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Abstract Gastrodiscoides hominis (Digenea: Paramphisto-
mata: Gastrodiscidae) is an amphistomid intestinal fluke of
pigs causing gastrodiscoidiosis. With the use of molecular
tools assisting the conventional diagnostic procedures, we
aimed at finding out molecular characterization of G.
hominis using PCR amplifications of rDNA ITS (I, 2)
sequences. The sequences obtained (GenBank accession
numbers EF027096, EF027097, EF027098, EU887294,
and EU887295) were compared with available sequences
of other digenean parasites, particularly those having a
zoonotic potential in the northeastern region of India. The
BLAST search revealed a close similarity with members of
the family Paramphistomidae, showing maximum similarity
with the amphistome, Homalogaster paloniae (subfamily
Paramphistominae). Based on various tree construction
methods, phylogeny of G. hominis is discussed.

A-PDF Merger DEMO : Purchase from www.A-PDF.com to remove the watermark

Introduction

Gastrodiscoides hominis, a digenean trematode, is com-
monly found in cecum and colon regions of pig and human
where pig is a normal host species (Ahluwalia 1960; Kumar
1980, 1999) and is the only amphistomid parasite of man
(Mas-Coma et al. 2005). Apart from pig, some other animals
are also found to be infected such as Napu mouse deer
(Tragulus napu), common field rat (Rattus brevicaudatus),
rhesus monkey (Macaca mulatta), and some other species of
monkey (Buckley 1964, Fox and Hall 1970; Herman 1967).
Easwaran et al. (2003) reported a wild pig also infected by
this parasite in Thekaddy forest, South India. G. hominis has
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been reported from American muskrat (Ondatra zibethica) in
Volga Delta, Russia (Ivanov and Semenova 2000). Human
infection was reported in a 7-year-old girl in Nigeria,
diagnosed by eggs in stools (Dada-Adegbola et al. 2004).
The exact life cycle is unknown but probably similar as in
other species of Gastrodiscidae involving aquatic vegetations
as the second intermediate environment that is used for the
encystment of the metacercarial infective stage (Zablotski
1964; Dutt and Srivastava 1972; Mas-Coma et al. 2007).
Gastrodiscoidiosis has symptoms similar to diarrhea and, if
untreated, might kill the patient, mostly children (Kumar
1980). Eggs are voided in feces, but species identification and
diagnosis of infection from eggs alone may be problematic,
since most amphistomid eggs have similar morphology.

G. hominis has a wide distribution throughout India
including the states of Assam, Bengal, Bihar, Uttar Pradesh,
Madhya Pradesh and Orissa (Shrivastav and Shah 1970;
Murty and Reddy 1980). Apart from India, it is widely
distributed in countries like Pakistan, Burma, Thailand,
Vietnam, Philippines, China, Kazakhstan, and Russia
(Ahuwalia 1960; Buckley 1939; Kumar 1980; Harinasuta
et al. 1987; Yu and Mott 1994; Ivanov and Semenova
2000). Buckley (1964) reported high prevalence of Gastro-
discoides in humans, mostly children (around 41%), in
Kamrup district of Assam, India. In a later study carried out
in Meghalaya (India), G. hominis was shown to have
seasonal prevalence (Roy and Tandon 1992).

The application of DNA methods to studies on the
systematics and population genetics of platyhelminth parasites
has become widespread in recent years, since identification
based on morphology is not always unequivocal. With the use
of PCR and sequencing approaches, taxonomic issues can be
resolved quite accurately by comparing the DNA of the taxa,
utilizing genetic markers in nuclear ribosomal DNA in
particular (Blair et al. 1996; Hust et al. 2004). The ribosomal
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non-coding DNA internal transcribed spacer regions (ITSI
and ITS2) can be utilized for species level diagnosis, as these
are the most conserved genes in eukaryotic cells showing an
extreme sequence similarity even between distant phyloge-
netic taxa (Hillis and Dixon 1991). ITS sequences were found
to be useful in characterizing the species of Fasciolopsis and
Paragonimus that occur as potential zoonoses in the
northeastern regions of India (Prasad et al. 2007; Tandon et
al. 2007). With regard to amphistomid trematodes, the
published information about ITS2 sequences is so far limited
to only a few species, namely Calicophoron calicophorum,
C. daubneyi, C. microbothrioides, Orthocoelium streptocoe-
lium and Homalogaster paloniae (Itagaki et al. 2003).

