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Summary

Genetic analysis of hepatitis B virus (HBV) mutantsn HBV/HIV-1 co-infected

patients in Thailand

Thailand has been considered as an endemic areazhfonic HBV infection

(prevalence HB surface antigerB%). Despite effectiveness of HBV vaccine,
perinatal HBV transmission remains a major causehobnic infection. This study
aimed at identifying HBV mutants that may be ass®d with vaccine failure,

misdiagnosis of chronic HBV infection and antivitedatment failure.

In the first part, we analyzed the prevalence oina¢al HBV transmission in a large
HIV prevention cohort in Thailand and characterizb@ HBV vaccine escape
mutants. Among 3,349 HIV-infected pregnant wome3V, £7%) were found HBsAg
positive (ETI-MAK-4, Diasorin). Eleven of 229 (5%hildren born to HBsAg-
positive mother were found HBsAg and/or DNA-postiat 2—6 months of age.
Complete series of samples were available for Sherethild pairs. Based on direct
sequencing and cloning analysis, 3 patterns ofstnégsion were observed; 1)
transmission of wild-type variants from mothershwitigh HBV DNA level (>6.5
log10IU/mL), 2) transmission of maternal minor \aats (e.g. SK122R, sl126T), and
3) transmission of variants already present (>2G%im@l population) in maternal
blood samples (e.g. sl126M+P127S, sT131N+M133T+T3P04R).The capacity
of mutant HBV variants to escape anti-HBs neutadion response in vitro will be

further studied using HBV-pseudoviral particlesdmamg the mutations identified.

In the second part, we assessed the prevalens®latad anti-HBc in HIV-infected
pregnant women and the prevalence of occult HB¥atibn among those carrying
isolated anti-HBc. We also analyzed the risk fac@ssociated with isolated anti-HBc
and occult HBV infection.1,752 HBsAg-negative (ENTAK-4, Diasorin) women
were included in this study. Of 1,682 available pla®, 553 (33%) had seropositive
for both anti-HBc(MonoLis®& anti-HBc PLUS) and anti-HBs (MonoLigaanti-HBs
PLUS), 229 (14%) had isolated anti-HBc, 68 (4%) hati-HBs seropositive alone,
while 832 (49%) had no HBV infection markers detelctOf the 210 women with

isolated anti-HBc and a sample available for HBV MNuantification (limit of



detection was 15 or 1.18 logl0 IU/mL), 160 had HBWA below the limit of
detection, 47 had HBV DNA level between 15 to 10@niL, and only 3 had HBV
DNA above 100 IU/mL but below 1,000 IU/mL. One pati had virus with
sS1171+T118K+R160K mutations. In addition, 177 asetl anti-HBc women were
retested for HBsAg with another test kit (Monol@#dBsAg ultra) and 12 (7%) had
discrepant results. The multivariate analysis slibétet women over 35 years old
(adjusted odds ratio [aOR], 1.8; P=0.03), bornarthmern region (aOR, 1.8; P>0.001),
absolute CD4 count below 200 calls/ (aOR, 2.8; P>0.001), and past or present
HCYV infection (aOR, 2.6; P=0.001), were indepenljeassociated with the presence
of isolated anti-HBc antibodies. Whereas HIV RN&dewas a factor associated with
occult HBV infection in isolated anti-HBc womenteaof occult HBV infection was
lowest when HIV RNA level greater than 5 1og10 ashiL (aOR, 0.03; P=0.006).

In the last part, we evaluated the 1-year and leng- effect of lamivudine (3TC) on
HBV replication in 30 HIV/HBV co-infected patienteceiving 3TC-based highly
active antiretroviral therapy (300 mg/day of 3STEIBV DNA, HIV RNA, absolute
CD4 and CD8 T-cells counts, and liver enzymes weeasured at baseline, 3 and 12
months and long-term last visit (median: 50 monti3R: 32-65). The median
baseline HBV DNA level was 7.35 lggU/mL (IQR: 5.55-8.07). At 3 and 12 months
of treatment, the median HBV DNA decrease was a86 4.40 loglU/mL with
53% and 67% of patient achieving HBV DNA suppressio <150 or 2.18
logiolU/mL, respectively. Of 19 patients with a longstefollow-up, 17 (89%) had
sustained HBV DNA suppression. In patients who el HBV DNA suppression,
the estimated cumulative rate of sustained HBV D3Wfpression at 1, 2, 3, 5, and 7
years were 95%, 91%, 84%, 84%, and 64%, respegtilstained HBV DNA
suppression was observed in all HBeAg-negativeeptti Of 7 patients with HBV
breakthrough, 2 harbored virus with triple mutati@tV/173L+rtL180M+rtM2041)
and 1 with single mutation (rtM2041). Our resultsiggested that long-term
suppression of HBV replication is an additional &f&nprovided by 3TC-containing
HAART for a significant number of HIV/HBV co-infeetl patients in resource-

limited countries.
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1. Introduction

Hepatitis B virus (HBV) infection is one of the nn@®mmon infections in the
world. According to World Health Organization (WH@eport in August 2008, 2
billion people or one-third of the world’s populati have been infected with HBV
[1]. Most have spontaneously resolved acute irdactHowever, 10% of adults and
most of children under age 5 years become chrdyicdécted. An estimated 350 to
400 million people (about 6% of the world populadi@are chronically infected with
HBV [2-7]. About 75-80% of chronically HBV-infeatiepatients reside in Asia and
the western pacific [8, 9]. Southeast Asia isghhj endemic area for chronic HBV
infection as defined by the prevalence of hepditsurface antigen (HBsAQ) carriers
of 8% or more. Perinatal HBV transmission remaisnajor cause of chronic
infection in this region since most HBsAg carridi@/e been infected at birth or in

early childhood [10].

Individuals with chronic hepatitis B infection aa¢ high risk of developing
severe liver diseases and complications, includihgpnic hepatitis, cirrhosis, and
hepatocellular carcinoma (HCC) [11, 12]. HBV i ttenth leading cause of death
worldwide [13] with an estimated 600,000 deaths ye=r attributed to the acute or
consequences of chronic hepatitis B [1, 6, 13]véheng perinatal HBV transmission
is thus the most effective strategy to reduce tbbay morbidity and mortality due to

hepatitis B infection.
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Fortunately, an effective vaccine against HBV hasrbavailable for nearly 30
years. The vaccine is very safe and there is n@inoing evidence of any long-term
undesirable sequelae. In 2006, 84% (of 193) camtworldwide have reported the
implementation of newborn hepatitis B (HB) vaccioat [14]. Even though
eradication of HBV infection seems possible in tlear future there are still some
obstacles. Indeed, only 27% of newborns worldwhdge received a HB vaccine
birth dose [14]. Also, some children have beeedtdd with HBV despite adequate
vaccine and/or immunoglobulin against HBV was pded. These perinatal
transmissions may be due to 1) ineffective vacchiB;vaccines are heat sensitive
and require a cold chain for transportation andagi®, 2) the exposition of children to
high maternal HBV viral load, or 3) the emergendeHBYV mutants or “escape
mutants” which can escape the activity of vaccind/ar immunoglobulin. Another
obstacle to HBV eradication is the high numbertobaically HBV infected subjects,
who are not yet treated because of the limitedsscteanti-HBV treatment or are not
aware of their HBV infection. These chronically ¥iBnfected subjects may thus

represent a major source of viral spread.

In Thailand there are approximately 550,000 indmald living with
HIV/AIDS, of whom 9% are co-infected with HBV. Due the size of this co-
infected population and the public health consegesnof these infections, it is
important to address the following concerns relatediBV infection: the residual
risk of perinatal transmission of HBV among HIV-HB)Yegnant women, the reality
and impact of occult HBV infection or undiagnose®&\Hinfections among HIV-
HBV pregnant women and lastly the long term efficat 3TC-containing HAART

on HBYV infection in HIV-HBV co-infected patients.
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The Thai Ministry of Public Health (MOPH) has intated HBV vaccination
of all newborns into the national expanded prog@mimmunization (EPI) since
1992, successfully decreasing the rate of HBsAchifdren from 3.4% to 0.7% [15].
However, despite an adequate immunization, theserésidual risk of perinatal HBV
transmission [16], particularly in infants born HBeAg-positive carrier mothers (5-
10%) [17], which can be addressed through systealasinalysis of the causes of

vaccination failure.

Several type of variants can limit action of anBddneutralizing antibodies:
vaccine/Immunoglobulins escape mutants [18, 19rafly occurring variants [20].
or polymerase mutants selected during antivirataghe which can lead to viruses
with changes in HBsAg due to the overlapping regqdmames of surfaceS and
polymeraseRol) gene [21]. Moreover, it has been shown that trarta within theS
gene, either caused by selection or natural varniatan lead to false-negative results
in assay for HBsAg [22]. Individuals infecting witthis mutant virus can be a

reservoir of viral transmission whether horizontalt vertically [23].

Lamivudine (3TC) is a cytidine analogue which intsbthe reverse
transcriptase of both HIV and HBV. This dual aityivof 3TC is potentially
beneficial to individuals who are co-infected witHV/HBV [24]. However, the
efficacy of 3TC is limited by the emergence of 3Té&istance mutations with an
estimated rate of 20% per year [25]. Most of datame from western countries where
prevalent HBV genotypes are different from thogeutating in Asia. In Thailand,

since 2002 the first line antiretroviral regimem fceating HIV-infected patients is a
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fixed dose combination (stavudine or zidovudineT™C3+ nevirapine) that includes
3TC. Long term use of this combination in HIV-HRBRM-infected patients may lead
to the emergence of 3TC resistance mutations wimchiurn may lead to the
occurrence of HBsAg mutations. It is thus necgsgaevaluate the HBV virological
response in HIV/HBV co-infected patients receivBIgC-containing HAART and the

possible consequence 8mene mutation in patients in Thailand.

Therefore, it is a good opportunity to addresshie HIV-HBV co-infected
population three questions of public health: whatthe residual risk of perinatal
transmission of HBV among HIV-HBV pregnant womerthe context of EPI, what
is the prevalence and impact of occult HBV infectaamong these women and lastly
what is the long term efficacy of 3TC-containing ART on HBV infection. The
common point to these 3 questions relates to tlssiple occurrence of mutations of
the pol or Sgenes of HBV and their potential negative impactd@agnosis, response

to vaccine/immunoglobulins and antiviral therapy.

In summary, the overall objective of this studypwkd in Figure 1.1, is to
investigate in the context of HIV-HBV co-infectiothe HBV Pol and S variants
emerging under different types of pressure, HB wecspecific HBV antibodies or
3TC antiviral drug, which may impact on the perahatransmission of HBV,

misdiagnosis or the response to antiviral therapy.
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Figure 1.1. Schematic overview of the study. The emergenceephtitis B surface
gene mutations may occur naturally, or be inducgdhbpatitis B vaccination/
Immunoglobulins, or anti-HBV drug therapy, reflei either vaccine escape,

misdiagnosis or anti-HBV drug resistance.



21

1.1. Objectives of this study:

1. To determine the rate of perinatal HBV transmissiorninfants born to HIV-1
mothers co-infected with HBV, characterize HBV vaecescape mutants, and
describe viral diversity in mothers and infants.

2. To determine the prevalence and identify the factassociated with isolated
antibody to hepatitis B core antigen and occultatép B infection in HIV-1
infected pregnant women in Thailand.

3. To determine HBYV virological response to combinatentiretroviral treatment

includes lamivudine (3TC) in HIV/HBV co-infecteddividuals in Thailand

1.2. Education/Application advantages of this study
This study provides an assessment of the efficddgB vaccine in infants
born to HIV-HBV co-infected mothers in Thailand,batter understanding of HB
vaccine/seroprophylaxis failure and the rate ofdmignosis of HBV infection due to
HBsAg mutants or the prevalence of occult HBV itifae in HIV-HBV co-infected
pregnant women. Finally, this study also provifigther insights into the emergence
of HBV resistance mutants in HIV-HBV co-infected tipats receiving 3TC-

antiretroviral therapy in Thailand.

The results of this study will contribute to a bettknowledge of the
prevalence and diversity of HBsAg variants and helghe decision making, design
and plan of public health policy towards HBV pretten in Thailand and in other

South-East Asian countries.
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2. Literature review

2.1. History of hepatitis B virus

In the past, it was believed that living in bad ditions is the cause of
catarrhal jaundice. In 1883, Lurmann observed aitbreak of jaundice (15%) in
1,289 shipyard workers within 2-8 months after ndog a smallpox vaccine
prepared from human lymph nodes. Later on, in 183arger outbreak of hepatitis
occurred in a military camp where soldiers devetbpevere jaundice after receiving
a yellow fever vaccine derived from human serunh.is lonly in the decade after
World War Il (1945) that clinical and epidemiologstudies for hepatitis began.
Based on epidemiological studies, 2 types of ageate suggested to cause jaundice:
1) type A mainly transmitted via the faecal-oral route andty@pe B mainly
transmitted via human serum and was called seryatitis and is now referred to as

hepatitis B [26].

The hepatitis B surface protein was discovereddactally in 1965 by a
medical anthropologist, Baruch Blumberg (Nobel @rin 1976 in Physiology or
Medicine), and colleagues during their search folymorphic serum proteins as
genetic markers in the blood of an Australian ajine [27] and was called Australia
antigen (termed Au). They also identified thisigen Au in serum of patients with
leukemia, leprosy, and hepatitis, although itsti@teship with hepatitis was initially
unclear. At the same time, Prince et al. indepethgédentified an antigen, termed
SH (serum hepatitis related antigen), that appear#tte blood of patients during the
incubation period of hepatitis, and which was ldeemd identical to Au. Two year

later the association between the occurrence oftréliss antigen and hepatitis
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infection was established. In the serum of pasientffering from type B hepatitis,

Dane and colleagues [28] identified by electronicroscopy some large double-
shelled virus-like particles of 42 nm diametet|eththereafter Dane particles (Figure
2.1) and showed they cross-reacted with antiboalgesnst Australia antigen. Their
significance as potential viral agent of hepatiisvas confirmed by the detection of
antibodies against the inner shell (termed comucteocapsid) of the Dane particle in
patients with acute hepatitis B. The core antiges called HBcAg and the Australia
antigen hepatitis B surface antigen (HBsAQ); indgccorresponding anti-HBc and

anti-HBs antibodies, respectively. These seminaliess made possible the serologic
diagnosis of hepatitis B and opened up the fieldrigmrous epidemiologic and

virological investigation [11].

 Cutwwary view of
complete viral particie

Figure 2.1. The three forms of HBV particles. (A) The eleatnmicrograph shows
whole virions (Dane particles), subviral sphere dit@mentous forms. (B) The
cartoon illustration shows the same features withiendetails of the surface antigen
proteins. [source: modified frorhee WM, New Eng J Med, 197]

In May 2010, the World Health Organization had deated the 28 July,
Blumberg’s birthday, as "World Hepatitis Day" inder to provide an opportunity for

education and greater understanding of viral heépatnd diseases that it causes as a
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global public health problem, to strengthen prewentand control measures in

member countries and coordinate a global respansepatitis

2.2.Biology of Hepatitis B Virus

2.2.1. Structure of the hepatitis B virus

Hepatitis B virions are double-shelled particlest6fto 42 nm diameter. The
envelope or surface consists of approximately 24fusits comprising 3 different
membrane-spanning proteins, termed large (L), reid), and small (S) surface
proteins (HBsAQ) (Figure 2.2). L-HBsAg consistsaof S domain, preS1, and preS2
domains. The preS1 and preS2 domains of L-HBs&danalized either at the viral
surface or inside the virion. M-HBsAg containsyotile S and preS2 domains and S-
HBsAg consists only of the S domain. Because mtgins can be glycosylated at
one or 2 positions, 6 different proteins can bdimysiished, glycoprotein (GP) 42,
protein (P) 39, GP36, GP33, GP27 and P24 kDa. €Th¢BsAg proteins are
overexpressed and assemble either in subviral sptfe20-22 nm diameters or in
filamentous form (Figure 2.2). These subviral jges are non-infectious particles
because they contain only envelope glycoproteind host-derived lipid. Their
amount usually outnumbers that of virions by 1,@0x 10,000:1 [11]. Within the
envelope is the viral nucleocapsid or core whicbapsidates the viral genome. The
core particles probably interact with the intepddicalized preS domain of HBSAg.
The HBcAg consist of 185 amino acid localized ieside lumen of the particles. The
core molecules form dimers in the cytosol. Ninety 20 dimers assemble
spontaneously, so that 2 populations of core pestiappear, forming an icosahedral

structure. [26]
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Figure 2.2. Schematic diagrams of the components of 42 nmelpamticle, 22 nm-
sphere and filamentous forms of HBV [source: medifiromGerlich WH et. al., Dig
Dis, 2010[29]]

2.2.2. Classification of Hepadnavirus family

Hepatitis B virus belongs to the family Bepadnaviridaghepatotropic DNA
virus). Hepadnaviruses preferentially infect liveells, but small amounts of
hepadnaviral DNA can be found in kidney, pancraad, mononuclear cells. Infection
at these sites, however, is not linked to extratiepdisease [30]. The
Hepadnavirusesre subdivided into two genera according to thest ranges (Figure
2.3), 1) theOrthohepadnavirusesound in mammals and 2) thvihepadnaviruses
found in birds. HBV is the prototype virus of tl@rthohepadnavirusesnd is
genetically related to other species in this gesush as woodchuck hepatitis virus
(WHYV), ground squirrel hepatitis virus (GSHV) andolly monkey hepatitis B virus
(WMHBYV). The prototype virus ofAvihepadnavirusis duck hepatitis B virus
(DHBYV), and other members of this genus are hemgpatitis virus (HHBV), snow
goose hepatitis B virus (SGHBV), crane hepatitigfds (CHBV), and stork hepatitis

B virus (STHBV). [31]
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Figure 2.3. The phylogenetic tree of reference strain©Oahohepadnaviruseand

Avihepadnavirusepsource:Lisebrink J et. al., Hepatology a clinical textbp@K10

[31]] Abbreviations: AGSHYV, arctic ground squirrel hepatitis virus; ABW, ashy

headed sheldgoose HBV: CHBYV, crane HBV; ChHBV, ghamzee HBV; GiHBV,

gibbon HBV; GoHBV, gorilla HBV; GSHV, ground squélr hepatitis virus;
CWHBYV, chileo wigeon HBV; HHBV, heron HBV; OSHBV,rimoco sheldgoose
HBV; OuHV, orangutan hepadnavirus; PTHBV, puna te@V; RGHBYV, ross’

goose HBV; SGHBV, snow goose HBV; STHBYV, stork HBWHV, woodchuck
hepatitis virus; WMHBYV, woolly monkey HBV.

2.2.3. Genome of the hepatitis B virus

The genome of HBV is a 3.2 kb relaxed-circular,tiply double-stranded
DNA whose circularity is maintained by 5’-cohesimeds (Figure 2.4). Its structure
is unusual, the two DNA strands are not perfecgymmetric. The full-length
negative strand (blue solid line in Figure 2.4}he template for the synthesis of the
viral mMRNA transcripts and its 5’ end is covalenthked with the P-protein (hatched

blue oval in Figure 2.4) whereas the positive strésshorter and bears a capped
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oligoribonucleotide at it 5’ end (red zigzag in &ig 2.4). Importantly, the 5’ ends of
both strands DNA have short direct repeats (DR®Jions composed of 11

nucleotides. The 5’end of negative-stranded DNApsnwithin the repeat termed
DR1, whereas positive-stranded DNA maps within DHRese repeats are important

for priming the synthesis of their respective DNAasds [32].

(843 aa)

Figure 2.4. Genome organization of HBV genotype B or C, the éhaypes
predominant in Thailand. [source: modified friuvme WM, New Eng J Med, 1907]

Abbreviations: nt denotes nucleotide position; aa denotes antib a

The coding organization of HBV DNA is highly compaevery nucleotide in
the genome is within a coding region, and more trahof the sequence is translated
in more than one frame. HBV DNA has the followifaur open reading frames
(ORFs);

1) The ORF-P (P region)encodes the viral polymerase, and the terminal
protein found on negative-stranded DNA. The virallymerase consists of 4 domains:

the priming domain, a so-called spacer, the revéraescriptase domain (which
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catalyses RNA-dependent DNA synthesis) and the BRadomain (which degrades
the RNA form the DNA-RNA hybrid). This multifuncmnal enzyme is involved in
DNA synthesis and RNA encapsidation.

2) The ORF-precore/core(preC/C region) has 2 in-frame AUG codons.
The internal initiation ORF, core region, encodes 21-kDa C protein, the structural
protein of nucleocapsid (HBcAg). Initiation at topstream AUG encodes a 24-kDa
C-related protein that is not incorporated into theal membrane but instead is
secreted from infected-cells, called HBeAg. Folgmethe preC region encodes a
signal sequence, which directs the chain into #eretory pathway. As the chains
traverse the Golgi complex, cleavage by cellulaitgases generates HBeAg, a 16
kDa fragment that is secreted into the blood stredrhe HBeAg contains a signal
peptide that targets it to the endoplasmic reticubor secretion into serum, while
HBcAg does not contains a signal peptide and isrpmrated into the virion. HBeAg
function is still not clear: it plays no role inral assembly, and is not required for the
viral replication; mutants bearing chain-termingtilesions within the preC region
arise frequently during natural infection and reglie well in culture. Unlike HBV
particle, HBeAg can cross the placenta and maytim@s an immune tolerogen to
HBV, possibly predisposing the fetus to the essdinlient of chronic HBV infection
[2, 33].

3) The ORF-pre-S/S (pre-S/S region) encodes the viral surface
glycoproteins (HBsAg). Pre-S region could be ddddnto 2 subregions (pre-S1 and
pre-S2). The largest of HBsAg is the 39-kDa L-HBsprotein, which is the product
of initiation at the first AUG of the ORF. L-HBsAg thought to play key roles in the
binding of the virus to the host-cell receptor ahd assembly of the virion and its

release from the cell. Initiation at the second Agéherates the 31-kDa M-HBsAg
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which function is unknown. The small HBsAg contionly the S domain,
commonly called 24-kDa S-HBsAg and is the most dlanth protein on viral surface.
All HBsAg proteins share the common C-terminal $hdm and differ principally by
the length and structure of their N-terminal engy(fe 2.5). M-HBsAg accounts for
5-15% of the total circulating pool of S-relatedigens, the L-HBsAg representing

only 1-2%, the rest is S-HBsAg. Dane particles substantially enriched for L-

HBsAg.
A
| pre-S1 | pre-82 S I
: 108 aa ' s5aa 226 aa I
B 1I 24} Stl) 1O(I) 16¢|I 22§
NH—3 —1 M 1Hc S-HBsAg
N| H—) — { H HC M-HBsAg
N | &k p—— 8l ————jl¢ LHBsAg
TMD | TMD 1l
C
G G N G
pS C C C N C lumen
\j ER membrane
pS cytosol
Le-HBsAg Li-HBsAg M-HBsAg S-HBsAg

Figure 2.5. (A) Domains of the HBsAg open reading frame. TBp L-, M-and S-
HBsAg are translated from three in-frame initiatisties but sharing common C-
terminal S domain. (C) Topology of the L-, M-aneHBsAg at the endoplasmic
reticulum (ER) membrane. The two forms of L-HBsAg represented: the pre-S1
plus preS2 domains can reside on the cytoplasmdie sf the ER membrane (Li-
HBsAQ), or it can be translocated through the meméras found on the secreted
particles (Le- HBsAgQ). The broken line indicateg tmyristate group linked to the
amino terminus of L-HBsAg. Open rectangles represens-membrane domains
(TMDs). Abbreviations: G denotes Glycosylation sdd. denotes antigenic loop; c.l.
denotes cytosolic loop; pS denotes pre-S doreonrce: modified from Sureau C,
Curr Top Microbiol Immunol, 2006 [34])
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4) The ORF-X encodes for the X-protein. The product of ORFsXai
complex regulatory protein which modulates host-sgjnal transduction and can
directly and indirectly affect host and viral gesression. The activity of X-protein
is absolutely required for replication and spreathe virus [11]. The X protein may

play a role in the development of hepatocellulacic@ma (HCC) [35].

2.2.4. Replication cycle of the hepatitis B virus

Progress in understanding the molecular basis i@l veplication became
possible only in the late 1970s due to the advahtechniques for molecular cloning
and the discovery of natural animal models of virdection [11]. The cardinal
feature of theHepadnavirusreplication is the replication of the DNA genomg b
reverse transcription of an RNA intermediate. InoggrHBV virions are bound by
cell-surface receptors, the identity of which remsaunknown (Figure 2.6) though.
many protein candidates have been proposed suchhuaean squamous cell
carcinoma antigen 1, immunoglobulin A receptor, alagjlycoprotein receptor,
transferrin receptor, annexin V, fibronectin, and &0-kDa membrane protein,
reviewed in Xie's paper [36]. After membrane fusi@ores are presented to the
cytosol and transported to the nuclease. Theed, DNA genomes are converted to
an episomal covalently closed circular form -calmtDNA, which serves as the
transcriptional template for the host RNA polymerds This enzyme generates a
series of genomic and subgenomic RNA transcripthe Bmount of cccDNA is
maintained at about 5-50 copies per hepatocytds @ viral RNA is transported to
the cytoplasm, where its translation yields thalvenvelope, core, and polymerase
proteins, as well as the X and preC polypeptiddsext, nucleocapsids are assembled

in the cytosol, and during this process a singldeowe of progenomic RNA
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(pPgRNA) is selectively incorporated into the asskngpviral core. Once the viral

RNA is encapsidated, reverse transcription by thgpackaged P protein begins to
generate new relaxed circular DNA (rcDNA) genom@&ke first DNA strand is made

from the encapsidated RNA template. During orrafte synthesis of first strand, the
RNA template is degraded and the synthesis ofeébersl DNA strand proceeds with
the use of the newly made first DNA strand as aptate. Some cores bearing the
mature genome are transported back to the nucleliste their newly generated
DNA genomes can be converted to cccDNA to mairgagtable intranuclear pool of
transcriptional templates. Most cores, howeverd mto regions of intracellular

membranes bearing the viral envelope proteins amihgl that process acquire
lipoprotein envelopes containing the L-, M-, andHBsAg and are then exported

from the cell as progeny virions [11, 38, 39].
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Figure 2.6. Life cycle of HBV (source: modified frorRehermann B & Nascimbeni
M, Nat Rev Immunol, 20480])
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2.3.Viral quasispecies of hepatitis B virus

As described earlier, the step of HBV replicatigule that provides high rates
of mutation is the reverse transcription from pgRtéssingle stranded DNA. Indeed,
the reverse transcriptase lacks 3'-5’ proofreadintyvity, which allows mutations to
occur make. HBV exhibits a mutation rate approxghat>2 x 13 base
substitutions/site/year, 100-fold higher or morarntother DNA viruses; but about
1000 times lower than that for RNA viruses [8].rtRermore, accuracy of replication
by the reverse transcriptase has been shown tomtryntracellular deoxynucleotide
triphosphate concentrations [41]. The high ratenofations result in the coexistence
of variant viruses genetically linked called “qusecies [22, 42]. According to
Carman’s proposal, two types of viral diversity denidentified;

1) “Variants” [43, 44] or“Genotypic diversity” [45, 46] is used to describe
natural subserotypes that occur without selectimsgure and have geographical
differentiation. Identification is based on mona@d antibodies and corresponds to
replacement of one or only few amino acids. Virghess is the most important
factors.

