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Abstract
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Project Title: Development of technique for discriminating species and estimating numbers
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Abstract:

Fish-borne zoonotic trematodes (FZT) remain a public health concern in many Asian
countries, especially Opisthorchis viverrini, which is a known type-1 carcinogen that can
induce cholangiocarcinoma. Despite a campaign to eat cooked fish dishes, the consumption
of uncooked and undercooked fish dishes is still popular. Metacercarial-stage FZT infection of
fish is largely seasonal. Periodic assessments of the degree of infection can inform FZT
control programs of high levels of fish infection in endemic areas. Conventional methods
(compression and digestion) used to detect and identify metacercariae in fish are ineffective,
because they are time-consuming and require both manpower and metacercaria-identification
skills. This study developed a new multiplex real-time quantitative PCR method for
discriminating and quantifying the degree of infection with O. viverrini, Haplorchis taichui and
Haplorchis pumilio. This method can distinguish and estimate the number of metacercariae
with a median cycle threshold range of 1 to > 20 metacercariae (Ct 35 to Ct < 24). The
method proved more effective than conventional methods, with a high degree of accuracy,

saving both skilled manpower and time for the study of FZT prevalence, especially in



endemic areas. Therefore, it might serve as an alternative method for detecting and
quantifying metacercariae of O. viverrini, H. taichui, and H. pumilio in fish from endemic areas

with evidence of co-infection.

Keywords: Multiplex real-time quantitative PCR, Opisthorchis viverrini, Haplorchis taichui, H. pumilio, 28S

ribosomal DNA
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Executive summary

In this study, the most effective approach for fish examination was multiplex real-time
quantitative PCR method for discriminating the FZT species, O. viverrini, H. taichui, and H.
pumilio. This was also used to estimate the number of metacercariae per fish. Currently, the
means used to examine metacercariae in fish are compression and digestion methods.
However, the limitations of these methods are accuracy, underestimation and time-consuming
to identify all metacercariae.

The advantages of multiplex real-time quantitative PCR over the two conventional
methods are higher accuracy to discriminate species of metacercariae, even when there are
large numbers of subjects, and speed when working manually. This developed method is
sensitive enough to detect a metacercaria of O. viverrini and/or H. taichui / H. pumilio in the
same reaction that contains the genomic DNA of other parasites. Based on the numbers of
metacercariae detected using the median cycle threshold value, the numbers of
metacercariae of each parasite can be estimated more accurately when compared with the
results of metacercaria separation and identification using the digestion and microscopic
examination.

The method developed was used to examine fish containing metacercariae from O.
viverrini-endemic areas in Sa Kaeo Province, Thailand, in March 2012. Four species of
cyprinoid fish with reportedly high degrees of infection were examined. It was found only B.
gonionotus and C. enoplos were infected with O. viverrini, with larger numbers than H. dispar
and P. orphoides. The results obtained by digestion and real-time PCR methods were similar.
However, real-time PCR was more accurate when the numbers of metacercariae were large,
could contain many kinds of unknown and/or difficult to identify metacercariae, and where it is
difficult to separate each species manually under a stereomicroscope. Both digestion and
real-time PCR provided better results than the compression method. The multiplex real-time
quantitative PCR assay developed in the present study is an alternative method of detecting
and quantifying numbers of metacercariae of O. viverrini, H. taichui and H. pumilio in fish from
endemic areas, where there is evidence of parasite co-infection. The method developed may
be a useful tool for detecting FZT metacercariae in aquaculture fish in O. viverrini-endemic

areas, and so contribute to the effective control of opisthorchiasis.
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10, 11 £19 20, uaz > 20 (21 fi9 30) genomic DNA BavdnatIgniaNaialay Genomic DNA
Mini Kit (Geneaid Biotech Ltd, Taipei City, Taiwan) aa3snfmnuauaugilonuwuuniy kit
I@slNafﬂ’mm‘iﬁ’lmmLG}jﬂ‘?ﬂﬁL%Um&l’ii’lmuﬁwﬁngﬂLﬁuLm&lﬁLﬂ‘i’]zﬁl,ﬁzmﬁ'miﬂu’mﬁvlﬁ
1 [ v d' a d' =3 A dq‘ v =3 v o

NnUauaaza luiasnase (mmnmsanm:uLﬂmuaﬂmﬂuagmdmﬂuaﬂ) laggwiniuan

& a ) % ) A ) A o & a ) o
wasaFsuandens ldluudazsiavaslauassianainey  wemasazsanndaudazan

fﬂzgﬂﬁnm‘nmﬁaaﬁ'@w%auﬁ'ui@ﬂVL&iéTaaLmﬂmﬁmaowmﬁﬁaﬁw"tﬂlifmaau real-time
- o g 94 . , <
quantitative PCR Tugnmeiimanzay lumshazldusanmuas PCR udaz mixture 1w 20 u
A Y ) : .
7915w nauaI8 PCR buffer (LightCycler 480 Probe Master), 0.3 UM waJu¢ias primer, 0.06
UM Badudaz probe Uaz 1 Wi 284 DNA duuuy lasudazgadjinienazimnmun 3 diuazi
negative control (UJ31@3a1n DNA @Tmmu) WAE positive control (1076 ng Va3 purified PCR
1 a 1 . ~ -7 o
product UBILAREWEND) WARE reaction zL@N 10 ng Va3 purified PCR product w83 P.
. dl' ¥ ] 1 ' o & aaa A ¥ [ ¥
orphoides tNalwuiilaaz lifinadonsdugslfisendaims lasanmmaesasimualid u

ATHUBY negative control fN Ct hainasuA Ct 39 wazlunydlvas IAC @1 Ct dadlaiasnin 33

g [
A 1 Aa L a

Do dFIdugIlnisenannsana DNA

MIIATITHANIEDA

Lﬁaﬂ’s’mgﬂﬁaaﬁ]’]ﬂﬂ’mmﬂLLﬂz species 3NN PCR Uard1wIK metacercariae
32w I193T classical (tissue compression LAz digestion) Waz3T realtime PCR %dwaﬂm&l
Qﬂﬁﬁ]ﬂ‘ﬁ Chi-square test lagls SPSS software (version 18, SPSS Inc., Chicago, IL) Tagen P-

value < 0.05 DadinuLaana
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HANISNARDY
'8 = . . dlv dqj dl o %
AINNIIATIRUNNANTRSANTEYRY O,  viverrini  lulanduanunsiLanaesinla
Fandnaszuio Aa1uu 3 AT ATH 1 Twheniuanan 2554 A3 2 lupauiliuiay 2555 uazAan
3 luheungunIAN 2555 NUdIRUURALLINAERTANEY O. viverrini AadnuIulaingma
gegalutlanlanlwneniunan 2554 (@tlanadudnngguunn) Andudnaasselaningma

PINHAWINAL 4.9 1A (68/14) TuAausuInAN 2554 lugdaeinuwwnNmasANEe O. viverrini 100

A o~

ngn WewsuiudasnaausazluheungenIAn 2555 (I99aungFeusinguy) udeaninum
'8 = . L. Y ai go// d’l 'S = dl [ . d‘
pEasAEY O. viverrini Hoangna elmmgesanzannulaauinilunan unknown species @4
1o o o dld” < ?.’/ 1 'S =
azliiuuazimiAwinlunil aanmafivuazasadaiaun linuwngeiazala el
damuetailuanlunszna Anabantidae wsiazwuiannzianlumsena Cyprinidae 3 aiin éun
darlan  dapzidewsne  dswdudr  ielidainszguaslianunsounlaldnunludagnani
vinnnsAne agldanunsmiuiinuale (17 3)
asUdiatresgeuneganlanlumnszna Cyprinidae annisifivsetnadavianun 3

A5 wunsRmelulanndn 80 % 1w O. viverrini Taenilunailf#annas tissue compression WA

digestion
MNNUWAARSANEERINEGENYUA suanaasild Fvniadscun
Tuiausuanau 2554 funau wasngeaau 2555
‘ug 6 ]
“E 5 68/14 ’ Fwaae TGy wawdm
Ei
ge 41 O5.a.-54
‘;E 31 4118 8055
24 54/30 Ow.A.-55
= 2 38130
=
S 14 12131 2
220
0
1an AZLREULT whngh “ua
%dfinian

51¥ 3. Auonwegesanzeivlfainian 3 alinlunszga Cyprinidae (Uantan danmeiives
119 wazdauingn) uaz an 1 1Hnlunszna Anabantidae (Uanmua) luwunsuanasdinla
Jandnagszufo 3 deanan Mun dastlanangeuimeutunan 2554 dassiungieu thauliuiau

2555 uazdaaLanengien InaungNIAN 2555

panTTLanwAesAniFaanniilalanlaemnaiia digeston lFnnmageuAnm
ARNALAABUABIITNITAINAY TN NEHIANUIUHN AN LTA A FHNDULALAAINIZUIUNNTEDSILAY

