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iJtl.:Jn'W1'jfll,rn'lJfl'W1'\'1tJ 1'W tl'W lfl'fl 
.. 
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Abstract 

Little is known on the epidemiology of Hepatitis A virus, Hepatitis B virus and Hepatitis C virus 

in neighboring countries such as Myanmar, Cambodia and Laos. The data on anti-HA V, HBsAg and anti

HCC seroprevalence among subjects from Laos, Cambodia and Myanmar are limited. Therefore, this study 

has been aimed at exploring the seroepidemiology, molecular characterization and genetics variability of 

these hepatitis viruses among these migrant workers in Thailand. Data from this study may directly reflect 

on the seroepidemiology within those countries and thus be useful for planning a preventive strategy. 

HAV: Overall, 1,183 subjects (394, 394, and 395 from Myanmar, Cambodia and Laos, 

respectively) were investigated for anti-HA V seroprevalence by ELISA. They comprised 594 males and 

589 females. The mean age ± standard deviation was 28.1±9.0 years. The seroprevalences of anti-HA V 

varied from 85.6% in Laos workers to almost 100% in those from Myanmar and Cambodia. 

HBV: Sera collected from 1,119 Cambodian, 787 Laotian and I, I 03 Myanmarese workers were 

tested for HBsAg. HBV DNA was amplified and the preS/S region was sequenced for genotyping and 

genetic mutation analysis. HBsAg was detected in 282 (9.4%). The prevalence of HBsAg among migrant 

workers from Cambodia, Laos and Myanmar was 10.8%, 6.9% and 9.7%, respectively. Of 224 subjects 

positive for HBV DNA, 86% were classified as genotype C (99% were sub-genotype C I) and 11.6% were 

genotype B (30.8%, 34.6% and 30.8% were sub-genotypes B2, B3 and B4, respectively). Various point 

mutations in the 'a' determinant region were detected in approximately 18% of these samples, of which 

Ilel26Ser/Asn was the most frequent variant. Sequencing analysis showed that 19.1% of samples had pre

S mutations, with pre-S2 deletion as the most common mutant (7.7%) followed by pre-S2 start codon 

mutation (3.8%) and both pre-S2 deletion and start codon mutation (3 .3%). 

HCV: Immigrants aged between 15 and 60 years (143 Cambodians, 1,594 Myanmar and 882 

Laotians) were recruited to investigate hepatitis C virus infection. The prevalence of HCV infection in 

immigrant workers from Cambodia, Myanmar and Laos was 33 (2.3%) and 27 (1.7%) and 7 (0.8%) 

samples, respectively. Of the anti-HCV positive individuals, 25 samples from Cambodia, 15 samples from 

Myanmar and I sample from Laos harbored viral RNA. Phylogenetic analysis showed that the 

predominant HCV genotypes in this group were la, Ib, 3a, 3b and 6 (6e, 6f, 6m, 6p and 6r). 

Seroprevalence of HAV among immigrant workers was extremely high. High prevalence of HBV 

infection (approximately 7-11 %) was found among migrant workers from Cambodia, Laos and Myanmar. 

Our data also demonstrated that HBV sub-genotype C I was the predominant strain and various naturally 

occurring mutations of HBV were not uncommon among these populations. HCV seroprevalence among 



these groups was closely related to those in Thailand. Most HCV isolates can be found in Thailand, though 

some subtypes of HCV-6 are uncommon. Travelers from countries with low prevalence will require HAV 

and HBV immunization prior to entering these neighboring countries since hepatitis A and B epidemics 

might occur as a consequence of travelers returning from HAV and HBV endemic countries. 
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Cll1 ir:)ihj''ellJCl~,r'el tJlJ1 n'Hr'el 111iirVitJ~vw l~m~Vil::1'Ull'U1ilntllllih-Hl m:::llu~m.h:::<Jfl m 1 'YItJ 1'U mill~ .. 

lJ] .. .. .. "'1 .:'1 '" dn'.i'ff'P1lJ'elm'fflJ l'el ~~'el~ 'U Family Picomaviridae, Genus hepatovirus IlJ'U RNA virus lJ'\J'Ul~mn 

,I lJ] ,'" ,I'" ~ ?t ~ ~ '" lJ'.i:::lJ1tu 27-32 nm ~lJlJIlJCl'elmllJ (non-enveloped) genome IlJ'U RNAI'ff'U'P1HI'ff'UI~V1 (single stranded 

RNA) n'U'U1~tJ'.i:::lJ1W 7,5 Kb, l~tJ~ genome tJ'.i::ntJU~1V 5'untranslated region, single open-reading 

frame UCl:: 3' un translated region ~bi''ff'flmjfH'fflJ m vhi,rln~ l'.ifl~mjfH'fflJlijVlJVi"'U91~~'el l~vm'.i 
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llCl:::m'Iq''Ulil1J1Cl~ 111~ 1'li'U ,.h::I'YIfli'UmL~UlI:::i'U{)'el m~U-:)M'I1lJvf~tJ'I::I'YIfl1 'YIU fI'UiTn91~14'eli 1i''ff 

~lJ-elm'fflJ m 1'U'1i1-:)im~n~'Uu-:)iui'U lVi'Il::lrI'U'1i1-:)~I~n1tJ'elQ'.i1lJn'Ui'U h -:)llU'U nt11'.ii'lJtJ'I:::'VI1'U 
I ~ tI" tI 

m'H l'I'U'el nUl'U 11lJ n'U vi1i,rn1'el mmffU-:)~'el m'I 9l~1<]$'el 'H"~ ~1 ni'lJtJ 'I::: 'YIl'U tll'H 1 '.i 'H r 'ellll~lJVitJ'Ulil'el'U 
II • 

1<l1'el i1i''ff'fllJ-elm'fflJ l'el 1l~111i''ff~:::n'.i :::u:::Y1 n'fl1'elQ'U l'UtJ'I::lJltu 15-50 i'U 1~ul'i1 i1ltJ'I::lJ1W 30 i'U 
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i 'U'li1-:)'.i :::U:::'tllU'U'el-:) t11'IYI n'fl1~ :::Vi1Jl<l1'el i 1i''ffilJOltJ'el'el nlJ1'Y1HfJ~'i)n:: m 'I 9l~I~m1J'U1~l'i-:)n m t11'I llCl::: 

lllJlJ111nmt11'.i t11'Iln~mnn~:::VilJ~-:)~'UlIllJtllQ m'.iffm':l1L~tJ1nlJ11i''ff~U-om'fflJ W i'U'.i:::v:::mn~::: 

lI'.i1~~mni1-:)l'U'U'el~~lJ l~u~ SGOT (AST) llCl::: SGPT (ALT) t11Hl'.i1~ 19M 1m::: 19G ~'el 11i''ff~lJ 

-elm'ffU m (anti-HAV 19G, anti-HAV IgM) ~:::lrI'U m'I1I'.i1~~1IVil::I~{)1j-:)lJ'eln':hn'ffll'H~lJ1~ln11i''ff~lJ 

-elm'fflJ m U-:)U,j'il hfli1i''ff~lJ-elm'fflJ m ~:::111i~lrI'U hfl~~lUllH'ffllJ1'I(l'H1U1~m-:) -a~nVilJili'U1J1-:) 
" I , tI 

'I lmn~HJ1 t11'Ii'U~'Ull 'I ~U~IfftJ;1~ dhmntJlJlVitJlJ U~-elll'I lnn111 mi'J{)91~I<]${)11i''ff~lJ-elm'fflJ 
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il1l1j~fI1fl1l1'Utl~~l1fltli1 (J~lhn'h ~ 11fltll1~ff'j1(J i~111f11;(J~'j1(J 11 "':::~11fltl1~1l1Utl ,j~111f1clllh ~ lj 
,. . 
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genotype ~lfiflfll'j'j :::Ulfl~'U11111'U genotype ifl ~l'U~Ylllj~fI~~l1lJl(Jl1fttl1Yltl1l1'U~mJ"'.yf'U jl'U i'U 

fll'jffml1mm'Vi'h:::Ulfll1"':::fll'jmUfJlJ'iltl~n'Ufll'j 1nflhfl i 1i'ff~Uertl1ffU 1tl ~tlil1i'Utl'Ulfl~ 
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.. .. . 
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" " " " ~'UU'j ~~'U1ff(J;1~ ~~fl1t)fV~tl(J"'::: 5-1 0 ~::: i~ffllJ1H' fh,jfl1~tltltltl illitlllrl:::1nflll1'U m'j~fl1~tlllUU11tli'~ 
,. 

1f1(Jtl1~~:atl'U'Vi1l1:::'\Itl.:jhfl1f1(Ji~ljtl1m'j (carrier) 111tl1l1'Uhfl~U6t11ffU11tli'~ (chronic hepatitis B) 

~"'~~llJlJl'\lV.:jm'j~fll9ftli1i'ff~U6t11ffU ii ~~'UU'j~ (serious outcome) fitl fll'j1nfl hfl~Ull~~ (cirrhosis) 

11"' .~hfllJ:::1~~~U (hepatocellular carcinoma) 1f1(J].jtl~:::lnflhfl~1Jll~~fI1(Ji'U11C\l 10-20 iI mHill'U'U hfi 

~tl i 11 111 'U hfl~Ull~.:jll"':::1 'jfllJ:::l~ ~9iu~'Utlgnul1C\lui1~iu 1'lf'U 'j:::(J:::11"'1~~fl14tl tl1q'IJtl~~tJ1U 
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~fIl1::tJjj~lJnlJllllJ~lJ UCl:: iJ~~lJt)Qn1J1J~~Vl'll~~lJ ~f1'j 'j lJUCl::alJ~tl~'lJtl~ ~~hH4tlJl1v ~~~H4tl i 11' ~ 

~1JeJfH~1JU ~djfl11lJl*V~~~::llllJlJ::l~ ~~1JlJltltlil~~ilJ~~14tl1h::lJlru 30-200 lvh ~lJ n1J1J~~V~lJJl1V 
, '"

,. 
'" l'lflJ l'lftl'lfWl 

,. ,. 
~1J ri1lJh,uilrlJlfYV~191~1 tl~1JU~~ 1'jfl~1Jl~tl1',mCl::fIl1::~1J11V tll'j ~UJI fYv llJ tll'j~IlCl1'tlfmlllJlJClrh 

u 'U U 'U 'U 

,. 
lJltllJ1V lJtltl~ltll1iJ~n~'lhmfYtI~191~ltllJ::l~~~'JiJCl::ilJti'tlvtlil 10,000 'jlV (lh::mru 11,000-12,000 

'jlV/iJ) Vl1Jil~tlVCl:: 60 nfl11mYlJ~lJ1rl~V1n1Ji11'~~1JeJfH~1J U U~I~lJ1Utl~911h::ll'lffil'lmlllJ1h::l'¥1ff 

~nfl11lJ'lItl'IIlJ'lJtl~i11'~~1JeJtlI~1J U "!~ neJmltll'jllllJVlll1::1lJ1h::'lflf1'jil'lV1h::lJlru~tlVCl:: 6-8 ilJ~91~ 
,. , ,. 
~~m'jn~::ltJlJVl1l1::i11'~~1JeJtllff1J U1h::mw~tlVCl:: 61lJ~llJ1lJ.yhtJlJVlll1::11~::91'j1~Vl1J hepatitis B e 

antigen (HBeAg) lh::lJlf.ll ~tlVCl:: 40 f1'j::'¥]'j1~~11inW "l'IJ~~ iJlnlJ1V1J1 vllJ tll'jfl11Jf]lJiJtl.:lnlJ i 11'~~1J 

eJfH~1J U l~m~lJ1m.:ltll'JiJtl.:lnlJi1f~~1JeJfH~1J U Jl1V1f1~lJ l~v11.:lu~lJiM1f1~lJn1Jm'J tll'ltlfllJ~ln~. 
,. 
~.:lU~iJ Vl,ff, 2535 11llJ~lJhl 

,. . 
tll'Jfftl1:l1UllllJ tll'Jfftlfl1!'Vltl~p ::1J1~1l'lVlm~JlllJ~lJ~ f1'j 'JlJ'lJtl.:li 1f~~1JeJtlI~1J UIICl:: genotype 

IICl:: subtype i~ I~Vfftlllll'lHJlllJ molecular epidemiology l~Vtll'j'Vh molecular characterization 'lJtl.:l 

i11'~~1JeJfH~1J U ~Vl1JilJm~~llJ~1~~11VllJl nlJVl'lfl IICl::Cll1iulh::ll'lffil'lV tlnfftllll.QtlwvhiMVl1J 
" 

'lJtl~ HBsAg 

" " " " I~V1J'V'I"lJUCl::11tlf~ ri1lJ i mytl11 80% 'lJtl~~~~I~tl~::tlCllmlllJhfl~1JeJtlI~1JI~tl1'~ 1J,\)~~lJn~~~I~tl 

lJltltlil 170 ~llJfllJtt11CltlUCl::n~lhVI'~lJ~lJ 3-4 ~llJfllJ~tliJ ~lhvri1lJ imyutlilJu~~~tl1tll'J 

,. 
lJtlml1tll1~llJ1HI91'J1~ tll'J Vil~llJ'lJtl~~1JJl1Vtll'J1m::fi1JmlJ i9flf alanine aminotransferase (AL T) 

~::i1V,j~1Jtltl[i~tll'JeJtll~1J'lJtl~~1J HeV ~lm'Jt1fltliMln~ hfl~1JeJtllff1Jlftlf~ (chronic hepatitis) hfl 

~1JU~~ (cirrhosis) IICl::~~lJm~~"l~~tl hfllJ::I~~~1J (hepatocellular carcinoma) lJ::I~~~1Jri1lJil1qJ 

~::ln~~lJmr~~ltl~i11v~llllJ1'JfI~1Ju~~mlJllJtlil 10-20 11 1J~~v~n~Cl~tltll'JllllJ1'Jflltl1'~ 
" 

