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Because Nepal has been virtually unexplored with respect to its trematode fauna, we sampled freshwater snails
from grazing swamps, lakes, rivers, swamp forests, and temporary ponds in the Chitwan district of central
Nepal between July and October 2008. Altogether we screened 1,448 individuals of nine freshwater snail species
(Bellamya bengalensis, Gabbia orcula, Gyraulus euphraticus, Indoplanorbis exustus, Lymnaea luteola, Melanoides
tuberculata, Pila globosa, Thiara granifera and Thiara lineata) for shedding cercariae. A total of 4.3% (N=62)
infected snails were found, distributed among the snail species as follows (B. bengalensis - 1, G. orcula - 11, G.
euphraticus - 8, I. exustus - 39, L. luteola - 2 and T. granifera - 1). Collectively, six morphologically distinguishable
types of trematode cercariae were found: amphistomes, brevifurcate-apharyngeate (likely mammalian
schistosomes), clinostome, gymnocephalus (likely fasciolid), longifurcate-pharyngeate and xiphidiocercaria.
I exustus had the highest prevalence of trematode infection, and harbored all the noted cercarial types except
gymnocephalus cercariae. One double infection (xiphidiocercaria and longifurcate-pharyngeate cercaria) was
found in this snail. Amphistome cercariae were common in G. euphraticus, G. orcula, and I. exustus. The highest

prevalence of infection (38.3%) was recorded among snails collected from temporary ponds.
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Digenetic trematodes (also referred to as digeneans or flukes)
are common parasites of wild and domestic animals in Nepal
(Ghimire 1987, Mahato 1993, Pandey 2001, Devkota 2008,
Karki and Manandhar 2008, Lotfy et al. 2010). These parasites
all undergo obligatory larval development in snails that are
common in the freshwater habitats of the country. Fluke
infections can kill or impair the health of their vertebrate
hosts, including people, and some digeneans from Nepal
are either known to infect people, or are suspected of doing
so (Sherchand et al. 1999, Yong et al. 2000). Furthermore,
several studies suggest that the distribution and prevalence
of trematodes of medical and veterinary significance will be
altered and in some cases enhanced by global climate change
(Patz et al. 2000, Dobson et al. 2003, Mas-Coma et al. 2009).
This potentially includes Fasciola spp., Schistosoma spp. and
Paramphistomum spp.in Nepal. However, before we can hope
to control these trematodes, or to understand the impact of
global climate change on their distribution or abundance
in Nepal, we must first have baseline information for what
species are present, where and how they are transmitted,
and the identity of their snail hosts. Some data are available
from other studies of adult digeneans from their definitive
hosts and the cercariae in freshwater snails of Nepal (Ghimire
1987, Mahato 1993, Sherchand et al. 1999, Yong et al. 2000,
Pandey 2001), but as noted by Devkota (2008), much remains
to be learned. In this study, we report on the infection
rate of various trematode cercariae in certain freshwater
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gastropod species of central Nepal. We focused our research
on the Chitwan area because trematodes, their host snails
and vertebrate hosts that are necessary for propagating the
lifecycle of trematodes are abundant in this region.

Methods

Study area Chitwan district of Nepal, occupying an
area of 2,205.9 km?, lies between 27° 21’ 45” to 27° 52’ 30”
Northlatitude and 83° 54’ 45” to 84°48’ 15” Eastlongitude. The
topography may be described as low hills steeply dissected
by numerous permanent and seasonal drainages. The district
occupies an economically important position between the
Mahabharat Lekh and the Siwalik range, with the most fertile
alluvial floodplain land, forest, rivers and lakes in Nepal.

The climate is subtropical monsoon, which is
characterized by high temperature and extreme variability in
precipitation with hot, humid summers and cool, dry winters.
Over 75% of the annual rainfall is concentrated during the
monsoon from June through September, and rainfall from
January to April is very low, with an annual average of 2,318
mm.