SoULENINATATANEEANIHeUAN WLIHAFUAANIZLAUNIIAINTDIN AU RS
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ANEe1d1lenIN 99% NasanataINITnlssAulsINEanINTsat AT LENINANIATAN FIANNLe

danfipnnniananaiiesdanteslunisgaueaeasniigesaEe

N19%1 Standard curve

n199N Multiplex real-time PCR e ldiATe LightCycler 480 system I Tmﬂ@qmuﬂﬁﬁ

winnzanlunig run a8 60°C Waldannzimunzanlunszuaunisfingna Standard curve A9
gNIAAINATUIL copy B89 PCR product Tnaiass ialdiiludameuiuifzunn DNA fldanwsn
efANEEAUIN 1 1A 289NNENNTLANANYI @9 standard curve 484 O. viverrini H. taichui

waz H. pumilio TEAMNUANENSAL (17 4)

gﬂﬁ 4 Standard curve a1n serial dilution 289 PCR product annAdnsidindi 10°-10"ng ALl

MU copy number WINAL 5.1x10" - 5.1x10° copies AMNATAL

yananeanLdnieLan DNA 184 purified PCR product a1n¥ia 3 species 419 1un7aniu wae

n19ld IAC vise i ldasludfisen Wnanauuansnelddinadntiesfsnies

14



A5 2 FN1IENUANANNAINAADNITAIUUA Standard curve

Single target Multiple target Multiple target
(without 1AC) (with IAC)
Efficiency Sensitivity  Efficiency  Sensitivity ~ Efficiency Sensitivity
(numbers (numbers (numbers
of PCR of PCR of PCR
copies) copies) copies)
H. taichui 99.5% 50 104% 50 102% 50
R*=0.99 R*=0.99 R*=0.99
H. pumilio 95.0% 50 99.5% 50 100% 50
R*=0.99 R*=0.99 R*=0.99
O. viverrini 99.5% 50 105% 50 104% 50
R*=0.99 R*=0.99 R*=0.99
IAC 95.0% 45 n/a n/a 99.5% 45
R*=0.99 R*=0.99

NNSM5IAEAL  Species WENBUAZNITUTTNIUINUIULNANTRSANSEHIY  median cycle
threshold value (Ct value)

q1n Reaction ANIUNNIUENERMNNZaN AR NANE1 TAeN13N multiplex real-
time PCR fuwmtasaBanldannianlununlag species WAZATUAUNNLNLINNARINNNT

a . 1 '8 = = [~ = o

naalaenAlla real-time PCR wudnvnwuiuatasan@eias 1 Wa azdnuisaiieuniy Ct
value 91 35 usiinausULMaIasAN Fragfitszund 2-10 Wia Ct value axtlszanns 30 wsnn
ANUIUAETEUINN 11-20 1A Ct value azagilszanns 26 WANTUNANWIWNANEASANEENINNTN

20 1WA Ct value A¥NINNGN 24 A3RN3199 3 wazgiln 5

15



AN9199 3 UsEua T UIULNALTERSANLFEHIU median cycle threshold value (Ct value)

Parasites Numbers of metacercariae Median Ct value
H. taichui, H. pumilio, and 1 35 (34-36)
O. viverrini 2-10 30 (28-33)
11-20 26 (24-28)
>20 <24

519 5 uanisFuuRunmAgeiaFaIeTe1En 3 wHn WAun H. taichui H. pumilio
waz O. viverrini #2¢3a real-time multiplex PCR 1ol TagMan probe Anans fluorophores

AUN1ZFE DNA 491 28S rDNA 24lTatlsdnia 3 a5a

16



nsisziiulsz@nanarasnisasianinmiasaseluilannaeds Conventional method
WAz real-time PCR

1unA3 run PCR nﬂm%ﬁ%ﬂuﬁ'mmm control lsid1aziil positive, negative %7a IAC Fa3
Wiuaannasuitelinaiildainmsin muttiplex real-time PCR wnidede annisnmaseulagld

3% realtime PCR Wafieuiuds tissue compression waz digestion lHnamamnseh 4

17



A15197 4 1UseANEuaraIn1sasIanNaLEasA1tseluilainqeas Conventional method WaZAS real-time PCR

Fish species No. No. of metacercariae in fish (positive)
of Compression Digestion Real-time PCR
fish (and identification under stereomicroscopy)
Ov Ht Hp Unk Ov Ht  Hp Unk Ov Ht Hp Unk
Barbonymus 20 0 (16) 0 0 >10 (20) 0(9) 0 0 >10 (20) 0(9) 0 0 n/a
gonionotus 2-10 (4) 1(6) 1(6)
2-10 (5) 2-10 (4)
11-20 (1)
Cyclocheilichthys 20 0(15) 0 0 >10 (20) 0(9) 0 0(18) >10 (20) 0(9) 0 0(16) n/a
enoplos 1(2) 1(3) 1(2) 1(3) 1(4)
2-10 (3) 2-10 (8) 2-10 (7)
11-20 (1)
Hampala dispar 20 0 0 0 >10 (20) 0(19) 0 0 >10 (20) 0(19) 0 0 n/a
2(1) 2-10 (1)
Puntius orphoides 20 0 0 0 >10 (20) 0(19) 0 0 >10 (20) 0(19) 0 0 n/a
2 (1) 2-10 (1)
No. of fish positive 9 0 0 80 24 2 80 24 0 4
% of fish positive 11.3 0 0 100 30 0 25 100 30 0 5 n/a
Time for manually 50 min - 2.5 hrs 1 day 1.5 hrs

work per 10 fish
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TunsAnEnannnsasatlanluuinudunld3s Tissue compression azwyilan
Facia O. viverrini Wies 9% lagldnwunsim@e Haplorchis aaludan wsleldls
digestion wudnlanfmide O. viverrini Uszannd 30% laenuwmnigasaizaues H. pumilio
Tutlanlan tnenae93s real-time PCR 1#ina laisinga1naail

ANAN39EN9FULEAIHATN Multiplex real-time quantitative PCR THuamndnuas
WNUENINGD tissue compression WA lHAINYNABITBINANITAIIAADLTINTHALAZAUIY

s v o oas . A o as , )

e asanFe i lndlAReiuls digestion Tmeiieninianis digestion Waz real-time

PCR #WeIULAs tissue compression TWaanuuanagatelitaas@Ayaansed 5

A5 5 WIRLAMNGNABNIRINANITATIAFALVITUALAZATUIULBLNALTDS

a aa . . a v aa |, .
ALF8216 digestion LA real-time PCR tneUNUE tissue compression

Examination N Positive Negative Chi-square P value
method frequency (%) frequency (%) (af)
Compression 80 9 (11.25) 71 (88.75) 9.561 (1) 0.002
Digestion/ 25 (31.25) 55 (68.75)
Real-time PCR

wsNFLNLLIEIN93E real-time PCR uay digestion wiiuinazliaaugnsiesusiugn
oA o aa | . P v, . I = P Y
Winnesiy Weae digestion FBNN19AYINANINRE identify WAasANFaLAzFad a7
TunnsuanuamesanFaeenun identify 1#naaq light microscope qazldnanunuuin
o '8 = ldl v v 4 dld % ¥ nl/

WNANUIRKAEeSAN Fef lianesniBuinumnnlngetaazdesdnanuiunanadalus
Tunnsnaulfiefatatudenaedia real-time PCR wiileds digestion wiasainidluasily
£ va . . ' = 2 1
Fiean9gAINaNInluNNg identify wanmafAGauar 1A I wlunmuns Tae

AnANAN LAl 16 Wi (1N9197 4)
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agtluaziansaluanisneans uasdaiduaiusdusunulagluauias
wesannluilaqiiy nsiuemsndgeandannug gn dadumyiniiauiiesan
QI dl ] o/ o/ dgl dl 1 a =)
\dudsnaenunsnag ludmusssunisiulseniue1mnseatssansuneiui 1y nstiauny
Ua1dn Aesdanlunnunianzduesnasanile 1eding i lElsmsamec ulandenain
Tywwmiin Tnaaniznsiamanasluldiu 0. viverini atelafimu Wunlunsuns

a a dgj o 1 dgj dl al o a v o 9 =3 . . .

srunpapanenBriatsine lunumaiunens luldanldauman Heterophyid intestinal
flukes (HIFs) tasdneuvaassinaauszasfamalulanaaanensng 2 ngu JANNAAILARS

v Y S./dl v a a a ] ' i’/ o
ﬂummma‘s_jﬂmmmflummﬂﬂmummwmﬁmmmmmWrasluﬂm InetinaAsan

|
A ¥

ﬂamuﬁﬁymLu@mmm?ﬁnmmmﬁnmmwmaﬂuﬁuﬁ?zmmﬁmﬂu%gahmﬂﬁhiﬁa
mﬁ"r?lml,%@l,l,ﬁmmﬁ‘mzwLﬁ@ﬂ@zmmqmimmuﬁi@iﬂ
nsAnnilfunnsimunianisnsausnafismeamendlliiu 0. viverini uay
wengluanlduunsan Heterophyid intestinal fluke uaziazannis Ui eI Rnde
TudanTnaldinAiia Multiplex real-time quantitative PCR F9ENNNTDS LN TTATAINENT O,
viverrini, H. taichui wag H. pumilio téniaue) fuannsalssannauinzesnnigefan &e
Tlunanaeaiils
luaandnnuilymluninmasiang s uasilanuueuuA e A E8A1N95