3 

http:lh::lJlf.ll


,. . 
~~~H:;'O Hey l\.nh~1YIffhHJ linnl~'ff1~1\1 seroprevalence (anti-HeY) l.h~l.mU 0.98-\.5% !1"~ 

i'W~lJ~\11fll"MlIhnj'll'O.:Jf!!'U6lJ~f)1) lm111U"';.:J'I!1~i'U1J 2545 l.h~lJlru 0.77% genotype ~'VllJu'Ovi~lln 

genotype 1,3 lm~6 \11f)nl~ffml1'VllJ ';h~~ihJ~~1~Hl~lJflllV1~1lJf)'U 1'lf'W f)~lJ~n"'VlV11'ff'Vl~1I111Vnl~ 

Hl~lJflllV1 (IVDU) 111'01?li'lJnl~i11'l~'OlIl1r'O~i111t1U!cyj'\11fll~'OlI iH:1\1~m~v.:J'ff.:Ji'Unl~~1I14'O Hey
" ,. . 

1'lf'Ul~V1f)lJ1.1~~1'Vlffi'U'Vl11.1~1~1.1U"~'OllJ~nl ~.:JU'U lJlll'j f)wtJ'O.:Jf)'U~1Vf)1)m1\1f1l1m 'O.:Jl~'O~liii sero 
,. . 

positive ~'O Hey 'O'Of)n'O'Wf)1)i,rl~'OlI ~1lJl1.:Jl11'nl~ftmJlln[J1f)lJnl~~~hfl U"~nl'j iliHl~lJ~~V1 

. ,.. 
i]\1~'I1'WiJ.:J illii1fleM'Wi1'O.:Jf)'Wlu'O.:J \11f)~1.1'ffnfl'fi 1.:J") 1'lf'W ill'ff1lJlnll'Vll~1~V.:J Hey i~\1'Wm ~11.:J 

. ,. ,. 
l~'O ill'Ul'WlJlil 'ff1lJlHH'Vl1~1~V.:J Hey ~1'W i'Vlil 2a 'ff1VYI'Wi JFH 1 i'W hepatoma cell line (Huh7) Ml~'W 
,.,. ,. 

fli'.:Jm f) U~tl~i'W'u'W lItl'WftmJ1~.:Jfl11lJ 'ff1lJl'j\l i 'Wnl')~1I1:;tllm::nl,) m ~~'U ') ~lJlJ1JiJ~lJf)'U'Iltl.:J~ l.:Jfl1V 
)I I Sf • • 

(host) ~1lJl1.:JfJru 'fflJ'I1~§'W ") 'lJ'O.:Jl:;tl~1(J lU'O.:J\11 f) fJW 'fflJ'I1~'lJtl.:J11i''ffliiifl11 lJl1 mfll1 "lV (heterogeneity) 

i 31 i 31'" "'.. '" i i] '" ,'" ~ 1l"~tlll'j1m,)flm(J'Vl'W~~.:J fl1),)fl'l:ll 'W \1~lJ'U"'~ 'I! Interferon U (IFNU) fl1lJfJfllJf)1'j 'l!V1 ribavirin 'lI.:J 

m~lI'OlJ'ff'Utl.:J~tl(J1~'W'O~f)lJ genotype 'Il'O.:JiTi''ff 1~(J~ Hey 'ff1lJl'j\l~fl~11l'Ufli~1~'W 6 genotype, 
. ,. ,. 

genotype 1 ~.:J 6 ri1'Wil1t1i~lhvlii~1lJl:;tl genotype llm~ 4 iJf)1ItllJ'ff'Wtl.:Ji~1l~111tl$i'O~'OV1 Interferon 

Interferon ~ifl~~,,~~'W i'Wi],.,~'I1'Wl~'W Interferon ~iit'\'VltV11'U1'U~'Ufi'O Pegylated Interferon 
,. 

QlQI d" ~ <J}QJ.c::i I 

(polyethylene glycol Interferon) 1I.:J'W'W genotype 'W'Ofl\11fllJ~"'Vll.:J1I1m~1J1111'VlV111"1 (J.:JlJ~"lItlfl1)11.:J 

ll~'Wfmi'fl'l:ll 'j::v~l1m~i~i'Wfmi'fl'l:ll u,,~1.1~lJlruV1~i~~1V 

. ,. . 
rU'O.:J\llflf)1)fffl'l:lln'O'Wl1l1'1i11nV1f)lJfl11lJ~fl'll'O.:J i 11'ff9iU~fll'fflJ OM ri1'W imy'il~H1.1'j ~'I!lm 

fl~lJd'OV'Il'O.:J1.1~~1'Vlff111'O\l1 fl~lJ~\llfllm111 ri1'U fl1)f{fl'l:llfl~lJ imY~1~'W9i111'Vl'W'Iltl.:J1.1') ~l'Vlff 6,000 ,)l(J 
,. 

il''W ii'1i'tllJ"'lJ'O.:J1.1~~1YIffi'VI(J'VllJ';h11i''ff~m)m'fflJ m lm~ U "1I".:J'Od1.:JlJ1fl f)~11fitl11i'~lIlJ5m'fflJ ii 
" 

,. . ,. 
~nll'W11UlJ ll1VfI1'VlnlJlltl'1511,)1f)1~~1I1:;'O"~".:J'Od1.:JlJlfl 'ffll1i'lJ i 11'ff~lJ5m'fflJ 9f l~m'l1 ~mi.:J1.1~~1YIff 

i 'Wi] \l~U'U iillH.:J 1'W ~1.:Jy)'11'Vlll1 f)lJ'ti'l!l U"~,, 11~1'1i'llJ1mfl(J'OQi 'W 1.1 ') ~1YIffi 'Vl mtI'U ~1'W1'UlJl fl 

\llfl~1m'lltld1.:Jl~'W'Vl1.:J m'jlJlflfl';i1 2 tl'l'Wfl'W 1l,,~ii~fl~1'U1'WlJ1fl~1'1i'llJltld1.:j illl'lI'W 'Vll.:Jnl~ ll1Ulll'Vl1~ 

llH.:J1'W'I!11'Vlll1 '1i'tllJ"m~~~14'Oi11~~m)m'fflJ m ii ll"~ OM itill'j.:J.:J1'U'fi1.:J~11~.:Jflri11iJ.:Jiliiim~ftfl'l:ll
" . ,. ,. 

lm~lu 'O.:J\ll mh ~1YIff'Vlll1l~'W 1.1 'j ~1YIffillll'i1 i 11'1')1 ill'Vl ') 1lJ'1i''OlJ''~.:J fl~11 f)1'j ~~l:;'O11i''ff9ilJ5m 'fflJU'W \l~.. 
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iif-l"m:::'VIU~'tJU'J:::'lilm i'VI(J'tJcil~lJlfl 'l'U'tJ'Ulf)~ fll'Jfffl1l1i~(J.Q'I:::lrl'UU 'J::: l(J'Ii,.r'tJdl~mfl~ 'tJfl11lJ~'UfI~ 

'\m~Un: l'VIff l1":::'J:::Umn1il'JUJ"l~ fll'J11~11f-l'U1l'tJ~O'U ~'tJlJ"~'tJnnh OlJ'Vj'lil 11"::;"11 'I:::lrl'U'\~'tJlJ"~Vh 

'l,rrt)~'QU9ifl1HU~ 'tJ ~ i 1i'ff~~mh1 'l'U'VI1~U''tJlJ~'tJU'J :::l'VIff V'U 'I::: 'l~11~1lf-l'U 'l'U fll'Jll'tJ~O'U 

Hepatitis Virus A, Hepatitis Virus B, Hepatitis Virus C, Myanmar, Combodian and Loas 

immigrant. 

I. 	 111fl11lJ'l1fl~'tJ~1~'tJi1i'MiuVfllffU l'tJ ii 9S ~'tJ~m~~l'U~l~~1TVnh OlJ'Vj'lillm:::m1 'l'U 

u'J:::l'VIffi'VI(J 

2. 	 ~ll1'Ufl genotype 1m::: subtype ~'tJ~1~'tJi1i'ff~UVfllffU l'tJ ii lm:::9S ~~'J1'1l'1U~1(Jl~fll'J'VI1~ 
molecular biology 'Ilflfl~lJ~1'tJdl~~~'J 1'1l'1Ul~'tJ i 1i'ff~UVfllffU'liilfl,f'U"l 

3. 	 ~'J1'1'Hl mutation ~'tJ~i1i'ff 'l'Uu~nUJ ",h'U~'tJ~U'U~ff'U'l'l1~'tJlrl'U11'U1'VI1~'l'Ufll'JU'tJfl 

11WJ'Ulfll'J 11":::lrl'U~'tJlJ"~'U511'U~'I::: 'l~'l'U fll'Jll'tJ~ O'U1 'Jf) 'l,rOUfI'U i 'VI(J'l'U'tJ'Ulfl~ 
4. 	 1rI'U~'tJ lJ "~'U 511'U 'l'U fll'J ffflm fll'J l1l'l'h :::U1fl 1 m::: fll'J 'Hl11 'H rl~~ lJl~'tJ~l~'tJ 'l 'U m ru ~ii fll'J 

9ifl~'tJlJlriU'J:::'lilfl'Ji'VI(J
" 

I. 	 vh'l,r'VI'Jlm:::U1fll'V1(J1~'tJ~1~'tJi1i'ff~UVfllffU l'tJ ii 11":::9S l'U l'U11H~1'U~1~~11 (l'Ilil 

OlJ'Vj'lil lm:::m1) V'U 'I:::lrl'U~'tJlJ"'VI1~U''tJlJ~vt11" flti~ i JJ'VI'J1U~'tJlJ"~~flrl11 
2. 	 fflm'Jmb~'tJ lJ" iUl~'tJU'J::: fl'tJUfll'J11~11f-l'Ul~'tJ9ifl~llJ lNl'J :::1~11":::U'J:::liJ'Uf-l" l'U fll'J 

" 
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30 	 ft1lJ1'.i t1l11~tllJ"~hJH114f)1';i~~l'HU1 1~19i~1I1lJ1l1mnJl~1Vltl1 I ~tlm'W1~ ft1tl'W14 i~itl~tl 
1fl;14 1l"~11'lmm114f)1';i1~1fl;14 l~tliltl'ln14 f)1';j';j~l.Jl~'lJtl'l I'lfl (~hfft~1J~fHftU 1i ) 
" 

nlJ'Yi'lf1l';ii'Ymnft1tl'W14fhfft~'l.r~fHftU ; ll~Yh1,rV1';i1Ull"~11'lWol14114 fl1'.iiltl'ln14 I ';ifl114 

tllJlfllll~tJl\l'W1~f1l';j';j~1.Jl~9i~I~tlti'l.h~'lI1miVltl ~tllJ"'lJeJ'Im'l'l114~1'l1l11 (moil nlJ~'lIl 1l"~m1) 

Vl1'l1l114 ~UeJfHftU V'I i 1l1J fl1'.i i'Ymn n14,r eJ tllJ1 fl 

• 	 ~eJlJ"ih~U1Uft1mh14~1'l'l 'lJtl'll~eJ hepatitis 'lJeJ'Im 'I'I114~1'l1l11 ('W1l1 nlJ~'lI1ll"~m1) 114 

'lh~lVlfliVltl ll~\lf1lHtlll'W-i'l14~l14~eJlJ" GenBank l~mJn ItI'lI,rl14f1l';ii'Ymn1UtJllln~fl 
o " .. 	 ~ '" , i-I lfltl1flUl'lleJ hepatitis virus lIeJ lJ 

• 	 1JHM1141'l11 f1l';i lHtlll'W-i11411'.i ft1';i 'U 114 l'lll9iill,reJtlfl11 2 l~eJ 'I 

• 	 'WlllllJl'l.JflmmUfl1VltJlfl1ftll{ iHYlI'l.llt1Jt1J1IVl ll"~ iJiYlI'l.l1t1Jt1J1leJfl 

, 
1'll'U mlJ 

" 	" 
flJUfjlJ I'lfl mlJ1VltJlfllftll{f1lm'WVl6 m~Vl';i1'1ft1li1';iru"l'IJ ft1lJl';it1l11H"f1l';i1Utlflf'lili'l.lH'l.l';i~ ItI'lI,r 

l~eJ'l.l';i~fleJUf1l';i11'l1l14114 Itll.Jltl114 f1l';iflJUfllJ . ll,,~ileJ'In14 I'lfl i1fft~ueJf1lftU ';i1mf'lf1l';ifi1U~Il"~1~1 

';id'll ';ifl fll';i'11111'l1~'If'II ';ifllm~'W1'l1~~eJ i'l.l 'W~eJmf'llfl'U~eJlJm~~UlJllJl'lll9i lm~lfl14~l14~eJlJ"1'U 

fl1'.il11lJl'WIlll1411fl;14~ eJ i'l.l 

" i'l.lV'I~1~'tl'lV1l'lmflf!lm~ 

mflleJfl'll14 'W~eJ1JnmilllllJlf1l';i1l';i11l1i!~Utl I'lfl i 1fft~UeJf1lftU l~eJ'l.l';i~ I tI'lI,r ff1'l1fu'l.lnlVlfli 'Vw'l14 f1l';i 

i~lfl14lf14!l14114 f1l';i1l';i1~1i!~U[J fl1'.i'WlllllJl1fl;14 f1l';ifi~l~eJ flft1[Jli14i~'I1l~lfl14'l.l';i~ I [J'lI,r~eJf1lnll 
" 	 , 

ft1[J'W14V'l.l'WIlll14 11f1;14~eJ i 'l.l114 eJ14 1flll ';i 1 lJ'tl'l f1l';i 1~1'.i~1'1f1l';i flm [J'W14 iYi~~lfl'U1Jt1J'I1l 
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lt1'W nl'jfffnnu1J1JfI1f1~~'\J1vll~tJYilnl'j 1~1J'Ij{)lJ~'illm.h ~'lflm f)~lJtih'l1lJ1mtl'W U'j '1'1TU~l'l~l1 

'lf11Vnh nm'l'lf11l~~m1 ~1.ullJ1YiHl'Ui'U'I.h::1Ylfl'ivw 
" 

'illf)lHVWllJl~1JHtJ::f){)f) 9 i)'UI91{){I'U4''WU'W~ imh'U'\Jtl'lnl'j91'j1'ilm'l'l1'U'th~~lU m'l,:nmY1'Uim1i 

'il ::Yil'll'U i 'W 1'\J91~'1'11 i ~ fflJYl 'j fflm 

""" V}I "" 0 v '" 'I 1fJf.lHYtlUVl'\Jt'h'l~U1[JnU1!'\Jlt1fl'Hl III fl'i-3flT'i (Inclusion criteria) 

• 	 tllfflff:Um~[j'UtJtllJ1.ull f1Hnl'jffmn IfUJff:um i'il 

• 	 11J'Ull'j'l'l1'U~1'l~11'lf11'vnh nm'l'lfl 1l~~~111~tJfhI'U~ lm::l.ullJ1tluim.h::lYlfl'IYltJllJln'U 
" 	 " 

SU 

• 	 n~l'lnltJll~'1UH llJnhfllftli''1 

• 	 tllqi'lU~ lSU ~'U'hj 
• 	 ilJl~i'1Jf)n111'ill1tJrhltl'U1'jfl~nN~~tl'j::1J1JtJiJ~lJn'W t'll'W 1'jflltl~ffi'U'j::tJ::Yintlltll'j'\Jtl'l 

1'jfli~I'il'U '\1~ tl~ntll'jm11JlJ1ntl'Wu"'1 1'jfllJ::l~ 'Ii'Wd~~I~ tl~ 1'jfllJ::l~ 'Ii'U~{)mfll'\1 ~tl'l 
SLE (tllfflff:UflHJmltJ'il::llJntll'jm1'il Anti-HIV) 

• 	 ilJi~i'1JtJlf)~tJiJ~lJfi'Uln'Uf)il I l$ltl'U fI1tJi'U 1 U~~hUlJ1 (lr,J'illf)iJ'il~'I1'U) 1'll'U steroids, 

immunosuppressive drugs, chemotherapy Itl'U~'U 

• 	 -1lJn'l.h d'9itll'j 1~'IJ'ihmi{)i''1 llJl~i'1Jf)ni'm:n i'U 1 HVWllJl~ln'Wf)il t$ltl'U fI1tJi'U 1 11 
~~l'UlJl (U1J'illf)iJ'il~'I1'W) 

,.., 	 "',.. , 

• ntll'jl~1Jlhm~tli''11tl'U~Yin hfl'l.h::~1~1'11~tl hflt~tli''1 'j1lJ'Vl'l hflYilt1m)'U91'jltJ'illf)tll'j 
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fl~mi1Udl'l~HV1Q'j :;,.dvl 15-60 11 l1~mJlflfl11 l~fJJjfll'jrlnntu fl~mi'1udl'l l~fJ'lh :;mtu 

fll'j~~I~U11fft~'Uelfllft'U m ~tlfJ":; 70-90 l'lll1:;"'Ji'ft~'Uelfllft'U U~UfJ":; 6-8 '1i'ft~'Uelfllft'U 91 ~tlfJ":; 
.. " 

3 1~fJ\):;l'il fll'j ffmnl1'1ll'lff'lfl mw:; 'Hill 'I hw1lH'Yh ii\J 1~fJJj fll'j rlllJ1tu fl ri lJ'lb :;'lflm 'f1'Il'1 
u • 

n 

. . . 
.do QI ~ (V1~fJ : Z 'YI'j:;~'UfI11lJI'lftllJlJ 95% = 1.96 

: q = I-p 

.., J
u'UmnJ llnlO.! 

ilJU~<;\ 'lh:;1~ fll'jI~'UU1fJ'\JU'I~thfJ!!":;'lJf1f1"ilJmtl'Uf1i'1 'li'tllJ"~lJ ~llJtilJ'l.h :;flU'U 1 U~1fJ ~tl-ftfJ" 

1lJ I~UlJ 11 lfi~ Il'lff ~llJ1lJ~,.rtl'l ~ud V1~l'l<;\lJm'l iJ~llJU~l 
" 
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fll'l~'l11lYlH Serology 

~hi'ft'fi\H)nHl'tJ ii HBsAg, anti-HBs, anti-HBc i'Ji'ft'fi''lJUf)!ft1J l'fl anti-HAY IgG U":::!'Ji'ft'fi''IJ 

unlft'IJ ~ anti-Hey i~t1i1i Enzyme Linked Immunoassay (EIA) i~t1H commercial available kit i~t1f)1'j 

~'j'J~ i ~t1i1immpU II ,,:::iJ f)1'j 'l.h:;1ihJmllJl~t1.:j~ H~llJlJl~'j jl'U'Yll ,:n1{) ,:nJBu~ f)1'j 

fll'l~'l11lYll-.l Molecular biology 

11"::: genotype 

fll'l~'l11lYll-.l Serology 

!'Ji'ft'fi''lJUf)!ft1J manti-HAY IgG i~t1i1i Enzyme Linked Immunoassay (EIA) i~t11~ 

commercial available kit i~Uf)1'j~'j'J~ i~t1i1immjl'U 1I,,:::iJf)1'j'!.l'j:::liJ'UmllJl~U.:j~'j-.l~llJlJl~'jjl'U'Yll.:j 

11{) ,nJilu~ f)1 'j 

EIA (Enzyme Immuno Assay) 

1 i V~ " 1 Q.I '" '"f)1'j'Jlfnl::::'I1 {)~'IJ'U'I1rlnf)1'j'IJ{).:j enzyme linkage ~U 'I1'\1rlnf)1'j sandwich jiW incubate serum, 

. " ,
d.ct. ~ , Q.I i . """" 

plasma i 'U solid phase 'YIlJ antigen 'I1'j{) antibody 1f)1:;{)~~ln'U'U ft enzyme conjugate peroxidase 'YIlJ 

..:9 1& ~ Y l.r) Q.I Q.I a d ,d
antibody '\1'j{) antigen link {)~'lf.:j conjugate 'U~::::I'\Jl lU~'lJn1J antigen 'I1'j{) antibody 'YI1f)1:;{)Q'YI solid phase 

~lmf'U~:;Yhnn develop ffi~t1f)1'jlri substrate fl{) O-Phenylenediamine 1~{)l'il'!.lBn~tI1i11lfi~ff 

~lmf'U~:::l'il!U1~fl11lJl~lJ'\J{)-.lff~ optimal density (OD) ~n1'\1'U~ril OD if~:::IIU'j~llJU~lJlru'\J{)-.l 
'" i .,;antibody'\1'j{) antigen 'Uft.:j~n~ 
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~f1'l:lW:::f)l'Hl'J"111 EIA UlJlJ~ 2 fit) I~'W competitive enzyme link Assay 1~tlf)l'J"lci~.;Jm1111'lf'W 
.ct Vi .... I v <V .at a 1 Q.I Q./ .at 

serum l1'J"'V plasma ".;J !,u'Vi'J"'VlJf1lJ antigen l1'J"'V antibody l'Vitllltl.;Jf1'WlllJ antigen l1'J"'V antibody lJ'W solid 

~ do 4::), .c:::r. tI I 4:;i Q.I ..d 
phase 111f1'W'Wf1~11'W'Wf)l'J"1Im1:::l1I'If'Wl~tl1f1lJ EIA UlJlJ'YI I 

I. 	 Control 

1.1 	 Positive control 

1~~1'Vci1.;Jll1 f1~lJ~1l1f11 m1~~~Hl1f)l'lf1~1 'VIti 
" 

1.2 	Negative control 
I 	 Yo' ,,~ " 

1l'1'V.;Jll1f1 HBY I~'W DNA 11f'ff l'Vi'J"l:::ll:::,r'U Negative controll'Uf)1'J"~f1'l:llf1f.;Jil fI'V 111 

~tJ'J"lfYll1m3'W'C)flfci'VtI DNA (DNase) fit) Distilled water ~iJtJ~lJl~'j!'vhf)iJ DNA ~Hl'Wf)1'J"'YI~"'V.;J 

.... "" " 2. 	 m<j(,Yf)~~H)'UH) (DNA extraction) 

HC]}~lJtJ~lJlW 100 ~I l'Uf)l'J"'fff)~ DNA ~1t111i phenoVchloroform ~.;JU'ff~.;Jl'Ullrl'UiJiJ 

91~lJ 100 III + 400 III lysis buffer + 10 III proteinase K 

.; 	 0 ';'1?I
Incubate'Yl 50 C lu'Ul'nn 1-2 'lIl lJ~ 

l~lJ Phenol 250 )llll":;: CHCl : IAA (49: I) 250 IIIl 
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.:t 0 ~ .o:::t 

Incubate'V1 -70 C llJlInm 30 1Il'V1 

~ 

"''' " ~fl EtOH mll'(l~m'l DNA m(J 70% EtOH I ml 

'V11 l1Ul1'lfl1(J'i:1.J1.J'!t\.lt\.llfl1ff IlJlInm 10 1Il'V1• '" " " ?t '" 

d .o=i 0 

II11.J'V1 -4 C 
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3. !-WlJ\lnnl!~hihm) (DNA amplification) '\m~ HBY "WL'h'W'IJt)~ Pre-S I, PreS2 U~:; S gene 

dI .. 

'iltHl~1J'H1ru "an detenninant 

1".cS .. 
')j' primer 'YI f1'H)1Jf1"llJ1J'H1ru'\J'fJ~ Pre-S I ll~:; "a" determinant 

Primers ih~1Jl1JtT 

Pre-S I F (forward primer) 5' TCACCAT A TTCTTGGGAACAAGA 3' 2,817-2,839* 64 

R4 (reverse primer) 5' ATGGCACTAGTAAACTGAGCC 3' 689-668* 

*!mfJ'lJl.yjfJ'lJn'lJ~'hI11111~'lJlHll~1J'W1f1~1'fJ '1'Y1~ '\J'fJ~ HBY accession number AB 115417 

U~lJlm (volume/tube) 

Distilled water 


EppendorfMasterMix (Hamburg, Gennany) 


Pre-S I F primer (10 pmol) 


R4 primer ( 10 pmo I) 


DNA Template 


Total volume 25 ~I 

62 
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'inmr'Wth microtube ~iri(;,(l':i'fl~mtl ~~'\1lJ~ irii'Wlf1~tl~ Eppendorf Mastercycler personal 

(Hamburg, Gennany) 1~tlih~\U '\1 iJilU'fl~l1m~~1Il'J1~~ 3 1l(;'(~~'QW'\1 iJilU'fl~l1m'IJtl~fl1'JY11 peR L~fJl'rilJ 

~1'W1'W DNA 'lJtl~ HBY i'Wri1'W'lJfJ~ Pre-S \ ~'W~~1J~l1W "a" detenninant 

C/ "'" 
~'Wtl~1J'Jl1W "a" detenninant 

PCR Cycle m:n 

Pre-dena tura tion 94 \ 'W1~ 

55 

72 \ 'W1~ 

Denaturation 94 

55 

72 \ 'W1~ 30 1'W1~ 

" 
'1'11')$1 35 'Jtl'IJ 

Post extension 72 

.d~ l' • Q , Q!II!II:: i!ll 
'\1~lJ'lJtl~ 2% agarose gel electrophoresis 'YI1~l'Yllfl1':i 11I':i tllJ gel 111J1JU~'W'Wtl'W'J11JL'J tl1J':itltlU'fl1 ~ln'W'W 'If 

m~u(;'('l'Hh 100 !1'fl9i' L~'Wmn \ i1 !lJ~ U'fl:::H marker \00 bp L~'W~1lJl1l':i~1'WLmtl'IJL~tl1J 111 gel ~ 

'~lJlu'lii'W(;,(l':i'fl::;mtl ethidium bromide 1h~lJ1W 10-\5 'W1~ 1l'fl~1l1lJlL.,j'lLf1~tl~U1t1f~iY5'fl1l':i1'1 !m'fl1l 

(Gel Doc) Lfi'IJ DNA i'W gel 11111.lY11fl1':i purification L~m1l~tllJ'\11th~1JL'IJ(;,( 
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Positive control 

i~I'1"J'tl(h:jUlf1qf~lJ~U~Ulfl hn1~ ~'11l1'~Hl~';j1u anti-HCY positive U(1:;~n\l~Uffl';iYr'W1lm';jlJ 

'IHl'lil'i'lJl'1u5f11lJU qf ~1t11li PCR 

Negative control 

'jJ " • , 

l'Wf11';j~mnflf'li'l fit) distilled water YiihJ~lJl~';j~'Yhnu DNA Yil~l'Wf11';i'Vl~(1t)'1 N1:ijtlr1~~~t)f1
'" 

qf (anti-HCY) l~tl1li Enzyme-Linked Immunosorbent Assay (ELISA) l~tll~lJl';j~flii Murex HCY Kit 

(Abbott Laboratory, North Chicago, IL) ~'1I~'W recombinant HCY protein: CORE, NS3, NS4 U(1:; NS5 

protein 1I(1:;1mltl~~nu~u anti HCY \):;'V11f11';jlJn~ RNA ~t)i1J 

QJ v~.ct 

flW{I'flYi RNA Yl11'J11i Guanidine extraction 

.... . 
o Q..< .c::t. \I'i gJ.c.t o:::lto gJ

'Wl serum ~'1'V1'1 n'V1t.lrui1lJlJ'Ht)'1u'W(1:;(11t1i1lJ~ 

~ 
iri serum 100/-11 

~ 
l~lJ Guadinine thiocyanate (GTC+2 ME) 500/-1V Tube (GTC 9000 /-11: 2 ME 70 /-1i) 

~ 
Mix l~tlf11';j invert 'Wl'W 151'W1Yi uti'1tlli1J vortex 'Wl'W 151'WlYi 

~ 
l~lJ 2M Sodium Acetate 50/-11, Pheno1500 /-11, CHCI3: IAA (49:1) 100/-11 

~ 
Mix l~tI invert 101'WlYi, vortex 'Wl'W 151'WlYi 

~ . ~ 
UlJY1'1l1Yi -20°C, 15 'W1Yi 

~ 
Centrifuge 13,500 rpm, 25'W1Yi 

~ 
1~1t1lJ tube ii1li 'IJ'Wl~ 1.5 ml iri Glycogen 4 /-11 

~ 
14 



11"'1'thff1'Ulff~nnJ'U~I~'j)1f)f)l'J centrifuge miri Tube ~1~~tllJH 

~ 
l~lJ Isopropanol 600 ~I 

~ . . 
Mix hWf11'J" invert, incubate over night -20 °c l1~U Yi -70 °c, I i11m 

~ 
Centrifuge 13 ,500 rpm, 25'UlYi 

~ 

'" '" 1'Yl~l'J""~mtJUUf) 11111"'Dl~Yll~ pellet 

~ 
"'1.:J pellet ~1t1 70% ethanol 500 ~I Mix l~tJf11'J" invert 

~ 
Centrifuge 13,500 rpm , 5'UlYi 

~ 
~~ri1'Ui~Utlf)'j)'Ull11'.:Jl11~UHll~ Pellet 
v ~ 

'Yll '11 pellet ll'IN0'" " 
~. ~ ~ 

l~lJll1f)"ln.hlfY'j)1f1lt)lu 10 ~I (DEPC) 

~ 
111l'tJY\1 RT-PCR ~UI'tJ 

~ 
Reverse transcription l~~ tJlJ cDNA 

V1l'n3~ 4 Primer 1l~~~1'J"~1.:J'1 ~Hl'Uf)l'J"'Yh reverse transcription 'lJU.:JI1'r~ HCV 

5.8 

buffer ('lJU.:J Enzyme MMLV) 5.8 

Enzyme MMLV 1.0 

'" Specific primer l1'J"U random primer '" 1.0 l1'J"U 0.5 

RNase inhibitor 0.5 
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..... 

11if)l'.) 

peR amplilication 

l~lJ~llnW DNA '\J{)'1 HCV 1lJ1J~nru'\J{)'1 CORE 1I'(j~ NS5B UlJ 

Primer Product 

Region Sequence 
size(bp) 

( nucleotide position) 

954F(291-314) ACT GCC TGA TAG GGT GCT TGC GAG 

CORE 

953F (324-347) 

410R (735-754) 

AGG TCT CGT AGA CCG TGC ATC ATG 

ATG TAC CCC ATG AGG TCG GC 

405 

951 R (708-729) CAC TGT RAG GGT ATC GAT GAC 

NS5BJ1 (8011-8032) CAA TWS MMA CBA CCA TCA TGG C 

NS5B NS5BJ2 (8171-8193) GAT GGG HHS BKC MT A YGG A IT CC 660 

NS5B_R1 (8818-8838) CCA GGA RIT RAC TGG AGT GTG 
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.,. 
VIl'nn16 ffl:ilflU1'UuUi11m PCR lyjtll~lJ~1'U1'U DNA i'U'l.J~l1tu Core II~~ NS5 v'U 

.,. 
Ul'llfllJ l'IpCR 2

nd 
PCR 

Distilled water 11 .25 11.25 

Eppendorf Mastenn ix 11.25 11.25 

(Humburg, Gennany) 

Forward primer (25M/uL) 0.375 0.375 

Reverse primer (25M/uL) 0.375 0.375 

DNA template 2.5 0.25 

. ~ 

'Qtul1fJiJlI~~I1~lYii~1'UnwYh PCR i'Uff1'U NS5 II~~ CORE v'U 11~ lSI PCR II~~ 2Qd PCR 

.,."" .,.
PCR cycle ~i:I.l'l1{JlJ (tl~f1110)lj;ue1l[JU) mn ('1.nn) 

Pre-denaturation 95 3 

Denaturation 95 

Annealing 49 
~ 

'I11cHl 35 'Hl'U 

Extension 72 1.30 

Post-extension 72 7 
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'" d'V
fll'l1If111:::'I1'1ltlljll (Data Analysis) 

o .... '" "''i' 11\ J
llWIUl!lf1ll!tl !'YI~ : HBV (PreSl, PreS2, S gene) lIll::: HCV (Core lIll::: NSS) 

'J'I1LYYl'W~m'nJ (GenBank) i'fHJHhhllmlJ BLAST '\l1f) www.ncbi.nlm.nih.govlBlast 

- 'I'llnl'J~lU'W f) genotype i'fHJnl'Jlm tJ'lJliitJ'lJ'ihfl~1 tl l'Y1'fl~i'flf\\J'wlfl~lt:l l'VlI'l'IJtl'l~hrMl'lJ 

tlmLY'lJ U~(l:::'Jj'iJ~ ~ijtl~1'W1i'W1fll'J'J'I1LYYl'W~m'JlJ (GenBank) 1~tJHhh!!mlJ BLAST l!(l::; hhumlJ 

Genotyping tool 

