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ABSTRACT

Hepatitis B virus has been divided into ten genesypA-J, and in several respective subgenotypatebasis of
phylogenetic analysis of whole genome. Differeniggaphical region has been dominated by differemtaypes. It
has been proposed by many studies that differamttgpes have been found to have different pathodestiavior
and respond differentially to different therapi&milarly, several other studies correlate the atitial clinical
outcomes of HBV-induced liver disease with respeagenotypes. So, in the present review we trylub as
maximum as possible information regarding the HijgatB virus genotypes/subgenotypes epidemiology,
characteristic pathogenic behavior and responseaigous interferon’s and nucleos(t)ides analogues.
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Abbreviations: AST: Aspartate Transaminase; ALT: Alanine Transasen Bp: base pair; BQW: best quality water; CHBiranic
hepatitis B; ELISA: Enzyme linked immunosorbenagssiBsAg: Hepatitis B surface antigen; HBeAg: hitfmB envelope antigen; HBV:
hepatitis B virus; HCV: Hepatitis C virus; HCC: Hagocellular carcinoma; HEV: Hepatitis E virus; H\Human immunodeficiency virus; Nt:
Nucleotide; RFLP: Restriction fragment length podyphism; SNP: Single nucleotide polymorphisms

INTRODUCTION

Hepatitis B virus(HBV), a non-cytopathic & organ specific (hepabgtic) virus, is one of the five distinct families
of viruses that cause different spectrum of livisedse (from self-limiting acute stage to hepatatzel carcinoma)
in humans. Despite success with the developmenticfines and antiviral drugs [1], it remains a medouse of
morbidity and mortality worldwide, particularly iAsia [2, 3]. It is estimated that nearly one-fouoththe world’s
population has serological evidence (HBsAg/anti-A@snarker) of past or present infection with thisug [4, 5]
and out of which 400 million are chronic carrieffstloe virus [4, 6]. HBV infection is responsiblerfoearly 1.2
million deaths per year worldwide due to HBV-rethtiiver disease (including HCC), making HCC thircdbsh
deadly cancer worldwide [7, 8].

MATERIALS AND METHODS
To make this review article PubMed(www.ncbi.nIim.gibv) was searched with keywords like “HBV”, “Hejiat B
virus”, “Hepatitis B virus genotypes”, “Hepatitis Brus subgenotypes”, “Hepatitis B virus and resgmto therapy”

and related words. One hundred and thirty-ninearebeand review articles were selected. While sielgcthese
research and review articles, it was kept in mivad the data must represent the reports throughewvorld.
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RESULTS AND DISCUSSION

Epidemiology

HBYV is distributed worldwide but its prevalence gmatterns of transmission vary greatly in differgebgraphic
region of world and in different population subgosy9]. Whole world is divided into three regionghwrespect to
rate of prevalence of (HBsAg as a seromarker) HBfedtion [10].

First region comprises of high endemicity regionhwéqual to or more than 8% population having HBgagitive
infection marker. It has been estimated that ne¢Blt of the total global pool of HBV-infected poatibn lives in
high endemicity region. This area includes mostttef Asia, sub-Saharan Africa, Middle East regiooutB

America’s Amazon basin, the pacific islands, anHeotspecial population groups such as primitivbesi of
Andaman and Nicobar islands of India (HBsAg pogitivanges from 11.6% to as high as 65% in Jaraibad),

native Alaskans, Australian aborigines, and Newlatedis Maoris tribe. Second region is considerethasregion
of moderate endemicity in which 2% to 7% populati@s HBsAg infection marker. 43% of the global dagian

lives in this area of moderate endemicity whicHudes, North Africa, some of the Middle East, tleithern parts
of Eastern and central Europe, the USSR, Indiacautiment and some part of Brazil. Third regionhis region of
low HBV endemicity in which HBsAg carrier rate issk than 2% which includes Northwest Europe, Aligtrand

North America [10, 11, 12, 13].