2) “Mutants” [43, 44] or“Phenotypic diversity” [45, 46] is restricted for
variant viruses that emerge under selection pressas is the case with human
intervention such as vaccination or antiviral tipgraMutations are usually observed
in four principle groups: vaccines recipients, @ats infected with serologically non-
reactive virus, patients on treatment with HepatiB immunoglobulin (HBIg)
therapy, and during chronic infection with or withammunosuppression.

Although this distinction may be valuable in a wark hypothesis, it is
considered somewhat artificial by some researcf#&s47]. The reason is that it

easily leads to confusion, since the expressionége variation” has other meanings
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and is usually reserved for the phenotypic diffeemn among individuals in a
population. Moreover, the origin of the changeoften unknown and makes the
definitions difficult to apply. In some cases itmains unclear whether “variants” are
selected from pre-existing minority species oreaas a result of mutational events,
for example, immune pressure. Thus, they propdsederms “mutant” and “variant”

can both be better used for describing all genéticheterogeneous viruses,
irrespective of the underlying causal mechanisnmwvéver, in this thesis, the HBV

guasispecies will be classified into two class¢shé variants and 2) mutants

2.3.1. Hepatitis B virus variants
2.3.1.1. Genotypes and subgenotypes of hepatitis B virus

The genotypes of HBV are defined by a divergende/den groups of 8% or
more in the complete genome sequence and 4% or motlee S gene. HBV is
classified into 10 genotypes, from A through J]M&h | and J, recently, in Laotian,
Vietnamese, and Japanese patients [49-51]. Eaocbtyge has different length of
viral genome and viral proteins as described indadl. Some genotypes are further
divided in subgenotypes. The subgenotype is usedentify subgroups of HBV
genotypes with inter-group nucleotide differenceswieen 4% and 8% across the
complete genome. “Clade” is used for divisionshiitsubgenotypes showing less
than 4% nucleotide difference [48]. Moreover, geneecombination between
genotypes occurs in geographical regions wherereéifit genotypes co-circulate and
provides a mechanism of variation within individsiand at the population level.
Genotype A and D recombinants have been founddialfb2], and genotype G and

C recombinants in Thailand [53].
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Table 2.1. Comparison of the length of viral genome andl\prateins between each
HBV genotype [45]

Genotype Number of amino acid of
Genome  Pol HBcAg PreS1  PreS2 HBsAg HBxAg
(nt)

A 3221 845 185 119 55 226 154

B 3215 843 183 119 55 226 154
C 3215 843 183 119 55 226 154

D 3182 832 183 108 55 226 154
E 3212 842 183 118 55 226 154

F 3215 843 183 119 55 226 154
G 3248 842 195 118 55 226 154

H 3215 843 183 119 55 226 154

3215 843 183 119 55 226 154
3182 832 183 108 55 226 154

(&

Geographical distribution of HBV genotype

The distribution of HBV genotypes varies acrossaeg and with population
migration [54] (Figure 2.7 and Table 2.2). Genotypeis ubiquitous, scattered
worldwide, but predominates in the Mediterraneaeaarwhereas genotype A is
prevalent in sub-Saharan Africa, North America, &udope. Genotypes B and C are
common in Asia and Oceania. Genotype E is mairdtricted to western Africa, and
genotype F is found in aboriginal populations intn€& and South America [55].
Genotype G has been detected infrequently, andekihto HBV carriers in Europe
and USA [56-59]. Genotype H is confined to the Am@ian populations of Central
America and Mexico [55, 60, 61].

In Thailand, several studies have reported the tpgévalence of HBV
genotype C (54-94%) over genotype B (4-24%),. Gg®tA has also been found

though with lower frequencies between 1-22%. [1B66]
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Table 2.2. Relationship between genotypes and serotypes rgaagal distribution

[45, 48]
Genot Subgeno Serotype Geographical distribution
ype  ltype
A Al (Aa) adw2, aywl Africa, Asia
A2 (Ae) adw2, aywl Northern Europe, North America
B B1 (Bj) adw?2 Japan
B2 (Ba) adw2, adw3 Rest of Asia, Thailand
B3 adw2, aywl Indonesia, China
B4 aywl, adw?2 Vietnam, Cambodia
C C1 adrg+, ayr, adw2, Far-East, Thailand, Vietham, Myanmar
aywl
C2 adrg+, ayr Far-East Japan, Korea, China
C3 adrg-, adrg+ Pacific Islands
D D1 ayw2, adwl, aywl Europe, Middle-East, Egypt, India, Asia
D2 ayw3, aywl Europe, Japan
D3 ayw3, ayw2, ayw4 Europe, Asia, South Africa, USA
D4 ayw2, ayw3 Australia, Japan, Papua New Guinea
ayw4, ayw2 Sub-Saharan Africa, UK, France
F F1.1 (Fla) adw4, ayw4 Central America
F1.2 (FIb) adw4 Argentina, Japan, Venezuela, USA
F2 (FII) adw4 Brazil, Venezuela, Nicaragua
F3 (FII) adw4 Venezuela, Panama, Columbia
F4 (FIV) adw4 Argentina, Bolivia, France
G adw?2 USA, Germany, Japan, France
H adw4 USA, Japan, Nicaragua
I Laos, Vietnam
J ayw Japan
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HBYV genotype and disease severity

Several studies have attempted to link a partiogdsnotype to severity of the
liver disease, but the results are controverdralindia, where genotypes A and D co-
exist, genotype A, as compared to genotype D, isenaften associated with ALT
elevation, HBeAg positivity in patients age@5 years, and cirrhosis [66]. A Swiss
study also demonstrated that progression from d@outbronic hepatitis is more likely
to occur in patients infected with genotype A tlahose with genotype D [67]. In
contrast, the study conducted in Spain among gatiafected with genotype A, D,
and F showed the rates of sustained biochemicaissgon and clearance of HBV
DNA and HBsAg were higher in patients infected wgémotype A than in those with
genotype D or F though HBeAg seroconversion ra®wimilar in patients infected
with genotypes A and D. Moreover. Sanchez-Tapiaal.etreported higher rate of
liver disease-related deaths with genotype F thédh wenotype A or D [68].
Livingston et al. confirmed that genotype F wasoasged with the occurrence of

HCC, compared to A, B, C, or D [69].

In Asian countries where genotypes B and C are gongthnt, patients
infected with genotype C were more often HBeAg thesj experienced delayed
HBeAg seroconversion, had more severe liver diseasd exhibited earlier
progression of cirrhosis and HCC than those inteetgh genotype B [65, 70, 71]. In
Taiwan, Kao et al. also reported that genotype Gsfm serotypedr) was associated
with the development of cirrhosis and HCC [72, 73lowever, another study in
Thailand found no differences in the risk of depéhg HCC between patients

infected with either of these 2 genotypes [65].
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Impact of HBV genotype on HBeAg seroconversion wasessed in several
studies. The first one conducted in China showat ghtients infected with genotype
B had a higher cumulative rate of spontaneous HBsé&wconversion (HBeAg to
anti-HBe) than those infected with genotype C [@@fher studies conducted among
children and adults in Taiwan showed that 50% aildBe seroconversion seem to
occur before age of 10 years when children areiatewith genotype E, later before
age 20 when they are infected with genotypes Alxnat around 30 years when they

are infected genotype B and at older age 40 yetinsgenotype C [75].

HBV genotype and anti-viral therapy response

Genotypes may also influence the outcome of tre@itntie a multicenter trial
of pegylated interferon [76], patients infectedhmgenotypes A and B had a higher
rate of HBeAg loss as compared to patients withoggre C or D, 45% vs. 26%. This
finding was confirmed in Taiwan [73] but not in @apanese study where, genotype B
and C carriers responded well to interferon treatmehile genotype A carriers
responded poorly [77]. This discrepancy may be tduthe type of interferon used,
the HBV serotypes, or to the small number of tre@gtatients in the Japanese study

[78].

In India, after 12 months-treatment with lamivudipatients with genotype D
achieved higher sustained viral response rate (HIBNA negativity at 18 months)
than those with genotype A [79]. Studies in Tai@®] and Japan [81] showed that
patients with HBV genotype B have a better virobadiresponse to lamivudine as

compared to genotype C. In contrary, Yeun et &2] [n Hong Kong, found no
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differences in the virological response to the l1@nths of lamivudine therapy

between the patients with genotypes B or C.

In Europe, HBV genotype A (serotypelw) is associated with a higher risk of
lamivudine resistance and more rapidly resistahaa genotype D (seroty@gw) in
both HBV mono-infected patients or patients co<dtde with HIV [83-86].
Genotypes B and C have a similar risk in developamgivudine resistance [80-82].
In addition, some studies demonstrated that sultgea@oBa had higher risk to

develop lamivudine resistance than subgenotyp88;j [

At present, HBV genotyping is not a standard testnhanagement of HBV
infected patients. However, if more evidence thB\Hjyenotype can affect disease

progression or treatment prognosis accumulatesayt become so in the future.

2.3.1.2. Serotypes and subserotypes
To avoid confusion and ensure uniformity in thenter “serotype” and
“serological subtypes” should be used synonymouslydefine the antigenic

determinants of HBsAg instead of the term “subtyjgé].

After discovery of the determinafd” of Australian antigen by Blumberg et
al., in 1965, further research revealed the immugiohl heterogeneity of this
antigen. Indeed, sera of patients who had ser@rtew/ to anti-HBs did not react in
the same way to HBsAg from different chronic cagi€lhis different reactivity was
due to the viral variability and HBV isolates weherefore classified into serotypes

based on the reactivity of the patient isolate HBs#ith standard panels of antisera
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[45]. Two pairs of allelic variationsd/y” and“w/r” , were discovered in 1971 and
1972, respectively, leading to the 4 serotypes ady, ayr, ayw. The&a”
determinant was further refined with 4 sub-deteants of “w” (wl-w4) into 8
serotypes;aywl, ayw2, ayw3, ayw4, ayr, adw2, adadd adr. Following the
discovery of thé'q” determinant in 1975%dr was subdivided int6ég+” and“g-" .
The tenth serotypeadw3 was described in 2002 [88]. Serotyping is usdéul
epidemiological studies, including those on nosdabend iatrogenic infections and

intra-familial transmission.

Relationship between HBV genotypes and serotypes

The development of DNA sequencing methodologies feaditated the
identification of amino acids in HBsAg responsifie the different reactivity patterns
to monoclonal antibodies. There is a certain datie between serotype and
genotype, but it is far from perfect (Table 1.2heTcombination of amino acids
present at 7 positions on HBsAg seems to determmeeserotype. The two major
serotype epitopes are thd/y” and “r/iw’ determinants. Both determinants are
comprised of two mutually exclusive epitopes thapehd on the amino acid at
positions 122 and 160 of HBsAg. If the amino aaidposition 122 is Arg (R122)
then the serotype ty” , and if it is Lys (K122) then the serotype“® . Similarly,
R160 defines th&” serotype and K160 defines the” serotype. The amino acids
at position 127 were responsible fo2-w4reactivities. Phel34, Alal59 or both, are
involved inw1 reactivity and recent research suggests thatipositO may be more
important in resolvingvl reactivity than position 134. Position 177 isotwed in
“qQ” reactivity of adr specimens and position 178 is involved‘dqi reactivity of

adw4specimens (Table 2.3).
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Table 2.3.Amino acid residues specifying HBV serotypes [89]

Amino acid position on HBsSAg protein Predicted

122 127 134 159 160 177 178 HBsAg subtype
K P F A K Vv P adw?2

K T F A K \Y P adw3

K L F G K Vv Q adw4qg-
K P F A R Vv P adr

K P F \ R A P adrg-

R P F A K Vv P aywl

R P Y G K \% P ayw?2

R T F G K Vv P ayw3

R L/I F G K Vv P ayw4

R P F A R \ P ayr

* Amino acid abbreviations see appendix

2.3.2. Hepatitis B virus mutants
2.3.2.1. Basal core promoter and Pre-core mutants

The core promoter plays a central role in HBV regtion and morphogenesis,
directing the transcription of both pregenomic RBAd precore mRNA. The double
mutations in the basal core promoter (BCP) regibmuleotide 1762 and 1764
(ntA1762T and ntG1764A) result in diminished prailut of HBeAg because the
mutated BCP cannot longer bind a liver-enricheadcaption factors and that the
transcription of only precore RNA and accompanigdab increase in progeny virus
production [90]. These double mutations are ofiegsent in patients with advance
liver diseases [91-93]. Some studies revealed #matassociation between BCP
mutation and HCC, though for HBV genotypes. A, Chid not for genotype F [69].

Other less frequent BCP mutants associated withinfam hepatitis and HCC have
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been described, such as a mutation at nt1653 B4l at nt1753-1757 [96, 97]. A

number of deletions of the BCP have also been tegp¢42, 98-100].

The most frequently observed pre-core mutation 3 @ A transversion at
nucleotide 1896 (ntG1896A) resulting in the cessatdf HBeAg expression, So-
called pre-core stop codon mutants. The less comprercore mutants resulting
HBeAg negativity include initiation codon mutatio(st1814 or 1815), a nonsence
mutation at nt1874, a missence mutation at nt18&®e shift mutations [42]. The
presence of the G1896A mutation is restricted tecsigc viral genotypes which
harboring a T nucleotide at position 1858 (B, Cabd E). These HBV genotypes are
not uniformly distributed around the world. This tation is more prevalent in
geographic regions where genotypes B, C, and p@@ominant, such as Asia and
the Mediterranean area, where it can be detectetbre than 50% of individuals with
chronic hepatitis B. It is less prevalent in NoAmerica and Europe (12-27%),

where genotype A is more common [41, 101, 102].

In Asian countries, BCP and pre-core mutants armanconly found. In a
recent study from China, 38% of the HBeAg-negapaéents harbored the pre-core
stop codon, 42% had the double BCP mutations aftl i2d both mutations [103].
In Thailand, the rate of double BCP mutations wé®% {19/25) and of pre-core stop
codon mutation was 24% (6/25) in HBeAg-negativeoolr hepatitis patients [104].
Similar results were reported by Tangkijvaniclaletof the 24 PCR-positive HBeAg-
negative patients, 18 (75%) had mutations in th& B€yion and 8 (33.3%) had pre-
core stop codon and one (4.2%) displayed a delb@tween nucleotides 1758-1772

[105].
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2.3.2.2. Core mutants

The core gene contains both humoral and cytotosgelllepitopes. Mutations
within immunodominant cytotoxic T-cell epitopes mhg exploited by viruses to
evade protective immune responses. HBV core gelatiohs may alter core protein,
thereby decreasing immune recognition by cytotdxieell and contributing to HBV
immune escape [106]. Furthermore, Ehata et. ademied that all patients with
fulminant or severe hepatitis exhibited core motati but not all exhibited pre-core
mutations, suggesting that core mutations may beemarulent than pre-core
mutations and thus play an important role in thth@genesis of hepatitis B viral
disease [107]. HBV with extensive core gene datetmutants (resulting in the
absence of core nucleocapsid protein) would be lan@bproduce viable virus and
they probably replicated in the presence of lowelgwf wild-type HBV [41]. In
Taiwan, core gene deletions were detected in 5365fHBV infected children which
can appear as early as the age of 5 years. Théatut their appearance ranges
from 0.5 to 5 years. Horizontal rather than peahatansmission of HBV was a

favorable factor for these mutants to develop [108]

2.3.2.3. X gene mutants
The HBx protein exhibits numerous activities afiiegt intracellular signal
transmission, gene transcription, cell proliferati©@NA repair, and apoptosis. HBx
may play a role in persistence of HBV infection amdhe development of HCC [42].
A number of deletions in the X gene have been de=ty e.g. an eight-nucleotide
deletion at the 3’ end of the X gene and within tege promoter/enhancer I

(CP/ENII) region (nt1770-1777) [109] and a 20 notige deletion at nt1752-1772
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[110], in HBV PCR-positive/ HBsAg and HBeAg-negaipatients. These deletions
have been shown to suppress HBV DNA replication exptession of HBV proteins,
resulting in HBsAgQ negativity. These two mutatiamsre frequently found in patients
with the severity of liver diseases [109], suggestihat these mutations may play a

certain role in the pathogenesis of HBV infection.

2.3.2.4. PreS1 and PreS2 mutants

Numerous deletions or mutations in the preS regimnge been described:
deletions of up to one-half of the entire preSliaegdeletion of the preS2 translation
stop codon and other codons (entirely preventiegettpression of the preS2 protein),
numerous point mutations, and a series of smaktidels and insertions. Some
deletions not only eliminated the preS2 promotgra®, but also sites of B and T cell
recognition. In contrast, the hepatocyte-bindiitg cated in the preS1 region was
conserved. Deletions in this region would leadntpaired virus clearance without
affecting HBV attachment to the hepatocytes and th#&sequent penetration, and
therefore could contribute to the development ofonlt hepatitis [42]. Some
mutations in preS regions appear to be associaitbdthe development of HCC, for
example, the preS2 mutation (F141L) of HBV genotgp¢lll]. Other mutations
such as P110S in preS1 region, P36L in preS2 regmhC107R in S region have
been proposed to be associated with intrauterif@etion, permitting the infection in

fetuses more readily [112], but its significanced&o be confirmed.

2.3.2.5. S mutants
HBsAg is the major envelope lipoprotein and the nrmgarget for viral

neutralization, either by vaccine-induced antibedi®r passive anti-HBV
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immunoglobulin. HBsAg (S-HBsAQ) is composed of 2a@ino acids (aa) but its
three-dimensional structure is not fully elucidatéid central core, composed of
amino acids 99-169, is referred to as the majordplulic region (MHR), is exposed
at the surface of the virus and is involved in Ioigdto antibodies directed against
HBsAg. Carman W.F. has proposed the cysteine watbetrto explain the structure
of the MHR of HBsAg. In this model, potential diphide bridges between eight
highly conserved cysteines at position 107, 124, 187, 138, 139, 147 and 149
forming 2 loops (aal07-138 and aal39-147) exteimdhe virion and probably in
opposition, and another tight loop between aal2ilaai24 [43, 113] (Figure 2.8).
The MHR can be separated into at least five funeficareas corresponding to
antigenic epitope clusters, indicated as HBs1 (epst of aa120), HBs2 (aal20-123),
HBs3 (aal24-137), HBs4 (aal39-147) and HBs5 (ad6499- Antibodies found in
vaccinated people and those used in monoclonabati based-immunoassays for
HBsAg, are directed against these regions; in @adr, to a cluster of B-cell epitopes
called the &” determinant, which comprises two loops of amimds 124-147 [42,

44, 45, 114, 115].
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Figure 2.8. Schematic diagram of the secondary structure vaithino acids
components, location of major hydrophilic regionda@” determinant region of
surface antigen of hepatitis B virus genotype C€easion number AF068756.1.

Point substitutions in the S gene are very impaortatause they affect the
antigenicity of HBsAg, especially the “a” determma[ll4, 115]. This “a@”
determinant is the major immune target of polycla@ibodies directed to HBsAQ.
The most common escape mutation is a glycine tmiaggsubstitution at amino acid
145 (sG145R), caused by a guanosine to adenodiséitstion at nucleotide position
587 (nt587), that was identified from HBSAQ vacdtethpersons and patients with
liver transplantation [116-118] but also in natusalates. Other mutations at aall6,
120, 123, 124, 126, 129, 130, 133, 141, 142, 148 B4 occuring alone or in
combination have also been reported [44, 119-122janges of amino acids in
surface proteins and their impacts that have beeviqusly repoted are summarized

in Table 2.4.
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Consequences of mutations in HBsAg are clinicaiiypaortant in both HBV
prevention (through vaccination) and diagnosis.fickty of HBV vaccine may
decrease in the long term if vaccine escape mutaete to spread. Evaluation of
large scale HBV vaccination programs in endemidoreg) has revealed a 2-3%
incidence of vaccine escape mutants resulting fraunations in the HBsAg protein,
particularly the sG145R. Patients infected with HB&fboring surface mutations in
“a” determinant region may not be found positive IRBsAg since HBSAg mutants
are not detectable by many HBsAg diagnostic asssecially in the context of the
y serotype. These mutations are thus of great puidalth significance because
patients harboring HBV with these surface mutants nbt exhibit quantifiable
HBsAg, but remain infectious and remain detectddyyeHBV-DNA and/or HBeAg
testing [41]. New generations of diagnostic kitssén been developed to overcome
this problem. However, monitoring of the capafythe diagnostics kits to detect

HBsAg mutants may be needed over time.
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Table 2.4. Changes of amino acids in S prossamd their impacts

HBsAg Amino  Wild type Genotype Amino acid changes found in association
region acid residues with
position Vaccine Escape to Misdiagnosis
number escape HBIg [reference]
[reference] [reference]
HBs1 105 A P [43]
115 T S[43]
A [123]
. umue T N2  S[43
118 T A [43] S[43]
R [125]

121 S[125] S[129]

123 T N [43] A [123]
N [129, 131]

125 T M [132]
A [133]

T [132, 133]

R [43] R [123]

133 M L [138] | [43] | [43]
L [136] T [123]
D L [129]

135 P S[43, 139]

138 C Y [123]
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HBs4 139 C S[125] S[129]
140 S E F T [43]
T A, B,C,D
141 K E [43] | [43] E [139]
142 P S[141] S[139] S[123, 137]
L [129, 137,
139]
143 T A L [130, 131]
S B,C,D,E,F W [133]
144 D A [120] A [136, 142] E [130, 144]
G [140, 143] A [129, 137,
139]
145 G R [43, 133, R [124, 136, R [131, 137,
141] 143] 139]
A [19, 141] K [123, 139]
A [129]
146 N S[133] S[43] S[123]
147 C S[43] F [123]
R [123]
Y [129]
HBs5 148 T | [133] H [139]
154 S T [43]
W [139]
155 S Y [43]
P [43]
156 W L [133]
157 A R [43]
Others 216 L Stop [145]
164+195  E, | D, M [145]

2.3.2.6. Pol gene mutants

The Polymerase (P) protein is translated from tjikNbA and is essential for
viral replication. The P gene has at least four a@ios] N-terminal domain, spacer,
polymerase, and C-terminal domain (Figure 2.9). tEmminal protein encoded in the
N-terminal domain is linked to the 5’-end of thenus strand of virion DNA and is
necessary for priming of minus strand synthesi® polymerase domain encodes the
reverse transcriptase enzyme. The C-terminal donemicodes RNase H. HBV
polymerase is functionally and structurally similarHIV reverse transcriptase, it has

a right-handed configuration with thumb, palm, énders domains. This enzyme has
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7 subdomains (A-G). The Domains A and D, involvabdind to deoxynucleoside
triphosphate (dNTP), correspond to the fingerscétine. The domain C includes the
tyrosine-methionine-aspartate-aspartate (YMDD) fneti the active site, which
participate directly in catalysis. The triphosplsatd the nucleotide substrates are
catalysed at the active site of polymerase. TheailosrB and E, involved in binding
to the template or primer, correspond to the palracture and thumb structure.
Domains F and G are upstream of domain A. Thisoreghay be involved in

interactions with the incoming dNTP and also with template nucleotide [146].

A HBV Polymerase Domains
Jorming! protein o ERRER FOLML, -
i 183 349 (rt1)  692(r1344)  B4Saa.
G F A "’/',’ B c \\‘ D E
aa 24-36 = aa aT-l?_ aa 75-90 ¥ a3 168-182 _aa 200-21 l'.l_aa 2:!0-241_:u MTvEE!T

LAM-R Mutations
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Figure 2.9. (A) lllustration of the HBV polymerase open raagliframe with the 4

functional domains and the 7 catalytic subdomair§& A (B) Proposed structure of
the HBV polymerase based on the model of HIV-1 resetranscriptase. (C)
Location of the major lamivudine mutations relatite the conserved domains

(source: modified fronishany et al. Gastroenterology, 2007 [146]).

The recent development of safe and efficacious/aaltinucleos(t)ide analogues has

changed the therapy for chronically HBV infectedtigras. Mutations of the
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polymerase gene may be associated with resistanceidieos(t)ide analogues and
viral persistence. Lamivudine (LAM) is the firstdéinsed anti-HBV drug and most
commonly used to treat HBV. LAM is a potent inhdsitof RNA-dependent DNA
polymerase of HBV, irreversibly blocking reversanscription and inhibiting viral
replication. However, long-term treatment with LAlvhay lead to resistance
mutations that disrupt the YMDD catalytic site betpolymerase gene. Mutations
leading to lamivudine resistance have been repodeyl the mutation consists of
methionine either to valine (rtM204V) or isoleucir@Vi2041) substitution [147] or
leucine to methionine (rtL180M) change in the B @m which occurs often in
association with the M204V mutation. The replicatigapacity of the rtM204V,
rtL180M+M204V, or rtM2041 mutants is markedly deased compared to that of
wide-type HBV [148]. Besides these mutations canse failure of lamivudine-
treatment, they can also result in cross-resisttamagher anti-HBV drugs to which
virus has never been exposed to (e.g. Telbivudimégecavir). In addition, not only
lamivudine-induced mutations, the HBV mutationsoassted with other nuclos(t)ide
analogues have been reported [146]. For exampkfpad may select polymerase

resistant mutation in the B domain (rtA181T/V) @hd D domain (rtN236T) [149].

2.3.2.7. Overlapping of surface gene and polymerase gene
Due to the overlapping of the polymerase gene amwvélepe gene of HBV,
some mutations selected during antiviral resistace@ése concomitant changes in
overlapping reading frame, and consequently afgatie C-terminal region of HBsAg
(Figure 2.10A). For example, the rtM204V mutationsluced by LAM, is associated
with a change at sI195M in the HBsAg, while the 2041 mutation is associated with

three possible changes, sW196S, sW196L, or a tatimm codon [150]. The
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rtN236T, an ADV-resistance mutation, does not dffiee envelope gene and overlaps
with the stop codon at the end of the envelope gehde the mutation at rtA181T
and rtA181V corresponds to stop mutation (sW172samal sL173F in the envelope,
respectively. In fact, mutations that result ist@p codon in the envelope gene such
as those for LAM and ADV would be present in asatien with a low percentage of

wild-type for viral packaging.

Mutations triggering resistance to ETV (rtI169T$184G, and rtS202I) also
affect HBsAg and result in concomitant changes $E168L/V176G, and sV194F
while the rtM250V is located after the end of HBsAghe mutation sF161L is
located adjacent to the “a” determinant regiors dtfect on the envelope structure

and significance for diagnostics and vaccine escapels further investigation.

More generally, the effect of C-terminal mutatioas diagnostic assays,
vaccine escape, replication fitness, and pathoggmeeds further investigation. One
of the most common HBV mutations selected duringivadine treatment, is the
triple rtvV173L+L180M+M204V mutations which resultni the mutations
SE164D+1195M in HBsAg in approximately 25% of HIVBN co-infected
individuals and in 10% of HBV mono-infected pateifiailing LAM treatment. The
HBsAg containing these mutated residues have esbuantibody binding, (Figure

2.10B)[151].
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Figure 2.10. The overlapping of surface and polymerase gendsta consequence

to antigen-antibody binding (source: modified fr@ooley et. al., 2008L52])

2.4. Epidemiology of hepatitis B infection

2.4.1. Prevalence of HBV infection

2.4.1.1. In general population
Approximately 2 billion people or one-third of wdi$ population have been
exposed to the HBV. Although most of HBV-exposedividuals spontaneously
recover, more than 350 million develop chronic atifen and 75% of them reside in
Asia [2-7]. An estimated 50 million new cases being diagnosed annually [10].
Each year over 1 million people die from HBV-rethtiver disease, mainly from
cirrhosis and HCC. HCC is one of the most commarcess worldwide, and HBV is

responsible for at least 75% of these cancers [5].
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One of the features of HBV infection is that thekriof chronicity varies
greatly with the age at which the infection is acegh The risk of chronicity is 90%
for neonates and infants who acquire the infechiefore age of 1 year, about 30%.
for children aged 1-5 years, and around 2% fordcéil older than 5 years and adults,
[3, 153]. The reason for the high risk of chronjicih neonates and in children
younger than 1 year is still uncertain. The traasphtal passage of the HBeAg from
an infected mother to the fetus might induce imntogical tolerance to the virus
[154], although a study in transgenic mice showmat the placenta is an efficient
barrier for HBeAg transfer [155].