- 'I'llnl'J 1m tJ'lJliitJ'lJfIl1lJ!'\1ijtl'W'I1~tlfll1lJ~1'l'IJtl'l "l~'lJi!lf1~1 tl l'Vll'l ll(l::;m~tl::;m 'W 'flltJ11l 

cluster analysis 1~tJHhhumlJ Clustal X Ver3ion 1.83 !l(l::; Bioedit version 7.0.4.1 1~tl!mtJ'lJliitJ'lJ"l~'lJ 

iJlfl~1 tl l'Vll'l~1~'\l1f) f)Uftnfn n'lJih~'lJi!lfl~1tl1'Vl1'l'IJtl'l 1IfLY~'lJtlmLY'lJ~llfi 'J 1::;11 ~ijtld1 'W 1i'W1fll'J 'J'I1LY 
'U 

Yl'W~m'JlJ (GenBank) 

- LYf1'll'tJ'lJtl'l1m'lLYf1'lfll1lJ-fflJYl'W1l (dendrogram 'I1~tl phylogenetic tree) '\llf)"l~'lJi!lf1~1tl 

l'Vll'l~l'fl1~tJH1'tJ'Jl!mlJClustal X version 1.83 U(l::; MEGA3.1 l~tllllm1mYlJYl'W1ln:'\1"h'l"1~'lJihfl~ 

1tl i'Vll'l~l'fl'\llf)f)Uftf)fnn'lJi!lfl~1 tl1'Vl1'l'IJtl'l1IfLY~'lJtlmLY'lJ~ftnfnl!~(l::; genotype 

1i'W1fll'J'J'I1LYYl'W~m'JlJ (GenBank) 

'" .f 0 , "I .f d ' ''' "'1 11] .f "'1- 11m 1::;'11 fIl'WltlJlllfll lutl'J 1'li'WfI11lJ!l(9lf)(9I1'l'IJtl'l'Wlfl(l tl ~'Vl~!l(l::;m~tl::;lJ 'W (genetic 

!l(l::;m~tl::;m 'W 'lJtl'l~1'1'tJ 'J::;!'Vl fI'~ij 'J 1tJ'I1'Wtl ~1'W1i'W1fll'J 'J '11LYYl'W ~m 'J lJ 

1'tJmmlJ MEGA3.1 

- 'I'llnl'J 1m tJ'lJ!iitJ'lJ"l~'lJi!lfl~1tl1'Vl1'l~l'fln'lJi! lfl~1 tl 1'Vl1'l'IJtl'l~ '1ij;l(9lg'W~ijtld1'W1i'Wlfll'J
'U 

'J'I1LYYl'W~mnl (GenBank) 1~tJ1~1'tJmmlJ BLAST '\l1f) www.ncbi.nlm.nih.govlBlast 
. " 

- 'I'llnl'J~ll!'W f) subtype 1~tJnlm'tJ(l'l'J'I1LYYl''W~m'JlJi'W ril'WYiftf)fJl il1'lil'Wm~tldn'W '\llf)U'W 

~ih~'lJm~tldn 'W i'W~ll!'I1l1'1~ LY'W i'\lftnfn 
'U 

electrophoresis l!(l::;'I'llil1''lJ~'i!'Vlt1~tIH Perfect Gel Cleanup kit l!~l(91'Jl'\lLYtl'lJ~(l~~(9I~''fl'\llf)nl'J'I'llil1' 

'lJ~'i!'Vlt 1~tJll1~(l~~(9I~l'fl 5 I...U 'I'llnl'Jml'\l'flltJ gel electrophoresis t)f)flf'l'l1it'l':hl'fl~'Wril'W DNA 
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• • • !II • 

li~'t)'1f)l';j 'VI~'t) ilillt'l~I.yj't)91';j 1~HHl'lr:h ilili DNA V'j,H~mJ'U 'VI "'1111 fllJ'U i'lll1 rlt'l rl~91li ~1'U f)l';j'fl';j 11lt'l''t)'U 

1I~1lJ1Yh cycle sequencing f)l';j'fl';j1"'ff't)m'11~'Uihfl~1't) i'V1~J'Ull~H forward primer Ivt't)Yllfll';j'fl';j11lt'l''t)'U 

~1~'Uii1fl~1't)i'V1~1'U'U~l1ru~~'t)'1f)l';j 1~Hmt'l'lJt'l'1';j~HYl1 cycle sequencing ~'1'fl1';j1'1~ 8 

Distilled water 5.33 

5X buffer 2 

BigDye RR-l 00 4 

0.67 

8 

Total volume 20 

." . 
'VI"'11l1fl~1'Ufll';jYll cycle sequencing 1l~1 llumr-l~'fllii~U~l'U,j'U'fl't)'Ufll';j'flfl'fl~fl't)'UI.yj't)llliu 

U1'U~1~'Uii1fl~1't)i'VI~~1[J ABIPRISM™ ~'1if 

" . ... .cl~191 91 
1lt'l'~N'II'U'fl't)'Ufl1';j'flfl'fl~fl't)'U'VI ~1l1flfl1';j 1'111 cycle sequencing 

4f'H'lHft~'YI"1"1I1l10 cycle sequencing 

L~lJ 4 ~I glycogen + 80 ~l 75% Isopropanol 
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1~1J Template suspension reagent 25 ~I 

vi1f11':iunHHl~1fi'lflvH'hhHf1'nJ Chromas Lite 2.0 !vlui!fln:;l1 Chromatogram 'tIU'l~Wi'lJ 

i11f1~lUl'Vl~ H":;vi1f11':ii!m1:;11~"l'iulu (':iU~ 1)
" 

aUll I U'fYfl'l~1mh'l'tlu'l Chromatogramme 'tIll'l gene ~~U'lf11':if1mJl''Wf11':ivi1f11H1':i11l'fYU'lJ~1~'lJ 

i11f1~lUl'Vl~ 

110 120 130 
TTGT GTTCTCCAAACGTGGGGTACCC GTC 

Q,I ~d I ~ rI GI Q,I rlCfJo IV , 'lI 
U":;'fY1V'Y'l'WlfVl'YnJhJ~l'lUn!'VlfY lflVf11 ':i 11m1:;11 fl11ll'fYll'Y'l'W Ti11\llJ'W1f11':i Phylogenetic analysis) lflv 'l1 

programme rl1!~1l~U (free programme) 1l1f1 website !'li'W DNASTAR, Clustal X. BioEdit !m:; BLAST 1~'W 
" " ~'W lflvvi1mll.,r'W~U'W~'Iil 

- vi1f11':i1mV'lJ!fiV'lJ~1~'lJi11f1~1Ui'Vl~~ifi'fi'lJi11f1~i Ui'Vl~rl'W~nUQ' 'WTi'W1fl1':i ':i 11'fY~'W11m ':ill 

(GenBank) lflvH'lummll BLAST 'il1f1 www.ncbi.nlm.nih.govlBlast (~U~ 2) 

20 
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c X 
IJii I.n.wOI tJ Gettng _ted .w latest Ho_ 

llHi 2 llff~,:ml'Hm UUI'¥iU1Jih~'lJ'U1f1~IV1'Yl~~I~fl1Jihfl~1 v I Yl~glJ~ljV~ilJ1ilJlm'j'n1ff~lJ~mnJ 

(GenBank) l~ui~hhllf1nJ BLAST 

• 'J Nelli DldSt:Nuclcotidc Sequence (1110 lellers, . MOlJlla Fir.fox ~[Q:~ 

==.~~-~~- {} .J ~~..~;:: :: : ;;---.. ---Jil 

I8NCl1lBt_~e(II7... [ ~ __r
... -_.__ ..._---

Sequences pro d ucing Ilgnlfl cli nt aIlQnment.: 


I Acceulan 
 IWl lI.Iw:r.Descrtpllon 
llUI. nllUAU 


lliZi'iUd 

1 ='1 1 I-~ I : 11 

Hepatitis 8 virus T oCtS surface protein Qene , complete cds 2111 100% 0.0l.lll 100% 

Hep"titis B ViruS N lS SUrfllat prot-eln 'lene, complete cd s ;'ill 20t)7 100"'1'0 0.0 99..".~ 
.Af~}}_~.~ Hepat itis B virus N n(jdl"iC16 surface protein oene, complete cds -'ll.!;_~ 2069 100% 0 .0 99'4 

~ill Hep.3titis B virus c ~plete Qenome, isolate gib160 O!&ii 2066 100'1. 0 .0 99% 

HepllItitis B virus C me~C14 surface protein (lena , complete cd s ~ 2053 99% 0 .0 96% 

~ 

llil.2!.fill 
Hepatitis B virus) -kC20 surface prote in qene , complete cds ~ 2046 lOO'Y. 0 .0 980f0 

{l)J :11 5 :'O,L Hep.,titls B virus c mplete genomC', l$ol"te g ib7Jl ~ 2039 100% 0 .0 98% 

Af' I~4 9 S . ~ Hepatitis B virus s rlace protem ~ene. complete cds ~ 2026 QQOf. 0 .0 96% 
Af1774A() .;] Hep'!IItitis B virus S baoelS surf4ce protein g'!ne , complete eds ZQLl 2021 100% 0 .0 98% 

Hepatitis B virus s ~ace protem oone, complete cds .<.~.E 2017 99% 0 .0 96% 

~ 

6f.~I1ill.l.~ 

Hep"titis B virus": miC14 surface protein oene, complete cd ~ l.11.5 1975 99 ")10 0 .0 9 70,'. 

Iill.Jillll Hepatitis B virus c fnplete Qenome, isolate qib153 i'>" .~ 1826 100ey. 0 .0 940/. 

Afi7'4 8Q. ? Hepatitis B virus S anC13 surface protein (jene, complete cds ~ 1822 100% 0 .0 94% 

Al.Ul.lliJ. Hepatitis B virus c rnplete Qenome, isolate Qib645 HQ~ 1606 99'1'0 0 .0 94 % 

~ Hepctitu B virus M nightR27 surfcce protein Qene, comglete cds 17')5 1795 lOOey.. 0 .0 94% 

Hep"tlus B virus J ckoR4 suri4ce protein gene, complete cds 1795 100ey. 0 .0 94%~Ulli,.~ lI"" 

. tll.l..UUU 
 Hepatitis B virus c mplete Qenome, isolate Qib151 liJ'.!i 1795 100'1'. 0.0 94% 

Hepatitis B virus c mptete Qenome, isolate chimpS2 ~L25. 1795 100ey. 0 .0 94% 

:~ 

~ 
Hepatitis B virus Q 2 surface prote in Qene, complete cds li.~ 1790 100"1'. 0.0 93% 

~ Hepatitis B virus P kC2 surface protein oene, comglete cds lll1'l. 1790 100% 0.0 93% 

AF4 77493.2 Hepatitis B virus Ji bR6 surface protein oene, comglete cds 178ti 1786 lOOCY. 0.0 93% 

lli..llliU Hepatitis B virus C Fplete Qenome j isollllte Qib8 24 lZi'.l 1781 100% 0 .0 93% 

,~U Hepatitis 6 virus c rnplete genome, isolate Oib759 111.'2 1775 100% 0 .0 930(0 

Hepatitis B virus p ~Sl, preS2 and S genes, isolate Mojo lin 1772 100'1'. 0 .0 93'4 

:l:l.llill 
!~ 

Hepol!ititis B virus p ~Sl, preS2 end S oenes, isolate Pope 1.m 1772 100 ,\,. 0 .0 93% 
. ~ ? 'C',.:114 , .- ~A ~~~...!:~~~~~~:);I.~~U~'~...CA ,.,.- "."",.;" ....... I ... ",. 0::: ........... ; .. ,..; 1 , "'~ , 7f,.A QQOI~ n n Q"Oo'~ 

i ) , 

l11f11'j~11llJ f1 genotype l~uf11'jlm u1Jl'¥iuuu1f1~lv lYl~~Mn1J111f1~lv 1'Yl~'\Jtl_.1 enterovirus 

u~,,:; genotype ~ljV~ilJ1ilJlfl1'j'jl1ff~lJ~mnJ (GenBank) I~Ui~hhllf1nJ BLAST 1m:; hhllmlJ 

Genotyping tool 

l11f11'j1m U1JI~U1JfI11lJll1ijVlJ111VmllJ~1_.1'\JV_.1"1~1JU1fl~1v I 'Yl~lm:; m ~vdn lJ 

cluster analysisl~ui~hhllmlJ Clustal X Ver3ion 1.83 U":: Bioedit version 7.0.4 . II~UlmU'lJI~U1J"1~1J 

U1f1~1tllYl~~ 1$1'illf1f11'jfff1'l:l1fl1J"l~1Jihfl~1V I 'Yl~'\JV_.1 enterovirus ~ljtlQilJ1ilJ1f11n l1ffYrlJ~ m 'j lJ 

(GenBank) 

ff~1_.1'ltJ'\JV_.11 flHff~1_.1f111lJfflJ~lJ1i' (dendrogram l1~V phylogenetic tree) 'illf1"1~'l.n11f1~1V 

'Yl~~I~I~uHhhllmlJClustal X version 1.83 1m:: MEGA3.1 I~V111fl11lJfflJ~lJ1i''j::l1'jl_.1 "1~1JU1f1~ 
liJ ..,.d~" '" '" "" ""'i' ~ .. ' ' ''' ,.dd IiIV L'Yl~'Yll~'illf1f11'j.im'hllf11JlJ1f1" IV lYl~'\JV_.1 hepatitis viruses1l1m:: 'l5lJ~ U":; genotype 'YllJllU_.11lJtlQ lJ 

1ilJlfll'j'jl1ff~lJ~m'jlJ (GenBank) 
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~ 0' 0 I '" I 0' d rI I':::' d ~1 ~ ""1 
11ml~'I1f11U1tu'l11f111utl'H9fU~mlllll~fWIl'l'\Jtl'lU1m'l tlIYl~llC'l~m~tl~ll U (genetic 

distance) 'j~'I111'lih~'lJihfl~1 tl 'YI~uC'l~m~tldnU~'~\llnm'jflml1 lmV'lJlliv'lJnm'l~'lJihfl~1tl1Y1~ 

l1C'1~ m ~tl~mU'\Jtl'l9i l'lU'j ~1Y1 fY~ih lV'I1Utl Qi U liU lfln 'j 11ff'WU ~m 'j II l~tl'l11mlll ffll'WU ti1 ~V i ~ 

1U'J11mll MEGA3.1 

'W9ltU1m'j~'j11l1i!mrm~tlmlllff~~1m1~1~11~vm'jH1ti realtime peR l~tl'lhviunn 
. " ~~ Q.I d c$.cS 

1UlllWYI'J1~1'j1'UU 

Yhm'jl~VUVii~m,JC'I"1~'lJi!1f1~1tl'YI~.¥f'l'l111~~'~\llnm'jflmn 1~tJH program Sequin 

version 6.0 (http://www.nchi.nlm.nih.gov/sequin)1uiJ.I511U~mJC.lliU1f11.j.jl1ff.WU~n.j.j1l (GenBank) ~ 

http://www.nchi.nlm.nih .gQY 

1i;l~ffi~'lunu'1~£J 

~1tldl'l~~lJ'~1l1n1HVim'lJlC'l'lJNU~f1tln 9 UUl~tl{1UiUUUC'I~1'I1titl\llnm''1m'j lM'lJ~m'jm1\l 

i Uri1U m'j~'j11lYll'lMtl'luBll'~m'j ll~l'll~Mtl'luBll'~m'j 1rOVt1UV1;V1'b'ltymm~ YIl'l~lU11lff1Y1tJ1f1i1i! n 

fIlfl1'b'lfJlJl'j l1'b'fYlff~{ fltu~l1ViYl VfYlff~{ ~Wl"''1m Wll'l111Y1 tJl~V 1~uH~flmm ium'j ~'j11l'Utl'lIlUV 

1~vlJm'jm'lJfJllfJWfllVi~11l1J1~'j511U~fil'l1U~'\Jtl'l'b'U~fll'j~'j11l loiu 11 positive negative control 

" -U'UVI t)'Ufll 'j~1l'ih-A fll 'j '1~£J 

II 
fll 'j f11'lJ f)1J f) rum~ '\It)-:) '\It) lJ ~ 

1. ~i111iunn1rOvflf'lif.¥f'l'l111~ 'J111n ~1rOV ~1rOvi1lJ ~l'hm'jfi~liltlnu'j~'b'lmflmn ijl'llm'j 

QJ 0' 'j) 0 .:!t 'j) 'j).d iI _ l.Q QJ4 

ffllfllEltu ~YIlm'j1\l1~1C'Itl~ llC'l~I\ll'l1U1Y1m1\lYll'l'l1 tl'lufJtJ~ fll'j 

1 m '1m'j 1rOV ~C'ltl~\luNnm'juBll'~\lUl~U~I~l i \l'VJnm ~'lJ1U fll'j ~1~U1~tl'l 

2. Mtl'luBll'~nn \l~'Vilm'j~'j1\lfftl'lJlJl~'j511UllC'1~~hunn validate \lln'lJ~1:TYI~~l1C'11f1~tl'l 1M 

'um'jm1\lfftl'lJ1l~11m'jm'lJfJll1~UlJ positive llC'1~ negative control 'j111.¥f'llJm'jm'lJfJllU'j~I1iu 
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,. 
f11'j GTnlll1t!f)~1tJ~llJ1lJ11 'j :::'l11m 1 WI~ ft::: fllfl 

.. 
1m '1f)WWi~~llJ1fI 'j '1f11H1W::: m 'jlJf11'jll~ tJ'Ii'j 'j lJf11'j~mn1~tJ1lJlJ'\{~ 6 

.. " .. 
1~'V~ 1l'lll'Vlf)Wil:::ln~~lJflltJ1m:::tJ:::l1m 71lJ 11"'1f11'j11l1:::ltieJ~ 

" " " . " 1lJf)n~mnfli''Ill i~lJf)wlleJ'InlJ f11'j~~I~m{teJ'I1l1f)f1n 11l1:::ltieJ~ ~'1ll 


L>." ~ d1"1 .,. ~~ L>. d1:1!111" :; .c1
i 'If'j'lfillft:::I'lllJ'Vl 'l1 lJf11mll:::meJ~l1JlJ'lIlJ~'Vl 'l11~flHI~tJ1 (disposable syringe and needle) 

1" 1'" 'i" " "d?l d.c1 10'lI sterile technique lJf11'H1l1:::meJ~ !~m1l111lJl'VlIUlJ1Jflmf)'Hn'linW~'Il'VllJfI11lJ'l11lJlty lJ 

fll'j 11l1:::1tieJ~l~lJ eJ dl'l~ 
.,. i 11) I .,. .c1 .,. 1"L>. ""~,,

nl1:::m'V~ l1ft IlJl1Q~11'leJlJfll1:::meJ~eJeJf1 1I~111lJ'II'JlJf)eJlJ (hematoma) 

.. ,. .. 
1lJf11 'l ~f)'I:llfi i''Ill i ~lJ f11 'jiJ eJ'I nlJfll1:::~'1 f)ri11~'lll 
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i'W mw~bH)UmlJ!1~ltll iY1 iYl1m i~ihJ';i ~191~~mill !1~lrltl1'll~l~tl~!1~lt~tlfl i 11" i~l1 Qfl 

'l~v11fl1';i M'llJl~tlfll1"~fltl(J'ff~1f19ltl1fl1';i ~'Wf)'h~tlfl~~l1 Qfl ill" 111f1lJtllfll'lH~U fl91 1 ';i ~'VW11J1m)~Mv11 

fl1';iffl~1~~fI~tl~1flV~1'W~tliu 

r1tl'Wv11fl1';i l~l~l~tlfl ~i.fi'v'l~ i~tl1i1J1v iM'tlliY1iYl1ml1~m~Uflmtl~'Utl~tlliY1iYl1mMm1U 
" " 

~U flm tl~'Utl~tlliY1iYl1m i ~~tl1rltltlliY1iYl1m 11 ~tl ~u flm tl ~'Utl .:ltl1iY1ffl1m (i'W m w~ tllff1ffl1m tllQ i ~ 

~~ 20 TI U~\!';iuf) M".:l'WllJi'Wiuv'WvtllJiM'v11fl1'li.fi'v 1I11lJllUuvltl1lJ~11'WUlJ1 

.c:.t d Q.I , 

iHl1'UYllf1UV11vtlH 

~~lJ1I11'll'lbl'Ufl1'Vi m .:l~1'U~h~~ll~m'Ufl11lJ~L1"'Utl.:l1 H'ViV11J1"1J1~U~fltlfl 9 U'Ull11tl11'Ui'U 

11'U" (ril'WimYll1'Um ~~1'U i'Ul'\JlI1i~111~fI~ ~1Yl'Vi iY1fY\'liY1m 't!lJ'mff.:lm1lJ) 

Hi.lfl1'.i1~tI (Results) 

" ~ltldHtl~l1lJfl 1,183 ~htld1~ ~lf1tilJ'Vi'lll 394 fl'U 'Vi~1 394 fl'U l"'~ml 395 fl'U ll1'Ul'Viff'lllV 594... 

fI'U U"~!'Vif(l1tY~ 589 fI'W lJtllQm~v 28.1 TI (~1fl11lJ111.hun'UlJ1I1'l]1'U 9 '11) fl11lJ1f1'U'fN Anti-HA V lJ 

" ~ll'i,m~ 85.6% i'UfI~lJ~Hl1H.:l1'U'II1lml ~'U~~lfltlU 100% i'UfI~lJ~Hm~.:l1'U'II1l'Vi~1 l",~tilJ~'II1 
o , ~ d 

fl11lJ1f1'Utl~ Anti-HA V 'l111'UflII1lJfI'llJtllQUff~~~~\I11'lH'YI 9 
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.;
vll'Hrn 9 Anti-HAV ~111'Wn911lJn~ml1~l1m:'lh::l'Y1f1 

Age Myanmar Cambodia Laos Thailand* 

(years) No. Pos % No. Pos % No Pos % No. Pos % 

16-20 127 127 100 134 134 100 120 92 76.7 369 64 17.3 

21-30 135 134 99.3 83 83 100 173 149 86.1 380 136 35.8 

31-40 97 97 100 82 81 98 .8 86 81 94.2 446 265 59.4 

41-60 35 35 100 95 95 100 16 16 100 659 478 72.53 

Total 394 393 99.7 394 393 99.7 395 338 85.6 1,854 943 50.9 

* Chatproedprai et al. 2007 

'1'''~U6fmT1J ij 

~l'n~'Wu HBsAg ~1'W1'W 282 (9.4%) ~htld1':)'il1nyf':)'I1lJ~ 3,009 ~1tld1':) '!Jnntlm11tJ 121 fI'W (IO.8%) 

'il1n<Jf11t1lJl:1<Jf1 107 fI'W (9.7%) 'il1n<Jf11'Wlh 11C'l:: 54 fI'W (6.9%) ~ln<Jf11m1 'WU~I~'Wltl'Utl.:)lIh:rff~U5f)lff'lJ U 

102 (84.3%), 80 (74.8%), 42 (77.8%) i'W<Jf11t1lJX1<Jf1 m,il lm::m1 ~llJih~'lJ~':)11ff~.:)i'W911'j1':)~ II .. 
ih~uiJ1f1~1tll'YI~'il1n,:n'W i,)tJU tlf)l~'lJtldi'W1j'W1f11'j~I~'Wm (GenBank) 1~tJij Accession number 

'U 'U 

GQ855313-GQ85570 llC'l~ GQ856585 ~lnf)1'jilm1::"r~1tJ Phylogenetics V'W pre-S l/pre-S2/S (~'!J~ I) .. 
'WU 194 (86.6%) ~1tld1':) 'il1n'¥i':)'I1lJ~ 224 ~1tld1':) \ln~111'Wf)l~'W~1'Wi'YIil C 25 (I 1.2%) ~1tld1':) \If)~111'Wf)l1J'W 
"1 Ii] -., .k '" I 0 5lt "1 Ii] fl .k '" I 5lt"1 Ii] _"l .d'il 'W l'Y1lJ B 'I1'W':)~1tltJ1.:) (0.44%) \In'il111'Wf)llJ'W~ 'W l'YIlJ A Im::lf'W':)911tltJ1':)llJ'W~ 'W 1'YI1I D (~1'j1':)'YI II) 

.d 
f)1'jm::~ltJ'Utl.:) subtype adr 'W'lJmn'YI"l~ (68.3%), ayw (8.9%), adw (6.7%) 1m:: ayr (0.9%) 

f)1'jm::mtJ'Utl.:) genotype 1m:: subtype i'Wll~C'l::n~lJijfl11lJll91n~l.:)tldl.:)ij'\!mhTity t1lJX1'1fl lm::m1 'W'lJfI11lJ 
. .. 

'l1n'Utl.:)~1'W''YIil B ll~ ~1'Wi'Yl1J C ~ln';h 'W'lJi'W'W],htldl.:)u'\!mhTity (p <0.05) 'j1lJ'¥i'l11H:n'W~H~11<Jf11m1 

V':)'W'lJ subtype ayw ~.:) 1l~'W'lJ subtype adr ~lnil~'W'lJi'Wm':)':)1'W<Jf11'Wl.illlC'l::t1lJX1<Jfltldl.:)ij'\!tJrilTity (911.:)'j1':) 

.d 
'YI 10) 
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Cambodia Laos Myanmar Total P-value 

(n= 1,119) (n = 787) (n = 1,103) (n = 3,009) 

No. HBsAg positive 

No. HBY DNA positive 

Gender (M : F: ND
a 
) 

121 (10.8) 

102 (84.3) 

81:20:1 

54 (6.9) 

42 (77.8) 

31:11:0 

107(9.7) 

80 (74.8) 

46:28:6 

282 (9.4) 

224 (79.4) 

158:59:7 

· 0.013 

· 0.008 

· 0.030 

Age (yr; mean + SD) 29.2+8.6 26.2+7.4 28.3±6.1 28.3+7.6 NS 

Genotype 

A2b I (1.0) 0(0) 0(0) I (0.44) NS 

B 13 (12.7) II (26.2) I (1.25) 25 (l1.2) 0.000 

B2 7 (6.9) I (2.4) 0(0) 80.6) 

B3 I (1.0) 7(16.7) 1(1.3) 9 (4.0) 

B4 

C 

5 (4.9) 

86(84.3) 

3 (7.1) 

30(71.4) 

0(0) 

78(97.5) 

8 (3.6) 

194 (86.6) 
. 

0.000 

CI 86 (84.3) 29 (69.0) 77 (96.3) 192 (85.7) 

C5 0(0) 1 (2.4) I (1.25) 2 (0.9) 

Db 0(0) 0(0) I (1.25) I (0.44) NS 

Suspected recombination NS 

B2/CI I( 1.0) 0(0) 0(0) I (0.44) 

B3/Cl 0(0) 1(2.4) 0(0) I (0.44) 

G/CI I (1.0) 0(0) 0(0) I (0.44) 

Subtype 

adr 76 (74.5) 20 (47.6) 57 (71 .25) 153 (68.3) 
. 

0.000 

adw 9 (8.8) 5 (11.9) I (1.25) 15 (6.7) NS 

ayr 

ayw 

I (1.0) 

6 (5.9) 

I (2.4) 

12 (28.6) 

0(0) 

2 (2.5) 

2 (0.9) 

20 (8.9) 

NS 
. 

0.000 

Could not be identified 10 (9.8) 4 (9.5) 20 (25.0) 34 (15.2) 
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~Ti.Hh~~h;~H'lU1f1'UU.:j~LtlUIU1Tfff 'YiU point mutation iuu~mu "a" detenninant 'HntJ~~ 'fi~~l1'n~ 
~ II l~tJf11mcntJ~ui~'YiUlJlf11TIuuuu Ile I 26/Ser/ Asn ~1f1f11'ji!ml:::l1ih'fi1Jl11f1~1U''\'1~'Uu.:j'Tfffi.:j'\1lJ~ 
'YiU 19.1% lTItJ pre-s mutation 7.7% lTIU pre-s start deletion 3.8% lTIU pre-s start codon mutation 3.3% lTItJ 

'" .dpre-s start codon deletion/mutation ~~~l'jl~'\'1 12 

VIl'lHn 11 fI11lJ'lIf1'UU~ 'a' detenninant mutations itJm.:j ·:ntJ~1.:j~11 

Cambodia Laos Myanmar Total 

HBV DNA positive (n=102) (n = 42) (n = 80) (n = 224) 

Amino acid substitution 

No. HBV sequencing available 94 (92.2) 38 (90.5) 62 (77.5) 194 (86.6) 

IleI 26Ser/Asn 6 (6.4) 2 (5.3) 4 (6.5) 12 (6.2) 

Pro 127 Arg I (I. J) o o 1(0.5) 

Glyl30Arg 0 I (2 .6) o 1(0.5) 

Thrl31AsnIPro 0 I (2.6) 2 (3.2) 3 (1.5) 

Metl33Thr 2 (2.1) o o 2 (1.0) 

Phe 134 Leu I (1.1) o o 1(0.5) 

Thrl40Ile 0 o 1(1.6) 1(0.5) 

Pro I 42Leu I (l.l) o o 1(0.5) 

Glyl45ArglAIa 3 (3.2) I (2.6) o 4 (2.1) 

Trpl56Leu 0 o I(I .6) 1(0.5) 

Alal57Gly 0 o 1(1.6) HO.5) 

Alal59Val I (l.l) o o 1(0.5) 

Prol20Thr + Alal28Asp + Cysl38Tyr + 0 I (2 .6) o 1(0.5) 

Lysl22Gln + Thrl31Asn + Metl33Thr I (l.l) o o 1(0.5) 

Gly130Arg + Met133Thr I(I.J) o o 1(0.5) 

Thrl31Asn + Phe 134Tyr 1(1.J) o o 1(0.5) 

Thrl31Asn + Phe 134Tyr + Asp 144Glu I (l.l) o o 1(0.5) 

Alal28Val + Phel34Tyr + Phel58Leu + 0 o 1( 1.6) 1(0.5) 

Total no. of 'a 'detenninant mutations 19/94 6/38 10/62 35/194 
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mn,l'n 12 fI11lJ'I1f)'U~~ pre-S mutations Gh..!llH~1'U~1~~11 

Mutation/deletions Cambodia Laos Myanmar Total 

(n = 102) (n = 42) (n = 80) (n = 224) 

No. Sequencing available 98 (96.1) 40 (95.2) 71 (88.8) 209 (93 .3) 

Pre-S I start codon mutaion + I (1.0) 0 0 I (0.5) 

Pre-S I start codon de1etion + 0 0 I (1.4) I (0 .5) 

Pre-S I deletion 2 (2.0) 0 1(1.4) 3 (1.4) 

Pre-S I deletion + pre-S2 deletion I (1.0) 0 0 I (0 .5) 

Pre-S2 start codon mutaion 3 (3 .1) 3 0 .5) 2 (2.8) 8 (3.8) 

Pre-S2 start codon mutation + 2 (2.0) 0 5 (7.0) 7 (3 .3) 

Pre-S2 start codon deletion + I (1.0) 0 I (1.4) 2 (1.0) 

Pre-S2 start codon mutation + I (1.0) 0 0 I (0.5) 

Pre-S2 deletion 7 (7 . J) 3 (7.5) 6 (8.5) 16 (7 .7) 

Total no. of pre-S mutations 18 (18.4) 6 (15.0) 16 (22.5) 4009.1) 