Transmission of HBV

Blood is the most infectious source of HBV infeatibut virus particle may be found in other varitnagly fluids
like saliva, semen, breast milk and menstrual fldide risk of chronicity due to HBV-infection isuod to be
inversely proportional to age at which the virdeition is acquired. For neonates and childrentleas 1 year the
chances of chronicity has been observed upto 96fgHildren aged between 1-5 years it is about adefor the
children older than 5 years and for adults, th& issnearly 2% [14, 15]. There are mainly two mamfeHBV
transmission: horizontally, the virus transmittegddxposure of percutaneous or permucosal areaetinfactious
blood or body fluids, and perinatally the transnassroute is from an infected mother to her infduotring the
perinatal period [10, 16]. In high endemic regiass described earlier, the most common source etfioh is
through perinatal transmission or through infectemmguired horizontally during early period of chitobd. It has
been estimated that the life time risk of HBV-irtfen in highly endemic areas are greater than 608 L1]. In
intermediate zone of HBV infection routes remaie tstame but nosocomial transmission, tattooing awly b
piercing transmission is also observed. The lifeetrisk of HBV infection in these area remains ket 20%-60%.
Finally, in low endemic areas, beside the abovetimeed routes of transmission, high risk sexualdvédrs or
intravenous drug users is the dominant route of HBWismission. The life time risk of HBV infectian low
endemic area of HBV infection is less than 20% [10,17].

HBYV Polymorphism

HBYV is a partially double stranded DNA virus haviggnome size of 3.2 kb- the smallest known DNA sidtiuses
reverse transcriptase enzyme for replication wisdn error generating process because reverstigtase lacks
proof reading activity. So, sequence heterogerngitne of the main features of HBV virus. HBV midatrate has
been estimated to be 1.4 x1fb 5 x 10° substitutions/site/year which is equivalent to eamtroviruses mutation
rate but 100 folds lower than that of envelope gefnielV [18]and 10 times greater than that of other DNA viruses
[19]. In patients who are in immunocompromisedesthie to liver transplantation there is a furth@d fimes more
mutation rate than normal patients [20]. Besids¢hmutations generating pathways, the selectivespre imposed
by host immune system, vaccination and antivirahtiments can also be responsible for generatiomutéted
strains [21]. These mutations become clinicallyngigant with time if they do not have any deleters effect on
various viral processes. In HBV infected individdijapresence of HBV quasispecies (mixture of HBV anut
species) can contribute to the selective advardgagea wide range of pressures as described eirlieis paper.

HBV genotypes/subgenotypes characteristics and geaghical distributions

A complex interaction between viruses and hostrdefesystem resulted in the evolution of a newrsti@élection
pressure by the host immune system results inuhévsl of only those strains which are replicatmympetent, and
hence stabilized them within the host and this ttuts the genotype of a virus [20]. HBV is clagsif into ten

genotypes (A-J) which are defined by an intergroupleotide divergence >7.5% in the complete genonmed %

at the level of HBV surface antigen protein [21lib8§enotypes are defined as the subgroups withinséinee

Pelagia Research Library



Vikas Pahalet al Der Pharmacia Sinica, 2016, 7(2):1-12

genotype having nucleotide divergence >4% and tleas 7.5% over complete genome with high phylogenet
bootstrap support [22, 23].

Genotype A

Till date, genotype A family has been found to hawe subgenotypes. Genotype Al is found in SouthcAf
Malawi, Somalia, Brazil, Nepal, Yemen, India [5,-24]. With the exception of few A1l which were isidd from
Philippians which wereayw, the majority of Al belongs tadw?2 serotype [25, 28]. Subgenotype A2 has been
observed in Northern Europe, the U.S.A, Alaska @mdenland [22, 29-30]. Subgenotype A3 is found irstV
Africa [31].Subgenotypes A4 and A5 has been obskimeMali and Nigeria [32]and subgenotype A6 hasrbe
found to be circulating in African-Belgian patieri83]. The classical precore mutation, which cassief G to A
substitution at 1896 which creates a stop codaroisfound in genotype A. Presence of C at posifiB68 which
stabilize the precore loop is commonly found in @gpe A. Carboxyl terminal of HBV core gene contaim 6
nucleotide insert in genotype A, and this insers fand to be absent in other genotypes [24].

Genotype B

Genotype B is divided into 7 subgenotypes from B1{B4]. The subgenotype Bl is found in Japan ang it
considered as a pure strain as there is no recaidoinin this subgenotype. Subgenotype B6 is a yelgicovered
subgenotype found in Alaska, Canada and Greenl3fid Phylogenetically B6 is related to B1 and ipi®posed
that it might be removed from Japan many centuaigs [35]. The precore/core ORF of the subgenot@®85
have a genotype C recombinant region [26]. SubgpedB?2 is found mainly in China and is widely distited in
Asian countries while others are found restrictedat particular country. Subgenotype B3 is found niyain
Indonesia, subgenotype B4 in Vietham and subgeedBfp in Philippines. Subgenotype B7, B8 and B9 laesn
isolated from Indonesia [34, 36]. Subgenotype B3% Ipaesence of G at nucleotide 1838 exclusively avhil
subgenotype B2 has found A at nucleotide 1838.t@ee@dw was exclusively found among subgenotypes B1, B2
and B3, while serotypaywwas found among the subgenotypes B4 and B5 [37].

