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Abstract

Project Code : MRG5480009
Project Title : Molecular diagnosis of medically important echinostomes in Thailand
Investigator : Weerachai Saijuntha

Walai Rukhavej Botanical Research Institute, Mahasarakham University
E-mail Address : weerachai.s@msu.ac.th

Project Period : May 1° 2011 — April 30" 2014

Abstract

There are several species of echinostomes that commonly infect humans in Thailand,
e.g. Echinostoma revolutum, Echinostoma malayanum, Echinoparyphium recurvatum
and Hypoderaeum conoideum. It is difficult if not impossible to differentiate among the
eggs or immature stages of echinostome species using morphological characters. The
variety of DNA sequences have been used effectively to differentiate among
echinostome species. Thus this study aims to develop species specific primer for
differential diagnosis of those four medically important echinostomes by multiplex PCR
technique. The specific reverse primers of each species were designed from the
variable regions of mitochondrial NADH dehydrogenase subunit 1 gene. All four reverse
primers together with a forward primer were used to amplify ND1 fragment. Specificity
was tested with others pathogenic helminths, protozoa and bacteria available in the
laboratory. Sensitivity of each primer was also evaluated. The different PCR product
sizes, namely 108, 209, 387 and 417 bp were amplified by species specific primer of E.
revolutum, H. conoideum, E. recurvatum and E. malayanum, respectively. No cross
amplification between each species was observed. The specificity and sensitivity of
each primer was very high at 100% and 0.1 to 0.05 ng, respectively. The assay system
could detect each of a single echinostome egg in 100 mg of normal human feces for E.
revolutum and H. conoideum, whereas E. malayanum could detect of two eggs. The
species specific primers developed in this study could be consequently developed and
used for potentially differential diagnosis of human echinostomiasis in Southeast Asia.
Moreover, this multiplex PCR diagnosis could be fruitfully applied for epidemiology study

in wild and domestic animals.

Keywords: echinostomes, multiplex PCR, NADH dehydrogenase subunit 1, genetic

differentiation
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UNAAE:
MNTBIWMNTAALTANENT echinostomes luﬂuﬁa;Jiéhmﬁ'wmmﬁ@ﬁwuluﬂizmﬂvlm
L% Echinostoma malayanum, Echinostoma revolutum, Echinoparyphium recurvatum
L8z Hypoderaeum conoideum Famsaradfesumsaaigan ﬂ’]%ﬂéju‘f: fansaateas i
lugennszaasihe Tiusswndnguiiesisaguadoiuunn Wimusaldiuunsiald
aLm"l,sﬁmwwuﬁﬁmmmﬂ%m‘%ammﬂimaqalumﬁhuuﬂmmLmﬂ@hama
WHTNIINVBINENT echinostomes udazsia lenafUsansaw seiunnsanenasiies
34'@Lﬁuﬁaxﬁ@ummim’m‘hLLuﬂ@TaEJ”?%' multiplex PCR laai¥inn13aanuuy reverse primer
T umnziuwens echinostomes 119 4 Tia lagonddunsATuana1siwlunenusdas
3%a2898% NADH dehydrogenase subunit 1 tHuaiuue vinsnagaunianudmieg
289 primer ﬁ'UL%aﬁaliﬂmﬁmﬁue] vanuwaunens lsladauazuuafizy sauvarinnms
NAFAUANN NIFIE HANIANEIWLIT 739N multiplex  PCR azl#iNanda PCR - 2u1a
@99 fw ldun £ revolutum iuwna 108 dlus  H. conoideum {11 209 GLU E.
recurvatum UW1Q 378 ﬁjwa Wwae E. malayanum awa 417 ij‘Lla NANIINARDU
AANINLNIEWUIN primer ﬁmma‘hmnzgﬁaﬂaz 100 uazdenuhlumsiusiwin
USnos DNA @36l 0.1 9 0.05 wlun3w uazdsaansaarasoyulonensiman ol
@188199393132 100 niw ldludwamdes 1 U vewenT E. revolutum  uaz H.
conoideum  §1WWeNT E. malayanum  unazaialddiwnasud 2 luawl inadiad
Wawa wlunsdnun it mmsnﬁﬁ]:ﬁﬂﬂﬂi:ﬂqﬂmﬁl"ﬁ‘lumsmmﬁhLmﬂmsam""gawm%
echinostomes  slwaiuiinyszunalualduassuoanidosld deluninsi Faanauinly
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1. Executive summary

130 Echinostomiasis 1AaannsaaL8anens Echinostoma spp. IR TTTA
Aug lungaiwens echinostomes Faduneslulflus ldidnmnszaamlanannnia
60 ha lasazdunlsiavessaivn dainwuns LLﬂ:é’@’ngmgﬂ FronuTRAGT 9 I
284AKA28 (Sorensen et al., 1998) lauiwenT echinostome N1 20 wHa fsanInda
woluawle (Chai, 2009) Fusunudadaluawlngdiuin 6 Tha 49 4 shadunns
Tu'ldd@ldvwranars lewn Echinostoma  ilocanum,  Echinostoma  malayanum,
Echinostoma revolutum W&z Hypoderaeum conoideum wazdn 2 wiaiduwentlulais &
YUNALaN lawA Echinochasmus Japonicus Wz Episthmium caninum (Graczyx and Fried,
1998) H51891N3AALTaNENT echinostomes  Tuszinelnoaandd 1969 lagwuing
sanmsaagelulszmninamilaninfesss 50 (Sormani, 1969) Uaz@oaEATINT
fartaanasliindaifiesiosas 0.7 (Radomyos et al., 1998) atndlsAaudsnuaas
am%agoa%i‘l,umﬂmfuaamﬁmmﬁa wuf9sasaz 15 (Radomyos et al., 1994)