III , QQ.I 0 QJ' Q.I I Q.I , I jJ Q.I 

~l1m.JWIl':ilJ'ill'U1'U I ,431 9l1~tlN I ,594 9l1~tll~ llCl~ 882 9l1~tll'l 'illf)llH'Il'U911'l~11'lf11f)lJlJ'lfl 

vnh llCl~Cll1911lJih~'lJ ~lQl~tII~~tI 27.13-27.77 iJ 'lf11~1~~lTcY1'U1"!1t1l~~1'U1t1f)ClNfI'UmQunlJliU 24-26 

iJ 'V'I'lJfI11lJ'I1f)'U~'I Anti-HCY 1'Ul1':i'l'l1'U'lf11mh 1.7%, tllJlJ'lfl 2.3% IlCl~Cll1 0.8% 1'U~1'U1'U9i1~dl~~111'rlCl 

'lJ1f)'UtN Anti-HCY 9l':i1'il'V'l'lJ'V'I'lJffl':i'W'U~m':ilJ'U~~11i'ff1'U'lf11'V'1lh~1'U1'U 15 fI'U tilJ~'lfl 25 fI'U llCl~Cll1 I fI'U 

~~911':il~~ 13 ''U9i1~dl'l~ 111'f-jCl'lJ1mf~l1lJ~~mh1u1Lml~l-h'l1ffffl':i'W'U~m':i lJ llCl~~~~lll'U f)1i l'U 1 'YI1J 

i1t1~911lJi11~'lJfI11lJ'lif)~'V'I'lJ 1~~'Iif1il'U1'Yltlla, Ib, 3a, 3b llCl~ 6 (6e, 6f, 6m, 6p llCl~ 6m) ~~91l':il~~ 14 
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Cambodia Laos Myanmar 

(n=1431) (n = 882) (n= 1594) 

No. Anti-HCY positive 33 (2.3%) 7 (0.8%) 27 (1.69%) 

No. HCY-RNA positive 25 (75.8%) 1(14.3%) 15 (55.6%) 

Sex: Male 959 397 631 

Female 469 475 865 

ND 3 10 98 

Mean age (SD) 27.77 (8.14) 25.35 (6.02) 27.13 (6.19) 

.,; 
Yll'H3'Y114 "'Jfff9ill~flffll 91 ~lui'Yl'il \l1fl11HnU~1.:J~11'l1lTVilh nlJ'Vl'll111,,:;m11u'lh:;1'Y1fli'Yw... 

Genotype 1 Genotype 3 Genotype 6 

la Ib 3a 3b 6e 6f 6m 6p 6r 6u 

Cambodia 6 4 5 2 5 

Laos 

Myanmar 4 5 2 2 

6 
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I v ... 1 ~" , i ..:::.. ~ ,
'lf11~1'l~11'il1flu'j:::l'VIf11'Yftl1.!'IJl1.!'WlJ1 nlJl:1'lf1 ll":::Cll1 'tll'illb 1'jfl~~I'lf'tll1Cllti 1'lf1.! tuberculosis, 

syphilih, malaria, polio ll"::: filariasis ~'lJ1.! f)1'j 1~lJ'l'IJ U'j:::lJ1ru ffll11''IJf)1'j fI1'IJfllJll,,:::il'tl'ln1.!'V11'lffl1i1'jru q''lI 

i1.! U'j::: 1'VI f1i 'VI tI~'l ijfl11lJ ~111l1.! 'tl V1 'I~'l 

'll1.!1:OtI'tJ'tl'lU'j:::l'VIf1i 'VIti i1.!11 'W.f1. 2547 II ff~'l i11'n11.!fI11lJfflJ'Wml'j :::'\1'11'l'tllQll":::V~'j 1f)1'j lytlJ~1.! 
'lI'tl'lfl11lJ'ljfl'tJ'tl'l Anti-HAY i~tlfi11lJ'ljflU'j~lJ1ru 17.3% i1.!fI~lJU'j:::'lf1f)'j'tllQ~lfl ';h 20 11 ll":::lytlJ~1.!lll1.! 
75% i1.!fI~lJU'j~'lf1f)'j'tllQlJlflfl11 40 11 (Chatproedprai et aL, 2007) ~H'Ii'llJn'IJfI11lJ'ljfl'lf11~1'l~11 

In'tl'IJ 100% lfltl~~14'tli11'ff~'lJUf1lff'IJ W lJ1llr11 ~'llll1.!fI~mI1Q 16-20 11 lli'tl'l'il1f1f)1'jffml1i11'ff'lfl1~l1i1.! 
fI~lJU'j:::l'VIf1~'lflri11ij~ln~ ~'lJm 1 tI'll1.!l1~'ltn'il'il::: ff:::'Y1''tl1.! ~'lf)1'j'j:::'lJ1~ i1.!u'j :::!'V1f1'Wlh nlJl:1'lf1 ll"::: Cll1 M 

f)1'j 1~1.!'V11'liuV'lU 'j:::!'V1f1~'lflri11 ~111l1.!~'tl'l i~f'IJ1f1~1.!il'tl'ln1.! ri1'll1U1'tlV1'lU'tltlff'tl'l'tl1Yi~6n'tl1.! f)1'j 

1~1.!'VI1'l 1'W'j1:::f)1'ji~1''IJ1f1C]$1.!ff11J1'jtlfl1'IJfJlJf)1'j'j:::'IJl~i~'tlV1'lijU'j:::iY'VIiim'W (Poovorawan et aL, 1994) 

f)1'j i11'lf1~1.! i1.!I~f)ln~ il1 ,j'tJ'tl'lfl~lJll 'j 'l'l11.!~1'l~11~'l flril1ijfl11lJ~111:l1.!~1t1l'lf1.! n'U 

f)1'j fff1lnl111l1.! f)1'j ffmnm fI i1.! f)1'j 11m 1~11'Yl1'l'tl~ Yl1.!1if11ff~{'tJ'tl'l i 11' ff~'lJUf)lff'IJ 1i 'tJ'tl 'I U'j :::1'VIf1 

'W,j1 nlJl:1'lf1 1l":::Cll1 'W'IJ genotype 1m::: sub-genotype C I/adr 1J1f1f111 85% ff'tl~f1r1'tl'lnm1t1'l11.!f)1'jffml1i1.! 

llH'llW1111'W,j1 (Nakai et aL, 2001) ri11.! C Ill"::: B4 'W'lJ1J1f1iW1H'l11.!'lf11t1lJl:1'lf1 (Huy et aI., 2008) 

~i1.! i 'VnJ~'W'lJlJfI'W'IJ i~i1.! U'j:::l'VIf1lltl'IJW1;tI~d1.!'tl'tlf)l~tI'l i~ fI11lJ'ljfl'tJ'tl'l HBsAg i1.!llH'l11.!~1'l~11 

ij~1~'lfl11 fI11lJ'I1f1~'W'lJi1.!u'j:::!'V1f1i'VIti (4%) (Luksamijarulkul et al., 2002) f)1'jln~ amino acid substitution 

i1.!'IJ~mu "a" determinant Vll i11'ln~f)1'jlU~U1.!llU,,'l im'l~H'lI'tl'l i U'j~Wl":::'tll'ilf)'j:::'VI'IJ~'tlf)1'jf)'j:::~1.! 

fJiJ~lJf)1.!'tJ'tl'l1f1~1.! i~U~1iu vaccine escape mutant lJf)ln~'il1f1f)1'jfl"ltlYl1.!i'tJ'tl'lf)'j~'tl~m1.!~~11ll1l1'l 

Gly145 iUd~1.! Argl45 119if)1'jfl"lUYl1.!i~'W'lJlJ1f1i1.!m 'l'l11.!~1'l~11 ln~~~llll1l1'l 126 1l"~'W'lJf)1'j flClltlYl1.!i 

'tJ'tl'lf)'j~'tl:::m1.!iJ'l (15-20%) fl11~lfltlijf)1'j'j1t1'l11.! (6-12%) (Echevarria and Avellon et aL, 2006) f)1'j 

flCllUYl1.!ill'IJ'IJ vaccine escape mutant ln~'il1fl selective pressure ~ln~'il1f1f)1'j i~f'IJ1f1C]$1.! ll~i1.!f)1'j flClltlYl1.!i 

~'W'lJi1.!m 'l'l11.!9i1'l~11 tn'il i,jl~tl1,j'tl'ln'IJ f)1'j '~f'IJ1f1~1.! lli'tl'l'il1f1i1.! fI~lJU'j ~!'V1f1~'lflri11 ijum 1f)1'j ~~ 

1f1~1.!~11.!'1fff~'lJUf)lff'IJ 1i~1 ~'lJ1.! fin flClltlYl1.!i~'W'IJ i1.!'ll1.!1:Otll1 tn'il'il:::ln~ i~tlTi'j'jlJ'lf1~ ~'lI~tl1,j'tl'ln'IJ
" .. . 

UBfflJYl1.!1i'i:::l111'I i1fffn'IJ ~~~lt]$'tl HBY pre-s mutations/deletion lJfI'W'IJ i~tJ'tltli1.!~il1t1l~'tl1''l ~'lijll1.!1 i UlJ 

" Q.I... ~"i .... 1 cl d Q.I

lfl~f)1'jflmtl'W1.!1iff:::fflJ 1.!~u1U'j:::tI:::~'lJll'tJ'l (cirrhosis) ll":::lJ:::l'j'l91'IJ (Hepatocellular carcinoma) lm:::'W'lJf)1'j 

flClltlYl1.!i'lfl1~l1i'Um 'I 'I 1W1111'W,j1 nlJl:1'lf1 lm:::Cll1 1J1f1f111'W'IJi 1.!un!'V1f1i'Ylu 

fI11lJ'ljfl'tJ'tl'l Anti-HCY iWl'j 'l'l11.!~1'l~11'lf11'W,j1 nlJl:1'lf1 lm:::"l1 iflr11fitl'ln'IJfI11lJ'I1f1~ij'j1t1'l11.! 

i1.!U'j:::l'VIf1i'VIti (Sunanchaikam et aI., 2007) m'l'l11.!ri11.!imYij'tllQunlJ1ru 26-27 11 i~tI~1i~fI11lJ'I1f1 

. 'lI'tl'l Anti-HCY lJflijll1.!1 iUlJlytlJ~1.!~llJtnQ ij'j1U'l11.!'il1f1U'j:::l'VIf1nlll:1'lf1'W'lJfI11lJ'I1f1'tJ'tl'l Anti-HCY (6.5%) 
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(Thuring et al., 1993) fI111l'HnmHnU'IJ~'1~hf'CY~'lJ6nn,.'lJ ~ Yl'lJ1I1niU~1~d1'lm'l'llUI'l1'l~l'J1J1m.h::I'Vlfl' 

nlll~'lI1 'Ul'l~ i U i'Vl'il 'CY11l1'H1Yl'lJ i~imh ::l'Vlfl'i'Vl tI UI'l'Ul'l\1 i U i 'Vl'ilYl'lJmYl1:: lh ::l'Vlfl'nll~'lf1 U'CY'fl'l il11'11Ui1 

\1 i U i 'Vli1~'1 n~11~ 11J iju11 ci'l f1l!U'fl1J 1 m.l 'j:: 1'Vl fl'nllYl'lf1 1~~ '11J1niju 'j '1'11U I'l 1'1~111J1mh::1'Vlfl'Ylll11~U 'Vll'l1.,j'11l1 
J,I.'" . )I 

111'llUiUlh::I'Vlfl'l'Vltl~lU1U1I1 n ~'1,:rUfI111l'l1nYiYl'lJ i Un~lI11 'j '1'11U1J1mh ::I'YlfI'um1J'CY::Yl'f)Ui,r111UllU1 i Ull 

iUlh::I'Vlfl'Ylll1 ~iul'Vlil 3a Yl'lJ1I1nimh::I'YlfI'i'Vltl llH'I1U'lf11Ylll1 u,,::nllYl'lf1 ijf)1'jfff)'hl1Yl'lJfI111l5UWU1l 
" 

• ~ .)1 

~iul'Vlil 6 YiYl'lJiU'I1U1\ltlU 'Ul'l~1~d1'l111'CY11l1HI~1!lUn subtype 1~ 1'i'1~'1mnl1f'CY'lfu'flUijfl111l 

11 mnl1 mtl'CY'I ll,,::m1Jm i U 1 'Vlilil111~v'll11fi'uYl'lJiu ncilllh::'lf1 m'IJ~'11h ::l'Vl fl'Ylll 1 nllYl'lf1ll,,::m1
'" . '" 
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" tho ~1'Yl1'1~-:JflcirJ)jmllJ'l1fl1l.rowl'n~ -:J llrl~m'l1 ~f'l.Yrfl~U ff~l-:JiJij~lJ tiu ntJu fll'l I~U'Yll-:J1 U U-:JU 'l~I'Yll'1l'11cilil 
" -:Jlui~villlff~-:JmllJ'l1fl'IJtJ-:J HBsAg 1u6\1l'l1~-:J ~lu1'Ylil C lIadr 'VltJlJ1fl1u fl~lJllH-:Jlu~l-:J~rHl1fl 

.
'Vl~l tilJ~')j'l llrl~rl11 'l1lJl1-:J amino acid substitution 1utJ~mu "a" determinant llrl~ HBY pre-s 

mutations/deletion lJfl'VltJ 1 ~tltJv1u~{hmftJf-:J'JlflU'l~I'YlI'1~-:J flci11.. 
m1lJ'l1fl'IJtJ-:J Anti-HCY 1UllH-:J1U~1-:J~11')j'11'Vl1Jl tilJ~')j'l lLrl~rl11 1ml1i'iv-:JtitJmllJ'I1fl1uu'l~I'Yl1'1 

1'YlV ~lu1'Ylil~'VltJlJlfl1~lln ~lu1'Ylil 3b llrl~ 3a 9t-:JtJ1"ffm~'mrtitJfll'l~~I~tJ~1Vfll'llff'VlVllff'Vl~~ 
" ~1m~lJ~~V1 'l1lJl1-:J)jmllJl1rl1fll1 rl1V'lJtJ-:J~1U 1 'Ylil 6 ff -:J 1uflcilJU'l~I'Yll'1ltJl:]}V\Ild'utJtJfll~V-:JM.. . 
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SHORT COMMUNICATION 


High seroprevalence of hepatitis A virus among migrant 
workers from Myanmar, Cambodia and Laos who are 
living in Thailand 

In Thailand, the socio-economic develop
ment that has occurred over the last few 
decades has brought general improvements 
in living standards, sanitation and hygiene. 
In consequence, there has been a gradual 
decline in the general seroprevalence of 
infection with hepatitis A virus (HAV), from 
a hyper-endemic situation to the current 
meso-endemicity (Poovorawan et ai., 1997; 
Chatchatee et ai., 2002; Chatproedprai et ai., 
2007). There is, however, some concern 
that areas with large populations of migrants 
from the neighbouring countries of 
Myanmar, Cambodia and Laos may still 
be hyper-endemic for HAV, although little 
is known about the HAV situation among 
these migrants or in their countries of origin. 
In 2004, the Thai Department of 
Employment estimated that there were 
> 1,200,000 people from Myanmar, 
Cambodia and Laos working in Thailand 
(lib. doe .go. thJdoeinforlpagedataleb ookdocl 
020400006369_l.pdf), and this estimate 
took no account of unregistered and illegal 
migrants. The annual influx of migrants is 
predicted to increase over the next few 
decades, and it is clear that the health 
problems of these workers could well have 
an impact on the non-migrant population. 

In a cross-sectional study in 2008, the 
sero-epidemiology of HAV among migrants 
from Myanmar, Cambodia and Laos work
ing in Thailand was explored. It was hoped 
that the data collected would help define the 
sero-epidemiology of HAV within the 
migrants' countries of origin and thus be 
useful in planning preventive strategies III 

those areas. 

© The Liverpool School of Tropical Medicine 2009 
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All legal immigrant workers are registered 
with the Thai government and are required 
to have annual health check-ups. The 
subjects of the present study were legal 
workers from Myanmar, Cambodia and 
Laos who were aged between 16 and 60 
years and had health insurance at the 
Bangkok 9 International Hospital, Bangkok. 
All had immigrated to Thailand within the 
previous 5 years and worked either in 
Bangkok or in provinces near Bangkok, 
such as Samutsakhon and Samutsongkhram. 
Potential subjects who had chronic illness, 
were receiving immunosuppressive therapy, 
and/or had the clinical signs or symptoms 
associated with HIV/AlDS or any other 
immunodeficiency-related disease were 
excluded. The protocol was approved by 
the ethics committee of Chulalongkorn 
University's Faculty of Medicine and by 
the director of the Bangkok 9 International 
Hospital. 

The recruitment of subjects was sequential 
- as migrant workers presented at the 
Bangkok 9 International Hospital for their 
yearly check-ups, a blood sample was col
lected from each of them (a routine part of 
such check-ups). The blood (of each eligible 
subject) that was left after the routine 
haematology was used in the present study, 
with each subject given a code number to 
preserve his or her anonymity. Serum was 
separated off and stored at -20°C until it 
could be tested for anti-HA V IgG, in a 
commercial EUSA (Murex Biotech, 
Dartford, U.K.), at the Center of Excellence 
in Clinical Virology in Chulalongkorn 
University's Faculty of Medicine. 
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Overall, 1183 subjects (394, 394 and 395 
from Myanmar, Cambodia and Laos, 
respectively) were investigated. The 594 
males and 589 females investigated had a 
mean (S.D.) age of 28.1 (9.0) years. The 
recorded seroprevalences of anti-HAV (see 
Table) varied from 85.6% among the work
ers from Laos to almost 100% in those from 
Cambodia and Myanmar. 

Immigrants from Thailand's neighbour
ing countries bring tuberculosis, syphilis, 
malaria, polio and filariasis into the country, 
and have contributed to the revival of 
infectious diseases that had been eradicated 
from Thailand, such as leprosy. In 2004, the 
seroprevalence of anti-HAV in the non
migrant Thai population was found to 
increase from 17.3% among subjects aged 
16-20 years to approximately 75% among 

~.' 	 those aged >40 years (Chatproedprai et al., 
2007; see Table). The subjects of the 
present study showed no age-specific trends 

I. in HAV seroprevalence but even the young
est subjects were very likely to have anti
HAV antibodies (Table), 

Although this study was confined to legal 
migrant workers, illegal immigrants only 
represent a small percentage of all immi

_ grant workers in Thailand. It therefore 
, seems likely that the present results give 
.,. fairly accurate estimates of the seropreva

.-:: lences of HAV among the adult immigrants 

..:;' from Myanmar, Cambodia and Laos who 
.1 are working in Thailand (although it 
_ remains unclear if they also reflect the 
_ seroprevalences of HAV in the peoples 

TABLE. The seroprevaknces of IgG againsl hepalilis A 
Cambodia and Laos, in Thailand in 2008 

who live in the countries that surround 
Thailand). Almost all of the present subjects 
had already been infected with HAV (pre
sumably in their countries of origin) by the 
time they had reached the age of 16-20 
years. Although information on anti-HAV 
seroprevalence in Myanmar, Cambodia and 
Laos is limited, those intending to travel to 
these countries, from areas where these is a 
low risk of HAV infection, should receive 
HAV immunization. Hepatitis A epidemics 
can occur as a consequence of non-immune 
travellers returning from HAV-endemic 
countries Gong, 2005). Although the cur
rent recommendation is to immunize tra
vellers against HAV at least 2 weeks 
before their trip, hepatitis A vaccine has 
proven effective in controlling outbreaks 
(Poovorawan et al., 1994) and might be 
administered at any time before departure 
because, even if given immediately before 
the journey, it will still provide travellers 
with protection (Connor, 2005). 

In Thailand, as in many other countries, 
access to immunization schedules - outside 
of the government-sponsored programmes 
of childhood vaccination - may be parti
cularly challenging for migrant populations 
because of language, cultural and financial 
barriers. Programmes of hepatitis A immu
nization targeted at the migrant workers' 
children who are born in Thailand might be 
considered. 

In conclusion, anti-HAV prevalence 
among the adult migrants from Myanmar, 
Cambodia and Laos who work in Thailand 

vims recorded among immigram workers, from Myanmar, 

Age 
No. of subjects investigated and (% found seropositive) 

(years) Migrants from Myanmar Migrants from Cambodia Migrants from Laos Non-migrant Thais" 

16-20 127 (100) 134 (100) 120 (76.7) 369 (17 .3) 
21-30 135 (99.3) 83 (100) 173 (86.1) 380 (35.8) 
31-40 97 (100) 82 (98.8) 86 (94.2) 446 (59.4) 
41-60 35 (100) 95 (100) 16 (100) 659 (72.5) 
16-60 394 (99.7) 394 (99.7) 395 (85.6) 1854 (50.9) 

"Data collected in 2004 by Chatproedprai el al. (2007). 
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is very high, possibly reflecting high pre
valences of hepatitis A in the migrants' 
cOW1tries of origin. Hepatitis A immuniza
tion prior to travelling to Myanmar, 
Cambodia and Laos should be considered. 
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1 Abstract 

2 Objective: There are a large number of immigrant workers from Cambodia and 

3 Myanmar to Thailand. Our study was aimed at determining seroprevalence and 

4 genotypes of HCY in this group. Methods: Immigrants aged between 15 and 60 

5 years (1431 Cambodians and 1594 Myanmarese) were recruited into this study. 

6 Each sample was screened for anti-HCY by ELISA. RNA was extracted from 

7 seropositive samples and RT-PCR was performed in order to amplify the HCY 

8 core region. Each sample was subsequently sequenced and the genotype was 

9 determined by phylogenetic analysis. Results: The prevalence of HCY infection 

10 in immigrant workers from Cambodia and Myanmar was 33 (2.3%) and 27 

11 (1.69%) samples, respectively. Of the anti-Hey positive individuals~ 25 

12 (75.8%) from Cambodia and 15 (55.6%) from Myanmar harbored viral RNA. 

13 Phylogenetic analysis showed that the predominant HCY genotypes in this 

14 group were la, 1b, 3a, 3b and 6 (6e, 6f, 6m, 6p and 6r). Most HCY isolates can 

15 be found in Thailand, though some subtypes of HCY -6 are uncommon. 

16 Conclusions: This study shows the HCY seroprevalence and genotypes among 

17 immigrant Cambodians and Myanmarese which may reflect the prevalence in 

18 each country and closely relate to those prevalence in the guest country. 

19 

20 

21 



1 Introduction 

2 

3 A very high degree of genetic diversity of hepatitis C virus has lead to 

4 persistent infections. This agent currently infects approximately 170 million 

5 people around the world [1]. Chronic HCV carriers are at a significantly 

6 increased risk of liver cirrhosis and progression to hepatocellular carcinoma [2]. 

7 A high prevalence of hepatitis C virus has been found in Southeast Asia. 

8 HCV epidemiology is well documented in Vietnam and Thailand. The 

9 prevalence of HCV infection was 1 % to 2% in Vietnam [3-5]. Seroprevalence 

10 ofHCV in Thailand is approximately 2.2% in the whole population [6]. 

11 However, HCV prevalence in Cambodia and Myanmar has not been well 

12 studied. Cambodia has a high level ofHCV infection. In 1991, a community 

13 based study reported that 6.5% of the population had developed antibodies to 

14 HCV [7]. Another report indicated that 10.4% ofjaundice patients had 

15 antibodies to HCV [8]. In Myanmar, the first study conducted showed a high 

16 prevalence of HCV in thalassemia and liver disease patients [9]. Prevalence 

17 varies from approximately 2% to 11.6%, though most studies were perfonned 

18 based on a small sample size [10-12]. This variation may result from differences 