Genotype C

HBYV genotype C is a dominant genotype of Easteth@mutheastern portions of Asia ( in Indian subicemtt it is
restricted to eastern India and Bangladesh) arm adserved in pacific islands as well as in the igramts from
these areas in the U.S.A, Australia, New Zealardiaher European countries [38, 39]. Subgenotypé&lbeen
observed mainly in Vietham, Myanmar and Thailanchef¢as, subgenotype C2 dominates the Japan, Kndea a
China and subgenotype C3 dominates the Micronktinesia and Polynesia [38-40]. Subgenotype @duisd in
Australia while subgenotype C5 is detected in Vaatnand Philippines. Subgenotype C6 was discoveréthpua
(Indonesia) [41]. Subgenotype C7 to C16 also has liiscovered from Indonesia [42, 43]. GenotypeH&s been
found to have largest number of subgenotypes.dtidegen observed that genotype C with 1858(C) nautatistead

of usual 1858(T) mutation has been observed in32@-af genotype C carriers of East Asia [44, 45].

Genotype D

HBV genotype D has worldwide distribution and fouhtbughout the Northeren Asia, Middle East, Rydsastern
Europe and Mediterranean region and North Afritas lalso commonly found in U.S.A, Alaska and Gieed

[21]. Genotype D is divided mainly into 6 subgematy D1-D6. Subgenotype D1 is mainly found in Eurdyieldie

East, Egypt, India, and Pakistan. Subgenotype Dfamly found in Europe, Japan and India. Subggreo3 is
distributed in Europe, South Africa, United Stateslia and Pakistan whereas subgenotype D4 is qres&inly in
Australia, Japan and Papua [21, 46]. Subgenotypbd3Sheen reported from India [47]. Serologicaltygudayw2

was well represented in subgenotype D1 whereas rityajof subgenotype D2 isolates were ajw3 [21].

Subgenotype D6 has been observed in the populafidtenya, Russia & Indonesia, D7 in the populatifn
Morocco and Tunisia. Subgenotype D8 and D9 aredanrindia and Nigeria. Subgenotype D9 was a redpant
of genotype D & C [48, 49]. The distinctive featuwfegenotype D is the presence of 33 nucleotidetael at the N-
terminus of the preS1 region [21].

Genotype E

HBV genotype E is the main dominant genotype of Waesl central Africa [21]. It has also reportednfrdndia
[50]. This genotype is characterized by very lomeage diversity [51, 52]. This genotype is not died into any
subgenotype yet. This genotype is characterized Byhucleotide deletion at the N-terminal regiorpS region.
Serotypeayw4 is characteristics of genotype E. This genotypegwith the genotypes F, G & H has presence of a
nucleotide motif ‘CCAGCTTCC’ which is present 18aptides upstream from the stop codon of core g€his
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genotype is further characterized by the presefigoigi peptidase motif Asn-Thr-Trp-Arginspite ofwal motif
Thr-Thr-Trp-Arg[53]. HBV genotype E is isolated frochimpanzee and other non-human primates anchttss
been speculated that genotype E may have beeredritehuman population from there recently [54].

Genotype F

Genotypes F along with genotype H are considerethew world” genotypes and have been found to b# 14
divergent from other genotypes. This genotype negyasent the first split from the human hepadnhweinaestor.
Genotype F is found mainly in indigenous populatioih North & South America. This genotype has four
subgenotypes F1-F4 [55]. All genotype F isolate®rged to serological subtymawd [21]. Subgenotype F1 is
found mainly in Alaska, Argentina and Bolivia. Seingtype F2 is observed in Venezuela and Brazilg&uabtype
F3 is found in Venezuela, Columbia and Panama valseseibgenotype F4 is found restricted to Argentind
Bolivia [55, 56]. Subgenotype F2 codes has 1858(¢reas F1 possess 1858(T) (Schaefer, 2005). A stisd
proposed the presence of Thr45 in subgenotype &1lem5 in subgenotype F2 in the S gene [57].

Genotype G

Genotype G is found in France, United States aradn@m and it is found almost exclusively with gepet A and
in some cases with genotype C [58, 59]. Therefiicdity in establishing an infection in hepatocyteell line on
monoinfection with genotype G, but upon superiritectith genotype A infection with genotype G ocz(i60].
Genotype G genome has been found to be least divefgpm the genotype E (11%) and most divergeb®4d)L
from the genotype F [59]. Some unique featuresesfotype G like 36 bp insert at 3' position of 19953 bp
deletion in the N-terminal of preS1 region haveodieen observed. Like other genotypes, it alsoslabk 6 bp
insert on the C-terminal end of the core ORF tkatound only in genotype A. The Precore/core regbrthis
genotype has 2 stop codons at position 2 and 28hemefore expression of HBeAg protein does not$gdace but
if HBeAg is present in serum it may be due to thinfection with other genotypes, mainly genotypg6A]. This
genotype is not divided into further subgenotypbkore isolates having genotype G are needed forr thei
subclassification into subgenotypes.

