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ABSTRACT

In September 2015, adult specimens of the tremskbéeterophyesheterophyes and Heterophyesdispar were
obtained from two stray cats captured near the fistrket of Kuwait City. The rDNA ITS2sequencing andsequent
phylogenetic analysis with other heterophyids & @enBank showed a close relationship with aduléterophyes, and
Heterophyes sp.-small metacercariae from Sardiniaddition to adult Korean heterophyesnocens. Whiig clustered
separately from Kuwaiti Heterophyidcercariae obtdnfrom Cerithideacingulate snail and the Indiarienephyid.Due to
the close relationships between these trematotiesigigests that the origin of the Kuwaiti adult étdrophyes and H.
dispar could be from the imported Mediterranean $sta and not the local one.Mullet (Mugilidae) letmost probable
second intermediate host for both trematodes. Wais the first molecular characterization of adult terophyes and

adult H. dispar from the Middle East and the fioste in the natural definitive host.
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INTRODUCTION

Foodborne trematodiases cause two million life gdast to disability and death worldwide every ydaeople
become infected by eating raw fish, crustaceangegetables that harbor the parasite larvae. Thegroses are most
prevalent in East Asia and South America (WHO, 30Efsh can be infected by several trematode fesjiland only
some of them include species pathogenic to humames, Clinostomatidae, Echinostomatidae, Heterogdg;
Opisthorchiidae and Troglotrematidae (Waikagul&Tiideam, 2014). In Kuwait, there were several recandgating the
presence of heterophyid intestinal flukes at itsous developmental stages (Abdul- Salam & Srealafl996, 1998;
Abdul- Salamet al, 2000, 2004; Al- Kandaet al, 2000, 2015). In 1990, Abdul- Salam, and Bakamftb that the
prevalence oHeterophyesheterophyegs 1.9% in cats, however it is strongly increagpdo 15% in 2015 (El-Azary
al., 2015).In additionHeterophyesdispawas detected in the prevalence of 10.8% in theesgrar (El-Azazgt al, 2015).
This rapid increase in the prevalencetbfheterophyesvithin fifteen years and the presencetbfdisparat such a high
percentage along with the frequently reported hurases infected wittH. heterophyesand H. dispar in many
neighboring countries (Chait al, 1986.; and Massoetl al., 1981) shows the actual need for further researcihese
parasites. In the past, morphological analysis tvasonly applicable technique of identification feterophyid intestinal

flukes. However, morphology identification alonegimi be insufficient for accurate species identifma because of the
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small size of the adult stage and taxonomic charistics combined with the invalidity of those cheteristics to high
morphological similarities between closely relatgukbcies, like homoplasy, phenotypic plasticity,aakl of conserved

structures and a lack of distinctive morphologid@dracteristics (Waikagul&Thaenkham, 2014).

Currently, because of these difficulties, molecudarlogy has been employed to detect parasiteonsdge for
parasitic diseases. (Tavareisal, 2011). The Ribosomal internal transcribed spa€BrS2) region is regarded as one of
the candidate genetic markers. Ribosomal intemsadstribed spacer region is remarked as one opdiential DNA
barcodes because its possesses a number of varidialacteristics, such as availability of consgmegions for designing
universal primers, the case of its amplificationg aufficient variability to distinguish even cldgeelated species (Yaet
al., 2010).

The ITS2 region has been successfully used to igafigtidentify several heterophyidae intestinalkiés (Al-
kandaret al, 2015; Chubooet al, 2013; Gamit al, 2016; Masal&t al 2016; Skoet al, 2009 andSripalwét al, 2015).
Therefore, this study aimed to identify the rDNASIT sequences for aduls heterophyesind adultdd. disparcollected
from stray cats in Kuwait and to use this idendifion to set a phylogenetic analysis of these ttedes with another

heterophyid in the GenBank.

MATERIALS AND METHODS
Sample Collection

Two stray cats were captured near Downtown Kuwslit market in September 2015 and taken to theCalts
were anesthetized using Rompun 2% intramuscularri’kg) and humanely killed according to the edhistandards for
research by using intracardiac injection with T6tHering-Plough Intervet, Elkhorn, Nebraska, USIA¥ml according to
the age and weight (El-Azaely al, 2015). The intestine was removed and placedeparate trays, the mucosa was

scraped, and the intestinal content was rinsed seitine and examined under a stereomicroscopelfdt mematodes.

