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Introduction 
 

There are numerous minute intestinal flukes 

belonging to the family Heterophyidae. 

Centrocestus formosanus (Nishigori, 1924) is 

one among them inhabiting the small intestine 

of fish eating birds and mammals, including 

chickens, ducklings, dogs, cats, foxes, mice, 

rats and rabbits. This trematode is considered 

as an Asian species but it has been introduced 

around the world and distributed in many 

countries including Taiwan, China, Japan, 

Thailand, Hawaii, Vietnam, Croatia, India, 

USA, Mexico, and Colombia (Srisawangwong 

et al., 1997; Mitchell et al., 2005; Salgado-

Maldonado et al., 2005; Velasquez et al., 

2006; Gjurcevic et al., 2007).   

 

It is digenean that requires two intermediate 

hosts and one definitive host to complete the 

life cycle. Red rimmed thiarid snail, 

Melanoides tuberculatus act as first 

intermediate host and many fish species, 

harbouring metacercariae, have been reported 
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Fish acts as an intermediate host to many helminth parasites, including trematodes of 

public health significance. In this study, we screened freshwater fish samples (n=195) 

collected from different markets located in and around Kolkata, to isolate and identify 

larval stage of minute intestinal fluke, Centrocestus formosanus employing a fast and 

accurate molecular approach. Processing of fish samples through pepsin digestion method 

revealed an overall prevalence of 14.87 % infection in fish with encysted metacercariae of 

trematode, Centrocestus. The prevalence rate was highest in Mystus tengara (40.00%) 

followed by Puntius spp. (26.66%) and Awaous grammepomus (5.26 %), whereas 

screening fish species such as Labeo bata, Cirrhinus mrigala and Oreochromis niloticus 

did not harbor any such larval stage of this trematode. Polymerase chain reaction using 

oligonucleotide primer sets from extracted genomic DNA of these metacercariae revealed 

amplicon of approx. 492 bp closely resembling to Centrocestus. Phylogenesis showed 

maximum relationship with the Centrocestus spp. Therefore, implementation of control 

strategies, apart from awareness of public and adoption of good aquaculture practices by 

farmers, are required in order to minimize the risk of infection in fish.  
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as a second intermediate host. Metacercariae 

localize into the gills and sometimes under the 

scales of numerous fish species and finally 

infects the fish eating animals and birds. This 

trematode not only causes significant 

morbidity but is often associated with food 

safety and quality problems in fish (Yu and 

Mott, 1994; Toledo et al., 2006). Infected fish 

can develop serious pathologies of gills 

including oedema, haemorrhage and loss of 

respiratory epithelium and cause serious 

weakness and sometimes mortality in case of 

heavy infection. Furthermore, these 

trematodes can potentially infect humans as 

reported from many countries of Asia 

including Taiwan, Japan and Lao PDR 

(Nishigori, 1924; Waikagul et al., 1997; Chai 

et al., 2013) through consumption of raw or 

improperly cooked fish containing 

metacercariae.  

 

The detection of Centrocestus infection relies 

on the microscopic observation of eggs in the 

faeces of infected definitive host (animal or 

human). However, accurate diagnosis with 

microscopy is not always possible due to 

similar morphology with the eggs of other 

heterophyids and opisthorchiids. Identification 

of metacercariae at species level is also 

difficult due to similar morphology with other 

Centrocestus metacercariae. To overcome 

such problems, molecular approaches through 

amplification and sequencing of some 

conserved DNA regions, especially utilizing 

genetic markers in nuclear ribosomal DNA 

(rDNA) and mitochondrial DNA are often 

employed to diagnose helminth parasites 

(Blair et al., 1996). The spacer regions of 

rDNA (ITS1 and ITS2) are particularly useful 

in the diagnosis of metazoan parasites at the 

species level (Morgan and Blair, 1995; Leon-

Regagnon et al., 1999; Nolan and Cribb, 

2005). 