Genotype H

HBV genotype H has been found in Mexico, Centralefice and Nicaragua. Genotype H is most closebtedlto

genotype F but divergence of 7.5%-9.6% on the bafsishole genome from genotype F makes it new ggreot
[62]. This genotype is also not subclassified &sdtare fewer isolates in comparison to the otkeptypes like A,

B, C and D.

Genotype |

Recently, HBV isolate from Vietham was reportechttve ninth human genotype called genotype |. Howeties

genome differed from genotype C by only 7.0%+/90.dn the basis of whole genome. It has been prodpasea
complex recombinant of genotype C, A andG alondp w#éven unique conserved amino acid residue neeptrén

any of the known genotypes [63]. Genomic lengtisabgenotype | is 3215 nucleotide. It possesdsgrotype.
Very similar to Taiwanese strain, genotype | hasrbalso reported from a primitive tribe ldu-Mishafinortheast
India. Use of bootscan analysis revealed thathallisolates of genotype | from the Indian tribe fanend to be the
recombinants of genotypes G, C and A [64]&fual. (2010) also reported the presence of genotypelhimanese
population with serotypadw? andayw?2. More studies are needed to establish it as ageaatype [65].

Genotype J

Tatematsat. al. (2009) isolated a novel genotype from a Japapesient with HCC [66]. It has been proposed that
this genotype is neither a recombinant of nine ggres (A-1) nor a recombinant from four Apes (Glail
Chimpanzee, Gibbon and Orangutan). This isolatiergiffrom genotype | by 9.9 %-16.5% on the basisvibble
genome. It has a genomic length of 3182 nucleatideshowsyw serotype.

Recombination between different genotypes of HBV

Because of the presence of several different geestyn the same geographical area, recombinatibmeba
genotypes is possible in a host following simultaretransmission of several genotypes (co-infegt@mnfrom
sequential infections with different genotypes @ugfection) [67, 68]. Recombination between diigr strains of
HBV leads to a large evolutionary jumps and carvigi®a mechanism by which virus can improve thigireks by
fighting with the host immune response which furtlesults in the evolution of drug/vaccine resistarus strain or
strain with enhanced transmissibility and pathogéni28, 69]. Template switches between minus alg gtrand
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of HBV-DNA during genome synthesis provides a gebdnce for recombination but not at the transaniptevel
because reverse transcription occurred only afterencapsidation of a single RNA molecule. It iscgpated that
recombination is likely to be occur in nucleus whegenomic segments can be exchanged between DisliAdstr
derived from different coinfected genotypes [61, 70.

The first report of HBV recombination was first epged in serum samples of HCC patients[72, 73, Different
regions in the HBV genome have different capability recombination process and the break points for
recombination are found to be located frequentlrrgeene boundaries [70]. There are four hot spgbrein HBV
genome where recombination occurs and are welhééfiThe first and most important hot spot regofound in
the vicinity of the DR1 region (nt 1640-1900). kishbeen shown that the recombination site densitlis region
was almost five fold higher than that of the rerndainof the viral genome [75]. It has been furtherttfer
demonstrated that region between nts 1885-1915 hietaspot and indispensable for enhancemenin ofitro
recombination. This region facilitates the intraigerecombination between different genotypes of Hié¢ A/D,
A/B/C, AIE, BIC, CIF, C/G genotypes [71, 76, 77helTpreS1/S2 region (from nts 3150-100) constittliessecond
hot spot region for recombination. Intergenotypesombination like A/D, C/D, A/B/C, A/C and A/G hylts
showed break point in this region. Genotype G imtbto have mosaic area of genotype A in this re¢éd] and
recombination breakpoints in genotypes B and ggreo€y is found to be located in this region [78,.79]

The third hot spot region found to span the rediom nts 2330- 2485, which is located near the @'efthe C
gene. It is demonstrated that recombinants witlalpreints in this region also have breakpoint in Digt spot
region. Intergenotypes recombination like A/D, AIBB/C and C/G hybrids showed break point in tegiaon [71].
The fourth hot spot region spans the region betwasn650-830 which covers the 3’ end of the surfgere.
Intergenotypes recombination like A/D, C/D, A/E aB&C hybrids showed break point in this region. $oAiD
hybrids had breakpoint at 6 bp insertion of genetgp(nts. 2356-2361) or at the 33 bp deletion (2&55-2887) of
genotype D [71].

