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Paramphistomosis is the most prevalent disease of domestic ruminants, causing heavy economic loss in
many countries across the world. The morphological identification of these parasites is difficult, therefore
molecular characterization is used to discriminate Paramphistomum species. The present study was con-
ducted to identify Paramphistomum sp. at Mardan District, Khyber Pakhtunkhwa (KPK), Pakistan. All sam-
ples of these rumen flukes were collected from buffalo. The gDNA was isolated from the adult parasites
and the ITS1 region was amplified for the sequence analysis. All flukes had 100% similarity and there was
no intraspecific variation. The Blast results showed that all flukes were P. cervi as they form a single clus-
ter with P. cervi reported from China. The results of the ITS1 sequences of the present study with refer-
ence sequencing from China showed eight specific SNPs. This was the first study in which P. cerviwas
genetically characterized through the ITS1 region of rDNA at District Mardan, Pakistan. It can also be used
as a marker for the genetic identification of Paramphistomum species.
� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Paramphistomosis is the most important endo-parasitic dis-
eases of ruminants that cause great economical loss to the live-
stock (Sivajothi et al., 2014). It has a wide geographical
distribution in tropical and sub-tropical areas (Rolfe et al., 1991).
This disease is caused by Paramphistomum species and also known
as the ‘rumen flukes’ or amphistomes’ (O’Toole et al., 2014). Adult
Paramphistome inhabit the rumen of host and immature flukes are
present in the upper part of small intestine which can cause seri-
ous morbidity and even death. Death rates can be very high i.e.,
80–90% due to immature Paramphistomes in domesticated cattles
(Juyal et al., 2003, Ilha et al., 2005).

In spite of the morbidity and economic loss of Paramphistomi-
asis, there has been an important controversy about the taxonomy
of Paramphistomum species (O’Toole et al., 2014). Most information
does not identify the species of Paramphistomes which are respon-
sible for the disease. Most of the studies were mainly focused on
morphology and histology of Paramphistomum (Wang et al.,
2006; Chaoudhary et al., 2015).

Genetic studies on this parasite is needed to characterize differ-
ent species from endemic areas as genetic approaches provide
more reliable results. There are some molecular-based studies
which has revealed that the sequences of internal transcribed spac-
ers (ITS1 and ITS2) region of ribosomal DNA (rDNA) provide valu-
able genetic markers for species identification of trematodes
(Gasseret al., 1995; Huang et al., 2004; Mufti et al., 2014).

This parasitic disease was also recorded from different areas of
Pakistan (Khan et al., 2008; Kanwal et al., 2014; Khattak, 2017). But
no attention has been given to genetically characterize Paramphis-
tomum spp. in past. It is needed to be addressed as very few studies
are reported recently and still controversial about the presence of
P. epilictum or P. cervi or both (Ali et al., 2018; Khan et al., 2020;
Rajput et al., 2020).

The present research aimed to study ITS1 region of rDNA of as
genetic marker for the genetic characterization of Paramphistomum
sp., reconstruction of its phylogenetic relationship and compare
with already reported results from Pakistan and other regions.
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2. Materials and methods

2.1. Study area

Study was conducted in the Mardan district of Khyber Pakh-
tunkhwa province of Pakistan. Coordinates of Mardan are: 34.05�
to 34.32 N latitudes, 71.48 to 72.047� E longitudes.

2.2. Fluke collection and genomic DNA extraction

Adult flukes were collected from buffaloes slaughtered in the
abattoirs of the Mardan district. The flukes were washed with nor-
mal saline solution and preserved in 70% alcohol at �20 �C. The
Genomic DNA (gDNA) was extracted according to the standard
Chloroform Phenol method (Sambrook et al., 1989) from 54 adult
flukes randomly selected from 18 infected rumens. Extracted
DNA was quantified by spectrophotometry at 260/280 nm. The
DNA were stored at � 20 �C for genetic analysis.

2.3. PCR amplification and sequencing of ITS1 region of the rDNA

The primers set were designed by Primer 3 software for the first
time for ITS1 region. Following BF (50-GTGGTCTAAGCCTTTGGC
TAGT-30) as forward and BR (50- CAGGCATGGCCCAAATAGGT-30)
as reverse primer were used to amplify the ITS1 region.

The 25 ll PCR reactions included 2 ll DNA template, 1 ll of
each forward and reverse primer (10 pmol/ll), 12 ll master-mix
containing Taq polymerase and MgCl2 (Advance Bioscience) and
9 ll of distilled H2O. The PCR reactions were performed under
the following conditions: 95 �C for 5 min (initial denaturation), fol-
lowed by 30 cycles of 94 �C for 30 sec, 60 �C for 1 min, 72 �C for 45
sec, and a final extension of 72 �C for 6 min.

2.4. Sequence alignments and phylogenetic comparison

All positive PCR products with very good bands were sequenced
using the same primers set through AB 3730X1 DNA sequencing
system. NCBI websites andMEGA-X software were utilized to iden-
tify species and pairwise alignments of sequences. The rDNA ITS-1
sequences of both strands from each individual fluke were assem-
bled, aligned and edited to remove primers and poor-quality
sequence on both ends using CLC sequence viewer 8.0 software.
Edited sequence was submitted in GenBank for accession ID num-
ber. The phylogenetic tree was generated via the use of the maxi-
mum likelihood method with 100 Bootstrap value using MEGA-X
software (Tamura et al., 2013).
3. Results

3.1. Phylogenetic characterization of Paramphistomum isolates

The analyses of ITS1 region produced 640 bp sequence, submit-
ted in the NCBI blast search for the characterization of Paramphis-
tomum isolates. All samples of current study showed 100%
similarity in sequences indicating single haplotype and there was
no intra-specific variation among isolates of current study. It was
observed that all isolates showed 99% similarity with P. cervi
reported from China. No separate sequence of ITS1 region was
available in NCBI database; therefore, the only published complete
sequence from China (Zheng et al., 2014) was used for the analysis
of genetic characterization. All sequences in the alignment were
trimmed to 555 bp, the length of the shortest sequence available
that still contained all the informative sites. Eight variable sites
showing single nucleotide polymorphism (SNPs) were detected
in the current study isolates with reference sequence Accession
5618
no. KJ459934 and nine to KJ459935, KJ459936, KJ459937 and
KJ459938 as shown in Table 1.

