core antibody (anti-HBc) decreased from 26 to 4.0% between
1984 and 1994.

Marked reductions in HBsAg seroprevalence and in HCCs in
vaccinated cohorts have also been observed in Thailand where
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genotypes B and C are also prevalent [34.35]. Moreover, protection
against clinical HBV in Thailand has been documented for at
least 20 years after the introduction of routine infant vaccination
(36]. In China where genotype C and B predominate, a universal
childhood vaccination program was implemented in 1992, with
pronounced effects due to high vaccine coverage achieved [37].
A recent sero-epidemiological survey reported that in 2006,
HBsAg seroprevalence was 2.1% in vaccinated individuals com-
pared to 9.4% in unvaccinated individuals [38]. HBsAg seroprev-
alence was 1.0% in children born after 1999 [39]. In the Gambia,
genotype E accounts for more than half of HBV infections [13].
Since the introduction of routine infant and childhood vaccina-
tion in 1986, childhood HBsAg seroprevalence decreased from
10 to 0.6%, with an estimated efficacy of vaccination against
HBV carriage of 94% [40]. In highly endemic South Africa where
genotypes Al and D predominate [41], evidence of the impact of
routine vaccination was demonstrated by a significant decrease
in the incidence of HBV-associated membranous nephropathy
(a complication of acute HBV infection) among children at a
single hospital in 2000-2001 as compared with incidence during
the prevaccination era [42].

Recent case reports of acute [43] and chronic [44] HBV infection
with genotype F suggest that current recombinant vaccines may
not confer significant protection against infections with HBV
genotype F. Genotype F is predominant in indigenous popula-
tions in Central and South America. To our knowledge, com-
parable population-level data on the impact of universal infant
vaccination is not available for countries in this region, but several
studies have demonstrated a reduction in HBV infection following
vaccination with recombinant vaccines in Peru [45], Venezuela [46]
and Brazil [47). Moreover, a recent analysis of the 2 determinant
of HBsAg in 21 Chilean patients chronically infected with HBV
genotype F revealed that none of their isolates contained changes
that would affect binding to vaccination-associated anti-HBs [48].

In Alaskan natives, genotypes A2, B6, C2, D and F1 circulated
prior to vaccination [49]. 25 years after onset of universal vac-
cination, HBsAg seroprevalence in Alaskans less than 20 years
of age decreased from 3.2% in 1983-1987 to <1% in 2008 [49].
Moreover, the incidence of HCC in the same age group decreased
from three per 100,000 to zero per 100,000 population, with no
HCC cases reported since 1999 [49].

Effects of HBV vaccination have also been documented in
countries of low HBV endemicity with universal infant immu-
nization programs. In the USA for example, where infant vaccina-
tion began in 1991, the incidence of acute hepatitis B decreased
from 8.5 per 100,000 population in 1990 to 1.3 per 100,000
population in 2009, with the greatest declines over time observed
in children less than 15 years of age [50.101].

Irrespective of the worldwide diversity of HBV genotypes, it
is clear that substantial reductions in the disease burden have
resulted from long-standing policies of universal childhood HBV
vaccination. Because effectiveness studies of HBV vaccination
tend to focus on a single country, a mathematical model based
on epidemiological data was developed to estimate the global
HBV disease burden and vaccination impact [2]. For the year

2000, the model estimated that 620,000 persons died worldwide
from HBV-related causes: 94% from cirrhosis and HCC caused
by chronic infection, and the remainder from fulminant HBV.
During the lifetime of the year 2000 worldwide birth cohort,
the model estimated that without vaccination 64.8 million per-
sons would become HBV-infected and 1.4 million persons would
die from HBV-related disease. The model estimated that rou-
tine infant hepatitis B vaccination, with 90% coverage and the
first dose administered at birth, would prevent 84% of global
HBV-related deaths.