WeNT echinostomes  {3zaiz@adia (metacercaria) a%islumm{ﬁwmwﬁ@ LT
ol (Pila spp.) %aﬂma‘% (Pomacea spp.) waduu (Filopaludina spp Wae Viviparus
spp.) waswiha Gyraulus spp. wauawsia Indoplanorbis spp. Waz nauaushe Lymnaea
spp. tHuan i’J@J‘Yi‘iQﬂ58@1LLazﬂa’lﬁﬂﬁﬂLﬂgﬂ“m’mN"ﬁﬁ@ (Huffman and Fried, 1990;
Graczyk and Fried, 1998) %oijaﬂu%'uﬂszmué'@’j‘mmﬁ?u‘[@ﬂﬁ"l,&iﬂgﬂﬁqﬂﬁﬁau fa
1@5uszpzfasdavadnenT echinostomes 1@l (Carney, 1991; Chai et al., 2005) Waz
wendazldsadulalus lduszaunsariansTi mucosa vasinld vldiAaunauas
msé’m&umou’%nmﬁw"lﬁﬁwm"E'Lmza%i lAanesaninnansagrsmuan Tasmaldl
infanmstherias voadn aauld Tafinans thwinae S9a1mIesdunuinulsumns
am%a (Graczyk and Fried, 1998; Chai et al., 2009)

2819137 @18 WenT echinostomes a‘hmumﬂﬁwudﬂﬁgﬂi’ﬂdé’ﬂwm:mﬂuaﬂﬁ
AREARIN® sndantssunn B9lUninsisendenansoiadsinuisedanusuam
waz 1 TaLa (Kostadinova et al., 2003) E%m%'unw'ﬁ’m,uﬂ‘*ﬁﬁmaawm’%nq’uﬁiuﬂﬁ]ﬁ;ﬁu
falEnIgduinuazn13iaiieadved collar spines Uaz3UI1984 testes VaINENTAUGY
o Lwiizmﬁiﬂumﬁﬁaﬁméw%’umﬁmL%@Wm%f:ﬁas:m"lﬂjﬁﬂmﬁauaanmﬁ'uqamiz
209511 Falususasunnoiievosnensle Lﬁaamﬂvlﬂwm%ﬂg;u echinostomes &
ANBUTATUARINWAIN é’aifumﬂm’sﬁ]wuvhiluqﬁm’m faznoaulaifosiniwlaves
WeNBN§W echinostomes 89luniliuaswens echinostomes  S3ilanwafinaaadeny
wenBlulsisnldawalng Fasciolopsis buski uazwenBlulsidusaaany Fasciola spp. tie

1Wwn1318 1% N1709793 3928 1a I LN NIIAALTaNLIT echinostomes ﬁmmgﬂéfaa



TEITIAPaGR %aﬁ‘mﬂuﬁEl'aﬁaaﬁmiﬁ@ummﬂﬁﬂmﬂuLaqaﬁmmmﬁﬂﬂﬁmmﬁ‘hLLuﬂ
Wﬂﬂ%ﬂﬁ;uﬁqﬁlﬁaEi’]d’ii’]LW’]:LLﬂzﬁﬂ’J’]ﬂJvl’Jtﬁ\‘]

FILUNIANBTIEULN WUF1E% NADH dehydrogenase subunit 1 (ND1) Twlaln
ADWLATHTI mmmﬁﬁ]:ﬁﬂﬂlﬁﬂumi}ammumaﬁ'ugmmlums%’mﬁwLLumLa:mm
ShadeitorsanldatnefiUseansnn (Kostadinova et al., 2003; Detwiler et al., 2010)
é’ai‘fumsﬁnmm%ﬁ%ujaLﬁuﬁazﬁﬂmsﬁwuﬁ%’msmna‘hLmﬂw 815 echinostomes 19
AN0eNUUY primer talFiANs 14 INTY DNA 1095w ND1 1855 multiplex PCR 151
anahiazanudmizg efazaunsasn ldWamdasananuiselunisanusni

NHANWNNTATIDI IR LLa:szm@memadwm%ﬂﬁjuﬁvlﬁaﬂﬁaﬁﬂizaw%mwiuamﬂm

v 6
2. mqﬂsmmwaafmams

s 6 a o g; a? dl' o o a Vo % . d'd

197103 RINVDINUIIBATIN WWarinnsasaduwnwensluladd | echinostomes Nl
ANMUFIAYNINNIUWNGI I WIN 4 Bk laun Echinostoma revolutum, ~Echinostoma
malayanum, Hypoderaeum conoideum Wae Echinoparyphium recurvatum lagvinnng
2ONWLU primer NENITOLNNIIWINTUALEWLEVEIEW ND1 2aIWeNT echinostomes Tha

14 laeAT multiplex PCR lfiannudnmizuazanalag

3. 35naaos
3.1 MINuGIDL1NENS
3.1 MINUAIBLNNINENTD
HNNILALAI8E19NENT echinostomes 8L @MANIY U 4 afia lawd
Echinostoma  revolutum, Echinostoma  ilocanum, Echinostoma  malayanum,
Hypoderaeum conoideum Wa¥ Echinoparyphium recurvatum 18N ALAILANLNT
TAa E. revolutum, H. conoideum Was E. recurvatum a1 b&dle lasfadavatadn|d
Jannlsssihdasluiuiians g ludssmelng iadsimduizaswendn 3 ofa
§audunveInend E. ilocanum uaz E. malayanum azvimaiuang1 lduu agelan
anu Tumsdnenasiitliaansalfiusiatnewens E. ilocanum andn ldngun e 3edyla
saNsaneFaLUNeNsiatlumsAnwa sl
mil,ﬁuvl,ﬂwmﬁﬁ‘aﬁﬂﬂwaﬂuq%mi:gﬁaU Mlalas iwentadniouninle
naasgansIed 17 pasture pipette Uaounax @@vl,ﬂilﬁ”lﬁéﬂuaumwuﬁGTaamma”aLﬁulu
¥aa@ microtube L& 0.8% Hintndalivian udAu1ly —20°C auninesld



