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Abstract

Human Parechovirus (HPeV), a member of the Picornavirudae family, is an infectious agent
mostly affecting children. There are 16 recognized genotypes which have globally spread. This study
incorporated a total of 2,957 nasopharyngeal (NP) swab and 759 fecal samples that were collected
from different parts of Thailand. The NP of HPeV was detected in 0.4% of NP swab and 6.1% of fecal
samples. The majority of HPeV infections occur in infants below the age of 2 years, however, an
infection was diagnosed in children above the age of 10 years in this study. Various genotypes
comprising 1A, 1B, 2, 3, 4, 5, 6, 10 and 14 have been characterized. From this study, the
recombination event was detected in 16 samples. In conclusion, HPeV can be detected in both the
respiratory and GI tract. Moreover, HPeV which circulates in Thailand is highly diverse and subject to

recombination.
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inl,l,uﬂU],g]j%1ﬂG]’J’E]EJNQi]ﬂTi3GU’E]\‘llﬂﬂﬁ®1ﬂTﬁ‘17]/’6')\1L’?f‘ilmEJ‘UWﬁuiuﬂil’)mV]iJﬂTiiZ‘lﬂWUf]\ﬂiﬂ
Y
neudelullszmauaida (Drexler et al, 2009) tiag HPeV9-HPeV16 wuda luimssisanusenin

4

1 I a 1 ' o o o
28190 UN 1M Ienas NI ITINS !Lﬂﬁﬁﬂ”liﬁ']ﬂ\ﬂlﬂ']ﬁ”llﬂﬁﬂEﬂ']!!,uﬂhljﬁﬁﬁWﬂWU‘ﬁ HPeV9-

Q

HpeV16 18151 ladves Picornastudygroup.com

(http://www.picornastudygroup.com/types/parechovirus/hpev.html)
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F4
Y %

1 9 2K o @ YA = a [ 1
vAwamsauny  HPev  wnaudsilagiulatimstnesziiaineweshiauedis
' 4 v o A P~ o {
aoilles dwwugves hiaiwuuiniiganilanAe HPeV 1B uaz HPeV3 luwmzdl HPeVIA,
1 1 o 4 o v
HPeV2, HPeV4-6 imsseaiuimy linnmindleifieunudosaienugusn (Benschop et al., 2008b;

Tapia et al., 2008; Ito et al., 2010; Pham et al., 2010) 8614157014 HPeV7-HPeV16 1iiiluaeiusn

Q

9
[ Y

A 9 ] a ~ Y a Y4 1 dyw " Yo = 1 Aa o =
RTNGATRATRATEY muuszmm‘ﬂmmmmwmmﬂwu‘qmmuﬂﬂﬂmumiﬁﬂmammﬁqmuam

Y A

o v 1 1 us/‘ I { ° ]
Foyansnauedianin nmasenunun HPev dulasunizny laludnhiiogdinan 3
YIU (Verboon-Maciolek et al., 2005; Benschop et al., 2006b; Tauriainen et al., 2007) fannan’d
Y 9y o 4 o o 4 4 o & 9 A
VNAUIT HPeVIB ag HPeV3 1!u!ﬂuﬁTﬂWHﬁﬂWUﬂﬂﬂﬂq@ﬂﬁIﬁﬂ ANUUUBYATSUINING
=K d 9 o o o’dy 1 = o a =
Tagunduiludeyaves hiadeseneiugil wulumsanululsamaansgonsmludl a.e1983

= =~ ' o o 09/’ o Y 2 Aa 9
UL £.¢1.2005 WU HPeV1 31UIU 3% 1ag HPeV3 31UIU 68% uumuuﬂ"lﬂmmmmmwuaﬂ

q

¥
A

' .. A = s s @ Aa
N31 1 ¥3U (Khetsuriani et al., 2006) Wﬁi’)fﬂﬁﬁﬂH"ITL!‘IJiglﬂﬁ!uL‘ﬁ@ﬁllauﬂﬂv\lﬂﬁnﬂﬂﬂﬁﬂl%ﬂ

HPeV1 tiag HPeV3 Wuduluglioigdosndi 3 1 (Benschop et al., 2006b)

[ A A Wd‘Q Ay u’j [ (= = AN o [V | A o
aﬂymzmmimaﬂauﬂmm@wmw@ HPeV HUENUlﬂJiJﬂ']ﬁﬁﬂkl']VIEJUEJHLLuﬂfﬂ'JVﬂS?JaﬂHm3
k2 v
p1Ms08191s mszdliliszuumizide nazdainaassimunzay uanndeyaszuaine My
g y v o Jd A o a a >
ledf@ HPeV ﬁﬁﬂ'ﬂﬂﬁﬂwu‘ﬁ@ﬂ'lﬂclﬂé/%ﬂﬂU’Eﬂﬂ']iVl'NiSﬁ‘U‘]JVI'Nm1!WTﬂﬂl‘ﬂllﬁg'ig‘]_l‘UVl']\uﬂu@Tﬁ'ﬁ "dﬁ\‘i
I Y
o 1msnuaaiu liguusain (Harvala et al, 2008; Zhang et al., 2010; Zhong et al., 2011) 910
Y
MIANYIVOY Boivin et al. (2005) 1@y Harvala and Simmonds (2009) WUI1 HPeV3 TRV
v o A ya o a dy A . I dyd 1
f’]'J13Jﬁll'WL!‘ﬁ‘Vﬂﬂf‘]‘]fﬂllTﬂﬂﬂﬂ1ﬂ1§@]ﬂlﬂ5@1uﬂ§3uﬁmﬂﬂ (SCpSlS) 1uLﬂﬂ HUDNIMNUNIIYITUITNY
v k4 [ Y
nquoimsiinedu lilesuaquillouazinerdesiumsaniie  HPeV  auguoImsauedsniauy
Y Y
(Encephalitis)(Abed and Boivin, 2006), AdIe LA (myositis) (Schnurr et al., 1996), AdIIe
1 o <
pouus RN U 1UAN (acute flaccid paralysis; AFP) (Ito et al., 2004), (a2 Reye’s syndrome (Al-

Sunaidi et al., 2007; Watanabe et al., 2007)

3 S [ ' [ U ™ { ! o w
HPev  niludwusulisalungy  Picomavirus M2 lfvziimanlasumlaslugdvens
@ a3 4 o { ] o
WUFNTTNOINUTITIA 1HBIDINMIHIUYEY RdRp N liTianwaunsalumsasianiumsiians
Y 1
ADIVDITTNUFNTTY atiwile hamAanszuiumssiassdatei i hialidasims
= o w o ~ ~ 2 o [ 4 . . 1A
nasulasdiauasiugnssunge Taslin13s1ea1un99aIIMINa1eWug (substitution rate) g
32 -3 .. . . S o q Y S v Aa
2.2x10° D4 2.8x10” substitution/site/year (Faria et al., 2009) Wuwanl¥ HPev 1WulaSaniiniu
' v
HOINUAINNWUENTIUAGY  WoNINHHINTIBNUDINIINA  recombination  lua8UDIAT
v 1 4 1 1
Wwugnssuved hiamld hiavadanuvainnalenaiugnssunnesiu Faganang

Y 1
recombination HUNUNUTNWUTOIADIZHIN VPI 1Az 2A (P1 uaz P2) 4azUTNIUITIYNDTSHIN
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5°UTR #ag VPO (P1) (Benschop et al., 2008a; Benschop et al., 2010; Drexler et al., 2011; Williams et
al., 2009; Zoll et al., 2009) N1 Anpuniuay Tasmsaiia phylogenetic tree U®N structural protein
9619 VP1/VP3 118% non-structural protein 8614 3D 1aaa17MudIn151AA recombination 1511A8I Y

' <} a dyw 13 A Ty 1A ' o
(Calvert et al., 2010) ’f)fJ'NulﬁﬂWI‘JJﬂTﬂf]ﬂ recombination UEJQU],ML‘]JH‘VI‘VIiTIJLLu‘b’ﬂ'ﬂﬂJNﬁ’ﬂfﬂ\ﬂﬁﬂ‘U

4
U v @

7Y 9 o
AU LIS ‘]J‘ﬂ\‘iﬁ’]hhif;’fl’é)\i

v
v A

1 3 [ a ' 4 =< @
asnnanludedu HPev tudadiv: linelvina Tsnedragunssluwypd uandu e

Aa o o < < ' 1
alianudnguinleemmizlugn  wazezmiudud HPeV aglimsduwunninuudl uaanwg

=

o @ a do & a ' A g A Y Y A A a1 o w
ey hiaatatduiulSanegun  dudeyaniluveslszanns Insdrendqvaiiogodaiing
@ as.l‘ [ Jd o Aav dyd A = a A 9
aatiuingilszeennanvesnuIteliniein¥1s 1A IMeIves HPeV fnon ldaintszmnsaulng

= o a [ a 4 a . . [ a dy £
s haamsdwundTuanaves13e 1az3nT12HnINIGAA recombination Yo Meatiatl &
yno o o VA vy y = &g ¢S g o & s A
Aveviaiuedrgsnanuinldnndnutazidulse Teminuduanuiiugu vazdszgnarie

v Y
Wusuamalumsilesdulsanfann lyaviiatiae 1
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1. NgueIRea

1.1. Mvehadnszuumuaumela

GT:]@fiNmmzuumuﬁuma%ﬁyﬁm1ﬂé’ﬁ’wﬁﬁmms influenza-like illness Taatud1atheTns
Ma493n (Nasopharyngeal; NP, swab) c’?qﬁmﬁmigmsﬁ’uﬁ 14 NINYIAN W.A.2552 D9 Sudt 9 e
WA2sS4 SwuRme 2,957 @861 FaiiediummuaiiufunnTsmemnageunisie
T3INGIARUUN B.ULUN D.VOUUAY IUIY 1,703 AI9E18 1Az 13aneIIaIas 0.9ed A,
UATATTITUIIY 91U 1,254 719819 é]’f;@&iwﬁgﬁumi{uﬂzgmﬁu"l%”lumﬁazawﬁwdq (transport

media) Fa1lsznouae Phosphate buffered saline (PBS) ﬁﬁmﬂﬁ%auz (Penicillin G WU 2x10°

]
@ 1

. Yy 9 o ' [ v aAay Yo 3 A a
U/l g streptomycin 1 UI1UU 200 mg/1) mamwzgﬂimmﬂumu‘nw"lmumemq Hag MNUNYUNYY

¢ A v A aa a 4 4
-70°C o gfuamnmmumwwmﬁm“himﬂmﬂauﬂ NMAIBPINUITNIFATAT AUSUNNIMTNT