19 in geographical sampling area and target population. 

20 Hepatitis C virus (HCV) is a single stranded RNA virus of positive 

21 polarity and the only member of the genus Hepacivirus in the Flaviviridae 

22 family. This virus shows an extremely high degree of genetic variation and has 



1 been classified into six genotypes, 1 to 6, which comprise various subtypes, 

2 assigned letters in alphabetical order [13]. A newly discovered seventh 

3 genotype has been documented [14]. Novel subtypes ofHCV genotype 6 have 

4 been continuously identified in Southeast Asia [10, 12, 15, 16]. Thus, as yet 

5 unknown genotypes and subtypes remain to be elucidated in this part of the 

6 world. 

7 Immigrant workers, especially from Myanmar and Cambodia have 

8 concentrated in Thailand. These groups may harbor some infectious diseases. 

9 New agents may be introduced into the indigenous population and impact 

10 public health. Therefore, it is essential to investigate and monitor some 

11 infectious agents, especially viral hepatitis C. This project has determined 

12 seroprevalence and genotypes ofHCV among these groups and demonstrated 

13 that HeV prevalence of the migrant workers was closely relate to the native 

14 population. 
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1 Materials and Methods 

2 

3 All study protocols were approved by the Ethics Committee of the 

4 hospital and faculty of Medicine, Chulalongkorn University. The anti-HCV 

5 positive blood samples were chosen from the specimens obtained during the 

6 routine annual check up compulsory for immigrant workers. All the studied 

7 specimens were anonymous with a coding number for analysis and permission 

8 was granted by the director of the hospital. In addition, all specimens were used 

9 exclusively for academic research and the patients were not remunerated. 

10 

11 Sample Collection 

12 Serum samples were collected from immigrant workers in Thailand. 

13 Immigrants from Cambodia and Myanmar aged between 15 and 60 years who 

14 attended Bangkok 9 international hospital for their annual health check up were 

15 recruited. Sera collected from Cambodia and Myanmar workers amounted to 

16 1431 and 1594 samples, respectively. Serum samples were collected from 

17 August 2007 to January 2009. Individuals of general good health were included. 

18 Immigrants resident in Thailand for more than five years were excluded as 

19 prolonged residence in the guest country might increase the potential for de 

20 novo HCV infection and thus, HeV prevalence detected would not be indicative 

21 for the country of origin. Also, individuals receiving immunosuppressive drugs, 

22 infected with HIV or displaying signs of immunodeficiency were excluded. 



1 This protocol was approved by the Ethics Committee, Ministry of Public Health 

2 and Faculty of Medicine, Chulalongkom University, Bangkok. The specimens 

3 were labeled as anonymous with a coding number. Sera were collected and kept 

4 at -70°C until further tested. 

5 

6 Serological tests and RT-PCR Amplification 

7 All samples were subjected to enzyme-linked immunosorbent assay for 

8 anti-HCV detection using a commercially available kit (Murex anti-HCV vA.O, 

9 Abbott Laboratory, North Chicago, IL). RNA was extracted from anti-HCV 

10 positive serum samples applying the guanidine thiocyanate method [17J. 

11 Reverse transcription was perfonned using random primers and M-NILV 

12 reverse transcriptase (Promega, Medison, WI). Viral RNA was detected by 

13 cDNA amplification of the 5' noncoding region as previously described [6J. 

14 Amplification of the non-coding region was performed with 2.5 ~d cDNA and 

15 the outer primer pair; OC 1 (GCCGACACTCCACCATGAAT, position: 18-37) 

16 and OC2 (CATGGTGCACGGTCTACGAG, position: 325-344). The PCR 

17 reaction mixture contained 5 pmol of each primer. 200 11M dNTP, 1.5 mM 

18 Mg2+, 1.25 units of Taq DNA polymerase adjusted to a final volume of25 III 

19 with distilled water. The amplification conditions consisted of a pre-incubation 

20 step at 95°C for 3 min followed by 35 cycles of denaturation at 94°C for 1 min, 

21 annealing at 49°C for 1 min and extension at 72°C for 1.30 min, and concluded 

22 by a final extension step at 72°C for 7 min. For nested PCR, 1.0 III ofPCR 



1 product was amplified under the same conditions using primers IC3 

2 (GGAACTACTGTCTTCACGCAG, position: 51-7]) and IC4 

3 (TCGCAAGCACCCTATCAGGCA, position: 290-310). Nucleotide positions 

4 in this study refer to GenBank accession number M62321. The DNA fragment 

5 of the core region was amplified by nested PCR using specific primers (954 and 

6 410 for the first round of amplification, and 953 and 951 for nested PCR) as 

7 described elsewhere [6, 18]. Some samples which showed ambiguous genotypes 

8 were subjected to further amplification of the NS5B region using specific 

9 primer pairs [19]. 

10 

11 Sequencing and phylogenetic analysis 

12 After gel electrophoresis, the PCR product of the core region was purified 

13 (HiYield GellPCR DNA Fragments Extraction Kit, RBC Bioscience, Taiwan) 

14 and subjected to sequencing. The sequences were edited manually using 

15 Chromas LITE (v.2.01), BioEdit (v.S.0.9) (Ibis Therapeutics, Carlsbad, CA) and 

16 SeqMan (DNAST AR, Medison, WI). AU sequence results and reference strains 

17 of the core coding region were aligned using CLUSTALW version 1.83. 

18 Neighbor-joining trees were generated using the Gojobori-Ishi-Nei-six 

19 parameter method. Confidence values were calculated based on bootstrap 

20 resampling tests multiplied by 1000 (http://clustalw.ddbj.nig.ac.jp). The 

http:http://clustalw.ddbj.nig.ac.jp


1 reference sequences were retrieved from GenBank, DDBJ and EMBL DNA 

2 database. 

3 

4 Nucleotide sequence accession numbers 

5 The nucleotide sequences of HCY from Cambodia and Myanmar have 

6 been submitted to the Genbank database under accession numbers GU 186925

7 GU186964 
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1 Results 

2 

3 Seroprevalence ofHCV among immigrant workers 

4 In total, 1431 and 1594 serum samples were collected from Cambodia 

5 and Myanmar immigrant workers in Thailand, respectively. Male gender 

6 predominated among immigrants from Cambodia, in contrast to those from 

7 Myanmar (table I). All subjects were between 15 and 57 years old, with a mean 

8 age of27.13 - 27.77 years (table I).The majority of the subjects in the present 

9 study were 24 to 26 years old. Samples retrieved from Cambodian workers 

10 showed 33 (2.3%) positive for HCV antibody by ELISA, as well as 25(75.8%) 

11 samples positive for viral RNA upon RT-PCR of the 5'UTR. Participants aged 

12 between 21-35 years showed a high rate of HCV infection (table 2). Samples 

13 obtained from Myanmar workers, the most numerous immigrants to Thailand, 

14 showed 27 (1.69%) positive for HCV antibody. The 2I-35-year age group 

15 showed high infection rate, whereas, none of the 36-40-year age group 

16 displayed anti-HeV positive (table 2). Fifteen samples proved positive for viral 

17 RNA. All RNA positive samples were subjected to further analysis of the core 

18 region and subsequently to direct sequencing. 

19 

20 Phylogenetic analysis ofHCV genotypes 

21 HCV genotype of all sequences was determined by phylogenetic analysis 

22 based on the core region. HCV -6 was predominant in Cambodian workers 



1 (56%), followed by 1 b (24%), 3a (16%) and 3b (4%). This group showed at 

2 least 4 clusters ofHCV-6, 6e, 6f, 6p and 6r (table 2). One sequence, CBD3571, 

3 did not cluster with any of the reference sequences but was grouped close to the 

4 cJade of 6e and 6u (fig. 1). Subtype 6e from Vietnam and China was grouped 

5 with the Cambodian cluster (fig. 1 ). It seemed that subtype 6e was transmitted 

6 trom Cambodia. Based on the cohort study and previous report, subtypes 6p and 

7 6r were found mainly in Cambodia (fig. 1) [14]. 

8 To analyze the ambiguous isolates, the highly divergent strains, 

9 CBD3571 was further subjected to amplification and sequencing of the NS5B 

10 region using specific primer sets [19]. Phylogenetic analysis of the neighbor

11 joining tree generated by the 6-parameter model showed that the CBD3751 

12 strain clustered most closely with subtype 6u (61 % of 1000 bootstrap 

13 resampling tests, data not shown). The respective strain occupied a distinct 

14 branch of both core and NS5B phylogenetic trees. 

15 Phylogenetic analysis showed that samples from Myanmar were mainly 

16 genotype 3b (33.2%), the most prevalent genotype in this study. The remaining 

17 strains were 3a (26.7%),6 (26.7%), 1a (6.7%) and 1 b (6.7%) (table 2). Subtypes 

18 6f and 6m were identified in this group. Subtype 6f was grouped with 

19 Cambodian and Thai strains (fig. 1). Subtype 6m is generally detected in 

20 Myanmar and Thailand. There was no specific cluster of subtype 1 b. 3a, 3b and 

21 6m isolates in this study. Subtype 6f from Cambodia ,md My,mmar has likely 

22 migrated from Thailand (fig. 1) 



1 Discussion 

2 

3 Information on hepatitis C virus infection in some South East Asian 

4 countries is quite limited, especially Cambodia and Myanmar. This study was 

5 carried out to determine the epidemiology of hepatitis C virus among foreign 

6 immigrant workers from Cambodia and Myanmar. Anti-HCV seroprevalence of 

7 Cambodian workers was 2.3% which was quite similar to the 2.2% determined 

8 for Thailand [6]. Myanmar immigrants showed low prevalence of anti-HCV at 

9 1.69%. The subjects from the two countries recruited into the study were mainly 

10 young people with a mean age of 26-27 years, which may account for the low 

11 prevalence of anti-HCV in this survey, while older age groups tend to show a 

12 higher prevalence of HCV infection [6]. 

13 A high level ofHCV infection (6.5%) has been detected mainly in adult 

14 males from Cambodia. Intravenous injection of various drugs, a popular habit in 

15 the Takeo province, may constitute the major source of infection [7]. Another 

16 report from rural Cambodia has shown that even in young age groups, HCV 

17 prevalence was very high (10.4%) [8]. In 2002, a community-based survey 

18 suggested that intravenous drug abuse was common and administered at excess 

19 rate among the general population. They knew about HIV transmission 

20 associated with dirty needles but only half of the population were concerned 

21 that hepatitis virus could be transmitted by the same route [20]. In contrast to 

22 previous studies, the present study demonstrated a lower level of HCV infection 



1 (2.3%) mainly representative for healthy male Cambodians. Place of residence 

2 in their home country could not be identified. In the meantime, the Cambodian 

3 government has made an effort to discourage intravenous drug injection and 

4 improve public health [20]. Hence, the decrease in HCV infection rate observed 

5 with the samples tested could imply that the health care infrastructure of 

6 Cambodia has improved. 

7 Viral RNA was detected in 75.8% and 55.6% of the anti-HCV sero

8 positive samples from Cambodia and Myanmar, respectively. In agreement with 

9 various reports, the percentage of anti-HCV positive samples was ranging from 

10 50-90% [17, 21]. Some individuals who have naturally cleared the virus may 

11 remain sero-positive without exhibiting viremia. However, owing to low viral 

12 load, HCV RNA could not be detected in some infected individuals. This study 

13 has provided information on various HCV genotypes detected in immigrants 

14 from Cambodia and Myanmar. The primer sets in this study can be used to 

15 detect various genotypes of the virus, especially the divergent HCV genotype 6 

16 [18, 19,22]. HCV genotypes and subtypes can potentially be determined based 

17 on the nucleotide sequence of the core region [23]. 

18 Various HCV genotypes were detected among Cambodian immigrants in 

19 this survey. Some genotypes are common in Thailand (1 b, 3a, 3b, 6e and 6f), 

20 while some subtypes of HCV-6 are not found in the native population (6p, 6r 

21 and 6u, fig. 1) [19]. Subtype 6e was likely to transmit from Cambodia to other 



1 countries such as China and Vietnam (fig. 1 ). Subtype 6r seemed to originate 

2 from Cambodia in correlation with a previous study (fig. 2) [14]. 

3 There is a large influx of immigrants from Myanmar and Cambodia to 

4 Thailand. In 2007. the annual report from the Office of foreign worker 

5 administration Thailand showed that 498091 and 26096 people had immigrated 

6 from Myanmar and Cambodia, respectively 

7 (http://115.31.137.7/workpermitimainiStat/syear.asp, reported in Thai). As a 

8 large sample size was available, healthy workers were included in this study and 

9 they may have migrated from different parts of the country. Based on the results 

10 of this study, the trend of HCY infection could be extrapolated to the general 

11 population. Even though the HCY infection rate was lower than expected [10, 

12 11], the predominance of genotype 3 (3a; 26.7% and 3b; 33.5%) of Myanmar 

13 immigrant workers in this survey was similar to previous studies [11, 12]. HCV

14 3 is also the predominant genotype in Thailand followed by genotype I band 

15 genotype 6 (fig. 2) [6]. However, we have no data based on the previous study 

16 ofHCV genotypes in Cambodia for comparison. Subtype 3a from Cambodia 

17 and Myanmar had mingled with subtypes from other countries (fig. 1 ). Genotype 

18 3a is globally prevalent in injection drug users [24, 25], as well as common in 

19 some Asian countries [6, 12, 18, 26]. Therefore, unsafe needle sharing or drug 

20 abuse may introduce this genotype to the general population. Furthermore, these 

21 two countries are connected by trade, travel and migration from which may all 

22 contribute to similar patterns of virus transmission and genotype distribution. 

http://115.31.137.7/workpermitimainiStat/syear.asp


1 HCV-6 is known as the genotype exclusive to South East Asia and as the 

2 most diverse genotype [19, 22, 27]. HCV-6 was predominant and subtype 6a 

3 was most prevalent in North Vietnam [28]. A previous report based on 

4 GenBank, EMBL and BBDJ database study suggested that subtype 6f was most 

5 prevalent and seemed to originate in Thailand [19]. The present study showed 

6 that this subtype is also circulating in Myanmar and Cambodia which may be 

7 due to the close cOlmection and dynamic movement of migrating people among 

8 these countries. However, some subtypes are restricted to a specific 

9 geographical area. Thus, subtype 6r is specific for Cambodia, sUbtype 6p is 

10 found in Cambodia and Vietnam. Subtype 6m appeared to have migrated from 

11 Myanmar and mingled with the sUbtype prevalent in Thailand (fig. 1). It could 

12 be speculated that novel unassigned genotypes or subtypes may have 

13 accumulated in this area. 

14 As immigrants can easily find employment in Thailand, their numbers are 

15 steadily increasing. Their respective original residence in their home countries 

16 could not be ascertained in this study. Despite the low incidence of HCV 

17 infection in these foreign workers, infectious diseases such as HIV, HAV and 

18 HBV may affect these groups. Hence, additional studies ought to be performed. 

19 The prevalence of HCV infection in Cambodia and Myanmar immigrant 

20 workers detennined in this study is similar to Thailand. Participants were 

21 mainly of a young age group which may provide an explanation for lower 

22 infection levels than previously reported. Various and as yet unclassified 



1 subtypes of HCV-6 may have accumulated in Southeast Asia. Further research 

2 should be focusing on HCV genotype distribution, novel subtypes ofHCV-6, 

3 the evolution of the virus and incidence of HCV -related HCC in Southeast 

4 Asian countries. 
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1 Legend 

2 Fig. 1. Phylogenetic tree constructed on partial core coding sequences. 

3 Sequences determined in this study are label as bold letters and black circle. 

4 Hepatitis C virus genotypes are indicated on the branch of the individual cluster. 

5 Reference sequences were 'obtained from GenBank database. Bootstrap values 

6 which more than 80 percent were indicated at each node. 

7 Fig.2. Comparison of hepatitis C virus genotypes in this study with those 

8 reported from previous studies in Thailand [6] and Myanmar [12] 

9 Table 1. Prevalence of hepatitis C virus infection with age and sex among 

10 immigrant workers in Thailand (ND: no data). 

11 Table 2. Distribution of anti-HCV positive samples and genotypes among 

12 different age groups of Cambodian and Myanmar immigrant workers. 