(% ]
{ o o

. . = = X A Ny A oA A adl o ]
Tissue compression aainn1sAnetlsziiulfdniianuimedevesisiainaniuaing
3% Digestion uaz Real-time PCR adnafidudnAty (P<0.05; 0.002) TNMINTINNNTATIA
sza10unN9hnT@efaeaa  Tissue compression arimanutd@ene luaan17Ussitumn
2819 19mINAINNNIANHINIILILTUAINY NFBIARIALARBUTBINITLTENANUIULAE
NNIRUUNTRANENETNLIIAYINYNFBIT8978 Digestion waz Real-time PCR HAMuiNfe
Auluidrasmnugnsiagusugn usiiAuuanaeiuludeananld 1neds digestion ay
Tfnanlunismsmadandinangefan Faniliuunsfiameganndniuds - 16 Wi
\H89aNNa5 digestion ABNN1TANYNADILALANTNUNYBBIERTIAULNTLATDINA TS
A1Galsindes stereo-microscope warluuansiienaliatnsauenainaIndnigiuasia’)
1§ anfludesganwuziieauungiined1undes Light microscope TNBNAAZARIIANLIL
dudunelilinanazidaauazgnsias ImninauiuANNgnaeIuds Rea-time PCR Ag

1 Qdd‘ o ¥ QI a A a a o a
amnsniidaniann MiindszAnsnmuazilsrdnsnalunisinamausnatinuazilszann
AunumageiaFaainlan luias i ulFunmumnnlunandanin

a1n38 Multiplex real-time quantitative PCR fimunw s ldfieiunsdannle

d’l dldld a dg/ a %’ A ai o %’ o o %
AR aeununsandanets okl lulantan fAanuansesinla  Aaudnaszui

Uszmdlne lnanaannnizamallatia 4 atialdun Uanlan damziiesann daiwdudn
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waztlamue wudn danlunsegadanlandlulainunnsdintiegege a9linaaanndasiv
3% digestion Iag@nn1sanIIaLenTiaNTaN TN HIUIRNAN TR sAN e L lunan
S o as Y 9 Ao 4 | A ) P aa .
WYY AIN3EN1FTNARNANLNIWUILANTIAT tissue compression LiB4aNaE real-time
PCR &N70ATMANIAIQNLNANTIASANERU89 H. pumilio ikadinanndanlan 2 fq @
Wnasenmaeariuas digestion wae identification

TunsimuImAla PCR  Annuunfluniswmuniialdlunisuanaiannans Lo

!
=

= a 1 zj/ 1 o 6 = % dj |
wikivaasriawindiuayldaruisadszunauanaaauamasan e e GG
¥ O  a dl9/ ¥ a o dld '8 =
daanfnlunisinesnisldinaila PCR funismsdadainiliunimesadedsunamnn uay
= o a a s a dl o d’j 1 3| 6 1
dnstvduiuannnensuaesile  Tesdsslamianmatianwauntiunaziiulsslomisa
unsanensluldRamecudaraiin O. viverrini, H. taichui, waz H. pumilio Tasin
wutlsduiuluriesd  wiudimaliadimunazldrldanags winudaiunsatiinnldiueu

aa [ % dlez % = o o ] ail/ a d”
neaadtade luUNseINIANgNAadLaslANNAIATuLTeIaY wanaInt  allal
anath sz ndlddminunmaitiadaldnengaingaanszld  Wesan  probe  uas

primer Afnan1nlunisuenainvesneansnednasianti1esuugliuin, DNA Fuluuasias)

u

TuilFunnuias
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MANUIN

1. nsasaauumdasaaeluiialainismnaiia tissue compression
a dgj aca '8 = A o 1 Ad‘ o/ 1 dlf dl
watlallifuidsnisnmaniwngesanFevzasaaeunensndeine luileEees
Taad Ineldnsnaliaidiouuuiunszanlaunednuon 2 win lnainansUfumssie i
1.1, Januaginand
- DIANANRBFIN
v o
- l3fusedin
- BEUNFZANUN9METWNA 10 X 15X 0.5 LIURLNAT
- IATRTILNMTIN LN
=
- 3p
- ﬂz’i@\‘l'ﬂ@m?ﬁﬂmﬁm Stereo-microscope
v
- 111na8 (0.85% NaCl)
- vaaauem (Dropper)
dl o o A
- LATANULRIUAULLILINANA (Hand tally counter)
1.2. 959
- genTiaLlan 9aa1e wazdainunnlatwiazsa wian liuufeLa
v £% % a a 1 ¥ dl o :’/
- agtdaniazanmudeniaitipdasiasradilaniiaeradanznialuaanianum
X Y . D
- e A1ReN LAY LI NMITB9L A WEAZ AN
1 dal v a 1
- daulilatlan innelBuungzanlanuntszinns 0.5 wuRwn? 14 0.85% NaCl
1 v v
Uszanns 5 nea e ld liisiadansiusianulal
o d’l v al ti! = 1 % d’l 1
- DAL ANA28NTZANBNLNU AWIATIHIUI AL Auilatanwaaan
o zij dl ] 1 1 1 % ¥ . dl
- thitlatlanniagszndeuiunsyanlildesg lindes Stereo-microscope @AM

FNEaUTTESINANTATAN Gﬂwg‘j{'ﬂwﬁdﬂoﬂLLuﬂﬁjﬁﬂﬂJ@Qﬁ@ﬂﬁ‘a ﬁ@ﬁﬂﬁﬂéﬁﬁl&ﬂ’]ﬂu@ﬂ sy

UL NANTRALAZTUANKA

2. MsuENINALEasAEEaNNLialanmA2eaE tissue digestion
Qdd’/dv a‘d‘ a dl o d’lj d‘ 1 ¥
TeUNdRUsvasAliensavnlsdnnen A luiiaitie Inaniseiaafnaansazant
y . - 4 eaya da y ¥ Ao,
inteadunviaiia Pepsin T9azinlWids@nniignuaneanainidulaveqiiaitiaasdnsse
NTATIANLLAZNNTAARNUUNTRABN A
2.1. Januazailngnl

- dnnas aum 50 NARART
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- LHUNANRAN M DUBNAUNT (Plastic wrap)
- 1/"nAY (Forceps)
=

- A

- a1@una (Petri dish)

- WYNWAALENT (Stirring rod) AANENT 10 17

- angazansinslesdaun ol UEy ANNdNdy 0.5% hazansndluaad
R ¥ . A
WIALER | ANTaranslngdasAa 1: 10

- 111nan (0.85% Nacl)

- LATENTILIANUIUMLILINENA (Hand tally counter)

-wawmes lilm (Pasteur pipette)

drgazananii@u 10 Aalans AMNLTNAY 0.5%
ety (Raaniu) 50

neawn@ednd  (Hydrochloric  acid,  0.05

(Nanapsg)

vndu (Naaamns) 10

v
o a

- @'Nmmuau@mmu (Water bath) 37 ANALTALT I
2.2. 389
e o X Ay X o«
- dushetailegie lnduTuanT
- Auddia ldagludnnasfaedlnAy
- NasazaneUFuludnsdaures  doetnailafia  fe  @1sazaneiidu
gzHnnd 1 68 10
:J/ U 1 go/ a dl 9/% 1 o dl al
- FavaanuialuaaiiAuRNg ) Ra nteenneaun 37 asraaidea Tnely
sundnatiulireaausaauriauinAuasnne 15 Wi
% 1 e Aa % A = 1 v 2%
- PandINTstiaaaNysnl Antnaesdllan 1 dou udaauliansuasuaasis
- Wellauara1uaouaes ANAaInn19e a8 s AU MNILNNT LN AN TaFAN e
AutiunpnefanFaazanasgiuaesdnneiniglunad 1019
dl 1 v a al v a '8
- Walaes i inan1smnaznaulszanns 10 W9 MANTLIIBaes A ULULININasaan
1 dou anviannn 2 dou Taalunism azmuuuaiumes e ldliAsnisisasinznay
v 1 dld '8 = (-7
ANUANNHNA TR TAN FEag] Ane
- wmansuaauassgninlifla wazdasanisnmasaumaasaEe aelunauig

la
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- meavdsdannnglsindasamasia (Stereo-microscope) WEANANLUNLUNTRALAE

[ %

Anugnunneuan WAL WIULAA TR

- MwrawmeslidngausaasanFeivinm il 80% EtOH 1 -20 aeAmaLTas

waldludumna real-time PCR salil

3. mfifi’mfimunmﬁmmmmmwn@%‘mL?zlmnﬁ’mg'mmzm'an

BUA/ AN O. viverrini H. taichui H. pumilio
TUIALAZILIFN gula gula NNAN
al al A a e a al % al A L - |
Araaniaulann AVARIWAZILLAA | AUAA AVARWATLINA

ngzaneia il ngzaneia il
1 1 = v ¥ ¥
a3 luda | desnin HagNIn HagNIn
AUIATDY oral | lugy Tugy Tugy
sucker
AUNATDY Tuny Wlu modified | Wiulddmian
ventral sucker sucker  ANBUY