9
PnaInsaiuIIneds aunnezgarh I ¥ luduaeude

1.2. 19819 INTZUUMAAUDINIT

P A

@ 1 I @ ' {0 { o .
ﬁ’)@EJ'N'Qi]i]'liglﬂu@?ﬂﬁﬂilﬁﬁﬂﬂﬁﬂu&]‘ﬂ INDHTIV  human rotavirusgluﬂ'lﬁﬁiﬂfl]ﬂigi]1 (routine
. @ ' A g 9}3 A o 09/’ o ] 3 09.: o A
screemng) IﬂEJG]'J’E]EJ'NVILﬂ'U]lﬂuuiJi]'lu'JuTNWNﬂ 759 AU INUAWAIUN 7 UNTIAY W.A.2552
= o A £ o 2 T oA g 1 o A
N IUN 18 WU N.A.2554 G]NG]’J't’]SWQuuQﬂﬁﬁﬂiﬂ!ﬂﬂﬂﬁﬂﬂiﬁi‘WfJ'l’]J'la@]'N  PANUAD
T5aNeBQUHI BUNDIURIT 2.0IN TIUIU 12 @206 TTINGTVIDYULN 0.NUN . VDULAY
o @ 1 4 o @ 1 4 [ ]
1UIU 597 AIDYN LLﬁ%IﬁQWﬂWUWﬁﬂWWaQﬂﬁm ATUNND TUIU 150 AU Lﬁﬂllﬁillﬂ'lﬂiﬂﬂ
@ 1 qa/l ' ' o ! <
Qﬂmiz%gﬂazmaiu PBS Glu'ﬁ]ﬂ‘ﬂﬁ')u 1:10 IPUMVIIDYNLLTI (vertex) Llﬁ%ﬂu@]ﬂ‘ﬁﬂﬂWﬂﬁﬂ

qu’ < 1 Y A a 0 1 Y g 1
8,000 rpm MnvvznUdU ladmuuuigurgl -70°C auniez 1 luduaouae i
2. MsanamsnugnssuvadlIsa Mmsadie cDNA uaz M3A3I9¥ HPeV
2.1. msanamsiugnssuves e

o o 1 T o [l o Y o Y
WAN502A18AIE1LAALAIDENTIUIY 200 ul MARAIHUTNTIUAIY
a 9 oy o [ :
3% GTC-phenol-chloroform ttaz 191hazealumsazaeasiugnssuves lads
< I Y (a <] YA a ' 9 o
nfe RNA 19 1a151nas 30 ul wazinuPngamgll -70°C suniezliluduneu

1 A Ao (% o A a A .
Glﬁ)hlﬂ !W@ﬂuﬁluﬂﬁﬁﬂﬂﬁﬁwuﬁﬂiihﬂhﬂi%ﬁﬂ‘ﬁﬂWW N13A3TI911 house-keeping



2.2.

2.3.
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gene  niumInaaseenlumadind  1duA  Glyceraldehyde  3-phosphate

dehydrogenase (GADPH) gniiwn1dlumsfnmiil

M3a319 cDNA

9
v K o

A o I Y] [ Y A
HBIINTITNYNTTUUD HPeV uJu RNA ﬂﬁuuﬂﬁ%%ﬂuﬂﬂﬂlﬂﬁﬂuﬁﬁ
o [ Y a3 9 an .. £ an A
Wuﬁ.ﬂi‘ill"ll’é)\ill’l’i?fslmﬂu c¢DNA Q2875113 Reverse Transcription (RT) $9350159N
F4 [
1%’ﬁum1nﬁﬂa13l15’1uﬂﬁaﬂ1i 1%u99 ImProm-II"" Reverse Transcription system
{ <] ! 0 1 09/’
(Promega, Madison, WI) t1az ¢cDNA 91 lavzgninu 139 -20°C auninz 1¥ludunou

ool
M3M320%1 HPeV

Y v
lumsa52911 HPeV 11U1935 Nested-PCR Tumsiiinduiue1siugnssy
woshialudiu 5°UTR TaedlSuiladsmsilasinauelag Harvala et al. (2010)

£ . Aq ¥ 3 @ A AAq Y o QS’I @
%9 primer N1FHUAWAAIIUMITIN 1 vazasadln1Flumsi PCR duawaas

luaisnan 2

d‘ . d‘ aaa d‘ Q' [ U U
A1919N 1 primers vﬂﬂﬁ’luﬂg_]mm PCR !‘Wi‘)!‘V‘IN%]M'J‘i«!ﬁTiW‘i«!ﬁqﬂ‘iﬁﬂlﬂﬂuh‘iﬁ

Aurina - 4 -
A Y - V3N e VANaNER
¥o Primer @@y o SAUMINUENIINVOA primer (5°-3") 39U¥03 PCR
AT TR ¥4 PCR (bp)
L02971)

HPeV-5’UTR-0OS 253-276 5’UTR GGGTGGCAGATGGCGTGCCATAA

PCR 501131 355
HPeV-5’UTR-OAS 607-583 5’UTR CCTRCGGGTACCTTCTGGGCATCC
HPeV-5’UTR-IS 313-335 5’UTR YCACACAGCCATCCTCTAGTAAG d-

PCR s0UficI04 267
HPeV-5’UTR-IAS 579-556 5S’UTR GTGGGCCTTACAACTAGTGTTTG
HPeV-VP3/VP1-0S 20902115 VP3/VPI ~ GAYAATGCYATMAYACWATYTGTGA

PCR 501157 458
HPeV- VP3/VPI-OAS ~ 2547-2523  VP3/VPI ~ ACWGTRAARATRTCHACATSATDG
HPeV- VP3/VP1-IS 21592182 VP3/VPI  TTYTCMACHTGGATGMGGAARAC 4

PCR 50UfIa04 320
HPeV- VP3/VPI-IAS 2479-2458 VP3/VP1 DGGYCCATCATCYTGWGCTGA
HPeV-3D-0S 6422-6446 3D GTNTAYARGATGATHATGATGGARA

PCR 59U137 854
HPeV- 3D -OAS 7275-7253 3D YTTARTCAACACCATGGGCAYYA
HPeV- 3D -IS 6512-6534 3D GAYTGGCACTTYATGATYAAYGC 4

PCR 50UfiTI04 732
HPeV- VP3/VPI-IAS  7243-7221 3D ATNACMACWTCATAATCATCCAC
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adagvg o PRI A S ava
gamginlelung PCR seudvilamay PCR seunaeuiulsanyas

Qd‘ A a.l % d' ng =) d‘ Q'
garglnmlounuataasluasei 3 niniuranaaves PCR Tusouiideslia

I 091’ o ..

Tu 2% agarose gel electrophoresis Huna 60 Wi i lydendae ethidium

. 9 o A A v . £ 9 @ ] Ao
bromine 1azgHaNslANaISIFMI0NN (ultraviolet; UV) HI81110AI96190%

HPeV ’E)E‘J:%&LﬁﬂﬂNﬁﬂﬂﬂ@]?hﬂlﬂWﬂﬂJ@ﬁNﬁwaﬁﬂlﬂﬁ PCR aduaadlua1sen 1

M13199 2 MNEaIansaNN1TIuNMsnTIav HPeV

ARIGEY PCR 59UT¥114 (ul) PCR s0UN@04 (ul)

PerfectTaq Plus MasterMix WU 2.5X 15 15

(5 PRIME, Darmstadt, Germany)

HPeV-5"UTR-0S (9344 10mM 0.5 -
HPeV-5"UTR-OAS 19341 10mM 0.5 -
HPeV-5"UTR-IS 14U 10mM - 0.5
HPeV-5"UTR-IAS 19191 10mM - 0.5
cDNA 2 -
HANAAIA PCR 0TI - 1
indulasaiie 7 6
5uassw 25 25

M3197 3 gaigilumsi PCR Tuaau S'UTR

i Funou QMUY M NUIUTOU
1 Pre-heat 94°C 3 UM 1501
Denature 94°C 18 Jul
2 Annealing 50°C 213U 40 591
Extension 72°C 1.30 w1l
3 Final extension 72°C 10119 1301

4 Cooling down 25°C 5 150U
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3. MaNSIUMEzMSAUMsIUENII3]HaIU VP3/VPL 1az 3D Y99 HPeV
3.1 MINNSIUNINYNITHIUAIUYEI VP3/VPI

A o a dy 09/] Yo o 1 1 A d

MeMIUNFI Iuanaveuse HPeV iiuvzladauasnugnisyludivingu
1 4 1 F4
¥29500A0TEHIN VP3 waz VP1 Falusreaiuilezunudle VP3/VPL 4335msiuey
[ = ya &
aaulae91nnNsAnE1Ye9 Harvala et al. (2010) 1aa1435 One-step nested RT PCR @9
v v k4 ] [l
primer AlFdmSumuswIuansiugnssuiuaeiuanslumsn Wsnu VP3/VPI)
A 9 A o Y] :J/ [ ~ A
vazasain g lumsmuinuasiugnssuiuawaaslun1s1an 4 Tagh PCR 50U
4
usminazly SuperScripTM I Platinum® One-Step Quantitative RT-PCR System
H v 4

(Invitrogen, Paisley, UK) Tuvazily PCR sounaouiuly PerfectTaq Plus MasterMix

v v Y Y
(5 PRIME, Darmstadt, Germany) gaugiif l¥msiiusmuiuensiynssuniaessoutin

v Y [ '

aqaaslumsni 5 ninduranaaues PCR luseunaneldialy 2% agarose gel
. I~ = 09: o 9 9 . g . v
electrophoresis 11111381 60 11d 3111 l1/&oNAY ethidium bromine Hazguaniald
AUV 90 1MINAI06190% HPeV 0gaziiadaanatInauaInueIHanan e PCR g

waalumsen 1
3.2, MIANIUNINUENI TN UaIU 3D Yo HPeV

1 2 I
WDIATIZHMINAMT recombination WUAIN Calvert et al (2010) &
1 a do o o 1 ' [ 09/‘

e 13 msdmsgddduasiugnssuludaiu 3D aug iy ve3/vel tiu

' = a . . Y o qg.: = Y v axa
TWTDLIUBDNDNINITLNA recombination ll@l muum"lﬂﬂmﬂamﬁw Calvert et al.