Some genotypes like A, D, F & H showed great tenglai recombination in comparison to other genosyilee B,

E & C, whereas genotype H has not shown recombinatith any other genotype [70]. The observed low
recombination in B and C genotypes may be duedadhistant towards reinfection in Asian adultsabse of the
reason of perinatal (Mother to child) transmissidrinfection in early life. A study showed that geype A and C
have a higher recombination tendency in comparisoosther genotypes [71]. Another study speculateshigher
recombinant frequencies observed in genotypes Ardle to the horizontal transmission of reinfectisub
Saharan Africa [70, 80, 81].

Some intergenotype recombinants become prevalecgriain areas and represent the main HBV typéah drea
like B/C hybrids of genotype B (B2-B5) in Asia ending Japan [77]and C/D hybrid of genotype C intm&Vest
China and Tibet. In Tibet C/D hybrid is presen®Bfo of the total isolates hence this hybrid isrfeor HBV type
in that region [82, 83].

Hepatitis B virus genotypes and clinical outcomes

Medical reports from all over the world have shaat a different genotype has different effect enesity of liver
disease. A case control study of HBsAg positiveégoés from Africa shows that there is a 4.5 foldrease in risk of
developing cancer in patients who were infectechwgiénotype A when compare with the other genotypés
Kumar et. al., (2005) showed that in Indian patients genotypesAniore often associated with ALT elevation,
HBcAg positivity, absence of anti-HBeAg in patieiged more than 25 years and also it is found fmecgiently
associated with patients of LC than to the patiémiscted with genotype D[85]. Similarly, genotypehas been
found to have more strong relation with severerlidisease in Pakistani patient as compared to gpedd [86].
But, Thakuret. al. (2002) reported that in north Indian patiem&notype D has been found to be associated with
more severe liver disease including hepatocellcdaicinoma in younger patients as compared to gprofy87].
Similarly, HBV associated vasculitis (polyartenitixlosa) is significantly found associated with dgpe D in
comparison to genotype A2, B6, C2 and F1 [88].

In contrast to these studies, two studies from iSghiowed that genotype A has been associated wiitigheer
cumulative rate of sustained biochemical remissidBsAg clearance, viral DNA clearance in comparigon
genotype D. Genotype A2 has been found less assdaidth HCC patient when compared to genotype Dr €1.
Same study showed that genotype F associated dat&thwas more rapid than those infected with A &nd

5
Pelagia Research Library



Vikas Pahalet al Der Pharmacia Sinica, 2016, 7(2):1-12

genotypes [89, 90]. Furthermore, genotype F meditwer cancer has been detected in young peoptempared
(22.5 years vs. 60 years) to those who were infegith genotypes/subgenotypes A2, C2 or D [90].

Genotype B has been found to have lower HAS scodenarmal ALT level in comparison to genotype Ceitted
isolates [91]. On the same line of agreement, arkge study showed that in genotype B infectecmaliver
cirrhosis process is low when compared to the ggmeotC. Further, same study also showed that HBeAg
seroconversion was found at a younger age in gpaddyinfected isolates in comparison to genotyd@2]. Same
conclusion has been drawn from several studies €hina and Japan that genotype C is more prevalgudtients
with active liver disease than genotype B [93-9BL@t. al., (2003) reported in their study that patients with
genotype B infection were less likely to developrenbiver damage in comparison to genotypes A, @, Bf80].
Same study demonstrated that genotype A has beegiated with higher prevalence of HBeAg as conmbaoe
genotype B and D. Similarly ALT level, HBV DNA andBeAg positivity has been found to be significartigher

in genotype C infected patients than genotype Bcirefd carriers in Thai patients[69].

A study from Taiwan contradicts the belief of lésgmful effect of genotype B. Their study revedleat genotype
B was more frequently associated with the patieritis HCC aged less than 50 years. Mean age of thesetype
B infected HCC patient had been found to be leas tir equal to 35 years[96]. Hepatitis B splicegiro(HBSP), a
Pro-apoptotic protein has been found to induce tsip in hepatocytes. It has been observed thattges B
express more HBSP as compared to other genotymbhemce caused more intensified apoptotic effebts T
intensified apoptotic effect along with the greageneration capacity of hepatocytes results inraatation of
deleterious mutations and may ultimately contriioténal stage- the HCC[97].