 

As freshwater fish act as second intermediate 

host, cultured or farmed fish harbouring 

infective metacercariae of trematode is a 

concern for human health (WHO, 1995; 

Howgate, 1998). Fish borne zoonotic 

trematodes are mostly prevalent in East Asian 

countries due to traditional aquaculture and 

feeding habits, but many reports are available 

from different parts of the world. Although 

this trematode is a species with pisciculture as 

well as medical importance, hardly any report 

is available on identification of this trematode 

through molecular means. Considering the 

public health importance of fish borne 

zoonoses and to assure and accurate diagnosis 

overcoming the deficiencies of microscopic 

examination, the present study was conducted 

to identify C. formosanus in fish, the second 

intermediate host, employing both standard 

and molecular (PCR) methods which could be 

useful to demonstrate its epidemiological 

situation and develop strategies so as to 

formulate and implement control programs. 

 

Materials and Methods 

 

Isolation of metacercariae 

 

For this study, commercially important 

freshwater fish (n=195) of six different species 

(Mystus tengara, Labeo bata, Cirrhinus 

mrigala, Puntius spp., Awaous grammepomus 

and Oreochromis niloticus) were collected 

from nine different fish markets located in and 

around Kolkata. As per the history, all the 

samples were from fish farms with traditional 

culture methods. Following collection, fish 

species were placed in ice box and transported 

to the laboratory for further processing. After 

thorough washing under distilled water, all 

fish were measured and weighed. The 

metacercariae were isolated employing the 

standard pepsin digestion method. Briefly, the 

finely ground fish were digested by artificial 

digestion solution containing 0.5% pepsin 

(1:10,000, Hi-Media, India) and 1% HCl (Hi-

Media, India) and incubated for 2-3 hrs at 37
0 

C with occasional  shaking. Digestion was 
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followed by straining and sedimentation 

repeated for 7-8 times using solution of 0.85% 

saline, until the supernatant became clear. The 

metacercariae were isolated from the bottom 

sediment and the rate of prevalence and 

intensity of infection were calculated out. The 

isolated metacercariae were examined under 

stereomicroscope and microscope for 

identifying the morphological features 

including shape and size of cyst, circumoral 

spines and shape of excretory bladder using 

the morphological criteria (Chai et al., 2012) 

and stored in 70% ethanol at -20°C until DNA 

extraction. 

 

Total genomic DNA extraction 

 

Genomic DNA extraction was done separately 

from all the isolated metacercarial samples 

using GF-1 Tissue Extraction Kit (Vivantis, 

Malaysia) according to the manufacturer’s 

instructions. DNA was eluted in 70-100 µl of 

elution buffer and stored at -20°C until further 

use. The integrity of DNA was checked by 1% 

agarose gel electrophoresis in 0.5X TAE 

buffer. A 2µl of genomic DNA was loaded in 

the gel after proper mixing with 6X loading 

dye (Thermo Scientific, USA) and gel was run 

at 70V for 1hr and visualized under ultraviolet 

light in a Wealtech apparatus (Wealtech, 

USA).  

 

Primer design, PCR amplification and 

sequencing 

 

In this study, we selected published primer set 

(Van et al., 2009) for amplification of 

complete ITS2 segment of ribosomal DNA of 

Centrocestus spp. using genomic DNA 

extracted from the metacercariae. All the 

extracted DNA samples were used separately 

as a template for amplification. Primers used 

were 5’-GGT ACC GGT GGA TCA CTC 

GGC TCG TG -3' (F) as a forward primer and 

5'- TAT GCT TAA ATT CAG CGG GT -3' 

(R) as a reverse primer. 

The PCR reaction was carried out in 25µl 

volume with 8-10 pmol of each primers from 

Xcelris genomics (Ahmedabad, India), 1unit 

of Taq DNA polymerase (Thermo Scientific, 

USA), 10x Taq buffer with KCl (Thermo 

Scientific, USA), dNTPs mix (10 mM, 

Thermo Scientific, USA). PCR was performed 

by initial denaturation at 94˚C temperature for 

2 min, followed by 35 cycles each at 95˚C for 

30 sec, 50˚C for 30 sec and 72˚C for 2 min 

and final extension at 72˚C for 7 min. The 

amplified PCR products were separated by 

electrophoresis through 1% (w/v) agarose gel 

in TAE buffer and visualized as described 

earlier. For DNA sequencing, amplified PCR 

products were purified using gel purification 

kit (Sigma-Aldrich, USA) according to the 

manufacturer’s instructions and sequenced in 

both forward and reverse directions using PCR 

primers on an automated sequencer by DNA 

sequencing services of Scigenom labs, Kerala, 

India.  

