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Abstract
Amphistomiasis is caused by different species of trematodes in the family paramphistomatidae and is
one of the neglected parasitic diseases of livestock. Amphistomiasis has a wide geographic distribution,
especially in subtropical and tropical regions. Although adult stage of most of the amphistomes are seen
in the rumen and reticulum of ruminants, but sometimes can be seen in bile ducts too. A few parasites
were collected from the bile ducts of a native cattle from the Kerman slaughterhouse, Kerman Province,
southeastern Iran, and samples were studied by histomorphological as well as, Scanning Electron
Microscopy. The worms were identi�ed as Explanatum explanatum using identi�cation keys and SEM.
This trematode has been identi�ed in livestock from only two other provinces of Iran but this is the �rst
report of it in Kerman Province. Speci�c epidemiological studies with exact slaughter inspections are
needed to recognize the extent of the parasite prevalence in native animals of Iran.

Introduction
Amphistomiasis is caused by different species of the family paramphistomatidae (Trematoda:
Paramphistomidae).It is one of the neglected parasitic disease of domestic and wild ruminants, which
has a wide geographic distribution, especially in subtropical and tropical regions (Arias et al., 2011;
Monrad et al., 2005). Generally, adult stage is nonpathogenic for host, but immature stages and their
migration in anterior small intestinal mucosa can cause severe pathogenesis. Symptoms such as
enteritis, haemorrhage, anorexia, polydipsia, unthriftiness, severe diarrhea, and even mortality (Horak,
1971; Pfukenyi and Mukaratirwa, 2018). In addition weight loss and reduction in animal production and
subsequent economic loss have been observed due to amphistomiasis, but in general the importance of
these parasites has been neglected (Lotfy et al., 2010). Although adult stage of most of the amphistomes
are seen in the rumen and reticulum of wild and domestic ruminants, but in some cases such as
Explanatum explanatum the adult stage exists in bile ducts (Smith and Sherman, 2009). This species has
been reported in different parts of the world (Smith and Sherman, 2009). Although infection with
Explanatum has been reported from neighboring countries, i.e. Iraq and Afghanistan (Kadhim et al., 1970;
Kotrlá et al., 1976) but there is not much information about its epidemiology in Iran.

Different amphistomids have been reported in Iran, including Paramphistomum, Calicophoron,
Gastrothylax, Cotylophoron, Carmyerius and Orthocoelium. E. explanatum has only been reported in
buffalo in southern part of Iran (Khuzestan Province) (Otto and Eslami, 1980), cattle and sheep of central
Iran (Shiraz) (Rajabloo et al. 2014) and cattle of Zabol, southeast Iran (Arfaa, 1962; Bagheri, 1962;
Coskun et al., 2012; Khedri et al., 2015; Mazahery et al., 1994) however limited data are available on this
species from other parts of the country. The purpose of the present study was to investigate the presence
of this parasite in Kerman province, southern Iran.

In different studies Scanning Electron Microscope (SEM) has been used to study the surface topography
of tegument of a number of species in the family paramphistomatidae (Anuracpreeda et al., 2015, 2012;
Lenis et al., 2018; Panyarachun et al., 2010; Sanger et al., 2017). However, there is not such study on the
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genus Explanatum so we decided to use a few of the collected samples for gross microscopic,
histomorphological evaluation as well as, and SEM.

Materials And Methods
The parasites were collected from the bile ducts of a native cattle from the Kerman slaughterhouse,
Kerman Province, southeastern Iran (30.2907°N 57.0679°E). Recovered amphistomes were rinsed in
saline, �xed and preserved in 70% ethanol. Later specimens were transferred to the Research Center for
Hydatid Disease (Kerman University of Medical Sciences, Kerman, Iran). Some of the worms were used
for morphological study and the rest for SEM study. For morphology, specimens were stained with
Carmine and mounted in Canada balsam. Measurements of morphological features were made with an
optical microscope using a calibrated ocular micrometer (OLYMPUS CX31). For SEM study, samples were
�xed in a 2. 5% glutaraldehyde in a 0.1 M sodium cacodylate buffer. Then, they were �xed in a 2.5%
glutaraldehyde solution and 0.1 M phosphate buffer solution (pH 7.2) that was prepared from NaH2PO4
H2O and Na2HPO4 (anhydrous) salts for 24 h (Bozzola and Russell, 1999). After washing with
phosphate buffer solution (PBS 0.1 M), the trematodes were dehydrated in a graded ethanol series, dried
in a critical-point dryer (SANDRI-780A), and coated with gold for 10 min in an ionizer (Ion Sputter JFC-
1100, Jeol, Fine Coat). Coated worms were observed under the SEM (TESCAN MIRA3 LM, Czech
Republic) to check for the surface morphology at an accelerating voltage of 10 kV. For
histomorphological study, the specimens were �xed in formalin %10, then para�n blocks were made and
were serially sectioned at 2 µm in thickness using microtome (AUTOTECHNICON MONO, MOD. 2A
&MICROTEC). These slides were stained by haematoxylin and eosin, and �nally slides were examined
and photographed by light microscope (OLYMPUS CX41).

