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Abstract

Platyhelminths belonging to the family Clinostomidae (Digenea) have a worldwide distribution and are known to infect
piscivorous birds through their intermediate hosts, usually fish species. In the present study, clinostome metacercariae were
collected from fish hosts, including Channa punctata (Bloch 1793) (n=25) and Trichogaster fasciata Bloch and Schneider
1801 (n=25), from a freshwater system in India. The experimental infection of cattle egrets, Ardea (Bubulcus) ibis Linnaeus
1758, with some of the live metacercariae found in the present study was successful. Live adult parasites were obtained
from the buccal cavity of the birds. Both metacercaria and adult specimens were subjected to molecular studies to obtain
the sequences of 28S, ITS1, and ITS2 (nuclear rDNA) regions. The parasites were found to belong to three species, Clinos-
tomum giganticum Agarwal 1959; C. piscidium Southwell and Prashad 1918; and Euclinostomum heterostomum (Rudolphi
1809). Phylogenetic analyses of the sequences obtained from the adults and metacercariae established a link between the
metacercariae in the fish hosts and adults in the avian host, which is essential to elucidate their partial life cycle and specify

morphological characteristics in the metacercarial stage.
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Introduction

Parasites belonging to the family Clinostomidae (Digenea)
have an indirect life cycle. Adult parasites inhabit the oral
cavity, pharynx, or esophagus of fish-eating birds, reptiles,
and occasionally some mammals (Kamo et al. 1962; Kagei
et al. 1988; Kanev et al. 2002). The cercarial stage infects
various snail species, and the metacercarial stage is found in
several freshwater fish species (Mitchell 1995; Aghlmandi
et al. 2018; Caffara et al. 2020; Shamsi et al. 2021b), causing
“yellow grub” in them. In the Indian subcontinent, descrip-
tions of metacercariae belong to those of Clinostomum pis-
cidium Southwell and Prashad 1918 from Nandus nandus
(Hamilton 1822) and Trichogaster fasciata Bloch and Sch-
neider, 1801 (e.g., Bhalerao 1942; Singh 1959; Pandey and
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Baugh 1969). Another metacercaria, C. giganticum Agarwal,
1959 was found in Channa punctatus (Bloch 1793) at Jabal-
pur (Madhya Pradesh) (Agarwal 1960).

Unlike morphological data on clinostomid parasites in
India, our knowledge of their genetic characterization is
poor. Nowadays, the use of sequence data to validate the
taxonomic status of parasites or specifically identify imma-
ture and larval stages of parasites and elucidate their life
cycle is common and has proved useful (Nolan and Cribb
2005; Shamsi et al. 2011). Ribosomal DNA (rDNA) has
frequently been exploited as a prospective marker for phy-
logenetic studies. The present study aimed to genetically
characterize metacercariae belonging to the family Clinos-
tomidae from freshwater fish in India in order to specifically
identify them.

Materials and methods

The protocols for this study were based on the animal eth-
ics guidelines of the University of Lucknow, India, Protocol
number: LU/ZOOL/SR-SM/Res/NA/11-2014. A total of 50
fish belonging to two species, Channa punctatus (n=25)
and Trichogaster fasciata (n=25) were purchased from
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fishermen. They were caught in Naya Tal at Barabanki (26°
55'N, 81° 11" E), U.P., India. They were transported to the
Helminthes Laboratory of Lucknow University in aerated
polyethylene and maintained in aquaria under proper aera-
tion. They were fed on commercial pellets containing macro-
nutrients (soybean meal, wheat, rice flour) and vitamins (A,
C, D3, E). The fish were euthanized by overdosing them
with anesthetics (trichloro-tertiary-butyl-alcohol). They
were examined for the presence of parasites according to
standard protocols (Fernando et al. 1972).

Morphological and molecular analyses were performed to
determine the species of the parasites. Metacercariaec were
recovered from fish and if encysted, a sharp needle was used
to remove them. After fixing them in ethanol, a small section
was cut from the parasite for DNA extraction. The parasites
were then fixed between two glass slides with 70% ethanol
(Aghlmandi et al. 2018; Shamsi et al. 2021b). The infected
organs, number of cysts per fish and other important data
such as the fish’s species and locality were recorded. The
prevalence (P), mean intensity (MI), and mean abundance
(MA) of parasites were calculated according to Bush et al.
(1997).

