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Abstract

Little 15 known on the epidemology of Hepatitis A virus, Hepatitis B virus and Hepatitis € virus
in neighboring countries such as Myanmar, Cambodia and Laos. The data on anti-HAV, HBsAg and anti-
HCC seroprevalence among subjects from Laos, Cambodia and Myanmar are limiled. Therefore, this study
has been aimed al exploring the seroepidemiology, molecular chamctenzation and genetics variability of
these hepatitis vinuses among these migrant workers in Thailand. Data from this siudy may directly reflect
on the seroepidemiology within those countries and thus be useful For planning a preventive strategy.

HAV: Owerall, 1,183 subjects (3194, 394, and 395 from Myanmar, Cambodia and Laos,
respectively) were investigated for anti-HAV 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-HAV
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 1,103 Myanmarese workers were
tested for HBsAp. HBV DNA was amplified and the preS/S region was sequenced for genotyping and
genetic muiation analysis. HBsAg was detected in 282 (9.4%), The prevalence of HBsAg among miprant
workers from Cambodia, Laos and Myanmar was 10.8%, 6.9% and 9.7%, respectively. OF 224 subjects
positive for HBY DNA, 86% were classified as genotype C (99% were sub-genotype C1) 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 "2’ determinant region were detected in approximately 18% of these samples, of which
e 1265er/Asn was the most frequent varianl Sequencing analysis showed that 19.1% of samples had pre-
S mutations, with pre-52 deletion as the most common mutant (7.7%) followed by pre-52 start codon
mutation (3.8%4) and both pre-52 deletion and start codon mutation (3.3%).

HCV: Immigrants aged between |5 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 | sample from Laos harbored vimal RMNA. Phylogenetic analysis showed that the
predominant HCV genotypes in this group were la, Ib, 3a, 3b and 6 (6¢, 6f, 6m, 6p and 6r),

Seroprevalence of HAY among immigrant workers was extremely high. High prevalence of HBV
infection (approximately 7-11%) was found among migrant workers from Cambodia, Laos and Myanmar.
Cur data also demoenstrated that HBY sub-genotype C1 was the predominant strain and various naturally

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



these groups was closely related to those in Thailand. Most HCV isolates can be found in Thailand, though
same subtypes of HCV-6 are uncommon. Travelers from countries with low prevalence will require HAV
and HBY immunization prior to entering these neighboring countries since hepatitis A and B epidemics

might occur as a consequence of travelers retuming from HAY and HBV endemic countries,
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Hepatitis A virus

Hepatitis B virus

Hepatitis C virus

Hepatitis A virus antibody
Hepatitis B virus antibody
Hepatitis C virus antibody
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Deoxyribonucleic acid
Ribonucleic acid
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Immunogobulin G
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Intravenous drug user
Human hepatoma cell line 7
Absolute ethanol
Polymerase chain reaction
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Serine amino acid
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numiRvesrihoRdniAnuluing 103 (Inclusion criteria)

o pimmimintuwomd Tasanadnw Tavaiing e

o dhussauisdnananh fuwe wezan lauiuie wazdnneghudszmenehidiu
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o dsumsiisiendiulinfiinadossvugiiquiu v Tsawadluszesitionives
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aa

Tindamu wiomimamanndounds Tavdaludadon Tsnuzdludemimies
SLE (e1m1iminayna ooz 1uiin15aii0 Anti-HIV)

o lildTumnagiquiumunn 1 @weu molu s Tuanilegiu) @ steroids,
immunosuppressive drugs, chemotherapy dludu

L
e TithlisWmatumbodeds Wldiunsimnlulsmowafiuniy 1 deu awlu 1 3

finman (dusinilegiiv)

INUANNISARINDNBBNDIAT Y

o Dnaduihnded TudinlimbsziwmieTsndeds i lsnfiduduasoninms

-
iwizifien WmMas unounziale i Hemophitia Tsmiale Tanda fudy
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naudtan doIsning 15-60 3 wiownandt Taolinadaungudiods Taotlssuiu
msdae iadudmery o fovaz 70-00 wimelimdudmey 1 fovaz 6-8 Tfadudniey 3 fovns
w -
3 Tavosshimsfinumiammnouazndd iy Tastinsdnoungulsznnidsil

1
i
o _ Pq

AATNMIIUINYU ARG -
d

Taw : 2 fssiunmuioi 05% = 1.96
- oanmathimme hiadusmey ludazngue (p) = Awenalumsanianuan
tq=1-p
AR TANRAD (d) = 30% - 60% weatanimaiiuwives Tsa b fadudney Tundas
AUy
inseailelumaiivsmsmdeyamsido
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manTIamuionlfjiiAms wizien cloted blood S 7 mi Tnsae w gudduniy-
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FEnnsionaieal fifng

MIATIINH Serology

Trfadudmoy 1 HBsAg, anti-HBs, anti-HBe Toiadudniery ® anti-HAV 1gG uasliaf
oy 4 anti-HCV Tau78 Enzyme Linked Immunoassay (EIA) Taul¥ commercial available kit Tauns

aivlaeitnaig naziimsdsaiiun v s susnas gumais sl §idns

ATIATI9N 19 Molecular biology

* piImdAuuTvestu presl, pres2 un: 5 IuhiioAudnou 1 gmanmmiug

@ genotype
® AWM IMAUILTUDIIU core naz NS5 T odudniou & ouongy genotype
L | a1 - i J
dallswaziboadane T
-T¥adudnieu e

1RSI 197 1 Serology

Tindudnou 18 anti-HAV IgG Tauis Enzyme Linked Immuncassay (EIA) Tanly

; ) . ‘ i i
commercial available kit Tauniasas laeTiinasgiu uazimnlizdiuaunoans wunasgiuma

vonlfjiians
EIA (Enzyme Immuno Assay)

MIAATIEN BYUUNANMIVOY enzyme linkage Tntl¥MAnms sandwich fin incubate serum,
J - L] ; i . . ::.l'.l.
plasma Tu solid phase W1l antigen %30 antibody 1Mz049IMIUTA enzyme conjugate peroxidase il

A IJ [ o J:: -l.l'.l..
antibody M50 antigen link DU%3 conjugate t{ﬁ:l‘ﬁ'ﬂﬂ'ﬂu 1 antigen U109 antibody MUN1ZOYN solid phase

PIMMEIINS develop {1un31d substrate A0 O-Phenylencdiamine tovinl§nTu IWifad
vimiussiTlliannuduue i optimal density (OD) #iimuad oD TiezlsannFnuves

antibody 30 antigen Tud4A379



ANNUEZNIIATIV EIA uuuil 2 Ao iy competitive enzyme link Assay Taonmia1ddsns 20
serum 130 plasma a4 1UnToufy antigen #79 antibody (HoutaTudU antigen ¥30 amibody 1w solid

phase 1TMIUAA UM I =RV ITY ELA 1uud |
L. A =

-l fanuemay U

Fansduiiunside

1. Control
1.1 Positive control

Tddmetnnduinalaisfiommnalne  uasesssmumswugnismeealde

L3

Audmery 1 4033 PCR

1.2 Megative control

w0390 HBV iu DNA Tafer maiznziiu Negative control Tuntafinuindail fin 1

Alswoinidulalton DNA (DNase) 7o Distilled water VU3 a3 DNA 7l lumanaans

2. MSANARIBWe (DNA extraction)

355w 100 M Tunsafia DNA @375 phenolichloroform Aaueadluisugl

fuan

iy Raia PiqunniVessunzaiomn

F30 100 JUI + 400 JU lysis buffer + 10 [l protinase K

Incubate 1 50°C (turny 1-2 9 T

1AL Phenol 250 LU W0 CHCI, : TAA (49:1) 250 JLI

.

10



HhunTna® 14,000 seumouI® Wwian 10 um

.

e lannon i uAy NaGae (2M) 40 JUL + glycogen 4 JL1 + Abs EIOH 800 I

Incubate #1 -70°C ihuam 30 iR

thaneduad 14,000 seuden® Huon 30 ud

£l
77 EIOH Mannziie DNA Fo 70% EOH | ml

.

v ‘. J # i -
R E T 14,000 SBUABEU e 10wi

v

wihiuniafaossun gy nie o 10 i

.

> F 4
e DNA Tudnduiln e nide 30 L

v

e L]
MUT -4 ©




3, udMIuABWe (DNA amplification) 483 HBV TU®uwes Pre-S1, PreS2 iz S gene

Ut om *a" determinant

Wl usiwe ve: HBV ludiuves Pre-S1 oufauTiom “a” determinant Tau3t PCR

14 primer 11 ATOUARUUTIINYDA Pre-S1 110E “a” determinant

NINFIATONTIUHTUYBIM T 03mA1Auaa U microtube AIAT1T1AN | ups 2

M 1 UTRIII0AEIBURYDY primer W 1

Primers fduuer A Tm (°C)
Pre-51 F (forward primer) 5" TCACCATATTCTTIGGGAACAAGA 3° 2,817-2 839+ 4
R4 (reverse primer) 5 ATGGCACTAGTAAACTGAGCC 3 HEO-GOR* 62

« B rudruiuda i auudduiiond Tond vos HBV accession number AR 15417

mauiiz  uaRdIurauvenljniul PCR Meifudiui DNA a1 HBY

GaRTEn T U3uns (volume/tube)
Distilled water 12 Ju
Eppendorf MasterMix (Hamburg, Germany) 10 L
Pre-S1 F primer (10 pmol) 0.5 LU
R4 primer (10 pmol) 0.5 Ji
DNA Template 2l
Total volume FERE

12



- g 1 = i 4
VI microtube  Wldmisazay viamualdlunies Eppendorf Mastercyeler personal
(Hamburg, Germany) Taufigumgiinaziinidamisedl 3 uaasgungiinasnvenisni PCR o

§1171 DNA o4 HBV Tud7uvos Pre-S1 9utiufion “a” determinant

MIAN 3 uARuUNYIuAzIINYe NI PCR Momiudiiu DNA ved HBY Tudiuves preSi

an r
LUDUTIIN “a” determinant

PCR Cycle gaungil (°C) i
Pre-denaturation o4 U
55 1 U1
72 I i
Denaturation 94 30 JuTi
55 30 Juh
72 I W 30 FIuh
ﬁ',i'i"’i 35701 ¥ 35 30U
Post extension 72 Tu

A3I9ADUNANARTINMIN PCR Taomsthnandai WV ananmfy loading dye ud1lanaly
MQUYBA 2% agarose gel electrophoresis 1 IAMIMIMIoY gel nuuAuuous W vudoouds w14
nasuai 100 Toad Wt 1§27 wos W marker 100 bp dludannagunFouiiou 1h gel #
Wnuslumanzaiu ethidium bromide 3znw 10-15 wii uasinnduaiemeiadsannlalonn

(Gel Doc) 11 DNA Tt get TN purification HpmI A WU

13



- Sadudmey

oy el - - LT
AmnEIR Ut
Positive control

o el 4 e s .
Tadonendiuduinalaiin Faldnaniae ani-HCV positive UBEATINWUMITRULAIIY

yaalaipdudnay ¥ A3091 PCR

MNegative contraol

Tumsfinuingail fio distilled water USumaniidu DNA #1¥lunimaans §idudadon
Frodufesinnion Taofmdendetudiummwizdi ravandstouAuedvoudo T mius ey
F (anti-HCV) 1033 Enzyme-Linked Immunesorbent Assay (ELISA) Taol¥msindl Murex HCV Kit
{Abbotnt Laboratory, North Chicago, [L) ﬂ'}ﬂﬂu recombinant HCV protein : CORE, NS3, NS4 unx NS5
protein 1oz lus WHATI9WY anti HCV aeviniinia RNA Al

n13aiA RNA A58 Guanidine extraction

11 serum aia i igaingiiaasuaznomua

}

Tef serum 100 LU

'

1) Guadinine thiocyanate (GTC+2 ME) S00LY Tube (GTC 9000 L41: 2 ME 70 |41)

|

Mix TaonTs invert w15 T udni 1 vortex w15 Fudl

'

191 2M Sodium Acetate 50 LU, Phenol 500 LU, CHCI,: TAA (49:1) 100 LLI
Mix Tap invert 107U, vortex 114 15 TUH

a3 -20 °c, 15 Wil

|

Centrifuge 13,500 pm, 254717

|

3 0u tube Tvai wia 1.5 mi 16 Glycogen 4 L1

'

14



i .i L] l:i il
udnhau A i 8o nms centrifuge 2116 Tube fiaSouls

}

WL Isopropanol 600 LLI

|

Mix TAUNTT invert, incubate over might 20 °C 38 ¥ -70 °C, | %11ua

|

Centrifuge 13,500 rpm, 2517

mmsaznneon ivfomnes pellet

!