Results
During veterinary inspection of cattle in Kerman municipal abattoir, 15 white ventrally curved helminths
were found in the bile ducts of a native cattle. The helminths were attached to epithelia by mean of their
acetabulum and there was some gross damage on attachment site. Gross microscopic studies showed
characters like absence of an oral sucker, acetabulum enormous and subterminal and ventral 4-4.3 mm in
external diameter in dorso-ventral direction, large body, pyriform to conical, tapering anteriorly, broad and
rounded posteriorly, curved ventrally, 8.7–12 mm long; and net weight was 0.4–0.6 gr (Fig. 1), and thus
based on these characters, the amphistomes were associated with Paramphistominae subfamily.

Further con�rmation was provided by cross section of the sample as shown in Fig. 3. In the section,
observations were as well-developed pharynx, testis position, absence of esophageal bulb and sphincter,
vitelline follicles in lateral sides, absence of genital sucker, ventral genital pore in midline, all con�rming
the identi�cation as E. explanatum.

In search for the potential intermediate hosts (IH) for this parasite, we found the shells of snails Family
Planorbidae and  Lymnaeidae in Kerman (Fig. 4).
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Discussion
In the present study, we identi�ed the amphistomes collected from native cattle in Kerman
slaughterhouse, Iran. Further analysis proved that all these parasites were E. explanatum. Explanatum
species have acetabulum, pharynx and ventral genitalium, body has 7.86–14.30 mm long and
acetabulum 3.50–4.82 mm in external diameter (Eduardo, 1984). The measurements of our samples
were consistent with the records in mentioned reference.

Family Paramphistomidae Fischoeder, 1901 has 19 genera and 70 species (Jones et al., 2005), one of
these is Explanatum. This parasite is mostly found in the bile ducts and intrahepatic ducts and can cause
granulomatous reactions together with �brosis and thickening of the bile ducts that is capable of
imposing direct and indirect economic damages. Although it is a common parasite in buffaloes in India,
Africa, Asia, and the Caribbeans (Haque et al., 2011), but little information is available in terms of its
epidemiology and extent of economic importance. The life cycle of this parasite is not much clear,
speci�cally in Iran. Although we know freshwater snails of the family Lymnaeidae and Planorbidae are
proposed as IH of the paramphistomatidae (Paiva, 1994; Santos et al., 1986), but which exactly is
involved in distribution of parasite in Iran is unclear. Although we accidentally found the snail shells of
two mentioned families during this study and this can introduce them as potential intermediate hosts, but
proving this needs an extensive sampling and in vitro tests to �nd the intermediate stages. Previous
studies report the Planorbidae and Lymnaeidae snails in Kerman (GenBank accession numbers:
KT267211.1, KT280457.1, KT365877.1, KT280430.1, KT280429.1), but unfortunately, there are no more
epidemiological studies in this area.

Although E. explanatum was �rst reported in Iran in 1980, but they were collected from cattle imported
from Afghanistan, Pakistan or India (Otto and Eslami, 1980). In the later stage this parasite was reported
in indigenous buffaloes in southwest Iran (Mazahery et al., 1994), sheep and cattle with unknown origin
in Shiraz slaughterhouse (Rajabloo et al., 2014) and cattle with unknown origin in Zabol, southeast Iran
(Khedri et al., 2015). As livestock is imported to Iran from different sources, if E. explanatum is really part
of Iran fauna or the reports are with abroad (alien) origin needs further works, specially looking at
intermediate hosts and checking the source of slaughtered animals more carefully. As this parasite has
never been reported in Kerman Province and there is a possibility of introduction of this parasite through
imported cattle, precise inspections of slaughtered animals and awareness of related authorities are
required for clari�cations. It should be noted that the unlawful transfer of livestock from Iran's
neighboring countries may have played a role in this occurrence. However, a comprehensive study of
native cattle and potential intermediate hosts may provide more insight into the occurrence of this
parasite and potential life cycle of it. Such information may help the veterinarians for better control of
this parasite.
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Figure 1

Gross view of E. explanatum under stereomicroscope. a) ventral view of whole-body shape, M: Mouth, Gp:
Gonopore, ac: Acetabulum, b) lateral view of whole-body, c) dorsal view of whole-body

In SEM images (Fig 2), no body spines and armature were seen, but frequent and prominent tegumental
papillae were noticed that are characters of the genus Explanatum.
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Figure 2

Scanning electron micrograph of E. explanatum. a) Ventral view of whole-body, M: Mouth, Gp: Gonopore,
Ac: Acetabulum, b) M: Mouth, arrow shows the dome shaped papillae, c) Gp: Gonopore, arrow shows the
dome shaped papillae, d & e) p: Dome shaped papillae, f) Star: tegument ridges and furrows.
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Figure 3

Cross sections of Explanatum. a: acetabulum, o: ovary, p: pharynx, u: uterus, t: testis, c: caeca, Gp: Genital
pore, v: Vitelline follicles.
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Figure 4

Potential intermediate hosts for E. explanatum in the region. a) Shell without operculum, discoid belongs
to Family Planorbidae. b) Shell coiled shape, conical, dextral (aperture to right) belongs to Family :
 Lymnaeidae