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1 Fig.2. Comparison of hepatitis C virus genotypes in this study with those reported from previous 
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1 Table 1. Prevalence of hepatitis C virus infection with age and sex among immigrant workers in 

2 Thailand (ND: no data). 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Sex: Male 

Female 

ND 

Mean age (SD) 

Anti-HCV positive 

RT-PCR positive 

Cambodia 

(n=1431) 

959 (67.02%) 

469 (32.77%) 

3 (0.21%) 

27.77 (8.14) 

33(2.31%) 

25 (75.76%) 

Myanmar 

(n = 1594) 

631 (39.59%) 

865 (54.27%) 

98 (6.15%) 

27.13 (6.19) 

27 (1.69%) 

15 (55.56%) 

13 

14 

15 

16 

17 

18 



Table 2. Distribution of anti-Hey positive samples and genotypes among different age groups of Cambodian and Myanmar immigrant workers. 

Age group Anti-HCV Genot)'pe 

(Years) Male Female Total(%~ la Ib 3a 3b 6e 6f 6m 6p 6r 6 Total 

Cambodia (n=1431) 

21-25 5 0 5(15.2) 0 2 0 0 0 0 0 0 0 3 

26-30 3 3 6(18 .2) 0 0 0 0 0 0 4 

31-35 5 2 7(21.2) 0 2 0 0 0 0 0 5 

36-40 2 2 4(12.1 ) 0 0 0 0 0 0 0 2 0 3 

41-45 3 4(12 .1 ) 0 0 0 3 0 0 0 0 0 4 

46-50 3 4(12.1) 0 0 0 2 0 0 0 0 3 

>50 3 0 3(9.1) 0 0 0 0 2 0 0 0 2 0 4 

Total(%) 22(2.3*) 11(2.3') 33(2.3') 0(0%) 6(24%) 4(16%) 1(4%) 5(20%) 2(8%) 0(0%) 1(4") 5(20±) 1(4%) 25(75.8;/) 

Myanmar (n=1594) 

15-20 0 1(3.7) 0 0 0 0 0 0 0 0 0 0 0 

21-25 4 4 8(29.6) 0 0 4 0 0 0 0 0 6 

26-30 2 3 5( 18.5) 0 0 0 0 0 0 0 3 

31-35 2 5 7(25.9) 0 0 0 0 0 0 0 3 

36-40 0 0 0(0) 0 0 0 0 0 0 0 0 0 0 0 

41-45 3 4( 14.8) 0 0 0 0 0 0 0 3 

46-50 0 1(3.7) 0 0 0 0 0 0 0 0 0 0 0 

>50 0 1(3 .7) 0 0 0 0 0 0 0 0 0 0 0 

Total(%) 9(33.3*) 18(66.7*) 27(1.7*) 1(6.7±) 1(6.7±) 4(26.1") 5(33.3±) 0(0%) 2(13.3"') 2(13 .3%) 0(0"') 0(0%) O(O±) 15(55.6 0,;/) 



f. Percent calculated with respect to total anti-Hey positive samples 

• Percent calculated with respect to all samples of each country 

± Percent calculated with respect to total RNA positive samples 
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ABSTRACT 


2 

3 Although hepatitis B virus (HBV) infection is endemic in Southeast Asia, molecular 

4 epidemiological data on HBV circulating in some countries are currently limited. The 

aims of this study were to evaluate HBV seroprevalence and its genetic variability 

6 present among migrant workers from Cambodia, Laos and Myanmar in Thailand. 

7 Sera collected from 1,119 Cambodian, 787 Laotian and 1,103 Myanmarese workers 

8 were tested for HBsAg. HBV DNA was amplified and the preSIS region was 

9 sequenced for genotyping and genetic mutation analysis. HBsAg was detected in 282 

(9.4%). The prevalence of HBsAg among migrant workers from Cambodia, Laos and 

II Myanmar was 10.8%,6.9% and 9.7%, respectively. Of 224 subjects positive for HBV 

12 DNA, 86% were classified as genotype C (99% were sub-genotype Cl) and 11.6% 

13 were genotype B (30.8%, 34.6% and 30.8% were sub-genotypes B2, B3 and B4, 

14 respectively). Various point mutations in the 'a' determinant region were detected in 

approximately 18% of these samples, of which lie 126Ser/ Asn was the most frequent 

16 variant. Sequencing analysis showed that 19.1 % of samples had pre-S mutations, with 

17 pre-S2 deletion as the most common mutant (7.7%) followed by pre-S2 start codon 

18 mutation (3.8%) and both pre-S2 deletion and start codon mutation (3.3%). High 

19 prevalence of HBV infection (approximately 7-11 %) was found among migrant 

workers from Cambodia, Laos and Myanmar, which may reflect the current 

21 seroprevalence in their respective countries. Our data also demonstrated that HBV 

22 sub-genotype C 1 was the predominant strain and various naturally occurring 

23 mutations ofHBV were not uncommon among these populations. 

24 

Key words: Hepatitis B virus, seroprevalence, genotype, mutation, Southeast Asia 
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INTRODUCTION 


2 

3 Hepatitis B virus (HBV) infection is one of the major causes of chronic liver 

4 diseases ranging from chronic hepatitis to cirrhosis and hepatocellular carcinoma 

(HCC) [Ganem and Prince, 2004]. HBV, a member of the family Hepadnaviridae, is 

6 a relaxed-circular double stranded DNA virus of approximately 3,200 base pairs in 

7 length, with four overlapping open reading frames encoding the polymerase (P), 

8 precore (PC)/core (C), envelope (pre-S 1/pre-S2/S), and X proteins [Ganem and 

9 Prince, 2004]. HBV shows remarkable genetic variability and is currently classified 

into at least eight genotypes, designated A to H and four major serotypes, including 

II ayw, ayr, adw and adr [Kramvis et aI., 2005; Norder et aI., 1992]. Each genotype can 

12 be further divided into sub-genotypes based on 4-8 % divergence of the viral genome. 

13 HBV genotype and sub-genotype distribution appears to show varying geographic 

14 patterns [Allain, 2006; McMahon, 2009]. For instance, genotypes A and Dare 

predominant in Western countries and India, whereas genotypes Band C are common 

16 in Southeast Asia, China and Japan. Genotype E is restricted to Africa, while 

17 genotypes F and H are found in indigenous populations in Alaska and Central and 

18 South America. In Asia, sub-genotype B 1 is predominant in Japan, while sub

19 genotypes B2-5 prevail in other countries. Sub-genotype CI is prevalent mainly in 

Southeast Asia, whereas sub-genotype C2 is commonly found throughout the Far East 

21 as for example, in Japan, China and Korea [Allain, 2006; McMahon, 2009]. 

22 Chronic HBV infection and its related hepatic complications are particularly 

23 important in Southeast Asian countries where the prevalence of the infection is 

24 relatively high, varying from 3-6% in Singapore, Malaysia and Brunei to 

approximately 6-12% in Indonesia, Philippines, Myanmar, Laos, Cambodia and 
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Vietnam [James, 200 I; Merican et aI., 2000; Sebastian et aI., 1990; Alexander et aI., 

2 1990; Budihusodo et aI., 1991; Amirudin et aI., 1991; Utama et aI., 2009; Lingao et 

3 aI., 1989; Lansang, 1996; Nakai et aI., 200 I; Caruana et aI., 2005; Jutavijittum et aI., 

4 2007; Thilring et aI., 1993; Duong et aI., 2009; Thuy et aI., 2005]. In Thailand, the 

prevalence of HBV infection has declined upon implementation of the national HBV 

6 vaccination program, with. present prevalence of approximately 4% [Luksamijarulkul 

7 et aI., 2002; Suwannakarn et aI., 2008; Theamboonlers et aI., 1999]. The predominant 

8 HBV genotypes in this region are genoytypes C and B (Figure I). Despite the high 

9 prevalence of HBV infection in Southeast Asia, data on its molecular epidemiology in 

this region are scarce, particularly in some countries such as Cambodia, Laos and 

II Myanmar. At present, a large number of migrant workers, originating from these 

12 countries, are employed in various sectors of Thai industries located in Bangkok and 

13 neighboring provinces. In 2006, registered and non-registered foreign workers in 

14 Thailand were approximately 1,800,000 migrants [Martin, 2007]. In 2007, the 

distribution of working-age migrant workers of Cambodia, Laos and Myanmar was 

16 111,391 (13.4%), 106,706 (12.9%) and 611,476 (73.7%), respectively [Pholphirul and 

17 Rukumnuyakit, 2007]. Growing influx of migrant populations may influence the 

18 prevalence of HBV infection and the resulting disease burden in Thailand. The 

19 present study has been aimed at evaluating the HBV seroprevalence and its genetic 

variability, including genotypes, antigenic subtypes and mutations present among 

21 these migrant workers. In addition, the phylogenetic relatedness of HBV strains 

22 isolated from these subjects was investigated. 

23 

24 



MATERIALS AND METHODS 

2 

3 Study populations 

4 The serum samples of migrant workers collected for a routine health check-up 

5 were stored at -70°C until further analysis. In this study, 3,009 serum samples 

6 collected from 1,119 Cambodians (353 females; 763 males and 3 unidentified), 787 

7 Laotians (413 females, 364 males and 10 unidentified) and 1,103 Myanmarese (582 

8 females, 423 males and 98 unidentified) were tested for Hepatitis B s antigen 

9 (HBsAg) by using commercially available automated ELISA assays (Murex, Biotech 

10 Limited, Dartford, Kent, England). Samples positive for HBsAg were subjected to 

11 further analysis aimed at molecular characterization of HBV. The project had been 

12 approved by the ethical committee of the Faculty of Medicine, Chulalongkom 

13 University. 

14 

IS HBV DNA extraction, amplification and sequencing 

16 HBV DNA was extracted from 100 microliters each of HBsAg-positive sera. 

17 The respective serum samples were incubated in lysis buffer (10 mM Tris-HCI ph 8.0, 

18 0.1 M EDT A pH 8.0, O.S% SDS and 20 mglml prot~inase K) at SO°C for 60 minutes 

19 followed by phenol/chloroform/isoamyl alcohol extraction and ethanol precipitation. 

20 The Pre-SlIPre-S2IS region was amplified using primers Pre-SI F+ (S'-GGG TCA 

21 CCA TAT TCT TGG GAA C-3': position 2814-2835) and RS (S'-AGC CCA AAA 

22 GAC CCA CAA TTC-3': position 10IS-99S) The total 2S III reaction volume 

23 consisteq of 10 III of 2.SX S PRIME MasterMix solution (S PRIME GmbH, Hamburg, 

24 Germany), O.S III of 2S 11M forward and reverse primers, 2 III of DNA template and 

2S sterile distilled water. The thermocycler was programmed for HBV DNA 
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amplification as follows: initial denaturation at 94°C for 3 minutes followed by 40 

2 cycles of denaturation at 94°C for 30s, annealing at 55°C for 30s, extension at noc 

3 for 1.30 minutes and a final extension step at noc for 7 minutes. The HBV DNA 

4 amplicons were isolated by 2% agarose gel electrophoresis at 100 volt for 60 minutes 

and stained with ethidium bromide. PCR product size was estimated in comparison 

6 with a 100-bp DNA ladder under UV light. The expected products were excised from 

7 the gel and purified using the Perfectprep® Gel Cleanup kit (Eppendorf, Hamburg, 

8 Germany). The purified samples were sent to a commercial DNA sequencing 

9 company (First BASE Laboratories Sdn Bhd, Selangor Darul Ehsan, Malaysia) for 

sequencing. Nucleotide sequences were edited by Chromas Lite program version 2.01 

11 (Technelysium Pty Ltd., Queensland, Australia) and assembled by SeqMan 

12 (DNAST AR Lasergene software, Madison, WT). 

13 

14 Genotyping, subtyping and phylogenetic analysis 

Each sample's sequences were aligned with each available human genotype 

16 stored at the GenBank database (National Center for Biotechnology Information, 

17 Bethesda, MD) by Clustal X program version 2.0.10 (European Bioinformatics 

18 Institute, Carr.bridge, UK). Based on these alignments phylogenetic trees were 

19 constructed for genotyping using Molecular Evolutionary Genetics Analysis (MEGA) 

software version 4.0 (The Biodesign Institute, Tempe, AZ) for genotyping. The 

21 neighbor-joining method by Tamura-3 parameter was used for constructing 

22 phylogenetic trees. Some sequences were genotyped by the Viral Genotyping Tool 

23 (National Center for Biotechnology Information, Besthesda, MD). Genetic 

24 recombinants were further determined by SimPlot program and bootscanning analysis 

(Simp lot version 3.5.1, Baltimore, MD). HBV nucleotides were translated into amino 
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acid sequences using the translation tool in ExPASy Proteomics Server (available on: 

2 http://www.expasy.chltools/dna.html). Subsequently, subtypes were identified based 

3 on the amino acids at positions 122 and 160 of the S protein. 

4 

HB V mutation analysis 

6 HBY sequences were evaluated for mutations and deletions in the pre-SlIpre

7 S2 regions. The amino acids at positions 120 and 160 of the S protein were indicative 

8 for 'a' determinant mutations. 

9 

Statistical analysis 

11 Data were expressed as mean ± standard deviation (SD), and percentages as 

12 appropriate. Comparisons among groups were analyzed by the Pearson X2 or Fisher's 

13 exact test for categorical variables and by One-Way ANOYA Bonferroni adjustment 

14 for quantitative variables. P-values below 0.05 were considered significant. All 

statistical analyses were performed using the SPSS software for Windows 17.0 (SPSS 

16 Inc., Chicago, IL). 

17 

18 RESULTS 

19 

HBsAg detection 

21 HBsAg was detected in 282 of 3009 (9.4%) samples. This group comprised 

22 121 Cambodians (10.8%), 54 Laotians (6.9%) and 107 Myanmarese (9.7%). Among 

23 these subjects, HBY DNA was detected in 102 Cambodians (84.3%), 42 Laotians 

24 (77.8%) and 80 Myanmarese (74.8%) (Table 1). 
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Distribution ofHBV genotypes and serotypes 

2 All sequences obtained from this study were submitted to the GenBank 

3 database (accession nos. GQ855313-GQ85570 and GQ856585). Phylogenetic 

4 analysis was performed based on the pre-SlIpre-S2IS genes (Figure 2). Of those 

positive for HBV DNA, 194 of 224 (86.6%) cases were determined as genotype C 

6 (99% and I % were sub-genotypes C 1 and C5, respectively), 25 (11.2%) cases were 

7 identified as genotype B (32%, 36% and 32% were sub-genotypes B2, B3 and B4, 

8 respectively), I (0.44%) case as genotype A (sub-genotype A2) and 1 (0.44%) case as 

9 genotype D. As for antigenic subtype distribution, adr was the most common 

(68.3%), followed by ayw (8.9%), adw (6.7%) and ayr (0.9%). The prevalence of 

II HBV genotype and subtype with respect to geographic location is shown in Table I. 

12 There were significant differences in genotype and serotype distribution among 

13 groups. Briefly, Cambodians and Laotians had significantly higher prevalence of 

14 genotype B but had significantly lower prevalence of genotype C than those of 

Myanmarese (p <0.05). In addition, Laotians had significantly higher prevalence of 

16 serotype ayw but had significantly lower prevalence of serotype adr than those of 

17 Cambodians and Myanmarese (p <0.05). 

18 Although we did not sequence the entire genome in this study, three isolates 

19 with suspected inter-genotype recombinants were identified (isolate 31 with genotype 

B2tCl, accession no. GQ855407; isolate 612 with genotype B3tCl, accession no. 

21 GQ855454 and GQ855560; and isolate 3794 with genotype GtCl, accession no. 

22 GQ856585). Isolate 31 proved to be a recombinant of sub-genotypes B2 and C 1, with 

23 its recombination breakpoint estimated at nucleotide 573 (Figure 3A). Isolate 3794 

24 represented a recombinant of genotypes GtC 1 with its recombination breakpoints 

between nucleotides 2006 -and 157 (Figure 3B). Isolate 612 was classified as sub



5 

10 

15 

20 

25 

genotype B3 in the pre-SIS gene but showed sub-genotype C I between nucleotides 

2 1554 and 1974 (figure not shown). 

3 

4 Prevalence and characterization ofthe 'a' determinant mutations 

In this study, various point mutations in the 'a' determinant region were 

6 detected in 35 out of 194 (18.0%) HBY isolates. Mutations were found in 19/94 

7 (20.2%) of Cambodian samples, 6/38 (15.8%) of Laotian samples and 10/62 (16 .1%) 

8 of Myanmarese samples. The most frequent mutation in Cambodian, Laotian and 

9 Myanmarese isolates was lie 126Ser/ Asn. In addition, multiple point mutations in the 

'a' determinant region were detected in 6 isolates (Table II). Amino acid sequence 

II alignment of the partial S region of these 35 isolates is shown in Figure 4. 

12 Prevalence and characterization ofpre-SIS mutations 

13 Upon direct sequencing, pre-S mutations were detected in 40 of 209 cases 

14 (19.1%). In this study, the prevalence of pre-S mutations/deletions among 

Cambodian, Laotian and Myanmarese migrant workers was 18.4%,15.0% and 22.5%, 

16 respectively. As for the prevalence of site-specific pre-SIS mutations, pre-S2 deletion 

17 was the most common (7.7%), followed by pre-S2 start codon mutation (3.8%) and 

18 both pre-S2 deletion and start codon mutation (3.3%) (Table III). Amino acid 

19 sequence alignment of the entire pre-S l/pre-S2 region of the 40 samples is shown in 

Figure 5. 

21 

22 

23 

24 
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DISCUSSION 


2 

3 Although chronic HBY infection prevails in Southeast Asia, the data on its 

4 molecular epidemiology in some countries in this part of the world are still limited. 

To our knowledge, this has been the first comparative study on molecular 

6 characterization of HBY circulating in Cambodia, Laos and Myanmar. Our study, 

7 which included identification of both viral genotypes and subtypes in a significant 

8 number of HBY carriers from these countries, demonstrated that the predominant 

9 HBY strains belong to categories C lIadr, which accounted for more than 85% of 

cases. These data were in agreement with previous reports that HBY genotype C was 