) [ J A, 1 A o Y] 3 I [V ]

010) ldinauelidsdiae A3msilanuswanasiugnssundudusulums
v 1 [ v
s wauludiu VP3/VPL Ap one-step nested RT-PCR 9 primer #1411 PCR

[ ~ Aa A 9/!191} A o A 9
goasouaduandlua1sen 1 (Usna 3D) wazasminlFiumvounun lylums
A o 1 ~ A . Aq ¥
s auludgiu VP3/VPL wigaanlasu primer #1l4ilu HPev-3D-0S utag
HPeV-3D-0AS 1 PCR 150 uagld HPeV-3D-IS uay HPeV-3D-IAS 11 PCR #1

Y ] Y [

do4 daugangiiuawaaslumsnei 6 niunanaaves PCR Tuseuiaes i
A o A $ o ¥ v L.
2911 2% agarose gel electrophoresis Wunai 60 win niuth lddoud e ethidium
bromine 1azANANBlALEIUV FIDMING10619NT HPeV 0gziaaInanIngi

VUAVDINANAAUDI PCR Aauaad 1ua15199 1
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M3197 4 MINIBAAIN AN F UM SIRNUINANSTUENTINVRI HPeV Tuaau VP3/VPI

GARIGEY PCR 39UN%14 (ul) PCR s0UN@e3 (ul)

Reaction Mix U9 SuperScripTM 111 Platinum® 10
One-Step Quantitative RT-PCR System

(Invitrogen, Paisley, UK) (I@] g% ANTP 0.4 mM

1ag MgS04 6mM)

MgSO4 W19 50 mM

0.5
Primer HPeV-VP3/VP1-0S (943 10mM |
Primer HPeV-VP3/VP1-0S (434 10mM |
Super ScriptTM I RT/Platinum® Tag Mix 0.8
RNA p
DepC 0.7
PerfectTaq Plus MasterMix [WUYY 2.5X 15
Primer HPeV-VP3/VP1-0S (9344 10mM 1
Primer HPeV-VP3/VP1-0S (9394 10mM 1
HaWAA91N PCR 50Tl 2
dhndulaeaie 6

151195573 20 25




M3197 5 gaurigilumsi PCR Tuaau VP3/VPI
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PCR i Funow QMg 1 NUIUTOU

1 RT 42°C 1527w 1 59U

2 Inactivate RT and Pre-heat Tag 95°C 3w 1391
Denature 94°C 30 30

Jouisn 3 Annealing 45°C 303w 40991
Extension 68°C 130 W

4 Final extension 68°C 10119 139U

5 Cooling down 25°C 5u 1391

1 Pre-heat 94°C 310 1 501
Denature 94°C 30 3N

4 2 Annealing 50°C 30 JUN 40 501
IUNa9 . -
Extension 72°C 1.30 U

3 Final extension 72°C 10119 139U

4 Cooling down 25°C 5u 150U

3.3. mymdumsiugnssuluaiu VP3/VP1 uag 3D

e ldnanan1nn31i1 PCR 1azihim3sdauu 2% agarose gel

. Y I o [ A A [ A ~ S ¥ °
electrophoresis LLﬁ’Jﬂ‘I/I”Iﬂﬁ@]ﬂNﬁWﬁ@VI?JQGlu gel mmmﬂmwmﬂmim”h UM

miﬁﬂﬁ'u?qﬁ (purify) ae Agarose Gelextract Mini Kit (5 PRIME, Darmstadt,

Y ) 1
Germany) MIntuthduniemidwuasiugnssui 1" BASE DNA Sequencing

Services (1" BASE Laboratories, Malaysia) Had1aua15Wugnssui ldvzgniiiun

AnTeHIududY Basic Local Alignment Search Tool (BLAST)

(http://blast.ncbi.nlm.nih.gov/Blast.cgi), 11/5un53 Simmonics version 1.7

(www.virus-evolution.org), t481¢ Chromas Lite

(http://www.technelysium.com.au/chromas_lite.html), and BioEdit version

7.0.4.1(Hall., 1999).
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M3197 6 Qa1 M3 PCR Tuaau 3D

PCR i Funou QuMHgi  nan NUIUTOU
1 RT 2°c 14T 1 59U
50°C 1110
2 RT 20 39U
53°C 1110
3 Inactivate RT and Pre-heat Taq 95°C 3w 1391
IDULUIN . - A
Denature 94 C 30 UM
4 Annealing 50°C 30 2110 40501
Extension 68°C 1.30 W
5 Final extension 68°C 10119 1 501
6 Cooling down 25°C 5u 150U
1 Pre-heat 94°C 310 1 501
Denature 94°C 3097w
'sanﬁ 2 Annealing 50°C 30 3UN 40 5901
LGN Extension 72°C 1.30 w1l
3 Final extension 72°C 10119 159U
4 Cooling down 25°C 5u 150U

a d = a v
4., ﬂ1i’J!ﬂ513111’]10‘11’313»1!@@@!!@3’J’Jmu1ﬂﬁ

Y
4 [ %

v 9 ]
Swuasiugnssuianuai lannmsanuiigniih lddn13ngudeya GenBank uaz

a

9
o Y a

Swumsiugnsudduiuldnngudoya GenBank wwiRedniu (MArUIN) ANUENITLS
NIIAUUINT MINUUNFIFI Tana 1azN13A3IVAOUNINA recombination fuimse
Tagmya31adu 193 3muIms (Phylogenetic trees) @38 11/511n53 MEGA 4 (Tamura et al., 2007)
“?Qﬁ]ﬂ‘fﬁ% neighbour-joining A boostap 1000 Tumsaia trees 19 1uina maximum-composite-
likelihood (MCL) wazl¥msdamsfuyeananyy piarwise deletion as gap/missing data U
MITAMUINS ABUAT nucleotide substitution rate LA most recently common ancestor
(MRCA) 1911511054 Bayesian Evolutionary Analysis by Sampling Trees (BEAST) version 1.6

(Drummond and Rabaut., 2007) Tumsma Taslumsmuiraniuagld The relaxed clock-
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uncorrelated exponential @28 10 million chain was lpsl¥ GTR with gamma distribution

. . [ Y A o Y o a o
substitution L‘}Juimm gagvayanmuIunlyg BEAST fﬂg‘vnﬂ']ﬁ'Jmﬁ’]gﬁjﬂfﬂﬂﬁllﬂiil TACER

QU

(http://beast.bio.ed.ac.uk/Tacer)
5. MSNDITAMEIAIUDIUTIIN

@ 1 :JI Aq Y qu Qa: < @ 1 A A v A g
GI’JEJEJN‘V]\'1‘ﬂ'3Jﬂ‘1/1Gl“]fsluﬂﬁ‘ﬂﬂﬁﬁ)\‘l‘ﬂ\‘lﬁuﬂuulﬂuﬁ?ﬂEJN‘VIENNWL‘W’E]G]i’)i]ll’liff‘ﬂ!,ﬂuﬂu

o 4 5 [l v @ 1 ] a 1 %
Usgdrwesguéa Fez lilimsdudadihelasass saulddelidimadtmiodamedoyadiudn

Y Y v Adg 1Y (] 1 os/' 1Y 1 A o 9/3 Yo
yougilendu e 91y waziulinudmediunnin nazdedsimiunlminldsumseyanann

Yo ¢ A qu Ay & Aoy ) e
I%J'E)']U'JflfniiﬁQWEJT]J'IaﬂW']ﬁQﬂﬁﬁl ﬁﬂ']ﬂ1615'lﬂul°|/lfl LW@GlGD'Gl‘L!ﬂ']ﬁUfﬂﬂlﬂuﬂliﬂﬂﬁﬂﬂlmﬁ HONIINU

9
Av A

sefeuIsIveluaaden IdH LM INIITNNNAUSNITUMTMINITUTEFTTUNMIT I U
4 J J a @ 3 A 9 v Aa a
UYHE AUSUNNINAAT PNAINTAUNIINGds WunFeuTosual (@uNNTaITesIsn IRB

No.086/53)
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1. 35311AINNVRIY¥D HPeV

Y
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CU-B587 9915 11 1ApY 110 Negative 1B ]
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doyalianzal
497}

A
9 1ADU

=21

2

[V BN B )
DS R

13
39

BE

AL

18

18

Y

Y

B8

B8

18

B8

¥18

e

Y

= = = = =2 = = = =2
5 2) &) ) é
P P P P P P P

=~

2) r:%)) @) &) &) 2D

=
P2y

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive Rota
Negative
Positive Rota
Positive Rota
Positive Rota
Positive Rota
Positive Rota
Positive Rota
Negative
Negative
Negative
Positive H3
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Negative

1B

14
1B
1B
1A

1B

1B
10

wi |15

BC*
BA
BC*
BC*
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4 v o J Aav s g
phylogenetic tree tNOMIANUFURUTNIIAUIMT  wazwanamMsanetiasaas iy
F4
phylogenetic treefiatiaadlugy 24 nazaiillainndiedis 58 ArvdraudainauIn HPeV 1
o 1< ) % ' o @ ' @ v °
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1w [} y I 1 1
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Y o o L] 9 a A A a L4 = 1 o
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. ' dyd ' o A . 1A A
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a

(310 1C uazm3199 7)
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awsouen lanndedennszuumauaumelvvesdienaiiiong 7 1 uazdiediegensy
o 1 A g < 9 A A A o w A ~
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9 ] ]
W.A.2009) MATudldamnsonsiawudn ( 5U7R 1B) wazlumeRugiiimsnenuimuln
9
HPeV10 uay HPeV14 tuannsonuldludouluiny wa2553 uaznuaius w.a.2554