The phylogenetic analysis results showed two clades. One clus-
ter of current study isolates with P. cervi reported from China and
other with Watsonius watsoni of family Paramphistomidae and
Gastrodiscoides hominis of family Gastrodiscidae (Fig. 1).
4. Discussion

Morphological characteristics are generally used to identify
adult flukes. However, sometimes morphological parameters are
not sufficient for differentiation of species (Arbabi et al., 2012).
Thus, molecular approaches are now being considered for working
on the evolution and systematics of these species (Thompson et al.,
2004). Use of different genetic markers through PCR-based tech-
niques have made it convenient to differentiate between species.
Generally, rDNA sequences show less intra-specific variation than
inter-specific variation and are therefore, considered as reliable
markers for species differentiation. The ITS1 and ITS2 are reliable
genetic markers for genetic differentiation of species (Chilton
et al., 2001). Internal repeats appear to be characteristic of the
ITS1 evolution in different groups of organisms (Köhsler et al.,
2006).

In the present study, ITS1 sequencing was used for identifica-
tion of Paramphistomum sp. from buffaloes at District Mardan,
KPK, Pakistan. The sequences of ITS-1 region from all collected iso-
lates were similar, indicating no haplotypes. In a specific region
same species is prevalent due to similar environmental conditions
for continuation of life-cycle of the parasite in definitive vertebrate
and intermediate snail host of that area. Other reason may be due
to single type of host as all isolates were from buffaloes. These indi-
cates buffaloes are more prone to this parasite. Isolates from differ-
ent species of hosts may cause genetic variability. The BLAST
results of our samples showed 98.6% similarity only with the P.
cervi reference sequence reported from China (Zheng et al.,
2014). No similarity was found with any other species of P. epicli-
tum or P. leydeni in blast results, which indicated that at Mardan
District P. cervi is prominent species in buffaloes. These results
are in contrast with Ali et al. (2018) who genetically identified
presence of P. epiclitum through ITS-2 sequencing from Buffaloes
at Punjab Province of Pakistan. This difference may be due to dif-
ference in sampling areas as District Mardan is in Khyber Pakh-
tunkhwa Province which is northern region of Pakistan and hilly
area while Punjab is mainly plain area. Different environmental
conditions of these regions may be the reason of this difference.
Other reason may be presence of different snail host species in
specific areas. Recent report from western Khyber Pakhtunkhwa
indicated the presence of P. epiclitum on the basis of morphology
(Khan et al., 2020). While phylogenetic analysis of ITS1 and 5.8S
sequence of the same study clustering with P. cervi. We believe
that it is P. cervi because the morphological parameters used for
identification in this study were compared with that of P. epilictum
of Thailand. Environmental conditions of Thailand are different
from KPK province of Pakistan and may facilitate progression of
other species. Further genetic analysis result is more important
and reliable for specie identification.

In the current study single nucleotide polymorphism (SNP)
transversions were noted at 8 sites when compared with the refer-
ence sequence KJ459934 and 9 with KJ459935, KJ459936,
KJ459937 and KJ459938. These SNPs indicating evolutionary pro-
cess. The phylogenetic tree analysis was carried out by maximum
likelihood method. The ITS1 sequence analysis developed a close
clade with P. cervi of China. This similarity may be due to the rea-
son that these areas are adjacent to KPK province of Pakistan and
share more or less same geographical and environmental



Table 1
ITS1 region of rDNA of Paramphistomum sp. of current study (Par-pak*) showing position of SNPs, aligned with available reference sequences in GenBank.

102 166 207 220 255 296 301 355 357

Par-pak* G T G T C G T T A
KJ459934 T C T C T A C C .
KJ459938 T C T C T A C C G
KJ459937 T C T C T A C C G
KJ459936 T C T C T A C C G
KJ459935 T C T C T A C C G

Fig. 1. A Maximum likelihood phylogram of Paramphistoma sp. based on nucleotide sequences of the first internal transcribed spacer of ribosomal DNA (ITS-1). MW567216
Par-pak* = Paramphistomum cervi of current study published in GenBank.
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conditions. The clade formed with other flukes showed phyloge-
netic relation with Watsonius watsoni and Gastrodiscoides hominis
of family Paramphistomidae, respectively. These results are in
agreement with the data reported by Khan et al. (2020) and
Firdaus et al. (2019). They also reported phylogenetic relation of
their isolates of Paramphistomum with these two flukes. The simi-
larities indicated sharing of same evolutionary history.

The present study determined the partial sequence of ITS-1
region of Paramphistomum for the first time at district Mardan,
KPK, Pakistan. In our opinion, P. cervi is dominant species in this
region and ITS1 marker is a useful genetic marker to study genetic
variation with mitochondrial and ITS-2 markers. It can be used
compare other isolates of Paramphistoma species not only from
other areas of Pakistan but also from other countries.
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