The prevalence of chronic HBV infection varies wigvide, with the ranging
0.1-20% in different parts of the world [156]. Higrevalence (HBsAgQ positivity
rates >8%) regions include East-Asia and Paciftcgpt Japan), sub-Saharan Africa,
the Amazon brasin, and also the Arctic. Intermediptevalence (2-8% HBsAg
positive) regions include India, Japan, part of {@@nAsia and the Middle East,
Eastern and southern Europe, and parts of Southriégand ow prevalence (<2%
HBsAg positive) regions include the USA, Northermar&pe, Australia, and parts of
South America (Figure 2.11)[156]. The age at prymafection is perhaps the best-
established determinant of chronicity in highly emic areas, the majority of
infections occur through perinatal transmissiobigth or during early childhood. As
the majority of these infections are asymptomatiee infected children remain
undetected and unwittingly serve as a reservoiHBV. In contract, in most
developed countries, where HBV is primarily a deseaf adolescents and adults
resulting from behavioral, lifestyle, sexual confaw occupational exposure, the rate

of HBsAg positivity is less than 2% [10]



55

Pacific i
Ocean Atlantic _,

Ocean

Prevalence of
Hepatitis B
Surface Antigen
@ High = 8%
@ Intermediate 2% - 7%
@ Low < 2%

Figure 2.11. Global distribution of chronic hepatitis B infemt in 2006 (source:
Travelers’ health, Centers for Disease Control dfkvention, available at
http://wwwnc.cdc.gov/travel/yellowbook/2012/chap8infectious-diseases-related-

to-travel/hepatitis-b.htm, accessed July 21, 2011)

In Thailand, the prevalence of HBV infection in ndiood donors had
dramatically declined from 7.1% in 1988 to 2.6%2009, this probably is the result
of an effective expanded program on immunizatio®l{Eagainst HBV and the
current HBV vaccine coverage rate in newborns isentban 98% nationwide [157].
In Chiang Mai, northern city of Thailand, 4.5% @hsol children (mean age of 12.8
years) were found HBsAg positive during 1998-2008)] [ There is however disparity
in the prevalence distribution across the regiol/Hnfection is widely spread in
some rural ethnic populations of northern regiod-14%) [158, 159] or in migrant
workers from Laos, Myanmar and Cambodia (7-11%p[16Prevalence of HBsAg
positivity in pregnant women in Thailand was 8-1(%6]. This prevalence was

lower in the south (3.4%) [161].
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The predominant strain is genotype C, in particsiabgenotype C1 [160].
Prevalence of HBV genotype C and B are 91% andré%pectively, while the rest

(2%) are recombinant between genotypes B and C [16]

2.4.1.2. In HBV/HIV co-infected population
Approximately 40 million people worldwide are infed with HIV. Due to
shared modes of transmission, co-infection is comnamd an estimated 4 million
people worldwide are infected with HIV/HBV [162,3]6 Several factors influence
these co-infection estimates, including geographiferences in the prevalence of
chronic infection by age, the efficiency of expesurthat account for most
transmission, and the prevalence of persons atrigglor infection. The prevalence
of HBV in HIV-infected individuals varies with thgopulation studied. In USA, up
to 10% of all HIV-infected individuals have HBV mdtion [164]. In sub-Saharan
Africa, 9-17% of HIV-infected individuals are HBsAgpsitive and more than 80%
have been exposed to HBV (anti-HBc positive)[16B]. Asia and Asia-Pacific
regions, the prevalence of HBsAg carriage in HIYeated patients ranges between 6

to 20%, (Table 2.5).
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Table 2.5.Prevalence of HBsAg carriage in HIV-infected patgein Asia and Asia-

Pacific
Countries Selected Number  Prevalence References
population of
subjects
International  observation No 1,641 10.4 [166]
cohort in Asia and Pacific
region
Thailand No 692 8.7 [167]
Thailand No 529 8.7 [168]
China No 1,110 6.3 [169]
Japan No 471 8.9 [170]
India No 1,178 9.9 [171]
India No 500 9 [172]
India No 204 15.2 [173]
Iran No 391 15 [174]
Australia No 1,719 4.9 [152]
Taiwan No (35% of IDUs) 3,164 19.8 [175]
Thailand Pregnant women 1,437 7.4 [176]
Singapore Men 47 8.5 [177]
Taiwan Drug substance 52 115 [178]
users
India Co-infected  with 951 6.4 [179]

tuberculosis

*IDUs: Injection drug users

Impact of HIV infection on HBV disease progression

It is widely accepted that HIV has a significanpmet on the natural history of

HBV infection. The presence of HIV prior to HBVfattion increases the risk of

developing chronic HBV and prolonged ALT elevatiorHlBV HIV co-infection
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reduces the rate of spontaneous HBeAg and HBsAgcseversion, leading to a
higher prevalence of HBeAg-positive disease [1@D]1Also, immunosuppression
can cause re-activation of latent HBV infectionndividuals with previous immunity
markers [181, 182], especially in patients witheseMmmmunodeficiency [183]. There
is as association between HIV and elevated HBV ObMel, although serum ALT
elevation is milder compared to HBV monoinfectetigrds. Liver demage progesses
more rapidly and more severe in patients with deeation [164, 184, 185]. Patients
with HIV/HBV co-infection have an increased risk lofer-related complication and
death. A large multicenter cohort study show thatrirelated mortality rate in co-
infected patients was 14.2 per 1000 person-yearapared to 0.8 per 1000 person-
years for HBV nomo-infection and 1.7 per 1000 pergears for HIV mono-infection

alone [184].

Impact of HBV infection on HIV disease progression

The majority of clinical studies that have examirtiee influence of HBV on
HIV disease progression have not been able to ptmateHBV has any role in HIV
disease progression [167, 186]. However, a thealegffect of HBV on HIV
transcription that might enhance HIV replicatiorddead to more rapid reduction of
CD4+ T cells counts in HBV HIV co-infectited patisrhas been described but these

is little evidence to supported this [187, 188].

2.4.2. Transmission of hepatitis B virus
In infected persons, HBV is found in highest conaions in the blood, and
lower concentrations in saliva, semen, vaginaleteams, and wound exudates. HBV

can remain viable for more than 7 days on enviraritalesurfaces at room
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temperature. The average incubation period is 98 ttam time of exposure to onset
of symptoms, but may vary from 6 weeks to 6 mofijsAlthough HBV DNA or
HBsAg were detected in a variety of body fluidspefople infected with HBV only
serum and semen may be infectious [189, 190]. Meciion was demonstrated in
persons orally exposed to HBsAg-positive saliva, [&fhough transmission was
demonstrated to animals by subcutaneous inoculaficaliva [191]. This infrequent
transmission might be due to low concentrationsf&ctious virus in saliva and/or a
partial reduction of viral virulence by the innatemune response inherent in saliva.

Mode of HBV transmission is mainly divided into@uites, as follow;

1) Horizontal transmission

- Percutaneous or parenteral transmissionparenteral transmission means
transmission via needle-puncture of the skin. Tmisle includes transfusion of blood
or blood products [192], contaminated equipmentiuse therapeutic injections and
other health-care related procedures [193-195)jweéver, transfusion related hepatitis
B is rare. The establishment of routine screeriarghepatitis B virus with highly
sensitive methods in most transfusion centers Her last two decade in at lot of
developed countries. HBV transmission via tattgaamd acupuncture has also been
reported [196, 197]. Unsafe injection drug useams an important mode of HBV
transmission [198].

- Sexual contact-associated transmissioAromiscuous sexual activity is probably
the most important mode of HBV transmission in I&¥BV prevalence areas.
Transmission of HBV through heterosexual contaxtsot always (100%) happen but
still relatively efficient way of transmission. dmsmission is very frequent between

homosexual males, depending on their sexual peactithe HBV transmission by
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kissing is never been reported whereas bites transary efficiency. The rate of
transmission from HBV carriers to contacts is pmtipoal to the HBV DNA levels,
frequency and intensity of exposure [26]. Howevke, risk of chronicity is low for
transmission through sexual contact, intravenousg duse, acupuncture, and
transfusion.
- Nosocomial transmissionNosocomial spread of HBV infection in hospital doe
occur when apparently adequate practices to comfection are not followed.
Transmission also occurs from contaminated enviemtal surfaces, inadequately
sterilized needles and medical instruments [19BVHnfection is an occupational
hazard among people who work in laboratories ops&g to infected blood, however
occurs rarely since hepatitis B vaccination of treahre workers has been
implemented [200].

Moreover, HBV transmission from father to fetus dvef birth has been
reported. This transmission can occur via the spadrbecause, beside serum and

leukocytes, HBV DNA can be detected in semen aednsatid, as well [201].

2) Vertical transmission

In high-incidence areas, such as south-east Aeidical or perinatal transmission of
HBV from chronically infected mothers to newbormgpaars to be the most important
factor for the high prevalence of HBV infection. itthbut prophylaxis, 48% of infants
born to HBsAg positive women become infected [20BIBeAg is one of the main
maternal factors determining whether infection efvborns will occur. The presence
of HBeAg in the mother’s serum is associated witater infectivity [203]. The risk

of perinatal HBV transmission among infants borrH®BV-infected mothers ranges
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(Figure 2.12) [204, 205].

Figure 2.12.
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Estimated rates of HBV mother-to-child transnassiand factors

contributing the transmission according to thegaeof transmiisions.

There are 3 possible routes of transmission of H®Yh infected mothers to

infants: i) prenatal transmission in the first acend trimester of pregnancy, ii)

perinatal/natal transmission (Perinatal period hediom 28 weeks of gestation until

delivery), and iii) postnatal transmission (duricigild care or through breast milk)

(Figure 2.12).

- Prenatal transmission:Prenatal or intra-uterine or in-utero HBV infectios

speculated to occur following passage of HBV fromtenmal blood through placental

leakages. This type of transmission may explainftikeire of passive and active

immunoprophylaxis and largely depends on materrigV tbad [206]. This route of
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transmission has been estimated to occur in 4-7%famts born to HBsAg positive
mothers in China [207, 208] but may be rare inaegioutside of Asia [206]. Factors
associated with intrauterine HBV infection are mad¢ serum HBeAg positivity,
history of threatened preterm labor, and detect#By/ in the villous capillary
endothelial cells of placenta [207] and high leseHBV DNA [209].

- Perinatal/natal transmission:This is considered as the main mode of mother-to-
child transmission of HBV. In developing countrieé high chronic hepatitis
endemicity, children born to mothers with posithBsAg/HBeAg are at 70-90% risk
of acquiring HBV infection in delivery period, [20£205, 210]. A meta-analysis
showed strong evidence of the reduction in the mdk perinatal/natal HBV
transmission when elective caesarian section wesrped, as compared to vaginal
delivery (10% vs. 28%) [211]. However since theyeno data from well-designed
randomized controlled trial, most obstetric guide$ do not endorse routine use of
caesarian section to prevent perinatal transmissiéiBV [212].

- Postnatal transmissionChildren of HBsAg-positive mothers who do not beeo
infected perinatally remain at high risk of infeetiduring early childhood. Before the
availability of neonatal immunization, 60% of thdsern to HBsAg-positive mothers
became infected by the age of 5 years [204]. Rtattransmission from mother to
newborn can occur through breast-feeding. In hwalgs of chronically infected
individuals, HBV infection can occur via persongerson through nonsexual contact.
With appropriate immunoprophylaxis, including heftB immune globulin and
hepatitis B vaccine, breast-feeding of infants bfooic HBV carriers poses no
additional risk of transmission of HBV [213]. Am&lr source of HBV transmission is
represented by HBV carriers’ urine which may expldie horizontal transmission of

HBV among young children.
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Despite use of HB immunoglobulin and vaccine, sonfants still suffered
from mother-to-child transmission. Transmissionesatary from 3% in Australia
[144], 7.4% in China [17] and 12% in South Kof2a4]. These vaccine failures were
significantly associated with maternal HBeAg-sepeaity and high level of HBV
DNA. In addition, a study in India showed that &¥babies aged 2 years old were
found infected with HBV variants presenting pointitations in the “a” determinant
region, although they had preexisting anti-HBs lmodies at 24 months post

immunization, presence [132].

2.5. Natural history and clinical manifestations of hepditis B infection

HBV has no direct cytopathic effect. The spectrafndisease in HBV is
determined by the host immune response, CTLs neegatocytes injury leading to
acute and chronic hepatitis [2] and the age of iadean. The risk of developing
chronic HBV infection is closely related to the agetime of infection. Among
children infected with hepatitis B, about 90% dkicted infants and 30% of infected
children aged under 5 years of age develop chiiafection. In adults, 95% of acute
infection resolve spontaneously, approximately D.8% lead to fetal fulminant
hepatitis and only 5% or fewer develop chronic atifen [215]. Among infants who
acquired HBV before the age of 2 year aged 10% spblintaneously resolve acute
infection (Figure 2.13).

Chronic infection may also have serious complicainearly 25% terminate
in serious liver diseases [30]. It remains unclely, after exposure to HBV, some
individual develop an acute infection and spontassorecover, while others develop

a chronic infection or spontaneously clear viruterafyears of viral production.
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Immunosuppressed patients, e.g. hemodialysis pstiéfiV-infected patients, are

also at high risk of developing chronic infectid®8].

Symptomatic:

” Children <5 yr (<10%)

Children <2 yr (10%) Acute hepatitis B | children >5 yr or adults (30-50%)
Children <5 yr (30%)
Adults (95%)

Children <5 yr (30-90%) ‘l, 8
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Reactivation s . Fulminant
Recovery €= mmee — 2| Chronic infection ..
hepatitis

! | !

Antigenaemia Persistent Aggressive
hepatitis hepatitis

(15-25%)

Cirrhosis

(1-6% /year)

Hepatocellular
Carcinoma

Figure 2.13. Outcomes of acute HBV infection

Acute HBYV infection

As mentioned above, the majority of HBV infectiq®%%) in adult are acute
while only 10% infections are acute in neonates.he Treason is that the
immunoregulation of viral infection in adult is mumore efficaciousas compared to
that in neonates. For newly infected individualsowdevelop acute hepatitis, the
average incubation period (time from exposure tgebof jaundice) is 90 days (range
60-150 days) [216]. The likelihood of developingmptoms of hepatitis is age-
dependent. Over 90% of perinatal HBV infections asymptomatic, while the
typical manifestations of acute hepatitis are found0% of newly infected children

age 1-5 years old and in 30-50% of older childeaiglescent, and adults [6] (Figure
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2.13). Signs and symptoms of acute hepatitis Bude nausea, abdominal pain,
vomiting, fever, jaundice, dark urine, change inostcolor, and hepatomegaly or
splenomegaly.

After an incubation period of 4-10 weeks, the fisgrological markers to
become detectable in individuals with acute HB\éation are HBsAg and antibodies
to HBcAg (anti-HBc), mainly IgM isotype in the epaidtage. Viremia with very high
viral titer is well established, when HBsSAg is de#tsl. HBeAg become than
detectable in most cases. Alanine aminotranfel@sgss increase after liver injury
triggered by T-cell mediated immune response. Ttientiters of virus in blood and
liver begin to drop. In the 4-12 months after atfen, IgM anti-HBc becomes
undetectable. Total anti-HBc immunoglobulins pardor life and are found in
individuals who recover from infection. In indiudls who recover from HBV
infection, HBsAg and HBeAg are eliminated from kdostream and anti-HBs as well
anti-HBe develop during convalescence, (Figure R14The presence of anti-HBs
indicates immunity to HBV infection. Most individis who recover from natural
infection (resolved infection) will be positive fdroth anti-HBs and anti-HBc, but
anti-HBs may become undetectable in some indiviloaker time. Resolved acute
infection is not a risk factor for subsequent awsis or HCC. Surprisingly, in some
cases, despite acute infection was resolved, lewideof HBV DNA in blood may
persist for many years [11]. Immunosuppressecepttican develop reactivation of

previously resolved HBV infection.
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A Acute Self-Limited HBV Infection
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Figure 2.14. Serology and molecular maker patterns duringsmof acute (A) and
chronic HBV infection (B) [11]

Chronic HBV infection

Chronic infection is defined as either the persistepresence of HBsSAg in
serum of an individual for at least 6 months [30]tlee presence of HBSAg in an
individual who tests negative for anti-HBc IgM. like individuals who recover from
acute HBV infection, individuals with chronic inteen do not develop anti-HBs,
while HBsAg typically persists for decades or offenlife. Titers of viral DNA tend
to decline over time. HBeAg is also usually foundhe early phase of illness. In
many individuals with chronic infection, HBeAg bewes undetectable usually a
decade or more after acute infection (Figure 2.J[4B) Approximately 0.5% of
adults and a lower proportion of children, with afic HBV infection will clear
HBsAg and develop anti-HBs annually. Approximatdly-25% of persons with

chronic HBV infection die prematurely from cirrhesor HCC.
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The four phases of chronic hepatitis B infectiorvehdeen well described

(Figure 2.15), although not all patients go thoatiiphases [10, 149];

HBeAg

Anti-HBe

HEV DMNA

Immune Immune clearance Inactive Reactivation

tolerant (HBeAg-positive carrier phase (HBeAg-negative
chronic hepatitis) chronic hepatitis)
0 20 40 60
Time (years)

Figure 2.15. Natural history of chronic hepatitis B infectiggource: modified from
Kwon, Nat Rev Gastroenterol Hepatol, 2011 [149])

Phase 1: Immune tolerance phases characterized by the presence of
HBeAQ, elevated levels of serum HBV DNA (>20,000rlL), mild or no symptoms,
persistently normal ALT levels and minimal histdlesg activity in the liver. The age
of acquiring the infection affects the course of thsease. This phase is typical of
infection in children and adolescents. It lastswl® - 4 weeks or shorter in healthy
adults but may last for decades in children whouaeqgthe infection during the
perinatal period. Subjects in this group are highlectious and transmit the virus
easily.

Phase 2: Immune active or immune clearance phaseharacterized by the
markedly reduction of HBV replication levels, spmméous seroconversion from
HBeAg to anti-HBe at a rate of 10-20% per year, sndsually accompanied by the
increase in the serum ALT levels due to the immuomeelated lysis of infected

hepatocytes. This phase may last from months &osygepending on the efficiency
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of immune system. If the immune system is effiti¢ginis stage will be self-limiting,
lasting for only 3-4 weeks and the host eventubaiyng cleared of the virus. If
inefficient, this phase may persist much longegbpbly for 10 years or more.
Histologically, there is severe chronic hepatitred @he ultimate outcome for the
patient depends on the duration and severity ofivke injury during this stage. This
phase usually occurs when the patients is betwBeand 35 years of age. The rate
and average age of seroconversion from HBeAg to-HB¢ varies by HBV
genotype, because persons infected with genotypen@in HBeAg-positive for
many years longer than those infected with genatypeB, D, or F. Patient who
undergo spontaneous HBeAg seroconversion beforeaffee of 40 have a good
prognosis. Clearance of HBeAg reduces the riskhepatic decompensation and
improves survival [217].

Phase 3: Inactive phase or low replicative stage characterized by the
absence of HBeAg, development of anti-HBe, low @8R, IU/mL) or undetectable
level of serum HBV DNA, persistently normal ALT lkel¢, improvement in liver
fibrosis and inflamation, although serum HBsAg|gprsists. Most of the HBV-
infected hepatocytes are cleared by the host immesymonse. Patients in this phase
have a favorable prognosis. HBsSAg clearance iswadun Asian patients, but may
occur in Caucasians at the rate of 1-2% per yeareasing with time [10].

Phase 4: Reactivation phas@lso called HBeAg-negative chronic hepatitis
B) is characterized by the presence of HBsAg pasidind anti-HBeAg, absence of
HBeAg, transiently or persistently elevated seruBVHDNA and ALT levels, and
active inflammatory in the liver. Some authorssslified this phase into the immune
tolerant phase because viruses are just not abtedrete HBeAg. Mutations in

precore or basal core promoter region are the saabehis absence [218]. As



69

supercoiled HBV DNA persists in the liver, someiwméctive HBSAg carriers may

develop HBV reactivation with recrudescence offidesease. Reactivation of HBV
replication can occur either spontaneously or aftemunosuppression due to
reactivation of the wild type virus with reversiback to the HBeAg positive state, or
much more frequently with precore or core prom&V variants that prevent or

decrease the production of HBeAg. In addition, HBMA can be detected by PCR
in serum, liver and peripheral blood mononucleaisceore than decade after
recovery from HBV infection [219, 220]. This suggdhat recovery from HBV

infection may not result in complete virus elimioat but rather the immune system
keeps the virus at very low level. However, thpagents have no risk to develop
progressive liver diseases [221h Asia-Pacific, the prevalence of HBeAg-negative
chronic hepatitis B patients among HBsAg-positimdividuals is estimated at 15%

[222].

2.6.Immune response to hepatitis B virus
Following HBV infection, there is an initial hepidi that may or may not be
symptomatic. Successful clearance and resolutianfettion depends on the age at
which HBV is acquired and the immune status of vilials. The immune
determinants of clearance of HBV are not fully ustieod but both innate and

adaptive immune responses are important in theaarsftHBV infection [11, 223].

2.6.1. Innate immune response
Innate immunity is the first line of defense immagdly after infection to limit
the spread of the virus. The components of innat# responses are: production of

interferon (IFN)ea/f cytokines from infected hepatocytes triggered aiyeby virus
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replication through cellular mechanisms that detbet presence of viral RNA or

DNA,

In the liver, natural killer (NK) cells and natutgller T (NKT) are activated
via interleukin-18 (IL-18) and chemokine CCL3 reded from Kupffer cells and
dendritic cells (DCs) following the recognition stfess-induced molecules and/or the
modulation of the quantity of major histocompattlgilcomplex (MHC)-class |

molecules on the surface of infected cells [223j\{Fe 2.16).

Innate immune response Adaptive immune response
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Figure 2.16. Immune responses against HBV infection. ContfoHBV infection

requires both innate immune response and adaptiveine responses: humoral and

cellular arms

2.6.2. Adaptive immune response
Many effector cell types participate in the devet@mt of adaptive immune
responses against hepatitis B proteins either hainwor cellular immune responses

(Figure 2.16). Antigen presenting cells (APCsxhsas Kupffer and dendritic cells,
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are important for the presentation and maturatiokiBV-specific T-cells, the main
effectors of HBV clearance. APCs present viralgamts to CD4 and CD8 T-cells
and produce cytokines, interleukin (IL)-12 and tumecrosis factor (TNF¥, which
induce the production of IFN-and proliferation of CD8T-cells. IL-12 also induces
CD4" Ty, cell differentiation into the T-helper cell typg(@D4 Tyl cells). CDZ4 Tyl
cells are robust producers of Thl cytokines and racpired for the efficient
development of effector CTLs and B-cell antibodyoduction. T cell-derived
cytokines and chemokines also participate in th@wation of antiviral antibody
responses that contribute to viral clearance mabyyblocking virus entry into

susceptible cells and by removing infectious visidtom the circulation.

Cellular immune response

A virus-specific CD8 cytotoxic T-lymphocytes (CTLs) and CD4T helper cells
(CD4" T, cells) play key effector and regulatory roles pesgively. In acute HBV
infection, HBV-specific CD4+ T-cells can be detettt the time of elevated HBV
DNA and persist long after recovery from HBV infect CD4+ T-cell responses
specific for HBcAg or HBeAg (peptides c50-69) hdeen more often detected than
those specific for HBV envelope and polymerase ginst An HLA class-II-
restricted T cell response to HBcAg is vigorouspatients who clear the virus
spontaneously but weak and defective in chronidafigcted patients, suggesting that
the outcome of chronic HBV infection may dependvanations in the host immune
response against the virus and infected hepatocy&ELs are believed to play a
major role in both virus clearance and the pathegisnof liver cell injury. An HLA
class-I-restricted T cell response against HBV ipegt expressed on the surface of

liver cells plays a major role in the pathogenediBver damage. The assumption of
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protective role is based on the observation thagarous CTL response specific for
HBV-encoded proteins was observed in patients vatute hepatitis B, who
ultimately cleared the virus while it was weak odatectable in patients with chronic
infection. Another observation in favor of the factive role of CTLs is the
development of a CTL response in chronic HBV-ingelcpatients who experienced a
spontaneous or interferon-induced remission thas wamilar in strength and
specificity to that of patients who recovered fratute hepatitis B [224]. These
observations suggest that vigorous CTL responseddB4d are essential for viral
clearance. HBV-specific CTLs exert both cytolymd non-cytolytic activities
against HBV-infected hepatocytes. Non-lytic meatias induced by IFN- and
TNF-a participate in the clearance of acute HBV infattit-N-y is mainly produced
by HBV-specific CTL but can also be produced byunatkiller (NK), natural killer
T (NKT) cells and CD4 Tyl cells. TNFe and IFNy clear HBV through several
mechanisms including destabilization of the virapsid via the NB pathway,
degradation of viral proteins via nitric oxide apdoteosome activity and post-

transcriptional degradation of HBV RNA.

Humoral immune response

The humoral response is also critical to long-terlearance of HBV and
protection from infection with HBV. Neutralizingnd non-neutralizing antibodies
can also promote antiviral and pathogenetic evegtactivating the complement
system, which can lyse antibody-coated virusesirusyunfected cells, and can also
prevent re-infection [38, 225]. In patients whaaeer from acute HBV infection,
activated CD4+ T-helper cells type 2 (CD®2 cells) induce B-cell production of

antibodies against HBsAg, HBcAg and HBeAg. Antilesdagainst HBs (anti-HBS)
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are synthesized early in infection but are not catde because they are complexed
with the excess of HBsAg produced during virus icgpion. Neutralizing anti-HBs
antibodies provide protective immunity against sgjoent HBV infections and are
the basis of protection in vaccinated individual$ie pathogenic role of antibodies to
non-envelope protein remains controversial. lgemerally accepted that anti-HBc
antibodies do not exert-neutralizing activity [22Blecovery from hepatitis B results
in lasting protective immunity that is mediated hgutralizing HBsAg specific

antibodies and by HBV-specific CD4nd CD8 T cells.

2.7.Hepatitis B infection and hepatocellular carcinoma

Patients with severe liver disease are at risk efetbping hepatocellular
carcinoma (HCC). In the Far East, the annual eoteé of HCC is 0.8% in patients
with chronic hepatitis B. During a mean follow-op 6 years or more, 9% of 349
Caucasian patients with compensated cirrhosis dpgdl HCC. The 5-year
probability of HCC in Taiwanese patients with comga&ted cirrhosis was higher at
20%, with an annual HCC incidence of 2.8%. Theuahmnisk of developing HCC in
patients with cirrhosis is between 1 and 6 % [228h Japan, the cumulative
incidence of HCC in patients with cirrhosis aftery@ars was 59% [227], almost
double the rate of chronic hepatitis B with cirrisos Italy, which was 31% in 8
years [228].