11 prevalent in Myanmar [Nakai et aI., 2001], and sub-genotypes CI and B4 were 

12 dominant strains in Cambodia [Huy et aI., 2008]. These findings are not surprising but 

13 reflect the typical genotypes and subtypes circulating in Southeast Asia. The 

14 seroprevalence of HBsAg in these migrant workers was approximately 7-11 %, similar 

to previous reports on seroprevalence in these countries but higher than a recent 

16 nationwide survey in Thailand (4%) [Luksamijarulkul et aI., 2002; Theamboonlers et 

17 aI., 1999]. This difference in seroprevalence among populations reflects a steady and 

18 remarkable decrease in chronic HBY carrier rate among Thai populations after the 

19 1992 implementation of universal HBY vaccination. 

HBY strains resulting from genomic recombination between different 

21 genotypes have been increasingly recognized in various parts of the world. In Asia, 

22 recombination of genotypes B/C has been reported in China, Hong Kong, Indonesia, 

23 Taiwan, Thailand and Yietnam [Sugauchi et aI., 2002], whereas recombination of 

24 genotypes CID has been detected in Tibet and China [Cui et aI., 2002; Wang et aI., 

2005]. In addition, recombinants between genotypes AlC and genotypes AID have 
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been documented in Vietnam [Hannoun et aI., 2000] and India [Chauhan et ai., 2008], 

2 respectively. Recently, a novel genotype I, with a complex recombination involving 

3 genotypes C, A and G has been reported in Vietnam and Laos [Huy et ai., 2008; 

4 Olinger et ai., 2008]. Although the entire genome sequence was not determined in this 

study, we identified three HBV isolates with suspected inter-genotype recombinants. 

6 It is of note that a hybrid of genotypes B3/C I in this study displayed recombination 

7 breakpoints in the vicinity of the preC/C region, which is the most common site of 

8 inter-genotype recombination as previously described [Sugauchi et ai., 2002]. Another 

9 recombinant of genotypes G/C with its recombination breakpoints between 

nucleotides 2006 and 157 was also demonstrated in this study. Interestingly, the site 

11· of breakpoints in this recombinant was different from that found in a hybrid of 

12 genotypes G/C previously identified by our group in a Thai patient with HCC 

13 [Suwannakarn et aI., 2008]. 

14 Amino acid substitutions within the 'a' determinant domain could lead to 

conformational changes which may interfere with active and passive immunization 

16 against HBV infection [Carman et ai., 1990]. The most common vaccine escape 

17 mutant results from the mutation at position 145 (GlyI45Arg), which is located in the 

18 second loop of the 'a' determinant [Carman et aI., 1990]. In this study, however, the 

19 most common amino-acid substitution found in Cambodian, Laotian and Myanmarese 

samples was located at position 126. In addition, the prevalence of 'a' determinant 

21 mutants among chronic carriers from these countries was approximately 15-20%, 

22 which was slightly higher than the prevalence among random chronic carriers recently 

23 reported (6-12%) [Echevarria and A vellon, 2006]. It has been proposed that 

24 vaccination might have increased a selection pressure on the emergence of surface 

mutants in relation to wild-type HBV, as has been observed in several regions of the 



world [Carman et ai., 1990; Coleman, 2006; Cooreman et ai., 200 I]. For example, a 

2 previous study in Taiwan demonstrated an increase in the prevalence of 'a' 

3 determinant mutants in children from 7.8% before to 23.1 % IS years after the 

4 introduction of universal vaccination against HBY [Hsu et al.,2004]. High prevalence 

5 of the variants among migrant workers in this study, however, might not be associated 

6 with previous vaccination because the coverage rates of HBY vaccine administration 

7 in their countries are generally low [Caruana et ai., 2005; Soeung et aI., 2009]. Thus, 

8 it is speculated that these mutants within the 'a' determinant region might have 

9 emerged in response to natural immunoselective pressure of the host. These infectious 

10 mutants have been circulating among individuals chronically infected with the virus. 

II Naturally occurring HBY pre-S mutations/deletions have been frequently 

12 reported in chronic HBY carriers. It has been shown that pre-S deletion mutants tend 

13 to accumulate during a later stage of persistent HBY infection, including cirrhosis and 

14 HCC [Chen et aI., 2006]. In fact, the prevalence of these mutations/deletions is rather 

IS variable and considerably different, ranging from 0% to 36%, between diverse 

16 geographic areas [Huy et aI., 2003]. In this study, the prevalence of pre-S 

17 mutations/deletions among Cambodian, Laotian and Myanmarese migrant workers 

18 amounted to 18.4%, 15.0% and 22.5%, respectively, which was higher than that 

19 determined by our previous study conducted on Thai populations (9.5%) 

20 [Suwannakarn et aI., 2008]. As for the site of mutations, this study showed that pre-S2 

21 deletion was the most common mutation type, followed by pre-S2 start codon 

22 mutation and the combined pre-S2 deletion and start codon mutation. These results 

23 were in agreement with those recently reported from Japan, Korea and Thailand, 

24 according to which deletion in pre-S2 regions and pre-S2 start codon mutations were 
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among the most prevailing [Suwannakam et aI., 2008; Huy et a\., 2003; Choi et aI., 

2 2007]. 

3 In conclusion, high seroprevalence of HBsAg (approximately 7-11 %) was 

4 found among migrant workers from Cambodia, Laos and Myanmar, which may 

reflect the present prevalence of HBV infection in their respective countries. We also 

6 demonstrated that HBV sub-genotype/subtype C lIadr was the predominant strain 

7 circulating in these migrant workers. In addition, the 'a' determinant variants were 

8 frequently found in these populations, and might not be attributed to vaccine-induced 

9 mutation. Finally, pre-S mutations, especially pre-S2 deletions and pre-S2 start codon 

mutations were not uncommon among these populations. 

1J 

12 ACKNOWLEDGEMENTS 

13 This research was supported by the National Research Fund, the 

14 Chulalongkom University Graduate Scholarship to Commemorate the nnd 

Aniversary of His Majesty King Bhumibol Adulyadej, the Commission on Higer 

16 Education, the Thailand Research Fund, the King Chulalongkom Memorial Hospital 

17 

18 

19 

and the Center of Excellence 

Bangkok, Thailand 

21 

22 

23 

24 

in Clinical Virology, Chulalongkom University, 



REFERENCES 

2 

3 Alexander MJ, Sinnatamby AS, Rohaimah MJ, Harun AH, Ng JS. 1990. 

4 Incidence of hepatitis B infection in Brunei Darussalam-- analysis of racial 

5 distribution. Ann Acad Med Singapore 19: 344-346. 

6 Allain JP. 2006. Epidemiology of Hepatitis B virus and genotype. J Clin Virol 

7 36Suppll:SI2-17. 

8 Amirudin R, Akil H, Akahane Y, Suzuki H. 1991. Hepatitis Band C virus 

9 infection in Ujung Pandang, Indonesia. Gastroenterol Jpn 26 Suppl 3: 184-188. 

10 Budihusodo U, Sulaiman HA, Akbar HN, Lesmana LA, Waspodo AS, Noer 

11 HM, Akahane Y, Suzuki H. 199 I. Seroepidemiology of HBV and HCV 

12 infection in Jakarta, Indonesia. Gastroenterol Jpn 26 Suppl 3: 196-201. 

13 Carman WF, Zanetti AR, Karayiannis P, Waters J, Manzillo G, Tanzi E, 

14 Zuckerman AJ, Thomas He. 1990. Vaccine-induced escape mutant of hepatitis 

15 B virus. Lancet 336:325-329. 

16 Caruana SR, Kelly HA, De Silva SL, Chea L, Nuon S, Saykao P, Bak N, Biggs 

17 BA. 2005. Knowledge about hepatitis and previous exposure to hepatitis viruses 

18 in immigrants and refugees from the Mekong Region. Aust N Z J Public Health 

19 29: 64-68. 

20 Chauhan R, Kazim SN, Kumar M, Bhattacharjee J, Krishnamoorthy N, Sarin 

21 SK. 2008. Identification and characterization of genotype A and D recombinant 

22 hepatitis B virus from Indian chronic HBV isolates. World J Gastroenterol 

23 14:6228-6236. 



5 

10 

15 

20 

25 

Chen BF, Liu CJ, Jow GM, Chen PJ, Kao JH, Chen OS. 2006. High prevalence 

2 and mapping of pre-S deletion in hepatitis B virus carriers with progressive 

3 liver diseases. Gastroenterology 130: 1153-1168. 

4 Choi MS, Kim DY, Lee DH, Lee JH, Koh KC, Paik SW, Rhee JC, Yoo Be. 

2007. Clinical significance of pre-S mutations in patients with genotype C 

6 hepatitis B virus infection. J Viral Hepat 14: 161-168. 

7 Coleman PF. 2006. Detecting hepatitis B surface antigen mutants. Emerg infect 

8 Dis 12:198-203. 

9 Cooreman MP, Leroux-Roe1s G, Paulij WP. 2001.Vaccine- and hepatitis B 

immune globulin-induced escape mutations of hepatitis B virus surface antigen. 

11 J Biomed Sci 8:237-247. 

12 Cui C, Shi J, Hui L, Xi H, Zhuoma, Quni, Tsedan, Hu G. 2002.The dominant 

13 hepatitis B virus genotype identified in Tibet is a C/O hybrid. J Gen Virol 

14 83:2773-2777. 

Duong TH, Nguyen PH, Henley K, Peters M. 2009. Risk factors for hepatitis B 

16 infection in rural Vietnam. Asian Pac J Cancer Prev 10: 97-102. 

17 Echevarria JM, Ave1l6n A. 2006. Hepatitis B virus genetic diversity. J Med 

18 Virol 78 Suppl 1 :S36-42. 

19 Ganem 0, Prince AM. 2004. Hepatitis B virus infection--natural history and 

clinical consequences. N Engl J Med 350:1118-1129. 

21 Hannoun C, Norder H, Lindh M. 2000. An aberrant genotype revealed in 

22 recombinant hepatitis B virus strains from Vietnam. J Gen Virol 81 :2267-2272. 

23 Hsu HY, Chang MH, Ni YH, Chen HL. 2004. Survey of hepatit'is B surface 

24 variant infection in children 15 years after a nationwide vaccination programme 

in Taiwan. Gut 53: 1499-1503. 



Huy IT, Sail AA, Reynes JM, Abe K. 2008. Complete genomic sequence and 

2 phylogenetic relatedness of hepatitis B virus isolates in Cambodia. Virus Genes 

3 36:299-305. 

4 Huy IT, Ushijima H, Win KM, Luengrojanakul P, Shrestha PK, Zhong ZH, 

5 Smirnov AV, Taltavull TC, Sata T, Abe K. 2003. High prevalence of hepatitis 

6 B virus pre-s mutant. in countries where it is endemic and its relationship with 

7 genotype and chronicity. J CI in Microbiol 41 :5449-5455. 

8 James L, Fong CW, Foong BH, Wee MK, Chow A, Shum E, Chew SK. 2001. 

9 Hepatitis B Seroprevalence Study 1999. Singapore Med J 42: 420-424. 

10 Jutavij ittum P, Y ousukh A, Samountry B, Samountry K, Ounavong A, 

11 Thammavong T, Keokhamphue J, Toriyama K. 2007. Seroprevalence of 

12 hepatitis Band C virus infections among Lao blood donors. Southeast Asian J 

13 Trop Med Public Health 38: 647-649. 

14 Kramvis A, Kew M, Fran~ois G. 2005. Hepatitis B virus genotypes. Vaccine 

15 23:2409-2423. 

16 Lansang MA. 1996. Epidemiology and control of hepatitis B infection: a 

17 perspective from the Philippines, Asia. Gut 38 Suppl2: S43-7. 

18 Lingao AL, Torres NT, Munoz N, Lansang MA, West SK, Bosch FX, Domingo 

19 EO. 1989. Mother to child transmission of hepatitis B virus in the Philippines. 

20 Infection 17: 275-279. 

21 Luksamijarulkul P, Thammata N, Tiloklurs M. 2002. Seroprevalence of 

22 hepatitis B, hepatitis C and human immunodeficiency virus among blood 

23 donors, Phitsanulok Regional Blood Center, Thailand. Southeast Asian J Trop 

24 Med Public Health 33: 272-279. 



Martin P. 2007. Introduction: Foreign workers in Thailand. In: Martin P, editor. 

2 The economic contribution of migrant workers to Thailand: Towards policy 

3 development. Bangkok: International Labour office. p ) -6. 

4 McMahon BJ. 2009. The influence of hepatitis B virus genotype and 

5 subgenotype on the natural history of chronic hepatitis B. Hepatol Int 3:334

6 342. 

7 Merican I, Guan R, Amarapuka 0, Alexander MJ, Chutaputti A, Chien RN, 

8 Hasnian SS, Leung N, Lesmana L, Phiet PH, Sjalfoellah Noer HM, Sollano J, 

9 Sun HS, Xu OZ. 2000. Chronic hepatitis B virus infection in Asian countries. J 

10 Gastroenterol Hepatol15: 1356-1361. 

11 Nakai K, Win KM, 00 SS, Arakawa Y, Abe K. 2001. Molecular characteristic

12 based epidemiology of hepatitis B, C, and E viruses and GB virus Clhepatitis G 

13 virus in Myanmar. J Clin Microbiol39: 1536-1539. 

14 Norder H, Hammas B, LOfdahl S, Courouce AM, Magnius LO. 1992. 

15 Comparison of the amino acid sequences of nine different serotypes of hepatitis 

16 B surface antigen and genomic classification of the corresponding hepatitis B 

17 virus strains. J Gen ViroI73:1201-1208. 

18 Olinger CM, Jutavijittum P, HUbschen 1M, Yousukh A, Samountry B, 

19 Thammavong T, Toriyama K, Muller CP. 2008. Possible new hepatitis B virus 

20 genotype, southeast Asia. Emerg Infect Dis 14:1777-1780. 

21 Pholphirul P, Rukumnuyakit P. 2007. Economic contribution of migrant 

22 workers to Thailand [dissertation]. Bangkok: National Institute of Development 

23 Administration. 



5 

10 

15 

20 

25 

Sebastian V J, Bhattacharya S, Ray S, Daud JH. 1990. Prevalence of hepatitis B

2 surface antigen in the pregnant women of Brunei Darussalam. Southeast Asian 

3 J Trop Med Public Health 21: 123-127. 

4 Soeung SC, Rani M, Huong V, Sarath S, Kimly C, Kohei T. 2009. Results from 

nationwide hepatitis B serosurvey in Cambodia using simple and rapid 

6 laboratory test: implications for National Immunization Program. Am J Trop 

7 Med Hyg 81: 252-257. 

8 Sugauchi F, Orito E, lchida T, Kato H, Sakugawa H, Kakumu S, Ishida T, 

9 Chutaputti A, Lai CL, Veda R, Miyakawa Y, Mizokami M. 2002. Hepatitis B 

virus of genotype B with or without recombination with genotype C over the 

II precore region plus the core gene. J Virol 76:5985-5992. 

12 Suwannakam K, Tangkijvanich P, Thawomsuk N, Theamboonlers A, 

13 Tharrnaphompilas P, Y oocharoen P, Chongsrisawat V, Poovorawan Y. 2008. 

14 Molecular epidemiological study of hepatitis B virus in Thailand based on the 

analysis ofpre-S and S genes. Hepatol Res 38:244-251 

16 Theamboonlers A, lantaradsamee P, Kaew-In N, Tangkijvanich P, Hirsch P, 

17 Poovorawan Y. 1999. The predominant genotypes of hepatitis B virus in 

18 Thailand. Ann Trop Med Parasitol93: 737-743. 

19 Thiiring EG, loller-lemelka HI, Sareth H, Sokhan V, Reth C, Grob P. 1993. 

Prevalence of markers of hepatitis viruses A, B, C and of HIV in healthy 

21 individuals and patients of a Cambodian province. Southeast Asian 1 Trop Med 

22 Public Health 24: 239-249. 

23 Thuy Ie IT, Ryo H, Van Phung L, Furitsu K, Nomura T. 2005. Distribution of 

24 genotype/subtype and mutational spectra of the surface gene of hepatitis B virus 

circulating in Hanoi, Vietnam. 1 Med Virol 76: 161-169. 



5 

10 

15 

20 

25 

Utama A, Octavia TI, Dhenni R, Miskad UA, Yusuf I, Tai S. 2009. Hepatitis B 

2 virus genotypes/subgenotypes in voluntary blood donors in Makassar, South 

3 Sulawesi, Indonesia. Virol J 6: 128. 

4 Wang Z, Liu Z, Zeng G, Wen S, Qi Y, Ma S, Naoumov NV, Hou J. 2005. A 

new intertype recombinant between genotypes C and D of hepatitis B virus 

6 identified in China. JGen Virol 86:985-990. 

7 

8 

9 

11 

12 

13 

14 

16 

17 

18 

19 

21 

22 

23 

24 



5 

10 

15 

20 

25 

LEGENDS 

2 

3 Table I Prevalence ofHBV genotypes and subtypes in migrant workers 

4 Table II Prevalence of 'a' determinant mutations in migrant workers 

Table III Prevalence ofpre-S mutations in migrant workers 

6 Figure 1 The prevalence and genotypes of HBV infection in Southeast Asia countries 

7 derived from previous reports. Charts in the left corner demonstrate the prevalence 

8 and subgenotypes among migrant workers from Cambodia, Myanmar and Laos in this 

9 study 

Figure 2 Phylogenetic relationship of the sequence obtained in the present study and 

11 representative sequences of human HBV, orangutan and gibbon strains from 

12 GenBank. Region included in the comparison was the large S gene including preS1, 

13 preS2 and HBsAg gene. Percentage bootstrap values (>75%) are shown at the 

14 respective nodes. The scale bar at the bottom indicates the genetic distance. The 

country of origin of migrant workers is indicated by a symbol (e - Cambodia, A

16 Laos and. - Myanmar) 

17 Figure 3 Bootscanning analysis of suspected recombinant isolates. (A) complete S 

18 gene of isolate 31 was compared with HBV-B2 (AFI21249) and HBV-Cl 

19 (AB 112348); (B) Isolate 3794, nucleotide positions 2006  157, was compared with 

HBV-Cl (ABI12348) and HBV-G (AB064310). Dashed line(s) indicate(s) the 

21 breaking point (s) of recombination. The number above the dashed line indicates the 

22 nucleotide position of each isolate compared with the reference strain (NC _ 003977) 

23 Figure 4 Amino acid sequence alignment of the 'a' determinant region of35 samples. 

24 Figure 5 Amino acid sequence alignment of the entire pre-S lIpre-S2 region of 40 

samples. 
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Table I Prevalence ofHBV genotypes and subtypes in migrant workers 

Cambodia Laos Myanmar Total P-value 