As the eggs pose a greater challenge in species level
diagnosis than the much larger adults, the present study aimed
at amplifying the ITS1 and ITS2 regions of (rDNA derived
from egg and adult) G. hominis, yet another trematode
parasite of zoonotic implications in the region; the informa-
tion emerging from the study would be useful in differen-
tiating this species from other trematode-bome potential
zoonoses viz. Paragonimus westermani, Fasciolopsis buski,
Fasciola gigantica, Clonorchis sinensis and Opisthorchis
viverrini for all of which ITS (1 and 2) regions have been
characterized and will be further used for assessing the
extent of genetic diversity, if any, of the parasite,

Materials and methods

Parasite material and DNA isolation

Live adult G. hominis flukes were obtained from the
intestine of freshly slaughtered pigs of Assam and Megha-

laya origin, Sus scrofa domestica, at local slaughter houses.
To isolate DNA, five adult worms each collected from
different host animals of the two geographical locations
were processed singly; they were first immersed in
digestion extraction buffer (containing 1% SDS, 25 mg
Proteinase K) at 37°C overnight. DNA was then extracted
from lysed individual worms by standard phenol chloro-
form technique (Sambrook et al. 1989). Eggs were taken
out from the mature adult fluke by squeezing between two
slides and placed on the FTA cards (Whatman Biosciences
Ltd.). The cards were dried for 1 h, punched, and two sample
discs were taken from each card for one PCR reaction.
Sample discs were washed with Whatman'’s FTA purification
reagent and TE buffer, and allowed to dry for 1 h at room
temperature, after which they were ready for PCR.

DNA amplification, sequencing, and its analysis

The rDNA region spanning the ITS regions was amplified
from genomic DNA obtained from the adult or egg stage,
by PCR. We used the universal primers based on conserved
ITS sequences of Schistosoma species (Bowles et al, 1995)
as detailed below:

1. ITS1 region—BDI (forward): 5-GTCGTAACAAG
GTTTCCGTA-3' and 4S (reverse): 5-TCTAGATGCG
TTCGAA (G/A) TGTCGATG-3'

2. ITS2 region—3S (forward): 5'-GGTACCGGTGGATC
ACTCGGCTCGTG-3' and A28 (reverse): 5'-GGGATC
CTGGTTAGTTTCTTTTCCTCCGC-3'

The PCR amplification was performed following the
standard protocol (White 1993) with minor modifications as
described clsewhere (Prasad et al. 2007; Tandon et al.

Fig. 1 Pair-wise alignment of Adult 51 TACTGCTTIGAACATCGACATCTIGRACGCATATIGCGGCCACGGGTTTT 100
ITS2 sequence of egg and adult ERREREERE T e et
stages of G. hominis Egg 49 TACTGCTTIGAACATCGACATCTTGAACGCATATIGCGGCCACGGGTTTT 98
Adult 101 CCTGTGGCCACGCCTGICCGAGGGTCGGCT TATARACTATCACGACGCCC 150
NN NN RN AT
Egg 99 CCTGTGGCCACGCCTGTCCGAGGGTCGGCTTATAAACTATCACGACGCCC 148
Adult 151 ARAAAGTCGIGGCTIGGAATCTGCCAGCTGGCGIGATTTICCTCTGIGGTT 200
PELLRREERER R e it
Egg 149 AAARAGTCGTGGCTIGGAATCTGCCAGCTGGCGTIGATTTICCTCTGIGGTT 198
Adult 201 CGCCACGTGAGGTGCCAGATCTATGGCGITTTICCTARTGTCTCCGGACAC 250
FERRERRREE et e e et e et
Egg 199 CGCCACGTGAGGTGCCAGATCTATGGCGTTTTCCTAATGTCTCCGGACAC 248
Adult 251 ARCCGCGICTIGCIGGTAGCGCAGACGAGGGTGTGGCGGTAGAGICGT-G 299
RN RN NN RN NN NN RARR RN
Egg 249 AACCGCGICTIGCIGGTAGCGCAGACGAGGGTGTGGCGGTAGAGTCGTGG 298
Adult 300 CTCARTGTAATGIATGIGGTATCACGCTCTTCIGITGTIGCCTTIGTTAGT 349
PERLERERREI T ORR it LR b b e
Egg 299 CTCARTGTAATGIATGIGGTAGCACGCTCIGCIGTTGTGCCTTIGTTAGT 348
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Fig. 2 Neighbor-Joining tree of