A2 pellet #30 70% ethanol 500 L1 Mix Taums invert

}

Centrifuge 13,500 rpm , SU1¥
gadulooansuuianiolud Pellet
il peltet i
dninduls mwlu#n 10l (DEPC)
i libiiRT=PCR fin Tl

’

Reverse transcription #1301 cDNA

MIUN A Primer UA2 159139 7 19 1UN19A1 reverse transeription ¥ 195 HOV

M | Winas (ul)
H,0 5.8
buffer (V94 Enzyme MMLV) 5.8
Enzyme MMLV 1.0
Specific primer W38 random primer 1.0M30 0.5
RNase inhibitor 0.5

15



FL 1T
RNA #ldvnmisedatude 2, 10
Heat 71 65 °C, 5 mlﬁ uazuTH 0°C, 2 W#
dnn@umsasaURA LA 1990
vy # 37°C funaedisioo 1910

}

ifiu cDNA #uit -20°

PCR amplifieation

My DNA o1 HCV Tuudinmyea CORE uas NSSB T

AN S LARIE WL YD primer N 19 M3 PCR

Primer Product
Repi 5
egion equence size(bp)
{ nucleotide position)
954F ( 291-314) ACT GOC TGA TAG GGT GCT TGC GAG
953F (324-347) AGG TCT CGT AGA CCG TGC ATC ATG 405
CORE
410K (735-754) ATG TAC CCC ATG AGG TCG GC
Q51K (TOR-729) CAC TGT RAG GGT ATC GAT GAC
MS5B_FI1(8011-8032) CAA TWS MMA CBA CCA TCATGG C
MNS5B NSS5B_F2(8171-8193) GAT GGG HHS BKC MTA YGG ATT CC 660

NS5B_RI (88]8-8838) CCA GGA RTT RACTGG AGT GTG




mani 6 mamilulfiio Per iomud o DNA Tuudiow Core iaz NS5 TU

il 1" PCR 2™ PCR
Distilled water 11.25 11.25
Eppendort Mastermix 11.25 11.25
{Humburg, Germany)

Forward primer (25M/ul) 0.375 0.375
Reverse primer (25M/ul} 0.375 0.375
DNA template .5 0.25

msai 7 qumgiunznaii¥lumsih PR Ttau NSs uag CORE Bu Wia 1” PCR uaz 2 PCR

PCR cycle gumpil (panusarFum) L (i)
Pre-denaturation a5 3
Denaturation a3 I
Annealing 49 |
Extension T2 1.30
Post-extension 72 7

ﬂ?ﬂi‘l 15 181U

17



mﬁmﬂmﬁfﬁyu (Data Analysis)
nfFvuivusanian PCR /U #ansi ELISA Tanuaammaiuioon:
fduilnaloInd : HBV (PreS1, PreS2, S gene) L1z HCV (Core Ine NS5)

- manBruivudwuiieg To Tndi 14 duiina To Indveai a5 3nou filglusunn
FWOAUNI S (GenBank) Tauld Tusunsy BLAST 910 www.ncbinim.nih.gov/Blast

- fnsimun  genotype  TnuniinBuuiuuiing T nantidduiind lo Indusalafoiu
Sy udasyiin Moy lumnmssimiugnIsy (GenBank) TauliTilsunay BLAST uaz Tusunaw
Genotyping ool

- imanBoudounnumiisunisnudnuss fduiinglong uaznsaesiilu A3t
cluster anatysisTat 1 Tasunsa Clustal X Ver3ion 1.83 1z Bioedit version 7.0.4.1 ion/Fuuioudiy
{indTo nddt Idninmsfnufudduiiong o Indvos bindusnouidns e Aoglusnmssie
MUFNTTU (GenBank)

- odugveslnsaadunaminiug (dendrogram WD phylogenetic tree) 9IndWUTIING [0
Indi 18 Tao 14 TilsunsuClustal X version 1,83 iz MEGA3. 1 iowiawdiniutssniadwuiing
To'lndit Idammsdmndutiand lo Induea L adusnufifnuudar  genotype Rl waegu
FUIMNITHOAUTNTTY (GenBank)

- SwsdanannneniFusrmumndteeiond Ie Induoznsaoziily (genetic
distance)  sEvindiviiing o nduazninesi ui Wnnms@mmnB vuifvufudduieg 1o Ind

waznsAbedl Tuveadinlsemanlis wanag lusunms siewugnssy Wommudiniug Taold
Tulsunsu MEGA3.I

- nsnBuwdivuddutiong e lndn idiutiong lelndvesddlidiatuniioglusums
INEHUGATIN (GenBank) Taul¥T1lsunsu BLAST 910 www nebi nim.nih.gov/Blast

- i nun subtype Taomsmlassimiugnauluduifnu Iiihunsaosi Ty aimi
» Tl ] . J a4
giunsansl T ludumuafiou lednw

- noudvusaoinmsiiniaesi Ty ludwmd siie lef o

MansITeuiAUTING 1o InA (DNA sequencing)

- ay ¥ iy n’ " ¥ J
Yowandad ldvinniaii peR Wuiqnd Taunada gel Tuduiou DNA fifeanisein gel
- = =L : o e
electrophoresis nasy1 1T T Inold Perfect Gel Cleanup kit udansremounaniai anmsilg
iy *'I ™ . . - ] : j L) rr ¥
uignd Tambwandafi1la 5 L fimInsa9A0 gel electrophoresis BnATamiad Id%uru DNA

I8


www.ncbi.nlm.nih.govlBlast
www.ncbi.nlm.nih.govlBlast

- - ¥ a i i & . R T .
ﬂiﬂqnﬂH1ﬂ1”|lﬂzlﬂﬁﬂ!1‘.‘lﬁﬂﬂ111”ﬂ DNA ﬂuiﬁﬂﬂ'&l HIMUUIIUWIHOHORYIRIUN AT 19000

u&1 cycle sequencing Mg 1vereudduiing o Tniiuaz 14 forward primer (iR INIRsT9TBY

dduiiand ToTndluuSnuidons Taoweumsi 1M eycle sequencing A3 137 8

AN 8 NI TUH LY BI T 19 NI cycle sequencing

mIasa W (L)

Distilled water

53X buffer

BigDye RR-100

Primer (lusistudidaans)

wondaR WS gnud

533

0.67

Total volume

0

= B 3 - i : ;
WAWINHIUMINT cycle sequencing uf Wnandad W liliidunsunianaznowsiedl

gwdduiiona Te'lnadau ABIPRISM™ Al

uErAIiuBUMIANAENOUT 1A9INN13 4 eycle sequencing

HOKARN 19870 cycle sequencing

}

W4 '.tl glycogen + 80 I.L'I 75% Isopropanol

;

i sigugifeaihuan 15w

}
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Tumioeit 14,000 s0uAp I Whuam 20 1R

}

mer v invia

|

13 Template suspension reagent 25 41

}

vudunies ariprISM™ 310 (RBs D

vimsonunan M laoldTdsunsy Chromas Lite 2.0 tio3in31eM Chromatogram Y03d1AU

fiandTo'Ind unziinisdinaisiradoa Ui 1

U 1 urRaBEtiuel Chromatogramme 9B gene  MdsanisAnu lunasiimaaseeeudiy

finalelnd

10 130
T € € bk & [ S~ PR - By T =

“h BT “.h IR

] il [] - ] bl
1. nﬁ’{ﬁ_ﬂ“ﬂnﬁ'ﬂﬂlﬂ Hounnzauuanatasea Ty ARATSWINURUE WL Tulszmalno

wazenuiugyinu e szme Taomsiinneianuduiuiifannms Phylogenetic analysis) Tavld
programime t"nlg'illﬂ (free programme) 91N website 19U DNASTAR, Clustal X. BioEdit 116z BLAST il

au Tamihmudunoudail
o - W m ' - Fr T T
- manffsudeudwuiiand TeTndn 1dduindle Indduniioglusumsadmiugnisy

(GenBank) Tau14Talsunsy BLAST 910 www,nebi.nlm.nib.gov/Blast t;ﬂﬁ 2)
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www.ncbi.nlm.nih.govlBlast

st 2 uoRamanfBouivuiduiiond o ndn dTuied TeInduiifleglusunis sfafugnasy
(GenBank) Taul¥T1lsunsu BLAST

) HCAI Masr-Hucleslide Sequence (1170 letiaas) - Merilla Tirekox 5]

- || O]
ol sfts jascs gl dfpeluh efledls  ghasls
a-'u O M ) R e s b Mo 2o »
Ju virealay | Gatirg Sarted 1 Labest Feadines
| E“mmlilhl *
SEmwendei prediecsig Vigeifzent alighmentic )
1 ‘_.'11 r o irame o[ meoreten v e I HEM r Tatal I.- I
L I ! e i g o] ] i ._'m E‘ B
AFEITHELY | eepenses B werun Voo 1S surace proten gens, complete oo LaLl 1111 100 0o 100%
Ararragg.g Flpetda B wrus HEE1S nerface profleen gees, compleie cdy o T 20ar 100 0.a T
L1 RELL K] Hepuidn B oewus WRRgohasT 18 suraoe groties sers, seapiEie el ] 240 (10 L] L0
SN L | mepatiie B v pgealetE gEnEme, iole ghlkl e T 084 10 o a,
AFAP TS T HEpalHE B vl CRmeiCIA perface Protein qars, compleis ol s -1 | 53 L i LY L[] i
AFRTTATE S HEpair B s Ik 0 tafaon pergtamn gess, camplete ot ail H{aad 100% [T ] L LY
BILAIENLL | Saabtd B wou @ ferpsts gEnams, ielle $1111 bl L] TOWE 100% LT ] .,
AEAETEE || Hepatiny B wwul ifFfsce protee gene, comolele o i ] E W L] LEa
arqroans.a Hipattd B ol SRhGSC 1S pufbcn proties em, Boglabe S P b FEd] (H n.a L1 8
Afaiaasg 2 | EepadfEa Borewt ol aee protee pene. complaie ody v i L Tl i L1 (1LY
ATTEqlo2 | Hepstan Bovieus CRNcEa sufice pratesn gane, samaiels ol 15 19TE i a.0 e
AILHEIEL | Himpetin B veies ofrolele geneme, olste b 153 1nk Lag8 150% oa | 2L
BR4r-dgg 3 HapahLE B weal SRAAC L) porfaie probein gees, complits 280 LEEE 1823 I an %,
Al xS Hagaldis B vews ofrrgfele geneme, isolste gbidl 1y HELL TR 8] L LT
AFgFragh 8 Fegait B werun PRHRREFET qurleoe Drolee GERE, Comaliete Cds b | | TS, il i F ] LY
Afaflane g altrs @ viull M sl iufacs predec glae, esginle Sda L% 17 120% [-F-} B
kTl EY FegathE B wirus ofmptite gecomae, vialefe galTE hetd i 100 A L]
AILJIENEL | Hepettn B wwus CETDIBAR oM, setils gemplZ A L HO0 2.0 M
[k repatta B wwua gl surlece preten gene, cosalate o =g 158 1 ad ¥
ARTMGIZ N siapatais B vt PROCT syt st prodms gens, meaalaty odi A Lrag 10w 0.0 Lh
L Fille s b Hepars B venet MBRE 1urinoe proves gead, coeraleia oda PR 1T 1% a4 %
ALLMTER ] Hppatitin B vengp offmalvie gancee, inglpts g4 1rsg EMEL (1 9 .4 Lyl
AILIISNE] Hagaiiis B verek olrpiebe ganomae, suisis FhTEN 10Ty s 150% o 3%
i k-1 8 Y Hagatiis B virus plREL, preST s § genes, alvte Mole Az wn 100 [T 2%
bR ERY Hagatitia B vorug ple Sy, pradd end S genes, alste Paps it T 150% X} 1%
FE Rt = e mpabnes wid e § et ows TR0 [T sk LT s
Em._r.-—:!.ﬂ-—--—'—.—- —_— L5 MmN ¥