ARNEIY néng

(Crescentic group

of sclerites)

ANTUTUAY O- or V-shape O- or V-shape O-shape

excretory bladder

LWANLERFANTE]

(x100)
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4. n1gaanud PCR primers Wwag TagMan probe
4.1. MANNITNITABN UL primer

A

v i !
n1a@en Primer % DNA anedu fianunsadnganiu DNA siuuuuiidon

o

anziiugauiednAyngaazidufaniuuadiniaiinanua DNA lunssuaunis PCR

Q

% |

%ﬂ?mummﬁ%?w%é’mmm ANUUNAUENNIZLIUNNT  PCR  N19RANLULLATNANTILN
. A x| & gy o 9 ¥ ' ) I . Aaa
primer WLﬂNﬁZ@M@QLﬂuG’]uLL?ﬂﬂ mmmmﬂugnmmuuum I@EII‘LAT]’]?L@@T’] primer AN
NANNIAH
- L8N primer NUNNTNICANERAIUAY base AN °] (MNBUNUNU sequence NLTISINA
o a A . Ao .. = . ISP
RNUIU UANLUALN primer N polypyrimidine 11978 polypurine LAZA9THANUIU G+C
1923104 50% TlUarnmannenaves primer
- VANWARN primer Naziiin secondary structure 11 hairpin WAL primers
a = . = o Y a . . . ?/ [ [ 1
- yanwaen primer Naznn1Aiim primer dimer Iag primer %4 2 1{u azsiagldidans
% ' . ¥ 1 o o . v o
A1 3" UBN prlmer1ﬂL5ﬂW@@NﬂuLﬂﬂﬂU primer AYENLLAN
IS

v
- 2A1 Tm agflutag 55-65°C uazen Tm 284 primers 7i9gAasianlndiaeiulaenig

¥R Tm 284 primer Tnein191d software s gnsAIuandneg < Aail

Tm =4 (G+C) + 2 (A+T)

a

AeazldAn Tm agn9asn - antiulseumeunisin PCR Tneldgmumgi

a

i v
A o

annealing 59 (Uszann 3-5°C) wane ) anuugi Tnelddmiudunen annealing Aqs

Wugnuugiaindt 50°C  Taamnnaindntazilaniannlinisdingaes primer luisnmin s

a

Ay ild  PCR  product  Haannwisiasnts  luansiinanldgmumgiigelliaviia

k1l

'
=) '

AU INNZIANTAIIINg primer FULRAREINT1E primer auinnz Seazdenalily
119pSsanaazin e PCR product luiFunntiasvizeanalilsag dusuanudnduae
primers Ttunzanasaglugag 0.1-0.6 UM (anduluunansdl enaldanudinduie 1 uw)
N3l primers Tt Bunadunniauly azinlslanianisiia mispriming primer-dimer La

non-specific amplified product xgalWluneNaUAY n19ld primers TwilFunndae

De

dinly azvinlif primers Tuisnnomdesiiuly azvinlif primers gnldunaneuljisengugn

ad .unalinananaedljisenanas
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4.2 13nnNeanutuL primers A1N 28 S ribosomal sequences

Forward primer

Reverse primer

9 primers ARugineanansninaeneiENIns DNA 984 O. viverrini H. taichui uag H.

a

pumilio TuwauIAllszanns 180 Aiua

5. n1gaantuu Tagman probe fnsu multiplex realtime PCR

Tagman Probe Hunngld oligonucleotide Wuaen Tnetate 5 we9 probe Azl
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Six species of heterophyid intestinal flukes (HIFs) constitute the major endemic zoonotic fish-borne patho-
gens in Asia: Haplorchis taichui, H. pumilio, H. yokogawai, Procerovum varium, Stellantchasmus falcatus, and
Centrocestus formosanus. Several different species of these parasites are often found co-infecting the same
second intermediate fish host. Because of their morphological similarities, differentiating between species
of HIF metacercariae is difficult, time-consuming, and frequently results in misidentification. In this study,
we aimed to develop an efficient and accurate method of identifying metacercariae of these 6 HIFs. Metacer-
cariae were roughly grouped together, based on morphological characteristics seen under a stereomicro-
scope. Then, PCR-restriction fragment length polymorphism (PCR-RFLP) was used to identify the exact
species of each metacercaria, using the 28S ribosomal RNA gene as the genetic marker and Mboll as the re-
striction enzyme. Using a combination of morphological and molecular methods eliminates the need for
DNA sequencing and infecting animal subjects to obtain adult worms, increases accuracy, and decreases
the need for laborious morphological identification. Because the method is simple, rapid, and relatively
cheap compared with PCR-sequencing, it may be an effective tool for epidemiological studies of HIFs in en-
demic areas.
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Heterophyid intestinal flukes
PCR-RFLP

28S ribosomal RNA gene
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1. Introduction

Heterophyid intestinal flukes (HIFs) of the family Heterophyidae
include several species pathogenic to humans, including Haplorchis
taichui, H. pumilio, H. yokogawai, Procerovum varium, Stellantchasmus
falcatus, and Centrocestus formosanus which cause heterophyiasis
[1,2]. H. taichui has been suggested as an etiological agent causing ir-
ritable bowel syndrome-like symptoms [3]. In addition, brain inva-
sion by an H. pumilio adult worm has been reported, evidenced by
encapsulated eggs in human brain tissues [4].

Human pathogenic HIFs are widely distributed across East and
Southeast Asia. HIF infection is an emerging public health issue in
the Lower Mekong Basin, such as Lao PDR, Vietnam, and Thailand
[1,2]. Humans become infected with HIFs by consuming uncooked
or improperly cooked fish [1,2,5,6]. Several families of fish, particular-
ly certain species of the family Cyprinidae, harbor HIF metacercariae,
the infective-stage larvae [7,8]. The fish then facilitate the transmis-
sion of parasites to definitive hosts in endemic areas [1,9]. As long
as HIF cycles are maintained in the environment, and humans do

* Corresponding author at: 420/6 Ratchawithi Road, Ratchathewi, Bangkok, 10400,
Thailand. Tel./fax: +66 2 6435600.
E-mail address: tmurusa@mahidol.ac.th (U. Thaenkham).

not change their eating behaviors, re-infections and chronic infec-
tions can occur [1].

Current estimations of HIF prevalence is mainly done through fish
examination [10,11]. Metacercariae in or on the fish body are separat-
ed and then the parasite species is typically microscopically identified
based on morphology [12]. Since the morphological criteria for classi-
fying HIFs is difficult and complicated [13], misidentification often oc-
curs if the method is performed by a novice.

PCR-based molecular identification has been used to confirm the
identity of HIF metacercariae following morphological analysis
[14,15]. Chuboon and Wangsawad [15] developed a method based on
the High Annealing Temperature-Random Amplified Polymorphic
DNA (HAT-RAPD) technique. However, this method has only been test-
ed for 4 species and shows inadequate sensitivity. The PCR-Restriction
Fragment Length Polymorphism (PCR-RFLP) method is an alternative
approach, used for the molecular identification of helminthes [16].
This method can provide specific band patterns of many species, using
highly conserved regions, such as rDNA genes, as a genetic marker
[17-19].

In this study, we aimed to develop an effective method to identify the
metacercariae of the 6 human pathogenic HIFs common to East and
Southeast Asia: Haplorchis taichui, H. pumilio, H. yokogawai, Procerovum
varium, Stellantchasmus falcatus, and Centrocestus formosanus [1,2].

1383-5769/$ - see front matter. Crown Copyright © 2011 Published by Elsevier Ireland Ltd. All rights reserved.
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Mixed infections, involving two or more of these species, often occur in
intermediate fish hosts, and also in humans [20]. As a first step, the
metacercariae of these 6 HIFs were roughly identified morphologically
under a stereomicroscope. Then, using a simple PCR-RFLP method
with large subunit ribosomal DNA (LSU rDNA; 28S rDNA) as the DNA
marker, the exact species was determined. The 28S rDNA amplicons
provided specific band patterns for each parasite after cleavage with
the restriction enzyme, Mboll. The combined morphological and molec-
ular-assay methods provided an effective guideline for the identification
of metacercariae of the 6 human pathogenic HIFs.

2. Materials and methods
2.1. Sample collection and identification of metacercariae

Samples of freshwater fish - of the species Barbodes gonionotus,
Anabas testudineus, Trichogaster trichopterus, and Mystus singaringan —
were collected from natural water sources in Thailand. Metacercariae
were separated from the fish by pepsin digestion method [21] and
identified under a light microscope, according to the Haplorchiinae
morphological identification criteria [13]. Then, 100 metacercariae
of each species were selected by the characteristics seen under a
60x magnification stereomicroscope. Since we could not obtain the
metacercariae of S. falcatus, the rough characteristics of encysted
metacercaria of this parasite were followed, as described by Chai et
al. [22]. A photograph of an S. falcatus metacercaria was taken by
one of the authors in Vietnam. For the molecular study, we used
voucher specimens of adult S. falcatus worms from patients in Nam
Binh Province, Vietnam.