3.2 mM3aanuy primer

YINNN300NWUY primer 1aun1311 DNA sequences U8IWeNT echinostomes 7
Fasmsanunluassil vimsieuifien (multiple alignment) Tagl4lisunsy Clustalw
Ramdumisfiuandsiuuazinmziunesudszaiia lasnsanwasedt @onfiasls
£ NADH dehydrogenase subunit 1 (ND1) lwlulnaeuiess iuiaiosnunslunsls
#3733UUNNEND echinostomes LﬁaammﬂuﬁuﬁwuﬁﬁmmLLﬂiﬁJi’mﬁauﬁNgalu
wm%ﬂa;wf: Semunariidendunisiazlfeanuuy primer AswrzAuneIs
echinostomes U@z TRa §1MSUMIANSIMINTYS DNA #1853 PCR  lagdnuwnviedils
90N primer $1LW1zAaweNT echinosotmes Tunsanwnasadt lauseslHluansed 1

LLﬂzEﬂﬂ’]‘Wﬁ 1

A15719% 1 URAIRNAL oligonucleotide V8 primer WARZLHY

Primer code Nucleotides sequence (5’ - 3)
Echino_ND1-F GTAAGGGGCCTAATAAGGTGGG
Er_ND1-R ACCAACTACGTTTCTGAAAGAAA
Hc_ND1-R CAGCATTAAATTTCTGCAACTCG
Ere_ND1-R CAACATAAGTCCTCAAAATAACA
Em_ND1-R CTGACAAACCACGAATCAACC

A:I o ] a d' . [ g a
AN 1 LEAIATLAWIL W ND1 Yll“ﬂ%ﬂ"liaaﬂLLUU primer RIATLLNIAUA

multiplex PCR



3.3 MyaRa DNA Wazifud19I%5% DNA 62835 multiplex PCR

¥nmsafa DNA 91nWenT echinostomes  3z0z@Linse novwa 4 e laud
WD E. malayanum, E. revolutum, E. recurvatum W< H. conoideum lagyinmsana
DNA muﬁu@aummmﬁwam@ DNA extraction kit (QIAGEN, Hilden, Germany) Tu
ﬂirﬁﬁtﬂué’aamaqamiz 3z1499919:U50107 100 n3w wazidnlaweniesonlilaly
MUIIWIUNGBINT LdNIIERAA DNA ‘[mﬂ%*‘g@ QlAamp’ DNA Stool Mini Kit
(QIAGEN, Hilden, Germany) 1iia'lé genomic DNA u&a vz lU118% DNA template 1w
MIRNI NI T IUVEIEH ND1 dasLadas PTC-200 thermal cycler (MJ Research,
Watertown, Massachusetts, USA) lagl% primer fiaanuuyliluda 3.2

YNFIUHFNVEI PCR (PCR mixture) 41/38197 reaction a2 20 i Fallsznoudan
winaanlasan (deionized water) U3u1613 13.375 pl, 10X Ex buffer 431103 2.5 yl,
10 pM dNTPs 13163 0.5 ul, forward primer (Echino_ND1-F) @213t3%9% 10 pM
USNN@T 1 pl, reverse primers 4 L& @A Er ND1-R, Hc_ ND1-R, Ere ND1-R uag
Em_ND1-R fifanuidudu 10 pM USunasas19as 0.5 plusz Ex Tag polymerase
(Takara, Japan) ANNEGNTH 5 U/l USanas 0.125 pl uazld DNA template @3l Tudw
aufidasnsnasay U5u1a3 1

vnmafindwinsuin ND1 lagld PCR condition 3udas 94L1C 1futian 4
WIN nanuaIaual8an 35 sau; 94L1C 1Tuian 30 3w, 59L1C wiaan 30 Twh
waz 72L1C 1dwian 30 Twh LLﬂ::‘f?u@]auij@ﬁ’m 7200c wwm5s wfl Fsezld PCR

product V8IWENT echinostomes YUNAGIIN

3.4 MINAFaUANN ILaTANNI NIV primer
nmnagaurany e primer Lwia:fﬂ@smﬂ%ama DNA Sudulunsvi
PCR Lﬁamﬂ%mmﬁaﬂﬁqﬂﬁ primer LL@iaz@jmmsnﬁ%uﬁm‘hmuéuﬁu ND1 le
wanaNiEarinmsana DNA  anliuasnen® echinostomes  udaziia filaaslul
993132 ﬁﬂﬁLﬂ‘%ﬂULaﬁamﬂuqamszmao;ﬁ@L%aﬁﬁa Tagrinmslalaiasldlusruwind
wanenar laun 10, 8, 4, 2 uaz 1 'l udwinmsana DNA Wash lunasauriainy
Twad primer ueaze ﬁ'uéhazmqﬁmsza@l%al,aﬁam‘%a
1§ primer LL@ia:g}'ﬁﬁﬂmsaammulﬁﬁ‘mwwzﬁuwm% echinostomes Waazaiia 11
nagaumaNudwzlagnimasaumstialfisen PCR 91w (cross reaction) 321319
WeNT echinostomes 113 4 THa TINNINaFaURURKEWNENT 1dslad) wazuuafiGowia
Aug ﬁmmmm’mLaavl,“ﬂ%‘%aél"sdauluqﬁmﬁz wazil DNA fatauazivliln

