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ABSTRACT

Background: Paramphistomiasis (Rumen fluke disease) in ruminants is a major health problem, characterized by coarse
hair, weakness, loss of appetite, weight retardations, intestine ulcers, inter-mandibular inflammation, causing substantial
economic losses, and high mortality. In tropical and subtropical regions, the disease was neglected but has recently emerged
as an important cause of production losses. While documented reports on Paramphistomum cervi, Paramphistomum
ichikawai and Paramphistomum are limited in Asian countries and paramphistomosis has been considered the major health
and economic problem in several countries. The present study aimed to identify paramphistomoid flukes that infects buf-
faloes with the goal of characterization of prevalence in Pakistan and its comparison with neighbor countries.

Materials, Methods & Results: In 2018, a total of 178 slaughtered buffaloes aged four to six years were examined. After
an immediate postmortem examination of each buffalo, flukes were collected from their infected rumen and reticulum
using sterilized forceps and placed in a saline solution. DNA was extracted from adult Paramphistome species using the
standard phenol chloroform method and used for amplification of partial fragment of 18S rRNA sequences using specific
pair of primer. After amplification and sequencing of 18S rRNA partial fragment, the generated sequences were assembled
and trimmed to remove any primer contaminations. Twenty-three randomly selected and morphologically identified adult
Paramphistomum were used in species-level identification using specific primers for partial fragment of 18S rRNA se-
quences. The cleaned sequences (810 bp) were used to identify similar sequences using BLAST on the NCBI website.
The GenBank retrieved sequences and new Paramphistomum species isolated sequences were aligned using CLUSTAL
in the BioEdit Sequence Alignment Editor. In addition, a phylogenetic tree was constructed using maximum likelihood
method in MEGA X. The 18S rRNA sequence was found 100% similar with Paramphistomum cervi of China and 98%
with Paramphistomum epiclitum and other Paramphistomum species of India. The parasitic Pharamphistomum species
was identified molecularly as Paramphistomum cervi.

Discussion: Molecular studies provide insight into the biology and phylogenetic relationship among various parasites.
These studies are reliable in the genetic-based identification and description of several disease causing agents. The 18S
rRNA sequence of Paramphistomum cervi generated in this study was found closely identical to the P. cervi of the neighbor
countries (China and India) which may be due to the similar geographical, environmental conditions and transboundary
movement of infected hosts. This is the first nature of study which provides the molecular-based evidence of P. cervi ex-
istence in Pakistan and revealed the 18S rRNA as novel molecular marker for the identification and further characteriza-
tion of Paramphistomum species across Pakistan. The submitted sequence of this study will provide a baseline for further

molecular characterization and to compare with other Paramphistoma species from different regions of Pakistan.
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INTRODUCTION

The Paramphistomidae family comprises nu-
merous species of Paramphistomes (commonly known
as rumen fluke) trematodes infecting rumen and reticu-
lum of ruminants globally [19,7]. More than seventy
species of the superfamily Paramphistomoidea have
been identified in different geographical regions [1].
Ruminant’s paramphistomiasis (rumen fluke disease)
are due to the pathogenic activities of Paramphistoma
species of the genus Paramphistomum [32]. The
infection is characterized by coarse hair, weakness,
loss of appetite, weight retardations, intestine ulcers,
inter-mandibular inflammation, causing substantial
economic losses, and high mortality [4]. In tropical and
subtropical regions, the disease was neglected but has
recently emerged as an important cause of production
losses [28].

The prevalence of paramphistomosis is high
throughout tropical and subtropical regions, specifi-
cally in Africa, Asia, Australia, Eastern Europe, and
Russia [16]. Particularly in Asian countries, Param-
phistomum infections due to Paramphistomum cervi,
Paramphistomum ichikawai and Paramphistomum
microbothrium remain widespread and in some areas
30-60% prevalence have been evident [23]. In Paki-
stan, approximately 56% contribution in agriculture
is due to the sub-sector livestock [24]. The prevalence
of gastrointestinal helminth has been evident infect-
ing 25.1 to 92% of ruminants [12,14]. Among these,
Paramphistomosis has been considered to be the major
health and economic problem in several regions [9].

The paramphistomes are usually identified
based on morphological and histological examina-
tions, however, due to morphological similarities the
accurate identification requires molecular approaches
[25]. Comparative genomic studies through the se-
quencing of ribosomal genes are particularly used
in diverse fields of research [15]. Molecular markers
including mitochondrial DNA and 18S rRNA regions
of the nuclear ribosomal DNA (rDNA) are frequently
used in the identification of trematode species [21,22].
The parasitic species are prevalent in various regions
of Pakistan however; little considerations have been
taken in the utilization of molecular tools for their
identification. Therefore, the present study was de-
signed to provide molecular level identification using
18S rRNA sequence of Paramphistomum species and
compare with other countries.