ANAIAY
3. N1510A recombination

A 3 a A ' 9 [ :JI a 4 v o Jdo
ioenn 3D huduiegdmenidiu 3> veshiadaiumsinszianuduiusig
serdndauvesasiugnssuludiuves VP3/ VPl wagdau 3D degminnldlumsimagd
9 ] 9
A5INA recombination (Calvert rt al., 2010) AIDEINNT 58 AIDINNUAAINALIN HPeV U
v 9
AN IIIULEEIAIAD s ENIsN Tua 3D Tansnuaazamnsoasis
. ! 0 Yo = = o Aa
phylogenetic tree THa@IUYDY 3D $WUN clade laaauaaslugili 2B waza1s i 7 danlinig
9 v
510 A lumsduun clade vo9 3D tuedsAIULlIAUIUTEAUVRIAITWUENTTUNT]
1 = @ ] A 9 = dyd [ [
WINNN 5.5% (Calvert rt al, 2010) F991AGI061N IMammsantianulsinluszay
o A 1 3 Yo A 1 1 A A o A a [
wugnssuimneduniv ladaaoedlusiy  6.2%-16.1% iwesunuaingniegly  clade
Y 09)1 o ] A [ 09/1 o L] dyd A [ Y
Indifganianua 16 @169 (313 8) auinly 16 AredtnITnazgnialredlu clade
1139049 phylogenetic tree Y94 3D (M13199 7) 1INATUATILHMITINA recombination TAgIFY
WanMIN Calvert et al. (2010) uead 3 Inn1ssAnguUed phylogenetic tree ludauuna
{ g @ @ @ @ 1 1
vP3/VP1 Miluneuduvesasiiugnssuveslhia fumsdangnues phylogenetic tree Tudau
A d 1 @ @ 13 a = @ o '
¥o1 3D Miludrudmevesmsiugnssuveshie lidlulllufamafendy dunaasi
9 9
ThianRa  recombination Tudrvesmsiynssuveshia  duinanmsaneivanumsina
9
recombination 1UNIMUA 16 §10819 AD HPeVIA 3 #0819 (CU-B711, CU-B825 and CU-
H2107), HPeVIB 7 179819 (CU-B433, CU-B615, CU-B688, CU-B806, CU-B846, CU-BS5],
and CU-B1002),HPeV4 2 @79¢19 (CU-B705 and CU-H2018), HPeV5 1 @79¢19 (CU-

B606),HPeV6 1819819 (CU-B984), i1az HPeV14 2 198139 (CU-BI61 and CU-B1091)

%3

4. M5 voa%e HPeV

v Y

INMIAUIUAT substitution rate JaILyed VP3/VPL mhunldlumsswunie

vy o w o A Y o A kY = dy [BR=

HPeV IﬂEJGL"]ﬁlﬁlllvﬁﬁ'I@IllE‘T'Ii‘WLl§ﬂ§53J‘V]3Jﬂ'l§'IfJ\ﬂuhl’Ji’JiJﬂ‘]JT]llﬂ“’l]'lﬂﬂ'liﬁﬂH11!W1J’J’13Jﬂ'l

AU 3.02x10° nucleotides/site/year (Taadinn highest posterior density, HPD, interval N

2.20x10° 4 3.83x107) LL@iLﬁmmﬂi‘imau%’agamméﬁumﬁﬁutjﬂiﬁmm HPeV1A,
= 19 a A = [ 3 R A A

HPeV2, HPeV4, HPeVS5, ey HPeV7-HPeV16 naguaﬂmu'lﬂwi'e‘)”lumaﬂmuummwm

' :JI { o a J. 1 awv 1 %
HPeV1B, HPeV3 lae HPeV6 LWWHHﬁHWiJTJLﬂiW%ﬂﬁQﬂTVIN’J’)V‘Mlﬂﬂ?iﬂﬂNﬂzlaﬂﬂ “d]);\i

4
%

A Iaiiudaaadlumsei 9 31AAPAIIEIY non-synonymous A8 synonymous change
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o & 1o o o
per site (d,/d) sinuaaslfirueamaeiugvessa (HPeVIB, HPeV3, ag HPeV6)
k4
ﬁuagmaﬁléfmiﬁmﬁaﬂmuﬁﬁmnm (Neutral selection) UaZ210A1 substitution rate VDN
F4 1
HPeV1B 119D 9.11x10” nucleotides/site/year H#IUAMINNI HPeV3 Yszuna 3 1911 taz

110N HPeV6 1523181 2 111 (915197 9)

ms19i 8 managdmanaulsiuvedladigndaldiilu clade ¥4 3D clade Inaifilavin

msfnil
o Clade U84 3D ‘mﬂ’g Divergence aﬁmﬁwf‘fv clade Y94 3D ‘ﬁ
f0EN9 P vel
iga Tndtiga (%)*
CU-B478 O 9.8
CU-B500 O 9.4
CU-B606 AE 16.1
CU-B615 AE 14.0
CU-B636 (0] 7.2
CU-B711 K 12.0
CU-B8&47 BC 10.9
CU-B850 BC 10.9
CU-B852 BC 10.9
CU-B865 BC 10.9
CU-B867 BC 10.9
CU-B903 G 6.6
CU-B984 AB 6.2
CU-B1091 AB 6.2
CU-H403 O 9.6
CU-C724 K 10.9

a 4
1% T11Aa maximum composite likelihood Tumsuaszs
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M3199 9 MUsTINaMIIINUINITVeI HPeV1B, HPeV3, as HPeV6

a wﬁuﬁ‘umHPeV Distance* d/dg*  Substitution rate (x 10_3) MRCA
1B 0.1000 0.0099 9.11 (5.14-13.36) 1985 (1978-1991)
3 0.0346 0.0181 3.03 (1.57-4.49) 1990 (1985-1995)
6 0.0607 0.0334 5.10 (2.32-8.24) 1994 (1987-1999)

o . . . . d
* fMua Tae e maximum composite likelihood Wy Twaa
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Sequences name Genotype 3D clade GenBank Accession No. Country* Year
Full length VP3/VP1 3D
20652281 HPeVIA D - GU946757 GU946903 NL 2001
CU-B711 HPeVI1A K' - JN106551 JN106493 TH 2002
CU-B825 HPeV1A BA - JN106555 JN106497 TH 2004
BR114 HPeVIA AV - GU946806 GU946967 BR 2004
CU-H2107 HPeVI1A AN - JN106578 JN106520 TH 2005
Harris HPeVIA AM S45208 - - USA 2006
SR135 HPeVIA T - GU946758 GU946904 TH 2006
152478 HPeVIB AK GQ183018 - - NL 2006
252581 HPeV1B A GQ183019 - - NL 2006
450343 HPeVIB AU GQ183020 - - NL 2006
452251 HPeV1B AD - GU946704 GU946837 NL 2006
550163 HPeV1B Al GQ183021 - - NL 2006
650081 HPeV1B - GU946681 GU946814 NL 2006
650941 HPeV1B A - GU946682 GU946815 NL 2006
650989 HPeV1B - GU946683 GU946816 NL 2006
851625 HPeV1B M - GU946705 GU946383 NL 2006
2067703 HPeVIB AD - GU946698 GU946831 NL 2006
20650209 HPeV1B E - GU946684 GU946817 NL 2006
20650427 HPeVIB D - GU946685 GU946818 NL 2006
20650606 HPeV1B D - GU946686 GU946819 NL 2006
20650750 HPeVIB D - GU946687 GU946820 NL 2006
20650854 HPeV1B M - GU946688 GU946821 NL 2006
20651625 HPeV1B D - GU946689 GU946822 NL 2006
20652536 HPeV1B AC - GU946690 GU946823 NL 2006
20652633 HPeV1B AC - GU946691 GU946824 NL 2008
20652643 HPeV1B AC - GU946692 GU946825 NL 2011
20652722 HPeV1B AC - GU946693 GU946826 NL 2011
20652801 HPeV1B AC - GU946694 GU946827 NL 2009
20676271 HPeV1B D - GU946695 GU946828 NL 2009
20676323 HPeVIB - GU946696 GU946829 NL 2009
20676981 HPeV1B - GU946697 GU946830 NL 2009
20852607 HPeVIB AZ - GU946699 GU946832 NL 2009
CU-B1002 HPeV1B BA - JN106569 JN106511 TH 2009
CU-B1154 HPeV1B J - JN106576 JN106518 TH 2009
CU-B402 HPeV1B J - JN106531 JN106473 TH 2009
CU-B408 HPeV1B J - JN106532 JN106474 TH 2009
CU-B433 HPeV1B BA - JN106533 JN106475 TH 2009
CU-B463 HPeV1B Z - JN106534 JN106476 TH 2009
CU-B478 HPeV1B (o} - JN106535 JN106477 TH 2009



CU-B500
CU-B579
CU-B580
CU-B587
CU-B588
CU-B595
CU-B596
CU-B615
CU-B628
CU-B636
CU-B688
CU-B806
CU-B811
CU-B846
CU-B851
CU-B868
CU-B903
BNI788ST
BR145
BR21
BR27
BR30
CU-C315
CU-C561
Faec1102
Faecl107
Faec1110
Faec45
Faec748
FaecP156
FaecP164
FaecP181
FaecP198
FaecP207
FaecP208
FaecP216
FaecP229
FaecP235
FaecP243
FaecP245
FaecP247

CU-H403

HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeVIB
HPeV1B
HPeV1B
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeVIB

AE'
BA
Ol
BA

BA

AD
AS
AS
AS
AX

BD

BD

BD

BD
BD
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EF051629

JN106537
JN106538
JN106539
JN106540
JN106541
JN106542
JN106543
JN106545
JN106546
JN106547
JN106549
JN106552
JN106553
JN106556
JN106559
JN106563
JN106566
GU946800
GU946797
GU946798
GU946799
JN106524
JN106525
FJ847969
FJ847968
FJ847970
FJ847974
GU946708
GU946709
GU946710
GU946711
GU946712
GU946713
GU9%46714
GU946715
GU946716
GU946717
GU946718
GU946719
GU946720
IN106577

JN106479
JN106480
JN106481
JN106482
JN106483
JN106484
JN106485
JN106487
JN106488
JN106489
JN106491
JN106494
JN106495
JN106498
JN106501
JN106505
JN106508
GU946961
GU946958
GU946959
GU946960
JN106466
JN106468
GU946843
GU946844
GU946845
GU946841
GU946842
GU946846
GU946847
GU946848
GU946849
GU946850
GU946851
GU946852
GU946853
GU946854
GU946855
GU946856
GU946857
IJN106519

TH
TH
TH
TH
TH
TH
TH
TH
TH
TH
TH
TH
TH
TH
TH
TH
TH
DE
BR
BR
BR
BR
TH
TH
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
TH
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2009
2009
2009
2009
2010
2010
2010
2010
2010
2010
2003
2006
2006
2006
2006
2009
2010
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2009
1993
1993
1993
1993
1993
1993
1993



K10193
K11293
K12993
K14193
K15093
K15893
K17593
K5494
K6394
NP205
NP388
Resp10182
Resp10233
Resp10234
Resp10777
Resp5612
Resp5751
Resp5780
Resp5800
Resp5852
Resp5860
Resp5870
Resp6083
Resp6229
Resp6363
Resp6374
Resp6637
Resp6880
Resp6888
Resp7141
Resp7173
Resp7274
Resp7279
Resp9213
Resp9268
Resp9369
Resp9378
Resp9385
Resp9418
Resp9428
Resp9534
Resp9581
Resp9615

HPeV1B
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeVIB
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeV1B
HPeV1B