Lin et al., (2007) demonstrates the clinico-pathological défeees between the genotypes B and C related
resectable hepatocellular carcinoma[98]. They fotvad genotype B patients have a higher rate dfaspltumors
and satellite nodules compared to genotype C fatieBenotype C infected patient’s shows fivefoldreased risk

of HCC and if the viral load is higher than thekrisecome 26.5 times higher when compared with #ikro
genotypes. Genotype C has been found more prevaleb€ patient in comparison to other genotypes].[96
Genotype C relation to more severe liver complaratiis further confirmed by the findings of highed8V DNA
levels in cell lysates for genotype C which is daled by genotype B and genotype D/A. Genotype A(édl)
lysates showed the lowest HBV (P<0.01) DNA [99]mieudine resistant mutations were found higherenaype

C when compared to genotype B. It is now univeysadicepted that genotype C is associated with ene@sed risk

of liver inflammation, hepatic flares, fibrosis ah€ condition as compared to other genotypes [10Q, 102].
Reason behind the more deleterious effect of gpeo€y may be due to the presence of prolonged véewtiich
may increase the chances of HBV integration to hgestome and hence increased opportunity for liver
inflammation and fibrosis. Second reason of thfeatfis that core promoter mutations which are patalently
associated with higher risk of HCC, appeared todmir more frequently in genotype C which furthereases the
risk many fold. There are a few studies on effdatliferent subgenotypes of genotype C on diseaegrpssion
although, in Hong Kong a study demonstrated tiskt of developing HCC is higher in subgenotypes @ved

by subgenotype C1 and genotype B [102].

In Asian patients, it has been shown that HBeAgdse prevalent in genotype C when compared witlotype B,

and seroconversion of HBeAg is faster in genotypeghBn genotype C [91, 92, 101, 103, 104].There are
contradictory results when HBV DNA level is measuagainst genotypes. Ka. al., (2002a) reported that in
blood donors genotype C infected patients havednigtBV DNA levels than those infected with genotyg{@00].

In HBeAg positive patients, genotype C infectedguas have higher viral DNA as compared to othesotypes,
but in HBeAg negative patients HBV viral DNA is higr in patients infected with genotype D comparedthers
genotypes [105]. But in contrast to these findiaggtionwide study from United States showed nd slifferences

in the level of HBV DNA between different HBV gerypes A, B, C and D [30].

Precore/core region of HBV plays a very cruciakrol HBV mediated liver complications. Mutationstlvin this
region affect the disease progression. Some ststie@ss the relationship between the genotypestandttations
in precore/core region of viral genome. The pred@ni mutation in the precore is presence of A attiom 1896
instead of G, which results in the premature teatiam of translation. Presence of A always favdtetipresence of
T at nt. 1858 which further favored the stable steap structure. HBV genotype A almost always hds88&8 (C)
mutation. This may explain why this common preanrgation is not found commonly in Northeren Eurdges.A.
and in India [106]. Genotype B, C and D frequertéybors T at position 1858 in Asia and Mediterranbasin
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where these genotypes predominates[107]. Precotations are found most commonly in genotype D (6%Y
infected patients and least common in genotype %o-{8%) infected patients in France and Spain [106,
108].Genotype B more commonly have precore varthah those with genotype C (48% vs. 5%) [107]. A
nationwide study revealed that precore variatiamsfaund more frequently in genotype D (73%) folemvby B
(46%), C (24%) and A (3%) in U.S.A [30].

Two most studied mutations in CP region are “A1762d G1764A” and found to be associated signiflgamith
higher risk of HCC and are found more frequentlyoagated with genotype C in comparison to geno&§gé07].
Further, it was found that these two mutations @Hpatients are found more frequently in subgere8p-B5 in
comparison to subgenotype B1 [26], whereas acudeF&hcondition occurs more frequently with subggpetB1
compared to other subgenotypes of genotype B [109].

HBV genotypes/subgenotypes and response to antiviterapy

Total eradication of the virus from the host is ereachieved and loss of HBeAg along with undetdetalval DNA
is considered as the standard therapeutic endpiairdinical trials [14]. There are two modes of WMBreatment-
Immunomodulation (Interferon therapies) and vikgdgression or eradication with nucleos(t)ide agads.

Influence of HBV genotypes on IFN-based therapies

It has been shown by many studies worldwide thf&rdint HBV genotypes respond differentially to fheerferon
therapy. Genotype B showed higher rate of HBeAgamversion as compared to genotype C (41% vs. 15%)
patient from Taiwan and Hongkong[101, 110]. San€hagziagt. al.,(2002) reported in their study that genotype A
infected patients has a much quicker rate of HBeé&mconversion than genotype D infected patien&piain[89].