- ynmEumn genotype Tnonanfivuiiouiiond Tenan 18auiing To Indvea enterovirus
udnz genotype MitoylumnmITTmNIgNIIY (GenBank) Taul¥Tulsunsy BLAST unz Talsunsy
Genotyping tool

- s sudvuanumiieunieanudvesdaviinile Indussnieesily  dwid
cluster analysis 1At 19 Tal5un3 1 Clustal X Verdion 1.83 uaz Bioedit version 7.0.4.1 ionvuidvuidy
find Tolnddt Idoinmsfnndudiduiiondlolndves  enterovims  filleglumnmasimiugnisy
(GenBank)

- eingveslasariannudiniug (dendrogram 130 phylogenetic tree) MINdAULIAGRTD
i 18Tau M T sunsuCIustal X version 1.83 ¥ MEGA3.1 emnnuduiuisenin duiing
Tolndit 1dnnnasfnuiuiiand loTnAves hepatitis virusesunaz wiim Az genotype M3 watueglu
FUIMTIHINUENTTY (GenBank)
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- Gensiinounminlefidudnnuuandisvesiind Te InduasninesiiTu (genetic
distance) 3zviedwuiiongd Tolndunsninosi Tud Wonmadimn nBoudoufudwuiimilend
waznsaoyi Tuveshalizmeiins wnueg lusnmssioRugns sy Womanu g lavld
Tilsunsy MEGA3.1

- L 4 J L3
- MannninsiistomenurzaIn i laon1s 1998 realtime  PCR oo lums

- e o d o
TUIRIMTIALT T

- ﬁ'mummmiﬂ‘ﬁuunﬁﬁ'uﬁ‘m'ﬂ'[nlnﬁ'ﬁammﬁ'Iﬁ-nmmiﬁnm Tauls program  Sequin
version 6.0 (htipy//www nebinlm.nih.govisequin) TUagdaya monssiaRugnssy (GenBank) ¥
hitpeiiwww . nchinlm.nih.goy

Saaldluaniddn

A dnnTsmmnanalznen 9 Sumeiusunuanmdonmmdns iuimsain
Tudaumsasiemadanlfiidms sxminfesd fiRmsidoguddvrngmmzmadw lhiadnundiin
nWInNpERYITAT auzomonaas posnsehinnds  Taoldyaainslunsasivogud

Tl I TUNURMA WA IINA S TIUTTINUALOITIANITATIY 19 3 positive negative control

THADUMFATTUNT IO

1: . 4 - 1] : £ o
Tasamsvzduduiumaiie TATueyiuassi uiunoumasTuss suluuy o auzunwmomaad

poasnsEisinndonda

] - — ] L L N =l =t
nmsasenIaen HUAng 9EmInTiag ey ng 001E NS ‘I.I.l'“ dRvENEN 1@ U upzE ues

molecilar characterization 1AvvEsIus mdeyauuuaeuny Gingevidoya uass wausa

MINIURHUAHYDITEYD

L L
B

1 #smlumiisoadaiiianua Thun 4350 A3duiow Hinmsadomlsznnsfing dhins
ma = r.l s i
dungl  Himamzndea  uazduniiasemaienlfiing  ee1ffumseusuiidilelu

Tnsan3dio aaoasudnmsl fldsuuidh laganssuaumsnifedes

]

T (] o F
2. Woulfiams e imsasemeuIAITIMUAZAINMG validate SINUTENTQUanioy Tav
Tumsaswaousiimsnaugulaell positive uAT negative control  IMMATMIATIUNIIZITY

sensitivity AT specificity 4D test ADBANTIATI
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v - - A T |
3. wnigdswsedilwid lnsams Meannionseasutoymmudmmnioduilu

a. manwateyaluuwiudoys  wornadlduuewmnoesdudomaluuiudoys

uaziimsasemeuTaouwndfiudarouTnsams  Fawuwiudeyaesiiduiu T monnadae

wel¥lunsas waeusoll
miimeideyn

vinms s isideyafe b An mamvenguinunluudaznduoguazsmynnduoly  Taw

msaanimindwieaulszans luusasnin
YOROI TN TIN

J i -9 il - r Fl
Tasamsit 1A Insansnne ns sumsoiosssumsin 5o Tunguo ARIZUNNUA IO S

s inndoi vudsouds
Tumamz@esesiimaizernadnamss | aianens sz 5 un.
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a9 Ani-HAV Suunmunguoiguazilizims

Age Myanmar Cambuodia Laas Thailand*

(years) Mo, Pos % Mo. Pos % Mo Pos % MNo. Pos %

16-20 127 127 100 134 134 100 20 92 76.7 369 &4 17.3
21-30 135 134 933 B3 B3 100 173 44 g6.1 380 136 358
40 97 9N 100 82 81 OB® BG 81 842 446 265 59.4
41-60 15 35 100 93 o5 100 16 16 100 65% 478 12.53

Total 394 393 997 394 393 9.7 395 338 856 1854 943 509

* Chatproedpra ef al. 2007

Tadudne 1

A3I9NY HBsAg §117U 282 (9.4%) W01 vmiavum 3,009 #aet1a Usznoudan 121 au (10.8%)
NI 107 AU (9.7%) DIN¥ 1IN UaE 54 AU (6.9%) 9 nxaan wuRidwesesldadudnim 1
102 (84,3%), 80 (74.8%), 42 (77.8%) Tuwnaiiuman mit uazan mudwudsumaslumaai 1|

ﬁ'uﬁuﬁ'm'i’-.'{ﬂ'lnﬁﬂ1mm36’uf;qmi‘mnﬂunmm:ﬁlﬁum (GenBank) Teufl Accession number
GQ855313-GQ8SST0 WAz GQBS6585 INMTIATIEHAI Phylogenetics TU pre-S1/pre-SV/S {;ﬂﬁ 1
WU 194 (86.6%) A10013 Dinamun 224 waema prdunithd Tu'lnd ¢ 25 (11.2%) Feths gt
$Tu'inil B wilsiaodia (0.44%) grdunndhdTuing A naewilsiediathdTulnd b @mei 1)

AINTENINVDY subtype adr ﬂuumﬁ‘qﬂ (68.3%), ayw (8.9%), adw (6.7%) unz ayr (0.99%)
MINTENIUDY genotype LAz subtype TunAnznguiinNuAnA ot lTudfy fuwn uaza1 wun
gwosd Tulnil B ud F1ulnil ¢ dindr wuluwhedivivd i (p <0.05) Iz anud i YIam

i [ - ol + P e -
AW subtype ayw ﬁi WAy sublype adr ﬂ'lﬂ':l'l““'u1.“[[!\14111"11“1”|m=ﬁu1:"ﬂEFU1¢H“Uﬂ'IﬂEH [CREFRE
W 10)
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maai 10 anugnuealadadudman 1 genotype taz subtype Tunsaumain

Cambodia Laos Myanmar Total P-value
(n=1,119) (n=787)  (n=1,103)  (n=3,009)
No. HBsAg positive 121 (10.8) 54 (6.9) 107 (9.7) 282 (9.4) 0.013
No. HBV DNA positive 102 (84.3) 42(77.8)  80(74.8) 224 (79.4) 0,008
Gender (M : F: ND") §1:20:1 3:11:0 46:28:6 158:59:7 0.030°
Age (yr; mean & SD) 29.2+8.6 2624174 28316 283176 NS
Genotype
A2’ 1(1.0) 01(0) 0(0) | (0.44) NS
B 13(12.7) 11(262)  11(1.25) 25(11.2) 0.000
B2 7(6.9) 1(24) 0(0) 8(3.6)
B3 1(1.0) T(167) 1(1.3) 9 (4.0)
B4 5(4.9) 3(7.1) 0(0) B(3.6)
c 86 (84.3) 30(71.4)  T8(97.5) 194 (86.6) 0.000
Cl 86 (84.3) 29069.0)  77(96.3) 192 (85.7)
Cs 0 (0) F(2.4) 1 (1.25) 2(0.9)
' 0(0) 0(0) 1(1.25) 1 (0.44) NS
Suspected recombination NS
B2C| 1(1.0) 0 (0} 010 1 (0.44)
BIC1 0(0) 1(2.4) 0(0) 1(0.44)
GIC1 1{1.0) 0 (0) 0(0) 1(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) 1(1.25) 15(6.7) NS
ayr 1(1.0) 1(24) 0 (0) 2(0.9) NS
ayw 6(5.9) 12(28.6)  2(2.5) 20 (8.9) 0.000°
Could not be identified 10 {9.8) 4(9.5) 20 (25.0) 34(15.2)
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waptai feauanvesfiowe15a wu point mutation TuuFiam “a” determinant MUYA Fa13 74

= w o - oo o
# 11 Tasnsnaoiugivuind i el26/SerAsn 910ms Tns evidduiioni o Indve s lhimimun

wu 19.1% iy pre-s mutation 7.7% il pre-s start deletion 3.8% {lu pre=s start codon mutation 3,3% i

A - l:i
pre-s start codon deletion/mutation AIRIT14N 12

M3190 11 AIUYNUDI *a" determinant mutations TMITITUA AT

Cambodin Laos Myanmar Total
HEY DNA positive (n=102) (n=412) (n =80} (n=224)
Amino acid substitution
No. HBV sequencing available 94(92.2) 38 (90.5) 62 (77.5) 194 (86.6)
[le126Ser/Asn 6(6.4) 2(5.3) 4(6.5) |2{6.2)
Prol2TArg 1(1.1) 0 0 H0.5)
Glyl30Arg 0 1{2.6) 0 10.5)
Thri31Asn/Pro ] 1(2.6) 2(3.2) 3(1.5)
Met133Thr 2{2.1) 0 0 2(1.0)
Phel34leu L 0 0 1(0.5)
Thri40lle 0 0 116 1(0.5)
Prol42Leu {11 0 0 1{0.5)
Glyl45Arg/Ala 3(3.2) 1 (2.6) ] 4(2.1)
Trpl56Leu 0 0 101.6) 110.5)
Alal57Gly 0 0 1{1.6) 110.5)
Alal59Val 141 0 0 1(0.5)
Prol20Thr + Alal28Asp + CysI38Tyr + 0 | (2.6) 0 1(0,5)
Lys122Gln + Thri3 LAsn + Met133Thr 1L01) 0 0 10.5)
Glyl130Arg + Met133Thr 1{L.1) 0 0 10.5)
Thrl3lAsn + Phel34Tyr L) 0 0 1(0.5)
Thr13lAsn + Phel34Tyr + Aspl44Glu 1(1.1) 0 0 1{0.5)
Alal28Val +  PhelddTyr + PhelS8Leu + 0 0 1{1.6) 1{0.5)
Total no. of "a’determinant mutations 19/94 6/38 10762 35194
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AN 12 ATIUYNVDI pre-S mutations (UITIITUAIIA

