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INTRODUCTION

Fascioliasis is considered as a neglected zoonotic disease of
ruminants. This disease is caused by two species of Fasciola
(F) namely Fasciola hepatica and F. gigantica. They are
distributed in more than 70 countries except Antarctica, in
areas where sheep and cattle are reared (WHO 2016; CDC
2019). This disease was first recorded as early as 2000 BC.
Fasciola spp. cause serious pathological effects to livestock
(Abbas et al. 2019). The number of infected sheep exceeds
250 million and about 300 million cattle are infected globally
with fascioliasis. The disease cause losses exceeding 3.2 billion
$ yearly, due to decrease in milk and meat production and an
increase in mortality rate in addition to liver condemnation
and expenditure of anthelminthic (Hillyer and Apt 1997; Jaja
et al. 2017).

Nowadays, attentions have been paid to fascioliasis due to its
zoonotic feature, because it infects both humans and animals.
Human cases are estimated to be around 2.6 million worldwide
(Schweizer et al. 2005). Humans acquire fascioliasis incidentally
through the ingestion of cercaria encysted on watercress or
with drinking water. Human and animal infections have shown
worldwide expansion which mainly related to climatic changes
(Caravedo and Cabada 2020).

The geographic distribution of Fasciola spp. depends on the
presence of the intermediate host, the snail, in an area which
is responsible for spreading the disease and leading to the
infection of new hosts (Mas-Coma et al, 2005). The
intermediate host for F. hepatica is Lymnaea truncatula, that
exists in cold and temperate zones, so it is prevalent in North
America, Europe and Australia. While F. gigantica is common in
sub-tropical and tropical zones of Asia and Africa (Mas-Coma
etal. 1997).

Morphology

The both species of liver flukes; F. hepatica and F. gigantica (Fig.
| and 2) can be differentiated morphologically by their shape,
size, and the shape of cephalic cone (Keiser and Utzinger
2009). Adult F. hepatica is large, leaf-shaped measuring 3cm in
length by 1.5 cm in width; the color is brown to pale grey. It
possesses two unequal suckers; the smaller oral sucker which

is powerful and located at the anterior end that extends into
a conical projection, the cephalic cone, and the ventral sucker
which is larger and located at the base of cephalic cone. The
posterior end of the body is more rounded than anterior end.
F. gigantica is the largest liver fluke which is longer and
narrower than F. hepatica, measuring 7.5 cm in length and 1.2
cm. in width. It also possesses two unequal suckers; a shorter
cephalic cone and the fluke is more oblong with a larger
rounded posterior end (Jeandron et al. 2010; Abdisa and Jilo
2017; CDC 2019). Fasciola worm is hermaphroditic; it
possesses two dendritic highly branched testes and one ovary
that produce eggs excreted with animal feces. Even though
both Fasciola spp. are separate, ‘“hybrid forms” with
intermediate  morphological  characters and  genetic
components of both species were recorded in some Asian and
African countries, where both species were found (CDC

2019).
Classification of Fasciola Species

Fasciola belongs to Phylum Platyhelminthes, Class
Rhabditophora, Order Plagiorchiida, Family Fasciolidae, Genus
Fasciola and species Fasciola hepatica, Linnaeus 1758 and
Fasciola gigantica, Cobblod 1855.

Life Cycle

Each adult fluke produces more than 20,000 eggs daily, which
are deposited in the biliary passages of the host (Stein 2003).
These eggs are oval, operculated, yellowish brown in color,
large in size, the average length ranges from 130£150/63+£90
um for F. hepatica and 150+196/90£100 pym for F. gigantica
(Marcilla et al. 2002; Stein 2003; Keiser and Utzinger 2009).
The deposited eggs pass with the bile to the intestine then are
excreted in animal feces. The life cycle (Fig. 3) begins when the
eggs embryonate under favorable environmental conditions of
temperature, oxygen tension, pH and humidity (at least a film
of water).