eIl JuanIsuan



4. HANNINAADY
4.1 N13¥11 multiplex PCR

IINANINRY primer nmﬁu (multiplex) adlugnwuauiiarin PCR (PCR mixture)
Tasvinnsins1Inds DNA vo9iu ND1 989wens echinostome usiazwfia 33019 DNA
fvmsnauasud 2 afiiadwly dinaaslunwd 2 Ssnanismaseuwuin primer 7
aanuuulWemnz UWeNT echinostomes  uAasTiia sunInLANs WL DNA  Ief
NAWAA PCR (PCR product) XU auanensiueait E. revolutum awia 108 bp, H.
conoideum VU@ 209 bp, E. recurvatum V¥ 387 bp Wae E. malayanum 1¥1@ 417 bp
WazWaNSHEN DNA aaud 2 afia 2wld Asunsatusnuinuazawases PCR product
laagrsdnmwzuaz liwumsiial§issn PCR 4rusen3nawenT echinostomes 119 4 T80

a9 LL&@NI%E‘U MwN 2

NN 2 HANNINARBY primer #3831 multiplex PCR lagn3H&s DNA 1adnens

echinostomes THa¢N9 9

4.2 @MU UWIZVDY primer RlFlum IR WIUG2833 PCR
M INATELANEUNZTES primer 11U DNA vasnesuiiadnsg Anuiinean
msszonalulszinalnodaft wonslu'laien Opisthorchis  viverrini,  Fasciola  sp.,
Paragonimus sp., Haplochis sp., Schistosoma sp., WenT@auaz@nansiadnsg lawn
Taenia  spp.  strongyloides uaz hookworm Taasalusladauazunaiise ldun

Entamoeba sp., ks E. coli NRN1INARDL Vl,iiwumsl,ﬁ@ﬂgmm PCR 113321319 primer
A =< < A o A o A A A A9 o &< X
Aaanuuulunisdnunaset nunesuazldsladinsanuaisenlinagaulwased



4.3 anwhwas primer AlFlumaAniwIng1835 PCR

nnmsnagauanyhlasmstsaas DNA fstaldanwenteduis Wwldanw
adudna g A leuA 5, 1, 0.5, 0.1 waz 0.05 WIlUATY (ng) WAIINMINATBUAY primer
AW BN UARZTR WU primer wdazzfialwanuhaglutisening 0.1 - 0.05
ng lag Hc ND1-R snansatiiasiwaniu ND1 289wen3 H. conodieum e185% PCR Tag
Tfanudtuvas DNA @ﬁwq@ﬁ 0.05 ng muzd primer Er ND1-R, Em_ND1-R U@z
Ere_ND1-R mmml,ﬁmﬁ"lmuﬁu ND1 %83 E. revolutum, E. malayanum Wae E.
recurvatum AUR1AU a1875 PCR I@ﬂl*’ﬁmmﬁuﬁm‘ﬁq@ﬁ 0.1 WIlUNTN AILFAII

AN 3

AN 3 LaRINaNINaFauANN 19 primer NUWENT echinostomes THa¢14 ]

4.4 msmaauﬁ'uéhaﬂ'wqfﬂmsmaﬂﬂ

Lﬁaomﬂﬂ'avlsjmmmmﬁaaﬂ'woqfﬂmiwaa;j(?]m%aﬁﬁovléiuﬂﬁﬁﬂma%f: 9o
manay liwesidnlulugaans: Laﬁauqﬁ]mi:maaﬁam%aﬁo Tagaulaluinwini
uwanaenuadluganszlianes 100 nin laslddwanld 10, 8, 4, 2, uaz 1 19 udavine
&Na DNA mﬂqami:ﬁ?u A ONAFOUAMNFINNTOVOI primer  IWANSLANIIWINTHE W
ND1 370 DNA maavlfliwm%ﬁagluﬁaamaqﬁ]mszfu HANINAROLUNUAT F1NNTOLAY
$19%5% DNA lusnatnsiianlanensiinludwanasnsias 2 A9 1 19 dsuaaslunind
4 agelsieny mimaaumiwau%ﬁuaqami:ﬁ?u la'lavinnnsnaseunuwed E.

recurvatum Whasanlisunsafivlivesnensafiaiile



A . o A o o ' = a a 1
NN 4 LLRAINANIINARDL primer N DNA ﬂﬁﬂ@]'ﬂ’]ﬂ@]’)E]El’]dq%]ﬁ]’]iz‘l’l&lﬂﬁil,@mvl?l

WeNT echiostomes THAF1 €

5. ayUuazinnsalnanimanasuazdaiawaunsda s uIwitelwanian
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intermittent fiver, right upper quadrant abdominal pain,
undefined lesions in liver, high cosinophilia (43.7%) and high
activity of alkaline phosphatase (174 U/l). Our patient had a 3-
months history of disease progression without a reliable
diagnosis. We performed detailed diagnostic re-evaluation.

Abdominal US showed a homogeneous liver of normal size, with
e AR i

son sl srad wastinmeral hilae limal

Medicine, Thammasat University, Rangsit Campus, Patbumthani,
Thailand; *Walai Rukbavej Botanical Research Institute, Mahasarakham
University, Mahasarakbam, Thailand

INTRODUCTION There are four species of echinastomes that
commonly infect humans in Southeast Asia, namely
Echinostoma malayamen, Echin revol y Echino
ilocamem and Hypoderaeum conoidenm, It is difficult if not
impossible to differentiate among the eggs or immarure stages of
echinostome species using morphological characters. The variery
of DNA sequences have been used effectively to differentiate
among echinostome species. Thus this study aims to develop
species specific primer for differential diagnosis of those four
medically important echinostomes by multiplex PCR technique.
MATERIALS AND METHODS The specific reverse primers of
cach species were designed from the variable regions of
mitochondrial NADH dehydrogenase subunit 1 gene. All four
reverse primers together with a forward primer were used to
amplify ND1 fragments. Specificity was tested with others
pathogenic helminths, protozoa and bacteria available in the
laboratory. Sensitivity of each primer was also evaluated.
REsULT The different PCR product sizes, namely 108, 209, 387
and 417 bp were amplified by species specific primer of

E. revolutum, H. conoidewm, E. ilocanum, and E. malayanum,
respectively. No cross amplification between each species was
observed. The specificity and sensitivity of each primer was very
high at 100% and 107° to 10™* ng, respectively. When
combined all primers together for mPCR reacrion, sensitivity of
primer to amplify E. revolutum was reduced to 10°* ng. The
assay system could detect cach of a single echinostome egg in
100 mg of normal human feces.