(n=I,119) (n = 787) (n= 1,103) (n = 3,009) 

No. HBsAg positive 
No. HBV DNA positive 

Gender (M : F: NO·) 
Age (yr; mean ± SO) 

Genotype 
A2b 
B 

B2 
B3 
B4 

C 
Cl 
C5 

Db 

Suspected recombination 
B2/CI 
B3/C1 
G/CI 

Subtype 
adr 
adw 
ayr 
ayw 
Could not be identified 

121 (10.8) 
102 (84.3) 
81:20:1 
29.2±8.6 

I (1.0) 
13 (12.7) 
7 (6.9) 
1 (1.0) 
5 (4.9) 
86 (84.3) 
86 (84.3) 
0(0) 
0(0) 

1(1.0) 
0(0) 
I (1.0) 

76 (74.5) 
9 (8.8) 
\ (1.0) 
6 (5.9) 
10(9.8) 

54 (6.9) 
42 (77.8) 
31:11:0 
26.2±7.4 

0(0) 
II (26.2) 
1 (2.4) 
7(16.7) 
3 (7.1) 
30 (71.4) 
29 (69.0) 
I (2.4) 
0(0) 

0(0) 
\(2.4) 
0(0) 

20(47.6) 
5 (11.9) 
I (2.4) 
12 (28.6) 
4 (9.5) 

107(9.7) 
80 (74.8) 
46:28:6 
28.3±6.1 

0(0) 
\ (1.25) 
0(0) 
1 (1.3) 
0(0) 
78 (97.5) 
77 (96.3) 
1 (1.25) 
I (1.25) 

0(0) 
0(0) 
0(0) 

57 (71.25) 
I (1.25) 
0(0) 
2 (2.5) 
20 (25.0) 

282 (9.4) 
224 (79.4) 
158:59:7 
28.3±7.6 

I (0.44) 
25 (11.2) 
8 (3.6) 
9 (4.0) 
8 (3.6) 
194 (86.6) 
192 (85.7) 
2 (0.9) 
I (0.44) 

1 (0.44) 
I (0.44) 
I (0.44) 

153 (68.3) 
15 (6.7) 
2 (0.9) 
20 (8.9) 
34(15.2) 

0.013' 
0.008' 
0.030' 
NS 

NS 
0.000' 

0.000' 

NS 
NS 

0.000' 
NS 
NS 
0.000' 

3 

4 Data were expressed as mean ± SD, no (%) 

5 a Data not available; b Pree gene could not be amplified 

6 • P-values 0 0.05; NS = no statistic significance 

7 

8 

9 

10 

11 

12 

13 

14 



1 Table II Prevalence of 'a' detenninant mutations in migrant workers 
2 

Cambodia Laos Myanmar Total 

HBV DNA positive (n = 102) (n = 42) (n = 80) (n = 224) 

Amino acid substitution 

No. HBV sequencing available 94 (92.2) 38 (90.5) 62 (77.5) 194 (86.6) 

lie 126Ser/ Asn 6 (6.4) 2 (5.3) 4 (6.5) 12(6.2) 

Prol27Arg 1 (1.1) 0 0 1(0.5) 

Glyl30Arg 0 1 (2.6) 0 1 (0.5) 

Thr 13 1 AsnIPro 0 1 (2.6) 2 (3.2) 3 (1.5) 

Metl33Thr 2 (2.1) 0 0 2 (1.0) 

Phe134Leu 1 (1.1) 0 0 1(0.5) 

Thr140Ile 0 0 1 (1.6) 1 (0.5) 

Pro 1 42Leu 1 (1.1) 0 0 1(0.5) 

Glyl45ArgiAIa 3 (3.2) 1 (2.6) 0 4 (2.1) 

Trp156Leu 0 0 1(1.6) 1 (0.5) 

Ala157Gly 0 0 1 (1.6) 1 (0.5) 

Alal59Vai 1 (1.1) 0 0 1(0.5) 

Pro 120Thr + Ala128Asp + 0 1 (2.6) 0 1 (0.5) 

Cys 138Tyr + Phe 158Leu 

Lysl22Gln + Thr131Asn + 1(1.1) 0 0 1(0.5) 

Metl33Thr 

Gly130Arg + Met133Thr 1 (1.1) 0 0 1 (0.5) 

Thrl31Asn + Phe134Tyr 1(1.1) 0 0 1(0.5) 

Thrl31Asn + Phe134Tyr + 1 (1.1) 0 0 1(0.5) 

Aspl44Glu 

Alal28Vai + Phel34Tyr + 0 0 1(\.6) 1 (0.5) 

Phel58Leu + Alal59Gly 

Total no. of 'a'detenninant 19/94 6/38 10/62 35/194 

mutations 
(20.21 ) (15.79) (16. 13) (18.04) 

3 

4 Data were expressed as no (%) 

5 



2 

Table III Prevalence ofpre-S mutations in migrant workers 

Mutation/deletions Cambodia Laos Myanmar Total 

(n= 102) (n = 42) (n = 80) (n = 224) 

No. Sequencing available 98 (96.1) 40 (95.2) 71 (88.8) 209 (93.3) 

Pre-S 1 start codon mutaion + 

pre-S 1 deletion 
1 (1.0) 0 0 I (0.5) 

Pre-S 1 start codon deletion + 

pre-S2 deletion 
0 0 I (1.4) I (0.5) 

Pre-S I deletion 2 (2.0) 0 1 (1.4) 3 (1.4) 

Pre-SI deletion + pre-S2 deletion J (J .0) 0 0 1 (0.5) 

Pre-S2 start codon mutaion 3 (3.1) 3 (7.5) 2 (2.8) 8 (3.8) 

Pre-S2 start codon mutation + 

pre-S2 deletion 
2 (2.0) 0 5 (7.0) 7 (3.3) 

Pre-S2 start codon deletion + 

pre-S2 deletion 
I (1.0) 0 1 (1.4) 2 (1.0) 

Pre-S2 start codon mutation + 

pre-S I deletion 
1 (1.0) 0 0 1 (0.5) 

Pre-S2 deletion 7 (7. 1) 3 (7.5) 6 (8.5) 16 (7.7) 

Total no. ofpre-S mutations 18 (18.4) 6 (15.0) 16 (22.5) 40 (19.1) 

3 

4 Data were expressed as no (%) 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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Figure 1 The prevalence and genotypes of HBV infection in Southeast Asia countries 

2 derived from previous reports. Charts in the left corner demonstrate the prevalence 


3 and subgenotypes among migrant workers from Cambodia, Myanmar and Laos in this 


4 study 
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Figure 2 Phylogenetic relationship of the sequence obtained in the present study and 

2 representative sequences of human HBV, orangutan and gibbon strains from 

3 GenBank. Region included in the comparison was the large S gene including preS}, 

4 preS2 and HBsAg gene. Percentage bootstrap values (>75%) are shown at the 

5 respective nodes. The scale bar at the bottom indicates the genetic distance. The 

6 country of origin of migrant workers is indicated by a symbol (e - Cambodia, A

7 Laos and. - Myanmar) 
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Figure 3 Bootscanning analysis of suspected recombinant isolates. (A) complete S 

2 gene of isolate 31 was compared with HBV-B2 (AF121249) and HBV-Cl 

3 (ABl12348); (B) Isolate 3794, nucleotide positions 2006 - 157, was compared with 

4 HBV-Cl (AB112348) and HBV-G (AB064310). Dashed line(s) indicate(s) the 

5 breaking point (s) of recombination. The number above the dashed line indicates the 

6 nucleotide position of each .isolate compared with the reference strain (NC_003977) 
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Figure 4 Amino acid sequence alignment of the 'a' determinant region of35 samples. 

2 

Amino aC1d pos1tion 120 - 160 

Amino acid position 120 130 140 ISO 160 
I I I I I 

Genotype C PCRTCTIPAQ GTSMFPSCCC TKPSDGNCTC IPIPSSWAFA R 
Genotype B .. K ... T ... . . . . . . ... . .. . T .. .. .. . .. . . . .. . . K 

Isolate : Genotype : Sex: Age: 
Cambodia-3 C1 M 21 · . K . . . . . . . .. .. . R .... 
Cambodia-198 B2 M 20 .. K .. . T .. . R .. T .... . . .. . T .... .. •..•.•• . • . K 
Cam!:lodia-3S1 Cl F 39 · .K . . .. . .. ........ . . .... . R ... • 
Cambodia-38S C1 M 38 .. K .. . S ... 
Cambodia-423 C1 M 28 .. K .. . N ... .. .. .. .. .. 
Cambodia-529 C1 F 27 • . 12 . . . T .. . . N. T . ... . . 
Cambodia-111 C1 M 24 .. K .. . S ..... .. .... .. 
Cambodia-802 C1 M 20 .. K ... N .. . 
Cambodia-812 C1 F 23 .. K .. .... . ..... .... V 
Cambodia-810 Cl M 31 · . K . ... . . . ... . L .... . 
Cambodia-2910 C1 M 31 • .K .. MN . . . 
Cambodia-2988 C1 M 31 .. K ... T .. ..N .. 'l .. ... .......... K 
Cambodia-2997 C1 M 31 · .K .. • . . .. .. L ...... . 
Cambodia-3198 C1 M 33 · .K ... . R .. 
Cambcdia-3282 C1 F 34 · . K . .. ... . .. ... R .... 
Cambodia-3342 C1 F 35 .. K ... T ...... T .... .. ...... .. .. 
Cambodia-3375 B2 M 3S .. K ... T .. . ... T......... T ... . .. .... .. . ... K 
Cambodia-3541 C1 F 31 .. K ...N ... 
Cambodia-3794 GtC1 F 39 .. K ... T ... . N .. 'l ....... .. E .. .. . 
Laos-1581 C1 M 31 · .K ...... ... .. .. . . . •. .. . . A . . . . . .. .. . .... K 
Laos-1694 Cl M 23 .. K ....... . N ...... .. 
Laos-1893 C1 F 28 · . K . . ... . . R .••• • • • .• 
Laos-2002 C1 M 30 .. K ... N .. . 
LaolS-3040 C1 F 19 •• K ... S .. . 
Laos-3440 C1 M 26 T .......D . . .. . .. .. 'l. . ....... L. 
Myanmar-843 C1 M 22 •• K .. ...... P .. . . . . . . 

Myanmar-862 C1 F 28 . • K . .• T ...... .. .... . .. ... .. G.. 
Myanmar-IOn B3 M 22 .. .... T .. . I . . T ... ... .... .... .. K 
Myanmar-1310 C1 M 21 .. K .. ... .. . N .... .... 
Myanmar-1529 C1 F 21 .. K .. . S .. . 
Myanmar-18SS C1 M 31 .. K .... . .. ... ... L .•. 
Myanmar-2283 C1 F 31 · .K ... S .. . 
Myanmar-3516 D F 35 ...... TTY . .. .. 'l ..... .. ...... LG K 
Myanmar-390S C1 F 22 .. K ... S ... 

Myanmar-4004 C1 M 28 .. K ... S . ..
3 


4 
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10 
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16 



Figure 5 Amino acid sequence alignment of the entire pre-S l/pre-S2 region of40 samples. 

preSl 

AmlDo acid poslrlon 	 r- 10 20 30 40 50 60 70 80 90 
•••• 1 • • • • 1 .. .. 1.... 1 .... 1.. .. 1 .... 1.. .. 1 .... 1.... 1 .... 1.... 1 .. .. 1.. .. 1 .. .. 1.... 1 .... 1.... 1 

Genotype C (yp 355333) MGGWSSKPRQ GKG'l'NLSVPN PLGFFPDHQL DPAFGANSNN PDilDmPNIID BWPEANQVGA GAFGPGFTPP HGGLLGWSPQ AQGILTTLPA 
Genotype B (BAA85340) .... .. .. . K ........................K ...D..... L •• B.. N..DS . K ..V ........... . ...............V . T 

Isolate: Genotype: Sex: Age: 

Cambodia-3 C1 H 21 ..........................G....................... Q ..A .. ... V .5..........N..............V .. 

Cambodia-107 C1 M 34 .... ........ .... .... .. .... G......... .............. Q .. A .. ...V . 5 ............ F .. ...... T .. . V .. 


Cambodia-385 C1 M 38 ...... ...... ...... ........ 5 .. . ....R ........ .... ......A .. .. . V .... .......... ..... L .. ...... .. 

Cambodia-416 C1 F 46 ..................... . .. .......... ........ ...... .. Q ..A .... . V . 5 ........ .. ...............V .. 


Cambodia-S29 C1 F 27 •...••.•........ . . . . •. .• .. • 5 ••...... ..... •. ........ Q •• A . •.. . V . 5 •.. ... . ... 5 ........ . .. . . . H.G 

Cambodia-S48 C1 F 38 .. .. .. ................ .... G..... .............. .... Q .. A .... . V . 5 ... ... . ... 5 ...........M..V .·. 

CAmbod.ia'- 6 61 C1 F 21 ........... .. .... ... .. .... G.. ........... .. .. .... .. Q ..A .... . V . 5 .... . .... . 5 .. ............V . . 

Cambodi..-812 C1 F 23 ...... ...... ..............G............. .......... Q .. A ..... V . 5 ... ----- ---------Q .......V .. 

Cambodia-870 C1 H 31 .............. ...... ..... . 5 ....................... Q .. A ..... V ---------- ---------E .......H .. 

CAmbodia-2689 C1 M 35 .... C...... R . R .. ............ .. ...... .............. Q...... .. V .5 .. .. .. ............ .. .....V .. 

Cambodia-2862 82 M 38 T ........R ---------- --------E . .... L .. B .. NC . D .. K ..V R.L ...... . .... .. ..... .. L . .. V .. 

Cambodia-2910 C1 M 36 ..................... ........... .......... ...... .. Q..A . T ...G . 5 .......... 5 ............A.V .. 

Cambodia-2987 C1 M 42 ...... .... ...... .... ..... . 5 .. . . .. .. .......... .. ......A . T . • • V . 5 ......... . ..... . . . .. .....V .. 

Cambodia-3282 C1 F 22 ... ... ............... ..... ... . .. . ...... . .......... Q .• A .. ... V . 5 .... .............. . .. .. .. V .. 

Cambodi..-3342 C1 F 22 .... .... ....... .... . . .. .. . G........... ... ...... ... Q • • A .. .. . V . 5 ...... ........... . .... ...V .• 

Cambodia-3548 C1 M 42 ............ ...... ........ 5 . . ... .... ...... .. ... ......A.T ...V . 5 ... . .. . . ............ . .. ..V .. 

Cambodia-3S49 C1 M 36 ............ .. .... .. .. .... 5 ............ . ............ . A.T .. . V .5........ ... .... . ... ..H ...V .. 

Cambod.ia-3794 G/C1 F 31 .. -L.W.VPL EW. K •• . TS ... .. L .........RT . T ........ . K .. P .....K ..V .. .. ...... . . 5 ... . ... S . . T .... . . 

L&oa-599 B3 M 24 .........R ............ .. L ... .... .. K .. . D ... .. L .. B .. N .. D .. K .. V ...........................V . T 

L&oa-1958 C1 F 24 1111111111 1111111111 1111111111 IIIIIIIIE . . ... L • • B .• N•. D.• K.•V .• .•.••••.....•. ••. . ..... . • V .. 

L&oa-3032 C1 M 49 ..........................G.. . ...... .... .. ........ Q..A .....V .5 ....... . .... ......... T.S.V .. 

L&oa-3040 C1 F 19 ..... ............... ...... G..... .. R .. ... ... ...... ... . A ... .. V .5 .......... 5 ..............V . . 

Laoa-330S C1 M 25 ............. .. ...........G........... .. .......... Q ........ V .5 .... ......N .... ... .. .. ...V .. 

Laoa-3600 CS F 26 ... Y.. ...R .......... .. .. L ... .. .. .... ...... . ....... T .. G.W.. .. ..... ..... .. ............. ..v .. 

Myanmar-1l31 C1 F 22 ......... ...... . 5 ..... .. R .... . ........ .. ...A .....V .5 ... ....... 5 ............. . V .. 

Myanm.u-1208 C1 M 23 ..........................G......... ... ...... ... .. Q..A .....V .5 ..... ..... 5 ....... . ......V . T 

Myanmar-1283 C1 F 33 ...... .... .. ...... ........G......... . .. ..... ...... Q .. A .. ... V .SLE .. ---- ---------- -------ASR 

Myanmar-1456 C1 M 30 ................. .. .. I .. L.G ... .. .................. Q ..A ..... V . 5 .... .... .. 5 . ... ......... . V .. 

Myanmar-1460 C1 F 23 .. ........ ........ ........G... .. ....... . .. ...... .. Q ..A ... .. V . 5 .......... 5 .... ... ....... V .. 

Hyanmar-1520 C1 H 43 .... .. ...... .... ..........G... .. ................. . Q .. A .....V . 5 .......... 5 ... .... ...... . V . . 

Myanmar-1S29 C1 F 21 .......... ....... .. ... .... 5 .. . ....R ............... Q ..A .....V ............ 5 . .. .. .. .. .....M.. 

Myanmar-1654 C1 M 26 ............................................L .... . Q ..A .... . V .5 ........ .. N . ......... .... V . . 

Myanmar-1688 C1 F 29 ........ ...... .... .... . ... G . ........ ........... ... Q ..A ..... V . 5 ... .. .. ... 5 . . .... . .......v .. 

Myanmar-1691 C1 M 34 ..........................G.. . .... ............. . .. Q.. A .....V .5 .......... 5 ........... .. . A . S 

Myanm.ar-17S0 C1 M 33 .... .. ... .... .............G.......R .............. . Q ..A ..... V .5 .. ..... ... 5 ... ....... T . ..v .. 

Hyanmar-1822 C1 M 38 .. ........... ...... ......... .. .......... .... ...... Q ..A . . .. . V . 5 ..........5 ..............V .. 

Myanmar-1852 C1 F 20 .. .......... ....... . .. . .. . G........... .. .... ...... Q .. A ..... V . 5 .... .. .... 5 ........... ... V .. 

Myanmar-3226 C1 M 32 ..........................G . .. .... .. ............ .. Q .. A .....V . 5 .... ... .. . 5 ..... .. ....... V .. 

Hyanmar-390S C1 F 22 ..... .. ........... .. .... .. 5 . ......R ..... .... .. .. .. Q ..A .... . V ............ 5 ..... .. .......MS . 

Hyacmar-3991 C1 M 30 ...... ....................5 . ..... ......... ........ Q.. A ..... V .S ..... ... .. S........... ...M..
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Figure 5 (Continued) 

P~ r. 
Amino add poslrlon 100 110 120 130 140 150 160 170 180 

.. .. 1.... 1 .. .. 1.... 1 ... . 1· · •• 1 ••• • 1 .... 1 ..•. 1· ·· ·1 ... ·1.· .· 1 .... 1... • 1 •.. . 1 .... 1 .... 1···· 1 
Genotype' C (YP 355333) APPPASTNRQ SGRQPTPI5P PLRD51!PQAM QW115TTFllQA LLDPRVRGLY FPAGG555GT VNPVPTTASP I55IFSRTGD PAPNME5TT5 
Genotype B (BAAa5340) •••.•• .•.. L .. K... L • •• . •• T .•.... . .•.• • •. T . Q . . .. . A ...... . . . . .. .... QN ... 5 . . .. L . T ....V.. .. NIA . 

15olare: Genotype: Sex: Age: 

cambodia-3 C1 M 21 •.•.•.• K . . . . G------
Cambodia-107 C1 K 34 ••••• •• K .. • .•. . • . .. T '" . RV---- ------. SP. ... ... 1. . . 
Cambodia-385 C1 K 38 .. . E ... . . .. . . . 5.---- ---------- .D . . . . ... . 
Cambodia-416 C1 F 46 .. .. ..... I -----S .... L.. ...... . . . ... . .. P. 

Cambodia-529 C1 F 27 .... S ...... PN .... K ....V ..... .. 
Cambodia- 54 8 C1 F 38 . . . . 55---- · .H .... .. . 
Cambodia-661 C1 F 21 ...... ...V .... 5 ..... 
Cambodi a - 812 C1 F 23 .... 5 .... . 
Cambodia-870 C1 K 31 .. 5 ...NT .. . K .............. ...V .... S .. N.T .... I ............. .. 
Cambodia-2689 C1 K 35 ..... .. ........... . T ......... V .. .. SK..........K ........... .. 
Cambodia-2862 B2 K 38 V ............ R ... L ...... T .......... I ... T .Q .. K..A...... .... .. · 5 . AQN. V ...... L.K ....V.. .. NIA . 
Cambodia-2910 C1 K 36 . . ........ . R . . .. . .... I . .... --- .. K. 5 ... . V --------- - .... .... . 
Cambodia-2987 C1 K 42 
Cambodia-3282 C1 F 22 ... .. .. . .... TGQY . L-
Cambodia-3342 C1 F 22 ......... I .... 5 ..... 
Cambodia-3548 C1 M 42 .... 5.---
Cambodia-3549 C1 K 36 .... 5. ---
Cambodia-3794 G/C1 F 31 D . •• .•.••. .T--..:l----- A •..•... .. . • • V ..... . .. .. .JIIII 
Laoa-599 B3 K 24 V...... L ......T .... I ...... ... T . Q ..... AF. · .. . QN. . .. . .. . L . K ......... NIA . 
Laoa-1958 C1 F 24 ...... . L .... .. T..... - - ---- . A .. . 5 . AQN ... A ... T . . K . ...VQ ... NIA . 
Laoa-3032 C1 K 49 . •.. . . NT •• B.. P------ ---------- L . . ... ... . ....... V . B T....... .. .. .. L . . .. . 
Laoa-3040 C1 F 19 .. ....... V .. .. S ..... 
Laoa-3305 C1 K 25 .... 5 ..... 
Laoa-3600 C5 F 26 ......... I ......... T A . .... . ...... . 5 . .... ••.. . . N .. . 
Nyanm&r-1l31 C1 F 22 ... . S ..... . H . .. . . . . . 
Nyanm&r-1208 C1 )I 23 ..... . . .... .. . .... . . . . . E ..... .... . G----- ..... . ... . ...... .... . .... ... . .. ...... . . 
Hyanmar-1283 C1 F 33 AS5CLHQTAV RKTAYSHF5T SKRQSSSGHA VELQBIPP55 ARSQ5EGPIL 5CWiiLl<FRNS TPC5DYCL5H IVNLLEDWGP CTEYGEHBIR 
Hyanm&r-1456 C1 K 30 .........R ....... ....... . .. .. T .. . . 5 . .... . .....K ...... ..... . . . B .. .. ..... ..... . .... ...... .. . 
Hyanmar-1460 C1 F 23 . .... ... P- ---------- ... .• . K . . . 
Hyanmar-1520 C1 K 43 ... .. . ... I . . . CP .. ....H-------- .. T .. L .. .. 
Nyanm&r-1529 C1 F 21 . S ........ ..T------- ---------
Nyanm&r-1654 C1 K 26 .... S ..... VS ...... .. 
Hyanm&r-1688 C1 F 29 .......... !.R.. .............. ...... S . P--
Hyanm&r-1691 C1 K 34 T .. .... K.. . K .. . ..... ......... I K... -----
Hyanmar-1750 C1 K 33 ..... .. .. . .......... .... . .... T .... 5 .... . 1. ......... B...... .. 
Nyanmar-1822 C1 K 38 .. ....... T K ...GLYP-- .B .... .... 
Hyanm&r-1852 C1 F 20 V .. ....... . ........ I ..KAP----
Hyanmar-3226 C1 M 32 •... 5.B--
Hyanmar-3905 C1 F 22 T5 .. ... R .. . .T------- ---------- . T ... 
Hyanmar-3991 C1 M 30 . .. .. F ..••. R .. ... ......••.. .. V ... AA----- ---------- --V ... ... I KH .. T . A . . . T.T ... TA . A 
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