The embryonation takes more than two weeks depending on
the above-mentioned factors, then hatch into a free-swimming
miracidium (Stein 2003). The miracidium penetrates the body
of a suitable snail, the intermediate host, which is responsible
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Fig. 1: Fasciola hepatica isolated from bile duct of sheep; A: Adult; B:

Anterior end of Fasciola showing oral and ventral suckers, pharynx, Fig. 2: Fasciola gigantica isolated from bile duct of Cattle; A: Adult;

genital pore, ovary and uterus; C: posterior end of the fluke; B and C  B: Posterior end of the fluke; C: Anterior end showing oral and

under magnification power 20x. ventral suckers, and genital pore, B and C under magnification
power 20x
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Fig. 3: The Lifecycle of Fasciola spp.

for the completion of the developmental stages and the
transmission of the disease. The snails acting as intermediate
hosts for Fasciola spp. inhabit a wide range of habitats such as
rivers, lakes, springs, irrigation ducts, etc., (Thanh 2012). The
snail Lymnaea truncatula acts as intermediate host for F.
hepatica in Iraq and also, is prevalent in many temperate zones
of America, Australia and Europe (Mas-coma et al. 1997, and
2009; Kock et al. 2003). While Lymnaea columella is very
common in South Africa (Kock et al. 2003). In Egypt, the snail,
L. cailliaudi acts as intermediate host for F. gigantica, while L.

columella can transmit both F. gigantica and F. hepatica. In
tropical and subtropical areas of Africa, F. gigantica is
transmitted by Lymnae natalensis (Thanh 2012). In the
intermediate host the miracidia develop into sporocysts, redia
and cercaria.

The cercariae leave the snail and swim in water, for a short
period of time, then encyst as metacercaria on aquatic
vegetation (e.g., watercress) or other objects. Each snail
infected with one miracidium can produces up to 4,000
free-swimming cercariae (Rinaldi et al. 2007). When the



metacercaria is taken by the susceptible definitive host, it will
excyst by the effect of gastric and intestinal juices in the
anterior part of the small intestine and penetrate its wall
reaching peritoneal cavity, then to the liver.

The juvenile flukes migrate through the liver tissue and enter
the biliary passages, where they become mature and produce
eggs (CDC 2019). The incubation period ranges from 2-3
months depending on the number of the flukes and adult flukes
may remain alive in the bile ducts of sheep for years, while in
cattle most of them start shedding eggs within 5-6 months
(Ballweber 2022).

Both Fasciola species can adapt to new animal hosts, thus they
infect a wide range of domestic and wild animals and human
can also be infected and regarded as incidental host. The
commonest definitive hosts for Fasciola spp. are sheep, goats,
cattle etc. Besides, other wild animals (deer, rabbits, llamas,
rats, kangaroos, and beavers) can be infected with Fasciola spp.
(Keiser et al. 2008; Keiser and Utzinger 2009).

Pathology and Symptoms of Fascioliasis

The pathological effects of the disease depend on the parasitic
load. Therefore, the severity of the disease varies from
asymptomatic to highly symptomatic (Pullan et al. 2008). These
effects might be severe in mammalian hosts. This could be
attributed to simultaneous infection by the parasite at different
disease stages. Fascioliasis clinically can be divided into two
phases:

Acute Phase

This phase of the disease starts when the immature Fasciola
penetrate the liver tissue of the host (Pullan et al. 2008) causing
tissue damage, hemorrhage, inflammation, and fibrosis of the
liver. These effects are produced due to digestion of invaded
liver tissue by the parasite. The burrows produced by flukes
can be observed in the histological examination of liver
sections.

The symptoms of the acute stage can be summarized as
abdominal pain, gastrointestinal disorders and anemia (Pullan et
al. 2008; Becker et al. 2011). Other symptoms of hepatic
damage include jaundice, hepatosplenomegaly and ascites
(CDC 2019). The infected definitive hosts of the livestock may
die suddenly due to intense blood loss, liver dysfunction in
addition to secondary bacterial infection with Clostridium
novyi. Furthermore, in case of heavy infections, the parasite can
penetrate the diaphragm tissue entering to the lung tissue
causing pneumonia, infection and fibrosis of the plural
membrane and producing lesions in the respiratory system
(Pullan et al. 2008; Speich et al. 2010; Becker et al. 201 I).