To obtain adult worms, two cattle egrets (Bubulcus ibis
Linnaeus, 1758) were first treated with Praziquantel. The
buccal cavity and fecal matter of each egret were examined
over 4 days to ensure there was no existing infection. Then,
one egret was fed with six live metacercaria of C. pisicidium
with the help of glass droppers. The buccal cavities were
regularly examined for the adult worms as well as the fae-
ces for eggs. After 8 days, five worms were found, firmly
attached by their suckers to the mucous membrane of the
buccal cavity of the bird. Adult parasites were then carefully
collected from the buccal cavity with the aid of forceps with-
out any harm to the bird. Then, the same bird was infected
with six live metacercaria of C. giganticum and similarly
only five adult worms were collected after 8 days. The sec-
ond bird was fed with six live Euclinostomum metacercar-
iae and five adult worms were collected. All worms were
subjected to both morphological and molecular analyses,
as mentioned above. Note that prior to feeding to the birds,
the metacercaria were separated into different morphotypes,
based on overall morphological characteristics as described
in the “Discussion’ section, and then identification was con-
firmed following sequences were obtained.

Both the metacercariae and adults were fixed in 70% etha-
nol, stained in aqueous aceto-alum carmine, dehydrated in
graded ethanol series, cleared in clove oil, and mounted in
DPX. Figures were made using a drawing tube attached to a
phase contrast microscope (Olympus CX-41, Tokyo, Japan).
Measurements were taken in mm with the aid of an ocular
micrometer. Voucher specimens were deposited in the Hel-
minthological Collection of the Zoological Survey of India,
Kolkata, under accession numbers W10418/1 to W10422/1.

Genomic DNA was individually extracted by Qiagen’s
DNeasy Tissue Kit (Qiagen Hilden, Germany), following
the manufacturer’s instructions. PCR was performed using
primer sets and conditions detailed in previous studies
(Bowles et al. 1995; Mollaret et al. 2000) to amplify the
ITS-1, ITS-2, and 28S regions. The purified PCR products
were subjected to sequencing. Sequencing was carried out
by Genomics Crop-Xceleris, Bangalore, using an automated
sequencer (model name 3130 x 1/3130x/GA-1203-019).
The sequences obtained were deposited in GenBank under
accession numbers KY247140-1, KY273277-8, KY29051-2,
KY304778-80, KY311833-4, KY312846-8, and KY319339-
41. An alignment was constructed by Clustal W (Thompson
et al. 1994). Phylogenetic trees were generated using MEGA
6 (Tamura et al. 2013) and analyzed using the neighbor-join-
ing (NJ) and maximum likelihood (ML) methods for each
dataset (28S, ITS1, and ITS2). Potential species were distin-
guished by clustering in the NJ method of the best nucleotide
substitution model estimated by the “Kimura 2 parameter
model.” More complicated models may sometimes yield
inconsistent results when large numbers of sequences are
compared. The best model (general time reversible model)
for ML analysis was selected with a gamma distribution of
rates and proportion of invariant sites (GTR + G +1), which
provide the best fit to the data. All positions containing gaps
and missing data were eliminated. The reliability of internal
branches in all the trees was estimated using the bootstrap
method with 1000 replicates (Hillis et al. 1993).

Results

The prevalence, mean intensity, and mean abundance
of metacercariae found in the present study are shown in
Table 1. Both fish species were found to be infected with

Table 1 Prevalence, mean
intensity, and relative densities
of metacercariae found in the

present study

Fish host Parasite No of host No of Prevalence No. of Mean Mean abun-
examined infected (%) Parasite  intensity dance
Fish
Channa punctatus C. giganticum 25 5 20 10 2 0.40
Channa punctatus E. heterostomum 25 16 64 96 6 3.84
Trichogaster fasciata C. piscidium 25 18 72 72 4 2.88
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metacercaria of Clinostomum. Of six metacercariae fed to
the birds, five adults were recovered after 8 days (success
rate of 83%). For all three parasite species, six metacercaria
were fed to the birds but only 5 adults were recovered after
eight days (success rate of 83%). The presence of eggs con-
firmed the maturity of the worms collected from the birds.
It was observed that after feeding the birds with metacer-
cariae, they were not visible in the buccal cavity, assuming
they entered the gut of the birds. The birds’ buccal cavities
were regularly checked by opening their beaks. Worms first
appeared after 7 days but were collected after 8 days.