The rate of progression to cirrhosis and/or HCCedels on the age of the
patient at infection, and on several additionalthesal, and external factors [149,
205, 229-231]:

1. Age at infection:HBeAg seroconversion rates are low in youngemiadials
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2. Host factors:increasing age, male gender, immunosuppressiast, gemetic
factors e.g. HLA, TNF-alpha, Mannose binding pnot@¥iBP), and vitamin D
receptor, recurrent ALT flare, persistently inciesh#\LT levels, diabetes

3. Viral factors: Persistent high level of HBV DNA, persistent prese of
HBeAg, HBV genotype C rather than genotype B, basake promotor
mutations (e.g. 1762T/1764A mutations)

4. Exogenous factors:co-infection with HIV or other hepatotropic virgs.g.
HCV, HDV), heavy alcohol consumption, cigarette &ing, aflatoxin

exposure.

2.8.HBYV virological assessment
Virological assessment of HBV infection relies orseries of assays that are
essential for diagnostic purposes and to adopapeertic decisions.
2.8.1. Serological testing for HBV status determination
Serological testing for HBV infection can be dorsing the routine enzyme-
linked immunosorbent assay (ELISA). The test messgeveral hepatitis B viral
specific antigens and antibodies. Different senalalg‘markers” or combinations of
markers are used to identify different phases ofvHBfection and to determine
whether a patient has acute or chronic HBV infeGtar he/she is immune to HBV as
a result of prior infection or vaccination, or igsseptible to infection. Based on
knowledge of the natural history of chronic HBVenfion, patients can be classified

according to their serological status as showalitet1.6.
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Table 2.6. Determination of HBV status according to serotagjitesting

HBsAg Total IgM Anti-HBs
anti-HBc anti-HBc

Susceptible neg neg neg neg
Immune due to natural infection neg POS neg POS
Immune due to hepatitis B neg neg neg POS
vaccination
Early infection before anti-HBc POS neg neg neg
response
Early infection POS POS POS neg
Chronically infected POS POS neg neg
Four interpretations possible* neg POS - neg

*This probably results from either 1) recoveringrfr acute HBV infection, 2)
distantly immune and insufficient sensitivity ofetlbest to detect very low level of
anti-HBs in serum, 3) susceptible with a false fpesianti-HBc, 4) undetectable level

of HBsAg present in the serum although the persaciually a HBV carrier.

2.8.2. Cell culture and animal models for HBV

A major obstacle to the research on the developmiedtug and gene-based
therapies for HBV infections is the lack of an e#nt cell culture system or a readily
available small-animal model, permissive for viradfection and replication.
Recently, in vivo models of HBV infection based @il culture have been developed
and generally involve primary hepatocytes or aakd derived from hepatocytes (e.g.
HepaRG [232], HuH-7 [233]) or surrogate models saghvoodchuck hepatocytes for
WHYV infection, duck hepatocytes for DHBV infectiorHowever, infection of these
cells with HBV has produced poor viral replicatiolow viral yields and poor

reproducibility. Thus, these cell culture systeans suitable for the viral infectivity
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and may be useful for some drug studies but notsfodying the viral life cycle.
Although HBV can be generated from integrated HB¥n@me into host cell
chromosomes the mode of viral replication is défeérfrom that in natural infection
[234].

For in vivo models, chimpanzees are natural hastsHBY. Chimpanzees
develop acute hepatitis after HBV infection and mammune responses, but they do
not develop chronic liver disease. Recently, neseas have shown that a strain of
tree shrews T. belangeri sinensjsdevelops acute and, in some cases, chronic
hepatitis after infection with HBV. Some researshéave thoroughly studied
surrogate animals (e.g., woodchuck, duck, and grasguirrel) that host hepadna
viruses specific to their species. Unfortunatéigse animals do not develop cirrhosis
and thus are not useful for testing anti-HBV vaesin Transgenic mouse models
expressing open reading frames of HBV have alloweestigators to study the
replication, gene expression, and immunopathogerddiiBY. However transgenic
mice do not naturally mount an immune responsdBY or develop hepatitis. To
mimic natural infection, researchers have generdwathan-mouse chimeric liver
models by transplanting human hepatocytes into inodaficient mice and then
reconstitute its immune system by transplanting &mrand/or mouse bone marrow
cells. Another animal model has been developed ungxtompetent rats made
tolerant to human hepatocytes by injecting humdis ceo the fetal peritoneal cavity.
These rats can accept transplanted human hepaotya can be subsequently
infected in vivo with HBV [234]. Thus, although rsingle cell culture system or
animal model is ideal for studying all features BV hepatitis, researchers are
developing imaginative and novel animal models thiet designed to investigate

specific aspects of pathobiology, prevention, dretapy of HBV.
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2.8.3. Molecular assays in diagnosis and management of HB¥éction
Several types of molecular assay are available the diagnosis and

management of HBV infection [235].

2.8.3.1. Quantitative HBV DNA assay

HBV DNA quantification is considered to be most adeed method currently
available for monitoring HBV replication. Technegifor HBV DNA quantification
are based on amplification either of signal oreai@able 1.7).Signal amplification
techniques require the use of a specific “captuodigonucleotide probe that
hybridizes to denatured DNA. The signal from th®be-DNA hybrid is then
amplified for detection and quantification. Target amplification requires
amplification of the viral genome (amplicon) whighthen detected. A drawback of
signal amplification techniques is their inability detect very low levels of HBV
DNA. Target amplification techniques such as PCBeldaassays have a remarkably
high sensitivity (detection limit as low as 4 |U/ofl HBV DNA using Tagman-based
real-time PCR). These assays use specific prithatsattach to each strand of target
double stranded DNA. The introduction and developmef real-time PCR
techniques, that increase sensitivity of HBV DNA,a major progress in the field.
Indeed, simultaneous amplification and quantifmatof the viral genomes can be
achieved with real time PCR, thereby obviatingriked for post-PCR manipulations.
Real-time PCR assays can detect a wide range of BBYA levels and are more
rapid and sensitive than conventional PCR techsiquel therefore provide a better
assessment of HBV replication. Tagman technologgsua fluorescent probe

annealed to target DNA sequences for the quanidicaof DNA. Several other “in-
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house” real time PCR techniques have been develpeth also exhibit remarkable

sensitivity and reproducibility.

Table 2.7. available commercial hepatitis B virus DNA quéoétion assays [236]

Assay

Method

detection

Lower limit of

Dynamic range of

quantification

Signal amplification
HBV Hybrid-Capture
®

Ultrasensitive HBV
Hybrid-Capture 1I®

Versant® HBV DNA
3.0 Assay

Target amplification
Amplicor HBV
monitor®

COBAS Amplicor HBV
monitor®

COBAS® Tagman™
HBYV monitor
RealArt™ HBV PCR
assay

Abbott RealTime™
HBV DNA

Hybrid capture signal in
microplates

Hybrid capture signal in
microplates after
centrifugation
Semi-automated branched 375 1U/mL
DNA

Manual quantitative RT- 180 IU/mL
PCR

Semi-automated 35 IU/mL
quantitative RT-PCR

Real-time PCR after 12 IU/mL
automated DNA extraction
Real-time PCR 4 lU/mL
Real-time PCR after 10 IU/mL

automated DNA extraction

142,000 copies/mL

4,700 copies/mL

5.15-9.23 log10
copies/mL
3.67 — 7.76 log10

copies/mL

2.55-7.251o0g10
IU/mL

2.26 — 5.85 log10
IU/mL
1.54 — 4.55 log10
IU/mL
1.73 - 8.04 log10
IU/mL
0.60 — 8.00 log10
IU/mL
1.00 - 9.00 log10
IU/mL

* Abbreviation: RT-PCR, reverse transcriptase pdyase chain reaction; IU/mL, International

Units/milliliter

As the results of quantitative assays are usualpressed in different units,

which make the comparisons between different asdidifysult. In order to interpret
the same way in the different assays currently labks clinical practice,
standardization of HBV DNA assays has been estadalishrough standardization of

the quantification units (titer of WHO internatidnstandard is set arbitrarily to
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1,000,000 1U/ml), and the reporting of HBV DNA ks using a logarithmic rather
than a linear scale. The international standardH8¥ DNA assays and serum HBV
DNA levels are now expressed in international {iX/ml in all available assays,
allowing direct comparison of HBV DNA assay resulifie implementation of this
standard is essential for defining clinically agmrate treatment guidelines based on

serum HBV DNA levels [237].

2.8.3.2. Genotyping assays

It is possible to classify HBV genotype without el@ining the entire whole
sequence of the viral genome because the genotgpition of HBV is reflected in
partial sequence of the HBV genome. Since the esempiof the S gene is more
conserved than the pre-S region, it is much mor@alde for genotyping [8]. After
amplification by polymerase chain reaction (PCR)tlué target of interest, entire
genome or a partial sequence of the HBV genomderdiit methods for HBV
genotyping can be used [237].
- Direct sequencing: The amplified products are directly sequenced dedved
sequences are compared with published sequenceetéomine homology with
known genotypes or using phylogenetic tree analy3isis technique is a reference
method and suitable for analysis of new genotypesrecombination between
genotypes but it is labor intensive and time conagm
- Restriction fragment length polymorphism:The amplified products containing
genotype-specific regions are digested by restnotinzymes and HBV genotypes are
differentiated on the size of the digested fragmefithis method is cheap and easy to

perform but it is limited for only known genotypes.
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- Line probe hybridization assayAmplified products of the S gene are hybridized to
strips pre-coated with genotype-specific oligonatitee probes. Determination of
HBV genotypes is based on the pattern of reactas@db. This commercial assay
(INNO-LIPA) is easy to perform and can identify rad genotypes but it is also
limited for only known genotypes and costly.

Non molecular assays have also been used

- Enzyme-linked immunosorbent assaythe principle of this assay is based on the
binding of monoclonal antibodies to genotype-spe&pitopes of the pre-S2 protein
in specimens. The advantages of this method aetegerform, can identify mixed
genotypes, and suitable for subject negative fogrwia. This assay can detect only

known genotypes.

2.8.3.3. Drug resistance mutation tests

When a mutation occurs during replication, it resuin a nucleotide
substitution that may be synonymous (not assocmidd an amino acid change) or
non-synonymous (associated with an amino acid ajangome of the mutations
inducing an amino acid change are associated withceease of the sensitivity to an
antiviral drug [238].

Genotypic antiviral resistance designates the psef unique nucleotide
and corresponding deduced amino acid mutationfiendrug target gene, e.g. the
HBV polymerase gene, that have been previously dstrated to be associated with
antiviral resistance. Ideally, to identify potettgenotypic resistance, the nucleotide
and deduced amino acid sequence of HBV isolated thee patients during virologic
breakthrough should be compared to the sequenckelBM isolated from pre-

treatment sample from the same patients. Whenrpagment samples are not
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available for analysis, sequence data at the timéralogic breakthrough should be

compared to consensus published sequences of the H8V genotype. Primary

drug resistance mutations cause an amino acid isdiost that result in reduced

susceptibility to an antiviral agent while secorydabmpensatory mutations cause
amino acid substitutions that restore functiondedts in viral polymerase activity,

replication fitness, associated with primary drasgistance.

Initially identification of drug resistant mutatisrwas based on individual
definition of the mutation location on the HBV gene and was thus confusiag the
HBV genotypes vary in the genomic length. In 20&uyver and colleague
overcome this problem by dividing the HBV polymezasto four different functional
units and re-numbering each functional unit [239The reverse transcriptase (rt)
region of the polymerase gene is common for alloggres. Mutations within this
region are prefixed with the letters rt followed #tne consensus deduced amino acid,
the codon number relative to the start of the gtae, followed by the deduced amino
acid derived by the mutation. For example, the prytLAM resistance changes are
defined as rtM204L (substitution of the methioniake codon 204 in the reverse
transecriptase region of the HBV polymerase gen&feine)

HBV drug resistance assays include;

- In vitro phenotypic assaysThese assays are based on the comparison ofran vit
susceptibility of replication-competent mutant a@oand wild type clone to antiviral
drugs. In vitro phenotype testing is based ondatermination of changes to the
effective concentration of the drug required toibith50% of the target (EC50 or
IC50) relative to the “wild-type” reference HBV. iBhassay is the “gold standard” to
confirm genotypic antiviral resistance but is ticesuming and labor intensive due

to the lack of convenient cell culture system drenieed for specific HBV replication



82

competent clones. In addition, multiple substitné or sequences elsewhere in the
HBV genome may influence the results [238].

- Virtual phenotypic assay or genotypic assays:these assays, single or multiple
mutations are identified and then analyzed foralation with the patient treatment
and response data, for example, the mutation M2Ohle RT gene is associated with
lamivudine resistance. The method relies on k@ali databases containing clinical,
virological, and HBV sequence information that argegrated and analyzed
statistically via linkage and require large numbeifs patients with virological

breakthrough during treatment [37, 238].

Assays available to identify resistant mutatiordude:
- Direct PCR sequencingDirect PCR sequencing can detect the resistantations
if they represent approximately 20% of the total \HBuasispecies pool. It also
allows the identification of all mutations occuginincluding additional potential
compensatory mutations and new undefined mutat@ssciated with resistance to
existing therapies.
- Restriction fragment length polymorphism (RFLP)nalyses:RFLP analyses can
detect viral mutants that constitute as little & 6f the total viral population.
However, separate sets of endonuclease reactioss mudesigned specifically for
each mutant of interest. Some mutations resudt mew restriction site and RFLP is
therefore as easy method; some other mutationsoglestrestriction site and in this
case RFLP analysis should be used with cautioadsdf enzyme digestion may be
due to loss of a restriction site or technical peots with the assay. RFLP analysis
may not be possible for all resistant mutationspetific endonucleases may not exist

for such sequence.
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- Reverse hybridization Assayfhe commercially available reverse hybridization
assay (LiPA DR, Innogenetics, Belgium) containeaes of short membrane-bound
oligonucleotide probes [240-242]. which can degaatjle nucleotide mismatches thus
emerging viral resistance when HBV encoding thestasce mutations constitute 5%
or more of the total viral population. Their majonitation is that new set of specific
probes are required for every mutant and a numbgrabes may be required to
detect a single nucleotide change.

- Sequencing with Microchip-based Technolog8equencing with microchip-based
technology using oligonucleotide microarrays mayused to detect new mutations.
This technology is expensive and not widely avaddh43].

- Matrix assisted laser desorption/ionization—tinoéflight mass spectrometry
(MALDI-TOF MS): MALDI-TOF MS is based on mass spectrometric anslys
small DNA fragments containing the site of variatioThis assay has been shown to
be very sensitive and can detect mutants that itotestonly 0.1% of the viral
population. However, it is costly (mass spectrarjeand can be used only for
known mutations [244].

- Ultradeep sequencing or pyrosequencingyrosequencing has been used to detect
minority populations of -resistant HBV variants §4 but this method is labour
intensive and requires highly skilled personneurtirermore, given the high rate of
spontaneous mutations during HBV replication, theiaal significance of mutants

that may be present in <0.1% of the viral populat®uncertain.

2.9. Treatment of HBV infection
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2.9.1. HBV management for HBV mono-infected patients

Seven drugs are currently approved by the US FaddDaug Administration
(US-FDA) for the treatment of chronic hepatitis iBcluding immunomodulatory
agents: i.e. interferon alfa-2b and peginterfertfa-2a, and oral antiviral agents: i.e.
the nucleos(t)ide analogues. Nucleoside analogugsde lamivudine, telbivudine
and entecavir, while nucleotide analogues includefavir dipivoxil and tenofovir
disoproxil fumarate. Immunomodulatory agents digplboth antiviral and
immunomodulatory activity. Nucleos(t)ide analogaes primarily by inhibiting the
reverse transcription of the pregenomic RNA tofitet strand of HBV DNA. Viral
relapse is common when treatment is stopped. Immuodalatory agents have been
limited by its poor tolerability and significantdg effect profile while the efficacy of
nucleos(t)ide analogues have been hampered byeitessity of prolonged use and
emergence of resistance [246]. Many novel anti-H&)énts are currently under
investigation in pre-clinical and clinical trialSeveral viral targets are the focus for
development of new and more potent drugs to halpaece viral clearance and
prevent resistance, for example, inhibition of Viemtry using preS1 peptides,
inhibition of capsid information by phenylpropenamiderivatives and heteroaryl-
pyrimidines (HAP), or blocking viral morphogenesisd egress by an inhibitor of

protein folding and trafficking [247].

Immunological treatments with immunomodulatory agens
Interferon alfa-2b (IFN-a-2b)

IFN-a-2b enhances the innate immune response by birndindpe type 1
interferon receptor, resulting in activation of thak-Stat pathway and up-regulation

of multiple interferon-stimulated genes, which linwiral dissemination. The
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recommended dose for adults is 5 million units (Mid)ly or 10 MU three times a
week for 4-6 months. About 30% of patients had essful response, defined as a
HBeAg seroconversion, and a decline of serum ALAB]2 However, the side effects
of therapy with IFN, e.g. influenza-like symptomyatgias, thrombocytopenia, and
depression, make it difficult to treat for manyipats. Also, in many patients a flare
of liver injury occurs during administration of IFKeflecting the immunomodulation

activity of IFN [11].

Pegylated interferon alfa-2a (peg-IFN¥2a)

Peg-IFNa-2a is an immunomodulatory agent with the sameviagtas a IFN-
o-2b but has a longer half-life than IF&N2b due to the addition of the polyethylene
glycol. Pegylated alfa-2b is given once a wee& dbse of 0.5 or 1.0 micrograms for
at least six months. In HBeAg-positive patientsgFN-0-2a is superior to non-
pegylated IFN [249]. At 48 weeks of peg-IEN2a treatment, HBV DNA was
suppressed in 25% and 63% in HBeAg-positive and Atpeegative chronic
hepatitis B, respectively [250]. Incidence of ughza-like symptoms and depression
was lower in the groups receiving Peg-1BN2a than in the group receiving IFN-

2b [251].

Antiviral treatment based on Nucleoside/nucleotidenalogue
Lamivudine (LAM or LMV or 3TC)

In 1998, lamivudine became the first commerciallgilable oral agent for the
treatment of chronic hepatitis B [252]. This wataadmark in the management of
HBV infection. Lamivudine is the negative enantiongd 3’thiacytidine, a 2'3'-

dideoxynucleoside and contains a sulphur atomer8ttportion of the sugar ring. The
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active form is triphosphorylated and competes vd@TP for incorporation into
growing DNA chains, causing chain termination of RNependent HBV polymerase
[253]. This may occur during reverse transcriptidthe first strand as well as during
synthesis of the second-strand HBV DNA, resultinglecreased synthesis of HBV
DNA, of export of new virions and intracellular tepishment of cccDNA. LAM
treatment is safe and well toleratedt in both e¢bildand adults [11, 254, 255]. The
oral administration of 100-mg dose of lamivudin@ cause complete and sustained
suppression or viral replication [256]. Treatmenithwlamivudine results in a
reduction of 3-4 log serum HBV DNA levels in the first three monthstbérapy;
this decline is associated with a more rapid IdskiBeAg, seroconversion to anti-
HBe positive status, and improvement in serum atrangferase levels [11]. About
16-20% HBeAg seroconversion rate can be achievéld viyear of treatment [256,
257]. This rate reached up to 50% at longer dunat®5 years) of treatment [258-
261]. However, its prolong use has been associatéd the emergence of
lamivudine-resistant HBV. The rate of emergence arasind 15-20% per year [25].
Until recently in developed countries, LAM has heen considered a first-line agent
for chronic HBV patients because of its low bartemresistance resulting in a high
rate of drug-resistant mutations [262]. The emetgeof viral variants results from
one or more mutations in the tyrosine-methioningadsate-aspartate (YMDD) locus
of the HBV polymerase gene that is the nucleotithelibhg domain (catalytic site) of
viral DNA polymerase. The resulting mutants arglgly less fit than wild-type HBV
in the absence of the drug, but they are strorgjgcsed for in its presence [11]. LAM
resistance occurred in up to 70% of patients afeyears of therapy (Figure
2.17)[263]. The clinical significance of the dewginent of resistance is still being

debated. Clearly, in many patients, resistanceagess a return to higher level
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viremia, and in some of these patients furtherrlitgury develops. However,
although the level of viremia rises, in many paseit may still remain below
pretreatment levels, perhaps as a result of thecestl fitness of the variants [11].
Despite high resistance rates, many patients exp=i continued virological
suppression during LAM monotherapy. Also, withwsll-established safety profile
and low cost, LAM is a strong candidate for widalscuse in Asian developing
countries. Furthermore, LAM-resistant HBV can beated with other potent

nucleos(t)ide analogues [264].

Adefovir dipivoxil (ADV)

ADV was the second drug licensed for the treatnoénthronic hepatitis B
(CHB). ADV was not approved by the FDA for treatrheh HIV due to toxicity
issues, but a lower dose (10 mg/day) is approvedht treatment of CHB. ADV, a
acyclic diphosphonates, is an analogues of ademaswmnophosphate that undergo
intracellular phosphorylation to its active metatsgl which inhibits the HBV
polymerase by competitive inhibition with deoxyadsime 5’-triphosphate, resulting
in chain termination [265]. One-year treatment wiDV (10 mg daily) resulted in
HBeAg seroconversion in 12% of HBeAg-positive paitseand 21% achieved HBV
DNA negativity by PCR (<400 copies/mL). At 5 yeas ADV therapy, HBeAg
seroconversion was observed in 48% of patients3®3d had an HBV DNA level
<1000 copies/mL. In HBeAg negative CHB, after 1ryef ADV therapy, 51% of
patients became negative for HBV DNA. At 5 yearsrdpy, 67% of patients had
HBV DNA <1000 copies/mL and >70% improved in liveistology. The rate of

selection for ADV-resistant HBV is lower than theted with LAM. ADV-resistant
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mutations are not present within 1 year but, ateary, resistant mutations were

detected in up to 29% of patients (Figure 2.17)[262

Entecavir (ETV)

ETV is a carbocylic analogue of 2’-deoxyguanosinéghvselective activity
against HBV. It is phosphorylated to the activplinsphate form and competes with
the substrate dGTP to inhibit HBV polymerase. I @ahibit both the priming and
elongation of viral minus strand DNA [266]. ETV.§0mg/day) is superior to LAM
(100 mg/day) in the treatment of CHB patients. IBeAg-positive patients, HBV
DNA was suppressed to below the limit of detect{800 copies/mL) in 67% of
patients and HBeAg seroconversion occurred in 21%patients after 1 year.
Cumulative rates of HBV DNA undetectability incredsto 80% and 94% at 2 and 5
years of ETV therapy, respectively. In patientshwi{BeAg-negative CHB, HBV
DNA was undetectable in >90% of patients after aryad therapy. Very low rates of
ETV resistance have been reported in nucleotidéoguna naive patients (Figure

2.17)[262].

Telbivudine (LdT)

LdT is a synthetic thymidine nucleoside analogu#hwictivity against HBV
DNA polymerase. It is phosphorylated by cellulandses to the active triphosphate
form, and then inhibits HBV DNA polymerase by coripg with the natural
substrate, dTTP. Incorporation of LdT 5'-triphoaph into viral DNA causes DNA
chain termination, resulting in inhibition of HB\éplication. LdT is an inhibitor of
both HBYV first strand and second strand syntheéX$]. LdT is effective at 600 mg

daily. Although it has been demonstrated that pddduces improved reductions in
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HBV DNA level compared to treatment with LAM (100/dgy) for the CHB
treatment but there is no difference in normal@atof ALT level, HBeAg loss, or
anti-HBe seroconversion [267]. In HBeAg-positivetipats, HBeAg seroconversion
was observed in 23% of patients, HBV DNA suppresq©300 copies/mL) was
observed in 60% of patients after 1 year of treatmi HBeAg-negative patients,
HBV DNA became undetectable in 88% of patientsréaftgear of LdT. The overall
rate of LdT resistance was 5% in patients with HBg#®sitive CHB and 2.2% in
those with HBeAg-negative CHB [267]. Despite thghhpotency of LdT, virological
response rates decrease over time due to the emsergd LAT resistance. LdT
resistance mutations are responsible for crosstegsie to LAM and have been found

in up to 22% of patients after 2 years of therdfguyre 2.17)[262].

Tenofovir Disoproxil Fumarate (TDF)

Tenofovir is the most recently approved nucleotidalogue for the treatment
of CHB. TDF is an acyclic nucleoside phosphonatal@ue of adenosine
monophosphate.  Tenofovir diphosphate inhibits HEDNA polymerase by
competing with dATP for incorporation into nascdMA, resulting in premature
chain termination. Tenofovir has activity agaik#BV and LAM resistant HBV
[266]. TDF demonstrated superior anti-viral efigacompared to ADV for both
HBeAg-positive and -negative CHB patients. In HBegagitive CHB patients, at 1
year treatment, HBeAg seroconversion was obseme2il? of patients and HBV
DNA undetectability was achieved in 76% (<69 IU/mMRp8]. At 3 years of therapy,
the rate of HBeAg seroconversion increased to 26 the rate of HBV DNA
undetectability reached 78% [262]. In HBeAg-negatipatients, HBV DNA

undetectability was achieved in 93% of patienterattyear of TDF therapy [268] and
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99% after 3 years [262]. Furthermore, TDF was alsle to suppress the HBV DNA
levels to below 69 IU/mL in 79% of patients wholéd previous nuclot(s)ide
analogue treatment after a 2 years follow-up. Hexethe presence of ADV, but not
LAM, resistance mutations impaired TDF efficacy. wéver, so far, no TDF
resistance has been reported after 5 years ofncanits therapy (Figure 2.17)[262],

which underlines the high genetic barrier of thiggdand its potency.
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Figure 2.17. Estimated rates of genotypic resistance toldBN treatments in naive
patients. The numbers under the bar indicate ya&aiserapy (source: modified from
EASL Clinical Practice Guidelines, J hepatol 2028 3])

Combination therapy

Use of combination therapy in HBV mono-infectediguatis has been not
consistently associated with increased rate oflagioal suppression, but has been
associated with decreased resistance rates [2@&yever, LAM plus ADV therapy
was associated higher HBV suppression and ALT nlizateon rates, and resistance

to lamivudine, as compared to LAM mono-therapy 268DV plus FTC therapy
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have been associated with greater HBV suppressi®rcompared to ADV mono-
therapy [270]. In HIV/HBV co-infected patients waito therapy, the TDF plud LAM
combination was superior to LAM monotherapy, butvéis not superior to TDF

monotherapy [271].

2.9.2. HBV treatment for HBV/HIV co-infected patients

Nearly 10% of estimated 36 million people having/HVorldwide sffer from
chronic hepatitis B virus [272]. In HBV/HIV co-iattion, peg-IFN therapy is
associated with lower rates of therapeutic sucaessincreased toxicity [273]. The
dose of LAM is 300 mg/day is recommended for treatdl\VV/HBV co-infection and
the drug should always be given with at least tweeoanti-HIV agents. Given its
excellent tolerability, LAM has been widely usedaadi-HBV agent in HIV-infected
patients [86, 274]. Unfortunately, overall HBV istance mutation can be occurred
in 94% of HBV viremic patients with HIV infection o received LAM for over 4
years [275]. ADV (10mg/day) suppresses HBV repicg and is associated with a
low rate of resistance compared with LAM [276, 277ETV is more potent in
suppressing serum HBV DNA than LAM and ADV and feetive against wild type
and LAM-resistant and ADV-resistant HBV [272, 278/9]. LdT has no activity
against HIV and has greater anti-HBV efficacy tlegther LAM or ADV and selects
for resistance mutations at intermediate rates J[28Emtricitabine or FTC (200
mg/day) has been extensively used with tenofoviHi//HBV co-infected patients.
HAART containing EFV plus TDF/3TC or TDF/FTC haseberecommended for
treating HIV/HBV co-infected patients as preferredimen in Thailand [281]. It has
slightly greater potency and efficacy than lamiviedibut cannot be used as

monotherapy because of high rates of resistand.[27
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Several studies have demonstrated that TDF wagiatsd with a significant
reduction of HBV DNA levels and well tolerated in\Hpatients co-infected with or
without LAM-resistant HBV.[264, 282-285]. Moreovahere was a trend toward
greater suppression of HBV DNA in patients recaviHAART regimen which
included LAM and TDF as compared to regimen inaigdLAM only [286] but not

superior to TDF alone [271].