Chronic Phase

This phase of the disease begins when the parasite reaches the
bile ducts and lay eggs. The main conspicuous symptoms of this
phase include: dilatation and hyperplasia of biliary ducts, their
calcification, thickness of gallbladder. In some cases of heavy
infections, the bile ducts may be blocked causing severe
complications such as, cholangiolitic, acute pancreatitis,
cholecystitis and bacterial superinfections (Pullan et al. 2008;
Becker et al. 201 1).

Other pathological effects of the disease in livestock are
intense anemia, since a single Fasciola fluke cane led to losing
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0.2-0.5 ml of blood daily (Autissier 2008). Chronic fascioliasis
of sheep and cattle may lead to bottle jaw disease (oedema
under the jaw) in the infected animals (Duthaler 2012).

Epidemiology of Fascioliasis

Fascioliasis has a global distribution in all continents where
sheep and cattle are reared. Due to vast literature on the
prevalence and distribution of the infection, in this section only
the studies performed in Iraq and some of the neighboring
countries during the last decades are reviewed.

The Epidemiology of Fascioliasis and its Relationship to
some Factors in Iraq

Some studies have been performed in Iraq reporting the
prevalence of fascioliasis in different parts of the country.
Rasheed and Kadir (2008) in Kirkuk, reported rates of 2.63%,
0.50%, 0.43% and 4.00% in cattle, sheep goats and buffaloes,
respectively. Furthermore, they observed seasonal variation in
the rate of infection, since the prevalence was higher (5.0%) in
cattle in Autumn, followed by Winter (2.08%). While the
highest rates in sheep and goats was in winter, which were
0.88% and 0.68%, respectively. Because the larval stages of
Fasciola spp. develop in freshwater snails and their presence
depends on environmental conditions like humidity, rain fall,
temperature etc. Furthermore, both definitive and
intermediate hosts are involved with the external environment
(Mas-Coma 2005).

In Erbil, Koyee et al. (2011) inspected slaughtered 53,868
sheep, 17632, goats and 14435, cattle and reported, infection
rates of 4.11%, 3.62% and 3.44%, respectively, of fascioliasis.
The highest prevalence in sheep was recorded in summer and
autumn seasons which was 4.8% for each season, while in
winter and summer lower rates (3.86% and 3.64% respectively)
were reported. In goats, the highest prevalence (4.61%) was
observed in autumn and the lowest (2.84%) in winter. In cattle,
the highest prevalence was in spring (4.08%) and the lowest in
winter (2.66%).

Al-Kassar (2012) reported the presence of Fasciola spp. stages
at a rate of 16.04% in vegetables in Al-Nasiriyah, southern of
Iraq. In Babylon, Abdalnabi (2012) performed serological
survey for the prevalence of fascioliasis and reported rates of
14.30%, 35.00%, and 68.40% in cattle, sheep and goats,
respectively. Hussain and Zghair (2017) reported a rate of
3.61% among 500 examined cows in Karbala, Iraq. Oleiwi et al.
(2017) investigated the presence of fascioliasis in 220 blood
samples collected from local breed sheep in Abu Gharib
district, Baghdad governorate using ELISA test and recorded a
seropositivity rate of 12.73% for F. hepatica among them.
Abass et al. (2018) investigated the prevalence of fascioliasis in
slaughtered cattle, goats and sheep of Kirkuk from 2017 to
2018 and reported rates of 1.35%, 0.63% and 0.28%,
respectively. With the highest prevalence (80%) in April and
the lowest (6.0%) in November in cattle. On the other hand,
the highest prevalence for sheep and goats was recorded in
March which were 72.00% and 11.00%, respectively.

Gatie et al. (2018) investigated the prevalence of fascioliasis in
cattle and buffalo in Thi-Qar and found 54.7% and 23.71% of
them infected. In Koya city, Hassan (2018) investigated the
prevalence of cattle and sheep on monthly basis and reported
rates of 1.8% in cattle and 0.14% in sheep, with the highest rate
(2.30%) among cattle in June and 0.98% among sheep in March
while infection was not reported among goats.