2.2. PCR conditions

Genomic DNA was extracted from 10 metacercariae per species
(~2 ng/ul) and from 5 adult worms of S. falcatus (~4 ng/ul) using tis-
sue genomic DNA mini kits (Geneaid, Taiwan), according to the man-
ufacturer's protocol. The concentrations of genomic DNAs were
measured by NanoDrop® spectrophotometer ND-1000 (NanoDrop
Technologies, Inc., Delaware, USA). PCR primers were designed from
28S rDNA sequences of H. taichui, H. pumilio, H. yokogawai, P. varium,
S. falcatus, and C. formosanus (GenBank accession nos. HM004181,
HMO004173, HM004177, HM004182, HM004174, and HQ874600, re-
spectively). The PCR primers used were 28S-Het-RFLP F (5'CTA ACA
AGG ATT CCC TYA GTA AC 3’) and 28S-Het-RFLP R (5'TTC GAT TAG
TCT TTC GCC C 3’). PCR amplicons were approximately 1290 bp in
length. 50 pl of each PCR reaction was composed of the 1xTopTaq
master mixed kit (1U TopTaq polymerase, 1.5 mM MgCl,, and TopTagq
polymerase buffer), 20 pmol of each primer, and 1 pl of the DNA tem-
plate. The genomic DNA of H. taichui, the representative species, was
prepared as serial dilutions (1 ng/ul to 10~ 4 ng/ul) to evaluate the
sensitivity of the designed primers. The PCR reactions were adjusted
to final volume by adding sterile double-distilled water. PCR reactions
were carried out with initial denaturation at 95 °C for 3 min, followed
by 34 cycles of 95 °C for 45 s, 60 °C for 45 s, and 72 °C for 1 min. The
final extension was performed at 72 °C for 8 min.

2.3. PCR-RFLP

About 1290 bp of 28S rDNA sequences of each species were
obtained from GenBank to draw the digestion sites of Mboll and to
determine the expected fragment sizes (Table 1). Genomic DNA was
extracted from a single metacercaria (~0.2 ng/ul) of each species
studied, and PCR was performed as described above. After purifying
the PCR products with the Gel/PCR DNA Fragment Extraction Kit
(Geneaid, Taiwan), about 500 ng each of purified PCR product was
digested with the restriction enzyme Mboll (New England BioLab
Inc., Massachusetts, USA) at 37 °C for 45 min. The enzymatic digestion

Table 1
Predicted 28S rDNA fragments of 6 human pathogenic-heterophyid intestinal flukes
after Mboll digestion in PCR-RFLP.

Species PCR amplicons  Mboll cleavage site Predicted fragment

of 28S rDNA (nucleotide position) size (base pair)
Haplorchis taichui 1290 356, 508 152,356, 782
H. pumilio 1286 356 356, 930
H. yokogawai 1290 356, 474, 1110 118, 180, 356, 636,
Procerovum varium 1290 356, 474 118, 356, 816
Stellantchasmus 1291 355, 473, 694 117, 221, 355, 597,
falcatus
Centrocestus 1286 356, 696 340, 356, 590
formosanus

Note: bold face: fragments corresponding to species-specific bands.

was stopped by heating at 65 °C for 15 min. The final digested PCR
amplicons were run on a 2% agarose gel at 50V for 1 hour and the
band patterns were visualized on a UV transilluminator. The PCR-
RFLP figure was photographed with Gel Documentation (G-Box
(HR); Syngene, UK).

2.4. Identification of species-specific bands

Various combinations of extracted genomic DNA solution of each
HIF (~0.2 ng/ul used for each species) were artificially mixed to see
the resolutions of the mixed PCR-RFLP band patterns. PCR was carried
out according to the condition described in Section 2.2. All possible
two-species combinations were studied. In addition, the genomic
DNA of all 6 species were combined together to determine band-pat-
tern resolution.

3. Results
3.1. Primer-set sensitivity and PCR-RFLP band patterns

Using the PCR primers described, partial 28S rDNA was amplified
at all dilutions, from 1 ng to 10~ % ng (Fig. 1). The PCR-RFLP band pat-
terns of 6 HIFs were examined after the digestion of 28S rDNA ampli-
cons with Mboll (Fig. 2). As predicted by the Mboll cleavage-site
analysis (Table 1), species-specific bands were observed at the
expected molecular-size positions (Fig. 2). In addition to the spe-
cies-specific bands, all 6 species shared the ~356 bp band. The

Fig. 1. Sensitivity of the designed PCR primers. A serial genomic DNA dilution of H. taichui
(representative of all species studied) was amplified by 28S-Het_RFLP F&R primers.
Lane 1: 100 bp ladder marker. Lanes 2 to 6: PCR products of serial genomic DNA dilution
from 1 ng, 10~ ' ng, 102 ng, 10> ng, and 10~ * ng, respectively.
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Fig. 2. PCR-RFLP band patterns of 28S rDNA amplified amplicons from the 6 HIFs stud-
ied digested with Mboll. Lane 1: 100 bp ladder marker. Lanes 2 to 7: band patterns of H.
taichui, H. pumilio, H. yokogawai, P. varium, S. falcatus, and C. formosanus, respectively.
The fragment size shows on the right of the figure.

118 bp band was shared by H. yokogawai, P. varium and S. falcatus,
which was also predicted by the cleavage-site analysis (Table 1).

3.2. PCR-RFLP band patterns of mixed metacercarial DNA

To evaluate the resolution of the PCR-RFLP band patterns where >1
specie's DNA were present simultaneously in the same tube, the ge-
nomic DNA of multiple HIF species were mixed together artificially
and examined by PCR-RFLP assay. According to the species-specific
band patterns, the PCR-RFLP could distinguish between species for
every pair of HIFs (Fig. 3). Even when all 6 species were present at
the same time, the species-specific bands were still identifiable in
gel-electrophoresis.

4. Discussion

The identification of heterophyid-intestinal-fluke (HIF) metacer-
cariae, based on morphology alone, is difficult because subtle charac-
teristic differences are sometimes hard to discern. This is true even
under a light microscope, particularly for the modified ventral sucker.
The accuracy of this method depends on investigators with vast
knowledge and extensive experience. As surveying natural fish popu-
lations to determine parasite prevalence may result in a large number
of samples, identifying all these metacercariae individually is laborious
and time-consuming. Because of this, animal subjects are often infected

with metacercariae and subsequently euthanized to obtain adult
worms, which are much easier to identify morphologically [12].

Nowadays, molecular identification by PCR-RFLP can be used ef-
fectively with a wide variety of phyla [18,23,24] to confirm species
based on species-specific band patterns of the target gene, after diges-
tion with restriction enzyme. The PCR-RFLP method can identify spe-
cies quickly, without the need for expensive DNA sequencing-based
assays. In this study, the PCR-RFLP method was used to differentiate
6 human pathogenic HIFs: Haplorchis taichui, H. pumilio, H. yokogawai,
Procerovum varium, Stellantchasmus falcatus, and Centrocestus formo-
sanus. We used the 28S rRNA gene as a DNA marker because it has
enough fixed nucleotide differences among all 6 species studied.
After digesting the PCR amplicons with Mboll, all 6 parasites were
clearly distinguishable from each other due to their respective
species-specific band patterns (Fig. 2). Moreover, this gene has previ-
ously been used for studying their phylogenetic relationships with
other species in the family Heterophyidae [25].

After roughly grouping the metacercariae by morphological char-
acteristics (Table 2), each metacercarial species was confirmed by
PCR-RFLP. The combination of morphological and molecular methods
provides a simple approach to identifying the metacercariae of the 6
HIFs studied, without having to infect animal subjects or sequence
DNA. Only a few morphological characteristics of the metacercariae
are key to the preliminary separation of species. PCR-RFLP also re-
quires only 1 metacercaria. As shown in Fig. 3, two co-incident meta-
cercarial species can be clearly discriminated. Even when all 6
different types of suspected species were mixed together in the
same PCR and digestion reactions, the species-specific bands were
still identifiable.

As an alternative to PCR-RFLP, multiplex PCR could also have been
used for the molecular identification of other helminths [26,27]. How-
ever, species-specific primers for each species would be necessary to
avoid misidentification, which is rather costly compared with PCR-
RFLP. The present results clearly showed species-specific bands in
PCR-RFLP, even when the DNA of multiple species were mixed to-
gether (Fig. 3); therefore, it is unnecessary to employ more expensive
multiplex PCR. PCR-RFLP is also more sensitive and specific than HAT-
RAPD [15].

Since the PCR-RFLP developed here could detect very small
amounts of genomic DNA (=10~ “ ng), it may also have useful appli-
cations in identifying the cercarial stages of the same 6 species from
freshwater snails, and the molecular diagnosis of parasite eggs in
human or animal fecal samples from HIF-endemic areas.