2.10. HBV prevention and vaccination

2.10.1HBYV prevention in general population

Prevention of HBV transmission include the avoidant high-risk behaviors,
prevention of exposure to blood and body fluidghly sensitive screening test for
blood units, screening for HBV in pregnant womemd apassive or active
immunization before or after exposure. There atez@emmunization method using
vaccines against HBV (HB vaccine) and passive imgation with specific

immunoglobulins containing high titer of anti-HBsRgIg) [287].

Passive immunization or specific HB immunoglobulias

As the discovery that passively acquired anti-HBensafter exposure can
protect individuals from acute clinical hepatitisalBd chronic HBV infection [288],
preparation of HBIg have been developed. HBIgpaepared from serum containing
high titer of anti-HBs using the Cohn fractionatiprocedure and their concentration
is standardized to 100,000 IU/mL. HBIg are effeeti and generally use in
combination with hepatitis B vaccine, as post-expesprophylaxis following

perinatal exposure in newborns born to HBsAg-pesithothers [289], percutaneous
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or mucous membrane exposure to HBsAg-positive b[@6a], or sexual exposure to
an HBsAg-positive person [291]. HBIg are also useg@rotect patients from severe

recurrent HBV infection following liver transplanian [202].

Active Immunization

Hepatitis B can be effectively prevented by vactoma The first HBV
vaccine was elaborated from asymptomatic human HBsArriers in 1976 by
Maupas P et. al. [292] and was efficacious in ajuhildren and newborns [293].
The first commercial vaccine against HBV was lieghdn 1981 and the first
recombinant vaccine appeared 5 years later.
- Plasma-derived HBV vaccinesthe first type of HBV vaccines were initially made
of highly purified HBsAg by collecting HBsAg fronhé plasmatic 22 nm spheres of
chronic HBV infected subjects. However, their proiion has progressively stopped
over past few years due to the unavailability ohspha of HBsAgQ carriers, the
concerns of the safety of blood product, and theeld@ment of new technologies.
- Recombinant HBV vaccinesthese vaccines are produced by introducing HBsAg
gene into yeast cellsSaccharomyces cerevisja®r mammalian cells (Chinese
hamster ovary cell, CHO). Antibodies conversioresaand the titers of antibodies
generated by recombinant vaccines are similardsetobtained with plasma-derived
HBV vaccines [287]. The currently used HBV vaccimagstly consist of the small
surface (S) protein and the middle pre-S2 surfdeptotein assembled into 22-nm
particles. Both of S and M proteins contain HBsAgntaing, the common “a”
determinant and several subtype determinants [294].
- New HBV vaccineRecently, third generation of hepatitis B vaccinestaining all

S, preS1 and preS2 domains of HBV have been de@l[#95, 296]. In addition, the
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“edible” vaccine based on transgenic plants (sushtb@nana, tobacco, potato and
tomato) is one of the most promising directionsnavel types of vaccines and are
under investigation [297].

Whatever the production mode, all vaccines are veafe [298]. HBV
vaccines are administered by intramuscular routeerdeltoid muscle and are highly
immunogenic, inducing protective anti-HBs antibdigrs (>10 IU/mL) in more than
95% of healthy children or young adults [294]. Hoee about 5% of vaccinated
individuals do not develop anti-HBs antibody andce araccine non-responders.
Several factors associated with the non-response baen identified, including
genetically determined non-responsiveness, age thde 40 years, high body mass
index, and immunosuppression [294]. In vaccinpaaders, the anti-HBs titers may
decline to undetectable levels several years aftecination though immunity against
clinical disease can persist longer up to 20 yesuggesting the existence of an
immunologic memory [13, 299-301]. Thus, a boossenat recommended in healthy
people who are not exposed to a high risk of HBféation.

Vaccination remains the best prevention againstiattmpn of HBV infection.

In Thailand, in 1988, the MOPH has initiated a pgooject on hepatitis B vaccination
in 2 provinces (Chiangmai and Chonburi) and integgtainiversal HBV vaccination
in the nation-wide Expanded Program of Immunizat{&®l) in 1992. This has
resulted in decreased incidence of acute and ahtgBV infection [15]. Currently,

HBV vaccination for infants is nearly universal,damore than 98% of all newborns
in Thailand have been vaccinated [157]. This paoghas proved highly efficient in
protecting newborns from HBV infection. The ovétdBsAg positive carriage was
only 0.55% among 180 randomly selected childrereqag months to 15 years)

attending in Hat Yai hospital which is located imetsouth of Thailand [302].
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However, among children aged 4-9 years, this ratdBsAg positivity was 1.2% in
Chiangmai, a big city in north of Thailand and ab@¥% of them still had anti-HBc
antibodies suggesting HBV infection despite adegiramunization [16]. In another
study, 12.4% (12/97) of infants born to HBsAg/HBepasitive mothers were found
HBsAg positive at 13 months of age despite haviegnbvaccinated [303]. Thus, the
efficacy of the present vaccine against possibteamts needs to be evaluated in order

to determine whether vaccine modifications are irequ

2.10.2HB vaccination in HIV-infected population

No distinctive adverse clinical reactions to HBVcemation have been
described in the HIV population [272]. However,pgdétis B vaccination is most
efficacious before severe immunosuppression. bhdeeth CD4+ cell count nadir
<200 cellspL [304] and current CD4+ cell count <50 celld/ [305] have been
associated with a poor vaccine response. Therelfi@eatitis B vaccine should be
offered to HIV-infected patients who do not demostst serologic evidence of
infection (i.e. HBsAg negative, anti-HBc negatiag)d have CD4+ cell count nadir
>200 cellspuL. In patients starting antiretroviral therapymty be best to defer this
vaccination and other vaccinations until CD4+ cetlunt >200 cells/mm3 is
established.

In Thailand, among HIV-1 infected patients, onlyfhaf (46%) those HB-
vaccinated had good response to vaccination (aB&-H10 mlU/ml). Younger age
and higher CD4 cell count were predictors for sasfid response to hepatitis B
vaccination [306]. Another study reported a higkerof HBV immunoprophylaxis
failure in HIV-infected children on HAART; only 1%1/69) had a protective

antibody level at 5 years or more of age [307],l&vb4—97% had protective antibody
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in healthy children [299-301], indicating that mdstV-infected children are still
susceptible to HBV infection. Currently, boostexceination after priming against
hepatitis B during infancy was found to benefit Hhfected children with immune

recovery after HAART [308, 309]

2.11. Occult HBV infection

Occult HBV infection is usually defined by the abse of HBsAg and the
presence of HBV DNA in plasma and/or the liver.QB1The mechanism responsible
for the absence of HBsAg in the presence of HBV DigAained to be elucidated.
Several hypotheses have been put forward, such @erya low-level of HBV
replication [23], the formation of HBV surface aggn (HBsAg) and anti-HBs
antibodies complexes [311], the presence of mutatiio the surface antigen [23], or a
reduced production of HBsAg due to either mutationghe surface promoter region
[312], or co-infection with hepatitis C virus (HCY33, 313]. Occult HBV infection is
frequently found in individuals with isolated ardthes against core antigen of HBV

serological pattern [314].

Isolated anti-HBc

The serological pattern of isolated antibodies rgfacore antigen of HBV
(isolated anti-HBc) or anti-HBc alone is chara@ed by the presence of anti-HBc as
the only marker for hepatitis B, irrespectively @BV DNA. Accumulated data
strongly imply that isolated anti-HBc is not compht with acute and resolved
infection but it is associated with chronic HBV ection [315]. Thus at least a
proportion of individuals with this serological pai is HBV carriers and may have

potential consequences for themselves, the contauts for blood banking and
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transplantation service. Currently, there are tkohidata on clinical aspects of
individuals with isolated anti-HBc. Most of theraesn to be healthy with the normal
liver enzyme levels and with no signs of liver dises. However, some individuals
do present signs of chronic hepatitis [315]. Thenadirect evidence suggesting that
in these individuals the risk of progression teotwisis and HCC still exist [316, 317].
Isolated anti-HBc serology occur frequently in p&s engaging in injecting drug use
(IDU), generally also infected by HCV, among bothVHnfected and HIV-
uninfected persons [318]. The probability thatlaged anti-HBc signs an HBV
infection, rather than a false positive reactioapehds on the prevalence of HBV
infection in the population studied and the antieHBters [230]. The risk of
transmission in individuals with isolated Anti-HBclow and, it is further reduced by
given prophylaxis [319, 320]. Several possible ariyding mechanisms of having

isolated anti-HBc serological pattern were propossdiescribed in Table 1.8.
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Table 1.1. The underlying mechanisms of isolated anti-HBolsgical profile [321]

Interpretations of an Possible underlying mechanism and evidence proof

isolated anti-HBc profile

False positive to anti-HBc - retested with different ELISA assay format REF?
Chronic infection or “occult - chronic carrier with low level of HBV DNA or HBg?
HBV infection” - infection by HBV mutants in pre-S, S, and Polgen
- co-infection with other hepatotropic viruses
- formation of HBsAg/anti-HBs immune complexes
- occult infection has been confirmed by detectwnHBV
DNA using PCR. However, in some cases, DNA PCR bwy
negative with an unique measurement because of the
fluctuation of HBV levels in peripheral blood. HEWNA may
be found positive temporarily.

Window phase of a - HBsAg disappears followed by anti-HBs a few welksiter
resolving acute HBV - confirmed by anti-HBc IgM
infection

Late immunity, low level of - occurring most often decades after resolutiomfefction
anti-HBs under detection - confirmed by review of medical history or re-camate

limit

Depending on population studies and technique thsegdrevalence of isolated
anti-HBc and HBV DNA positivity in HIV-uninfectedgpulations varies greatly, as
showed in Table 1.9.

In HIV-infected population, prevalence of isolatadti-HBc was 12-26%
(Table 1.10). IDU and anti-HCV seropositive wergkrfactors of isolated anti-HBc
[322]. Liang et al. reported, in areas of highlydemic chronic HBV infection as in
Taiwan, the only risk factors of isolated anti-HBere HIV infection and age but not
HCV infection [323]. In study in USA found no difiences in patient demographic

between chronic and occult HBV infected patienktsept the median of HBV DNA
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was lower in occult HBV infected patients [324].ltough the clinical significance

of HIV-infected patients with isolated anti-HBc s8ll unclear, however there was a
report showed that these patients had shorteridarat survival than those with anti-

HBs persistence [325].

The prevalence of occult HBV infection in HIV-inted remains
controversial, with numbers varying between 0 t&688s shown in Table 1.10. The
cause of this variation is unclear, but may beteeldo lack of standardization in the
HBV DNA isolation and variation in the sensitivitf the quantification assays, or
differences in studied populations and regiondedence [310]. Low CD4 cell count
(<200 cell/mm3) was more commonly found among womdgth occult HBV
infection than among those with no occult HBV infen [326]. The occurrence of
late-onset chronic HBV infection in HBSAg negatik#V/HBV co-infected adults
with isolated anti-HBc and positive HBV DNA have doe reported, almost
exclusively in those with low CD4+ T-cell count [32

HBsAg negativity in HBV/HIV co-infected patients m@de explained by
different mutations of HBsAg: a stop codon mutatairposition 216 of HBsAg, the
E164D and 1195M substitutions in HBsAg, which arssariated with LAM-
resistance mutations [145], the rtV191l mutatiomjuced by lamivudine treatment
which can create a stop-codon in the overlappinfase antigen (sW182stop) and
thus deletion of the last 44 amino acids of the ABgesulting in HBsAg negativity
in routine diagnostic tests [328]. In addition, etl8 amino acid mutations (T123A,
M133L, and T143M) in the “a” determinant of HBsAgayinvolved with HBsAg
antigenicity in HBsAg-negative blood donors with BNiremia [329]. Matrtin et al.
also described mutations in S gene (Y100F/S, A1ZBI36P, G145A/R) in occult

HBV patients [330].
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Table 2.8 Prevalence of isolated anti-HBc and HBV DNA piedly in HIV-uninfected populations

Country Population n % isolated % occult HBY HBVY DNA PCR Lower detection Reference
Selected anti-HBc infection method limit
South Africa Blood donor 109 49.6 Real-time PCR [331]
Ghana Pregnant women 219 9.1 Real-time 25 [332]
Iran No 531 2.1 [333]
Iran Isolated anti-HBc 11 0 Artus real-time [333]
Germany No 5,305 15 [334]
Germany No 65 7.7 Nested 100 [334]
USA Isolated anti-HBc 107 3.7 Branched 50 [335]
UK Isolated anti-HBc 151 4.0 Nested 100-400 [336]
Mexico Blood donor 11,240 1.9 [337]
Mexico Isolated anti-HBc 158 8.2 Nested 30-300 [337]
Germany Isolated anti-HBc 545 8.1 Real-time 50-100 [338]
India Isolated anti-HBc 171 22.8 Nested [339]
Lebanon Blood donor 5,511 3.7 [340]
Lebanon Isolated anti-HBc 203 5.4 nested [340]
Italy Outpatient 6,544 1.8 [341]
Italy Isolated anti-HBc 119 4.2 nested 100 [341]
Korea 17,677 8.9 [342]
Korea Isolated anti-HBc 230 1.7 Cobas 4-12 1U [342]
Ampli/Tagman
Hong Kong Blood donor 13,011 0.12 Cobas Tagscreen 3.7 [343]
India Blood donor 2,175 7.0 1.4 nested 100 [344]
India Isolated anti-HBc 153 12.4 nested 100 [344]
Indonesia Blood donor 309 21.4 8.1 Nested 6 [329]
Indonesia Isolated anti-HBc 66 28.8 Nested 6 [329]
Turkey Blood donor 12,858 5.1 0.046 Real-time 19 [345]
Turkey Isolated anti-HBc 658 0.9 Real-time 19 [345]
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Country Population n % isolated % occult HBVY HBV DNA PCR Lower Reference
Selected anti-HBc infection method detection limit
Spain 85 0 Single 200 [346]
Spain 176 0 Single 200 [347]
France 160 0.6 Single 200 [348]
Netherlands 93 4 Single 200 [311]
Brazil 159 5 Nested 100 [349]
USA 179 10 TMA 15 [350]
USA 40 10 Single 200 [324]
USA Isolated anti-HBc 400 2 COBAS 200 cp [326]
Brazil 101 16 Single 100 [351]
Italy 86 20 Single 100 [352]
France 30 37 Nested 350 [353]
Switzerland 57 89 Nested 100 [354]
Netherlands 191 4.7 Nested 50 [310]
France No 383 12 Abbott real-time 40 [355]
France Isolated anti-HBc 48 4.2 [355]
Iran No 106 20.8 [356]
Iran Isolated anti-HBc 22 13.6 Artus real-time [356]
Brazil 43 26 [145]
Brazil Anti-HBc positive 43 14 Real-time PCR 100 cp [145]
Thailand 140 20 [322]
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3. Hepatitis B vaccine failure in offspring of women o-
infected with human immunodeficiency virus and

hepatitis B virus

3.1. Introduction :

More than 370 million people worldwide are infectedh hepatitis B virus
(HBV) [357] and 75% of the world’s HBV carriers r@s in Asia, some of whom
develop severe liver diseases, e.g. cirrhosis patoeellular carcinoma (HCC) [8].
HBV infection results in 1 million deaths annudlB8b7]. In East-Asia and Pacific, a
highly endemic area for chronic HBV infection, HB¥other-to-child transmission
(MTCT) remains a major source of chronic infectj8&8]. Without any intervention,
the overall prevalence of perinatal HBV transmissis 35-50% [359]. This
prevalence i9B0% in children born to mothers positive for hejmtB e antigen
(HBeAg) [9]. Immunoprophylaxis with hepatitis B B)Y vaccine and/or HB

immunoglobulin decreases this prevalence to 10-ib#tis high risk group [360].

In Thailand, one of the highly HBV endemic courdrighe Ministry of Public
Health (MOPH) has integrated HB vaccination of nemis into the national
expanded program on immunization (EPI) in 1992.isTgrogram has successfully
decreased the rate of positive HBV surface ant{gi#8sAg) in children from 3.4% to
0.7%, irrespective of maternal HBeAg status [1B].Thailand as well in other Asian
countries, a percentage of children have acquirB¥ khfection from their mothers
despite administration of HB vaccines. These MTOUId be associated to either the
occurrence of mutations on HBsAg [44, 116, 122§hhmaternal HBV DNA load

[361] or the presence of HBeAg [214, 361, 362].
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There are limited data on the prevalence of palrtaansmission of HBV in
HIV/HBV co-infected women and the rate of HB vaccifailure in children born to
these women. The study was aimed to assess, alange number of HIV-infected
pregnant women, the prevalence of chronic HBV itiée; the prevalence of HBV

mother-to-child transmission in children born to $#-positive women, and

characterize the transmitted virus.

3.2.Methods

3.2.1. Patients

This study included HIV-infected pregnant women dahdir children who
participated in two Perinatal HIV Prevention Triai® Thailand (PHPT-1
NCT00386230 [363] and -2 NCT00398684 [364]), asagsthe efficacy of short
duration of zidovudine (ZDV) or single-dose nevirap plus zidovudine regimens,
respectively, to prevent perinatal transmissionH¥. Breast-feeding was not
recommended in these two trials. Blood samplegwelected from women during
pregnancy and children at birth, 6 weeks, 4, 6 Bhdnonths of age. Informed and
written consent were obtained and the study pesdrraccording to the World
Medical Association Declaration of Helsinki and epyed by the ethic committees of

Faculty of Associated Medical Sciences, Chiang Waversity, Thailand.

3.2.2. HBV Markers and HBV DNA quantification
HBsAg and HBeAg were tested using an enzyme imnassay (ETI-MAK
and ETI-EBK, DiaSorin, Salluggia, Italy) accordingp the manufacturer’s

recommendations. HBV DNA was quantified using tBebas Amplicor HBV
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Monitor test (Roche Diagnostics, Branchburg, NIBA, lower limit of detection: 60
IU/mL) or Abbott real-time HBV DNA™ assay (Abbotboratories, Rungis, France,
lower limit of detection: 15 IU/mL). HBV infectiomn children was determined by

the presence of HBsAg and/or HBV DNA at least otieeng 2—6 months of age.

3.2.3. HBV DNA preparation, amplification, and direct sequencing

HBV DNA was extracted from 200l of plasma using QlAamp kit (QIAgen,
Valencia, CA., USA). Tenl of extract was used as template for the polyneeras
chain reaction (PCR) amplification as described \ifeneuve et.al. with slight
modifications [365]. Briefly, the first-round PCRas performed in a 58l volume
using Platinum PCR SuperMix High Fidelity primemdaorimers: Pol1M and Pol2M,
yielding fragments of 1,010 bp. PCR conditions ua@d initial 2 min denaturation
step at 92C, followed by 40 cycles of 1 min at @, 1 min at 48, and 3 min at
68°C for. Ten microliters were then used for secamahd PCR with Pol3M and
Pol4M, which yields an 808 bp amplified fragmemCR conditions were an initial
denaturation step of 92 for 2 min, followed by 30 cycles of 40 sec af®@41 min, at
55°C and 3 min at 6&. Amplicons were checked on a 1% agarose
gelelectrophoresis. These amplicons sequenced tlsnpol3M and pol4M primers,
and the BigDye Terminator Mix V. 1.1 (Applied Bistgms, Foster city, CA),
Sequences were analyzed using the Bioedit software
(http://www.mbio.ncsu.edu/bioedit/bioedit.html). ukhtions on surface (S)and
polymerase (Polpene were then analyzed for polymorphisms and toatknown
to be associated with vaccine escape through cosopawith wild-type reference

sequences of similar genotype.
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3.2.4. HBV cloning and sequencing

The second round PCR products were cloned into £€BAing Kit (Promega,
Medison, WI) using standard cloning technique. eByi amplicons were purified
using the NucleoSpin Extract Il kit then directigdted into the pGEM-T vector, and
transformed into competent cells and plated on A@gdl plates. At least 24 white
colonies were picked and grown in LB medium withpaiilin. The correct insert
size was confirmed using EcoRI enzyme digestiohe flecombinant plasmid DNA
was isolated with the NucleoSpin Plasmid kit. Smwping reactions were performed

using primer pol3M and pol4M and analyzed as meeticabove.

3.2.5. Determination of HBV genotyping and serotyping

HBV genotype was identified by phylogenetic anaysf S and Pol gene
sequences. Briefly, sequences were aligned witlighedS and Pol gene sequences
of various HBV genotypes available in GenBank usiolystalW software.
Phylogenetic trees were constructed using neigfdiing method and genetic
distances calculated using the Kimura two-parameigthod, as implemented in the
software MEGA [366]. Bootstrap analysis with 10Mglations was used to test the
reliability of branching. HBV serotype was dedudenin amino acids residuals at

codons 122, 126, 127, 160, 168, 177 and 178 dbthene [45, 367].

Reference sequences used in this study were obithma Genbank database:
X70185, V00866, S50225, X51970, M57663 (genotype BP0331, M54923,
D00329, D00330 (genotype B); M38636, X14193, M129@8.2980, D00630,
L0O8805, X52939, X01587, M38454, V00867, X75665, B36 (genotype C);

M32138, X59795, X02496, X72702, X65257, X65258, X869, X68292 (genotype
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D); X75664, X75657 (genotype E); X75663, X75658 nNgype F); AF160501,

AB064310, AF405706, AB056513 (genotype G).

3.2.6. Statistical analysis

Baseline characteristics of study population, idolg maternal age at
enrollment, mother's body weight, region of origialanine transminase enzyme
(ALT) level, CD4+ T-cells and CD8+ T-cells counti\HRNA load, and the presence
of hepatitis C virus antibodies, are described gisimumber and percentage for
categorical data and median with interquartile earffQR) for continuous data.
Women’s characteristics were compared accordingth® HBsSAg status using
Wilcoxon rank-sum (Mann-Whitney) test or chi-squafdl data analyses were
performed using STATA™ version 10.1 software (Statp, College Station, TX).

Differences were considered statistically significié the p-value was <0.05.

3.3.Results:

3.3.1. Patient characteristics

Among 3,467 HIV-infected pregnant women who pgpated in 2 clinical
trials in Thailand, median age was 25.5 (IQR: 2294t) years old. Most of them
enrolled in eastern, northern, and central parfTiediland (33%, 29%, and 21%,
respectively). Median CD4+ and CD8+ T-cell courdgrev368 (IQR: 240-521) and
904 (IQR: 680-1,190) cells/uL, respectively. Med@aLT was 15 (IQR: 10-22), up
to 95% of patients had normal ALT level (<40 IU/LMedian HIV RNA level was
3.98 (IQR: 3.35-4.58) copies/mL. Four percent ainven had antibodies against

hepatitis C virus (anti-HCV) (Table 3.1).
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Table 3.1. Baseline characteristics of study population

Characteristics Total Characteristics Total

N Median (IQR) N Median (IQR) or

or n (%) n (%)

Age at enrollment; 3,466 25.5 (22.4- CDA4 T-cell count; cells/uL 3,378 368 (240-521)
years 29.1)
<20 years; % 353 (10) <200 cells/uL; % 615 (18)
>20-30 years; % 2,391 (69) 200-499 cells/uL; % ,815 (54)
>30-40 years; % 690 (20) >500 cells/pL; % 948 (28)
>40 years; % 32 (1) missing data 89
missing 1 CD8 T-cell count; cells/uL 3,035 904 (680-1,190)
Body weight; kgs 1,432 55 (50-60.3) <500 cells/pL; % 275 (9)
<40 kgs; % 10 (1) 500-1000 cells/uL; % 1,533 (51)
40-49.9 kgs; % 314 (22) >1000 cells/uL; % 1,227 (40)
50 -59.9 kgs; % 718 (50) missing data 432
60-69.9 kgs; % 305 (21) ALT; IU/L 3,383 15 (10-22)
70-79.9 kgs; % 66 (5) <40 IU/L; % 3,216 (95)
>80 kgs; % 19 (1) 40-79 IU/L; % 137 (4)
Missing data 2,035 >80 IU/L; % 30 (1)
Region of enrollment 3,467 missing data 84
Central; % 712 (21) HIV viral load; copies/mL 3,397 3.98 (3.35-4.58)
Eastern; % 1,138 (33) undetectable 77 (2)
Northern; % 1,017 (29) log 1-1.99 copies/mL 44 (2)
North-eastern; % 284 (8) log 2-2.99 copies/mL 379 (11)
Southern; % 148 (4) log 3-3.99 copies/mL 1,213 (36)
Western; % 168 (5) log 4-4.99 copies/mL 1,340 (39)
Region of origin 2,017 >log 5 copies/mL 344 (10)
Central; % 435 (22) Missing data 70
Eastern; % 303 (15) anti-HCV positive 1,988 85 (4)
Northern; % 410 (20) Missing data 1,479
North-eastern; % 643 (32)
Southern; % 86 (4)
Western; % 86 (4)
Immigrant; % 54 (3)
missing data 1,450
Project enrollment 3,467
PHPT-1 1,439 (41.5)
PHPT-2 2,028 (58.5)
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3.3.2. Prevalence of HBsAg positivity in HIV-1 infected pegnant women

Of 3,312 women with clearly identified HBV stat}5 (7.4%; 95%ClI, 6.5-
8.3) were HBsAg positive; of whom half were HBeAagsfive (Figure 3.1). Median
HBV viral load was 4.37 (IQR: 1.83-7.63) IU/mL. &dine characteristics between
HBsAg-positive- and HBsAg-negative pregnant womegrevnot different, except
higher ALT level and lower CD4+ T-cells count in B#8g-positive pregnant women
(Table 3.2). No correlation was observed betweevV HHNA and HIV RNA levels
(P=0.49).