Expert commentary
Studies in countries of low, medium and high HBV endemicity
have shown substantial decreases in HBsAg infection, chronic
carriage and HBV-related complications, including HCC, after
the introduction of universal infant vaccination against HBV. The
success of currently used HBV A2-based vaccines in improving
HBYV disease control is unqualified, and has been observed equally
across regions, regardless of HBV genotype. Thus, the continued
success of HBV vaccination will not depend on vaccine genotype,
but on the successful implementation of vaccination strategies. To
this end, programmatic issues, such as integrity of the cold chain
during transport and storage, appropriate vaccination scheduling,
including commencement of vaccination at birth, and access of
the whole population to vaccination, remain critical to success [1].
As yet, few studies have evaluated HBV genotype distribution
before and after implementation of widespread HBV vaccination.
In Japan, where genotypes B and C predominate, vaccination has
not been associated with a change in the distribution of these
genotypes to date [51]. A Taiwanese study that determined the
infecting genotype in immunized and unimmunized children
showed that immunized infants of mothers with genotype C
infection were more likely to develop breakthrough infection
than infants born to mothers infected with genotype B (31]. The
authors postulated that this might be due to higher viral loads
typically associated with genotype C infection in mothers, mean-
ing that exposure to higher genotype C viral loads during the
perinatal period is more likely to result in infection than exposure
to lower loads of genotype B [31]. This study suggests that immu-
nization may modulate HBV genotype distribution, but that this
is unlikely to be due to a failure of vaccination to protect against
genotype C, and rather it is most likely a function of viral load
at the time of exposure. This hypothesis is supported by data
from a prospective study conducted in Taiwanese men in whom
carriage of genotype C infection was associated with higher viral
load and higher risk of development of HCC [52], and by observa-
tions made by Stramer ez a/., in which index cases (partners of
HBV DNA-positive blood donors) all had high viral loads [2s].
The importance of occult HBV infections (generally defined as
individuals with detectable HBV DNA in whom HBsAg is absent
53]) on an individual level and on a population level is still unclear.
Transmission of HBV from individuals with occult infections has
been documented [54.55]. Occult HBV infections appear to have
minimal clinical effects in healthy individuals, but individuals
who are immunosuppressed or who have underlying liver disease
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are at higher risk of fulminant hepatitis B or progression to cir-
rhosis [54,55]. In US blood donors, an imbalance in the occurrence
of nongenotype A2 infections in HBV-infected vaccinated blood
donors versus nonvaccinated infected blood donors was noted
(25]. The A2 vaccine was able to modify the course of infection
in all subjects. Further studies are needed to evaluate the risk of
HBV transmission in HBV DNA-positive vaccinated individuals.

Preclinical in vitro and in vivo data predict that HBV A2-based
vaccines are likely to provide broad protection against other
HBV genotypes in humans. Clinical vaccine effectiveness data
in regions where non-A2 genotype are prevalent show that there
is a significant benefit for cross-protection against other genotypes
of the virus afforded by HBV A2 genotype vaccines. The available
data to date suggest that current HBV A2 vaccines are highly
effective against all of the known HBV genotypes.

Five-year view

Significant progress has been made in HBV prevention globally.
Nevertheless, in some regions the burden of disease from HBV
remains high, and continued advancement of prevention through
vaccination is needed [19]. In 2009, the WHO estimated that 70%
of children aged less than 1 year had received three doses of HBV,
although there is substantial variation in coverage across regions
(102]. The next 5 years will see continuing efforts by GAVI to
promote HBV vaccination in the world’s poorest countries, and
a progressive increase in the number of countries implementing
universal infant HBV immunization programs. Studies assessing
the effect of vaccination on genotype distribution will continue to
expand our knowledge of the effectiveness of HBV A2 vaccines.
The problem of the detection and management of occult HBV

infections will continue to be studied and our understanding of
the clinical implications of occult infection in vaccinated subjects
will improve. The cost—benefit of using expensive nucleic acid
testing screening methods to detect rare cases of occult HBV
infection in donated blood is poor [s6], and facilitating high HBV
vaccine coverage in populations is likely to be more effective in
preventing clinical HBV. However, screening for occult carriage
may be more relevant in tissue or organ donors because transmis-
sion of HBV to immunosuppressed organ recipients has been
demonstrated [54,55].
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Key issues

e All currently available genetically engineered HBV vaccines use the A2 genotype, serotype adw.