Collection and identification of freshwater snails

Freshwater snails were surveyed around four key areas:
Jamunapur (N 27° 49.005, E 85° 23.433’), Tikauli (N 27°
38.051’, E 84° 29.074’), Sauraha (N 27° 34.386’, E 84° 29.387’)
and Shisuwar Bagar (N 27° 35.523’, E 84° 30.011’) of Chitwan



[ Research paper

district (Figure 1). Live snails from rivers,
grazing swamps, lakes, temporary ponds, and
swamp forests were collected with the help of
metal sieves or triangular scoops mounted on
a long bamboo handle as recommended by
Coulibaly and Madsen (1990). The collected
snails were kept in dark-colored bottles with
wet pieces of papers to keep them alive,
and brought to the laboratory for screening
within 2 to 3 hours of collection. Infected snail
individuals are characterized as “positive”
whereas non-infected snails are “negative”. The
snail species were identified according to Subba
Rao (1989), and Nesemann et al. (2007).

Screening of infected snails and

identification of cercariae

Collected snails were rinsed in chlorine-free tap
water to remove mud and plants. Each snail was
kept in the well of a tissue-culture plate (well-
plate) containing clear tap water. The covered
well-plates were exposed to window light or
strong artificial illumination to stimulate cer-
carial shedding (Frandsen and Christensen
1984). About an hour later, snails were indi-
vidually screened under a stereomicroscope for
shedding cercariae. Detailed morphology of the
cercariae was observed on a slide under a high-
magnification compound microscope. Cercar-
iae were photographed using a digital camera
(DCM300 CO5B2.0) fitted to a microscope, and
they were identified by means of cercarial keys
that describes morphological features to iden-
tify types of trematode cercariae (Sewell 1922,
Combes et al. 1980, Frandsen and Christensen
1984, Schell 1985). Snails that did not shed cer-
cariae in the first hour were monitored for shed-
ding cercariae at half-hour intervals for another
24 hours.

Results

We collected and examined a total of 1,448 in-
dividual freshwater snails of nine different spe-
cies (Figure 2) belonging to the families Ampul-
lariidae, Bithyniidae, Lymnaeidae, Planorbidae,
Thiaridae, and Viviparidae. A total of 4.3% of
sampled individuals belonging to Bellamya
bengalensis, Gabia orcula, Gyraulus euphra-
ticus, Indoplanorbis exustus, Lymnaea luteola,
and Thiara granifera were found infected with

Figure 2. Freshwater snail species studied for
Trematode infections (A. Thiara granifera,

B. Melanoides tuberculata, C. Thiara lineata,
D. Lymnaea luteola, E. Indoplanorbis exustus,
E Gyraulus euphraticus, G. Pila globosa,

H. Bellamya bengalensis and 1. Gabbia orcula).
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Figure 1. District map of Chitwan showing key sampling locations
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Table 1. Freshwater snail species with the type of trematode cercariae infection in Chitwan district, central Nepal

Snail
species

Bellamya bengalensis
Gabbia orcula
Gyraulus euphraticus
Indoplanorbis exustus
Lymnaea luteola
Melanoides tuberculata
Pila globosa

Thiara granifera

T. lineata

Total snail individuals

Total infection of each type
of cercariae (%)

Number of positive cases infected with trematode cercariae Infec-
tion
L3 < ® ! rate
=1 = ] Ty
52 §8 3 2 EE 8gy %)
. 2 2 o 5] Q 5 0o =] S 5o
£z £ EEE ¢ 2 288 §  S£Ef
EZ £ g ER- - g LS E i E
52 £ £age = 2 g2 & £35S 2
z 5 <8 g5 O = ~a% R aas
29 = = 1 = = = = 3.4
440 3 - - - - 8 - 2.5
230 8 - - - - - - 385
443 2 4 4 - 23 5 1 8.8
68 - - - 2 - - - 2.9
6 - - - - - - - -
39 - - - - - - - -
130 - - - - - 1 - 0.8
63 - - - - - - - -
1448 13 5 23 14 1 4.3
21 6.5 8 3.2 37.1 22.6 1.6
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trematode cercariae and no cercarial infection was found in
Melanoides tuberculata, Pila globosa, and Thiara lineata. The
highest (8.8%) prevalence of infection was recorded in I ex-
ustus (Table 1).