Mutation/deletions Cambodia Laos  Myanmar Total

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

Mo, Sequencing available 9B {96.1) 40(952) 71(88.8) 209(933)
Pre-51 stari codon mutaion + 1{1.0) 0 ] 1 {0.5)
Pre-51 start codon deletion + 0 0 1(1.4) 1(0.5)
Pre-S1 deletion 2(2.0) 0 1(1.4) 3(1.4)
Pre-81 deletion + pre-82 deletion 1 (1.0} ] 0 1{0.5)
Pre-52 start codon mutaion 330 I8 2(28) 8 (3.8)
Pre-52 start codon mutation + 2(2.00 0 50700 7(3.3)
Pre-82 stant codon deletion + 1 (1.0} 0 | (1.4) 2(0.0)
Pre-52 start codon mutation + 1(1.0) 1] 0 | {0.5)
Pre-52 deletion 707.1) 3(7.5) 6(8.5) 16(7.7)
Total no. of pre-S mutations 180184) 6(15.00 16(22.5) 40(19.1)
Ta¥adudnio 3

detaduian 1,431 ot 1,594 #1000 uae 882 Fatha BINUTIUATERTITTIYN
wih uaavmudidy o1glavmie 27.13-27.77 31 wrmednd i dngegludonaanueigplizinu 24-26
1 wunrgnues Ani-HCY Tusasnusawh 1.7%, Mg 2.3% tazan 0.8% Tudnnudisdei bina
UVINUBT Anti-HCV asaswunuainugnisuue laialusamidaus au fuge 25 auuazan | au
Fmsi 13 Tudetai WrowanminmmgmithiSnsedsiemaiugnsy uazdaduund Tulnd

ﬁuqmuﬁ‘rﬁ’umm-{nﬁﬂu Aaati 9T lndl 1a, 1b, 30, 3b UAZ 6 (6e, 6f, 6m, 6p NS 6m) AIATTIIN 14
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M9 13 Anugnues i aaudnery 3 oy o veawsanudean lulizmaing

Cambodia Laos Myanmar
(n=1431) (n=§82) {(n = 1554)
Mo. Anti-HCV positive 33 (2.3%) 7(0.8%) 27 ().69%)
Mo, HCV-RNA positive 25 (75.8%) I (14.3%) 15 (55.6%)
Sex: Male 959 397 631
Female 465 475 BGS
ND 3 1] o8
Mean age (SD) 27.77(8.14) 25.35(6.02) 2703 (6.19)

maad 14 irdudney 3 5T0Indl onus soudedng i fuge uasms Tudszomene

Genotype 1 Genotype 3 Genotype 6

la b 3a k] e 6 fim op or i o

Cambodia 6 4 1 5 2 I 5 !
Laos 1
Myanmar 1 1 4 5 2 2
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= Ci
LRk

snmadnnnlssmaioutunh Mg wazad owhlindmSenmu W uberculosis,
syphilih, malaria, polio 18% filariasis ﬁ"au:unuIFimmh:mmﬁm%’umimuqm|ﬂ:'ﬂuaﬁumqmn:mqﬂl
Tulszmalnefaiinnuindusdisi

audovenlszmanehd we 2547 ueasbiiunnudniuisenhaeuazdanimamini
YN NUYDY Ant-HAV Tasamuynlisinu 17.3% Tunguilssnnsowdind 20 T unzituidiv
75% Tungalizyinsowpnandt 40 T (Chatproedprai et al, 2007) @Ai3duAUATILYNYTIIAIAT
oy 100% weRaide iindusnioy 10 vl Fuiunduory 1620 T Wiosmnnsdmn Loty
adubszmadandiiiiia Aafusenuiitenesrefoudimsszuahulszmeni AUYY uazan 1a

msEun hlinlsemadand1n duihudealdfuindutloadudranhednlesassnrfindioums
@uma mans Wsuindumunsomugunssualdaiaiilszdniam (Poovorawan et al, 1994)
n ey hudaiia Tiveanguusanusadidananiinnusuiudosuiu

msdAnufidumsdnnusnlumsSinneinaeniugmondvedadusney  § vonlszme
Wi ALY AT WU genotype WA sub-genotype Cl/adr 1INNT1 85% moandoafuswaumine lu
HTANUYIINT (Nakai et al, 2001) @3 C1 uas B4 wuninluus w1 adums (Huy et al, 2008)
FluTnilvionu W halsemmoviedas wandiod®  anuynves  HBsAg  huusanusadn
uMgIn n's"m-qﬂiisrm'luﬂmmn'lﬂu (4%) (Luksamijarulkul et al., 2002) M310HA amino acid substitution
hfoy  “"  determinant M iAansalfouniadInsesnvesllsiunazennssnusensnzdu
pifuiuweaindu Tanialy vaccine escape mutant HndapiannaRuTveNIR0xE AN
Giy14s Ty Arglds uidmanaiugiwunn s 1 i adidumia 126 HAEHUM TR
ypannesiTugs (15-20%) ndinedmsTioane (6-12%) (Echevarria and Avellon et al, 2006) M3
MUY vaccine escape mutant IFASIN selective pressure MAvINM3 IXTUAG udumsnomuiug
mulusaanmiedn ewlifedesiums 1diuindu  desnnlungulsamedangn fidanmfia
Fadudndlafodusney id i&'lfun1*.=nmuﬁuii'iﬂu1uﬂu’ﬁm'f a199ziin TAuss umA Funvatosiy
UidufssnieTafaiy fande HBV pre-s mutations/deletion inwy Wtinuludihudosa FaifunaTify
wamsnmeiugozouudilos zozAunii (cirhosis) uazuziiadiy (Hepatocellular carcinoma) UAZWUAMT
ﬂnwﬁ'uﬁ'rﬁﬁﬂmﬁmuﬂmm AUy uazaa wandmu lulszmane

ATMgNed Anti-HCY Tuussaumisdnamih fuwn uazan IndRsafunnmgniifieay
TutlszmaIne (Sunanchaikam et al, 2007) usaarumuivgiiowplsznm 2627 U '[ﬁm‘;":"ljdmm-qn
YD1 Anti-HCV ﬁnﬁuuﬂﬁmﬁﬁumumu LTINS smAR YT WA INYNYBT Anti-HCV (6.5%)
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giludlngoens  Falmwdmiusiunsimnlsadonsian  Snumslidoitiosse st
(Thuring et al., 1993) ATwMaInnawyes iadudmey & wnnludehausinudisinnmlssms
g wa T Indounsonu 1@ ludszmalne uansSTuIniwommzlizmaiugn woaiivhuiy
' Inddandneniimdatidiannlszmaingn iowindusaaumesinonlszmmoidumadin
ol lnodmmaenn Anfunnuyniinulunduussomnimlssmaiiorsme foutiituun 1
Tulszmman 3Tl 32 wonnTudlszmalne usssmanamin uazduyen SmasAmnwuanudniug
fumamoRed T Widuian  asdadedni i duianimiy  wienuiavummiaeiy
mmwﬁwmfﬂis=u1ﬂw~u€'a'|.1i'ﬁﬁuﬁ'ﬂmu a 9 luIntldnanhubizmaouedoas Jueonfivald
ind 6 fwuluanddiod  videhnliounsoiunn suwype 8 diosinlFaviindinn

winnmmogs uazo19bs und minds ity Tungquiliznnivesdszmamin e unzanm
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g1

ATNYNYDY Ant-HAV Tunguusaaudiadianindszmmi e saza1s oazieuiiiuh
Uszmedandniianugnlubasgs unsns Wsuinduadiagiguiudeunsdumahinlssommail

midFuluaamnugnues HBsAg Tudasigs Tu'lmil cradr wumnunguusanumisdon
i ﬁuq‘rl Hazng i’]“ﬁ’:-«'i amino acid substiution TMUTIIW *a" determinant L@z HBV pre-s
mutations/deletion Wnwu'ldy ﬂu'luﬁﬂ':trtfni'wmﬂﬁzmﬁﬁ'aﬂfin

ATIIYNYDY Ant-HCV Tuusanumadievi duwen uazan Indinoaiunuynlulszms
o §hnddwusnnldud $Tulndl 3b upy 30 Feowdiuifunsdadedaomsemimiia

fauduian sumadnnuvainnmovesi lulnd s galungulszmmaduaz Susani@va 1A

12



UITIHNTY

Chatproedprai, 5., Chongsrisawat, V., Chatchatee, P., Theamboonlers, A., Yoocharoen, P., Warinsathien,
P, Tharmaphompilas, P., Warintrawat, S., Sinlaparatsamee, 5., Chaicar, K., Khwanjaipanich, S,
Paupunwatana, 5. & Poovorawan, Y. (2007). Decliming trend in the seroprevalence of infection with hepatitis
A wirus in Thailand. Ann Trop Med Parasitol, 101, 61-68,

Poovorawan, Y., Tieamboonders, A., Chumdermpadetsuk, 8., Glilck, R., Cryz, 5.1 Ir. {1994) Control of
a hepatitis A outbreak by active immunization of high-risk susceptible subjects, J Infect Dis, 169, 228-229.

Nakai K, Win KM, Qo 55, Amkawa Y, Abe K. 2001, Molecular characteristic-based epidemiology of
hepatitis B, C, and E viruses and GB virus Clhepatitis G virus in Myanmar. J Clin Microbiol 39: 1536-1539,

Huy TT, Sall AA, Reynes M, Abe K. 2008. Complete genomic sequence and phylogenetic relatedness
of hepatitis B virus isolates in Cambodia. Virus Genes 36: 299-305.

Luksamijarulkul P, Thammata N, Tiloklurs M. 2002, Seroprevalence of hepatitis B, hepatitis C and
human immunodeficiency virus among blood donors, Phitsanulok Regional Blood Center, Thailand. Southeast
Asian ] Trop Med Public Health 33: 272-279.

Echevarria JM, Avellén A. 2006, Hepatitis B virus genetic diversity. J Med Virol 78 Suppl 1:536-42,

Sunanchaikam 5, Theamboonlers A, Chongsrisawat V, Yoocharoen P, Tharmaphompilas P,
Warinsathien P, Sinlaparatsamee S, Paupunwatana 5, Chaiear K, Khwanjaipanich 5, Poovorawan Y.
Seroepidemiology and genotypes of hepatitis C virus in Thailand. Asian Pac J Allergy Immunol 2007; 25: |75~
182

Thuring EG, Joller-Jemelka HI, Sareth H, Sokhan U, Reth C, Grob P: Prevalence of markers of heparitis
viruses A, B, C and of HIV in healthy individuals and patients of a Cambodian province. The Southeast Asian J

Trop Med Public Health 1993; 24: 239-249,

33



NIAHUIN

msmmaiaTInMs AndeRudniry o AnaamAmdouuazd vauFIBta N ng U

nguoig (ih | SannsAadedy | maomnmandon fnoudotn
oLy 1o (P:%) {d %)
r 15-20 40 | 5 . 369
21-30 60 5 369
31-40 | 80 | 5 246
] 41-50 90 5 138
51-60 90 5 138
Rl - - 1,260

maugmdanmsthummzdudnoy 1§ snassnmndouuszd s unaunguey

nguoy (i | dns st 1 M mInGeN It
udntry 1 (p:%) ' (d:%)
|
15-20 8 | il 204
21-30 8 3.1 294
31-40 8 31 294
41-50 8 3.1 294
51-60 § | 3.1 294

i = = 1,470
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Anmali of Trogneal Medurne & Parantolagy, Vol. 103, No. 4, 361-363 (2009)

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, sanitadon 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 er al., 1997,
Chatchatee ¢ al., 2002; Charproedprai ecal,,
2007). There is, however, some concern
thar 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 pecple from Myanmar,
Cambodia and Laos working in Thailand
(lib.doe.go.thidocinfor/pagedata/ebookdoc/
020400006369_1.pdf), and this esimate
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 HAYV 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-epidemiclogy of HAY  within the
migrants' countries of origin and thus be
useful in planning preventive strategies in
thoze areas,

i The Liverpool School of Tropical Mediine 2005
DOL: 10,1179 3648 5905 X4 35085

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
previois 5 years and worked either in
Bangkok or in provinces near Bangkok,
such as Samutsakhon and Samutsongkhram.
Potendal subjects who had chronic illness,
were receiving immunosuppressive therapy,
and/or had the clinical signs or symptoms
associared with HIWAIDS 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 o
preserve his or her anonymiry, Serum was
separated off and stored at —20°C unal it
could be tested for and-HAV IgG, in a
commercial ELISA (Murex Biotech,
Dartford, ULE.), ar 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 (50.) age of 28.1 (9.0) years, The
recorded seroprevalences of antd-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 anu-HAV in the non-
migrant Thai population was found 1o
increase from 17.3% among subjects aged
|6-20 years to approximately 75% among
those aged >40 years (Chatproedprai & al.,
2007; seec Table). The subjects of the
present study showed no age-specific trends
in HAV seroprevalence but even the young-
est subjects were very likely to have ant-
HAV antbodies (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
seemns 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
are working in Thailland (although it
remains unclear if they also reflect the
seroprevalences of HAV in the peoples

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 o
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 (Jong, 2005). Although the cur-
rent recommendation is o immunize tra-
vellers agmnst HAV ar least 2 weeks
before their trip, hepattis A vaccine has
proven effective in controliing outbreaks
{Poovorawan « al, 1994) and might be
administered at any time before departure
because, even if given immediately before
the joumey, it will still provide travellers
with protecuon (Connor, 2005).