MATERIALS AND METHODS

Study area

The present study was conducted in four dis-
tricts namely Mardan (34°11°54.6”N, 72°01°37.4”E),
Swabi (34°7°12”N, 72°28’12”E), Charsadda
(34°09°49.4”N, 71°44°53.4”E), and Nowshera
(33°59°54”N, 71°59°54”E) located in the central part
of KP province of Pakistan. Throughout the province
precipitation is variable and the climate varies with el-
evation; an increase in temperature in the least elevated
regions and decreases at high elevation with snowfall
on the peak of mountains in northern regions [15].
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Figure 1. Map of the study area including sampling locations (red dots).

Sampling

In 2018 a total of 178 slaughtered buffaloes
of four to six years of age were examined (Figure
1). After an immediate postmortem examination of
each buffalo, flukes were carefully collected from
the infected rumen and reticulum using sterilized
forceps and placed in a saline solution (0.9% NacCl,
0.45% glucose) [32]. Some flukes were preserved in
70% ethyl alcohol. The flukes were then shifted to the
parasitology laboratory of Abdul Wali Khan Univer-
sity Mardan for further analysis. Species identification
was performed according to the previously published
outlined criteria [5,8,34].

DNA extraction

DNA was extracted from adult Paramphis-
tome species using the standard phenol chloroform
method [26]. The collected adult Paramphistomes
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were washed with PBS following pulverization and
grinding with mortar and pestle in the presence
lysis buffer (Tris HC1 10 mM pH 8.0, EDTA 100
mM, and SDS 10%). The grinded tissue samples
were transferred into a 1.5 mL microtube and 5 pL.
of Proteinase k (20 mg/mL) was added into it. The
samples were incubated at 37°C overnight. Follow-
ing centrifugation at 13,000 g for 10 min an equal
amount of phenol and mixture of chloroform (1:1)
and isoamyl alcohol (24:1) was added to the sample
and centrifuged at 13,000 g for 10 min. The pellet
was discarded, and supernatant was transferred
into a fresh microtube and again centrifuged by
adding 500 pL of chloroform and isoamyl alcohol
(24:1) at 13,000 g for 10 min. Again, the pellet
was discarded, and DNA was precipitated from
the supernatant by adding 40 pL of sodium acetate
solution and 500 pL of isopropanol. The samples
were centrifuged at 15,000 g for 10 min. Superna-
tant was discarded and the pellet was washed with
70% ethanol by centrifugation at 13,000 g for 15
min. After centrifugation, Ethanol was removed
using cotton swab and samples were kept open at
37°C for air dry. In the last 100 pL of TE buffer
was added into the microtubes containing DNA
and were stored at -20°C for further processing
[30]. The extracted DNA was stored at -20°C and
were used for amplification of partial fragment
of 18S rRNA sequences (810bp) using specific
pair of primer; 18S forward 5’-TCT GTGATGA
CTCTGGAT-3’ and Reverse 5’-ACC ATTCAAT
CGGTAGTA-3’ described previously [27].

A 20 pL final reaction mixture containing 10
pL master mix (2x), 1 pL. each forward and reverse
primer, 1.5 pL. template DNA, and 6.5 uL. PCR water
was prepared. For amplification the initial denatur-
ation temperature was set on 95°C for 5 min followed
by denaturation temperature 94.5°C for 30 s (35
cycles), annealing temperature 58°C for 30 s, exten-
sion temperature 72°C for 1 min, and final extension
temperature 72°C for 5 min. The reaction was held
on 4°C till further analysis. A standard 100 bp DNA
ladder and the PCR products were analyzed by 2%
agarose gel stained with 0.5 pg/mL ethidium bromide
and visualized under the GeneDoc (UVP BioDoc-
It Imaging System). Positive PCR products were
submitted at Macrogen, South Korea for sequencing
using the aforementioned primers.

Sequence analysis

The obtained sequences in the study were
assembled in DNASTAR V5.0' and trimmed to re-
move any primer contaminations. The sequence was
deposited to NCBI GenBank under accession number
(MT707654). The purified sequence was BLAST in
NCBI to scan for similar sequences deposited from
different regions for the same gene fragment. The
scanned Paramphistomum species sequences were
downloaded and aligned in the BioEdit Sequence
Alignment Editor v 7.0.5% and a phylogenetic tree
was constructed using maximum likelihood method
keeping 1000 bootstrap replicates for branch support
in MEGA v X software’. A distantly related trematode
species Taenia solium (Accession: Q260091) was
taken as an outgroup to examine the reliability of the
phylogenetic tree.

RESULTS

Twenty-three randomly selected and morpho-
logically identified adult Paramphistomum were used
in species-level identification using specific primers for
partial fragment of 18S rRNA sequences of extracted
genomic DNA through PCR. The sequence obtained
in the study was found with the 49% A+T and 51%
G+C nucleotide composition.