HPeV1B

BD
BD
BD
AD

BD

BD

AD

AD

BD

AD

BD

AD

AA

BD

AN

BD

AA

BD
AA

AA

GQ183022

GQ183023

GQ183024
GQ183025

GU946700
GU946701

GU946702
GU946703
GU946707

GU946754
GU946755
GU946742
GU946743
GU946744
FJ847950
GU946721
GU946722
GU946723
GU946724
GU946725
GU946726
GU946727
GU946728
GU946729
GU946730
GU946731
GU946732
GU946733
GU946734
GU946735
GU946736
GU946737
GU946738
FJ847954
GU946739
FJ847956
FJ847957
FJ847958
FJ847959
FJ847960
FJ847961
FJ847954
FJ847965

GU946833
GU946834

GU946835
GU946836
GU946840

GU946900
GU946901
GU946886
GU946887
GU946888
GU946889
GU946858
GU946859
GU946860
GU946861
GU946862
GU946863
GU946864
GU946865
GU946866
GU946867
GU946868
GU946869
GU946870
GU946871
GU946872
GU946873
GU946874
GU946875
GU946876
GU946877
GU946880
GU946878
GU946879
GU946881
GU946882
GU946883
GU946884
GU946885

NL

NL
NL
NL

NL
NL
NL

TH
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
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1994
1994
2006
2008
2008
2008
2008
2008
2008
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2007
2008
2007
2008
2008
2007
2008



SR16
SR183
SR25
SR282
SR290
SR3
SR306
SR318
SR324
SR329
ST97
AJ005695
CU-B847
CU-B850
CU-B852
CU-B865
CU-B867
152037
251360
450936
451289
451615
651689
851439
851659
851701
20851546
20851576
20852199
A308-99
CU-B685
Cang82853-01
CSF2147
CSF2169
CSF2273
CSF2288
CSF2307
CSF2327
CSF2369
CSF2389
CSF721
CSF874

HPeV1B
HPeV1B
HPeV1B
HPeV1B
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeVIB
HPeV1B
HPeV1B
HPeV2
HPeV2
HPeV2
HPeV2
HPeV2
HPeV2
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3

HPeV3

AH

BC'

b -~ - S - . S =R 2 S .

AJ005695

GQ183026
GQ183027
GQ183028

GQ183029

AB084913

AJ889918

GU946745
GU946747
GU946746
GU946748
GU946749
GU946744
GU946750
GU946751
GU946752
GU946753
GU946756
JN106557
JN106558
JN106560
JN106561

JN106562

GU946759
GU946760
GU946767
GU946766
GU946768
GU946762
GU946761
GU946763

JN106548
FJ848003

FJ848002
FJ848012
FJ848009
FJ848008
FJ848011

FJ848012
FJ848004
FJ848001

FJ848000

GU946891
GU946893
GU946892
GU946894
GU946895
GU946890
GU946896
GU946897
GU946898
GU946899
GU946902
JN106499
JN106500
JN106502
JN106503

JN106504

GU946905
GU946906
GU946913
GU946912
GU946914
GU946908
GU946907
GU946909

JN106490
GU946929
GU946930
GU946931
GU946932
GU946933
GU946934
GU946935
GU946936
GU946927
GU946928

TH
TH
TH
TH
TH
TH
TH
TH
TH
TH
TH
UK
TH
TH
TH
TH
TH
NL
NL
NL
NL

NL
NL
NL

NL
NL
NL
Jp
TH
CA
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK

i |39

2008
2008
2008
2007
1986
2010
2010
2010
2010
2010
2001
2002
2004
2006
2004
2006
2006
2006
2006
2008
2008
2008
1999
2009
2001
2008
2008
2008
2008
2008
2008
2008
2008
2006
2006
2008
2008
2008
2006
2008
2008
2008



Faecl017
Faec1406
Faec1434
Faec1441
Faec708
Faec713
Faec983
FaecP171
K11-94
K12-94
K20-94
K53-94
K55-94
K8-94
Resp10324
Resp10681
Resp11270
Resp9530
SR4

1550
652872
20652925
CU-B705
Fuk2005-123
CU-H2108
K25117602
SR101
SR36
T73-510
T75-4077
20650748
20652895
20676618
CU-B606
BR77
CT866760
SR61

SR71
SR87

ST41
T820169
T82659

HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV3
HPeV4
HPeV4
HPeV4
HPeV4
HPeV4
HPeV4
HPeV4
HPeV4
HPeV4
HPeV4
HPeV4
HPeV5
HPeV5
HPeV5
HPeV5
HPeV5
HPeV5
HPeV5
HPeV5
HPeV5
HPeV5
HPeV5

HPeVS5
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AE

AN

Al
AF

AE'
AW
BB
BA
BA
BA
BA
AG
AP

GQ183030
GQ183031
GQ183032

AB433629

DQ315670

AM235750

AF055846

GU946771
FJ847967
GU946772
GU946773
GU946769
GU946770
FJ847999
GU%46774

GU946764
GU946765
GU946766
FJ847949
FJ847947
FJ847952
FJ847949
GU946776
GU946779
GU946777
GU946778
JN106550

JN106579
GU946781
GU946780

GU946782
GU946783
GU946784
JN106544
GU946812
GU946785
GU946786
GU946787
GU946788

GU946918
GU946919
GU946920
GU946921
GU946915
GU946916
GU946917
GU94692

GU946910
GU946911
GU946912
GU946924
GU946740
GU946926
GU946924
GU946937
GU946940
GU946938
GU946939
JN106492

JN106521
GU946942
GU946941
AM933163
GU946943
GU946944
GU946945
JN10648
GU946973
GU946946
GU946947
GU946948
GU946949
AM933161
AM933160

UK
UK
UK
UK
UK
UK
UK
UK
NL
NL
NL
NL
NL
NL
UK
UK
UK
UK
TH
NL
NL
NL
TH
JP
TH
NL
TH
TH
USA
USA
NL
UK
NL
TH
BR
USA
TH
TH
TH
TH
USA
USA
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1994
1994
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2008
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2006
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2007
2007
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1982
1983
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2006
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T832051
T83456
T9215
2005823
20650045
CU-B1009
CU-B1046
CU-B1050
CU-B1055
CU-B1064
CU-B486
CU-B812
CU-B869
CU-B874
CU-B984
BNI67
BNI6703
BR104
CU-C1204
CU-C534
CU-C763
CU-C936
FaecP240
CU-H2159
CU-H2779
NII5612000
Resp5983
Resp6691
SR316
PAKS5045
BR2172006
CU-C724
SR162
SR182
CU-B1091
CU-B961
SR124

HPeV5
HPeV5
HPeV5
HPeV6
HPeV6
HPeV6
HPeVo6
HPeV6
HPeV6
HPeV6
HPeVo6
HPeV6
HPeV6
HPeV6
HPeVo6
HPeV6
HPeV6
HPeV6
HPeV6
HPeV6
HPeV6
HPeV6
HPeV6
HPeVo6
HPeVo6
HPeV6
HPeV6
HPeV6
HPeV6
HPeV7
HPeV8
HPeV10
HPeV10
HPeV10
HPeV14
HPeV14

HPeV14

AR
AO
AQ
BD
AM
BD
BD
BD
BD
BD
BA
BD
BD
BD
AB’
AL
AL
AY
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD

AT

BA
BA
AB’
BD
U

AM235749
EU077518
EU556224

EU022171
EU024629

AB252582

EU716175
EU716175

JN106570
JN106571
JN106572
JN106573
JN106574
JN106536
JN106554
JN106564
JN106565

JN106568

GU946813
JN106530
JN106526
JN106528
JN106529
GU946790
JN106580
JN106581
GU946791
GU946792
GU946793

JN106527
GU94679%4
GU946795
JN106575
JN106567
GU946796

AM933164
AM933159

JN106512
JN106513
JN106514
JN106515
JN106516
JN106478
JN106496
JN106506
JN106507

JN106510

GU946974
JN106472
JN106467
JN106470
JN106471
GU946951
JN106522
JN106523
GU946952
GU946953
GU946954

JN106469
GU946955
GU946956
JN106517
JN106509
GU946957

USA

USA

USA
NL
NL
TH
TH
TH
TH
TH
TH
TH
TH
TH
TH
DE
DE
BR
TH
TH
TH
TH
UK
TH
TH

JP

UK
UK
TH
PK
BR
TH
TH
TH
TH
TH
TH

i1 |41

2011
2011
2011
2009
2010
2010
2010
2011
2000
2003
2006
2010
2010
2010
2010
2008
2010
2010
2000
2007
2007
2008
2007
2006
2001
2002
2004
2004
2005
2006
2006
2010
2008
2008
2011
2010
2008
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* BR: Brazil; CA: Canada; DE: Germany; JP: Japan; PK: Pakistan; NL: The Netherland; TH: Thaland; USA: United State of America;

UK: United Kingdom.
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Human Parechovirus (HPeV), a member of the Picornaviridae family, is an infectious agent mostly affecting
children. There are 16 recognized genotypes which have globally spread. This study incorporated a total of
2957 nasopharyngeal (NP) swab and 759 fecal samples that were collected from different parts of Thailand.
The NP of HPeV was detected in 0.4% of NP swab and 6.1% of fecal samples. The majority of HPeV infections
occur in infants below the age of 2 years, while infections were detected in children above the age of 10 years

as well. Various genotypes comprising 1A, 1B, 2, 3, 4, 5, 6, 10 and 14 have been characterized. This study

Keywords:
Human parechovirus

revealed recombination events in 16 samples in which HPeV1B was shown as the highest frequency. In
conclusion, HPeV can be detected in both the respiratory and GI tract. Moreover, HPeV which circulates in

HPeV Thailand is highly diverse and subject to recombination.

Recombination © 2011 Elsevier Inc. All rights reserved.
Genotype

Introduction in fecal samples of a healthy child (Li et al., 2009), HPeV8 was isolated

Human parechovirus (HPeV) is a small non-enveloped single
stranded RNA virus of positive polarity which belongs to the vast fam-
ily, Picornaviridae. The virus has first been discovered from an out-
break of diarrhea among children in 1961. Based on their serology
and clinical presentation, the virus was defined as echovirus 22 and
23 of the genus Enterovirus (Wigand and Sabin, 1961). However,
studies on genetics, protein translation and biological properties of
the virus have shown that it is different from other members of the
genus Enterovirus. Hence, it has been reclassified into a new genus,
Parechovirus and those viruses previously defined as echovirus 22
and 23 were re-named HPeV1 and HPeV2, respectively (Stanway
and Hyypia, 1999; Stanway et al., 1994). Recently, additional types of
HPeV have been reported, which were associated with different clinical
manifestations. For example, HPeV3 was isolated from nasopharyngeal
aspirates (NPA) and related to sepsis in neonates (Ito et al., 2004).
HPeV4 was isolated from fecal samples and related to fever in neonates
(Benschop et al., 2006a). HPeV5 had previously been defined as HPeV2
based on serology of children presenting with high fever but upon
genome analysis was re-classified as type five (Oberste et al., 1998).
HPeV6 was isolated from one child suffering from Reye's syndrome
(Watanabe et al., 2007), HPeV7 was identified by metagenomic method
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from fecal samples during an outbreak of acute diarrhea in Brazil
(Drexler et al,, 2009), and HPeV9 to HPeV16 which unpublished but
had already been assigned by the following website (http://www.
picornastudygroup.com/types/parechovirus/hpev.html).