CoNCLUSION The species specific primers developed in this
study could be consequently used for potentially differential
diagnosis of human echinostomiasis in Southeast Asia.

t 7

174

Moreover, this multiplex PCR diagnosis could be fruitfully
applied for epidemiology study in wild and domestic animals.

This research was supported by TRF-CHE (grant no.
MRG5480009 to Weerachai Saijuntha).

REsSuLT The 28 variable positions of CO1 sequence were
observed when compare among E. revolutum from Southeast
Asia. The 11, 14 and one haplotypes of Southeast Asian,
American and European strain were subsequently classified,
respectively. Three genetic structure groups were demonstrated.
Of these, the first group consists of four haplotypes of Southeast
Asian strain and closely related with the second group of 14
haplotypes of American strain. The third group consists of seven
haplotypes of Southeast Asian strain, which was clustered
together with a haplorype of European strain.
CONCLUSION At least three genetic structure groups of
E. revolutum have been distinguished. Of these, the Southeast
Asian strains were classified into two distinct groups. This
finding highlight the need for further analyses of intraspecific
variation based on molecular and morphological evidence of
E. revolutum for more understanding of their genetic
relationships and genetic structure.

This research was supported by TRF-CHE (grant no.
MRG5480009 to Weerachai Saijuntha).

© 2013 John Wiley & Sons Ltd, 18 (Suppl. 1), 108-23|
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Abstract Genetic differentiation between two synonymous
echinostomes species, Artyfechinostomum malayanum and
Artyfechinostomum sufrartyfex was determined by using the
first and second internal transcribed spacers (ITS1 and
ITS2), the non-coding region of rDNA as genetic makers.
Of the 699 bp of combined ITSI and ITS2 sequences
examined, 18 variable nucleotide positions (2.58 %) were
observed. Of these, 17 positions could be used as diagnostic
position between these two sibling species, whereas the

other one variation was intraspecific variation of 4. malaya-
num. A clade of A. malayanum was closely aligned with 4.
sufrartyfex and clearly distance from the cluster of other
echinostomes. Our results may sufficiently suggest that the
current synonymy of these species is not valid.

Introduction

Awtifnnhinacfannm aammarican intactinal and aaa
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cytochrome c oxidase subunit 1 (CO1) sequences. However,
additional molecular genetic analysis is required to confirm
whether snail and rodent hosts influence the intraspecific
and/or sympatric variation of 4. malayanum.

Then, genetic status of these two sibling species needs to
be confirmed. In this study, the first and second internal
transcribed spacer sequences, the non-coding region of
rDNA are used as markers to differentiate the sibling spe-
cies, A. malayvanum and A. sufrartyfex. In addition, the first
and second internal transcribed spacers (ITSI and ITS2)
sequences of other echinostomes were retrieved from
GenBank to construct a phylogenetic tree depicting their
genetic relationships. Furthermore, sequences of A. malaya-
num derived from snails and rodent hosts were compared
with those of A. sufrartyfex from India.

Materials and methods

23

thermal cycler (MJ Research, Watertown, MA, USA) and
reaction volumes of 25 pl containing 200 ng of genomic
DNA, 50 mM MgS0O,, 1x buffer, 2.5 mM dNTPs, and
0.25 U of Tag DNA polymerase (iNtRON Biotechnology,
Korea). No gDNA was included in each run as negative
control. The PCR condition used for ITS amplification was
35 cycles of 96 °C for 30 s, 54 °C for 1 min, 72 °C for 1 min.
Amplicons were sequenced by the dideoxynucleotide chain
termination method using Dye Primer and Dye Terminator
Cyecle sequencing kits (Applied Biosystem Inc., Foster City,
CA, USA) and an ABI DNA sequencer 373A.

Sequencing data and phylogeny analysis

The nucleotide sequences obtained have been deposited in
GenBank under accession numbers JF412723-JF412726 for
301 bp of partial ITSI sequences, JF412727-JF412730 for
398 bp of partial ITS2 sequences. The DNA sequences of A.
sufrartyfex (Indian isolate) and other echinostome species/iso-
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Table 1 Variable nucleotide positions in the nucleotide sequence alignments of the partial 1TS1 (301 bp) and ITS2 (398 bp) of 4. malayanum
collected from different hosts

Nucleotide positions

ITSI ITS2
1 1 1 1 1 2 2 2 2 2 2 2 3 3 3 3
B 0 9 0 2 5 9 1 3 4 6 7 7 8 0 1 3 3
1 0 0 1 3 2 9 9 9 1 9 5 7 0 8 3 1 9
A. malayanum-Lr T G G T A G G G G G T G A T A G G C
A. malayanum-le
A. malayanum—Pc ; ; ; G
A. malayanum-Ra . 5 , ; ; . : ; ; ' . . . ; . ; : ;
A. sufrartyfex” C T C 3 G A T T C C G T G G G T A A

The sequences of a related species, A. sufrartyfex were retrieved from GenBank database. A dot represents an identical nucleotide to that in A.
malavanum from L. rubiginosa

Lr, L. rubiginosa; fe, I. exustus; Pe, P. canaliculata; Ra, Rattus sp

|—. E. trivolvis(GQ463126)

70
9.‘,1 E. robustum(GQ463133)
80 E. robustum(GQ463132)
100
L E. revolutum(GQ463130)
100 + E. caproni(GQ463131)
A. malayanum-Ie
100] A. malayanum-Lr
A. malayanum-Ra
60 A. malayamum-Pc

L« A. sufrartyfex(EF027101)

+ F. buski(EF612477)