3,467 HIV-1 infected mothers

122 : no samples available

245 (7.4%) HBsAg

. 33 HBsAg indeterminate
positive mothers

3,067 HBsAg negative

15 infants: no sample
available

Test infants for HBsAg

219 HBsAg-negative infants 11 (4.8%) HBsAg-positive infants

9 mother-child pairs have samples available for
analysis of S and pol gene (Direct sequencing — Cloning)

Figure 3.1. Overall study diagram
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Table 3.2. Characteristics of HBsAg-positive- and HBsAg-nagapregnant women

Characteristics HBsAg positive mothers HBsAg negamothers P-value
N Median (IQR) or n N Median (IQR) or
(%) n (%)
Age at enrollment; years 245  25.4 (22.0-29.0) 3,067 25.5(22.4-29.1) 0.62
<20 years; % 25 (10) 311 (10)
>20-30 years; % 167 (68) 2,122 (69)
>30-40 years; % 51 (21) 605 (20)
>40 years; % 2 29 (1)
Body weight; kgs 115  54.5(50-59) 1,308 55 (508%0. 0.52
<40 kgs; % 2(2) 8 (1)
40-49.9 kgs; % 25 (22) 286 (22)
50 -59.9 kgs; % 62 (54) 653 (50)
60-69.9 kgs; % 21 (18) 281 (21)
70-79.9 kgs; % 4 (3) 62 (5)
>80 kgs; % 1(2) 18 (1)
Region of enroliment 245 3,067
Central; % 50 (20) 632 (21)
Eastern; % 80 (33) 1,007 (33)
Northern; % 78 (32) 895 (29)
North-eastern; % 20 (8) 250 (8)
Southern; % 8 (3) 134 (4)
Western; % 9 (4) 149 (5)
Region of origin 130 1,742
Central; % 25 (19) 378 (22)
Eastern; % 20 (15) 262 (15)
Northern; % 28 (22) 355 (20)
North-eastern; % 43 (33) 555 (32)
Southern; % 5 (4) 78 (4)
Western; % 4 (3) 77 (4)
Immigrant; % 5(@4) 37 (2)
Project enrollment 245 3,067 0.23
PHPT-1 115 (47) 1,315 (43)
PHPT-2 130 (53) 1,752 (57)
CD4 T-cell count; cells/uL 242 343 (219-462) 2,99B70 (243-524) 0.03
<200 cells/uL; % 51 (21) 535 (18)
200-499 cells/uL; % 133 (55) 1,606 (54)

>500 cells/pL; % 58 (24) 850 (28)



CD8 T-cell count; cells/uL 220

<500 cells/uL; % 30 (14) 236 (9)

500-1000 cells/pL; % 108 (49) 1,358 (51)

>1000 cells/uL; % 82 (27) 1,080 (40)

ALT; IU/L 240 17 (12-26) 3,004 15 (10-22) <0.001
<40 IU/L; % 216 (90) 2,868 (95)

40-79 IU/L; % 19 (8) 113 (4)

>80 IU/L; % 5(2) 23 (1)

HIV viral load; copies/mL 242  3.96 (3.36-4.59) 3,044 3.99 (3.37-4.58) 0.90
undetectable 5(2) 67 (2)

log 1-1.99 copies/mL 5(2) 37 (1)

log 2-2.99 copies/mL 25 (10) 335 (11)

log 3-3.99 copies/mL 88 (36) 1,091 (39)

log 4-4.99 copies/mL 9 (40) 1,207 (40)

>log 5 copies/mL 23 (10) 307 (10)

anti-HCV positive 129 2(2) 1,727 77 (4) 0.17

HBYV viral load; IU/uL 237
undetectable

112

855 (626-1,190)

4.37 (1.83-7.63)
35 (15)

log 1-1.99 IU/mL 41 (17)
log 2-2.99 IU/mL 21 (9)
log 3-3.99 IU/mL 18 (8)
log 4-4.99 IU/mL 7(3)
log 5-5.99 IU/mL 7(3)
log 6-6.99 IU/mL 18 (8)
log 7-7.99 IU/mL 63 (26)
>log 8 IU/mL 27 (11)
HBeAg positive 169 87 (51)

2,674 919 (684-1,186) 0.13

3.3.3. Prevalence of perinatal HBV transmission

Of 245 infants born to HBV-HIV co-infected women3® had samples
available. Of these, 11 (4.8%; 95%ClI, 2.4-8.4)env@Eund infected with HBV, but
not with HIV despite administration of HBV vaccimat (Figure 3.1). Complete
series of samples were available for 9 mother-gbalidls, the other two infant samples
could not be amplified because low amount of HBVANirological assessments of

9 HBV transmitting mother-HBV infected child pairas well as infant HB
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immunization are described in table 3. Seven page infected with HBV genotype

C, while others two were infected with genotype B.

3.3.4. Patterns of HBV mother-to-child transmission

Analysis of direct sequences Bbl and S genes showed no known vaccine
escape mutation. Of the 9 infants infected withviIB were infected with wild-type
HBYV .0387, 0394 and 0657) and interestingly wermlio mothers with high level of
HBV DNA (>6.50 logo IU/mL). Three infants had mutations on S genecWwiwas
no present in maternal viruses: two infants (0022 B395) had lysine substitution by
arginine (sK122R) and one (no.0625) had isoleugnéstitution by threonine
(sl126T). The last 3 infants were infected with \HBariants present in mothers,
which may not be the predominant quasispeciesas$Tl sl126M+P127S, and
ST131N+M133T+T1401+S204R) (Table 3.3). Interedimdghe sS53L and sS210N
were found in all mother-child pairs infected wianotype C.



Table 3. 3. HBV genotype, HBV DNA load, mutation observeddisect sequencing among 9 HBV transmitting motHsgldcpairs.

Pair

Geno-

Maternal sample

Infant samples

: . Prophylaxis
ID type | Before delivery Birth — 10 days 4 months 6 months
HBV load HBV load s end HBV load HBV load S end Vaccination
(log S gene mutation (log mutat?on (log S gene mutation | (log mutatigon (months) HBIg
IU/mL) IU/mL) IU/mL) IU/mL)
0387 C 7.84 1] 4.37 1] 8.18 7] 8.93 1] 0,1,5,6 Yes
0394 B 6.51 ] Und NA 3.08 1] 1.48 NA 0,1,6 No
0657 C 7.85 1] Und NA 7.61 ] 8.76 1] 0,2,6 No
0022 C 7.83 1] 2.48 NA sK122R sK122R 2,4 No
1395 C 8.24 1] Und NA sK122R sK122R 0,1,6,12 No
0625 C 7.92 1] 2.60 1] 551 sl1261/T 7.90 SI126T @ 2 Yes
1550 C 8.04 sI126T 1.58 NA sI126T sI126T 0,1,6 No
0135 | C 2.28 sI1261/M, sP127A/$  Und NA 5.63 si12e6m127s | NA NA Unknown* g”k”"""
sT131N, NA sT131N,
9149 | B 3.61 sM133M/T, und 291 sM133T, Und NA 0,1,6,8 No
sT140l, sS204S/R sT140l, sS204R

@: no mutation observed; Und: below undetectaheljéNA: not available

* No record of vaccination, however this child wasn in a provincial hospital of the northeastezgion of Thailand where the standard of

care was to provide HB Immunoglobulin and HB vaeaim at least HB vaccine to all infants born toifpess HBSAg mothers.




Analysis of clone sequences showed that in mothais high HBV DNA
level, the predominant HBV was wild-type and thisldwtype HBV was also
predominant in samples of 3 infants born to as aegltheir mother'samples (Figure
3.2A, 3.2B, 3.2C). In one infant n0.0387 (FigurA), sG145R, a known vaccine-
escape HBV mutant, was present in 2 of 15 mateioales but this mutant was not
transmitted to her baby. In the group of childmefected with anS mutant HBV,
analysis of maternal and infant clones showeddhainor mutant HBV quasispecies
was transmitted to the child. For pairs no.0022 a895 (Figure 3.2D, 3.2E),
sK122R mutation was present in 1 of 65 clones andf 7 maternal clones,
respectively, suggesting the transmission, destiite administration of vaccine
against HBV, of this minor maternal HBV variant whi progressively became
predominant in infected children. Inference of HB&fotype from sequence dataSof
gene indicate that HBV serotyperqg+ was predominant in these 2 women, while the
serotypeayr was rare. Analysis of children HBV clones showediricrease of the
serotypeayr from 4 months to 6 months, while seroty\garg+ had declined. For the
pair no.0625 (Figure 3.2F), the sI126T variant esponding to a predicted serotype
adrg+ was identified in 2 of 20 maternal clones and beeg@redominantin infant’s

samples at 4 and 6 months, accounting for 41% &fa vespectively.

In the third group of children infected with HBV nants already present in
mothers and accounting for 20% or more of all rmatkquasispecies, clonal analysis
showed that these variants were the predominaat population or can be detected
in children. This for pair no.1550 (Figure 3.26GBV serotypeadrg+ (sl126T) was
always predominant in both maternal and infantsygas. Interestingly, in the 2
latter pairs (0625, 1550), women harbored the Zawmts, wild-type sl1261 and
sl126T, while only the sI126T variant was foundthe child. This result indicates
that amino acid substitution at position 126 mafjuence the escape of HBV to
vaccine. Again, for n0.0135 (Figure 3.2H), theiamar sI126M+P127S was selected
in infants 4 month-sample. Finally, the multipledations HBV variant,
ST131N+M133T+T1401+S204R, was selected in infan®hd9 (Figure 3.2I), though
this variant was not observed in maternal sampketylto the low number of clone

analyzed.
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Figure 3.2. Evolution of the HBV quasispecies in 9 represevgatransmitting
mother-child pairs. Numbers above bar indicate remdb clone analyzed. Numbers
under panel label indicate patient’s identificatmrmber. The wild type variant found
in each patient is indicated in blue, the potentaktant escapes are indicated in red,
other variants are indicated by additional coldrse same color indicates identity
between viral variants detected at different sasiplghin each mother-child pairs
and not between different mother-child pairs. Thpegential fashions of HBV
perinatal mother-to-child transmission can be cathetl; 1) Transmission of wild-
type variants from mothers with high level of HB\NB (A, B, C), 2) transmission of
maternal minor variants to their babies (D, E, &)d 3) the transmission of HBV

variants that already existing in maternal bloadudation (G, H, 1)

3.4.Discussion
We have assessed the prevalence of HBsAg carnesaga large number of
HIV-1 infected pregnant women in Thailand and the rof perinatal transmission of
HBV in infants born to those found HBsAgQ positivelhe prevalence of HBsSAg
positive women was 7.4% (95%CI, 6.5-8.3); of whoi®%4 (11) women transmitted

HBV to their offspring despite having received viaecand/or immununoglobulins.
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Our study indicate that vaccine/immunoglobulindedl may result from transmission
of either wild-type variants from mothers with higvel of HBV DNA (3 of 9 pairs),

maternal HBV minority variants (3 of 9 pairs), orBM variants present and
accounting for 20% or more of maternal viral popiola (variants detected by direct
sequencing). We have also identified several HBsfAdations, sK122R, sl126IT,
sl126M+P127S, and sT131N+M133T+T1401+S204R whigmificance on vaccine/

immununoglobulins escape is unknown.

We observed a prevalence of positive HBsAg in Hifécted pregnant
women similar to that reported in HIV-infected Tlaalults ,7.4% vs. 8.7% [168], or
in HIV-uninfected pregnant women between 4-8% uds&s conducted in Thailand
[368-370] and 9-10% in other South-East Asia caastf371]. This is likely due to
the fact that in highly endemic areas most HBV dtitens are acquired very early in

life before acquisition of HIV.

The rate of perinatal transmission of HBV foundur study is also consistent
with rates observed in HIV-uninfected populationridwide (3-5%) [372] and survey
studies showing that the prevalence of HBsAg inostthildren aged between 6
months to 18 years was 2.3-4.5% [18, 373]. Phylege analysis ofS gene
sequences indicated that 78% of 9 Infants wereiatewith HBV genotype C, while
2 were infected with HBV genotype B; these HBV ggpe frequencies are similar
to other studies in Thailand [18, 64]. Due to thember of HBV transmission, we
were unable to assess whether there was a higikeofriperinatal transmission with

genotype C.
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Our study shows that vaccine failure can occur iffer@nt circumstances:
high maternal HBV DNA or transmission of variantsish may escape neutralization
by passive immunoglobulins or active immunizatiorMaternal minority HBV
variants can be transmitted to children who hadnbaéministered HB vaccine.
Indeed 2 mothers had a predominant HBV populatioseootypeadrg+ but it was
the HBV minority variant with the sK122R mutatitimat was selected in the infants.
The predicted serotype of this variant vegs. Although the impact of the sK122R
mutation on HBV vaccine escape is unknown, we cgrotinesize that the change of
serotype may have allowed the virus to escape #uzinve-induced neutralizing
antibodies. Unfortunately, we were unable to vethg vaccine serotype used for
these 2 children. External source of contaminatiom other person in the family
could be excluded since the phylogenetic analydils ather genotype C sequences

shows that infant and mother’s sequences groupitivthe same cluster.

We have identified few mutations in infant samples; sI126T (2 infants);
sl126M1+sP127S (1 infant); ST131N+sM133T+sT140I€882 (1 infant) that locate
in the “a” determinant of HBsSAg. Some mutationsvédndeen reported in other
studies; e.g. slI126T was observed in studies iralfiB2], Korea [126] and Taiwan
[112], the sP120S in Singapore [127], sP120S+Pig7taly [374], and sM133T in
Thailand [18], as well. Predicted 3D structureitated that amino acid substitution
at position 126 involved the largest change in dbehyproperties, likely to cause
structural changes in the HBsAg [375]. Changemoina acid in the “a’ determinant
region may be associated with HB vaccine escapg [@&ir results suggest that the
mutations observed at positions in a well consemegiion may favour the virus to

escape neutralizing antibodies.
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We observed two mutations, sS53L and sS210N , préseall mother-child
pairs infected with genotype C, which may repregatymorphisms specific to HBV

variants circulating in Thailand.

The occurrence of in utero HBV infection is usualbnsidered as a very rare
event as compared to infection at birth and maypeapwhen chronically HBV
infected mothers have high maternal HBV DNA [21463377]. In our study, we
have demonstrated that 3 mothers with high HBV DM#&el (>6.5 log IU/mL)
transmitted HBV. Our results are in favour of tleewrrence of transmission during
pregnancy before immnunoglobulins and vaccine cawerte their activity.
Furthermore, although one woman had HBV harbori@d45R mutation, well-
known vaccine escape mutant, only wild type virwswransmitted. This probably
due to the use of recent licensed HBV vaccines tiblarevent HBV infection with

sG145R mutant, which had already been demonstimgdmpanzees [378].

Immunoprophylaxis, either vaccination administrat@lone or plus hepatitis
B immune globulin, may not be efficative to prevéim transmission if infants are
infected either in utero or through extremely expego blood or contaminated fluids

at or around birth [379].

Indeed, HBV infection by vaccine escape mutantssdogt account for the
majority of children who had immunoprophylaxis €a#, only 5-39% in 3 previous
studies [120, 128, 380]. The maternally pre-erlistegene mutant seems to be

potential predictors of vertical breakthrough irtfexs [377]. Other possible causes of
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unsuccessful neonate vaccination include transeplat transmission which is related
to high level of serum HBV DNA in pregnant womenaris-placental leakage of
maternal blood, amniocentesis, and polymorphisnsime cytokine genes or human
leukocyte antigen [156]. Formula feeding was recmmded to all women in this
study because they are all infected with HIV. Aligh postnatal HBV transmission,
breast-feeding transmission may influence to thesmission of HBV from mother to
child, however, with appropriate immunoprophylaxiseast-feeding does not pose

additional risk for the HBV transmission [213].

In conclusion, although HBV vaccine has proved vefficacious in the
prevention of mother-to-child transmission of HBUrcstudy confirms that there is
still a residual HBV transmission for which diffetemechanisms may account for.
Whether perinatal HBV transmission occurs more ey in infants born to HIV
co-infected women remain to be determined. Alke,itnpact of variants identified
in our study in the escape to HB vaccine need$idurinvestigation. A systematic
virological evaluation of HBV variants selected imfected infants despite active
immunization, and their mothers, is needed to &mrtblarify the impact of these
mutations on perinatal transmission of HBV. Untlrding the causes of HB
vaccine failures will help to develop new HBV vateiappropriate for the many
countries in HBV endemic area such as Thailand atiger South-East Asian
countries and also develop interventions to deer@asinatal transmission of HBV

and accelerate the eradication of HBV infection.
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4. Prevalence and factors associated with isolated abody
to hepatitis B core antigen and occult HBV infectia in

HIV-1 infected pregnant women in Thailand

4.1. Introduction

The diagnosis of hepatitis B virus (HBV) infectias made primarily by
detecting HBV surface antigen (HBsAQ) in periphdrialod. However, an absence of
HBsAg cannot exclude HBV infection. Indeed, antilesddirected against the core of
hepatitis B virus (Anti-HBc), marker of natural HBfection, can be found in the
absence of other serological markers [315]. Thaadl significance of isolated anti-
HBc is unclear. The majority of individuals witlolated anti-HBc seem to be healthy
with normal liver enzyme levels and with no signligér disease. Although little is
known about its long term outcome, several studgas reported “isolated anti-HBc”
serology patterns in patients with cirrhosis angatecellular carcinoma (HCC) [23,
381, 382], particularly in those co-infected witbplatitis C virus (HCV) [383, 384].
Study in Taiwan showed that HIV-infected patientthvisolated anti-HBc at baseline

had significantly shorter survival than those vatiti-HBs positive at baseline [325].

Whether subjects with isolated anti-HBc require ciiaation against HBV
remains controversial. Also, there is a growingagyn that individuals with isolated
anti-HBc are potentially infectious. Indeed, HB¥rismission from isolated anti-HBc
individuals has been reported following sexual eots, blood transfusion [385],
organ transplantation [386, 387], or during peahateriod [388, 389). Moreover,
HBV Transmission of isolate anti-HBc blood has be&emonstrated in chimpanzee

model {Thiers, 1988 #450]. The frequency of isethinti-HBc relates directly to the
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prevalence of HBV infection in the population betegted. Among blood donors in
geographic areas with low HBV prevalence, its piawvee is 0.4-4% [315, 381, 390,
391]. Higher prevalence of isolated anti-HBc is coomly found in persons with
chronic hepatitis C virus infection [383], HIV irdion [318, 392, 393], or injection

drug use (IDU) [322].

In HIV-infected patients, the prevalence of isotbtnti-HBc has been found
consistently higher than in HIV-uninfected patie(d8 vs 27%, [394]) (17-81% vs
2-5%, [318, 323, 395] [318, 392, 393]. The reasbiths increased prevalence of
anti-HBc is unclear, maybe related to immune suggom. Moreover, reactivation of
HBV has been observed in HIV-infected patients wvigiblated anti-HBc [396]. Like
in general population, ongoing HCV infection [328]story of injection drug use,
numerous sex partners, and high HIV RNA levels [38dre factors associated with

isolated anti-HBc in HIV-infected population.

Occult Hepatitis B virus infection, is currently foleed as the presence of
HBV-DNA in serum and/or in liver without detectabiepatitis B surface antigen
(HBsAQ), irrespective of other HBV serological mark [397]. The proportion of
occult HBV infection varies depending on the popala studied and detection
technique used [23]; 4-14% in individuals withlged anti-HBc [315, 398, 399],
and 10-20% in endemic areas [400, 401]. In HIV ¢téd patients, the prevalence of
occult HBV infection ranges between 0-89% and icimhigher among individual
with isolated anti-HBc [352]. However, there isllstiery limited data available on
occult HBV infection in HIV pregnant women and igpact on mother-to-child HBV

transmission.[23].
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In this study, we aimed to assess, among HIV-iefégiregnant women in
Thailand, the prevalence of isolated anti-HBc, ihevalence of occult HBV infection
among those with isolated anti-HBc, and analyze rtbke factors associated with

isolated anti-HBc and occult HBV infection.

4.2. Materials and methods

4.2.1. Study population:

The study population was derived from HIV-infecteskgnant women who
participated in a clinical trial investigating tledficacy of zidovudine (ZDV) plus
single dose nevirapine (NVP) to prevent HIV-1 motteechild transmission
conducted between 2001 and 2003 in Thailand the (00398684 [364].

Demographic, clinical and biological data were ectiéd at enrolment in the study.

Only HBsAg-negative women were included in thisdgtulnformed and
written consent has been obtained and the studpées performed according to the
World Medical Association Declaration of Helsinknda procedures have been
approved by the Ethic Committee of Faculty of Asatmd Medical Sciences, Chiang

Mai University.

4.2.2. Sample collection
Maternal blood samples collected at entry, prioiZdV prophylaxis, were

centrifuged, and plasma or serum were frozen &tei7 2FC
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4.2.3. Analysis of HBV infection markers

HBsAg was screened using an EIA assay (DiaSorinNEAK-2, Salluggia,
Italy). anti-HBc was detected using Monol®aanti-HBc PLUS (Bio-Rad
laboratories, Marnes La Coquette, France) andHBs-using MonoLis® anti-HBs
PLUS (Bio-Rad laboratories, Marnes La Coquettenéex For those presenting
isolated anti-HBc serology pattern, HBV DNA was gtifeed using Abbott real-time
HBV DNA™ assay (Abbott France, Rungis, France)(IoViait of detection of 1.18
logipor 15 IU/mL) and HBsAg was verified with another 88y test kit (MonoLis®

HBsAg ultra, Bio-Rad laboratories)

4.2.4. HBV sequencing

HBV sequencing was performed to check for the presef HBV mutation in
patients with occult HBV infection. HBV DNA was eatted from patient’s plasma
using the automatic sample extraction system (AQW@000sp, Rungis, France). Ten
microliters of HBV DNA extract were used as the pdae for nested polymerase
chain reaction (PCR). Published primers were used amplify HBV
surface/polymerase region (nucleotide position #561058) [365]. Amplicons were
sequenced using the BigDye Terminator Mix V. 1.pghed Biosystems, Foster city,
CA) and the ABI PRISM 3100 Genetic Analyzer, anquencing data analyzed using

the software Bioedit.

4.2.5. Statistic analysis
Characteristics of women including age at enrollineggion of birth, alanine

transminase enzyme (ALT) level, white blood celispnphocytes, CD4+ T-cells,
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CD8+ T-cells count and the presence of antibodggsnat syphilis or hepatitis C
virus, are described using number and percentagedtegorical data and median

with interquartile range (IQR) for continuous data.

Univariate analyses were performed using logisagression analysis to
identify potential risk factors for having isolatadti-HBc. Continuous variables were
transformed into categorical variables using commuatroff values. All factors with
p-value <0.20 identified by univariate analysis evédren introduced into multivariate
logistic regression analysis to investigate indeles risk factors associated with the
isolated anti-HBc serology pattern. All data anab/svere performed using STATA™
version 10.1 software (Statacorp, College StafioX),. Differences were considered

statistically significant if the p-value was <0.05.

4.3.Results
4.3.1. Characteristics of women
Of 2,028 HIV-1 infected women who participated inetperinatal HIV
prevention trial, PHPT-2, 1,752 were found HBsAggeve and included in this

study (Figure 4.1). Characteristics of women asedbed in Table 4.1.
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2,028 HIV-infected pregnant women
HBsAg screening by DiaSorin®

130 HBsAg + 26 Indetgrmlnate results/
120 missing samples
1,752 HBsAg —
70 missing samples
| | | |
553 (33%) 229 (14%) 68 (4%) 832 (49%)

anti-HBc + /anti-HBs +

anti-HBc + /anti-HBs —

anti-HBc — /anti-HBs +

anti-HBc¢ — /anti-HBs —

DNA undetectable 137 .
MonoLisa® HBsAg

DNA <15 IU/mL 23

HBsAg + 12
DNA 15-100 IU/mL 47

HBsAg — 216
DNA 100-1,000 ITU/mL 3 ..

L missing 1

missing 19

8 of 12 monolisa-pos-HBsAg had very low optical density

Figure 4.1. Overall study diagram
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Table 4.1. Characteristics of women

Characteristics N Categories Median (IQR) or
proportion
Age at enrollment (years) 1,752 26.0 (22.8-29.7)
Region of birth (%) 1,689 Central 375 (22)
Eastern 258 (15)
Northern 349 (21)
North-eastern 555 (33)
Southern 76 (5)
Western 76 (5)
Region of enrollment (%) 1,689 Central 390 (23)
Eastern 459 (27)
Northern 362 (21)
North-eastern 248 (15)
Southern 84 (5)
Western 146 (9)
Prior pregnancy (%) 1,748 1,084 (62)
SGPT or ALT (IU/L) 1,706 14 (10-24)
White blood cells (cellgiL) 1,718 8,600 (7,260-10,100)
Absolute lymphocyte (cellgL) 1,716 1,800 (1,425-2,240)
Absolute CD4 (cellgiL) 1,739 376 (244-529)
Absolute CD8 (cellgiL) 1,702 913 (697-1193)
HIV RNA load (loggcopies/mL) 1,729 4.05 (3.37-4.65)
Anti-syphilis antibody positive (%) 1,717 17 (2)
Anti-HCV antibody positive (%) 1,727 77 (4)

HBV status among HIV-pregnant women HBSAg negative

Of 1682 women with available samples, 832 (49%)ewaegative for anti-
HBs and anti-HBs antibodies and thus considerechasng not acquired HBV
infection, detected, 553 (33%) were positive forthb@nti-HBc and anti-HBs
antibodies and considered as having resolved HBAtiion, 229 (14%) had isolated
anti-HBc and considered as having acquired HBVdida, and 68 (4%) had were

positive for anti-HBs antibodies and consideretiagng received HBV vaccine.

The prevalence of isolated anti-HBc antibodies eddtl according to the
region of birth. The highest rate, 22%, was foum@avomen born in northern region,
while the lowest rate, 4%, was found in southegiar (Table 4.2). Median age of

women with isolated anti-HBc was 26.6 years oldges from 15-46 years old.
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Table 4.2. HBV serological status of HBSAg negative womenaading to region of
birth.

N (%)
Central Eastern  Northern  North- Southern ~ Western  Total
eastern
anti-HBc + /anti-HBs + 128 (34) 74 (29) 148 (43) 161 (29) 20 (26) 22 (29) 553 (33)
anti-HBc + /anti-HBs — 38 (10) 31 (12) 77 (22) 69 (12) 3(4) 11 (14) 229)(
anti-HBc — /anti-HBs + 26 (7) 10 (5) 16 (5) 10 (2) 1(2) 5(7) 68 (4)

anti-HBc — /anti-HBs — 181 (49) 141 (55) 107 (31) 313 (57) 52 (68) 38 (50) 832 (49)

Prevalence of occult HBV infection

Among 229 HIV-1 infected pregnant women with isethanti-HBc, 210 had
a sample available for HBV DNA quantification. @kse, 160 had HBY DNA below
the limit of detection (15 IU/mL), 47 had HBV DNAvel between 15 to 100 IU/mL,
and only 3 had HBV DNA above 100 IU/mL but belowdQ IU/mL (Table 4.3). The
prevalence of occult HBV infection was thus 24% 9%, 18-30). Of all women
with detectable HBV DNA, HBV sequencing was sucfidssnly for 2 cases, one had
sS1171, sT118K, and sR160K mutations, and the dtheémo S gene mutation.

Table 4.3. Proportion of occult HBV infection among 210 HlVinfected pregnant

women carrying isolated anti-HBc

HBV DNA level N=210 Proportion (95%ClI)
DNA 100-1,000 IU/mL 3 1.4 (0.3-4.1)

DNA 15-100 IU/mL 47 22.4 (16.9-28.6)
DNA <15 IU/mL 23 11.0 (7.1-16.0)
Undetectable 137 65.2 (58.4-71.7)

We also verified the absence of HBsAg in all womeéth isolated anti-HBc
using a different test kit. Of 228 women with aabile samples, 12 (5%) showed
discrepant HBsAg results, that is negative becaoséipe, while 8 of this 12 had low
level of optical density (signal to cut-off (S/C&tio ranges from 1.02 to 6.10) (Table
4.4).
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Table 4.4 Relationship of HBV DNA load and second HBsAgules

HBV DNA load Second HBsAg results Total
Positive Negative not done
Undetectable 6 131 0 137
<15 IU/mL 1 22 0 23
15-100 IU/mL 3 44 0 47
100-1,000 IU/mL 0 3 0 3
Missing data 2 16 1 19

Factors associated with isolated anti-HBc

Univariate analysis shows that, among all paramat@lyzed, age over 35
years, birth place in northern region, white blooells counts <7,500 cell|sL,
lymphocyte counts <1,000 celld/, CD4+ T-cells count <350 cellsl and HCV
infection were significantly associated with theeg®nce of isolate anti-HBc

antibodies in HIV-1 infected pregnant women.