ITS| sequences of 0

(., hominis and other zoonotic
trematodes showing bootstrap
values and distance
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2007). The PCR cocktail (final reaction volume 25 pl) was
amplified with the following conditions for ITS|—initial
denaturation at 94°C for 5 min, then 35 cycles including
denaturation at 94°C for 60 s, annealing at 54°C for 50 s,
extension at 72°C for 80 s, followed by final extension for
7 min at 72°C. For amplification of ITS2 region, the
conditions were as follows—initial denaturation at 94°C for
5 min, then 26 cycles including denaturation at 94°C for
30 s, annealing at 55°C for 38 s, extension at 72°C for 42 s,
followed by final extension for 10 min at 72°C. The
resultant PCR products were separated by electrophoresis
through 1.5% (w/v) agarose gel in TAE buffer, stained with
ethidium bromide, transilluminated under ultraviolet light,
and then photographed. The known size fragments of
100 bp ladder in agarose gel were used as marker. For
DNA sequencing, the PCR products were purified using
Genei Quick PCR purification kit, sequenced in both
directions using PCR primers on an automated sequencer
by DNA sequencing services of The Centre for Genomic
Applications, New Delhi, India, and submitted to GenBank

T AF 151946 Plagiorchis koreanus

under the accession numbers EF027096 (ITS2, adult),
EF027097 (ITS2, egg), EF027098 (ITS1, adult),
EU887294 (ITS1, adult), and EU887295 (ITS2, adult).

The ITS1 and ITS2 sequences were compared using
nucleotide BLAST (blastn) with default settings (URL
http://www.ncbi.nlm.nih.gov/blast), and phylogenetic pre-
diction was done by CLUSTALW (URL http://www.ebi.ac.
uk/clustalw) for each query DNA sequence. Phylogenetic
reconstructions were done using the MEGA 4.0 package
(Tamura et al. 2007). ITS sequences were entered in MEGA
for construction of the phylogenetic trees using maximum
parsimony and distance methods, namely the Neighbor-
Joining, UPGMA, and Minimum Evolution.

Results
The ITS1 and ITS2 regions of G. hominis DNA of adult

fluke and egg origin were successfully amplified by using
the abovementioned trematode primers. The size of the

EF027098 Gastrodiscoides hominis
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Fig. 3 Maximum parsimony tree of ITS| sequences of . hominis and other zoonotic trematodes showing bootstrap values and distance
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amplified DNA from the adult parasite was 841 bp for ITSI
and 494 bp for ITS2 with flanking regions. The ITS2
sequences of the egg and adult stage DNA of the parasite
were aligned and found to be absolutely similar in both
(Fig. 1), thus revealing no stage-specific difference.

The sequences were aligned in BLAST. Sequences
generated from both the geographical isolates (of Assam
and Meghalaya origin) were found to be identical.
Phylogenetic analyses using the various distance methods
and character state method like maximum parsimony show
that the topology is similar among the trees obtained. Since
the ITSI sequences of paramphistomid trematodes are not
available in the GenBank database so far, the sequences
available for other digenean parasites were used for
alignment. Phylogenetic trees constructed showed that the
query ITS1 G. hominis forward and reverse sequences
stand close to and are similar in descending order to the
sequences of Petasiger phalacrocoracis, Paryphostomum
radiatum, Fasciola gigantica, Fasciolopsis buski, Crassi-
cutis choudhuryi, Paragonimus westermani, Haplorchis
taichui, Dexiogonimus ciureanus, Opisthorchis viverrini,
Clonorchis sinensis and Plagiorchis koreanus (Figs. 2 and
3). The ITS2 sequences of G. hominis were aligned with
those available for other members of the family Param-

Fig. 5 Maximum parsimony

phistomidae, Echinostomata, and also of other families
having zoonotic potential in the region and neighboring
countries. The phylogenetic trees based on ITS2 sequences
showed close resemblance with Homalogaster paloniae,
Orthocoelium streptocoelium, Calicophoron calicophorum,
Opisthorchis viverrini, Hypoderaeum conoideum, Eupar-
yphium albuferensis, Echinostoma caproni, Fasciola gigan-
tica, Fasciolopsis buski and Paragonimus westermani
(Figs. 4 and 5), maximum similarity being shown with H.
paloniae with significant bootstrap value. The values 70%
and above in the bootstrap test of phylogenetic accuracy
indicated reliable grouping among different members of
Paramphistomidae.