Since the first report of HPeV infection, the epidemics of virus have
been continuously reported. The most common genotype of the virus
that could be isolated worldwide was HPeV1B followed by HPeV3. In
contrast, other genotypes such as HPeV1A, HPeV2, and HPeV4-6 were
less common among infected patients than those two dominant geno-
types (Benschop et al.,, 2008b; Ito et al.,, 2010; Pham et al., 2010; Tapia
et al.,, 2008). It should be noted that HPeV7 to 16 are a new genotypes
that have been recently discovered. Thus, epidemiology and prevalence
of these genotypes have not been fully established. The virus was mostly
detected in children especially in infants below the age of 3 years
(Benschop et al., 2006b; Tauriainen et al., 2007; Verboon-Maciolek
et al, 2005). However, patients above the age of 10 years have also
been noted (Abed and Boivin, 2006; Figueroa et al., 1989; Tapia et al,
2008; Watanabe et al., 2007). The longitudinal surveillance in USA be-
tween 1983 and 2005 has shown 3% of HPeV1 and 68% of HPeV2 had
been isolated from infants less than 1 year old (Khetsuriani et al., 2006).
In contrast, a study conducted in the Netherlands in 2000 has proposed
that children below the age of 3 years were infected with HPeV1 and
HPeV3 (Benschop et al., 2006b). The clinical presentations of HPeV infec-
tion were associated with mild disease of the respiratory and gastrointes-
tinal (GI) tract (Harvala et al., 2008; Zhang et al., 2010; Zhong et al., 2011).
According to a recent study, HPeV, especially HPeV3, was strongly associ-
ated with sepsis in neonates (Boivin et al., 2005; Harvala et al., 2009).
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The HPeV genome comprises approximately 7300 nucleotides
flanked by an un-translated region (UTR) at both the 5’ and 3’ end.
The virus translates a polyprotein with one single open reading
frame (ORF) which is subsequently cleaved during the post-transla-
tional process into 3 structural proteins, VPO, VP3 and VP1, and 7
non-structural proteins, 2A-2C and 3A-3D (Harvala and Simmonds,
2009; Harvala et al., 2010).

Based on differences in antigenicity along with vast diversities in
the virus genome, 16 types of HPeV have been classified (http://
www.picornastudygroup.com/types/parechovirus/hpev.html). Rapid
changes in their genomes normally occurring in the course of the
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replication cycle and thus contributing to antigenic drift with substi-
tution rates ranging from 2.2x 107> to 2.8 x 10~ 2 have been shown
(Faria et al., 2009). Like with other picornaviruses, recombination in
their genome had been detected and the breaking point of recombina-
tion was shown at the junction between P1 and P2 and the 5’UTR and
P1 region (Benschop et al., 20083, 2010; Drexler et al., 2011; Williams
et al., 2009; Zoll et al., 2009). The different clusters on the phylogenetic
tree of structural and non-structural genes have been clearly shown in a
previous study (Calvert et al., 2010) which pointed out that recombina-
tion had occurred; however, both process and effect of this event in
HPeV have remained unclear.

Table 1

Summary of HPeV positive samples.
Samples code Samples type Age Sex Other virus HPeV type 3Dpol clade
CU-B402 Fecal 6 Mo F Negative 1B ]
CU-B408 Fecal 3 Mo M Positive Rota 1B ]
CU-B433 Fecal 1Yr F Negative 1B BA
CU-B463 Fecal 5 Mo M Positive Rota 1B zZ
CU-B478 Fecal 6 Mo F Negative 1B o
CU-B486 Fecal 11 Mo F Negative 5 BA
CU-B500 Fecal 12Yr M Negative 1B o
CU-B579 Fecal 2 Mo F Positive Rota 1B ]
CU-B580 Fecal 9 Mo F Negative 1B ]
CU-B587 Fecal 11 Mo M Negative 1B ]
CU-B588 Fecal 3 Mo F Negative 1B ]
CU-B595 Fecal 10 Mo F Negative 1B ]
CU-B596 Fecal 11 Mo M Negative 1B ]
CU-B606 Fecal NS NS Positive Rota 5 AE'*
CU-B615 Fecal NS NS Positive Rota 1B AE™*
CU-B628 Fecal 1Yr F Negative 1B BA
CU-B636 Fecal 1Yr M Negative 1B o
CU-B685 Fecal 1Yr F Negative 3 W
CU-B688 Fecal 3 Mo M Negative 1B BA
CU-B705 Fecal 6 Mo M Negative 4 Y
CU-B711 Fecal 1Yr M Positive Rota 1A K"
CU-B806 Fecal 10 Mo F Negative 1B BA
CU-B811 Fecal 7 Mo M Positive Rota 1B ]
CU-B812 Fecal 11 Mo M Positive Rota 6 BD
CU-B825 Fecal 6 Mo F Positive Rota 1A BA
CU-B846 Fecal 1Yr M Negative 1B W
CU-B847 Fecal 1Yr F Negative 2 BC™
CU-B850 Fecal 5 Mo M Negative 2 BC™
CU-B851 Fecal 6 Mo M Negative 1B BA
CU-B852 Fecal 5 Mo M Negative 2 BC™
CU-B865 Fecal 5 Mo M Negative 2 BC™
CU-B867 Fecal 1Yr F Negative 2 BC™
CU-B868 Fecal 9 Mo M Negative 1B ]
CU-B869 Fecal 10 Mo M Negative 6 BD
CU-B874 Fecal 1Yr F Negative 6 BD
CU-B903 Fecal 6 Mo M Negative 1B G
CU-B961 Fecal 6 Mo M Positive Rota 14 BD
CU-B984 Fecal 1Yr M Negative 6 AB”*
CU-B1002 Fecal 1Yr M Positive Rota 1B BA
CU-B1009 Fecal 10 Mo F Positive Rota 6 BD
CU-B1046 Fecal 1Yr M Positive Rota 6 BD
CU-B1050 Fecal 1Yr M Positive Rota 6 BD
CU-B1055 Fecal 9 Mo M Positive Rota 6 BD
CU-B1064 Fecal 10 Mo M Positive Rota 6 BD
CU-B1091 Fecal 8 Mo M Negative 14 AR
CU-B1154 Fecal 16 Yr F Negative 1B ]
CU-H403 NP sawab NS F Negative 1B o
CU-H2107 NP sawab NS F Positive H3 1A AN
CU-H2108 NP sawab NS M Negative 4 AN
CU-H2159 NP sawab NS F Negative 6 BD
CU-H2779 NP sawab 49 Yr F Negative 6 BD
CU-C315 NP sawab 9 Mo F Negative 1B z
CU-C534 NP sawab 2Yr F Negative 6 BD
CU-C561 NP sawab 2Yr F Negative 1B z
CU-C724 NP sawab 7Yr F Negative 10 K"
CU-C763 NP sawab 2Yr M Negative 6 BD
CU-C936 NP sawab 1Yr M Negative 6 BD
CU-C1204 NP sawab 3Yr F Negative 6 BD

Abbreviation: Mo; Month, Yr; Year, NS; Not specify.
* The new 3Dpol clade defined in this study.
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Fig. 1. Age distribution (A) and collection period of fecal (B) and NP swab (C) samples. The positive HPeV samples are shown as relative percentage of all samples collected.
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In this study, we investigated the molecular epidemiology of HPeV in
respiratory and fecal samples collected in different parts of Thailand from
Jan 2009-Jan 2011 by using RT-PCR to amplify the highly conserved re-
gion of the 5'UTR. Subsequently, the positive samples were further char-
acterized and the phylogenetic tree of the structural genes (VP3/VP1)
was constructed. Moreover, the recombination event of HPeV has also
been detected upon combined analysis of the phylogenetic trees of
both structural and non-structural genes.

Result
Study group and epidemiology of HPeV

A total of 3716 samples were sent for influenza virus (nasopha-
ryngeal swab) and Rota virus (stool specimens) detection (1868 fe-
males, 1833 males, and 15 with incomplete data as to their gender).
All samples had been collected during the period from 2009 to
2011. Of those, 2957 NP were from 2822 individual patients whose
age ranged 1 day to 90 years. All NP swabs were taken from patients
who presented with influenza like-illness in the out-patient depart-
ments of two different rural hospitals. An additional 759 fecal sam-
ples were taken from 715 different individuals aged between 1 day
and 24 years, who presented with acute diarrhea and sent for Rota
virus detection.

Routine screening for influenza and Rota virus was accomplished
by the in-house developed multiplex one-step real-time RT-PCR
using TagMan probes (Suwannakarn et al., 2008) and one-step RT-
PCR (Theamboonlers et al., 2002), respectively. Glyceraldehyde 3-
phosphate dehydrogenase (GADPH), the human housekeeping gene,
served as an indicator for successful RNA extraction and subsequent-
ly, as an RT reaction control. This gene could be amplified in all sam-
ples (data not shown). Screening NP samples for influenza virus
showed 25(0.9%) samples positive for influenza B virus, 343 samples
(11.6%) positive for influenza A virus 2009 pandemic strain subtype
H1, 115 samples (3.9%) were positive for influenza A virus subtype
H3, and 32 samples were positive for influenza A virus whose subtype
could not be classified (1.1%). Rota virus was detected in 348 fecal
samples (45.9%).