A multivariate analysis was performed to adjustatirsignificant parameters
associated with the presence of isolate anti-HBenfrunivariate analysis and is
showed in Table 4.5. The results show the sameias®m as in univariate analysis:
Age over 35 years (adjusted odds ratio [aOR], B&).03), born in northern region
(aOR, 1.8; P<0.001), absolute CD4 count below 38B/aL (aOR, 1.5; P=0.02) and
much more significantly if CD4 count below 200 sg¢lL (aOR, 2.8; P<0.001), and
past or present HCV infection (aOR, 2.6; P=0.0@lndependently associated with

the presence of isolated anti-HBc.
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Table 4.5. Factors associated with isolated anti-HBc amoi\ Hinfected pregnant

women
Parameters  Categories N univariate analysis nauitite analysis
anti-HBc OR (95%CIj  P-valu®  OR (95%Cl) P-value
alone
(%)
Age at < 25 years 725 90(12) 1.0
enrollment  >25-30 years 569 69 (12) 1.0(0.7-1.4) 0.88
>30-35years 284 48 (17) 1.4(1.0-2.1) 0.06
>35 years 104 22(21) 1.9(1.1-3.2) 0.016 1.8 (1.1-2.9) 0.029
Region of  Central 373 38 (10) 1.0
birth Eastern 256 31(12) 1.2(0.7-2.0) 0.45
Northern 348 77(22) 25(1.6-3.8)  <0.001 1.8 (1.3-2.5)  <0.001
North-eastern 553 69 (12) 1.3 (0.8-1.9) 0.29
Southern 76 3 (4) 0.4 (0.1-1.2)  0.098 0.4 (0.1-1.1)NS
Western 76 11 (14) 15(0.7-3.1) 0.28
Previous No 637 83(13) 1.0
pregnancy Yes 1,041 145(14) 1.1(0.8-1.4) 0.60
ALT <40 1561 207 (13) 1.0
(IU/L) >40-80 60 11 (18) 1.5(0.8-2.9) 0.26
>80 17 4 (24) 20(0.7-6.2)  0.23
White >10,000 440 44 (10) 1.0
blood cells 7 501-10,000 723 91(13) 1.3(0.9-1.9) 0.18
(cellshl)  5001-7,500 442 78(18) 1.9(1.3-2.9) 0.001
<5,000 47 10 (21) 2.4(1.1-5.2) 0.02
Absolute  >2,000 624 74(12) 1.0
lymphocyte 1,501-2,000 533 63(12) 1.0(0.7-1.4)  0.98
(cellshL)  1,001-1,500 349 52(15) 1.3(0.9-1.9) 0.18
<1,000 144  33(23) 2.2(1.4-35)  0.001
Absolute  >500 489 449 1.0
CD4 351-500 423  43(10) 1.1(0.7-1.8) 0.55
(cellstil)  201-350 446  65(15) 1.7(1.1-2.6) 0.009 15(1.1-2.2) 0.02
<200 313 76 (24) 3.2(2.2-49) <0.001 2.8(2.0-4.0) <0.001
Absolute  >1,500 179 21(12) 1.0
CD8 1,001 -1,500 489 58(12) 1.0(0.6-1.7)  0.96
(cellspit) 501 — 1000 835 119(14) 1.3(0.8-2.1) 0.38
<500 131  24(18) 1.7(0.9-3.2) 0.11
HIV RNA  undetectable 42 5(12)
load log 1.18 —3.00 216 23(11) 0.9(0.3-25) 0.81
(copiesfit) log3.01-4.00 551 75(14) 1.2(0.4-3.1) 0.76
log 4.01 -5.00 660 85 (13) 1.1(0.4-2.9) 0.86
> log 5 191 38(20) 1.8(0.7-5.0) 0.23
Anti- No 1632 220(13) 1.0
syphilis Yes 17 2 (12) 0.9 (0.2-3.8) 0.84
antibody
Anti-HCV ~ No 1584 202 (13) 1.0
antibody  Yes 75 23(31) 3.0(1.8-51) <0.001 2.6 (1.5-4.3) 0.001

%0R (95%Cl): Odds ratio (95% confident intervdl)pgistic regression analysis was used; NS: Notifiogmt
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Detection of HBV DNA is inversely correlated with HV RNA concentration in
HIV-1 infected pregnant women with isolated anti-HR:

Among all parameters analyzed, univariate and raritite analysis showed
that detection of HBV DNA, and thus occult HBV iof®mn,was inversely
proportional to HIV RNA level. Rate of occult HBWifection was lowest when HIV
RNA level greater than 5 lggcopiesyiL (aOR, 0.03; P=0.006) (Table 4.6).
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Table 4.6. Factors associated with HBV DNA positivity amo?f0 HIV-1 infected

pregnant women carrying isolated anti-HBc

Parameters Categories N Univariate analysis multivariate asizly
HBV OR (95%ClI§ P- OR (95%Cl) P-
DNA value value
positive b
(%)
Age at < 25 years 86 20(23) 1
enrollment  >25.30years 60 13 (22) 0.9 (0.4-2.0) 0.82
>30-35years 43  10(23) 1.0(0.4-2.4) 1.00
>35 years 21 7 (33) 1.7 (0.6-4.6) 0.34
Region of Central 33 10(30) 1
birth Eastern 28 4(14)  0.4(0.1-1.4) 0.15
Northern 71 19(27) 0.8(0.3-2.1) 0.71
North-eastern 65 17 (26) 0.8(0.3-2.1) 0.66
Southern 3 0 (0) - -
Western 10 0 (0) - -
Previous No 78 16 (21) 1
pregnancy  Yes 131 34(26) 1.4(0.7-2.7) 0.37
ALT (IUIL) <40 189 45(24) 1
>40-80 10 3(30) 1.4(0.3-5.5) 0.66
>80 4 1(25)  1.1(0.1-10.5) 0.96
White blood >10,000 41 9(22) 1
cells 7,501-10,000 82 17 (21) 0.9 (0.4-2.3) 0.88
(cellspuL) 5,001-7,500 73  21(29) 1.4 (0.6-3.5) 0.43
<5,000 8 2(25) 1.2(0.2-6.9) 0.85
Absolute >2,000 65 14 (22) 1
lymphocyte  1,501-2,000 59 17(29) 1.5(0.7-3.3) 0.35
(cellspiL) 1,001-1,500 48 4 (13) 1.5 (0.6-3.5) 0.36
<1,000 31 4(13) 0.5(0.2-1.8) 0.32
Absolute >500 41 11(27) 1
CD4 351-500 40 9 (23) 0.8 (0.3-2.2) 0.65
(cellspiL) 201-350 58 16 (28) 1.0(0.4-2.6) 0.93
<200 70 14 (20) 0.7 (0.3-1.7) 0.41
Absolute >1,500 20 7(5B) 1
CD8 1,001-1,500 51  9(18)  0.4(0.1-1.3) 0.12
(cellshiL) 501 — 1000 110 27 (25) 0.6 (0.2-1.7) 0.33
<500 24 6(25)  0.6(0.2-2.3) 0.47
HIV RNA undetectable 5 4 (80) 1 1
load log1.18-3.00 20 7(35) 0.1(0.01-1.4)  0.098 0.1 (0.01-1.4) 0.098
(copiesjiL) log 3.01 -4.00 71 19 (27) 0.1(0.01-0.87) 0.04 0.1 (0.01-0.87) 0.04
log 4.01 -5.00 76 16 (21) 0.07 (0.007-0.64) 0.02 0.07 (0.007-0.64) 0.02
>log 5 35 4 (11) 0.03 (0.003-0.36) 0.006 0.03 (0.003-0.36) 0.006
Anti-syphilis  No 201 48(24) 1
antibody Yes 2 1 (50) 3.2 (0.2-51.2) 0.42
Anti-HCV No 184 42(23) 1
antibody Yes 22  8(36) 1.9 (0.8-4.9) 0.17

0OR (95%Cl): Odds ratio (95% confident interval)ogistic regression analysis was used; NS: Notifiogmt
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4.4.Discussion and conclusion

This is the first detailed study of HBV serologicarkers among a large
number of HIV-pregnant women and the evaluationamult HBV infection in those
presenting a serologic profile with isolate anti-¢i®ur results showed that between
2001 and 2003, the prevalence of isolate anti-HBcHIV pregnant women
throughout Thailand was 14%. This figure is comsisto that observed among HIV-
infected adults in Bangkok (20%)[322] and 13% in&®ly Mai areas (Thongsawat S.,
personal communication). Using a highly sensiteehhique to detect HBV DNA, it
was possible to show that occult HBV infection,dadined by positive HBV DNA,
was detected in 24% (50 of 210) of HIV-1 infectedgnant women with isolate anti-
HBc serologic profile or 3% of all HIV-infected wamn tested. Interestingly, the
level of HBV DNA was below 1000 IU/mL in all womemnd below 100 IU/mL in 47
of them raising the question about the clinicahsgigance of occult HBV infection.
One intriguing observation was that detection oMHIBNA was inversely correlated
to the HIV RNA. In contrast to Lo re et al. [350hw found occult HBV infection
more frequently in patients with HIV RNA >1,000 ¢ep’'mL, we observed higher
rate of occult HBV infection in patients with lowI¥H RNA concentrations. One
possible explanation to this could be the definited occult HBV infection used and
how it is assessed. Indeed, occult HBV infectiory im&olve a combination of viral,
host-dependent factors [382], and its prevalencgdiféer according to the efficiency
of kit to detect HBsAg [47]. Viral factors includew replication rate of HBV with
mutation in the S gene REF. Host factors includadilp of cytokines, age at the time
of infection, titer of neutralizing anti-HBs antithes, chronic alcohol consumption,
and HCV co-infection. Use of monoclonal antibodwdad diagnostic assays for the

detection of HBsAg may be unreliable in populationdiere the circulating
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subtype/genotypes or variants are distinct fromvthes strain used for the production
of monoclonal antibody [402]. Polyclonal based diagfic assays may thus be
favored. In our study, HBV DNA levels were very lamd when retesting all 210
samples with another kit the results were simia®8% (4 of 210), suggesting that
the absence of HBsAg detection may not be due pooblem of kit. Furthermore,

amplification and sequencing of S gene was possib2 of 50 women with HBV

DNA detectable and we observed the sS1171 and I hiitations that may affect
the detection of HBsAg, which have been previoudintified in other studies [403-

405].

One hypothesis is that isolated anti-HBc was mdtenoseen in women with
advanced disease. Indeed, we found that isolateH&at serological profile was
associated with low CD4 counts in HIV pregnant wameghe association of isolate
anti-HBc profile with immunosuppression has beesoafteported in 2 studies
conducted among HIV-infected patients in Taiwarn53206] . The low CD4+ T-cells
count may reflect the low levels of T-helper cdfpe 2-derived cytokines (e.qg.,
Interleukin-4 and -10), resulting in decreased pobidn of antibodies against HBV
from B-cell. Analysis of HBV serological markers idIV-uninfected pregnant
women would help to clarify the impact of immunegpgression. This rate compared
to that found in isolated anti-HBc blood donors 24%) in a high HBV endemic

areas such as India, Taiwan, Japan, and Sardiird. [4

Clinical relevance of isolate anti-HBc and impactttlee low levels of HBV

DBA in HIV-women with isolate anti-HBc are still alear. Walz et al. have reported
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perinatal transmission of HBV from women with ideld anti-HBc serological

patterns [408].

Using multivariate analysis, we identified othercttas independently
associated with isolate anti-HBc : age over 35 giehirth in northern region, and
HCYV infection. Some of those factors have also deand in other studies. Thus, age
was directly correlated to the presence of isadate-HBcC in Italian donors, with an
exponential fit [409] and HIV infected patients Tiaiwan [406]. The effect of age
may be related to the loss of anti-HBs-producingac#ty decades after resolution of
HBYV infection, or insufficient level of productidid21]. Prevalence of HBV infection
and its natural course vary depending on demograpldygeography as well on viral
and host factors. Several studies have reportet ttlea prevalence of HBsAg
positivity is usually high in northern region of diland as compared to southern
region [15, 159, 161] which may explain the patatites of isolate anti-HBc we

observed in our study.

Several studies have described that infection W@V is a main factor related
to isolate anti-HBc in both HIV-infected or —uninted population [315, 318, 322,
383, 392, 393, 410] likely as a result of the dinaterference of HCV core protein

on the synthesis of HBsAg [321].

Surprisingly, in this study, about half of HIV-preant women had no HBV
serological markers, indicating they are HBV susibép population. This finding

highlights the need of vaccination of all HIV-infed patients without HBV markers
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and also the importance of counseling and pandéhtesgainst HBV infection in

Thailand.

The first limitation of our study is we did not pemm HBSAg testing at 2
different time points to confirm chronic HBV statudowever, in Thailand, the
majority of chronically HBV-infected patients accgd HBV at birth or during early
childhood [10]. The second limitation is HBV DNAvie was measured on a single
sample. Since HBV DNA levels fluctuate over theunak course of HBV infection
[408], we may have underestimated the prevalenceoamult HBV infection.

However, the contrary may be also true.

In conclusion, our study showed that 14%. HIV-inéetpregnant women in
Thailand had isolate anti-HBc serologic profile; whom 24% had occult HBV
infection. Independent risk factors associated waithi-HBc were older age, low CD4
count and HCV infection. Whether this serologicfieois a reflect of the general
immune status of HIV preghant women or a real mrad€enatural HBV infection
remain unclear. Also since most of women with ocelBV infection had HBV DNA

levels below 100 IU/mL, the clinical impact of oticHBV needs to be elucidated.
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4.5. Publications

This work was presented in;

- Khamduang W, Gaudy-Graffin C, Ngo-Giang-Huong N, Jourdain Gllémant
M, Pipatnakulchai S, Putiyanun C, Kunkongkapan @nwarit P, Sirinontakan S,
Ardong W, Sirirungsi W, Goudeau A. The low prevalerof occult Hepatitis B
infection in HIV-1 infected pregnant women with imaidy to hepatitis B core
antigen alone in Thailand. 18th international AlEference, 18-23July, 2010,

Vienna, Austria(THPEO205, Poster presentation)
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5. Long-term virological response of Hepatitis B virusto
lamivudine-containing HAART in patients co-infected

with HIV and HBV in Thailand

5.1. Introduction

Between 350 and 400 million people worldwide areonitally infected by
Hepatitis B virus (HBV) [4] and 75 to 80% of theselividuals are in Asia and the
Western Pacific [8]. Annually, around 1 million qgde worldwide die from the
consequences of HBV infection, including cirrhogiger failure, and hepatocellular
carcinoma (HCC) [4]. Among HIV-infected populatiorihe overall prevalence of
hepatitis B surface antigen (HBsAQ) carriers isnested to be 8-11% [187]; about
10% in Asia-Pacific region [166] and 9% in Thailajid7, 168]. In HIV-infected
individuals, chronic hepatitis B infection is assed with accelerated liver disease
progression, aggressive hepatocellular carcinordarameased liver-related mortality
rate [184, 411]. Hepatitis B-related immune recutson flares have been observed

following initiation of highly active antiretrovitdreatment (HAART) [271].

In Thailand, where HBV infection is highly endemidBV infection occurs
mostly through mother-to-child transmission or dgriearly childhood. HBV
genotypes C and B are the most prevalent in thergepopulation, and respectively
account for 70-90% and 10-30% of infections [6M]ore hepatic necro-inflammatory
activity and more rapid progression to cirrhosisl &hCC have been observed in
patients infected with HBV genotype C as compacegenotype B [250]. Additional
important risk factors associated with the develeptrof cirrhosis and HCC include

HBeAg positivity and high HBV DNA viral load [250]Suppression of HBV DNA
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level is associated with biochemical and histolagiemission of liver disease [412,
413]. Therefore, suppressing the replication oMHB undetectable levels is a major

goal in HBV treatment.

Lamivudine (3TC) is a cytidine analogue that intslihe reverse transcriptase
of both HIV and HBV [24]. The efficacy of 3TC (15@g twice a day) on HBV
replication in HIV-HBV co-infected patients is sila to that of 3TC (100 mg once a
day) in HBV mono-infected patients [256, 414]. R&sce mutations to 3TC have
been observed in HBV-HIV-1 co-infected patientsaatate of 15-20% per year in
western countries where HBV genotypes A or D aredpminant [25, 274]. In
Thailand, over 95% of HIV-infected patients recelaenivudine (3TC) as part of
highly active antiretroviral therapy (HAART) and 9fe co-infected with HBV. The
long-term benefit of 3TC on HBV infection and thecidence of 3TC resistance in

these HBV-HIV co-infected patients are not well \umo

The aims of our study were thus to analyze thecefté 3TC-containing
HAART regimens on HBV replication among HIV-HBV aofected Thai patients
and determine the rate of maintained HBV DNA supgian over 12 months and
more of treatment and characterize the 3TC regetddBV variants that have

emerged on treatment.

5.2.Methods

5.2.1. Study population
Patients were enrolled in the prospective multieerProgram for HIV

Prevention and Treatment (PHPT) cohort (ClinicalBigov Identifier:
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NCT00433030) of HIV-infected adults on antiretr@irtherapy in Thailand.
Informed and written consent were obtained andthdy performed according to the
World Medical Association Declaration of Helsinkichapproved by the local ethic
committees. Prior to starting HAART, all patiemtere screened for HBsAg and anti-
HCV antibodies at each hospital. CD4+ T-cell cauamnd HIV RNA quantification
were performed at start of HAART and every 6 mortkieseafter. Patients received a
guarterly clinical biological follow-up and comptiee is assessed at each visit by pill

count.

Patient were included in this analysis if 1) HBs#eropositive, 2) receiving
HAART regimens which included 3TC (150 mg twiceay) 3) stored blood samples
collected prior to 3TC use (baseline), and at I&asind 12 months after HAART
initiation were available, and 4) HBV DNA was ddtdale at baseline. The "3-month"

sample range from 2-6 months and "12-month" samgpige from 10-18 months.

5.2.2. HBV and HIV testing

HBsAg positive patients had HBV viral load quamifi at baseline, 3, 12
months, and the last visit using the Abbott remletiHBY DNA™ assay, Abbott
France, Rungis, France (linear range 1.180ltm9 logoIU/mL). If HBV DNA was
found negative at baseline HBsAg was re-testedgusmEIA assay (DiaSorin ETI-
MAK-4, Salluggia, Italy). If HBV DNA was detectablat baseline, HBeAg was
tested using DiaSorin ETI-EBK PLUS (Salluggia, Wal HIV RNA was quantified
using the COBAS Amplicor HIV-1 Monitor Test v.1.GRoche Molecular Systems,
Branchburg, NJ) (lower limit of detection: 50 cagimL) and the Abbott real-time

HIV RNA™ assay, Abbott, (lower limit of detectioA0 copies/mL).
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5.2.3. HBV virological responses

HBV responses to 3TC were categorized accordingh& Asian Pacific
Association for the study of liver recommendatiof358]. Thus, HBV DNA
suppression is defined as undetectable level of HINA (the threshold used was
150 or 2.18 log IU/mL since some samples were diluted at 1:10oraliie to
insufficient volume). Virological breakthrough defined as an initial decline >2
logio IU/mL followed by an increase of HBV DNA >1 lgglU. Maintained viral

suppression was defined as HBV DNA level persister2.18 logo IU/mL.

5.2.3.1. HBV DNA sequencing

Ten pL of Abbott M2000 HBV DNA extract were used to aifplthe HBV
polymeraseegion (nucleotide position 251 to 1058) [365]heTirst-round PCR was
performed in a 59uL volume using Platinum PCR SuperMix High Fidelity
(Invitrogen, Carlsbad, CA) and the primers PolIMGEC TGC TCG TGT TAC
AGG CGG-3’) and Pol2M (5-GTT GCG TCA GCA AAA ACTGG CA-3’), which
yield an amplicon of 1,010 bp. PCR conditions ¢stesl of an initial 2 min
denaturation step at 93, followed by 40 cycles of denaturation af®@4or 1 min,
annealing at 4& for 1 min, and extension at®8for 3 min. The second-round PCR
was performed using 1QL of the first-round product and the following nedt
primers, Pol3M (5-GAC TCG TGG TGG ACT TCT CTC Aj)and Pol4M (5-GGC
ATT AAA GCA GGA TAA CCA CAT TG-3') [365], to yieldan 808 bp amplified
fragment. PCR conditions were an initial denataratstep of 94C for 2 min,

followed by 30 cycles of denaturation a@4or 40 sec, annealing at%5for 1 min,
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and extension at 68 for 3 min. Amplicons were visualized under UVhidollowing
electrophoresis on a 1% agarose gel stained witidietn bromide. The second-
round PCR products were used directly for bidiew sequencing with the nested
pol3M and pol4M primers. Amplicons were sequengsitg the BigDye Terminator
Mix V. 1.1 (Applied Biosystems, Foster city, CA)nca sequences were analyzed
using the Bioedit software (http://www.mbio.ncswémoedit). HBV pol sequences
were analyzed for polymorphisms and mutations kntevbe associated with 3TC
resistance through comparison with wild-type reafeee sequences of similar

genotype [415].

5.2.4. HBV Genotyping

HBV genotype was identified by phylogenetic analysiBriefly, pol gene
sequences were aligned with publisheal sequences of various HBV genotypes
available in GenBank using the software clustalWRPhylogenetic trees were
constructed using neighbor-joining method. Gendiitances were calculated using
the Kimura two-parameter method, as implementedtha software MEGA.

Bootstrap analysis with 100 simulations was useeégbthe reliability of branching.

5.2.5. Statistical analyses

STATA™ version 10.1 software (Statacorp, CollegatiSh, TX) was used to
compare baseline characteristic data accordingBeAd status. Fisher's exact test
was used for categorical variables and Wilcoxonk+sum test was used for
continuous variables. Results are reported aseptage with 95% confidence

interval (95%CI) or medians with interquartile resgIQR).
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Kaplan-Meier analysis was used to estimate the ohtdBV DNA suppression and
time to achieving serum HBV DNA suppression. Inigras who achieved HBV
DNA suppression within the first 12 months of 3Ti@rapy, Kaplan-Meier analysis
was used to estimate the rate and time of maimgisiich suppression. The log-rank
test was used to compare the cumulative rate aflogical responses between
HBeAg-positive and -negative patients. Statistisanificance was defined as

p<0.05.

5.3.Results

5.3.1. Baseline characteristics

Of 1,448 HIV infected adults on HAART, 122 (8.4%¥sted HBsAg-positive.
Of these, 53 were receiving 150 mg twice a day)(bid3TC as part of HAART.
Among them, 44 were tested for HBV DNA at baseliBeand 12 months after
treatment initiation. Of 34 patients with deted¢éaHBV DNA at baseline samples, 4
stopped 3TC very early and switched to anothemegi Finally, 30 patients were
included in this study (Figure 5.1). Their medage was 31 years [IQR; 27-34], 80%
were female. Median CD4+ and CD8+ T-cell countsev&f®10° and 56x10°
cells/L, respectively. Median alanine transamin@der) level was 30 U/L (IQR; 20-
39) and median aspartate transaminase (AST) lews 48 U/L (IQR; 38-79).
Median HIV RNA was 4.47 log copies/mL, and HBV DNA: 7.35 lag IU/mL.
Phylogenetic analysis indicated that 17% of pasiemere infected with HBV B
genotype and 83% with C genotype. None had HC¥ciidn. Although 12 (40%)
of the patients had received previous antiretrb¥vresatment, none had been exposed
to 3TC except one for a short period. At initiatiof 3TC, 19 (63%) of the patients

were HBeAg-positive. The baseline characteristiceiBeAg-positive and -negative
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patients were similar, except for median HBV DNAdewhich was significantly

higher, as expected, in HBeAg-positive patiental{& 5.1)

1,448 HIV infected patients

122 reported
HBsAg positive from hospital sites

y

53 receiving 300 mg/d

3TC-included HAART

9 had no sample
available at baseline

(Abbott real-time

44 tested for HBV DNA at baseline

HBYV DNA assay)

8 patients had HBV DNA below

the limit of detection at baseline

> 2 HBsAg false positive

34 with detectable HBV DNA at baseline

4 Stop 3TC within the first 3

—
months of treatment

30 were included in the study

v

19 had HBeAg-positive

v

11 had HBeAg-negative

Figure 5.1. Overall study diagram



Table 5.1. Baseline demographic and clinical characterisifabe study population

Baseline characteristics Overall HBeAg positive HBeAg negative p-value®
(N=19) (N=11)

n Value n Value n Value
Age (year) [median (IQR)] 30 31 (27-34) 19 29 &) 11 33 (27-35) 0.59
Female [n (%)] 30 24 (80) 19 17 (89) 11 7 (64) 0.16
Treatment-experienced [n (%)] 30 12 19 7 (37) 11 5 (45) 0.71
CD4+ T-cell count (x19L) [median (IQR)] 30 100 (38-178) 19 110 (38-188) 11 48 (33-178) 0.78
CD8+ T-cell count (x19L) [median (IQR)] 19 562 (396-912) 13 679 (421893 6 506 (353-792) 0.33
HIV RNA (logigcopies/mL) [median (IQR)] 30 4.47 (4.09-5.27) 19 4.46 (4.06-5.25) 11  5.25(4.25-5.50) 0.29
Alanine transaminase (IU/L) [median (IQR)] 30 30{29) 19 27 (17-36) 11 44 (21-121) 0.06
HBV DNA (log;lU/mL) [median (IQR)] 30  7.35(5.55-8.07) 19  7.92(7.34-8.31) 11 3.76 (3.28-6.67) <0.001
HBV Genotype B : C [n (%)] 30 5:25 (17:83) 19 4(P3:79) 11 1:10 (9:91) 0.63
@ Fisher's exact test or Wilcoxon rank-sum test were used
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Table 5.2. HBV and HIV virological response to 3TC in HIVHBYV co-infected patients during 12 months of 3T€tment

Baseline characteristics Overall HBeAg positive HBeAg negative p-value®

(N=30) (N=19) (N=11)

n %[95%Cl] or n %[95%Cl] or n %[95%Cl] or

median [IQR] median [IQR] median [IQR]
HBV DNA suppressiohat 3 months 14 53 [34-72] 6 32 [13-57] 8 73 8Y- 0.06
Median HBV DNA reduction at 3 months (lgg

3.86 [2.56-4.67] 4.26 [3.40-5.48] 1.88 [1.36-3.59] 0.008
lU/mL)
HBV DNA suppressiohat 12 months 20 67 [47-83] 9 47 [24-71] 11 1702-100] 0.004
Median HBV DNA reduction at 12 months (lgg

4.40 [2.89-5.65] 4.94 [3.97-6.13] 1.88 [1.36-5.30] 0.02
lU/mL)
HBYV DNA breakthrough 4 13 [4-31] 4 21 [6-46] 0 [@28] 0.27
HIV load <50 cp/mL at 3 months 20 67 [47-83] 11 58 [33-80] 9 82 [48-98] 0.25
Median HIV load reduction at 3 months (leg

2.92 [2.54-3.53] 2.93 [2.14-3.48] 2.91 [2.508] 0.53
cp/mL)
HIV load <50 cp/mL at 12 months 22 73 [54-88] 14 74 [49-91] 8 73 [39-94] 1.00
Median HIV DNA reduction at 12 months (lgg

2.92 [1.52-3.45] 2.93[1.52-3.32] 2.91 [1.109] 0.78

cp/mL)

2Fisher’s exact test or Wilcoxon rank-sum test wesed

PHBV DNA suppression was defined as serum HBV DNyeleequal or below 150 or 2.18 lgdu/mL
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5.3.2. Efficacy of 3TC on HBV replication

At 3 months, overall median reduction of HBV DNA w&8.86 logy (IQR, 2.56-4.67), and 53%
(95%CI, 34-72) of patients achieved HBV DNA suppres. At 12 months, overall median HBV DNA
reduction was 4.40 lgg (IQR, 2.89-5.65) IU/mL and 67% (95%CI, 47-83) ditipnts achieved HBV DNA
suppression. Of the 20 patients who achieved HB\ABMNppression at 12 months, 18 were tested for HBsA
and one had lost HBsAg. Of 4 patients who expeddrntdBV breakthrough during the first 12 months:a2l h
HBV DNA suppression at 3 months and 2 had nevéy fulppressed HBYV replication. Six patients hadigla

HBYV DNA suppression.