_10
Fig. 1 Strict consensus tree depicting relationships between A. joining by using F. buski as an out group. Bootstrap values (=50 %) are
malayanum and other related echinostomes inferred from 1,000 repli- indicated above branches. Lr, L. rubiginosa; le, I. exustus; Pc, P.
cates of combined ITS1 and ITS2 sequences data based on neighbor- canaliculata; Ra, Rattus sp
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Echinostomes comprise a group of at least 60 species of
foodborne and zoonotic intestinal trematodes, and are endem-
ic worldwide [1]. Human echinostomiasis has been reported,
especially in Southeast Asia, caused by at least 20 species be-
longing to 8 genera, namely Echinostoma, Echinochasmus, Acan-
thoparyphium, Artyfechinostomum, Episthmium, Himasthla, Hy-
poderaeum, and Isthmiophora [2,3]. Asian countries from which
human cases have been reported include India, the Philip-
pines, China, Taiwan, Indonesia, Malaysia, the Republic of Ko-
rea, Japan, Cambodia, Lao PDR, and Thailand [4-7]. Seven
species, i.e., Echinostoma revolutum, Echinostoma ilocanum, Echi-
nostoma malayanum (syn. Artyfechinostomum malayanum), Echi-
nochasmus japonicus, Episthmium caninum, Artyfechinostomum

cally important species in Thailand [8,9] and Echinaparyphium
recurvatum has been reported to infect man in Taiwan, Indone-
sia, and Egypt [10]. In 1969, more than 50% of northern Thai
residents were infected with echinostomes [11], but the preva-
lence had decreased to 0.7% by 1998 [12]. In addition to
Thailand, there are also recent studies reporting the incidence
of human echinostomiasis in other areas of Greater Mekong
Subregion; 1.1% in riparian villages along the Mekong River
in Khammouane Province, Lao PDR [13]; between 7.5-22.4%
among schoolchildren in Pursat Province, Cambodia (eggs
found were presumed to be those of E. revolutum) [14]; and a
range of 0.7-1.8% in Oddar Meanchey Province, Cambodia,
where the adult E. ilocanum were recovered from humans [15].

These medically important echinostomes infect a broad
range of definitive hosts among wild, domestic, and perido-
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cially E. revolutum, may cause emaciation and catarrhal enteri-
tis, and death may occur in young and non-healthy animals,
including ducks [20]. Such birds and poultry act as major res-
ervoirs of infection in both agricultural and natural settings.
High prevalences of infection with zoonotic echinostomes E.
revolutum, E. recurvatum, and H. conoideum have been reported
in domestic ducks in Bangladesh [20], and Echinostoma cinetor-
chis and H. conoideum in Vietnam [21].

Nowadays, free-grazing domestic ducks are common in
Southeast Asia particularly in Thailand. Rice paddy fields used
for double-crop rice provide excellent year-round foraging for
them. Ducks are released on paddy fields after harvest and feed
on leftover rice grains, wild rice, insects, and aquatic animals
including many intermediate hosts of echinostomes such as
those listed above. Rotation of free-grazing ducks between rice
paddy fields may play an important role in the life cycle main-
tenance, spread, and transmission of foodborne zoonotic par-
asites, particularly echinostomes. Rotation occurs at frequen-
cies depending on the availability of food, but usually every few
weeks.

Gastrointestinal parasites of poultry are common worldwide
|20-23]. Very litle is known about echinostome infections in
free-grazing ducks in Thailand. Our survey provided significant
information on this topic, aiding management and control
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Those ducks were from flocks grazing rice paddy fields used
for double-crop rice production. A total of 90 samples, consist-
ing of 19 from 3 areas in northern Thailand, 33 from 4 areas
in central Thailand, and 38 from 5 areas in northeastern Thai-
land were examined between May 2011 and February 2012
(Table 1; Fig. 1).

Parasite recovery and morphological identification

The intestines of ducks were opened and any visible trema-
todes were picked out and placed in a separate Petri-clish con-
taining normal saline. After that, the intestines were washed to
find any remaining worms. The worms recovered from an in-
dividual duck were pooled in a Petri-dish and washed several
time using saline. For identification purposes, each adult worm
was flattened between 2 glass slides, held apart by a small piece
of filter paper, and then examined under a light microscope.
Species identification was based on the testis shape, develop-
ment of the circumoral disc, and number of collar spines [24].
Any worms that could not be identified in this way were sub-
jected to molecular analysis. Ten worms of each morphologi-
cally identifiable species (E. revolutum and H. conoideum) were
randomly selected and fixed in 10% formalin and subsequent-
ly washed in 70% ethanol several times to remove formalin,
stained with carmine for 1 day, and destained with 1% HCI in



were mounted with permount solution on glass slides and
identified by morphological features following the published
keys [8,24].

Molecular identification

Genomic DNA (gDNA) was individually extracted from
each worm using the DNA extraction kit (QIAGEN, Hilden,
Germany) following the manufacturer’s protocol. The ITS2 re-
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terms of the prevalences of each echinostome species, E. revo-
lutum was the most common worm in the central region and
Roi Et and Maha Sarakham Provinces of the northeast region.
Elsewhere, H. conoideum was the most common species (Table 1;
Fig. 1). Eight unidentified worms could be confirmed by ITS2
sequences as being 2 H. conoidewm and 6 E. recunvatum (included
in the data in Table 1 and Fig. 1).