In Kirkuk, Abass et al. (2019) investigated the rate of fascioliasis
in slaughtered livestock and reported rates of 0.17%, 0.7%, 1.23%
and 12.98% in sheep, goats, cattle and buffalo, respectively. Also,
they further added that, the rates were higher in spring and
winter and lower in summer and autumn.

Al-Mahmood and Al-Sabaawy (2019) in Mosul, reported a
natural infection rate of 4% in slaughtered cattle. Al-Alo et al.
(2019) investigated the prevalence of fascioliasis in sheep and
cattle based on abattoir data of Al-Najaf, southern Iraq, and
reported rates of 0.67% in sheep, and 0.66% in cattle.
Furthermore, the highest rates in sheep and cattle were during
April which were 0.69% and 0.80%, respectively and the lowest
rate was 0.38% for both species in October.

Rasheed et al. (2019) investigated the prevalence of fascioliasis
among slaughtered sheep in Tikrit and Balad cities, and
reported rates of 17.54% and 8.79%, respectively. They further
added that in Tikrit, the highest rate (30.58%) was in January
and the lowest (10%) was in June, while in Balad city, they
reported the highest rate (13.33%) in December and the
lowest (3.86%) in June.

In Duhok governorate, Nerway et al. (2021) reported
prevalence of 2.0% of fascioliasis among slaughtered livestock,
with the highest prevalence of 3.27% in cattle, followed by
sheep (1.76%) while the lowest (0.87%) was in goats. The local
breed of livestock showed slightly higher rate as compared to
imported breed (2.10% versus 1.88%). With regard to gender,
the prevalence was higher (2.08%) in males than females
(1.08%). The distribution of Fasciola species among livestock
differs in sheep and cattle. F. hepatica was more common in
sheep and goats; while most of the cattle were infected with F.
gigantica.

Regarding the intensity of infection in livestock, heavy
infections were reported in 38.46% of infected animals, with
the highest rate (55.74%) being in sheep, followed by light
infection which were reported in 35.90% of animals, with the
highest rate (62.12%) in cattle, while 28.21% of the animals
were infected with a moderate number of flukes with the
highest rate (71.43%) being in goats. Most of the liver flukes
were recovered from the bile ducts (67.69 %), followed by gall
bladder (21.54%) and the least (10.77%) from both the bile
ducts and gall bladder.

The Epidemiology of Fascioliasis in Countries
Surrounding Iraq

A vast number of studies on fascioliasis, among countries
neighboring lraq were carried out in Iran. Only the studies
performed during the period from 2005 to 2019 on sheep,
goats and buffalos are listed in Table |, which showed
fluctuation in infection rates.

Regarding seasonal fluctuation of prevalence in Iran, cattle,
sheep and goats showed the highest prevalence in spring and
summer as reported by Ali et al. (201 1), while, Khanjari et al.
(2010) reported high prevalence among cattle in spring and
among sheep in winter. On the other hand, some studies
recorded higher prevalence in cattle, sheep and goats in winter,
and low prevalence in summer (Kordshooli et al. 2017; Arbabi
et al. 2018; Aminzare et al. 2018).

With respect to gender, some studies recorded significantly
higher prevalence in females than males (Ali et al. 2011;
Khanjari et al. 2014).

In Saudi Arabia few studies were carried out on the prevalence
of fascioliasis in livestock. Sanad and Al-Megrin (2005)
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investigated the prevalence of fascioliasis in imported and local
sheep in Riyadh city, and recorded a rate of 21.9%, with a
higher rate among imported sheep as compared to local one,
since only 4.96% of them were infected. Degheidy and Al-Malki
(2012) investigated the prevalence of Fasciola infection and
liver abscess among slaughtered imported cattle, in Al-Taif city
and reported rates of 8.6% and |.1% respectively, they further,
added that fascioliasis caused 52.06% loss of liver and meat
estimated to be around 75000 SR yearly. In another study in
Al-Taif, Degheidy et al. (2013) recorded a prevalence of 3.1%
in sheep.