In Thailand, as in many other countries,
access to immunization schedules — ourside
of the government-sponsored programmes
of ehildhood vaccination — may be parti-
cularly challenging for migrant populatons
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, anu-HAV prevalence
among the adult migrants from Myanmar,
Cambodia and Laos who work in Thatland

TABLE, The seroprevalences of [elG apammsr hepaniis A ving reconded among immigrant workers, from Myanmar,

Cambodia and Laos, @ Thaidand in 2008

Mo, of subjecta investigated und (% found seropositive)

Age

{years)  Migrants from Myanmar  Migranms from Cambodia  Migrants from Laos  Non-migrant Thais"
16-20 127 {100 134 (100) 120 (76.7) 369 (17.%)
21-30 135 (99.3) 83 (100) 173 (B6.1) 380 (35.4)
31-40 97 {100) 82 (98.8) B6 (74.2) 446 (59.4)
41-60 35 (100) 95 (100) 16 {100) 659 (72.5)
1660 394 {99.7) 394 (99.7) 395 (B5.6) 1854 (50.9)

“Data collected in 2004 by Chatproedprai ee al, (2007),
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is very high, possibly reflecting high pre-
valences of hepatitis A in the migrams’
countries of origin. Hepattds A immuniza-
gon pror to travelling to  Myanmar,
Cambodia and Laos should be considered.
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Abstract

Objective: There are a large number of immigrant workers from Cambodia and
Myanmar to Thailand. Our study was aimed at determining seroprevalence and
genotypes of HCV in this group. Metheds: Immigrants aged between 15 and 60
years (1431 Cambodians and 1594 Myanmarese) were recruited into this study.
Each sample was screened for anti-HCV by ELISA. RNA was extracted from
seropositive samples and RT-PCR was performed in order to amplify the HCV
core region. Each sample was subsequently sequenced and the genotype was
determined by phylogenetic analysis. Results: The prevalence of HCV infection
in immigrant workers from Cambodia and Myanmar was 33 (2.3%) and 27
(1.69%) samples, respectively. Of the anti-HCV positive individuals. 25
(75.8%) from Cambodia and 15 (55.6%) from Myanmar harbored viral RNA.
Phylogenetic analysis showed that the predominant HCV genotypes in this
group were la, 1b, 3a, 3b and 6 (6e, 61, 6m, 6p and 6r). Most HCV isolates can
be found in Thailand, though some subtypes of HCV-6 are uncommon.
Conclusions: This study shows the HCV seroprevalence and genotypes among
immigrant Cambodians and Myanmarese which may reflect the prevalence in

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

A very high degree of genetic diversity of hepatitis C virus has lead to
persistent infections. This agent currently infects approximately 170 million
people around the world [1]. Chronic HCV carriers are at a significantly
increased risk of liver cirrhosis and progression to hepatocellular carcinoma [2].

A high prevalence of hepatitis C virus has been found in Southeast Asia.
HCV epidemiology is well documented in Vietnam and Thailand. The
prevalence of HCV infection was 1% to 2% in Vietnam [3-5]. Seroprevalence
of HCV in Thailand is approximately 2.2% in the whole population [6].
However, HCV prevalence in Cambodia and Myanmar has not been well
studied. Cambodia has a high level of HCV infection. In 1991, a community
based study reported that 6.5% of the population had developed antibodies to
HCV [7]. Another report indicated that 10.4% of jaundice patients had
antibodies to HCV [8]. In Myanmar, the first study conducted showed a high
prevalence of HCV in thalassemia and liver disease patients [9]. Prevalence
varies from approximately 2% to 11.6%, though most studies were performed
based on a small sample size [10-12]. This variation may result from differences
in geographical sampling area and target population.

Hepatitis C virus (HCV) is a single stranded RNA virus of positive
polarity and the only member of the genus Hepacivirus in the Flaviviridae

family. This virus shows an extremely high degree of genetic variation and has
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been classified into six genotypes, 1 to 6, which comprise various subtypes,
assigned letters in alphabetical order [13]. A newly discovered seventh
genotype has been documented [14]. Novel subtypes of HCV genotype 6 have
been continuously identified in Southeast Asia [10, 12, 15, 16]. Thus, as vet
unknown genotypes and subtypes remain to be elucidated in this part of the
world.

Immigrant workers, especially from Myanmar and Cambodia have
concentrated in Thailand. These groups may harbor some infectious diseases.
New agents may be introduced into the indigenous population and impact
public health. Therefore, it is essential to investigate and monitor some
infectious agents, especially viral hepatitis C. This project has determined
seroprevalence and genotypes of HCV among these groups and demonstrated
that HCV prevalence of the migrant workers was closely relate to the native

population,
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Materials and Methods

All study protocols were approved by the Ethics Committee of the
hospital and faculty of Medicine, Chulalongkorn University. The anti-HCV
positive blood samples were chosen from the specimens obtained during the
routine annual check up compulsory for immigrant workers. All the studied
specimens were anonymous with a coding number for analysis and permission
was granted by the director of the hospital. In addition, all specimens were used

exclusively for academic research and the patients were not remunerated.

Sample Collection

Serum samples were collected from immigrant workers in Thailand.
Immigrants from Cambodia and Myanmar aged between 15 and 60 years who
attended Bangkok 9 international hospital for their annual health check up were
recruited. Sera collected from Cambodia and Myanmar workers amounted to
1431 and 1594 samples, respectively. Serum samples were collected from
August 2007 to January 2009. Individuals of general good health were included.
Immigrants resident in Thailand for more than five years were excluded as
prolonged residence in the guest country might increase the potential for de
novo HCV infection and thus, HCV prevalence detected would not be indicative
for the country of origin. Also, individuals receiving immunosuppressive drugs,

infected with HIV or displaying signs of immunodeficiency were excluded.
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This protocol was approved by the Ethics Committee, Ministry of Public Health
and Faculty of Medicine, Chulalongkom University, Bangkok. The specimens

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

at -70°C until further tested.

Serological tests and RT-PCR Amplification

All samples were subjected to enzyme-linked immunosorbent assay for
anti-HCV detection using a commercially available kit (Murex anti-HCV v.4.0,
Abbott Laboratory, North Chicago, 11.). RNA was extracted from anti-HCV
positive serum samples applying the guanidine thiocyanate method [17].
Reverse transcription was performed using random primers and M-MLV
reverse transcriptase (Promega, Medison, W1). Viral RNA was detected by
¢DNA amplification of the 5° noncoding region as previously described [6].
Amplification of the non-coding region was performed with 2.5 pl eDNA and
the outer primer pair; OC| (GCCGACACTCCACCATGAAT, position: 18-37)
and OC2 (CATGGTGCACGGTCTACGAG, position: 325-344). The PCR
reaction mixture contained 5 pmol of each primer. 200 uM dNTP, 1.5 mM
Mg**, 1.25 units of Tag DNA polymerase adjusted to a final volume of 25 ul
with distilled water. The amplification conditions consisted of a pre-incubation
step at 95°C for 3 min followed by 35 cycles of denaturation at 94°C for 1 min,
annealing at 49°C for 1 min and extension at 72°C for 1.30 min, and concluded

by a final extension step at 72°C for 7 min. For nested PCR, 1.0 ul of PCR
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product was amplified under the same conditions using primers 1C3
(GGAACTACTGTCTTCACGCAG, position: 51-71) and 1C4
(TCGCAAGCACCCTATCAGGCA, position: 290-310). Nueleotide positions
in this study refer to GenBank accession number M62321. The DNA fragment
of the core region was amplified by nested PCR using specific primers (954 and
410 for the first round of amplification, and 953 and 951 for nested PCR) as
described elsewhere [6, 18]. Some samples which showed ambiguous genotypes
were subjected to further amplification of the NS5B region using specific

primer pairs [19].

Sequencing and phylogenetic analysis

After gel electrophoresis, the PCR product of the core region was purified
(HiYield Gel/PCR DNA Fragments Extraction Kit, RBC Bioscience, Taiwan)
and subjected to sequencing. The sequences were edited manually using
Chromas LITE (v.2.01), BioEdit (v.5.0.9) (Ibis Therapeutics, Carlsbad, CA) and
SeqMan (DNASTAR, Medison, W1). All sequence results and reference strains
of the core coding region were aligned using CLUSTALW version 1.83.
Neighbor-joining trees were generated using the Gojobori-Ishi-Nei-six
parameter method. Confidence values were calculated based on bootstrap

resampling tests multiplied by 1000 (http://clustalw.ddbj.nig.ac.jp). The
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reference sequences were retrieved from GenBank, DDBJ and EMBL DNA

database.

Nucleotide sequence accession numbers
The nucleotide sequences of HCV from Cambodia and Myanmar have

been submitted to the Genbank database under accession numbers GLU186925-

GU186964
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Results

Seroprevalence of HCV among immigrant workers

In total, 1431 and 1594 serum samples were collected from Cambodia
and Myanmar immigrant workers in Thailand, respectively. Male gender
predominated among immigrants from Cambodia, in contrast to those from
Myanmar (table 1). All subjects were between 15 and 57 years old, with a mean
age of 27.13 - 27.77 years (table 1).The majority of the subjects in the present
study were 24 to 26 years old. Samples retrieved from Cambodian workers
showed 33 (2.3%) positive for HCV antibody by ELISA, as well as 25(75.8%)
samples positive for viral RNA upon RT-PCR of the 5UTR. Participants aged
between 21-35 vears showed a high rate of HCV infection (table 2). Samples
obtained from Myanmar workers, the most numerous immigrants to Thailand,
showed 27 (1.69%) positive for HCV antibody. The 21-35-year age group
showed high infection rate, whereas, none of the 36-40-year age group
displayed anti-HCV positive (table 2). Fifteen samples proved positive for viral
RNA. All RNA positive samples were subjected to further analysis of the core

region and subsequently to direct sequencing.

Phylogenetic analysis of HCV genotypes
HCV genotype of all sequences was determined by phylogenetic analysis

based on the core region. HCV-6 was predominant in Cambodian workers
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(56%), followed by 1b (24%), 3a (16%) and 3b (4%). This group showed at
least 4 clusters of HCV-6, 6e, 61, 6p and 6r (table 2). One sequence, CBD3571,
did not cluster with any of the reference sequences but was grouped close to the
clade of 6e and 6u (fig. 1). Subtype 6¢ from Vietnam and China was grouped
with the Cambodian cluster (fig.1). It seemed that subtype 6e was transmitted
from Cambodia. Based on the cohort study and previous report, subtypes 6p and
6r were found mainly in Cambodia (fig. 1) [14].