Discussion

Morphological differences found in adult specimens
have been widely used for platyhelminth discrimination
(Miyazaki 1974). However, traditional diagnostic techni-
ques are now being complemented by a variety of molecular
tools to help in resolving the taxonomic issues associated
with describing new species or strains on the basis of
phenotypic characteristics (Thompson et al. 2004). PCR-

EF027096 Gastrodiscoides hominis

tree of ITS2 sequences of G. 100 36.200
hominis and other zoonotic Py “ 5.333 AR0A2190 Homslogeeter belanise
trematodes showing bootstrap 61 91 2.200 : AB042188 Calicophoron calicophorum
value and distance 17.483 e r - AB042189 Orthocoelium streptocoelium
: AY584735 Opisthorchis viverrini
35.267
—,WE AJ564385 Hypoderaeum conoideum
100 18.750 AJ564384 Euparyphium albuferensis
51.033 £ : :
69 g AJ564382 Echinostoma caproni
17817 QS'I—W EF027103 Fasciola gigantica
pogeess 16.717 I—ZBF- DQ351841 Fasciolopsis buski
‘ DQ351845 Paragonimus westermani
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based techniques using the ITS sequences have been
proven to be a reliable tool to identify the various lung
fluke species and their phylogenetic relationships (Blair et
al. 1999; Iwagami et al. 2000; Tandon et al. 2007). In the
phylogenetic analysis of the ITS1 sequence and comparison
with the available sequences of other Digenea, G. hominis
shows close resemblance with members of Paramphistomi-
dae and Fasciolidae due to lack of sequences for amphis-
tomes. In case of ITS2 sequences, G. hominis stood close to
the members of families Paramphistomidae and Echinosto-
matidae. Based upon the trees constructed, two distinct
clusters are revealed: one of Paramphistomidae and other
for Echinostomatidae. The ITS2 sequences in the present
study showed a higher bootstrap value confirming that it is
a highly conserved monophyletic group compared to ITS1,
the results being in accordance with other studies on
trematodes (Luton et al. 1992; Prasad et al. 2007).

The present study herewith provides the first molecular
characterization of G. hominis using ITS1 and ITS2
sequences. However, to ascertain intra-specific strain
variations, if any, and to determine the population structure
and genetic variability, different geographical isolates of G.
hominis from the region need to be studied with the use of
additional molecular markers.

Acknowledgements This study was carried out under the Depart-
ment of Biotechnology-sanctioned project to VT & AC and partly
supported by DSA (UGC-SAP) program in the Department of
Zoology and UPE-Biosciences program in the School of Life Sciences
at NEHU, Shillong. We are also thankful to the Coordinator,
Bioinformatics Centre NEHU, for allowing access to its facility.

References

Ahluwalia §S (1960) Gastrodiscoides hominis (Lewis and McConnell,
1876) Leiper, 1913—the amphistome parasite of man and pig.
Indian J Med Res 48:315-325

Blair D, Campos A, Cummings MP, Laclette JP (1996) Evolutionary
biology of parasitic platyhelminths: the role of molecular
phylogenetics. Parasitol Today 12:66-71

Blair D, Wu B, Chang ZS, Gong X, Agatsuma T, Zhang YN, Chen
SH, Lin JX, Chen MG, Waikagui J, Guevara AG, Feng Z, David
GM (1999) A molecular perspective on the genera Paragonimus
Braun, Euparagonimus Chen and Pagumogonimus Chen. J
Helminthol 74:295-299

Bowles J, Blair D, McManus DP (1995) A molecular phylogeny of
the human schistosomes. Mol Phylogenet Evol 4:103-109

Buckley JIC (1939) Observations on Gastrodiscoides hominis and
Fasciolopsis buski in Assam. J Helminthol 17:1-12

Buckley JJC (1964) The problem of Gastrodisecoides hominis (Lewis
and McConell, 1876) Leiper, 1913. J Helminthol 38(1/2):1-6

Dada-Adegbola HO, Falade CO, Oliwatoba OA, Abiodun QO (2004)
Gastrodiscoides hominis infection in a Nigerian—case report.
West African J Med 23:185-186

Dutt SC, Srivastava HD (1972) The life history of Gastrodiscoides
hominis (Lewis and McConnel, 1876) Leiper, 1913, the
amphistome parasite of man and pig. J Helminthol 46:35-46

Easwaran KR, Reghu R, Pillai KM (2003) Parasitic infection of some
wild animals at Thekkady in Kerala. Zoos’ Print J 18:1030

Fox JG, Hall WC (1970) Fluke (Gastrodiscoides hominis) infection in
a rhesus monkey with related intussusception of the colon. J
Amer Vet Med Assoc 157:714-716

Harinasuta T, Bunnag D, Radomyos P (1987) Intestinal fluke
infections. Bailliere Clin Trop Med Commun Dis 2(3):695-721

Herman LH (1967) Gastrodiscoides hominis infestation in two
monkeys, Vet Med Small Anim Clin 62:355-356

Hillis DM, Dixon MT (1991) Ribosomal DNA: molecular evolution
and phylogenetic inference. Q Rev Biol 66:411-453