The parasites were identified to species level based on
the morphology of the adult worms collected from the birds,
and then the sequences of both adults and metacercaria were
obtained. Metacercariae were identified based on the match-
ing sequence with adult specimens.

A total of three species were found in the present study,
C. giganticum, C. piscidium, and Euclinostomum heterosto-
mum (Fig. 1). Metacercariae of C. giganticum and E. heter-
ostomum were found in Channa punctatus whereas C. pis-
cidium metacercaria was found in Trichogaster fasciata. No
mixed infection was observed in the individual of Channa
punctatus examined in the present study. Euclinostome
metacercaria were found beneath the operculum within the
branchial chamber of the host, whereas clinostome metacer-
cariae were found in the excysted form in the body cavity of
the host attached to visceral organs.

Metacercaria and adult C. giganticum both had a spinose
body, a subterminal oral sucker smaller than the ventral
sucker, a short tubular esophagus, and intestinal caecae up to
the hind end of body, forming shoulders. There were two tes-
tes with a crenated margin in the metacercaria, but smooth
in adult C. giganticum. The cirrus sac in both metacercaria
and adults was elongated to oval, opening into the genital
atrium. Other characteristics for both developmental stages
included a tubular vesicula seminalis, a small ovary between
the two testes, vitellaria consisting of small vitelline follicles
distributed from the level of the posterior border of the ven-
tral sucker and extending to the posterior extremity of the
body (adult) and a V-shaped excretory bladder.

Metacercaria and adult C. piscidium had a linguiform
body with spines only in the anterior half, a small subtermi-
nal oral sucker, smaller than the ventral sucker in metacer-
caria but almost equal in adults, a pseudo-pharynx, smooth
intestinal caecae, forming shoulders in the adult, gonads in
the middle third of the body, two testes, deeply lobed with a
crenated margin in the metacercaria but with a smooth bor-
der in the adults, cirrus sac, ovoidal ovary between the two
testes, large uterus in the middle line, extending anterior to
the lower margin of the ventral sucker, opening posteriorly
into the genital atrium, a genital pore at the middle level of
the anterior testis, an excretory U-shaped bladder and excre-
tory pore at the posterior end.

Metacercaria and adult E. heterostomum had aspinous adult
but thin, spinous, fibrous, round to oval shape metacercaria
with a subterminal oral sucker smaller than the ventral sucker.
There was a short esophagus in both metacercaria and adults
with ten to eleven lateral diverticles in the latter form, lobed
testes (anterior curved and U-shaped; posterior Y and triangu-
lar shaped in metacercaria and adult forms, respectively), an
elongated-tubular cirrus sac between two limbs of the anterior
testis, a saccular, vesicula seminalis, a globular ovary between
the two testes, and a subterminal excretory pore.

Measurements of taxonomically important features are
provided in Table 2.

Clinostomum giganticum and C. pisicidium can be mor-
phologically differentiated based on the distance between the
ventral sucker and oral sucker and the width of the ventral
sucker, as well as deep, multilobed testes with a crenated
margin in the metacercaria of the latter species, whereas
almost triangular testes with less digitation in the metacer-
caria of the former species. However, as adults, in both spe-
cies, the testes have a smooth border. The position of the
genital pore also varies in both species. In C. giganticum,
the genital pore opens at the left external margin of the ante-
rior testis, both in metacercaria and adult forms, whereas in
adult C. pisicidium, the genital pore opens at the right side,
slightly away from the external margin of the anterior testis,
and in metacercariae, it opens close to the external margin
to anterior testis in the middle of the body. The shape of
the excretory bladder also varies; it is V- or Y-shaped in C.
giganticum; however, it is U-shaped in C. piscidium. The
extension of intestinal caeca may be better visualized in both
the metacercariae, which can be concealed by vitellaria in
adults.

The 28S, ITS1, and ITS2 sequences of both metacercariae
and adults of Clinostomum species (C. giganticum and C.
piscidium) and E. heterostomum were consistent and identi-
cal with their respective adults. The phylogenetic relation-
ship between parasite taxa in the present study and closely
related taxa is shown in the Supplementary Figure. Panels
b and c in the Supplementary Figure, which are trees built
based on the ITS regions, show that taxa included in the tree
are resolved from one another, whereas in panel a, a tree
built based on 28S sequences, adults, and metacercaria of
C. giganticum are grouped together along with metacercaria
and adults of C piscidium, which suggests ITS-1 and ITS-2
regions may be more reliable for interspecific differentiation
of Clinostomum spp.