Screening for HPeV was performed by using a very sensitive
nested RT-PCR with the primer pair sequences retrieved from the
highly conserved region of the 5'UTR for all HPeV types (Harvala et
al., 2008). HPeV was thus detected in 58 out of altogether 3716 sam-
ples (1.6%) of which 46 samples were fecal samples (6.1% of fecal
samples) and 12 samples were NP swab samples (0.4% of NP swab
samples). The details of these 58 samples are shown in Table 1. The
rate of HPeV detection did not differ between males and females.
Moreover, simultaneous infection with Rota virus was detected in
16 fecal samples accounting for 34.8% of the positive stools
(Table 1). One NP swab sample showed simultaneous infection with
influenza A virus subtype H3 and HPeV (Table 1). The age of patients
diagnosed with HPeV infection in this study ranged from 2 months to
49 years (Table 1.) however, infection was most prevalent among in-
fants between 3 months and 1 year of age (Fig. 1A).

Typing of HPeV

For typing, all samples positive for the 5'UTR of HPeV were sub-
jected to partial amplification of VP3/VP1 by using a highly sensitive
one-step nested RT-PCR method which had proven successful for typ-
ing as described previously (Calvert et al., 2010). All 58 samples pos-
itive for the 5'UTR were subsequently subjected to direct sequencing.

The phylogenetic tree shown in Fig. 2A demonstrates that the strains
detected could be identified as HPeV 1A in three samples and as
HPeV1B in 27 samples. Of those 27, one sample (CU-B628) was highly
divergent from the rest of the group and clustered in its own clade
(Fig. 2A). The divergence of CU-B628 amounted to 24% upon compar-
ison with the Harris strain and to 18% when compared with the
remaining HPeV1B clade. Furthermore, 5 samples could be identified
as HPeV2; 1 sample as HPeV3; 2 samples as HPeV4; 2 samples as
HPeV5; 15 samples as HPeV6; 1 sample as HPeV10 and 2 samples as
HPeV14 (Table 1). All strains investigated in this study showed the
majority clustered with the previously published sequences from
Thailand (Fig. 2A).

The virus types identified from fecal samples were highly diverse
and included HPeV1A, HPeV1B, HPeV2, HPeV3, HPeV4, HPeV5,
HPeV6, and HPeV14 (Table 1 and Fig. 1B). In contrast, virus genotypes
isolated from NP swab samples showed less diversity. The five geno-
types identified were HPeV1A, HPeV1B, HPeV4, HPeV6 and HPeV10
(Table 1 and Fig. 1C).

In this study, the majority of patients infected with HPeV were
under 2 years of age. The most predominant genotype identified
from this study, HPeV1B, was detected in patients below the age of
2 years except for one sample obtained from a 16-year-old girl
(Table 1 and Fig. 1A). In contrast, HPeV6 was detected in a slightly
higher age group when compared with HPeV1B. However, this dif-
ference between age groups was not statistically significant
(p value=0.302 with « level=0.05). HPeV6 was predominantly
detected in children between 7 months and 5 years of age (Table 1
and Fig. 1A). Interestingly, one fecal sample collected from a 49-
year-old patient was positive for HPeV6 (Table 1 and Fig. 1A). The
new types, HPeV10 and HPeV14, were identified in one NP swab sam-
ple taken from a 7-year-old girl and two fecal samples taken from two
boys aged 6 months and 8 months, respectively (Fig. 1A and Table 1).
HPeV1A and HPeV2 could be identified in two patient age groups,
which were 3-6 months and 1-2 years (Fig. 1A). HPeV3, HPeV4 and
HPeV5, had been isolated from patients of 1-2 years, 3-6 months,
and 7-12 months of age, respectively (Fig. 1A and Table 1).

HPeV monthly distribution in fecal samples and NP swab is shown
in Fig. 1B and C, respectively. HPeV1A could be isolated in February
and May 2010 from fecal samples and July 2010 from NP swab sam-
ples (Fig. 1B and C). HPeV1B distribution in fecal samples does not
seem restricted to a specific timeframe because it could be detected
throughout the study period (Fig. 1B). On the other hand, in NP
swab samples, HPeV1B could be detected during the first half of the
study period and was then substituted by HPeV6 (Fig. 1C). HPeV2
could only be detected in stool and for a short time during the
study period (July-August 2010). One strain identified as HPeV3
was isolated from a fecal sample collected in December 2009
(Fig. 1B). HPeV4 was detected in a fecal sample collected in January
2010 and an NP swab sample collected in July 2010 (Fig. 1B and C).
Interestingly, HPeV5 was only detected at the very beginning of the
study (January and March 2009) and subsequently disappeared
(Fig. 1B). The new types, HPeV10 and HPeV14, were detected in
March 2010 (Fig. 1C) and February 2011(Fig. 1B), respectively.

VP1 divergence

The substitution rate in the partial VP3/VP1 gene of all HPeV
genotypes was 3.02x 103 nucleotides per site per year (with
2.29x1073-3.83x 1073 as highest posterior density; HPD, interval).
Information on virus sequences of genotypes 1A, 2, 4, 5, and 7-16
is limited. Therefore, the nucleotide change rate could only be

Fig. 2. Phylogenetic tree of partial VP3/VP1 (A) and 3Dpol gene (B). Each branch was labeled as genotype/3D clade/strain name/year of collection/origin country. The different
colors represent the different HPeV genotypes which were classified based on the cluster on the phylogenetic tree of the VP3/VP1 gene (A). The samples from this study are indi-
cated as red letters on each branch of the tree. Only the bootstrap with over 70 were shown in phylogenetic tree and the large clades that the study samples did not appeared were

collapsed and shown as the black triangle in the tree.
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investigated in the three genotypes of HPeV1B, HPeV3 and HPeV6. The
result shown in Table 2 indicates that these three genotypes were in a
neutral selection condition based on the ratio of non-synonymous
change per site to synonymous change per site (dy/ds). In this study,
the substitution rate of HPeV1B amounted to 9.11 x 10~ 3 substitutions
per site per year exceeding by more than 3 times that of HPeV3 and by
nearly 2 times that of HPeV6 with 3.03x 102 and 5.10x 10~ 3, respec-
tively (Table 2).

Recombination event of HPeV

Together with the structural gene, the non-structural 3D gene at
the 3’end of the virus genome responsible for RdRp activity was
used to investigate the recombination event (Calvert et al., 2010).
The specific 3D gene primer sets were incorporated into a one-step
nested RT-PCR method described elsewhere (Calvert et al., 2010).
All HPeV positive samples with successful amplification of the 5'UTR
and VP3/VP1 were also subjected to this 3D amplification and direct
sequencing. The phylogenetic tree of the 3D gene is shown in
Fig. 2B and the specific clade assigned for each HPeV positive sample
is shown in Table 1. Interestingly, the high divergence rate ranged
from 6.2% to 16.1% when compared with the nearest clade on the
phylogenetic tree of 3Dpol gene was shown in sixteen strains of vi-
ruses identified in this study (Supplement Table S2). As defined in a
previous study, the 5.5% divergence from each other was shown as
the cut off for a different 3Dpol gene clade assignment (Calvert et
al., 2010). Therefore, based on this demarcation, we could identify 6
additional 3Dpol clades. The samples identified in newly assigned
clades of 3Dpol are shown in Table 1 and Fig. 2B. For recombination
analysis, the discordant grouping based on the 3Dpol gene of the geno-
type characterized by the VP3/VP1 gene phylogeny is indicative of recom-
bination (Calvert et al., 2010). Therefore, in this study recombination was
detected in 16 samples including 3 strains of HPeV1A (CU-B711, CU-B825
and CU-H2107); 7 of HPeV1B (CU-B433, CU-B615, CU-B688, CU-B806,
CU-B846, CU-B851, and CU-B1002); 2 of HPeV4 (CU-B705 and CU-
H2018); 1 of HPeV5 (CU-B606); 1 of HPeV6 (CU-B984) and 2 of
HPeV14 (CU-B961 and CU-B1091). The most frequently recombination
event was shown in HPeV1B in which could be classified into 3 clades
of 3Dpol including BA, AE’ and W (Table 1). The 3Dpol clades that were
assigned to the remaining recombination strains are shown in Table 1.
The recombination detection rate is 27.6%, this may be underlining the
detection rates which based on samples and children.

Discussion
Molecular epidemiology

Until recently, based on their genomic sequences, 16 genotypes of
virus have been discovered and subsequent studies have shown that
the different genotypes of virus cloud provide the different diseases,
for example, HPeV1 is associated with diseases of the GI tract and
HPeV3 is closely related with sepsis and encephalitis in neonates
(Abed and Boivin, 2006; Boivin et al., 2005; Harvala et al., 2009). Ep-
idemiology of HPeV is required to further our understanding of dis-
ease causation and possibly, geographic distribution of the virus.

Recently, molecular techniques were used for detection and geno-
type classification. For screening, nested RT-PCR with a primer pair

Table 2
Estimate of sequence rate change of HPeV1B, 3, and 6.

HPeV type Distance™ dN/dS* Substitution rate (x10~3) MRCA

1B 0.1000 0.0099 9.11 (5.14-13.36) 1985 (1978-1991)
3 0.0346 0.0181 3.03 (1.57-4.49) 1990 (1985-1995)
6 0.0607 0.0334 5.10 (2.32-8.24) 1994 (1987-1999)

* Calculated by using maximum composite likelihood as the substitution model.

specific for the conserved region of the 5’'UTR was applied. The result
showed that 1.6% of samples (58 of 3716 samples) were positive for
HPeV with more than one third originating from the GI tract
(feces =46; 6.1%, NP swab=12; 0.4%) (Table 1). The percentage of
positive samples in this study was lower than in the previous report,
1.2% of respiratory samples (Harvala et al., 2008) and 16.3% of fecal
samples (Benschop et al., 2008b). However, the molecular epidemiol-
ogy data presented in this study was based on the number of samples
rather than the number of patients which might account for the lower
detection rate. The difference in virus detection rate may well be due
to the specific year of sample collection and geographic location. In-
terestingly, the study of Pham et al. conducted in 2010 which includ-
ed stool samples negative for human rotavirus from the northern part
of Thailand showed 14.6% positive for HPeV. In another way, if the
positive samples of human rotavirus were excluded in this study,
the percentage of HPeV positive (11.2%) stool samples has shown a
similar range as the study of Pham et al. in 2010.

As reported by previous studies, the majority of HPeV positive
samples originated from patients below the age of 2 years with
the highest rate shown among 3 month-to-1-year olds (Fig. 1A).
HPeV1B is the most prevalent genotype in samples collected from
children, whereas HPeV6 seems to infect older patients (Fig. 1A).
However, a larger number of samples positive for other genotypes
should be considered for future analysis to further our understanding
of age distribution for this virus. Interestingly, in this study, HPeV was
detected in three patients above 10 years of age. It is unusual to detect
HPeV in adults but a few studies have reported HPeV detection in
over 10-year-olds (Abed and Boivin, 2006; Figueroa et al., 1989; Li
et al., 2009; Tapia et al., 2008). Therefore, this provides additional ev-
idence of HPeV infection in patients above the age of 10 years. Unfor-
tunately, since the samples included in this study were anonymous,
further information on these three patients as for example, any un-
derlying disease could not be obtained. (Table 1).