The maximum number of worms in an infected duck was



sibling species of E. revolutum from Thailand and Laos proba-
bly exist [28,29]. Temporal factors cannot be excluded. Reports
exist noting that high prevalences of helminths in poultry are
usually found in winter and rainy seasons. This may be related
to persistence of parasites in intermediate hosts in some sea-
sons, and abundance of intermediate hosts in others [19,26].
Moreover, the prevalence of infection was probably correlated
to the sex and age of ducks. It has been reported previously
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Abstract,

Species and subspecies of the Oncomelania hupensis species complex are recognized as intermediate hosts

of Schistosoma japonicum, Of these species and subspecies, O. quadrasi is distributed throughout the Philippines. This
study used 125 ribosomal RNA sequences to explore the genetic structure of Q. guadrasi populations in the Philippines.
Three subspecies, O. Ii. hupensis, O. h. formosana, and O. h. chiui of this group were also examined. The phylogenetic
tree and haplotypes network showed that O. guadrasi separated from the subspecies. Ten O. guadrasi haplotypes (Ogl-
Oql0) clustered in relation to their geographic origin. Genetic differentiation (Fsr) and estimated gene flow (Nm)
among populations showed significant differences, ranging from 0.556-1.000 to 0.00-0.74, respectively. Genetic differ-
ences among groups (Fer = 0.466), populations within a group (Fsc = 0.727), and populations (Fsr = 0.854) were
observed. These results indicate that the O. quadrasi populations in the Philippines have a substructure associated with

their geographic origin.

INTRODUCTION

Snails of the Oncomelania hupensisis group are recognized
as the intermediate hosts of Schistosoma japonicum, a major
causative agent of schistosomiasis in countries in Asia. There
are many species and subspecies in the O. hupensis complex
that act as the intermediate hosts of 8. japonicum, ie., O.
hupensis hupeneis, O. h. tangi and O. h. roberisoni in China,
0. h. nosophora in Japan, O. h. lindoensis in the Indonesian
islands, O. h. formosana, O. h. chiui in Taiwan, and O.
quadrasi in the Philippines.'” During the 1970s, S. japonicum
was slill endemic to many areas in the Philippines. Currently
560,000 persons are estimated to be infected and more than
6.7 million are at risk of infection in 28 of the 79 provinces in
the country, particularly among rice farmers and fishermen.'?
Moreover, not only are humans infected, but there are many
animals that act as final reservoir hosts of S. japonicum in the
Philippines, including dogs, cats, pigs, rats, goals, cattle, and
water buffalos.™*

The genetic diversity of @. hupensis complex.. especially
O. h. hupensis, O. h. tangi, and O. h. robertsoni [rom mainland
China, has been intensively investigated.™® Evidence of close
co-evolutionary relationships between S. japonicim and its
intermediate snail host €. hupensis has been demonstrated.
This finding has led to an increased interest in the phyloge-
netics and population genetic structure of the snail.>’ Because
there are co-evolutionary relationships and close genetic
interactions between the snails and their parasites, a snail
population may reflect population genetic parameters of the
parasite and conversely.*" Genetically diverse snail popu-

In spite of a considerable amount of research on the genetic
diversity within populations of O. guadrasi, only a limited
assessment has been made on the significance of this diversity
in a population structure or phylogenetic context. For instance,
there are some reports of genetic diversity of O. quadrasi based
on several genetic markers, including allozymes, nuclear DNA,
and mitochondrial DNA sequences.'' ™ These markers could
be potentially used to demonstrate genetic diversity within
Q. quadrasi and its differentiation from other species and sub-
species within the O. hupensis complex. However, knowledge
of the genetic structure of O. guadrasi populations in the
Philippines is virtually unknown.

The taxonomic status of variously designated subspecies of
(. hupensis is controversial because some authors favor sub-
specific characterization while others consider certain previ-
ously designated subspecies, including O. quadrasi, 1o be full
species based on morphologic (e.g., shell sculpture, opercu-
lum) and molecular characteristics and geographic distribu-
tions."*'7 Recent studies strongly support the specific status
of O. quadrasi."*" For a better understanding of the popula-
lion genetic structure of O. quadrasi in the Philippines, this
study investigated 128 ribosomal RNA sequence variation
from six localities in three provinces on three islands. Three
subspecies, O. i hupensis from China, and O. h. formosana
and O. h. chiui from Taiwan, were also included in the analy-
sis to determine the levels of interspecific genetic variation
and phylogenetic relationships.

MATERIALS AND METHODS
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DG Dagami Leyte

MG Magrafil Cagayan
SM Sta. Maria Cagayan
TP Tapel Cagayan
AH Guichi Anhui

sC Tianguan Sichuan
YN Weishan Yunnan
KS Yue-Mei Kaohsiung
TA Shimen Taipei
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Philippines Q. quadrasi 10
Philippines Q. quadrasi 10
Philippines Q. quadrasi 10
Philippines Q. quadrasi 9
China Q. h. hupensis el
China Q. h. hupensis 5
China Q. h. hupensis 5
Taiwan Q. h. formosana 5
Taiwan Q. h. chini 5

* Oriental Mindoro, Leyte, and Cagayan are located on the islands of Mindoro, Leyte, and Luzon, respectively.

NaCl and cracked to break their shells before being placed in
individual vials containing 80% ethanol to transport to the
laboratory for genetic investigation. Each snail was washed
several times in sterile 0.3% NaCl, and the head-foot muscle
dissected under a microscope and dried using a vacuum dryer.
The tissues were then used for DNA extraction.

DNA extraction, PCR amplification, and DNA sequencing.
Total genomic DNA of each individual snail was extracted by
using the EZN.A" Mollusc DNA Kit (Omega Bio-Tek,
Norcross, GA) following the manufacture’s instructions. The
128 ribosomal RNA gene was amplified by using primers and
polymerase chain reaction (PCR) conditions as reported by
Okamoto and others."” All PCR products were gel-purified
using a GENECLEAN™11 Kit (Q-BIO Gene, Carlsbad. CA).
The purified PCR products were cycle-sequenced by using
ABI BigDye v3.1 chemistry and run on an ABI Prism 377
automated sequencer (Applied Biosystems, Foster City, CA).