Some isolated parasites were stained with lactoghestton blue (Henedy and El-Azazy., 2013) andidied
based on the morphological criteria described hylshy (1982) and Bragt al, (2008). The non-stained specimens were

kept in 95% ethanol for subsequent molecular arslys
DNAEXxtraction and PCRAmplification

After morphological identification, three specimeof each species were chosen for molecular anabysis
washed with double-distilled water. DNA was exteatfollowing the tissue protocol of genomic DNA MKit (Geneaid,

Teipei, Taiwan).

The rDNA ITS2 region was amplified using the pri;@PHRT- F (CTC-GGC-TCG-TGT-GTC-GAT-GA) and
OPHRT- R (GCA-TGC-ART-TCA-GCG-GGT-A) (Sket al, 2009). The PCR reactions were conducted withu3&5
ul Top Taqg polymerase (Qiagen, Hilden, Germany) (@.2or each primer, 5 ul of g DNA and 4.6 ul ddQj. The
amplification consisted of an initial denaturatistiep at 95° C for 3 min followed by 35 cycles of @ for 30 sec, 50° C
for 30 sec and 72° C for 45 sec, followed by alfardension of 8 min at 72° C. Products were restloy electrophoresis
on a 1.0% agarose gel and visualized with 0.5 mgfthidium bromide. PCR products were purified us@tganol
precipitation method according to the tissue prot¢@IAamp DNA Mini Kit, QIAGEN).
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DNA Sequencing

The purified PCR products were sequenced usinglBig Terminator chemistry with the same primerstaf t
PCR amplification. The DNA sequencing reactionsengectrophoresed on ABI's 3730XL DNA Analyzers TAdiotech,
Singapore). The obtained electropherograms werekeldeand edited using Bio Edit (Hall, 1999).The ZT§&quences
were aligned with Clustal X2(Thompson et al., 198/}l deposited in the GenBank database with thesamm numbers
KX431323-KX431328.

Phylogenetic Analysis

One obtained sequence from each species was aligithdthose of other trematode species of the famil
Heterophyidae deposited in the GenBaBkhinostomarevolutunfaccession no: LC224085) was used as an outgroup
(Table 1). Phylogenetic tree analysis was condugséng maximum likelihood, performed using MEGA gram version6
(Tamuraet al, 2013). All ITS2 nucleotides were assembled i@QLEeplications.

RESULTS

A total of 43 adult trematodes were recovered ie two stray cats, 27 of them were identified as
Heterophyesheterophy@3sg. 1) from one cat and 16 é&keterophyesdispéFig. 2) from the other cat. Three trematodes
which were identified a$l. heterophyesnd included in the molecular analysis found togkeetically identical, and
having the same number of bases (431), while therahree specimens which were identifiedHagispar, two were
identical but one had one base difference at tlsitipo number 300 (G instead of A). By comparingsth trematodes in
the phylogenetic trees, we can find that all tresdas belong to the gentieterophyesvere clustered in one clade. In
addition,H. heterophyedn this study form a monophyletic clade wikh heterophye$rom Sardinia and both trematodes

are a sister clade with Kuwali. dispar(Fig.3).
DISCUSSIONS

H. heterophyess a minute fluke that was discovered in an Egyptihild in 1851 by Bilharz (Schmidt & Roberts,
2005). The most characteristic feature of this dluk that the genital sucker lies directly behihd ventral sucker and
bears an incomplete circle of 70-80 small toothgides (Soliman, 2006H. disparwas first discovered in the intestine of
dogs and cats in Egypt by Looss in 1902 (Motargnail, 2014), It can be distinguished frarh heterophyedy the
smaller sized genital sucker and the smaller nur®i33) of chitinous rodlets on the genital suciehai & Lee, 2002),
both of them are zoonotic trematodes which distebiun several countries, (Ashford &Crewe, 2003aiCGH al, 1986,
Hunget al, 2013, Rifaadt al,, 1980 and Yu& Mott, 1994).

The first intermediate host is brackish water lsaad the second are fish species sucMagilspp, Liza spp
(Paperna& Overstreet, 198Tilapia nilotica, AphaniusfasciatysAcanthogobiusp. (Yu & Mott, 1994) Flavimanussp.
(Secet al, 1981)Chelonhaematocheilu$iunget al, 2013) and others (Abou- Aisled al, 2008, Chai & Lee, 2002, Chai
et al, 1986 and El-Sheikha& EI-Shazly, 2008) in theecafH. heterophyesrishes such adugilsp(Paperna& Overstreet,
1981), Epinephelusfasciatiischiasp, Barchuscallipterus Tilapiasp (Hunget al, 2013),So.vulgarisand Sc.aquillaand
others (Chakt al, 1986)were reported as second intermediate lodtee case of.dispar, while the definitive host is
cats, dogs, foxes, wolves, (Chaial, 2005) in addition to man (Yu &Mott, 1994) forthdrematodes. The definitive host
(e.g. Cats) becomes infected by ingesting undeeak salted fish infected with metacercariae(COEZts in this study
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were captured near the fish market, where they deefish or fish offal.