To analyze the ambiguous isolates, the highly divergent strains,
CBD3571 was further subjected to amplification and sequencing of the NS5B
region using specific primer sets [19]. Phylogenetic analysis of the neighbor-
joining tree generated by the 6-parameter model showed that the CBD3751
strain clustered most closely with subtype 6u (61% of 1000 bootstrap
resampling tests, data not shown). The respeetive strain occupied a distinct
branch of both core and NS5B phylogenetic trees.

Phylogenetic analysis showed that samples from Myanmar were mainly
genotype 3b (33.2%), the most prevalent genotype in this study. The remaining
strains were 3a (26.7%), 6 (26.7%), 1a (6.7%) and 1b (6.7%) (table 2). Subtypes
6f and 6m were identified in this group. Subtype 61 was grouped with
Cambodian and Thai strains (fig. 1). Subtype 6m is generally detected in
Myanmar and Thailand. There was no specific cluster of subtype 1b. 3a, 3b and
6m isolates in this study. Subtype 6f from Cambodia and Myanmar has likely

migrated from Thailand (fig. 1)
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Discussion

Information on hepatitis C virus infection in some South East Asian
countries is quite limited, especially Cambodia and Myanmar. This study was
carried out to determine the epidemiology of hepatitis C virus among foreign
immigrant workers from Cambodia and Myanmar. Anti-HCV seroprevalence of
Cambodian workers was 2.3% which was quite similar to the 2.2% determined
for Thailand [6]. Myanmar immigrants showed low prevalence of anti-HCV at
1.69%. The subjects from the two countries recruited into the study were mainly
young people with a mean age of 26-27 years, which may account for the low
prevalence of anti-HCV in this survey, while older age groups tend to show a
higher prevalence of HCV infection [6].

A high level of HCV infection (6.5%) has been detected mainly in adult
males from Cambodia. Intravenous injection of various drugs, a popular habit in
the Takeo province, may constitute the major source of infection [7]. Another
report from rural Cambodia has shown that even in young age groups, HCV
prevalence was very high (10.4%) [8]. In 2002, a community-based survey
suggested that intravenous drug abuse was common and administered at excess
rate among the general population. They knew about HIV transmission
associated with dirty needles but only half of the population were concerned
that hepatitis virus could be transmitted by the same route [20]. In contrast to

previous studies, the present study demonstrated a lower level of HCV infection
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(2.3%) mainly representative for healthy male Cambodians. Place of residence
in their home country could not be identified. In the meantime, the Cambodian
government has made an effort to discourage intravenous drug injection and
improve public health [20]. Hence, the decrease in HCV infection rate observed
with the samples tested could imply that the health care infrastructure of
Cambodia has improved.

Viral RNA was detected in 75.8% and 55.6% of the anti-HCV sero-
positive samples from Cambodia and Myanmar, respectively. [n agreement with
various reports, the percentage of anti-HCV positive samples was ranging from
50-90% [17, 21]. Some individuals who have naturally cleared the virus may
remain sero-positive without exhibiting viremia. However. owing to low viral
load, HCV RNA could not be detected in some infected individuals. This study
has provided information on various HCV genotypes detected in immigrants
from Cambodia and Myanmar. The primer sets in this study can be used to
detect various genotypes of the virus, especially the divergent HCV genotype 6
[18, 19, 22]. HCV genotypes and subtypes can potentially be determined based
on the nucleotide sequence of the core region [23].

Various HCV genotypes were detected among Cambodian immigrants in
this survey. Some genotypes are common in Thailand (1b, 3a, 3b, 6e and 6f),
while some subtypes of HCV-6 are not found in the native population (6p, 6r

and 6u, fig. 1) [19]. Subtvpe 6e was likely to transmit from Cambeodia to other
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countries such as China and Vietnam (fig.1). Subtype 6r seemed to originate
from Cambodia in correlation with a previous study (fig. 2) [14).

There is a large influx of immigrants from Myanmar and Cambodia to
Thailand. In 2007. the annual report from the Office of foreign worker
administration Thailand showed that 498091 and 26096 people had immigrated

from Myanmar and Cambodia, respectively

(htup://115.31.137.7/workpermit/main/Stat/svear.asp, reported in Thai). As a

large sample size was available, healthy workers were included in this study and
they may have migrated from different parts of the country. Based on the results
of this study, the trend of HCV infection could be extrapolated to the general
population. Even though the HCV infection rate was lower than expected [10,

1 1], the predominance of genotype 3 (3a: 26.7% and 3b; 33.5%) of Myanmar
immigrant workers in this survey was similar to previous studies [11, 12]. HCV-
3 is also the predominant genotype in Thailand followed by genotype 1b and
genotype 6 (fig. 2) [6]. However, we have no data based on the previous study
of HCV genotypes in Cambodia for comparison. Subtype 3a from Cambodia
and Myanmar had mingled with subtypes from other countries (fig.1). Genotype
3a is globally prevalent in injection drug users [24, 25], as well as common in
some Asian countries [6, 12, 18, 26]. Therefore, unsafe needle sharing or drug
abuse may introduce this genotype to the general population. Furthermore, these
two countries are connected by trade, travel and migration from which may all

contribute to similar patterns of virus transmission and genotype distribution.
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HCV-6 is known as the genotype exclusive to South East Asia and as the
most diverse genotype [19, 22, 27]. HCV-6 was predominant and subtype 6a
was most prevalent in North Vietnam [28]. A previous report based on
GenBank, EMBL and BBIDJ database study suggested that subtype 6f was most
prevalent and seemed to originate in Thailand [19]. The present study showed
that this subtype is also circulating in Myanmar and Cambodia which may be
due to the close connection and dynamic movement of migrating people among
these countries. However, some subtypes are restricted to a specific
geographical area. Thus, subtype 6r is specific for Cambodia, subtype 6p is
found in Cambodia and Vietnam. Subtype 6m appeared to have migrated from
Myanmar and mingled with the subtype prevalent in Thailand (fig. 1). It could
be speculated that novel unassigned genotypes or subtypes may have
accumulated in this area.

As immigrants can easily find employment in Thailand, their numbers are
steadily increasing. Their respective original residence in their home countries
could not be ascertained in this study. Despite the low incidence of HCV
infection in these foreign workers, infectious diseases such as HIV, HAV and
HBV may affect these groups. Hence, additional studies ought to be performed.

The prevalence of HCV infection in Cambodia and Myanmar immigrant
workers determined in this study is similar to Thailand. Participants were
mainly of a young age group which may provide an explanation for lower

infection levels than previously reported. Various and as yet unclassified



10

11

12

13

14

15

16

17

18

15

20

subtypes ol HCV-6 may have accumulated in Southeast Asia. Further research
should be focusing on HCV genotype distribution, novel subtypes of HCV-6,

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

Asian countrics.
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Legend

Fig. 1. Phylogenetic tree constructed on partial core coding sequences.
Sequences determined in this study are label as bold letters and black circle.
Hepatitis C virus genotypes are indicated on the branch of the individual cluster.
Reference sequences were obtained from GenBank database. Bootstrap values

which more than 80 percent were indicated at each node.

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

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

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

immigrant workers in Thailand (ND: no data).

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

different age groups of Cambodian and Myanmar immigrant workers.
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study are label as bold letters and black circle. Hepatitis C virus genotypes are indicated on the branch
of the individual cluster, Reference sequences were obtained from GenBank database. Bootstrap
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Table 1. Prevalence of hepatitis C virus infection with age and sex among immigrant workers in

Thailand (ND: no data),

Cambodia Myanmar
(n=1431) (n=1594)
Sex:  Male 959 (67.02%) 631 (39.59%)
Female 469 (32.77%) 865 (54.27%)
ND 3 (0.21%) 08 (6.15%)
Mean age (SD) 27.77 (8.14) 27.13 (6.19)
Anti-HCV positive 33 (2.31%) 27(1.69%)
RT-PCR positive 25 (75.76%) 15 (55.56%)




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

Age group Anti-HCV Genotype

(Years) Male Female Total{%") ia ib 3 b e 61 6m 6p fr [ Total
Cambaodia (n=1431)

21-25 5 o 5(15.2) 0 2 0 0 0 1 0 ] 0 ] 3
26-30 3 3 6(18.2) 0 0 | ] 0 i 0 | | 4
31-35 5 2 7(21.2) 0 2 | [ 0 I i 0 [l o 5
36-40 2 2 412.1) 0 | {1 0 0 0 0 0 2 0 3
4145 | 3 4(12.1) 0 I 0 0 3 0 0 0 0 0 4
46-50 3 ] 412.1) 0 0 o | ¥ 0 0 I 1 0 3
=50 3 0 I51) 0 0 0 0 2 ] 0 0 . 0 4
Total(%) 22(237) 11(237) 33(237)  0(0") 6(24%) (16" 4% 3(20%) 2(8") O 1(4%) S5{20% 1(4") 25(75.8")
Myanmar (n=1594)

15-20 0 | 1{3.7} 0 o i ] 0 0 0 0 0 0

21-25 4 4 8(29.6) 0 0 1 4 0 0 I [t 0 W]

26-30 2 3 5(18.5) | 0 | 0 0 | 0 0 0 ¥ i
31-35 3 5 7(25.9) 0 l | a 0 0 I 0 0 0 3
36-40 0 0 00y 0 ] 0 0 0 0 0 0 0 ] 0
41-45 i 3 4(14.8) 0 0 I I 0 ! 0 0 0 0 3
46-50 0 I 1(3.7) 0 0 0 0 0 0 0 0 0 0 0
=50 0 1 I{3.7) 0 0 ] i 0 ] 0 0 0 0 L

Total(%) 9(53.3%) 18(66.7*) 27(1.7*) 1(6.7%) 1(6.7%)4(26.7*) 5(3533") 0(0") 2(13.3") 2(13.3") 0*) 0(0%) 0(0*) 15(55.6%")




* Percent calculated with respect to total anti-HCV 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

Although hepatitis B virus (HBV) infection is endemic in Southeast Asia, molecular
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
present among migrant workers from Cambodia, Laos and Myanmar in Thailand.

Sera collected from 1,119 Cambodian, 787 Laotian and 1,103 Myanmarese workers
were tested for HBsAg. HBYV 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 C1) 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 lle1265er/Asn was the most frequent
variant. Sequencing analysis showed that 19.1% of samples had pre-§ mutations, with
pre-S2 deletion as the most common mutant (7.7%) followed by pre-S2 start codon
mutation (3.8%) and both pre-52 deletion and start codon mutation (3.3%). High
prevalence of HBV infection (approximately 7-11%) was found among migrant
workers from Cambodia, Laos and Myanmar, which may reflect the current
seroprevalence in their respective countries. Our data also demonstrated that HBV
sub-genotype C1 was the predominant strain and wvarious naturally occurring

mutations of HBY were not uncommon among these populations.

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

Hepatitis B virus (HBV) infection is one of the major causes of chronic liver
diseases ranging from chronic hepatitis to cirrhosis and hepatocellular carcinoma
(HCC) [Ganem and Prince, 2004]. HBV, a member of the family Hepadnaviridae, is
a relaxed-circular double stranded DNA virus of approximately 3,200 base pairs in
length, with four overlapping open reading frames encoding the polymerase (P),
precore (PClcore (C), envelope (pre-S1/pre-52/5), and X proteins [Ganem and
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
avw, ayr, adw and adr [Kramvis et al,, 2005; Morder et al., 1992]. Each genotype can
be further divided into sub-genotypes based on 4-8 % divergence of the viral genome.
HBV genotype and sub-genotype distribution appears to show varying geographic
patterns [Allain, 2006; McMahon, 2009]. For instance, genotypes A and D are
predominant in Western countries and India, whereas genotypes B and C are common
in Southeast Asia, China and Japan. Genotype E is restricted to Africa, while
genotypes F and H are found in indigenous populations in Alaska and Central and
South America. In Asia, sub-genotype Bl is predominant in Japan, while sub-
genotypes B2-5 prevail in other countries. Sub-genotype C1 is prevalent mainly in
Southeast Asia, whereas sub-genotype C2 is commonly found throughout the Far East
as for example, in Japan, China and Korea [Allain, 2006; McMahon, 2009].