Data analyses. Sequences were assembled and edited by
eye using the software program ABI sequence scanner v1.0.
Multiple sequence alignment was performed using a BioEdit

version 5.0.6. Genetic differentiation (Fsr). gene flow estima-
tion (Nm), and other parameters of DNA sequence polymor-
phism, including number of segregation site (S). haplotype
diversity (Hd), nucleotide diversity (n), genetic diversity (8s).
and the mismatch distribution under an expected population
growth-decline model,'” were computed and generated by
using DnaSP v5 software.'” Genetic structure, fixation indi-
ces, and evolutionary neutrality were calculated by using
Arlequin 3.5."" Minimum spanning haplotype network was
constructed by using the Network 4.6.1.0 program based on
median-joining algorithm." A phylogenetic tree was con-
structed based on an unweighted pair group method with
arithmetic mean analysis by using Phylip program version
3.6.”" The relative support for clades was determined by using
1.000 bootstrap replicates.

RESULTS

Interspecific analyses of O. hupensis ssp. and 0. quadrasi.
The 357 bp partial sequence of the mitochondrial 128 ribosomal

TabLE 2

Variable positions of 125 ribosomal RNA sequences of Oncomelanoa quadrasi (0q), O. h.

(Ohf) haplotypes, the Philippines*

hupensis (Ohh), O. h. chiui (Ohe) and O. h. formosana

Haplotype Nucleotide sequence
1 13113 %1 Fd1:22:2 222222222222 2232333333
3 456661223 4455660002333535560666 66892244535
3481348236023 423016350274780124589902¢6238200°%6
Oql AA AT TETGT AAT TECTT TGGTCCTGGGGGGAGCGTGAT G
0q2 . c 5
Oqg3 s e & e i -
Og4 L . C C T -
045 c LB N6 =
Ogb = BT v B . =
0q7 . C c A . ;
Ogs G ¢ c - A
0P G C C o =
ogql0 G . . . B. .C o A A S o
Ohhl G € . B . G CE .. B AA.T AAAA - . T g <
Ohh2 G C % F o A Sl € SEFT oN ViR o< A A T . AAAA - B A R
Ohh3 G L SR GG 0 €T C A A T CAAAA - I LS RN
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TaBLE 3
Summary statistics of molecular variation and neutrality analysis in six popul

of One
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guadrasi, the Philippines®
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DISCUSSION

We found that substructuring occurred between the six
populations of . quadrasi examined according to their geo-
graphic origin in the Philippines, similar to that described for
the subspecies O. h. hupensis and O. h. robertsoni from main-
land China.*® The genetic differences found for O. quadrasi
populations from different localities in the Philippines islands
may be caused by lack or low level of gene flow, especially
between the three provinces located on separated islands.
Furthermore, signilicant genetic differentiation was detected
between populations within each province, e.g.. example
three populations in Cagayan and two populations in Oriental
Mindoro Provinces, suggesting that the level of gene flow
between these populations is currently low.

The mismatch distribution of the 12S ribosomal RNA
haplotypes of . quadrasi is markedly unimodal, which is
observed when the genealogy of the sample resembles a star
network, which in turn is observed during demographic
expansions.'” A high level of haplotype and nucleotide diver-
sity of O. guadrasi populations was observed in this study, in
agreement with the results of previous studies of O. hupensis
ssp. in mainland China.”® Because of the short generation
times and large effective population sizes, invertebrates,
including snails, usually show a high level of genetic diver-
sity.?! Moreover, in the case of Q. quadrasi, the observed high
genetic variability is also potentially related to the low mobility
of the species, leading to population subdivision and potential
increase global genetic diversity. Unique haplotypes for each
population were found, except for MB, for which only one
haplotype was observed, which was shared with an adjacent
AN population from Oriental Mindoro Province. The results
in this study strongly indicate that the O. guadrasi populations

TABLE 5

Analysis of maolecular variance of six populations of Oncomelania
quadrasi classified into three groups defined by island, i.c., groups
of Luzon, Mindoro, and Leyte islands, the Philippines
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lations from the Philippines. The mismatch distribution is the dis-
tribution of the number of pairwise differences among sequences.
The expected distribution under a model of expansion is given as a
continuous line, and the observed distribution is given as a dashed
line. Exp = experimental; Obs = observed.

in the Philippines have a substructure based on their geograph-
ical origin. However, a larger sample size from a wider range of
geographic areas is needed to confirm that all unique haplo-
types are specific to each particular geographic area.

Genetic differences between some S. japonicum isolates
in the Philippines have also been noted; the isolate from
Mindoro is moderately genetically differentiated [rom the
Leyte and Luzon populations.™ We have now determined
that the genetic structure of Q. quadrasi populations from
Leyte, Oriental Mindoro, and Cagayan also show significant
genelic differences from each other, which was in concor-
dance with findings of a previous report.’® This finding may
be caused by reciprocal evolution between the parasite and its
snail hosts, as indicated in several host-parasite syslems, e.g.,
O. viverrini and its Bithynia snail hosts, ™" and S. mansoni
and its Biomphalaria snail hosts.” Moreover, the three prov-
inces, i.e., Cagayan, Oriental Mindoro. and Leyte, are located
on separated islands so that gene flow is likely to be highly
restricted, eventually resulting in high genetic differentiation
between the different geographic areas. This conclusion is
suggested by the significant Fep differences. Such a situation
has also been observed between populations of €. h. hupensis
in mainland China, where the population genetic structure
is related to geographic area and is correlated with differing
shell characteristics.”

Another objective of our study was to establish whether
0. quacdrasi was genetically distinct from three subspecies
of O. hupensis examined. A significant difference between
). quadrasi and the three subspecies was found by phyloge-
netic analysis of 125 ribosomal RNA. Our phylogenetic tree
shows that O. quadrasi forms a distinet clade when compared
with the O. luipensis ssp. Moreover, the genetic relationships of
. h. hupensis from Yunnan Province are distinct from the
other subspecies, which is in concordance with findings of pre-
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