BLAST analysis of present study 18S
rRNA sequence showed a 98%-100% similarity
with Paramphistomum species from cattle of India
(JX678271) and China (KJ459934, KJ459935,
KJ459936, KJ459937, KJ459938). Based on 100%
sequence similarity with P. cervi of China, the
collected isolate was considered P. cervi. The evo-
lutionary tree was constructed which revealed the
similarity of the current study sequence with the
Paramphistomum species of the neighbor country.
The phylogenetic analysis of present study isolate
forms a monophyletic clade with other Paramphis-
tomum species including P. cervi and P. epiclitum
and form a subclade with P. epiclitum (JX678226,
JX678283) from India and P. cervi (KJ459934,
KJ459935, KJ459936, KJ459937, KJ459938) from
China. Separate subclade was made with P. epicli-
tum (JX678271, JX678244) from India, P. cervi
(KT198987, KF475773) from China, Paraphisto-
mum (AB688990) from Saudi Arabia, and P. epicli-
tum (LC113920, LC113923,L.C113921,LC113924)
from Thailand (Figure 2).
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Figure 2. Maximum likelihood tree inferred from partial fragment of 18S rRNA sequences of Paramphistomum species using Taenia solium (Accession:
GQ260091) as outgroup. GenBank accession numbers are followed by the species name and values (Bootstrapping values) that were indicated at each

node. The bar represents 0.050 substitutions per site.

DISCUSSION

Paramphistomosis is widely prevalent under
the influence of a multifactorial system including
parasitic agents, hosts, transmission processes, and
environmental effects [13]. The infection is due to
several indistinguishable Paramphistomum species for
which morphological and molecular techniques are
used [25]. In the present study flukes were collected
from the infected rumen and reticulum of buffalos of
four to six years of age. Based on their morphological
features in comparison with published identification
[5,8,34], the collected flukes were found to belong to
the superfamily Paramphistomidea. However, in sev-
eral reports due to unclear morphological boundaries of
various genera and species the identification of Param-
phistomum species required molecular approaches for
accurate identification [11,15]. Thus PCR can detect
the minute amount of DNA for identifying the genetic
fingerprints of Paramphistome [18,35]. Several valu-
able genetic markers including mtDNA and 18S rRNA,

have been used effectively to identify trematode spe-
cies [3]. The 18S rRNA sequences are mostly utilized
for Paramphistomum species identification [17,36].
Therefore, the 18S rRNA region of collected isolates
was amplified through PCR. The collected sample was
confirmed P. cervi based on 18S rRNA partial fragment
with 49% A+T and 51% G+C composition. Previously
the full-length sequence of 18S rRNA gene of P. cervi
was amplified comprises of 47.75% A+T and 52.25%
C+G contents [6].

The BLAST analysis of the obtained sequence
revealed 100% similarity with P. cervi of China and 98%
with P. epiclitum and other Paramphistomum species of
India indicating the common phylogenetic history owing
to the results of a previous study [25,29]. This similarity
may be due to the fact that these areas are neighboring
to Pakistan and sharing the same geographical, envi-
ronmental conditions with free movement of infected
hosts. The results are contrary to the report where P. cervi
was closely related to Paramphistoma leydeni [11]. The
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genetic evidence for the existence of some other trema-
todes including P. epiclitum, Gigantocotyle explanatum,
Fasciola hepatica, and Fasciola gigantica in Pakistan
have been previously reported using 18S rRNA markers
[1,20,33]. However, for the first time the amplification
of 18S rRNA in this study revealed a molecular based
evidence for P. cervi in Pakistan.

In addition to the molecular approaches, the bio-
informatics analysis also provides effective insight into
the biology and phylogenetic relations of the parasites
[10,31]. The phylogenetic relationship of the generated
sequence was analyzed with the similar sequences of
trematodes species using the unweighted pair group
method with arithmetic mean and evolutionary distances
were analyzed using the ML method. Two separate clades
and a distinct 7. solium as outgroup was formed. The
phylogenetic analysis of present study isolate forms a
monophyletic clade with P. epiclitum and other Param-
phistomum species from India and P. cervi from China
in a subclade. A separate subclade was made with other
trematode species reported from India, China, Saudi
Arabia, and Thailand. These similarities indicate that
they share the same evolutionary history [2]. A maximum
genetic difference was observed with Paramphistomum
species of Saudi Arabia [6]. The 18S rRNA sequences of
P. cervi were found highly conserved [36].

CONCLUSION

For the first time genetic evidence for the
presence of P. cervi was found in Pakistan showing
100% similarity with the P. cervi of China. The data
provided 18S rRNA sequence as molecular marker
for identification and to study genetic variation among
Paramphistomum species. The new sequence data will
be useful in comparing with other isolates of Param-
phistomum species from other regions of Pakistan to
recover their phylogenetic relationships.
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