Twenty-two patients who experienced HBV DNA suppra@s were included in the analysis of the
duration of HBV DNA suppression on 3TC treatmengfZzhem had HBV breakthrough as describe above,
one changed drug regimen after 15 months of 3T&rnrent, and 19 were followed-up over a median durat
50 months (IQR; 32-65 months). Of these 19 patiedthad HBV breakthrough and 17 (89%) maintained
HBV DNA suppression until their last medical visithe estimates cumulative rates of maintained HBNA
suppression were 91% (95%CI; 68-98), 84% (95%CI95H8 and 68% (95%CI; 26-89) at 1, 3, and 5 years,
respectively (Figure 5.2). Of those 17 patientthvmaintained HBV DNA suppression, 3 of 16 (19%stlo

HBsAg at their last visit. Among the 8 HBeAg posatpatients lost HBeAg at their last visit.

The rate of HBV DNA suppression at 12 months wamicantly higher among HBeAg-negative
patients than among HBeAg-positive patients (100% 47%, respectivelyP=.004; Table 5.2). Kaplan-
Meier analysis showed that HBeAg-negative patieuisieved HBV DNA suppression more rapidly than
HBeAg-positive patients (Figure 5.F-value by log-rank test = 0.017). HBV DNA suppressiwas

maintained in all HBeAg-negative patients (Figurg)5
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Figure 5.3. Kaplan-Meier curve of time to HBV DNA suppressid#BVY DNA suppression is defined as
HBV DNA level <2.18 logo IU/mL, during the first 1 year of 3TC-containingAART in HBeAg-positive and
HBeAg-negative HIV-HBYV co-infected patients.
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Figure 5.4. Dot plot distribution graphs of HBV DNA load, HIRNA load, serum ALT level, and CD4+ T-
cells count at baseline, 3, 12 months, and last \nsHIV-HBV co-infected patients on 3TC-contaigin
HAART.

5.3.3. 3TC resistance-associated mutations

Prior to 3TC initiation, all subjects had no 3TGistance-associated mutation. At 3 months, among
the 16 patients with detectable HBV DNA, HBV sequiag was successful for 14 patients and no 3TC-
resistance-associated mutation was found. HBVKkitineaugh was observed in 7 patients, 4 occurrety ear

between 4 and 12 months, and 3 were detectedtl8t 85 and 81 months.
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Of the 4 patients with early breakthrough, one ted the 3TC resistance-associated mutation
ntG741A, resulting in the known rtM2041 mutationdaalso in a concomitant substitution in thprotein of a
tryptophan at codon 196 to a stop codon (sW196ste@) result of overlapping reading frames of theekpe
and polymerase genes. Another mutation also emeng€843G, which resulted in a change from asparagi
to lysine in the reverse transcriptase protein ZB8K) and whose significance is unknown. In thetl3er
patients, no 3TC resistance-associated mutationossrved. However, during their long-term follow-(i),
the emergence of rtvV173L+L180M+M204I, well-known@GTesistance mutations was observed in one patient
at 42 months (ii) HBV DNA could not be amplifiedrfone patient, (iii) and one patient stopped 3Tterat8

months of treatment.

Of the 3 patients with late HBV breakthrough, onad hthe 3TC-resistance mutation pattern,

rtvV173L+L180M+M204I, detected at 65 months of treant.

5.3.4. Efficacy of HAART on HIV replication, CD4 cell count and alanine transaminase level

At 3-month, the median reduction of HIV RNA was 2.Bg, (IQR, 2.54-3.53) and 67% patients
achieved undetectable HIV RNA load (<1.7 49@r 50 copies/mL). At 12-month, the median HIV RNA
reduction was 2.92 lgg (IQR, 1.52-3.45) IU/mL and 73% patients achievediatectable HIV RNA load.
Reduction of HIV RNA level and proportions of uneletble HIV RNA were similar in HBeAg negative and
HBeAg positive groups. Six patients had HIV RNAdeabove 500 copies/mL and presented the M1841/V
mutations associated with HIV resistance to 3TCA4€D-cell counts had risen from 100 (IQR: 38-178)
cellspiL at baseline to 247 (IQR: 197-374) and 445 (IQB4-368) cellgiL at 12-month and last visit,
respectively. ALT levels were normal and did nbaige during 3TC treatment (baseline: 30 IU/L, I2IR

39; 12 months: 27, IQR 18-48; last visit: 20, IQR33), as show in Figure 5.4.



156

5.4.Discussion
We analyzed the long term HBV virological respoisa group of 30 HIV-HBV co-infected patients,
63% HBeAg positive, who received 3TC for the fiigte as part of HAART regimen in Thailand. At iaition
of 3TC, median HBV DNA level was 7.35 Igt{J/mL. After 12 months of HAART, the overall HBV DA

suppression rate was 67%; 47% in HBeAg positiveeptt and 100% in HBeAg negative patients.

The rate of early response in our study, 53% of HBVA suppression at 3 months, is similar to the
30% reported by the international collaborative ESRR) study, conducted in Canada, Australia, Eucme
Africa [24], although the median HBV DNA level prito 3TC initiation was higher in our study, 7.35&.87
logio lU/mL. At 12 months, the median HBV DNA decreaseswiad0 log in our study while it was 2.7 log in
the CAESAR study likely due to different threshotddHBV DNA quantification. Another possible causay
be related to the HBV genotypes, highly replicatd@nd B in our study and likely A or D in the CEAS
study. A recent study conducted in Kenya [416preg that 89% (17/19) of HIV-HBV co-infected patie
achieved HBV DNA suppression (<100 IU/mL) duringrm®nths of 3TC treatment (baseline HBV DNA level
was 3.38 logy IU/mL). The rates of patient with HBV DNA suppsesn was 94% (17 of 18) in HBeAg
negative patients, while one HBeAg-positive patieras unable the suppress HBV replication under 100
IU/mL. These rates are not different from thosenfb in our study, 47% in HBeAg-positive and 100% in

HBeAg-negative patients.

Among the 22 patients who had achieved HBV DNA seaggion, 17 (77%) had maintained HBV
DNA suppression until their last visit (median 5@mths). This rate is much higher than the 9% (@efias
undetectable by Digene Hybrid Capture assay wightlineshold of 4.03 log IU/mL) previously reportey
Benhamou et al, in HIV-HBV co-infected patientseafd years of treatment with the same dosing of FEL
We could hypothesize that the higher responseimateir study is due to a better compliance of pési¢o
their treatment or HBV genotypes B and C are mersisive to 3TC than genotypes A and D, which regui

confirmation with in vitro experiments. The estimétcumulative rates of maintained HBV DNA suppressi
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at 1, 3, and 5 years after achieving suppressiae @&%, 84, and 68, respectively. HBV DNA suppm@ssi
was maintained in all HBeAg-negative patients. Tigher rate of response to 3TC treatment and duratf
HBV DNA suppression among HBeAg negative patieniggest that, in resource-limited countries, HBeAg
testing may be valuable to predict the virologioegponse to nucleoside/nucleotide analogs and doaild
considered when initiating in HIV-HBV co-infecteatgents the first-line HAART. Indeed in resourceiied

countries, 3TC is included in the first-line HAAR&gimen.

One major limitation of treating HBV with 3TC mormatrapy is the rapid emergence of resistance
mutations. In HBV-HIV-1 co-infected patients, rearsce mutations to 3TC have been shown to occarate
of 15-20% per year [25, 417]. In our study, thedeace of 3TC resistance mutations during the fiestr of
therapy was 3% (1of 30) which is not different e 7% (2 of 27) in a study conducted in Kenya (P¥.6
[416]. Over the 6 years of follow-up, 7 patientegented HBV breakthrough and the rtM204l, due ® th
ntG741A uncommon mutation, and the triple rtvV173080M+M2041 mutations associated with 3TC
resistance were identified in 3 patients. Despge@d compliance to treatment, some patients hpdresnced
HBV breakthrough without any mutations within tpel gene. This observation may be explained by the

emergence of mutations outside theomain or other mechanisms that are still unknown.

A nucleotide analogue, tenofovir (TDF), has beeomshto be active against both wild-type and 3TC
resistant HBV [285, 418]. When the PHPT treatmeioct was initiated, TDF was available in ThailaiB8
USD per month, price which exceeded that of theeturstandard first line HAART (zidovudine/stavuelin
3TC and nevirapine), 30 USD per month [419, 42@céntly, the Thai national [281] and WHO guidelines
[421], have recommended to use TDF+3TC or TDF+eitabine as the backbone of the HAART
combination to treat HIV-HBV co-infected patientdowever, this combination may not be provided to al
HIV-HBV co-infected patients since less than 50%rbai HIV-1 infected patients who are on ART had no

been assessed for HBV co-infection [422].
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Our study shows that a significant number of HIVAHBo-infected patients on 3TC containing
HAART, particularly HBeAg negative patients, carhi@ve long-term HBV DNA and HIV suppression. This
study provides further information which may bepfel in the management of HIV-HBV co-infected pat®

in resource-limited countries.
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6. Conclusions

Despite the availability of hepatitis B vaccinesd aantiviral drugs, HBV infection remains the most
common infection and a major health problem thrauglhe world. It is estimated that 350 to 400liom
people are chronically infected with HBV [2-7]; whom three quarters reside in Asia and the wegtacific
[8, 9]. Perinatal HBV transmission remains a majause of chronic infection in this region sincesio

HBsAg carriers have been infected at birth or iyeehildhood [10].

Thailand is considered as a country with high plenvee of chronic HBV infection i.e prevalence of
HBsAg >8%. Furthermore, Thailand has been one@ttuntries the hardest hit by the HIV-1 pandeiiis;
estimated that over half a million people are autfyeliving with HIV; of whom 9% are co-infected thi
HBV. We have addressed in this HIV-HBV co-infecigobulation 3 questions of public health: what is th
residual risk of perinatal transmission of HBV argd#lV-HBV pregnant women in the context of EPI, wha
is the prevalence and impact of occult HBV infectmmong these women and lastly what is the long ter
efficacy of 3TC-containing HAART on HBV infectiol.he common point to these 3 questions relateseo th
possible occurrence of mutations of thel or S genes of HBV and their potential negative impant o

diagnosis, response to vaccine/immunoglobulinsaanidiral therapy.

The most effective means to decrease HBV burden HBU disease complications is to prevent
mother-to-child transmission of HBV. Passive antivacdmmunoprophylaxis have led to 90-95% decresHse
perinatal infection indicating that a percentagecbildren had acquired HBV infection despite adeégua
vaccine and/or immunoglobulin against HBV were jled. It is thus important to investigate the cessof
vaccine failure. In the first part of our work, weve assessed the prevalence of HBV mother-to-child
transmission (MTCT) and characterized virus whield been transmitted to children born to HBV/HIVd: ¢

infected women. We have found a residual HBV tnassion of 5% for which different mechanisms may
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account for. Indeed, we have demonstrated thatimacimmunoglobulin failure may result from trarisgion

of either wild-type variants from mothers with hitgvel of HBV DNA, maternal HBV minority variantsr
HBV variants present and accounting for 20% or nadrenaternal viral population. We have also ideedif
several HBsAg mutations, sK122R, sl126IT, sl126M2P3, and sT131N+M133T+T1401+S204R. The
impact of variants identified in our study on thez@pe to HB vaccine is unknown. A systematic egalal
evaluation of HBV variants selected in infectedamt despite active immunization, and in their racthis
needed to further clarify the impact of these matet on perinatal transmission of HBV. Understagdhe
causes of HB vaccine failures will help to develgw HBV vaccines appropriate for the many countimes
HBV endemic area such as Thailand and other Soasi-Asian countries or develop other interventitms

decrease perinatal transmission of HBV and acdelé¢na eradication of HBV infection.

Another obstacle to HBV eradication is the high emof chronically HBV infected subjects, who are
not yet treated because of the limited access tieHBYV treatment or are not aware of their HBV iafien.
These chronically HBV infected subjects may thysesent a major source of viral spread. Howewatr ai
hepatitis B virus co-infections are symptomatic awdn routine serological markers can miss thendisig of
HBV disease. Thus occult hepatitis B virus (HBVieittions have been recently described and areatefiy
positive HBV-DNA in the absence of serum HBsAg [B8Dccult HBV infection has been a major concern
for blood banks or organ transplantation. One equence of occult HBV infection in HIV-infected jeatt, is
the possible re-activation of HBV infection, padii@rly after immune suppression [221]. Occult HBV
infection has been frequently found in individuelgh isolated anti-HBc serologic profile [314, 352In the
second part of this study, we have first reportest the prevalence of isolated anti-HBc in HIV praqt
women throughout Thailand was 14% and the preval®ehoccult HBV infection among those with isolated
anti-HBc was 24%; 94% of women with HBV occult iafien had HBV DNA level <100 IU/mL and 6 % had
HBV DNA <1000 IU/mL. We have also showed that oldge, birth in northern region, low CD4 count and
HCYV infection were independent factors associatét solated anti-HBc serologic profile. Furthdudies

are needed to ascertain whether mothers with oel&Nt infection transmit HBV to their infant.
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In Thailand, the first line recommended antiretralviregimen for treating HIV-infected patients in
Thailand was until recently a fixed dose combimatiocluding 3TC. It is usually admitted that treatm of
HBV in HIV-HBV co-infected patients leads to the emence of HBV mutations associated with resistaoce
3TC at a frequency of 15-20% per year. As the equsence of overlapping genes of HBV, this resigtanay
lead to the occurrence of HBsAg mutations. In lds& part of our study, we have evaluated the HBV
virological response in HIV/HBV co-infected patienteceiving 3TC-containing HAART and analyzed in
patients with HBV breakthrough the selection ofusirwith 3TC resistance mutations and their possible
consequence on mutatioh Sgene. We have demonstrated that a significant eumwibHIV-HBV co-infected
patients on 3TC containing HAART can achieve loagrt HBY DNA suppression, particularly HBeAg
negative patients. The cumulative rates of HBV Dlfpressionvere 91%, 84%, and 68% at 1, 3, and 5
years, respectively. The rate of HBeAg and HBsésglat the last visit were 87% and, 19% respegtivel
Surprisingly the rate of resistance mutations t€ 3¥as lower than expected from the data publishethe
literature. Indeed mutations were found in 3 pase had the rtvV173L+L180M+M204I triple mutation
pattern and 1 had the rtM2041 mutation. None ef3fC induced-mutations identified resulted in rtiataof
the virusSgene. Our results show that 3TC exert an actosity1BV longer than what was reported in studies
conducted in Europe. This study provides furthéormation which may be helpful for the management o

HIV-HBV co-infected patients in resource-limitedurdries.
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7. Perspectives

Our study brings additional knowledge on HB vactimewunoglublin failure in infants born to HIV-
HBV co-infected women in the context of EPI, on WltdHBV infection and long term response to 3TC in
HIV-HBV co-infected adults on HAART. Furthermore,also provides information about the HB variants o

genotype C and B identified during vaccine or drdivailure.

However, there are some missing pieces to the puzgl assessing the impact of variants identified
our study in the escape to HB vaccine. This warlalaeady been initiated in collaboration with Bamille
Sureau, Molecular virology laboratory, French ingé of blood transfusion, Paris, France. We hawelyrced
HBV pseudoviral particles using Huh-7 cell derivei®V-like particles which harbored the mutations of
interest. The next step is to analyze the susdbtibf produced HBV pseudoviral particles to nelization

by antibodies from HBV-vaccinated or naturally icdd-HBYV infected individuals.

Another perspective is to ascertain whether oddB8Y mothers had transmitted HBV to their infants.
All the knowledge gained may be useful for researsand public health specialists to develop neategies

or interventions to decrease HBV burden in Thailaatdalso in other Southeast Asian countries.
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Annexe 1:Table of standard amino acid abbreviations andeptms

Amino Acid 3-Letter 1-Letter Side-chain Side-chain Hydropathy
polarity charge (pH 7.4) index
Alanine Ala A nonpolar  neutral 1.8
Arginine Arg R polar positive -4.5
Asparagine Asn N polar neutral -3.5
Aspartic acid  Asp D polar negative -3.5
Cysteine Cys C polar neutral 2.5
Glutamic acid Glu E polar negative -35
Glutamine GIn Q polar neutral -3.5
Glycine Gly G nonpolar neutral -0.4
Histidine His H polar positive (10%), -3.2
neutral (90%)

Isoleucine lle I nonpolar neutral 4.5
Leucine Leu L nonpolar  neutral 3.8
Lysine Lys K polar positive -3.9
Methionine Met M nonpolar neutral 19
Phenylalanine Phe F nonpolar neutral 2.8
Proline Pro P nonpolar  neutral -1.6
Serine Ser S polar neutral -0.8
Threonine Thr T polar neutral -0.7
Tryptophan Trp W nonpolar neutral -0.9
Tyrosine Tyr Y polar neutral -1.3
Valine Val \% nonpolar neutral 4.2

[Source: http://en.wikipedia.org/wiki/Amino_acid]
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Annexe 2:Abbreviations

%
a

B
Y

Hg

ML

3TC
95% ClI
A

ACPs
ADV
AIDS
ALT
Anti-HBc
Anti-HBs
AST

bp

C
cccDNA
CD
CD4+ T-cells
CD8+ T-cells
CTL
dATP
DBS
DCs
dCTP
dGTP
DNA
dNTP

Percent

Alpha

Beta

Gamma

Micro

Microgram

Microliter

2',3'-dideoxy-3'-thiacytidine or Lamivudine

95 percent confidence interval

Adenine

Antigen presenting cells
Adefovir dipivoxil

Acquired immunodeficiency syndrome
Alanine transaminase or anine aminotransferase
Antibodies against hepatitis B core antige
Antibodies against hepatitis B surfaceigen
Aspartate transaminase or Aspartate aminoteaasé
Basepair

Cytosine

Covalently closed circular deoxyribonuclaizd
Cluster of differentiation

Mature T helper cells expressing tindase protein CD4
Killer T cells expressing the surfaretein CD8
Cytotoxic T cell

Deoxyriboadenosine triphosphate

Dried blood spot

Dendritic cells

Deoxyribocytosine triphosphate
Deoxyriboguanine triphosphate
Deoxyribonucleic acid

Deoxyribonucleotide triphosphate
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dsDNA Double stranded deoxyribonucleotide triph@ph
dTTP Deoxyribothymine triphosphate
dUuTP Deoxyribouracil triphosphate

EDTA Ethylenediaminetetraacetic acid
ELISA Enzyme liked immunosorbent assay
ETV Entecavir

FTC Emtricitabine

G Guanine

g Gram

GP Glycoprotein

HB vaccine Hepatitis B vaccine

HBCAg Hepatitis B core antigen

HBeAg Hepatitis B e antigen

HBIg Hepatitis B Immunoglobulin

HBsAg Hepatitis B surface antigen

HBV Hepatitis B virus

HCC Hepatocellular carcinoma

HCV Hepatitis C virus

HIV-1 Human immunodeficiency virus type-1
HLA Human leukocyte antigens

IFN Interferon

lgG Immunoglobulin G

IgM Immunoglobulin M

IL Interleukin

IL-13 Interleukin-1 beta

IL-6 Interleukin-6

IL-8 Interleukin-8

IQR Interquartile range

Kbp Kilobasepair

kDa Kilodalton

LB medium Luria-Bertani medium

LdT Telbivudine

L-HBsAg Large form of hepatitis B surface antigen

M Molarity



mg
M-HBsAg
MHC
min
mL
mM
MRNA
MW
NF-kB
ng

NK
NKT
nm

no.
0O.D.
°C
ORF

p24
PBL
PCR
Peg-IFN
pgRNA
pmol
rcDNA
RNA
rpm
RT-PCR
S-HBsAg
SsDNA

TDF
TGFP
TNF
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Miligram

Medium form of hepatitis B surface antigen
Major histocompatibility complex

Minute

Milliliter

Millimolar

Messenger ribonucleic acid

Molecular weight

nuclear factor kappa-light-chain-enhancer of attistaB cells
Nanogram

Natural killer cells

Natural killer T-cells

Nanometer

Number

Optical density

Degree Celsius

Open reading frame

Protein

Phosphoprotein 24, typical protein of lentiges
Peripheral blood leukocyte

Polymerase chain reaction

Pegylated interferon

Progenomic ribonucleic acid

Picomole

Relaxed circular deoxyribonucleic acid
Ribonucleic acid

Rounds per minute

Reverse transcription polymerase chain ie@act
Small form of hepatitis B surface antigen
Single stranded deoxyribonucleic acid
Thymine

Tenofovir Disoproxil Fumarate

Tumors growth factor — beta

Tumor necrosis factors



TNF-a
uv

VS.
wiv
YMDD

ZDV
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Tumors necrosis factor — alpha

Ultraviolet light

Versus

Weight by volume

tyrosine-methionine-aspartate-aspartate naitifiBV polymerase
gene

Zidovudine
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I‘ Woottichai KHAMDUANG
PDU'E’VI_ Analyse des mutants du virus de I'hépatite B (VHBEhez des
Cantre vl de Lare patients co-infectés par le VIH et le VHB en Thailade

RESUME

L’infection par le VHB est endémique en Thailandaldyié I'introduction des programmes de vaccinationtre le VHB, la transmissio
périnatale reste une cause majeure d'infectionniue. Les objectifs de ce travail étaient d’idiatiles mutants du VHB pouvant étre associé
des échecs de vaccination, de diagnostic et degheétique. Le travail présenté ici est divisé eistparties.

Dans une premiére partie, nous avons analysé \alpréice de la transmission périnatale du VHB damsaamorte issue d’un protoco
thérapeutique de prévention de la transmission matieetale du VIH. Nous avons cherché a caractéiese mutants d’échappement a
vaccination contre le VHB. Parmi 3349 femmes enesiséropositives pour le VIH, I'antigéne (Ag) HBaigpositif dans 7% des cas. L'Ag HB
était détectable a I'age de 2 et 18 mois chez fdnennés de méres porteuses chroniques. Lesitsada VHB présents au sein de 9 de ces p4
mere-enfant ont pu étre étudiés apreés séquencaifenege. Trois types de transmission du VHB onépa décrites ; i) transmission de varia
non mutés par les méres présentant une charge WitdB élevée ii) transmission d'un virus mutant oritaire isolé chez la mere, et ii
transmission de mutants déja présents a plus @ech@z la mére. La capacitévitro de ces mutants a échapper a la réponse neuttalati-
HBs sera étudiée en utilisant un modéle de pseudizydas portant les mutations identifiées.

Dans une seconde partie, nous avons sélectionnéolmete de femmes enceintes séropositives podiHepour lesquelles la préseng
isolée d’Ac anti-HBc a été détectée. Dans cette ladpn, la présence de marqueurs d’infection oecpdir le VHB a été recherchée. Parmi 16

femmes AgHBs négatif, 229 (14%) avaient des Ac Hit isolés et 'ADN du VHB était détectable par PCRz56 d’entre-elles. L'analyse

multivariée a montré que I'dge (>35 ans), le lieu mhissance (région Nord de la Thailande), le nender CD4 >350 cellules/mL et ply
significativement le nombre de CD4 >200 cellules/atlla trace d'un contact avec le VHC étaient indélaenment associés a la présence is
d’Ac anti-HBc.

Dans la derniére partie, nous avons évalué I'effiéaa un an et a long terme de la lamivudine (33@)la réplication du VHB chez 3
patients co-infectés par le VIH et le VHB, recevané thérapie antirétrovirale hautement active. Wangjfication de I'’ADN du VHB a été réalisé
a l'introduction du traitement, a 3 mois, a 12 matis I'issu du suivi a long terme. La virémie VHEdmne était de 7.35 log10 IU/mL. Aprées 3
12 mois, la virémie avait diminué de 3.86 et d&040g10 IU/mL. Elle était négative chez tous legignts présentant initialement un AgHE
négatif. A I'issu du suivi a long terme, la viréndéiit négative chez 17 des 19 patients. Le tamutid’obtention d’'une virémie négative apres
2, 3, 5 et 7 ans était respectivement de 95%, 81%, 84% et 64%. Sept patients étaient rechutBansx patients étaient infectés par des varia
avec une triple mutation et un patient par uneeseulitation de résistance a la lamivudine. Nous sadonc montré que I'administration (
multithérapie antirétrovirale contenant de la lamive induisait la suppression a long terme dégdigation du VHB. Chez les patients co-infec
par le VIH et le VHB, cette stratégie thérapeutigpporte donc un bénéfice dans les pays en voiévidappement.

Mots-clés Hepatite B, co-infection par le VIH, échec de vacnoation, résistance a la lamivudine, infection occtg par le VHB

SUMMARY

Thailand is an endemic area for chronic HBV infeatiDespite implementation of HBV vaccination, petah@BYV transmission remain
a major cause of chronic infection. This study alna¢ identifying HBV mutants that may be associatéith vaccine failure, misdiagnosis ¢
chronic HBV infection and antiviral treatment faitu The dissertation is divided in three parts.

In the first part, we analyzed the prevalence oinagal HBV transmission in a large HIV preventiashort in Thailand and characterizg

the HBV vaccine escape mutants. Among 3,349 HIVeiefé pregnant women, 7% were found HBsAg positivevén children born to HBsAgt

positive mother were found HBsAg-positive at 2—-18nths of age. Complete series of samples were alaifab9 mother-child pairs. Based ¢
direct sequencing and cloning analysis, 3 pattefrtsansmission were observed) :transmission of wild-type variants from motherghwhigh

HBV DNA level, ii) transmission of maternal minor variant afd transmission of variants already present in mateblood samples. Th
capacity of HBV variants to escape from anti-HBs redistationin vitro will be further studied using HBV-pseudoviral pelds harboring the
characterized mutations.

In the second part, we selected a cohort of HI¢détgd pregnant women who had isolated anti-HBc adyitand screened them f
markers of occult HBV infection. Of 1,682 women wivere AgHBs negative, 229 (14%) had isolated anti-ldBd 50 of them had detectah
HBV DNA (>15 IU/ml) when tested by PCR. The multig analysis showed that age over 35 years olth, inithe northern region, CD4 cou
below 350 cellgiL and, more significantly, CD4 count below 200 skl as well as past or present HCV infection, werepehdently associate|
with the presence of isolated anti-HBc antibody.

In the last part, we evaluated the 1l-year and teng effect of lamivudine (3TC) on HBV replication 80 HIV/HBV co-infected
patients receiving 3TC-based highly active antindtal therapy. HBV DNA, was measured at baselinan8 12 months and at long-term visi
The median baseline HBV DNA level was 7.35 log10niU/ At 3 and 12 months, HBV DNA had decreased td 3a8d 4.40 log10 IU/mL
respectively with 53% and 67% of patient becomilM-DNA negative. HBV DNA suppression was observedllrHBeAg-negative patients. 1
of 19 patients with a long-term follow-up remaindBV DNA negative. The estimated cumulative rateustained HBV DNA suppression at 1,
3, 5, and 7 years were 95%, 91%, 84%, 84%, and G4patients experienced a HBV breakthrough. Two virfiected by variants with a tripl
mutation and one by viruses with a single mutat©unr results suggested that long-term suppresdidiBY replication is an additional benef
provided by 3TC-containing HAART for a significamimber of HIV/HBV co-infected patients in resourgaied countries.
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