In Jordan only the study performed by Maraqa et al. (2005)
reported the prevalence of helminthic infection in imported
and local sheep. F. hepatica was reported in 3.2% of sheep
imported from Australia, while none of the local breed was
found infected.

Yildirim et al. (2007) recorded prevalence of Fasciola hepatica
in 65.2% cattle of Turkey using ELISA test, with significantly
higher rate among females than males (70.7% versus 47.8%).
Significantly different rates were observed in different age
categories while the association among animal was found
nonsignificant. In the black sea area, Acici et al. (2017)
investigated the rate of F. hepatic in sheep in three areas using
ELISA, and reported rates of 32.40%, 25.40% and 34.90% in
Samsun, Sinop and Tokat, respectively. Furthermore, Celik and
Celik (2018) performed another study on fascioliasis and
recorded rates of 7.5% and 14.14% for F. hepatica among sheep
and goats, respectively. With regard to Syria and Kuwait,
fascioliasis was not investigated in these countries.

The Genome of Fasciola spp.

Fasciola gigantica complete nuclear genome is 1.04 Gb, having
a total of 20858 genes (Pandey et al. 2020). While, F. hepatic
possess the largest parasitic genome accounting of 1.3Gb
(Cwiklinski et al. 2015). It possesses 10 pairs of chromosomes,
32% of this genome is composed from repetitive DNA. This
genome contains |2 gene-coding proteins, two rRNA genes
and 22 transfer RNA genes, with the absence of mitochondrial
genes that encode ATP synthase membrane subunit 8 (atp 8
gene) (Huang et al. 2013; Liu et al. 2014). The targeted genes
in each genome must be long enough to show reasonable
variable differential and similar features allowing differentiation
between the genes of the targeted species (Huang et al. 2004).
Because some nucleotides remain constant and others are
divers, this will lead to the occurrence of small numbers of
mutations in the active constraint regions of the genome.
Coding regions possess more functional constraints as
compared with non-coding regions; therefore, their
information is used in phylogenetic studies (Shaw et al. 2005).
Phylogenetic and genetic studies of Fasciola spp. have been
performed using r DNA and mitochondrial DNA (mt DNA)
markers (Le et al. 2000; Huang et al. 2004).

DNA Markers

The DNA markers are modern tools used for the
differentiation between Fasciola species, since morphological
differences do not give the precise identification of the
species due to the overlapping of the morphological features
between both Fasciola species in addition to time consuming
(Rokni 2008; Hasanpour et al. 2020). Therefore, recent
molecular techniques were used for distinguishing both



species of flukes, as it is necessary to identify them accurately
because intermediate forms of both species have been raised
creating difficulties for taxonomical identification (Walker et
al. 2006). For this reason, molecular techniques are
considered as the golden method for discrimination between
both species.

So far, the used markers include first Internal Transcribed
Spacers (ITS-1) of 5.85 and second Internal Transcribed Spacer
(ITS2) of 28S ribosomal ribonucleic acid (rRNA) (Marcilla et al.
2002; Le et al. 2008) and the mitochondrial DNA markers
(Walker et al. 2006).

Internal Transcribed Spacers (ITS)

The rDNA markers are valuable markers, because they have a
number of variable regions between two conservative regions
making them a perfect molecular marker in molecular studies
(Hills and Dixon 1991). These markers are non-coding regions
situated between|8S, 5.8S and 28S ribosomal RNA genes as
illustrated in Fig. (4). The ITSI and ITS2 are used in
phylogenetic studies for differentiation between Fasciola spp.
isolated from various hosts and different locations. This will
help in identifying the intermediate forms of Fasciola and in the
precise identification of the known Fasciola spp. (Itagaki and
Tsutsumi 1998; Itagaki et al. 2005; Prasad et al. 2008).

Mitochondrial DNA Markers
These markers are used in phylogenetic studies of Fasciola spp.,
they included the coxl, and the Mitochondrial Nicotinamide

Dinucleotide Dehydrogenase Subunit-1 (ndl). Both these

Table I: The prevalence of Fasciola spp. among livestock in Iran
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markers have been used in many molecular studies for
determining the relatedness among Fasciola spp. (Chaichanasak et
al. 2012). Such studies have been carried out in Bulgaria, China,
Turkmenistan, Turkey and Russia using one or both of these
markers (ndl and coxl) for determining the lineages of F.
hepatica, and they reported |3 haplotypes using ndl and 10
using cox| (Semyenova et al. 2005).