Chronic HBV infection and its related hepatic complications are particularly
important in Southeast Asian countries where the prevalence of the infection is
relatively high, varying from 3-6% in Singapore, Malaysia and Brunei to

apprmirﬁa{cly 6-12% in Indonesia, Philippines, Myanmar, Laos, Cambodia and
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Yietnam [James, 2001; Merican et al., 2000; Sebastian et al.,, 1990; Alexander et al.,
1990; Budihusodo et al., 1991; Amirudin et al., 1991; Utama et al., 2009; Lingao et
al., 1989; Lansang, 1996; Nakai et al., 2001; Carvana et al., 2005; Jutavijittum et al.,
2007; Thiiring et al., 1993; Duong et al., 2009; Thuy et al., 2005]. In Thailand, the
prevalence of HBYV infection has declined upon implementation of the national HBV
vaccination program, with present prevalence of approximately 4% [Luksamijarulkul
et al.,, 2002; Suwannakarn et al., 2008; Theamboonlers et al., 1999]. The predominant
HBV genotypes in this region are genoytypes C and B (Figure 1), Despite the high
prevalence of HBV infection in Southeast Asia, data on its molecular epidemiology in
this region are scarce, particularly in some couniries such as Cambodia, Laos and
Myanmar. At present, a large number of migrant workers, originating from these
countries, are employed in various sectors of Thai industries located in Bangkok and
neighboring provinces. In 2006, registered and non-registered foreign workers in
Thailand were approximately 1,800,000 migrants [Martin, 2007]. In 2007, the
distribution of working-age migrant workers of Cambodia, Laos and Myanmar was
111,391 (13.4%), 106,706 (12.9%) and 611,476 (73.7%), respectively [Pholphirul and
Rukumnuyakit, 2007]. Growing influx of migrant populations may influence the
prevalence of HBY infection and the resulting disease burden in Thailand. The
present study has been aimed at evaluating the HBY seroprevalence and its genetic
variability, including genotypes, antigenic subtypes and mutations present among
these migrant workers, In addition, the phylogenetic relatedness of HBV strains

isolated from these subjects was investigated.
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MATERIALS AND METHODS

Study populations

The serum samples of migrant workers collected for a routine health check-up
were stored at -70°C until further analysis. In this study, 3,009 serum samples
collected from 1,119 Cambodians (353 females; 763 males and 3 unidentified), 787
Laotians (413 females, 364 males and 10 unidentified) and 1,103 Myanmarese (582
females, 423 males and 98 unidentified) were tested for Hepatitis B s antigen
(HBsAg) by using commercially available automated ELISA assays (Murex, Biotech
Limited, Dartford, Kent, England), Samples positive for HBsAg were subjected to
further analysis aimed at molecular characterization of HBV. The project had been
approved by the ethical committee of the Faculty of Medicine, Chulalongkom

University.

HEBV DNA extraction, amplification and sequencing

HBV DNA was extracted from 100 microliters each of HBsAg-positive sera.
The respective serum samples were incubated in lysis buffer (10 mM Tris-HCI ph 8.0,
0.1 M EDTA pH 8.0, 0.5% SDS and 20 mg/ml prot=inase K) at 50°C for 60 minutes
followed by phenol/chloroform/fisoamyl alcohol extraction and ethanol precipitation.
The Pre-Si/Pre-52/5 region was amplified using primers Pre-S1F+ (3'-GGG TCA
CCA TAT TCT TGG GAA C-3": position 2814-2835) and R5 (5'-AGC CCA AAA
GAC CCA CAA TTC-3": position 1015-995) The total 25- pl reaction volume
consisted of 10 pl of 2.5X 53 PRIME MasterMix solution (5 PRIME GmbH, Hamburg,
Germany), 0.5 pl of 25 pM forward and reverse primers, 2 pl of DNA template and

sterile  distilled water. The thermocycler was programmed for HBV DNA



13
14
15
16
17
18
19
20
21
22
23
24

25

amplification as follows: initial denaturation at 94°C for 3 minutes followed by 40
cycles of denaturation at 94°C for 30s, annealing at 533°C for 30s, extension at 72°C
for 1.30 minutes and a final extension step at 72°C for 7 minutes. The HBV DNA
amplicons were isolated by 2% aparose gel electrophoresis at 100 volt for 60 minutes
and stained with ethidium bromide, PCR product size was estimated in comparison
with a 100-bp DNA ladder under UV light. The expected products were excised from
the gel and purified using the Perfectprep™ Gel Cleanup kit (Eppendorf, Hamburg,
Germany). The purified samples were sent to a commercial DNA sequencing
company (First BASE Laboratories Sdn Bhd, Selangor Darul Ehsan, Malaysia) for
sequencing. Nucleotide sequences were edited by Chromas Lite program version 2.01
(Technelysium Pty Lid., Queensland, Australia) and assembled by SeqMan

(DNASTAR Lasergene software, Madison, WT).

Genotyping, subtyping and phylogenetic analysis

Each sample's sequences were aligned with each available human genotype
stored at the GenBank database (National Center for Bictechnology Information,
Bethesda, MD) by Clustal X program version 2.0.10 (European Bioinformatics
Institute, Cambridge, UK). Based on these alignments phylogenetic trees were
constructed for genotyping using Molecular Evolutionary Genetics Analysis (MEGA)
software version 4.0 (The Biodesign Institute, Tempe, AZ) for genotyping. The
neighbor-joining method by Tamura-3 parameter was used for constructing
phylogenetic trees. Some sequences were genotyped by the Viral Genotyping Tool
(National Center for Biotechnology Information, Besthesda, MD). Genetic
recombinants were further determined by SimPlot program and bootscanning analysis

{Simplot version 3.3.1, Baltimore, MD). HBV nucleotides were translated into amino
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acid sequences using the translation tool in EXPASy Proteomics Server (available on:
http:/fwww.expasy.ch/tools/dna.html). Subsequently, subtypes were identified based

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

HBV mutation analysis

HBYV sequences were evaluated for mutations and deletions in the pre-S1/pre-
52 regions. The amino acids at positions 120 and 160 of the S protein were indicative

for “a’ determinant mutations.

Statistical analysis

Data were expressed as mean £ standard deviation (SD), and percentages as
appropriate. Comparisons among groups were analyzed by the Pearson y2 or Fisher's
exact test for categorical variables and by One-Way ANOVA Bonferroni adjustment
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

Inc., Chicago, [L).

RESULTS

HBsAg detection

HBsAg was detected in 282 of 3009 (9.4%) samples. This group comprised
121 Cambodians (10.8%), 54 Laotians (6.9%) and 107 Myanmarese (9.7%). Among
these subjects, HBV DNA was detected in 102 Cambodians (84.3%), 42 Laotians

(77.8%) and 80 Myanmarese (74.8%) (Table 1).
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Distribution of HBV genotypes and serotypes

All sequences obtained from this study were submitted to the GenBank
database (accession nos. GOQB855313-GOQ85570 and GOQ856583). Phylogenetic
analysis was performed based on the pre-Sl/pre-S2/S genes (Figure 2). Of those
positive for HBYV DNA, 194 of 224 (86.6%) cases were determined as genotype C
{99% and 1% were sub-genotypes C| and C35, respectively), 25 (11.2%) cases were
identified as genotype B (32%, 36% and 32% were sub-genotypes B2, B3 and B4,
respectively), 1 (0.44%) case as genotype A (sub-genotype A2) and 1 (0.44%) case as
genotype D. As for antigenic subtype distribution, adr was the most common
(68.3%), followed by aw (8.9%), adw (6.7%) and ayr (0.9%). The prevalence of
HBV genotype and subtype with respect to geographic location is shown in Table 1.
There were significant differences in genotype and serotype distribution among
groups. Briefly, Cambodians and Laotians had significantly higher prevalence of
genotype B but had significantly lower prevalence of genotype C than those of
Myanmarese (p <0.03). In addition, Laotians had significantly higher prevalence of
serotype ayw but had significantly lower prevalence of serotype adr than those of
Cambodians and Myanmarese (p <0.05).

Although we did not sequence the entire genome in this study, three isolates
with suspected inter-genotype recombinants were identified (isolate 31 with genotype
B2/C1, accession no. GQB855407; isolate 612 with genotype B3/C1, accession no.
GOQB55454 and GOQB8535560; and isolate 3794 with genotype G/Cl, accession no.
GOB56585). Isolate 31 proved to be a recombinant of sub-genotypes B2 and C1, with
its recombination breakpoint estimated at nucleotide 573 (Figure 3A). Isolate 3794
represented a recombinant of genotypes G/C1 with its recombination breakpoints

between nucleotides 2006 and 157 (Figure 3B). Isolate 612 was classified as sub-
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genotype B3 in the pre-5/8 pene butl showed sub-genotype C1 between nucleotides

1554 and 1974 (figure not shown).

Prevalence and characterization of the *a’ deferminant mutations

In this study, various point mutations in the *a’ determinant region were
detected in 35 out of 194 (18.0%) HBV isolates. Mutations were found in 19/94
(20.2%) of Cambodian samples, 6/38 (15.8%) of Laotian samples and 10/62 (16.1%)
of Myanmarese samples. The most frequent mutation in Cambodian, Laotian and
Myanmarese isolates was lle126Ser/Asn. In addition, multiple point mutations in the
‘a’ determinant region were detected in 6 isolates (Table II). Amino acid sequence

alignment of the partial § region of these 35 isolates is shown in Figure 4.

Prevalence and characterizafion of pre-5/5 mudtations

Upon direct sequencing, pre-S mutations were detected in 40 of 209 cases
(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%,
respectively. As for the prevalence of site-specific pre-S8§ mutations, pre-52 deletion
was the most common (7.7%), followed by pre-S2 start codon mutation (3.8%) and
both pre-52 deletion and start codon mutation (3.3%) (Table 1lI), Amino acid
sequence alignment of the entire pre-S1/pre-5S2 region of the 40 samples is shown in

Figure 5.
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DISCUSSION

Although chronic HBV infection prevails in Southeast Asia, the data on its
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
characterization of HBV circulating in Cambodia, Laos and Myanmar. Our study,
which included identification of both viral genotypes and subtypes in a significant
number of HBV carriers from these countries, demonstrated that the predominant
HBYV strains belong to categories Cl/adr, which accounted for more than 85% of
cases. These data were in agreement with previous reports that HBV genotype C was
prevalent in Myanmar [Nakai et al,, 2001], and sub-genotypes C| and B4 were
dominant strains in Cambodia [Huy et al., 2008]. These findings are not surprising but
reflect the typical genotypes and subtypes circulating in Southeast Asia. The
seroprevalence of HBsAg in these migrant workers was approximately 7-11%, similar
o previous reports on seroprevalence in these countries but higher than a recent
nationwide survey in Thailand (4%) [Luksamijarulkul et al., 2002; Theamboonlers et
al., 1999]. This difference in seroprevalence among populations reflects a steady and
remarkable decrease in chronic HBV carrier rate among Thai populations after the
1992 implementation of universal HBV vaccination.

HBV strains resulting from genomic recombination between different
genotypes have been increasingly recognized in various parts of the world. In Asia,
recombination of genotypes B/C has been reported in China, Hong Kong, Indonesia,
Taiwan, Thailand and Vietnam [Sugauchi et al., 2002], whereas recombination of
genotypes C/D has been detected in Tibet and China [Cui et al., 2002; Wang et al,,

2005). In addition, recombinants between genotypes A/C and genotypes A/D have
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been documented in Vietnam [Hannoun et al., 2000] and India [Chauhan et al., 2008],
respectively. Recently, a novel genotype I, with a complex recombination invelving
genotypes C, A and G has been reported in Vietnam and Laos [Huy et al., 2008;
Olinger et al., 2008]. Although the entire genome sequence was not determined in this
study, we identified three HBV isolates with suspected inter-genotype recombinants,
It is of note that a hybrid of genotypes B3/C1 in this study displayed recombination
breakpoints in the vicinity of the preC/C region, which is the most common site of
inter-genofype recombination as previously described [Sugauchi et al., 2002]. Another
recombinant of genotypes G/C with its recombination breakpoints between
nucleotides 2006 and 157 was also demonstrated in this study. Interestingly, the site
of breakpoints in this recombinant was different from that found in a hybrid of
genotypes G/C previously identified by our group in a Thai patiemt with HCC
[Suwannakarn et al., 2008].