¢ A study showing occult HBV infections in US blood donors demonstrated that none of the unvaccinated donors versus five out of six
vaccinated donors had non-A2 HBV infections, raising the question of whether available A2-based HBV vaccines are able to fully

protect against infections caused by different HBV genotypes.

e Preclinical in vivo and in vitro data show cross-reactivity and cross-protection by A2 vaccines against non-A2 HBV genotypes.
e The implementation of universal hepatitis vaccination in most countries has substantially reduced the prevalence of HBV over the last

decades, irrespective of genotype distribution.

¢ Limited available studies undertaken before and after implementation of widespread HBV vaccination have not linked vaccination to

changes in genotype distribution.

e Available data suggest that current HBV-A2 vaccines afford cross-protection against non-A2 genotypes and are highly effective in
preventing infections and clinical disease caused by all of the known HBV genotypes.

Ongoing evaluation of potential associations between changes in genotype distribution and vaccination is needed. Further studies to
understand the clinical implications of occult infection in vaccinated subjects are needed.

References
Papers of special note have been highlighted as:

¢ of interest

es of considerable interest

1

WHO. Hepatitis B vaccines: WHO
position paper — recommendations. Vaccine
28, 589-590 (2010).

Goldstein ST, Zhou F, Hadler SC, Bell BP,
Mast EE, Margolis HS. A mathematical

model to estimate global hepatitis B disease
burden and vaccination impact. /nz. J.

Epidemiol. 34, 1329-1339 (2005).

Hyams KC. Risks of chronicity following
acute hepatitis B virus infection: a review.
Clin. Infect. Dis. 20, 992-1000 (1995).
Progress in the control of viral hepatitis:

memorandum from a WHO meeting. Bull.

World Health Organ. 66, 443—455 (1988).

Expanded programme on immunization.
Global advisory group — part I. Wkly
Epidemiol. Rec. 67, 11-15 (1992).

Kane MA, Brooks A. New immunization
initiatives and progress toward the global
control of hepatitis B. Curr. Opin. Infect.
Dis. 15, 465-469 (2002).

Aristegui ], Usonis V, Coovadia H ez al.
Facilitating the WHO expanded program

WWW.expert-reviews.com

1713



Cassidy, Mossman, Olivieri, De Ridder & Leroux-Roels

of immunization: the clinical profile of a 18 Kurbanov F, Tanaka Y, Mizokami M. 27 Kim SH, Shin YW, Hong KW ez al.
combined diphtheria, tetanus, pertussis, Geographical and genetic diversity of the Neutralization of hepatitis B virus (HBV)
hepatitis B and Haemophilus influenzae human hepatitis B virus. Hepatol. Res. 40, by human monoclonal antibody against
type b vaccine. Int. J. Infect. Dis. 7, 14-30 (2010). HBV surface antigen (HBsAg) in
143-151 (2003). es Overview of hepatitis B genotypes and chimpanzees. Antiviral Res. 79, 188—191

8  WHO Department of Immunization, their global distribution. (2008).

Vaccin.es a'nd Biologicals. World Health 19 Te HS, Jensen DM. Epidemiology of 28 Iwarson.S, Tabor E, Th.()fnas HC et al.
Organization (WHO) vaccine-preventable hepatitis B and C viruses: a global Neutralization of hepatitis B virus
diseases: monitoring system. 2009 global overview. Clin. Liver Di:. 14. 1-21 infectivity by a murine monoclonal
summary. WHO, Geneva, Switzerland (2010) ' ' T antibody: an experimental study in the
(2009). : o chimpanzee. J. Med. Virol. 16, 89-96