Fish which arrive at the fish markets came throtmgh routes, either local or imported; fish couldcbme
infected from the first intermediate host (snaile)Kuwait several reports indicate the presenceeterophyidaecercariae
in snails such agerithideacingulate&Clypeomorusbifasciatausggnd Cerithiumscabridum(Abdul-Salam& Al-Khedery,
1992), (Abdul-Salam & Sreelatha, 1993,1998), (AkKarkt al, 2000)and (Abdul-Salarat al, 2004), but currently no
studies showing the presencetbfheterophyesr H. dispametacercariae in local fish. Although Al-Kandaral, (2013)
sequenced trematodes from Kuwait and identifiedntlas Heterophyidaesp, when comparing such sequevitteshose
obtained in this study, there is a significantaliste between the clades. (Fig.3). Therefore, wilauggest that they are

not belonging to the same genus or species, argbtiree of the recent trematodes could be from itegdish.

In Sardinia, three adults &f. heterophyesobtained from an experimentally infected hamstith metacercariae
found in M. cephalus were used to obtain the molecular sequences 82 Idnd 28S regions. As shown befare,
heterophyesequences in this study clustered in a sisterecleith the Sardiniatl. heterophyesthis result suggests that
H.heterophyeamight have arrived in Kuwait through importk$.disparin this study is not performing a monophyleticdgda
with the Sardinians one although they are groupgdther; this may be due to the variation in thd @rermediate host

which could be from Mugilidae other th&h labrosusandL.ramada

In 2015 Kuwait imported about 10,077 tons of difier types of fish, compared with 3,860 tons of Idish
(Annual Bulletin, fisheries statistics- centraltistical Bureau. the State of Kuwait, 2015). Fish amported from many
countries such as Saudi Arabia, Oman, Iran, Irfeikjstan, Egypt, Turkey and others from Far Eashttees (Director of

the fishery section at Kuwait Municipality Mr. Motmmad Al Failakawi pers comm).

In Saudi Arabia,H. heterophyanetacercariae were detected in one fish spddiegilcephalugkhalil et al,
2014). While adulH. heterophyesvere found in people and animals in Iran (Massbwd, 1981), on the other hand,
adultsH. disparwere detected in cats of Madras in India (Raja&edRaja, 1988), but still, the source of infectianboth
Iran and India is unknown. In Pakistad; heterophyasetacercariae were present in some fish specieshvdre not
present in the Kuwaiti markets (Marceisal., 2012).

Kuwait imports Mugil cephalus(Bori) and Oreochromis niloticus(Bolti) from Egypt, Dicentrarchuslabrax
(European seabas§parus auratdgilthead seabream) and Agyrosomaggus (meager) from Turkey.(Husain Al Sayegh,

PAAF- Fisheries laboratory head pers comm).Egyptk&y,and Sardinia all are located in the Medit@zen Sea region.

Currently, there is no indication that the imporfearkish fish carryH. heterophye®r H. dispametacercariae
although it was found in other fish species (Oktenal, 2010). However, several studies mentioned thrairoence of
both heterophyids in both Egyptian fishes (Fahmyiége1959), (EI- Shazlgt al, 2007), (Abou-Eishet al, 2008),
(Berger, 2010). Suggesting the migration of theaeagites originated from Egyptian imports. Furthemm the snalil
Pirenellaconicavas reported as a first intermediate host for bdthheterophyegTaraschewski&Paperna, 1981) and
H.dispar(Hunget al., 2013)in Egypt from the Mediterranean Sea (Tdrasski&Paperna, 1981).

Transmission of these trematodes occurs by congumsiw or newly salted or pickled fisl. heterophyes
infection is common in Egypt, where the pickled lu(Mugil cephalu} is traditionally eaten at the feast of Sham- al
Nessim (Woo, 2006). In1933, Khalil reported thatysted metacercaiae bf. heterophyegould remain in salted fish

(locally known as Fessikh) and remain viable foleast week.
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The human infections in Kuwait can occur througmaathways. In 2014 there were more than 2.4 onilli
expatriates from more than fourteen nationalitiemd in Kuwait, of which, approximately half a ridn of them are

Egyptians (Gulfnews.com).