Molecular Studies on Fascioliasis

Molecular Studies of Fascioliasis in Iraq

In Iraq some molecular investigations were performed using
different DNA markers for identifying Fasciola spp. Mohammed
etal. (2016) used ITS-I and ITS-2 ribosomal DNA markers to
identify F. hepatica isolated from cattle in Duhok governorate.
Abdulwahed and Al-Amery (2019) used ITS2 and RFLP to
identify F. hepatica and F. gigantica isolated from infected sheep
in Al-Kut city, central region of Irag. In addition, they also,
reported a new intermediate form of Fasciola. In Baghdad,
Hassone and Salah (2019) performed a phylogenetic study of F.
hepatica isolated from cattle using cox| gene and recorded 12
F. hepatica closely related forms which were similar to
sequences from Spain.

Hamoo et al. (2019) used ITS-1 rDNA as a marker for
identifying Fasciola spp. isolated from cattle liver in Kirkuk.
They reported F. gigantica which showed 100% similarity with
globally isolates sequences. The same researchers conducted
another study in Aqrah (Hamoo et al. 2020) using the 18S
rRNA gene for the identification of F. gigantica removed from
the liver of infected cattle.

Hosts Province in Iran Prevalence (%) References

Sheep Fars 38.30 Sayari et al. 2008
Goats Fars 5.00

Cattle East Azerbaijan 32.10 Eslami et al. 2009
Sheep East Azerbaijan 32.00

Calves East Azerbaijan 0.00

Buffaloes East Azerbaijan 17.00

Horses East Azerbaijan 50.00

Cattle Khuzestan 49.50 Ahmadi and Meshkehkar 2010
Sheep Khuzestan 28.70

Goats Khuzestan 35.90

Cattle Isfahan 2.40 Alietal. 2011

Sheep Isfahan 6.90

Goats Isfahan 4.10

Cattle llam 53.00 Abdi et al. 2013
Sheep llam 36.50

Goats llam 10.50

Cattle Lorestan 7.60 Ezatpour et al. 2014
Sheep Lorestan 7.10 Ezatpour et al. 2015
Goats Lorestan 3.90

Cattle Fars 1.65 Mohamadzadeh et al. 2016
Sheep Fars 0.33

Goats Fars 0.24

Cattle Jahrom I1.15

Sheep Jahrom 522 Kordshooli et al. 2017
Goats Jahrom 2.15

Cattle Arak 0.76

Sheep Arak 0.75 Arbabi et al. 2018
Goats Arak 0.42

Cattle Guilan 9.00 Khademvatan et al. 2019
Sheep Guilan 4.20

Goats Guilan 3.10
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Fig. 4: Diagram of ITS-1 and ITS-2 markers.

Raoof et al. (2020) used the mitochondrial 28S rRNA gene in
a molecular study and phylogenetic analysis for Fasciola species
isolated from sheep and goats of Sulaymaniyah governorate.
They obtained two sequences of F. gigantica that showed high
similarity with sequences of Indian strains, while four F. hepatica
sequences were analogous to sequences from Iran and Saudi
Arabia.

Mohammed et al. (2021) carried out another molecular study
and phylogenetic analysis of Fasciola spp. isolated from cattle,
sheep and goats in Duhok using ITS| and ITS2 as DNA marker.
They sequenced |3 products from the study; 7 amplicons were
recognized as F. hepatica and 5 as F. gigantica except one
sequence of F. gigantica was clustered as monophyletic, these
sequences were deposited in GenBank.

in Countries

Molecular Studies Fascioliasis

Surrounding Iraq

on

Simsek et al. (2011) used PCR-RFLP method for targeting
mitochondrial cox| with the help of the restriction enzymes
Alul and Rsal for identification of Fasciola spp. isolated from
domestic livestock in Turkey. Both fluke species were reported.
In Turkey also, Canakoglu et al. (2019) used molecular tools for
identifying Fasciola spp. isolated from cattle and sheep using
PCR-RFLP on B-tubulin isotype 3 gene and the enzymes Mboll,
Hphl and HindIl. Polymorphism in B-tubulin isotype, 3 genes
were reported among F. hepatica isolated from sheep and cattle
of the two studied parts of Turkey.