9  Hung HF, Chen THH. Probabilistic * }?ver:fwBof thetglobal C.l:::rllfmtlon of (1985).
cost—effectiveness analysis of the epa.f; 18 .geno ypes with a focus on 29  Schellekens H, de Reus A, Peetermans JH,
long-term effect of universal hepatitis B spectlic regions. van Eerd PA. The protection of
vaccination: an experience from Taiwan 20 YuH, Yuan Q, Ge SX ez al. Molecular chimpanzees against hepatitis B viral
with high hepatitis B virus infection and and phylogenetic analyses suggest an infection using a recombinant yeast-derived
hepatitis B e antigen positive prevalence. additional hepatitis B virus genotype “I”. hepatitis B surface antigen. Postgrad.
Vaccine 27, 6770—-6776 (2009). PLoS One 5, €9297 (2010). Med. J. 63(Suppl. 2), 9396 (1987).

10 Maclntyre CR. Hepatitis B vaccine: risks 21 Jutavijittum P, Olinger C, Hubschen ], 30 Chan C, Lee S, Lo K. Legend of hepatitis B
and benefits of universal neonatal Yousukh A, Smountry B, Thammavong vaccination: the Taiwan experience.
vaccination. /. Paediatr. Child Health 37, T. Molecular phylogeny of hepatitis B J. Gastroenterol. Hepatol. 19, 121-126
215-217 (2001). virus in Laos reveals multiple subtypes of (2004).

11 Hollinger FB. Comprehensive control (or end«lemlf:ﬁgirllotype.s, nurzerous . 31 Wen WH, Chen HL, Ni YH et 4/. Secular
elimination) of hepatitis B virus unc alss1 a ;stramsbfm .a gm“fuﬁg trend of the viral genotype distribution in
transmission in the United States. Gur pr;va er(;ce ot recom 1rzlat10ns Wlt_ lm children with chronic hepatitis B virus
38(Suppl. 2), S24-S30 (1996). sub-an gcnotype's anda potential new infection after universal infant

genotype. Proceedings of the Molecular immunization. Hepatology 53, 429—436

12 Krahn M, Detsky AS. Should Canada and Biology of Hepatitis B Viruses. Rome, ltaly, oo - Hepatoiogy 55,
the United States universally vaccinate 16-20 September 2007. ( )-
infants against hepatitis B? A cost— ) 32 Chang MH, You SL, Chen CJL et al.
effectiveness analysis. Med. Decis. Making 22 Tran IFTH’ Trl;:,h TN, Abe K. N?W Decreased incidence of hepatocellular
13, 4-20 (1993). comp.e.x reconm 1.nant -genopre.O carcinoma in hepatitis B vaccinees:

hepatitis B virus identified in Vietnam. 20 foll dv. 7. Natl C.

13 Zanetti AR, Van Damme P, Shouval D. 7. Virol. 82, 5657-5663 (2008). a £U-year follow-up stu y] atlk Cancer
The global impact of vaccination against T K. Tanaka Y. Kurb F / Inst. 101, 13481355 (2009).
hepatitis B: a historical overview. Vaccine 23 Aatcmat.su i anafﬁ ’ _l%r l;m(.)v et ar. 33 Chen HL, Chang MH, Ni YH ez al.

26, 6266—6273 (2008). d.genetlc \;atlat}{t ° ciatltls vlcrlus Seroepidemiology of hepatitis B virus
ivergent from known human and ape . U .

*  Global summary of the impact of genotypes isolated from a Japanese patient mfec.tlox? o .chillﬂd.ren. te]r:q;]f;;s;;imass
hepatitis B vaccination across different and provisionally assigned to new ;?)cglgaotéoa;;@alwan. ’
countries. genotype J. /. Virol. 83, 10538-10547 - ] ’