Altogether, six morphologically distinguishable
cercarial types were recovered: Amphistome cercaria (AC),
Brevifurcate-apharyngeate distome (BAD), Clinostomoid
cercaria (CC), Gymnocephalus cercaria (GC), Longifurcate-
pharyngeate distome (LPD) and Xiphidiocercaria (XC)
(Figure 3). LPD constituted 37.1% of positive cases, followed
by XC (22.6%). BAD and LPD were only found in I. exustus
while GC was only found in L. luteola. AC and XC showed the
most extensive or high host range and were observed in three
distinct snail species (see Table 1). Similarly, CC was reported
in I exustus, and B. bengalensis. We found I. exustus infected
with most of the forms of trematode cercariae recorded in
this study (AC, BAD, CC, LPD, and XC), and we found a double
infection (LPD and XC) in one I exustus individual (Table 1).

The highest prevalence of trematode cercaria was
recorded from snails collected in temporary ponds (38.3%)
followed by lakes (4.7%), grazing swamps (3.2%), swamp
forests (1.1%), and rivers (0.5%) (Figure 4).

Figure 3. Trematode cercariae recovered from freshwater
snails (A. Brevifurcate-apharyngeate distome,

B. Clinostomoid cercaria, C. Longifurcate-pharyngeate
distome, D. Xiphidiocercaria, E. Amphistome cercaria and
E Gymnocephalus cercaria).
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Figure 4. Number of snails and percentage infection in
various habitats; SF = swamp forest, GS = grazing swamp,
TP = temporary ponds.

Discussion

The present report represents the first study on the diversity of
larval trematode parasites (cercariae) of the freshwater snails
in Chitwan district of central Nepal. Six morphologically
distinguishable types of trematode cercariae were observed in
six freshwater snail species with 4.3% prevalence rate in snail
hosts that is higher than the 1.7% infection rate of Fasciola sp.
larvae in Lymnaea sp. from Kavre, Nepal (Pandey 2001), but
it is closer to the 3.52% rate of patent trematode infections
reported by Devkota (2008). Such low infection rates in
natural snail populations might be the direct consequence
of high rates of parasite-induced mortality. Other influential
factors may be the difference in snail species observed at
different time periods of the year in different studies. Begon et
al. (1990) argued that because of host-parasite co-evolution,
hosts usually acquire resistance to infection, resulting
in low level of observed prevalence. The low prevalence
of infection could also be due to low parasite pressure,
simply making contact between miracidia and snails a rare
occurrence.

In our study, the infection rate in different host
snail species ranged from 0.8 to 8.8%. This finding can be
compared with the Sewell’s findings (1922) of: 6.4-50 percent
in G. euphraticus, 5.0-71.1% in M. tuberculata, and 0.5-44.2%
in I exustus in Calcutta. Trematode infection in 1. exustus
was recorded up to 50% in Wynaad, Madras, India (Sewell
1922). Cercarial infection was more prominent in I exustus
and Lymnaea ovalis than in other snail vectors of the Kaveri
River in India (Amanullah and Hameed 1996). One possible
explanation of this observation could be the resistance of
some snail species to trematode infection, a factor noted by
Bayne and Yoshino (1989). Caution must be applied when
comparing levels of infection of intermediate host snails from
different studies. The present study was based on “patent
infection” (Ito 1978). The infection levels of this study might
have been significantly higher if the presence of “pre-patent
infections” had been studied.

The prevalences of different types of trematode cercariae
in different habitats are generally higher than those reported
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by Pandey et al. (2002) for the rice fields (1.67%) and streams
(0%). The highest prevalence rate in temporary ponds in
this observation was likely due to the large number of birds
perching on trees around the ponds. Many bird species act
as final host for strigeoid and clinostomatoid digeneans.
Hechinger and Lafferty (2005) demonstrated consistent,
positive and significant associations between final host bird
communities and trematode communities in intermediate
host snail populations. The high prevalence rate in lakes
was likely due to the presence of migratory and residential
bird species and to several varieties of fishes and reptiles in
and around the lakes. The fact that the lowest prevalence
rate occurred in rivers may be due to the fast water currents
that displace snails or at least keep them from congregating
in large numbers and make snail-miracidia contact a rare
occurrence. The degree of infection may vary in snails of
the same species from one location to another, even though
these areas might be apparently similar and geographically
proximate to each other. Our obtained results were consistent
with those of Sewell (1922).