Shalaby and Gherbawy (2013) performed a molecular study of
Fasciola species isolated from imported sheep in Saudi Arabia,
using Random Amplified Polymorphic DNA (RAPD) PCR in
amplifying ITS1. Both species of Fasciola were recorded in their
study in addition to a hybrid form with different genetic
constituents of both species.

Amor et al. (2011) used morphological and molecular
techniques for the identification of Fasciola species isolated
from buffaloes and goats in Iran. They used the sequences of
both ITS-1 and ITS-2 rDNA. The performed tree of these
sequences showing 48.1% identity to the haplotypes that most
frequently identified for F. hepatic and 38.45% identity to F.
gigantica. But these sequences differ from each other in the
position of some nucleotides of the ITS region. Also, a new
intermediate form with 13.45% similarity was reported which
showed overlapping of nucleotides in all positions between the
two Fasciola species.

Also, Shahbazi et al. (2011) used ITSI and RAPD-PCR
techniques for molecular identification of Fasciola removed
from sheep and cattle. They reported intra-specific variation
within both species. Shafiei et al. (2014) investigated the
morphological and molecular analysis of F. hepatica and F.
gigantica using the ITS1, ITS2, and mitochondrial genes (ndl and
cox) in the southwest of Iran. They isolated F. hepatica from

ETS | 18S [ ITS|5.85 | ITS| 28S

sheep and goats, while both species (F. hepatica or F. gigantica)
were isolated from cattle.

In west region of Iran, Kobra et al. (2018) used morphological
characters and molecular tools like PCR-RLFP, to identify both
Fasciola spp. and their intermediate forms isolated from sheep,
goats and cattle. Another study in west of Iran, Shokouhi et al.
(2019) carried out a genotyping investigation on Fasciola spp.
isolated from sheep and cattle targeting ITS| by PCR and PCR-
RFLP techniques with Rsal restriction enzyme and they
reported F. hepatica in their study.

Javanmarda et al. (2020) identified Fasciola spp. taken from
sheep, goats, cattle and humans using multiplex PCR and RLFP-
PCR for targeting the genes phosphoenolpyruvate
carboxykinase (pepck) and DNA polymerase delta (pold). They
found that all isolates were F. hepatica without the detection of
any hybrid form. But the sequences isolated from cattle were
with higher diversity in the three genes than those of sheep and
goats. In addition, phylogenetic analyses showed a close
relation between F. hepatica isolates of human and sheep.

Diagnosis of Fascioliasis in Livestock

The control and management of fascioliasis depend on the early
identification and treatment of the disease in infected hosts.
Different diagnostic methods have been used for the diagnosis
of the disease in livestock such as coprological, morphometric,
serological, imaging techniques and molecular techniques
(Thanh 2012).

Coprological and Morphometrical Methods

In coprological diagnosis, the stool samples are examined using
microscopy which is effective for detecting Fasciola eggs in the
stool samples and in bile and duodenal fluid samples. Stool
samples can be examined using sedimentation and Kato-Katz
method (Hanpithakpong et al. 2008; Bhamidipati et al. 2009).
The copromicroscopic techniques are cheap, and can easily be
performed. Using this method, the intensity of infection can be
estimated that help in determining the effect of anthelminthic
used in treatment of livestock (Cesar et al. 2011).

Fasciola eggs are quite big and characteristic, as they are oval,
operculated and unembryonated. So morphological characters
can be helpful in diagnosis, except during migration of
immature flukes in the liver tissue and in such cases, it will be
difficult to detect the eggs in stool samples (Hillyer 1999;
Marcilla et al. 2002). The copromicroscopy can be good for
diagnosing chronic infections, since mature flukes only can lay
eggs, but in the cases of acute and ectopic infections this
method is useless (WHO 2006).