14 Purdy MA, Talekar G, Swenson P, Araujo (2009). 34 Chongsrisawar V, Yoocharoen P’, .

. . . . . Theamboonlers AT ez al. Hepatitis B
A, Fields H. A new algorithm for 24 Kramvis A, Kew MC. Relationship of seroprevalence in Thailand: 12 years after
deduction of hepatitis B surface antigen genotypes of hepatitis B virus to b prev B . Paey b
subtype determinants from the amino mutations, disease progression and ep.atltlls vaczmj ntegration into the
acid sequence. Intervirology 50, 45-51 response to antiviral therapy. J. Viral pationa’ expanded programme o
(2007) P 12. 456464 (2005 immunization. Trop. Med. Int. Health 11,
o . / cpar. 12, 456-464 (2005). 1496-1502 (2006).
15 O H, T F, S H . i . .
> a.moto . .su a . akugawa ”.ﬂ 25 Stram.er SI?’ \X/en.d U, Candotti D ez al. 35  Wichajarn K, Kosalaraksa P, Wiangnon S.
Typing hepatitis B virus by homology in Nucleic acid testing to detect HBV Incidence of hepatocellular carcinoma in
nucleotide sequence: comparison of infection in blood donors. N. £ngl. ] children in Kh(?n Kaen before and after
surface antigen subtypes. /. Gen. Virol. Med. 364, 236-247 (2011). . .. . .
69, 25752583 (1988) national hepatitis B vaccine program. Asian
> ’ ee  Large serological study of blood donors Pac. J. Cancer Prev. 9, 507-509 (2008).

16 Hauser Vf)et P Slmochzn Eeral . in the USA with evidence of occult 36 Poovorawan Y, Chongsrisawat V,
Immunological properties of recombinant infection with hepatitis B A2 and Theamboonlers A e¢ al. Evidence of
HBsAg produced in yeast. Posigrad. Med. non-A2 genotypes, raising the question protection against clinical and chronic
J. 63(Suppl. 2), 883789.1 (1987). of whether current vaccines are hepatitis B infection 20 years after infant

17 Shol?rgt.)zar MA,AShokrl F..Sub.type protective against nonvaccine genotypes. vaccination in a high endemicity region.
spezlﬁa:iybofﬁnm—HBBs anltlll;'odle‘s Lo 26 Miller W. Serological assays. In: J. Viral Hepat. 18, 369-375 (2011).
l('?rr(?murf(irmzl irlllcrililjirziua—lcsevaclcniisai:i i\trfth Hepatitis B Vaccines in Clinical Practice. 37 Dong, Liu SL, Zhai XJ e al. A serological
recombinant hepatitis B vaccine. Vaccine Ellis RW, (Ed.). Marcel Dekker, NY, and molecular survey of hepatitis B in
20, 2215-2220 I()2002) ’ USA, 121-140 (1993). children 15 years after inception of the

’ ' national hepatitis B vaccination program in

1714 Expert Rev. Vaccines 10(12), (2011)



Hepatitis B vaccine effectiveness in the face of global HBV genotype diversity

38

39

40

41

42

43

44

45

eastern China. /. Med. Virol. 81, 1517-1524
(2009).

Liang X, Bi S, Yang W ez al.
Epidemiological serosurvey of hepatitis B
in China — declining HBV prevalence due
to hepatitis B vaccination. Vaccine 27,

6550-6557 (2009).

Liang X, Bi S, Yang W ez al. Evaluation of
the impact of hepatitis B vaccination
among children born during 1992-2005 in
China. /. Infect. Dis. 200, 39-47 (2009).

Viviani S, Jack A, Hall AJ ez al. Hepatitis B
vaccination in infancy in The Gambia:
protection against carriage at 9 years of age.
Vaccine 17, 2946-2950 (1999).

Kimbi GC, Kramvis A, Kew MC.
Distinctive sequence characteristics of
subgenotype Al isolates of hepatitis B virus
from South Africa. /. Gen. Virol. 85,
1211-1220 (2004).

Bhimma R, Coovadia HM, Adhikari M,
Connolly CA. The impact of the

hepatitis B virus vaccine on the incidence
of hepatitis B virus-associated membranous
nephropathy. Arch. Pediatr. Adolesc. Med.
157, 1025-1030 (2003).