A placebo-controlled study with PEG-IleA2b alone and in combination with Lamivudine comiéd the high rate

of HBeAg seroconversion in genotypes A (47%) andoggpe B (44%) as compared to genotype C (28%) and
genotype D (25%). The same study also showed tBaAg seroconversion is found to be higher in gepeth
than genotype D (13% vs. 2%). So, they found PERwlEb therapy best to achieve HBsAg and HBeAg
seroconversion in patient having genotype A infect[111]. A study from Germany revealed that ireesh
induced seroconversion is higher in genotype A whempared to genotype D (49% Vs. 26%), and also the
sustained response favors the genotype A when aaahpéth genotype D (46% Vs. 24%) in HBeAg+ve patise

In HBeAg-ve patients again genotype A has bettepamse to interferon (59% vs. 29%) when compardt wi
genotype D infected patients [112]. Response tonidsin o-1 therapy is found higher in genotype B infected
patients as compared to patient having genotypeection [113]. In HBeAg positive individuals, seanversion of
HBeAg after IFN based therapies are significantlyrenoften observed in patients infected with gepetj and
genotype D and lesser extent to genotype B andtgea& infected patients.

In HBeAg positive individuals, genotype B has bdennd to be associated with better response tafartn
therapy as compared to genotype C but failed tdetter response in HBeAg-ve patients. Spontaned®msAg
seroconversion also occurs more often in genotypegh& in genotype C, although these spontaneous
seroconversion rates are lower than after IFN fhef@8]. Combination therapy of PEG-IFda plus Lamivudine
showed a reduced efficacy than monotherapy with4HGo2a in both HBeAg+/- patients infected with genotype
A[114]. Study on effect of IFNt therapy on genotype E, F, G and H, demonstratat ghstained virological
response varied considerably. It is found that ggyeE, F and H showed 36%, 50% and 50% sustaimelbgical
response whereas lesser is shown by genotype G)(d0f& lower sustained virological response foraggpe G is
explained by the frequent double infection with gigpe A or C and the inability of the genotype Gskxrete
HBeAg [61, 115].

In treatment of patient with genotype E there ave tmain problems. First, because this genotypesimitied
vertically hence due to immunotolerence it is difft to eradicate the infection [116]. Second, &dn origin
patients have inherently hypo-responsiveness trferon’s [117]. Till date small preliminary dath response of
IFN- o therapy to genotypes E, F, G and H suggest tiNvolEan be considered as a treatment option for gpasty
E, F, and H, whereas, for genotype G nucleos(tidesbe a first line treatment option [118].

Influence of HBV genotypes on nucleos(t)ides analags therapies

Lamivudine

Lamivudine- a negative enantiomer of the deoxyiytidanalogue 2’-deoxy-3’-thiacytidine, is the firaicleoside
analogue used for the treatment of HBV infectiomstélogical study showed that lamivudine has thiitgkio
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reverse the process of liver fibrosis in most patig119]. Many studies analyzed the influenceamhilvudine on
genotype A vs. genotype D group and genotype Ryesotype C group. Endpoints of the treatment is therapy
are: HBeAg seroconversion, loss of HBsAg or lossH&V DNA. These studies do not show any treatment
difference between genotype A vs. genotype D grag genotype B vs. genotype C group neither in HBe#&
patients nor in HBeAg-ve patients [120, 121, 1223]1Contradictions are also present regarding dmeiMudine
treatment response in different genotypes. Two rsprevealed that good response and sustainedogicall
response are found better in genotype B in commaris genotype C infected patients. The post-treatmelapse
rate has been observed higher in genotype C iofedtian genotype B [100, 124].Patients with genatyp
infection has shown higher sustained viral respafts lamivudine therapy when compared to germt#fl25],
and also lamivudine-resistant mutants emerged repoataneously in genotype A as compared to genddype
German patients [126]. Two studies on Japanes€aimese CHB patients with lamivudine treatment destrated
no significant difference in virologicalresponsetviieen genotype B and genotype C, but the emergehtee
YMDD mutation has been found to be associated rfiorgy with genotype C infected patients than gepet B.
Overall, it has been demonstrated that lamivudingafe and effective in treatment of patients witeompensated
liver disease [127, 128].