The sixmorphologically identified larval trematodes that
are recorded from the present study showed similar trends
in Zimbabwe, where Chingwena et al. (2002) found eight
types of the trematode cercariae. Likewise, the infection rate
varies in studies carried out in other countries: six different
trematode families in Northern Australia (Hurley et al. 1994),
eight trematode species afflicting Batillaria attramentaria
in Japan (Miura and Chiba 2007), and five morphologically
distinct types of larval trematodes infecting freshwater snails
in Zambia (Phiri et al. 2007). Similarly, five morphologically
distinguishable types of trematode cercariae were recorded
in the Chitwan and Nawalparasi districts of Nepal (Devkota
2008).

The present study revealed that some snail species are
apparently capable of acting as primary host to large number
of trematode species. I exustus is capable of acting as a
primary host to atleast five forms of cercariae; G. orcula to two
forms of cercariae, and the remaining species to a single form
of cercaria. These findings are similar to those of Devkota
(2008), who found I exustus with four forms (AC, BA, CC,
LPC) of cercariae. Based on these observations we anticipated
that I. exustus has high potentiality in spreading snail borne
diseasesviz. schistosomiasis,and amphistomiasisin domestic
animals, stregeoid trematodes in aquatic birds and other fish
eating vertebrates, and (occasionally) amphistomiasis in
humans as reported in different times and different places
(Malek and Cheng 1974, Chen et al. 1986, Biswas 1991). By
contrast, Sewell (1922) observed M. tuberculata infected
with seventeen forms of cercariae, I. exustus with fifteen
forms and Amnicola travencorica with twelve forms. Our
findings of lower trematode cercarial diversity in this case
may be influenced by factors such as study seasons and the
distribution and abundance of definitive hosts (Smith 2001).
Similarly, Sewell probably looked at far more snails from far
more different areas.

As LPD is a common cercaria of strigeoid parasite and
can be found in various vertebrate hosts, including birds
and mammals, it is not unexpected to find it ranking so
high. The “BAD” cercariae are almost certainly mammalian
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schistosomes and therefore noteworthy records for Nepal.
Likewise, the gymnocephalous cercariae are those of Fasciola
sp. Both of these are potentially very important digeneans of
medical and veterinary importance in and around Chitwan.

Concurrent infections with more than one parasite
species in a single snail host are comparatively uncommon
(Kendall 1964). The present study reported a single individual
of I. exustus with double infection. XC and LPD cercariae
were observed in the same individual snail. Our finding of a
case of double infection can be compared with a true double
infection with trematode parasites in two species of snail
host, namely M. tuberculata and I. exustus (Sewell 1922). This
finding also supports the conclusion that multiple infections
should be quite rare. It seems probable that a double
infection in mollusks individual is simply accidental and in
consequence occurs most commonly in those snails which
can act as primary host to the greatest number of trematode
species (Sewell 1922). Double infections could be more
pathogenic than single species infections resulting in higher
mortality (Sousa 1992), leading to under-representation
in sampled snails. Other factors proposed by Williams and
Esch (1991) and Sousa (1993) are chronological and spatial
variations in the profusion of eggs and miracidia of trematode
species that limit the likelihood of simultaneous infection by
multiple trematode species.

Conclusion

Freshwater snails distributed in different habitats in Chitwan
district were infected with six forms of trematode cercariae.
I. exustus was the most common host species for most of
the trematode cercariae found in the study period, however
the small ponds with livestock mobility were noticed as the
richest habitats for snails infected by trematodes. These
findings suggest that to control the snail-borne diseases, it
is necessary to control the population of I exustus mainly
around temporary ponds prone to cattle grazing. We hope
this study will serve to stimulate further work on patent
and pre-patent infections of snail hosts; larval behavior
and morphology; geographical distribution of trematodes;
infections in human beings, livestock and wildlife; and
clinical manifestations of trematode infection in Nepal.
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