In this study, we specifically developed PCR-RFLP to identify 6
human pathogenic HIFs common to East and Southeast Asia. To
apply this method to other species in the family Heterophyidae, 28S
rDNA sequence data are required. Because the PCR-RFLP method

Fig. 3. PCR-RFLP band patterns of 28S rDNA amplified amplicons artificially mixed together to simulate co-infections, then digested with Mboll. 0.2 ng of genomic DNA, was used for
each species. Lane 1: ladder marker. Lanes 2 to 16: mixed genomic DNA between two species being possible. Lane 17: the band pattern of all species mixed together. Ht: H. taichui,

Hp: H. pumilio, Hy: H. yokogawai, Pv: P. varium, Cf: C. formosanus, and Sf: S. falcatus.


http://dx.doi.org/doi:10.1016/j.scitotenv.2005.11.014
image of Fig.�3
image of Fig.�2

506

Table 2

U. Thaenkham et al. / Parasitology International 60 (2011) 503-506

Morphological characterization of HIF metacercariae pathogenic to humans. Images are 60x magnification and observed under a stereomicroscope.

Species/characters H. taichui H. pumilio H. yokogawai P. varium S. falcatus C. formosanus
Shape Elliptical Round Elliptical Elliptical Elliptical Elliptical
Color of parenchyma Brownish Yellowish with small dots  Yellowish Yellowish Yellowish Yellowish
of pigment scattered
Body in cyst space Nearly full Nearly full Nearly full Nearly full Space ++ Space +
Oral sucker Large Large Small Small Small With circumoral spines
Ventral sucker Crescentic group of sclerites ~ Never Never Never Never Ventral sucker-like
Excretory bladder O- or V- shape 0O-shape O- or V-shape 0O-shape (look like ~ O-shape X-shape

Metacercaria (x100)
Scale bar =50 pm

oil vacuole inside)

described here is simple and relatively cheap, it can increase the accu-
racy of species identification and decrease time wastage. This will
allow for more precise and efficient measurements of HIF prevalence
in intermediate hosts, especially freshwater fish.
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metacercariae (Ct 35 to Ct < 24). The method proved more effective than
conventional methods, with a high degree of accuracy, saving both skilled
manpower and time for the study of FZT prevalence, especially in endemic
areas. Therefore, it might serve as an alternative method for detecting
and quantifying metacercariae of O. viverrini, H. taichui, and H. pumilio
in fish from endemic areas with evidence of co-infection.
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ABSTRACT

Fish-borne zoonotic trematodes (FZT) remain a public health concern in many Asian
countries, especially Opisthorchis viverrini, which is a known type-1 carcinogen that can
induce cholangiocarcinoma. Despite a campaign to eat cooked fish dishes, the consumption of
uncooked and undercooked fish dishes is still popular. Metacercarial-stage FZT infection of
fish is largely seasonal. Periodic assessments of the degree of infection can inform FZT
control programs of high levels of fish infection in endemic areas. Conventional methods
(compression and digestion) used to detect and identify metacercariae in fish are ineffective,
because they are time-consuming and require both manpower and metacercaria-identification
skills. This study developed a new multiplex real-time quantitative PCR method for
discriminating and quantifying the degree of infection with O. viverrini, Haplorchis taichui
and Haplorchis pumilio. This method can distinguish and estimate the number of
metacercariae with a median cycle threshold range of 1 to > 20 metacercariae (Ct 35 to Ct <

24). The method proved more effective than conventional methods, with a high degree of


mailto:urusa.tha@mahidol.ac.th
http://ees.elsevier.com/actrop/viewRCResults.aspx?pdf=1&docID=5425&rev=0&fileID=171461&msid={447C28F9-EA97-453D-9598-1B0F5747FFC6}

OCoO~NOUAWNE

accuracy, saving both skilled manpower and time for the study of FZT prevalence, especially
in endemic areas. Therefore, it might serve as an alternative method for detecting and
quantifying metacercariae of O. viverrini, H. taichui, and H. pumilio in fish from endemic

areas with evidence of co-infection.

Keywords: Multiplex real-time quantitative PCR, Opisthorchis viverrini, Haplorchis taichui,

H. pumilio, 28S ribosomal DNA.
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INTRODUCTION

Infections with fish-borne zoonotic trematodes (FZT), particularly Opisthorchis
viverrini and heterophyid intestinal flukes, have been a public health problem, especially in
Southeast Asia (Chai et al., 2005; Keiser and Utzinger, 2005). Around 67.3 million people are
at risk of O. viverrini infection, and it has been estimated that 10 million people have been
infected by this parasite (Keiser and Utzinger 2005, 2009). O. viverrini is a type 1 carcinogen
that can induce cholangiocarcinoma (Kaewpitoon et al., 2008; IARC, 2011). Although the
consumption of properly cooked fish has been encouraged for the more effective control of
FZT infections, traditional uncooked fish dishes, such as Koi-Pla, Pla-Som, and Pla-La,
remain popular, particularly in northeastern Thailand and Lao PDR (Kaewpitoon et al., 2008;
Rangsin et al., 2009). Therefore, infections with these parasites remain frequent.

There are several reports of metacercarial contamination of aquacultured fish in FZT-
endemic areas, such as southern China, Vietnam, and Thailand (Lun et al., 2005; Phan et al.,
2010; Saenphet et al., 2008). These findings reveal a potential transmission route for parasites
to non-endemic areas through the market chain (Phan et al., 2010a). In addition, the
aquaculture industry in FZT-endemic areas has expanded to supply an increasingly global
market (FAO, 2010). The ability to detect fish contaminated with infective-stage FZT is
important for prevention and control (Johansen et al., 2010). Knowing the prevalence of fish
contamination with metacercariae, especially in endemic areas, is important for evaluating the
risk of FZT infection, especially by O. viverrini (Phan et al., 2010b). Recently, two techniques
have been used, the compression and digestion methods. These conventional techniques have
limitations, largely in their being time-consuming not just in identifying species of
metacercariae which are found, but particularly in providing prevalence information of FZT in
endemic areas, where large numbers of fish need to be examined (Kumchoo et al., 2005).

Although more sensitive, specific and timesaving methods, such as techniques based on
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polymerase chain reaction (PCR), have been developed, most aim to detect and discriminate
different species of parasite eggs in stool (Sanpool et al., 2012; Sato et al., 2010; Lovis et al.,
2009).

Among these PCR-based techniques, real-time PCR is the most powerful tool for
small DNA template samples. This method can discriminate between 3-4 different pathogenic
species, and can simultaneously evaluate amounts of DNA. Real-time quantitative PCR 1is
also very useful in determining degrees of contamination of parasites from different sources
(Basuni et al., 2011). The method has been used to detect and quantify pathogenic parasites
contaminating a number of different sources, such as stool and the larvae of intermediate
hosts (Basuni et al., 2011; Jarvi et al., 2012).

The present study aimed to develop an effective technique for discriminating between
species of FZT (O. viverrini, Haplorchis taichui, and H. pumilio) that frequently co-infect the
same fish intermediate host. This study also aimed to determine levels of metacercarial
infection in fish, and to evaluate methods developed using conventional parasitological

techniques.

MATERIALS AND METHODS
Sample collection

Four species of barbs, Barbonymus gonionotus (silver barb), Cyclocheilichthys
enoplos (soldier river barb), Hampala dispar (spotted hampala barb), and Puntius orphoides
(red check barb) were selected among freshwater fish, because of their reportedly high
prevalence of infection with FZT in endemic areas (Sithithaworn et al., 1997; Waikagul,
1998). Twenty fish of each species were collected from canals in Tambon Ban Khlong Nam
Sai, Sa Kaeo Province, Thailand (Georeference coordinate 12° 35' 60"N 102° 4' 60"E) in

March 2012 for detecting and determining the number of metacercariae in each fish. H.
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taichui, H. pumilio, and O. viverrini metacercariac, for optimization of real-time PCR
conditions, was obtained from a sample stock collection at the Department of Helminthology,

Faculty of Tropical Medicine, Mahidol University.