AdefovirDipivoxil

AdefovirDipivoxil (ADV) is an acyclic analogue ofetbxyadenosine monophosphate which inhibits HBV DNA
amplification but node-novoformation of cccDNA in HBV infected hepatocyteshhs been observed in a study
that 10 mg of adefovir given daily for 48 weeks riduto be associated with an improved histologiesults, a
higher rate of HBeAg seroconversion, greatly reiucin viral DNA concentrations and with higher cca of
normalization of ALT level [129]. Westlandt. al., (2003) in their study find no difference in theological
response between genotypes A, B, C, or D in a coatbanalysis of both HBeAg +/- patients within 48eks of
ADV therapy, when HBV DNA reduction is consideresiane of the end point of treatment[105]. Oppdsitthis,
Shiffmanet al., (2004) reported that HBsAg seroconversion occuesepentially in genotype A infected patients
(6/9) after 72 weeks of ADV therapy[130]. Adefovtias been found to be active against lamivudinestasi
YMDD mutant HBV strains treatment [131].

Entecavir

Entecavir is a guanosine analogue which inhibiesuinal DNA synthesis by affecting the HBV polymsea[132].
Entecavir induced resistant strains were not detieict wood chucks after 3 years of treatment. $tlbeen observed
that a 0.1-0.5 mg daily dose of entecavir is mdfecéve than 100 mg of lamivudine in suppressidnvival
replication [103]. It is also found to be effecti@gainst YMDD mutants, if given 1 mg dose dailyll @ate with this
polymerase-inhibitor results are available whiclowes loss of HBV DNA in both HBeAg +/- patients. Thes
found equal reduction of HBV DNA in genotype A, 8.and D after 52 weeks of therapy [122].

Telbuvidine

Telbuvidine is an L-nucleosides, and have spet¢i8V inhibitory activity. It has been observed thaltbuvidine
has almost no side effects and it is better thamviadine in suppressing the HBV virus. Till dateith are no such
studies which differentiate the effect of telbuwieliwith respect to genotype [133].

Beside these nucleos(t)ide analogue, other anaogree also tested for HBV eradication like tenafdigioproxil
fumarate which is structurally similar to adefoxemtricitabine-a pyrimidine analogue which is stasally similar
to lamivudine. Neither of these analogues is fotmtle effective against YMDD mutants. There is glaacity of
information regarding their effect in correlatiolitlvgenotype/subgenotype [134, 135].

CONCLUSION

Evidence are accumulating which showed that gemo#ypand B response better to interferon as comptred
genotype C or D, whereas lamivudine showed betidrsaistained response in genotype B and D as ceahpar
genotype A or C. Genotype A has been shown to lymeater tendency in accumulating lamivudine-restista
mutations more quickly than other genotypes. HBViajgpes should be determined prior to antivirakdbpg in
CHB patients, especially if IFNs are consideredtragtment option. This is truer if the patient isngtype A
infected and also holds true for genotype B inféqiatients who are HBeAg positive. More and mouelisss all
over the world are needed before genotypic spettiicapy included in clinical evaluation and demismaking in
the treatment of chronic HBV patients.
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Many studies throughout the world agreed unaninyotisht different spectrums of HBV-induced liver efise
depend not only on the genotypes but also on thetggemakeup of the host. Several SNPs mutationsiious
immunogenes have been shown to have direct effetteHBV-induced disease resolution[136-139]. Asalibed
earlier in the present paper, it is the viral-hiastraction which is responsible for the evolutimingenotypes with
new mutations. These mutations may increase oredser the pathogenicity of virus. More pathogenic
genotypes/subgenotypes may have a more severd effeihe health of the host having weak allele eftain
immunogenes and may have less profound effect erhéalth of the host having strong allele. Simjlad less
pathogenic genotype/subgenotype may be wipe ont fh@ host having strong alleles but remain pensish those
who have weak ones. Different ethnic groups hafferént alleles of immunogenes due to presenceNi#sSand
same is true between two individuals of same etlgnamip. Hence in the generation of new viral ssanost
immune system has an important role. This may be¢hson that why some studies describe one genotytheir
population more pathogenic in comparison to otheeos.through this review article we want to suggeshe points:
1) before concluding about the pathogenecity of H&hotypes/subgenotypes host immune factors shweild
considered in the respective ethnic group; 2) HEBWWaypes/subgenotypes classification should beassified.
Only those genotypes having functional mutationatétions which have direct effect on the pathoggnaf virus
and hence on disease progression) should be @assi$é new genotype. Subgenotypes having same geatico
behavior should be grouped together; 3) Drug rasisstrains should be classified separately urtterdéspective
genotypes.

Last but not the least, data from large studigsatibnal and international level from various ethgioups must be
analyzed to find out the pathogenicity of differsfitains and also to find out the disease-susdepitd disease-
resistant alleles of various immunogenes. This mélp us in designing of the new effective measaggsnst HBV-
infection in future.
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