Tacke F, Amini-Bavil-Olyaee S, Heim A,
Luedde T, Manns MP, Trautwein C. Acute
hepatitis B virus infection by genotype F
despite successful vaccination in an
immune-competent German patient.

J. Clin. Virol. 38, 353-357 (2007).

O’Halloran JA, De Gascun CF, Dunford L
et al. Hepatitis B virus vaccine failure
resulting in chronic hepatitis B infection.
J. Clin. Virol. 52(2), 151-154 (2011).
Ramirez Albajés V, Gonzdlez Griego A,
Almeida Varela R ez al. Effectividad
absoluta y relativa de la vacunacién
antihepatitis B en nifios de quillabamba,

46

47

48

49

50

51

52

perd, 1997-1999. Rev. Cubana. Invest.
Biomed. 19, 82—88 (2000).

Duarte MC, Cardona N, Poblete F ez al. A
comparative epidemiological study of
hepatitis B and hepatitis D virus infections
in Yanomami and Piaroa Amerindians of
Amazonas State, Venezuela. Trop. Med. Int.
Health 15, 924-933 (2010).

Nunes HM, Monteiro MR, Soares M do
CP. [Prevalence of hepatitis B and D
serological markers in the Parakana,
Apyterewa Indian Reservation, Pard State,
Brazil.] Cad. Saude Publica 23, 2756-2766
(2007).

Venegas M, Alvarado-Mora MV,
Villanueva RA ez al. Phylogenetic analysis
of hepatitis B virus genotype F complete
genome sequences from Chilean patients
with chronic infection. /. Med. Virol. 83,
1530-1536 (2011).

McMahon BJ, Bulkow LR, Singleton R]

et al. Elimination of hepatocellular
carcinoma and acute hepatitis B in children
25 years after a hepatitis B newborn and
catch-up immunization program.
Hepatology doi:10.1002/hep.24442 (2011)
(Epub ahead of print).

Daniels D, Grytdal S, Wasley A.
Surveillance for acute viral hepatitis —
United States, 2007. MMWR Surveill.
Summ. 58, 1-27 (2009).

Inui A, Komatsu H, Sogo T, Nagai T,
Ade K, Fujisawa T. Hepatitis B virus
genotypes in children and adolescents in
Japan: before and after immunization for
the prevention of mother to infant
transmission of Hepatitis B virus. /. Med.
Virol. 79, 670675 (2007).

Yu MW, Yeh SH, Chen PJ ¢z al. Hepatitis B
virus genotype and DNA level and

53

54

55

56

hepatocellular carcinoma: a prospective
study in men. J. Natl Cancer Inst. 97,
265-272 (2005).

Ocana S, Casas ML, Buhigas I, Lledo JL.
Diagnostic strategy for occult hepatitis B
virus infection. World J. Gastroenterol. 17,
1553-1557 (2011).

Gutiérrez-Garcia ML, Fernandez-
Rodriguez CM, Lledo-Navarro JL,
Buhigas-Garcia I. Prevalence of occult
hepatitis B virus infection. World J.
Gastroenterol. 17, 1538—1542 (2011).

Romero M, Madején A, Ferndndez-
Rodriguez C, Garcfa-Samaniego J. Clinical
significance of occult hepatitis B virus
infection. World J. Gastroenterol. 17,
1549-1552 (2011).

Jackson BR, Busch MP, Stramer SL,
AuBuchon JP. The cost—effectiveness of
NAT for HIV, HCV, and HBV in

whole-blood donations. Transfusion 43,
721-729 (2003).

Websites

101

102

CDC DVH - Viral hepatitis statistics and
surveillance — 2008 surveillance data for
acute viral hepatitis — USA.
www.cdc.gov/hepatitis/
Statistics/2008Surveillance/index.htm

WHO vaccine-preventable diseases:
monitoring system 2010 global summary.
WHO/IVB/2010.
http://whqlibdoc.who.int/hq/2010/
WHO_IVB_2010_eng.pdf

WWW.expert-reviews.com

1715