Hust J, Frydenberg J, Sauriau PG, Gall PL, Mouritsen KN, Jensen KT
(2004) Use of ITS rDNA for discriminating of larval stages of
two microphallid (Digenea) species using Hydrobia ulvae
(Pennant, 1777) and Corophium volutator (Pallas, 1766) as
intermediate hosts. Parasitol Res 93:304-310

Itagaki A, Tsumagari N, Tsutsumi K, Chinone S (2003) Discrimina-
tion of three amphistome species by PCR-RFLP based on rDNA
ITS2 markers. J Vet Med Sci 65:931-933

Ivanov VM, Semenova NN (2000) Parasitological consequences of
animal introduction. Russian J Ecol 31:281--283

Iwagami M, Lo LY, Su K, Lai PF, Fukushima M, Nakano M, Blair D,
Kawashima K, Agatsuma T (2000) Molecular phylogeographic
studies on Paragonimus westermani in Asia. ) Helminthol
74:315-322

Kumar V (1980) The digenetic trematodes, Fasciolopsis buski,
Gastrodiscoides hominis Artyfechinostomum malayanum, as
zoonotic infections in South Asian countries. Ann Soc Belge
Med Trop 60:331-339

Kumar V (1999) Trematode infections and diseases of man and
animals. Kluwer, Dordrecht

Luton K, Walker D, Blair D (1992) Comparisons of ribosomal internal
transcribed spacers from two congeneric species of flukes
(Platyhelminths: Trematoda: Digenea). Mol Biochem Parasitol
56:323-328

Mas-Coma S, Bargues MD, Valero MA (2005) Fascioliasis and other
plant-borne trematode zoonoses. Int J Parasitol 35:1255-1278

Mas-Coma S, Bargues MD, Valero AM (2007) Plant-borne trematode
zoonoses: fascioliasis and fasciolopsiasis. In: Murrel KD, Fried B
(eds) Food borne parasitic zoonoses, vol. 11, part II. Springer,
New York, pp 293-334

Miyazaki I (1974) Lung flukes in the world. Morphology and life
history. In: Sasa M (ed) A symposium on epidemiology of
parasitic diseases. International Medicine Foundation of Japan,
Tokyo, pp 101-133

Murty CV, Reddy CR (1980) A case report of Gastrodiscoides
hominis infection. Indian J Pathol Microbiol 23:303-304

Prasad PK, Tandon V, Chatterjee A, Bandyopadhyay S (2007) PCR-
based determination of internal transcribed spacer (ITS) regions
of ribosomal DNA of giant intestinal fluke, Fasciolopsis buski
(Lankester, 1857) Looss, 1899. Parasitol Res 101:1581-1587

Roy B, Tandon V (1992) Seasonal prevalence of some zoonotic
digenean infections in cattle and pigs in a humid subtropical
montane zone in India. Vet Parasitol 41:69-76

Sambrooke J, Fritsch EF, Maniatis T (1989) Molecular cloning: a
laboratory manual, 2nd edn. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor

Shrivastav HO, Shah HL (1970) On Gastrodiscoides hominis (Lewis
and McConnell, 1876) Leiper, 1913 from pigs (Sus scrofa
domestica) in Madhya Pradesh, its pathology and public health
importance. Indian J Pathol Bacteriol 13:68-72

Tamura K, Dudley J, Nei M, Kumar S (2007) MEGA4: Molecular
Evolutionary Genetics Analysis (MEGA) software version 4.0.
Mol Biol Evol 24:1596-1599

Tandon V, Prasad PK, Chatterjee A, Bhutia PT (2007) Surface fine
topography and PCR-based determination of metacercaria of

@_ Springer



1490

Parasitol Res (2009) 104:1485-1490

Paragonimus sp. from edible crabs in Arunachal Pradesh,
Northeast India. Parasitol Res 102:21-28

Thompson RCA, Zarlenga DS, La Rosa G, Pozio E, Rosenthal B, Bandi
C, Mortarino M, Casiraghi M, Genchi C, Gasser RB, Hu M,
Chilton NB, Matthews JB, Hodgkinson JE (2004) Advances in the
diagnosis and systematics of parasites of veterinary importance:
new and exciting prospects. In: Gasser RB, Zarlenga DS (eds).
Molecular systematics and diagnosis. Vet Parasitol 125:69-92

a Springer

White BA (1993) PCR Protocols, current methods and applications.
Volume 15, Humana, Totowa

Yu SH, Mott KE (1994) Epidemiology and morbidity of food-borne
intestinal trematode infections. Trop Dis Bull 91(7):R125-
R152

Zablotski VI (1964) Early development stages of Gastrodiscoides
hominis Lewis et McConnell, 1876. Sb Parazit Rab Trudy
Astrskh Zapovedn 9:119-126