Compression and digestion methods

Fish samples were preserved in ice and transported to the Department of
Helminthology, Faculty of Tropical Medicine, Mahidol University, Thailand within 5 hours.
The fish were kept on ice during examination. The length and weight of each fish was
recorded before the metacercaria-examination process began. Fish samples were about 15 cm
in length and were < 200 g in weight. The whole body of each fish was examined using the
compression method: first by grinding the body, then compressing the ground meat between
thin glass plates (Sayasone et al., 1997; Vichasri et al., 1982). FZT metacercariae per fish
were identified and their numbers estimated. Afterwards, each fish was digested in 1% pepsin
to release metacercariae from muscle (WHO, 1995). Digested fish muscle was put on a sieve
(1 mm x 0.5 mm) and washed in normal saline 3 times, until small particles flowed through
the sieve holes. Normal saline containing the metacercariae was left for 15 min, then half of
the solution was discarded, and all metacercariae collected from each fish. The potential
inaccuracy of metacercarial recovery was considered by setting 3 replications, and the
digested fish meat was found to contain 10 metacercariae. After the digestion process, the
percentage of metacercariae recovered could be determined. Metacercariae recovered from
each fish were identified under a stereo-microscope, and the number of metacercariae
obtained from each species was counted. Metacercariae were identified based on the
morphological characteristics described by Keawkes (2003) for O. viverrini, and Thaenkham

et al. (2011) for heterophyid intestinal flukes (Keawkes, 2003; Thaenkham et al., 2011).
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Preparation of purified PCR target region for construction of standard curve

Ten metacercariae of each parasite — Haplorchis taichui, H. pumilio, and O. viverrini
— were extracted using a Genomic DNA Mini Kit (Geneaid, Taipei, Taiwan). Around 2 ng /ul
(from 10 metacercariae) of genomic DNA of each species were obtained and used as DNA
template for preparing each PCR target region. PCR amplicons of 28S ribosomal RNA-
specific target were conducted using primers, as shown in Table 1. The PCR mixture (30 pl)
contained TopTaq Master Mix (TopTaq DNA Polymerase, PCR buffer with 1.5 mM MgCl,
and 200 uM each dNTP), 20 pmole of each specific primer, and 2 ng of genomic DNA from
each species. PCR amplification was performed by conventional PCR, consisting of 95°C for
3 min, followed by 34 cycles for 45 sec at 95°C, 30 sec at 60°C, and 30 sec at 72°C. The final
extension was carried out at 72°C for 8 min. Around 185 bp PCR amplicon sizes were
obtained for each species, which were purified by isolating DNA-specific fragments from 1%
agarose gel using a Gel/PCR DNA Fragments Extraction Kit (Geneaid, Taipei City, Taiwan),
as per the manufacturer’s instructions. The purity of the PCR fragments was checked by
running on 2% agarose gel. Purified PCR products were aliquoted and sequenced by
BigDyeIM Terminator cycling, and run with Automatic Sequencer 3730x1 (Macrogen, Seoul,
Korea). DNA sequences were checked manually by electropherogram comparison, using the
BioEdit version 7.0 program (Hall, 1999). Checked sequences were aligned with the available
sequences in GenBank via the BLAST program to confirm the PCR target as 28S ribosomal
DNA (McGinnis & Madden, 2004).

Internal amplification control (both primers and probes for Puntius spp.) was
conducted as per the internal control system developed by Intapan et al. (2008). The probe
used was modified to TagMan probe (5’ LC670-GAA GCT GCC GCC TGA TAC TGA CAC
TT-BBQ) using LC probe design software (Roche Applied Science, Mannheim, Germany).

Genus-specific primers for Puntius were used to amplify the 207-bp PCR amplicon from P.
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orphoides. The PCR product was confirmed and analyzed by sequencing, using BLAST

program and following the process described above.

Optimization of real-time multiplex PCR assay

The primers and probes for Haplorchis taichui, H. pumilio and Opisthorchis viverrini
were designed from 28S rDNA sequences by LC probe design software (Roche Applied
Science) and synthesized for TagMan based real-time PCR assay (Tib Molbiol, Berlin,
Germany) (Table 1). One pair of specific primers was used for the three parasites in the same
reaction. Optimal primer concentrations of the parasites studied and IAC were initially
evaluated in the range 0.3-1.0 pM with LightCycler®480 Probes Master Mix Kit (Roche
Applied Science, Mannheim, Germany) containing FastStart Taqg DNA polymerase, reaction
buffer, ANTP mix, and MgCl,. 0.2 ng / ul genomic DNA from each parasite studied and from
P. orphoides was used for amplification. The reactions were carried out in a LightCycler 420
System II using the following thermal protocol: denaturation at 95°C for 10 min, 65 cycles at
95°C for 10 sec, and 60°C for 45 sec. Primer concentration, giving a specific product without
dimer formation, was selected for evaluating probe concentration. The probe concentration of
each species was also evaluated in the range 0.05-0.1 uM, with optimized PCR concentration
in the same protocol. Subsequently, optimal primer and probe concentrations were determined
separately, with serial 10-fold dilutions of purified PCR product of the DNA target region of
each species. The number of copies of the PCR target was calculated using following the
formula: [DNA amount (ng) x 6.022x10%']/ [length x (1x10”) x 650]. 10°-10® ng of PCR
targets (5 x10° — 5x10' number of copies) and 107 ng of IAC (4.5 x 10” numbers of copies)
were also used for amplification with multiplex reactions, with and without the presence of
IAC, to determine the presence of PCR inhibitors. Three (3) replications of each real-time

PCR reaction and analysis were performed using a LightCycler 480 System II (Roche
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Applied Science, Mannheim, Germany). Fluorescence was measured during the annealing
step of each cycle at 510, 580, 610, and 660 nm for H. taichui, H. pumilio, O. viverrini and P.
orphoides, respectively. The cycle threshold (Ct) value was reported as the number of PCR
cycles that could detect the amplified PCR fluorescence signal. Efficiency was calculated by
plotting against the serial dilution series (refer to numbers of copies of DNA target) to create
the standard curve. Standard curve estimations were performed for both single and multiple

targets.

Real-time quantitative PCR amplification and species discrimination

The probes shown in Table 1 tested specificity against the heterologous DNA control,
which was derived from other Heterophyid intestinal flukes (Haplorchis yokogawai,
Procerovum varium, Stellantchasmus falcatus, and Haplorchoides sp.) and Clonorchis
sinensis. Optimized conditions were used for quantitative testing with different numbers of
metacercariae of H. taichui, H. pumilio, and O. viverrini: from 1, 2 to 10, 11 to 20, and > 20
(21 to 30) metacercariae. The genomic DNA of all the above samples was extracted using a
Genomic DNA Mini Kit (Geneaid Biotech Ltd, Taipei City, Taiwan), as per the
manufacturer’s instructions. Afterwards, metacercariae from each fish (along with little fish
flesh debris after digestion method) were extracted with a Genomic DNA Mini Kit, using the
same approach. The genomic DNA of various numbers of metacercariae and genomic DNA
of the pool metacercariae from each fish were processed by real-time multiplex PCR with
optimized conditions. The amplification reaction mixture (20 pl) contained PCR buffer
(LightCycler 480 Probe Master), 0.3 uM of each primer, 0.06 uM of each probe, and 1 pl of
template DNA. Each reaction was performed together with a negative control (without DNA
template) and positive control (10° ng of purified PCR product of each parasite). To each

reaction was added 10”7 ng of purified PCR product of P. orphoides to ensure there was no
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inhibition during the PCR reaction. Each PCR mixture reaction completed 3 replications.
More than 39 in terms of Ct value, or no amplification at all, was considered a negative result.
In addition, reactions amplified with Ct values > 33 by IAC were considered inhibited by

DNA extraction factors.

Statistical analysis
The accuracy of species discrimination, the number of metacercariae examined during
classical and real-time PCR assays were analyzed by Chi-square test using SPSS software

(Version 18, SPSS Inc., Chicago, IL). A P-value < 0.05 was considered significant.

RESULTS
Optimization of real-time PCR assay

Standard curves of single and multiple targets for the parasites studied and IAC were
constructed, based on optimized primer and probe concentrations. The efficiency of the real-
time reactions is reported in Table 2. The results indicated high sensitivity (50 copy numbers
of PCR target for parasites, and 45 copy numbers of PCR target for IAC) and efficiency for
each parasite to amplify and co-amplify in the same reaction. The Ct value obtained from
estimating the standard curve revealed that the sensitivity of both the single and multiplex
real- time PCR assays was similar. The presence and absence of IAC did not change the

results of the PCR assays.

Species discrimination and estimation of numbers of metacercariae detected with
median cycle threshold value
The optimized reaction showed the specificity of the probes for H. taichui, H. pumilio

and O. viverrini. The results showed no amplification curve for heterologous DNA controls.



OCoO~NOUAWNE

The numbers of metacercariae from the optimized reactions were then estimated for the 3

species studied, with AIC in each reaction. Single parasite metacercariae were detected at a Ct

value of = 35. Between 2 and 10 metacercariac were detected at a Ct value of = 30, while

between 11 and 20 metacercariac were detected at = 26. If the numbers of metacercariae were

> 20, the Ct values detected were frequently > 24 (Table 3).

Evaluation of potential between conventional methods and real-time PCR methods of
fish examination

In all PCR runs, the controls (negative, positive and IAC) showed an appropriate
result; there was no amplification curve for negative controls, but there were for the positive
controls. An amplification curve was seen in the internal amplification controls of all
reactions. Table 4 shows the detection of metacercariae from 4 species of cyprinid fish, based
on 3 different methods: compression; digestion, then identification using stereomicroscopy;
and multiplex real-time quantitative PCR. After digestion, the metacercariae would be used to
test in the real-time PCR reaction, during the digestion process, 100% of the metacercariae
were recovered by testing 3 times. All metacercariae from the digestion method were
amplified in the real-time PCR reaction.