Amino acid substitutions within the *a’ determinant domain could lead to
conformational changes which may interfere with active and passive immunization
against HBY infection [Carman et al., 1990]. The most common vaccine escape
mutant results from the mutation at position 145 (Gly145Arg), which is located in the
second loop of the *a’ determinant [Carman et al,, 1990]. In this study, however, the
most common amino-acid substitution found in Cambodian, Laotian and Myanmarese
samples was located at position 126. In addition, the prevalence of ‘a* determinant
mutants among chronic carriers from these countries was approximately 15-20%,
which was slightly higher than the prevalence among random chronic carriers recently
reported (6-12%) [Echevarria and Awvellon, 2006]. It has been proposed that
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
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world [Carman et al., 1990; Coleman, 2006; Cooreman et al., 2001]. For example, a
previous study in Taiwan demonstrated an increase in the prevalence of ‘a’
determinant mutants in children from 7.8% before to 23.1% 15 years after the
introduction of universal vaccination against HBV [Hsu et al.,2004]. High prevalence
of the variants among migrant workers in this study, however, might not be associated
with previous vaccination because the coverage rates of HBV vaccine administration
in their countries are generally low [Caruana et al., 2005; Soeung et al., 2009]. Thus,
it is speculated that these mutants within the ‘a’ determinant region might have
emerged in response to natural immunoselective pressure of the host. These infectious
mutants have been circulating among individuals chronically infected with the virus.
Naturally occurring HBV pre-§ mutations/deletions have been frequently
reported in chronic HBV carriers. It has been shown that pre-§ deletion mutants tend
to accumulate during a later stage of persistent HBY infection, including cirrhosis and
HCC [Chen et al., 2006]). In fact, the prevalence of these mutations/deletions is rather
variable and considerably different, ranging from 0% to 36%, between diverse
geographic areas [Huy et al, 2003]. In this study, the prevalence of pre-§
mutations/deletions among Cambodian, Laotian and Myanmarese migrant workers
amounted to 18.4%, 15.0% and 22.5%, respectively, which was higher than that
determined by our previous study conducted on Thai populations (9.5%)
[Suwannakarn et al., 2008]. As for the site of mutations, this study showed that pre-52
deletion was the most common mutation type, followed by pre-52 start codon
mutation and the combined pre-S2 deletion and start codon mutation. These results
were in agreement with those recently reported from Japan, Korea and Thailand,

according to which deletion in pre-52 regions and pre-52 start codon mutations were



20

21

22

23

24

25

among the most prevailing [Suwannakamn et al., 2008; Huy et al,, 2003; Choi et al.,
2007].

In conclusion, high seroprevalence of HBsAg (approximately 7-11%) was
found among migrant workers from Cambodia, Laos and Myanmar, which may
reflect the present prevalence of HBV infection in their respective countries. We also
demonstrated that HBV sub-genotype/subtype Cl/adr was the predominant strain
circulating in these migrant workers. In addition, the *a’ determinant variants were
frequently found in these populations, and might not be attributed to vaccine-induced
mutation, Finally, pre-§ mutations, especially pre-52 deletions and pre-S2 start codon

mutations were not uncommon among these populations.
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Table 1 Prevalence of HBY genotypes and subtypes in migrant workers

Table IT Prevalence of *a’ determinant mutations in migrant workers

Table 111 Prevalence of pre-S mutations in migrant workers

Figure 1 The prevalence and genotypes of HBY infection in Southeasl Asia countries
derived from previous reports. Charts in the left comer demonstrate the prevalence
and subgenotypes among migrant workers from Cambodia, Myanmar and Laos in this
study

Figure 2 Phylogenetic relationship of the sequence obtained in the present study and
representative  sequences of human HBY, orangutan and gibbon strains from
GenBank. Region included in the comparison was the large S gene including preSl,
preS52 and HBsAg gene. Percentage bootstrap values (>73%) are shown at the
respective nodes. The scale bar at the bottom indicates the genetic distance. The
country of origin of migrant workers is indicated by a symbol (® - Cambodia, A-
Laos and M - Myanmar)

Figure 3 Bootscanning analysis of suspected recombinant isolates. (A) complete §
gene of isolate 31 was compared with HBV-B2 (AF121249) and HBV-CI
(AB112348); (B) lsolate 3794, nucleotide positions 2006 — 157, was compared with
HBV-C1 (AB112348) and HBV-G (AB0G4310). Dashed line(s) indicate(s) the
breaking point (s) of recombination. The number above the dashed line indicates the
nucleotide position of each isolate compared with the reference strain (NC_003977)
Figure 4 Amino acid sequence alignment of the *a’ determinant region of 35 samples.
Figure 5 Amino acid sequence alignment of the entire pre-S1/pre-52 region of 40

samples.



Table I Prevalence of HBV genotypes and subtypes in migrant workers

Cambodia Laos Myanmar Total P-value
(n=1119} (in=787) (n=1.103) (n=23,009)
No. HBsAg positive 121 (10,8} 34(6.9) 107 (9.7} 282(9.4) 0.1.'!13:
Mo, HBY DNA positive 102 (84.3) 42 (77.8) 80 (74.8) 224 (794) 0.008
Gender (M : F: ND") Bl:20:] J:10 46:28:6 158:59:7 0.030"
Age (yr: mean + 50) 29.2+3.6 26.247.4 28.346.1 28.347.6 NS

Genotype

A2 1(1.0) 0 (0) 0o 1 (0.44) NS

8 13(12.7} 11(262)  1(1.25) 25 (11.2) 0.000°
B2 Ti6.9) 1 (2.4) 0 (o E(36)

B3 1(1.0) 7(16.7) (1.9 0 (4.0)
B4 (4.9 0 0{m B(3.6)

C 86 (84.3) 30(71.4)  TB(97.5) 194 (866)  0.000°
Cl B6(84.3) 29 (69.0) 77 (96.3) 192 (B5.T)

s {0y I (24) 1(1.25) 2(0.9)

n* 00y {0y 1 {1.25) | (0.44) NS

Suspected recombination NS
BXCI (L0 {0y r{ioy I (0.44)

BI/CI 0(0) 124 0(0) 1(0.44)
GICH 1(1.0) 0.0} 0 {0y 1 {(r.44)

Subtype )
adr 76 (74.5) 20(47.6)  57(71.25) 153 (68.3) 0.000
adw 9(8.8) 30119y 1(1,25) 15(6.7) ME
ayr 1(1.0) 1(2:4) 0(0) 2 (0.9) NS
aw 6 (5.9 12(28.6) 2(2.5) 20 (8.9 0.000°
Could not be identified 10 (9.8) 4(9.5) 20(25.0 34 (15.2)

Data were expressed as mean £ 5D, no (%)

* Data not available; ® PreC gene could not be amplified

" P-values [1 0.05; NS = no statistic significance



Table II Prevalence of *a’ determinant mutations in migrant workers

Cambodia Laos Myanmar  Total
HBV DNA positive (n= 102) (n=42) (n=80) (n=224)
Amino acid substitution
MNo. HBV sequencing available 94 (92.2) 38 (90.5) 62(77.5) 194 (86.6)
llel26Ser/Asn 6(6.4) 2(5.3) 4 (6.5) 12 (6.2)
Prol27Arg 1(1.1) 0 0 1(0.5)
Glyl130Arg 0 1(2.6) 0 1(0.5)
Thr131Asn/Pro 0 1(26) 2(3.2) 3(1.5)
Met133Thr 2(2.1) 0 0 2(1.0)
Phe 1 34 Leu (L) 0 0 1(0.5)
Thri40lle 0 0 1{1.6) 1{0.5)
Prol42Leu NSy I 0 1{0.5)
Glyld45Arg/Ala 3(3.2) 1 (2.6) 0 4(2.1)
Trpl56Leu 0 0 1{1.6) 1(0.5)
Alal57Gly 0 0 1(1.6) 1(0.5)
Alals9Val 1 (1.1} 0 0 1(0.5)
Prol20Thr + Alal28Asp + 0 1 {2.6) 0 1(0.5)
Cys138Tyr + Phel58Leu
Lysl22GIn  + Thri31Asn + [ (1.1) 0 0 1(0.5)
Met133Thr
Gly130Arg + Metl33Thr 1(1.1) 0 1(0.5)
Thr131Asn + Phel34Tyr (LT 0 1(0.5)
ThridlAsn +  Phel3d4Tyr + 1(L.1) 0 1{0.5)
Aspl44Glu
Alal28Val + Phel34Tyr + 0 0 1{1.6) 1{0.5})
Phel58Leu + Alal59Gly
Total no. of ‘a’determinant 19/94 6/38 10/62 35/194
mutstians (20.21) (15.79) (16.13) (18.04)

Diata were i:xpmsm:d as no (%)



Table I Prevalence of pre-S mutations in migrant workers

Mutation/deletions Cambodia Laos Myanmar Total
(n=102) (n=42) (n=80) (n=224)
Mo. Sequencing available 98 (96.17 40 (95.2) 71 (BB.8) 209 (933)
Pre-51 stant codon mutaion +
. 1(1.0) 0 0 1(0.5)
pre-51 deletion
Pre-51 start codon deletion +
. 0 0 1(1.4) I {0.5)
pre-52 deletion
Pre-S1 deletion 2200 0 F(l4)  3(L4)
Pre-51 deletion + pre-S2 deletion 1 {1.0) 0 0 1 {0.5)
Pre-52 start codon mutaion 3(3.1) 315 2(2.8) 8(3.8)
Pre-52 start codon mutation +
2(2.0) 1] 5{71.0) T{3.3)
pre-52 deletion
Pre-S2 start codon deletion + :
1 (100 0 1(1.4) 2(1.0)
pre-52 deletion
Pre-52 start codon mutation +
: 1(1.0y 0 0 1(0.5)
pre-51 deletion
Pre-S52 deletion T0.1) 3 {7.5) 65(8.5) 16 (7.7}
Total no. of pre-S mutations  18(18.4) 6(15.0) 16 (22.5) 40(19.1)

Data were expressed as no (%)



Figure 1 The prevalence and genotypes of HBV infection in Southeast Asia countries
derived from previous reports, Charts in the left corner demonstrate the prevalence

and subgenotypes among migrant workers from Cambodia, Myanmar and Laos in this
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Figure 2 Phylogenetic relationship of the sequence obtained in the present study and
representative  sequences of human HBV, orangutan and gibbon strains from
GenBank. Region included in the comparison was the large S gene including preS/,
preS2 and HBsAg gene. Percentage bootstrap values (>75%) are shown at the
respective nodes. The scale bar at the botiom indicates the genetic distance. The

country of origin of migrant workers is indicated by a symbol (@ - Cambodia, &A-

Laos and M - Myanmar)
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Figure 3 Bootscanning analysis of suspected recombinant isolates. {(A) complete §
gene of isolate 31 was compared with HBV-B2 (AFI121249) and HBV-CI
(AB112348); (B) Isolate 3794, nucleotide positions 2006 — 157, was compared with
HBV-Cl (AB112348) and HBV-G (AB064310). Dashed line(s) indicate(s) the
breaking point (s) of recombination. The number above the dashed line indicates the

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 of 35 samples.
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Figure 5 Amino acid sequence alignment of the entire pre-81/pre-S2 region of 40 samples.
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|  Figure 5 (Continued)
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