 

Sequence analysis and phylogenic tree 

reconstruction 

 

The DNA sequences were further analyzed 

using basic local alignment search tool 

(BLAST; http://blast.ncbi.nlm.nih.gov/Blast. 

cgi) to check the homology with published 

sequence databases. Phylogenic tree 

reconstruction was carried out by MEGA 

software version 7.0 using published ITS2 

sequences of Centrocestus and other related 

heterophyids available in the Genbank 

databases by maximum likelihood (ML) as 

well as neighborhood joining (NJ) method 

(Table 1). 

 

Results and Discussion 

 

Overall 29 of the 195 samples and 3 of the 6 

fish species were found infected with the 

Centrocestus metacercariae. The range of 

metacercariae varied from 20-60 per 

processed sample. Metacercariae were 
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detected only in three freshwater fish species 

viz. M. tengara, Puntius spp. and A. 

grammepomus. No metacercariae was 

detected in other fish species screened such as 

L. bata, C. mrigala and O. niloticus. The fresh 

water fish species, M. tengara and Puntius 

spp. were found to be infected in almost all 

markets surveyed in this study. The 

prevalence rate was highest in M. tengara 

40.00% followed by Puntius spp. 26.66% and 

A. grammepomus 5.26 % (Table 2). 

 

The metacercariae of Centrocestus were 

elliptical, had approx. 32 circumoral spines 

around the oral sucker arranged in 2 rows, and 

an X-shaped excretory bladder with dark 

granules inside. These characters were 

identical with the findings of Chai et al 

(2012). PCR amplification result showed clear 

amplicon of approx. 492bp in almost all DNA 

samples of metacercariae (Figure 1). BLAST 

result showed the maximum homology (99%) 

with the Centrocestus isolate from Thailand. 

The obtained sequence was submitted to the 

NCBI (KT020834.1). In phylogenesis, both 

character and distance methods showed 

maximum relationship with the Centrocestus 

spp. (Figure 2 and 3).  

 

Table.1 Published Internal Transcribed Spacer 2 sequences used for Phylogenetic tree 

reconstruction 
 

Sl.No. Species Country Accession No. 

1 Centrocestus sp.  India KT020834  

(obtained sequence) 

2 Centrocestus sp. RD-2003 Israel AY245699.1 

3 Centrocestus sp. PWK-2013 

isolate 

Denmark KF658456.1 

4 Centrocestus sp. TC-2014 Thailand KJ630836.1 

5 Centrocestus sp. PWK-2013 

isolate 

Denmark KF658455.1 

6 Centrocestus sp. MK-2012 

isolate C1 

Iran JQ390545.1 

7 Centrocestus sp. MK-2012 

isolate C3 

Iran JQ390547.1 

8 Haplorchis taichui Thailand KJ630831.1 

9 Haplorchis pumilio China KP165437.1 

 

Table.2 Infection status of examined fish samples with Centrocestus metacercariae  
 

Sl. 

No. 

Fish species  Samples 

examined 

Infected 

samples  

Prevalence 

(%) 

Range of 

metacercariae 

Intens

ity 

1 Puntius spp.  60 16  26.66 20-40 30 

2 Labeo bata  22 00 00.00 0 00 

3 Cirrhinus mrigala 33 00 00.00 0 00 

4 Mystus tengara  30 12  40.00 30-60 45 

5 Oreochromis niloticus  31 00 00.00 0 00 

6 Awaous grammepomus 19 01  05.26 22 22 

 Total 195 29  14.87 20-60  
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Fig.1 PCR amplification of ITS2 segment of rDNA. The samples were analyzed by 1% Agarose 

gel electrophoresis stained by Ethidium bromide dye. Lane M: DNA Marker (100bp DNA 

ladder). Lane 1 & 2: DNA sample of metacercariae. N: Negative control 

 

 
 

 

Fig.2 Phylogenetic tree reconstruction by MEGA7 software using the maximum likelihood 

algorithm 
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Fig.3 Phylogenetic tree reconstruction by MEGA7 software using the Neighbor-Joining 

algorithm 

 

 
 

In the study, we screened six different 

freshwater fish species of nine different 

markets to isolate metacercariae of 

Centrocestus spp. using artificial pepsin 

digestion technique. The overall prevalence 

rate of encysted metacercariae in fish was 

14.87 % and three fish species viz., Puntius 

spp. M. tengara and A. grammepomus were 

found to be infected. However, the rate of 

prevalence and intensity of infection of 

metacercariae in different fish species varied 

and ranged from 5.26 % - 40.00 % and 20-60, 

respectively.  