The numbers of each parasite metacercaria were counted / estimated per fish. Based
on the compression method, only 9% of fish were positive for O. viverrini, while no
Haplorchis spp. metacercaria was seen. Based on the digestion method, 30% of the fish were
positive for O. viverrini. A single metacercaria of H. pumilio was found in each of two C.
enoplos. The numbers of metacercariae detected are shown in Table 4. By multiplex real-time
quantitative PCR, the numbers of positive fish and metacercariae detected were similar to the

digestion method, but differed about 16-fold in time consumed (Table 4). Comparing each

10
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detection method, the results of the compression approach differed significantly from both
digestion and real-time PCR (P < 0.05; y? test) (Table 5).
DISCUSSION

In this study, the most effective approach for fish examination was multiplex real-time
quantitative PCR method for discriminating the FZT species, O. viverrini, H. taichui, and H.
pumilio. This was also used to estimate the number of metacercariae per fish. Infection with
these parasites can easily occur among people who eat improperly cooked fish dishes, even
though it is known to be one risk behavior for infection (Nithikethkul et al., 2004). However,
the prevalence of metacercariae has reportedly been inconsistent during the year; this resulted
from seasonal dependence (Noikong et al., 2011). The period from the end of the rainy season
to the summer season is when, in areas of the Lower Mekong Basin, high prevalence of FZT
is usually found, particularly O. viverrini (Noikong et al., 2011; Touch et al., 2009).
Currently, the means used to examine metacercariae in fish are compression and digestion
methods (Terres and Puga, 2011; WHO, 1995). In the compression method, fish muscle is
compressed between two thin glass plates. Metacercariae contained in the muscle are then
examined under a stereomicroscope and rough identification of species or groups of parasites
is made. This method is suitable for the observation of metacercariae in field areas. However,
the numbers of metacercariae can be underestimated. For the digestion method, metacercariae
are separated from fish muscle before identification of the metacercariae. The advantage of
this method is that all metacercariae recovered can be identified carefully under stereo- and/or
light microscope. However, the limitation of this method is that it is time-consuming to
identify all metacercariae accurately.

The advantages of multiplex real-time quantitative PCR over the two conventional
methods are higher accuracy to discriminate species of metacercariae, even when there are

large numbers of subjects, and speed when working manually (Table 4). This method is

11
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sensitive enough to detect a metacercaria of O. viverrini and/or H. taichui / H. pumilio in the
same reaction that contains the genomic DNA of other parasites. Based on the numbers of
metacercariae detected using the median cycle threshold value (Table 3), the numbers of
metacercariae of each parasite can be estimated more accurately when compared with the
results of metacercaria separation and identification using the digestion technique. However,
the real-time PCR method requires no special technical expertise to identify metacercariae.
The method developed can also be applied to examine large numbers of fish with high
accuracy over short periods of time.

The method developed was used to examine fish containing metacercariae from O.
viverrini-endemic areas in Sa Kaeo Province, Thailand, in March 2012. Four species of
cyprinoid fish with reportedly high degrees of infection were examined. It was found only B.
gonionotus and C. enoplos were infected with O. viverrini, at far higher levels than H. dispar
and P. orphoides (Table 4). The results obtained by digestion and real-time PCR methods
were similar. However, real-time PCR was more accurate when the numbers of metacercariae
were large, could contain many kinds of unknown and/or difficult to identify metacercariae,
and where it is difficult to separate each species manually under a stereomicroscope. Both
digestion and real-time PCR provided better results than the compression method (Tables 4
and 5). By real-time PCR, a single metacercaria of H. pumilio was detected in 4 C. enoplos,
while the digestion method could find a metacercaria from this species in only 2 fish.
However, no Haplorchis was found in any of the fish examined using the compression
method. This suggests that the number of metacercariac can be underestimated if the
examiner uses an inappropriate method, which, in turn, may affect the reporting of FZT
prevalence.

A number of studies have successfully developed means of detecting metacercariae,

but they are still limited in the number of species they can detect (only one species in the PCR
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reaction) and also in terms of their being unable to estimate large numbers of metacercariae
accurately (Intapan et al., 2008; Cai et al., 2012). The advantage of the developed multiplex
real-time quantitative PCR over previous PCR-based methods is the increased ability of PCR
to detect the infective stage of O. viverrini and other Haplorchis at the same time. The new
method is also useful to quantify the number of infections in fish, which is important
information for O. viverrini control programs. The method developed is very expensive,
especially for the cost of probes labeled with fluorophores, but becomes cheap and effective
when it is used among larger samples, particularly during routine fish examinations. Another
limitation of the developed method is use of the real-time PCR operating system, which may
vary across different machines. Therefore, adjustment for optimizing conditions of real-time
PCR might be required before using the developed protocol.

In conclusion, the multiplex real-time quantitative PCR assay developed in the present
study is an alternative method of detecting and quantifying numbers of metacercariae of O.
viverrini, H. taichui and H. pumilio in fish from endemic areas, where there is evidence of
parasite co-infection. The method developed may be a useful tool for detecting FZT
metacercariae in aquaculture fish in O. viverrini-endemic areas, and so contribute to the

effective control of opisthorchiasis.
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Table 1

Table 1: Real-time PCR primers & probes for 3 target FZTs & IAC

Target species Probe Sequence (5’ — 3') Tm (°C) Amplicon size Fluorophore
(bp)

H. taichui 28S-F GAAACCCAAAGGCGAAGTG 57.5 185 5'6FAM/ 3' BBQ
(HMO004185) 28S-R GGGTCTCAACATGTACGCTCAT 62.1

Taichui-P CGGTGACGAACACCAAAAAATGTCACC 68.2
H. pumilio 28S-F GAAACCCAAAGGCGAAGTG 57.5 183 5"YAK/3' BBQ
(HMO004186) 28S-R GGGTCTCAACATGTACGCTCAT 62.1

Pumilio-P CCGATGACGAACACTGAAGTGTCACCA 69.9
O. viverrini 28S-F GAAACCCAAAGGCGAAGTG 57.5 182 5'LC610/3' BBQ
(HMO004188) 28S-R GGGTCTCAACATGTACGCTCAT 62.1

Opis-P CGATGACAAACTCTGAATAGGGTCATCACACC 725
P. ticto PT-F CATTTACAATTGCAGACGGAG 57.5 207 5'LC670/3"' BBQ
(NC_008658) PT-R CGT AAA GGA ATA GTC ATA CTA CGT C 62.5

IAC-P GAAGCTGCCGCCTGATACTGACACTT 69.5




Table 2

Table 2: Efficiency and sensitivity of developed multiplex real-time PCR with single and multiple DNA target as described in the Methods

section.
Single target Multiple target (without IAC) Multiple target (with IAC)
Efficiency Sensitivity Efficiency Sensitivity Efficiency Sensitivity
(numbers of PCR (numbers of PCR (numbers of PCR
copies) copies) copies)

H. taichui 99.5% 50 104% 50 102% 50
R*=0.99 R*=0.99 R*=0.99

H. pumilio 95.0% 50 99.5% 50 100% 50
R*=0.99 R*=0.99 R*=0.99

O. viverrini 99.5% 50 105% 50 104% 50
R*=0.99 R*=0.99 R*=0.99

IAC 95.0% 45 n/a n/a 99.5% 45
R*=0.99 R*=0.99




Table 3

Table 3: Numbers of metacercariae & median Ct values

Parasites Numbers of metacercariae Median Ct value
H. taichui, H. pumilio, and 1 35 (34-36)
O. viverrini 2-10 30 (28-33)
11-20 26 (24-28)
>20 <24




Table 4

Table 4: Comparison of the detection of metacercariae from 4 species of cyprinid fish based on 3 different methods

Fish species No. No. of metacercariae in fish (positive)
of Compression Digestion Real-time PCR
fish (and identification under stereomicroscopy)
Ov Ht Hp Unk Ov Ht Hp Unk Ov Ht Hp Unk
Barbonymus 20 0 (16) 0 0 >10(20) 09 0 0 >10 (20) 009 0 0 n/a
gonionotus 2-10 (4) 1 (6) 1 (6)
2-10 (5) 2-10 (4)
11-20 (1)
Cyclocheilichthys 20 0 (15) 0 0 >10(20) 09 0 0(18) >10(20) 009 0 0(16) n/a
enoplos 1(2) 1(3) 1(2) 1(3) 1(4)
2-10 (3) 2-10(8) 2-10 (7)
11-20 (1)
Hampala dispar 20 0 0 0 >10(20) 0(19) 0 0 >10 (20) 0(19) 0 0 n/a
2 (1) 2-10 (1)
Puntius orphoides 20 0 0 0 >10(20) 0(19) 0 0 >10 (20) 0 (19) 0 0 n/a
2 (1) 2-10 (1)
No. of fish positive 9 0 0 80 24 2 80 24 0 4
% of fish positive 11.3 0 0 100 30 0 2.5 100 30 0 5 n/a
Time for manually 50 min - 2.5 hrs 1 day 1.5 hrs

work per 10 fish




Table 5

Table 5: Statistical analysis

Examination N Positive Negative Chi-square P value
method frequency (%)  frequency (%) (df)
Compression 80 9 (11.25) 71 (88.75) 9.561 (1)  0.002
Digestion/ 25 (31.25) 55 (68.75)

Real-time PCR
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