Discussion
Parasites belonging to the family Clinostomidae are cos-

mopolitan, potentially zoonotic flukes that have been
poorly studied in India using molecular taxonomic tools.
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Fig. 1 Metacercaria and adult C. giganticum (a and b, respectively),
metacercaria and adult C. piscidium (c and d, respectively), and meta-
cercaria and adult E. heterostomum (e and f, respectively). OS oral

In particular, morphological differences between the differ-
ent developmental stages of the parasites have made their
specific identification more challenging. Therefore, it has
been recommended that morphological identification be
combined with molecular support to ensure increased accu-
racy in identifying Clinostomum species (Briosio-Aguilar
et al. 2019), which is what has been done in the present
study. We provided detailed morphological descriptions

@ Springer

sucker, ES esophagus, VS ventral sucker, T1 anterior testis, T2 pos-
terior testis, OV ovary, CS cirrus sac, VF vitelline follicles, EG eggs

for the identification of the metacercaria and adult stage of
C. giganticum, C. piscidium, and E. heterostomum along
with associated sequence data, which can be used in future
studies on diagnosis, conservation management plans for
freshwater systems, and for public health purposes in India.
Although C. complanatum has been widely known as a
zoonotic parasite (Park et al. 2009), it should be noted that
many medical reports are based on this assumption rather
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than providing evidence on the identity of the parasite (Rah-
mati et al. 2020). Therefore, the occurrence of metacercariae
in their infectious stage in edible fish in the present study
should be considered a potential risk.

Clinostomid parasites have low host specificity and can
infect a diversity of hosts, damaging and impairing them
and, in severe cases, causing death (Sutili et al. 2014; Aghl-
mandi et al. 2018; Montes et al. 2020; Shamsi et al. 2021b).
Although in the present study we examined only two spe-
cies, clearly more work is needed to investigate the extent
of the infection in other fish species and the health impact
on their hosts.

The natural definitive hosts are fish-eating birds
(Shamsi et al. 2013, 2021a; Rosser et al. 2018), but the
link between metacercaria and adult stages is usually
difficult to establish using solely morphological criteria
(Jousson et al. 1998). The present study linked specifically
indistinguishable metacercariae of Clinostomum spp. and
Euclinostomum sp. with their adults, which can be useful
for future studies. During the transformation of metacer-
cariae into an adult, a few morphological differences arise,
including the shape and size of the body, and ratio of the
suckers, and especially, the organization of the genital
complex. The keynote feature of the family Clinostomi-
dae is the unarmed cuticle (Kanev et al. 2002), whereas
the cuticular spines were observed in the present study. It
is noteworthy that during the staining procedure, most of
the cuticular spines can be lost and thus no longer detected
in a permanent slide (Caffara et al. 2014a, 2014b).

Our results suggest that the three species examined in
the present study might be morphologically distinguish-
able. Adult C. giganticum, compared to C. piscidium, have
a longer esophagus, show less digitation in the testes and
have a larger body size. The ratio of the oral sucker to
ventral sucker size is one third to one half in the former
species, whereas it is one half to the same size in the lat-
ter species. The most distinguishing characteristic of E.
heterostomum was its branched caecae. Metacercaria and
adult C. piscidium show a close resemblance in terms of
the position of oral and ventral suckers, the extension of
intestinal caeca, and the position of the genital complex,
except for the smooth margin of the testes. Similarly, meta-
cercaria of E. heterostomum and its adult are almost alike,
except for a few minor differences. For all taxa found in
the present study, the comparative morphology of speci-
mens was nearly identical to the original description, with
minor differences, which could be due to different fixation
and mounting techniques employed.

Our results suggest that ITS-1 and ITS-2 sequences
might be more useful for distinguishing between closely
related taxa belonging to the family Clinostomidae than
28S sequences. This has also been suggested in previous
studies (Curran et al. 2006; Lotfy et al. 2010; Phalee and

@ Springer

Wongsawad 2014). The monophyletic origin of Euclin-
ostomum has also been indicated in previous findings
(Senapin et al. 2014; Caffara et al. 2016), as illustrated
in ITS2 in the present study but not with other markers.
In this study, we report for the first time the link between
metacercariae and adults of two species of Clinostomum
and Euclinostomum.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00436-022-07644-y.
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