Kuwaitis also have other food habits which can eaungection, grilling mullet without cleaning ithd sucking
the head including the gills in addition to eatimg flesh with the entire viscera, grilling fish llyis way makes fish
tender, oily and tasty according to local fish IeveGrilling for 5 and 10 minutes was not suffidiém destroy all encysted
metacercariae in fish muscles (Abou- Aigtal, 2008). In mullet kept at 50 and 100°C respedbtivibe parasite lived for
180 and 10min (Hamad & Elias, 1970).

Furthermore; El-Azazt al, 2015 mentioned that expatriate laborers haven lmsserved cleaning fish then
disposing of the offal in the garbage to be acakbyestray cats which are a good indicator of F#irthe environment of
Kuwait. The Ecology Global Network estimates there are about 600 million small cats in the wofldis includes pets,
strays, homeless and feral cats. The wild catseatmmber about 100 million. Those cats can be aallext transmitter of
FZT.

In Kuwait, most people will capture stray catstie neighborhood and release them near the fishatsavkhere
they can find a frequent supply of fish and/or figfal, this method can increase the concentratimhtypes of trematodes

that can be transmitted to those cats.
CONCLUSIONS

The results of the current study give a molecuktadf adultdH. heterophyesnd H. disparusing ITS2 rDNA
region and shows a close relationship betwklerheterophyesrom Kuwait and that from Sardinia and gives us an
approximate answer about the sourceHoteterophyesnd H.dispatrematodes which could be the imported Egyptian
fishes,(Mugilidae) especialli.cephalud-urther investigations should be done to examiheéypes of fishes that are

present in the Kuwaiti fish markets for the detetf fish-borne trematodes.
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Figure 1: Heterophyesheterophyes
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Figure 2: Heterophyesdispar

99 KU674951 _ Heterophyes heterophyes (SAR)
ga[[| KX431324_ yeterophyes heterophyes (KWT)
KX431326 _Heterophyes dispar (KWT)

KU764960_ Heterophyes nocens (SAR)
33 KUE74953_Heferophyes sp.- small(SAR)

KUG74958 _ Stictodora sp
29 KT020827 _ Heterophyidae sp
= KF447593 _ Acanthotrema tridactyla
KFA483577 _ Heterophyidae sp
KM
53
B6

591477_Euryhelmis zelleri
ABS17587_Haplorchis pumilie

HMO004164_ Procerovum cheni

32 KT877411_ Pygidiopsi: te
JQ30546_ Centrocestus sp

98 HMO004172_ Stellantch Fall

KUE74955_ Ascocotyle sp
KM061402_ Metagonimus katsuradai

LC224085_ Echinostoma revolutum

F—‘U?—{

Figure 3:Maximum likelihood tree showing the phylogenetic réationships between the obtaineH. heterophyes and

H. dispar sequences and other trematode sequences from therBank based on ITS2analysl
Note: (KWT) KUWAIT. (SAR) SARDINIA

Table 1: Trematodes used folPhylogeneticAnalysis with their RespectiveGenbank Accession Numbers

Trematode Host Locality Accession Number
Acanthotrematridactyla Cerithidea cingulat Kuwait KF447593
Ascocotylsp Chelorlabrosus Sardinia KU674955
Centrocestusp Melanoidestubercula Iran JQ390546
Echinostomarevolutum Anas platyrhynchos domestir | Bangladesh LC224085
Euryhelmiszelleri Bythinellaaustriac Slovakia KM594177
Haplorchispumilio Homo sapienc Viet Nam AB517587
Heterophyesdispar Stray cats(Feliscatus) Kuwait KX431328

. Sardinia(Western
Heterophyesheterophyes | Adult: Hamster Mediterranean Sea KU674951
rl-ll_eterophyesheteroph)(é's Stray cat (Feliscatus) Kuwait KX431324
is study)

Impact Factor (JCC): 5.0273 NAAS Rating 3.73
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Table 1: Contd.,
. Sardinia(Western
*
Heterophyesp (small) Liza ramada Mediterranean Sea KU674953
Heterophyesnocens Adult: Domestic cat Sard_lnla(Western KU674960
Mediterranean Sea
Heterophyidasp India KT020829
Metagonimuskatsuradai Tanakla_lllmbatalab host Thailand KM061402
Mesocricetus auratus
Procerovumcheni Anabas test_udmedab Thailand HMO004164
hostMesocricetus auratus
Pygidiopsismacrostomum Poecilia vivipara Brazil KT877411
Stellantchasmusfalcatus | Adult trematodes Viet Nam HM004172
Stictodorasp Liza saliens Sard_lnla(Western KU674958
Mediterranean Sea
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