The morphometric methods are used in many countries for
the differentiation of adult Fasciola flukes depending on
measurements of body length and other morphological



characters which are differential such as, body length, width,
cone length and width, size of suckers, and other measurable
characters (Periago et al. 2006; Ashrafi et al. 2006). For precise
diagnosis, it is useful to combine morphometric method with
Computer Image Analysis System (CIAS). This technique has a
wide application in many countries where fascioliasis is
prevalent (Periago et al. 2008; Itagaki et al. 2009; Thanh 2012).
Morphological features are not used for identification of
intermediate forms of Fasciola species, because these forms are
genetically different and such diagnostic method do not give
accurate  results  (Knowlton 1993).  Furthermore,
morphological identification requires a lot of experience, so
using molecular techniques can give a more confirmative
identification of a species (Hebert et al. 2003).

Immunodiagnosis Methods

The most widely used immunological methods include Enzyme-
Linked Immunosorbent Assays (ELISA), which is indirect
serological test used for detecting antibodies produced by the
parasite (Rokni et al. 2002; Espinoza et al. 2005; WHO 2006).
ELISA helps to diagnose even infections with low parasite load
in addition to ectopic infections (Mas-Coma et al. 2005; WHO
2006). Although, immunodiagnostic techniques are highly
sensitive, but they have some difficulties in recommending the
precise treatment, since the circulating antibodies remain for
long time after treatment. Furthermore, cross reacting
antibodies with other trematodes may develop (Boulard et al.
1995; Hillyer et al.1999).

Molecular Methods

Molecular Methods are the most confirmative means for
diagnosis as compared with other methods. In this method
polymerase chain reaction (PCR) are used and they gave an
accurate diagnosis of both parasite species and even strains
(Mas-Coma et al. 2005; Thanh 2012).

For precise identification of species and the measurement of
their boundaries in addition to studying their phylogenetic
relationships, many molecular methods are used including
mitochondrial and nuclear DNA markers, fingerprinting,
hybridization methods, sequencing of selected genes, DNA
barcoding and microsatellites (Maddison 1997; Baker and
Bradley 2006; Thanh 2012). All these methods can be used for
differentiation of Fasciola species eggs and from eggs of other
trematodes and even can be used in identifying the parasite in
infected snail host (Ai et al. 201 1).

Treatment of Animal Fascioliasis

For treatment of animal fascioliasis, numerous anthelminthic
drugs have been used. Some of these drugs are effective in
treatment for adult parasite stages (Spithill 1999). The drug
Triclabendazole is effective for mature and immature stages of
F. hepatica and F. gigantica. Therefore, it is used in the treatment
of acute and chronic stages of fascioliasis (Waruiru et al. 1994).
This drug is given as one dose of 10 mg/ Kg body weight for
treatment of adult flukes inhabiting the biliary passages and the
migratory juvenile flukes within liver tissue (Mahmoud 2008).
Three doses per year are recommended for treatment starting
from winter season for treating chronic infection. The second
dose is recommended in spring to minimize the pasture
contamination by parasite eggs and the third dose in autumn,
at the end of dry season (Pfukenyi and Mukaratirwa 2004).
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Prevention and Control of Fascioliasis

It is necessary to control the snail hosts which harbor the larval
stages of the parasite and contaminate the pasture preventing
disease spreading among definitive hosts (Pfukenyi and
Mukaratirwa 2004). In this step, molluscicides and pesticides
are used (Mzembe and Chaudhry 1981). Molluscicides are used
for reducing the snail populations in rivers, springs dams or for
the amphibious snails living on the surface of plants (Spithill
1999). The other step is to keep away the animal herds from
sites that contain heavy growth of aquatic plants used for
animal feeding that might be contaminated with parasite
infective stages.

Conclusions

This review indicates that fascioliasis is endemic in Iraq, since
both F. hepatica and F. gigantica in addition to their intermediate
forms were reported in the livestock besides the presence of
the snail hosts required for the completion of the parasite life
cycle. Thus, the application of preventive and control measures
are necessary,
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