 

Prevalence (proportion infected) and mean 

intensity (parasites per infected individual) 

are population-level descriptors of parasite 

abundance (Bush, 1997). Different workers 

have reported the prevalence report of 

encysted metacercariae of Centrocestus 

differently in different fish species. A study 

reported prevalence (31.1 %) and mean 

intensity of infection (3.42) in fingerlings of 

O. niloticus collected from an artificial urban 

lake from Belo Horizonte, Minas Gerais, 

Brazil (Pinto et al., 2014). A study conducted 

in central Texas by Fleming et al (2011) 

revealed 14 of the 25 species examined 

(56.0%) and 171 (27.1%) of the individual 

fish infected with C. formosanus 

metacercariae. A survey in Phnom Penh and 

Pursat Province, Cambodia by Chai et al 

(2014) reported 10.0 % infection status of 

freshwater fish with C. formosanus 

metacercariae. Available reports from the 

literature also indicate a variable intensity of 

infection by Centrocestus spp. in different 

fish species ranging from 1 to 5,935 

metacercariae (Scholz and Salgado-

Maldonado, 2000; Chen, 1942). The variation 

in prevalence and intensity of infection may 

be due to inter-species differences between 

fish species, difference in age, size and 

availability of the intermediate hosts, 

ecological factors and environmental 

conditions of the water (Srisawangwong et 

al., 1997; Pinto et al., 2014; Chai, 2007). 
 

Identification of Centrocestus in the definitive 

host is difficult with conventional methods 

due to almost similar morphology to other 

heterophyids. The identification and 

confirmation of metacercariae in fish up to 

species level is also problematic due to 

overlapping of spines (Chai et al., 2012). To 

overcome the problem, traditional diagnostic 

techniques in parasitology are now  

complemented by a variety of PCR-based
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molecular tools to resolve the taxonomic 

issues on the basis of phenotypic 

characteristics (Thompson 2004). Moreover, 

internal transcribed spacers (ITS1 and ITS2) 

have frequently been used as molecular 

markers for differentiating closely-related 

food-borne trematode species, as a high level 

of inter-species sequence divergence exists 

among them (Sato et al., 2009; Traub et al., 

2009). 

 

Therefore, we applied a molecular approach 

to identify the metacercariae of C. formosanus 

in the second intermediate host, fish. For 

molecular level confirmation of the species, 

genomic DNA was extracted and ITS2 

segments of rDNA were amplified. The 

amplified products were confirmed as 

nucleotide sequences of Centrocestus by 

sequencing. The sequence analysis showed 

99% homology with other published 

sequences of Centrocestus from different 

countries. 

 

The study provides an approach for detection 

of infective stage (metacercariae) of C. 

formosanus in its second intermediate host, 

fish.  Although the zoonotic importance of 

this fluke is unknown, but few human cases 

have been reported in countries other than 

India (Waikagul et al., 1997; Chai et al., 

2013).  Nevertheless, the fish species viz., 

Puntius spp., M. tengara and A. 

grammepomus found harbouring infective 

metacercariae of Centrocestus in this study 

are mostly consumed by the people as a daily 

diet in the eastern region of India, including 

Kolkata, West Bengal. Furthermore, animals 

consuming the byproducts of fishes can act as 

a reservoir hosts and may spread infection in 

the environment even without the 

involvement of human host. Therefore, 

implementation of control strategies, apart 

from awareness of public and adoption of 

good aquaculture practice by farmers, are 

required in order to minimize the risk of 

trematode infection in fish. Besides, further 

research involving reservoir hosts and first 

intermediate host (snail species) need to be 

carried out to get a complete picture of the life 

cycle of this trematode in order to identify 

and implement control measures  at 

transmission site level. 
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