The cycle of HPeV infection, occurring twice per year, in summer
(April to June) and winter (December to February), has been shown
in this study (Fig. 1B and C). The same seasonal occurrence of HPeV
infection has been reported by Harvala et al. (2008) in Scotland. In
our study had identified the only one sample that defined as
HPeV3 during the winter season. As same as previously reported,
HPeV3 could be identified in the winter season (Abed and Boivin,
2006; Harvala et al., 2009). However, the HPeV3 was detected during
the summer season had also been reported (Benschop et al., 2006b).
In this study, two types of HPeV, HPeV1 and HPeV6, were predomi-
nant in respiratory samples. This is in agreement with the data pre-
sented by Havala et al. in 2008 (Fig. 1C). In contrast, in fecal
samples, only HPeV1B was predominant and spread throughout the
study period (Fig. 1B). In addition, HPeV2 was frequently identified
in our study, while this type of virus has not been detected in any
other recent study (Benschop et al., 2008b; Harvala et al., 2008).Addi-
tional epidemiology studies might provide further understanding of
unusual or new types of HPeV.

Typing, recombination and evolution of HPeV

Based on the phylogeny of the VP3/VP1 gene, a profound diversity
of HPeV genotypes was found in this study with the eight genotypes
1A, 1B, 2, 3, 4, 5, 6 and two newly recently identified genotypes, 10
and 14, classified (Fig. 2A). Genotype 1B was predominant and upon
comparison between the 6 different lineages as showed multiple var-
iations in Fig. 2A. Interestingly, CU-B628 was separate in its own clade
on the phylogenic tree of the VP3/VP1 gene and the divergence was
equal to 24% when compared with the Harris strain. Since the diver-
gence for new genotype assignment has to exceed 25%, unfortunately,
this CU-B628 had still been assigned to genotype 1B. Although these
characteristics are insufficient to assign a new genotype to this strain,
its variety should be addressed. The viruses identified from this study
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were grouped together on the phylogenetic tree of VP3/VP1 gene and
also clustered with viruses previously reported from Thailand
(Fig. 2A). This indicates a geographically specific common determi-
nant that appears to be found on this VP3/VP1 phylogenetic tree of
HPeV. Moreover, difference of the HPeV genotype could be detected
in children below 2 years of age.

Altogether, the genotypes have not evolved quite as rapidly as the
substitution rate calculated by BEAST suggested (3.02 x 10~ > substi-
tutions per site per year) which was slightly higher than that previ-
ously proposed for the VP1 gene (Faria et al., 2009). However, along
with phylogenetic analysis, a vast difference in substitution rate was
shown among different genotypes of virus (Table 2). Incorporation
of much more samples used for the calculation may be the reason
why the evolution rate in this study appeared slightly higher than
that previously estimated (Calvert et al., 2010). Similarly, the dy/ds
calculated from this study also were slightly higher than previously
mentioned by Calvert et al. (2010). In contrast, the MRCA shown in
our study (Table 2.) did not show any difference to the previous re-
port (Calvert et al., 2010). Further studies on larger sample sizes
will provide further understanding of virus evolution.

Interestingly, as defined in the previous study, more than 5.5% di-
vergence was shown as the cut off for a different 3Dpol gene clade as-
signment (Calvert et al., 2010). Hence 6 additional new 3Dpol clades
could be defined based on our study samples (Table 1.).

Recombination of HPeV had previously been addressed with the re-
combination breaking points established at the junction between 5'UTR
and P1 and the P1 and P2 polyprotein (Benschop et al., 2008a, 2010;
Drexler et al., 2011; Williams et al., 2009; Zoll et al., 2009). Despite the
phylogenetic analysis comparison between structural and non-structur-
al genes such as the 3Dpol gene was successfully used to investigate re-
combination (Calvert et al., 2010). The discordance cluster in the 3Dpol
gene when compared with the VP3/VP1 gene phylogenetic tree proves
that recombination in the virus genome has occurred (Calvert et al.,
2010). Most of the samples from our study were classified as the same
clade for 3Dpol phylogenetic tree as the reported in Thai samples that
reported by Calvert et al. (2010) (Table 1). Sixteen samples (27.6%)
showed discordance between two genetic regions on the phylogenetic
tree (Fig. 2) serving as evidence for recombination from this study.
HPeV1B was the predominant genotype with a recombination frequen-
cy of 27%. This study was in agreement with previous research empha-
sizing the high recombination frequency of HPeV type 1B (Calvert et
al,, 2010). In contrast, HPeV6 exhibited less recombination frequency
(6%) with only one sample identified (CU-B984, Fig. 2.). Other genotypes
including HPeV1A, HPeV4, HPeV5, and HPeV14 had also
undergone recombination (Fig. 2.), however, the frequency of recombi-
nation had not been done due to the small identification numbers from
the study. HPeV3 isolated from this study clustered in the correlated
phylogenetic tree clade with both VP3/VP1 and 3Dpol genes when com-
pared to the previous report (Fig. 2.) (Calvert et al., 2010). Therefore, the
recombination might not have been detectable in this study. The under-
lying factors or mechanisms for the recombination event are still unclear
and should be addressed by further investigation.

In conclusion, although HPeV has been discovered a long time ago,
its biology, epidemiology, evolution and pathogenicity are still
unclear. Therefore, ongoing molecular research will further our un-
derstanding of this virus which can also be applied to other related
viruses.

Method
Clinical samples

The nasopharyngeal (NP) swabs were collected from patients pre-
senting with influenza-like illness. A total of 2957 of NP swab samples

were collected between July 14, 2009 and March 9, 2011. All samples
were sent from local hospitals including; 1703 samples from Chumphae

hospital, Chumphae district, Khonkaen province, 1254 samples from
Thungsong hospital, Thungsong district, Nakorn Sri Thammarat prov-
ince. Samples were kept in transport media which contain phosphate-
buffered saline (PBS) with antibiotics (2x 10° U/l of penicillin G and
200 mg/! of streptomycin). All were kept on ice then sent to Center of
Excellence in Clinical Virology, Department of Pediatrics, Faculty of
Medicine, Chulalongkorn University for the routine screening. Samples
were processed immediately upon arrival, the remaining were kept
at —70 °C for further use.

Fecal samples were sent to our center for Human Rota virus rou-
tine screening. A total of 715 fecal samples had been collected in
the 2-year period of January 7, 2009 to April 18, 2011. Of those, 12
samples were sent from Umphang hospital, Umphang district, Tak
province; 597 samples from Chumphae hospital, Chumphae district,
Khonkaen province and 150 samples from King Chulalongkorn Me-
morial hospital, Bangkok. Upon arrival, fecal samples were diluted
1:10 with PBS, thoroughly mixed on a vortex and centrifuged at
8000 rpm. Supernatants were collected and stored at —70 °C until
further use.

RNA extraction and HPeV detection

All samples were subjected to RNA extraction by conventional
GTC-phenol-chloroform method performed on 200 pl each of clinical
samples. The extracted RNA was stored at — 70 °C until used.

All extracted RNA was subjected to reverse transcription into
cDNA using the ImProm-II™ Reverse Transcription system (Promega,
Madison, WI). Reverse transcription (RT) was performed by following
the manufacturer's specifications and a random hexamer primer was
used for the RT step. cDNA was stored at — 20 °C until used.

Nested-PCR for HPeV detection was modified from a previous
study (Harvala et al., 2010). The PerfectTaq Plus MasterMix (5
PRIME, Darmstadt, Germany) was used as the amplification mixture.
The predicted positive result was shown as a single band of 243 bp
when visualized under UV light after 2% agarose gel electrophoresis
and staining with ethidium bromine.

Partial VP3/VP1 and 3Dpol gene amplification

For HPeV characterization, the samples positive for the 5'UTR were
subjected to nested PCR to amplify the VP3/VP1 junction for HPeV typ-
ing as previously described (Harvala et al., 2010). The expected PCR
product was 304 bp when virtualized under UV light after 2% agarose
gel electrophoresis and staining with ethidium bromine.

The partial 3Dpol gene was amplified by nested PCR modified
from a previous report (Calvert et al., 2010). The expected second
round PCR product of 700 bp was virtualized under UV light after
2% agarose gel electrophoresis and staining with ethidium bromine.

All VP3/VP1 and 3Dpol positive amplicons were purified by using
Agarose Gelextract Mini Kit (5 PRIME, Darmstadt, Germany). Direct
sequencing was performed under 1st BASE DNA Sequencing Services
(1st BASE Laboratories, Malaysia). Sequencing results were annotat-
ed, aligned, and managed by using combination of software including
Basic Local Alignment Search Tool (BLAST) (http://blast.ncbi.nlm.nih.
gov/Blast.cgi), Simmonics version 1.7 (www.virus-evolution.org),
Chromas Lite (http://www.technelysium.com.au/chromas_lite.html),
and BioEdit version 7.0.4.1(Hall, 1999).

Molecular and evolution analysis

All study sequences had been submitted to GenBank data base.
The accession number that included in this study was show in Sup-
plement Table (S1). Phylogenetic trees were constructed by using
MEGA 4 software (Tamura et al., 2007) in which neighbor-joining
method with 1000 replication for bootstrapping was implemented.
Trees contracted under maximum-composite-likelihood (MCL) as
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distances model and using pairwise deletion as gap/missing data pro-
cessing. The nucleotide substitution rate and most recently common
ancestor (MRCA) were achieved by using Bayesian Evolutionary Anal-
ysis by Sampling Trees (BEAST) software version 1.6 (Drummond and
Rambaut, 2007). The relaxed clock-uncorrelated exponential with
10 million chains was run under GTR with gamma distribution substi-
tution model. The data from BEAST were analyzed by TACER program
(http://beast.bio.ed.ac.uk/Tacer).

Ethical consideration

All samples that were included in this study were sent for routine
diagnosis in our center. The personal data such as name and HN did
not appear in any part of the document in this study. All samples
were taken with permission from the Director of Chulalongkorn
King Memorial hospital. Moreover, the study was conducted after
the approval of the Ethics Committee of the Faculty of Medicines,
Chulalongkorn University (IRB No.086/53).

Supplementary materials related to this article can be found on-
line at doi:10.1016/j.virol.2011.09.021.
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