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ABSTRACT: The study was conducted to evaluate predominance and the related risk factors of sheep fasciolosis in
Faisalabad district, Punjab, Pakistan. In addition, comparison of the coprological examinationand excretory/secretory
antigens (ES Ag)-based ELISA was also performed to determine the variation in the prevalence of fasciolosis. Oft-
he1200 faecal and blood samples, 128 (10.67%) and 241 (20.08%) samples were found positive for Fasciola infection
and anti-Fasciola antibodies respectively. The prevalence of fasciolosis was significantly (P < 0.05) higher in female
and adultanimals. Most of the animals showed moderate (55.47%) infection which was significantly higher than mild
(28.91%) and severe (15.63%) infections. The highest prevalence of fasciolosis was determined in December (26.00%
through faecal examination; 42.00% through ELISA) with a mean EPG of 842.3 while lowest in May (02.00% through
faecal examination; 07.00% through ELISA) with a mean EPG of 650. The frequency distribution of fasciolosis was
significantly (P < 0.05) highest in the winter (faecal examination 20.67%; ELISA 34.67%) followed in order by the
monsoon (faecal examination 09.00%; ELISA 18.67%), spring (faecal examination 08.33%; ELISA 17.33%) and sum-
mer (faecal examination 04.67%; ELISA 09.67%). The highest mean EPG of fasciolosis was determined in the spring
(894) followed in order by the winter (851.67), summer (654.67) and monsoon (616.33). Although the faecal exam-
ination is the gold standard and the “best method” in the diagnosis of sheep fasciolosis; however, the serological tests
should not be excluded especially the home-made ES Ag-based ELISA which might be preferred and more affordable
risk assessment tool in the field epidemiology.
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INTRODUCTION
Fasciolosis, an important, emerging food and wa-
ter-borne parasitic zoonosis occurring in human
communities, is considered among the significant
public health problems in several countries (Intapan
et al., 2003). Fasciolosis is a significant problem of
animals and the infection is brought about by the Di-
genean trematodes of the genus Fasciola, generally
called as the liver flukes. Both juvenile and adult de-
velopmental phases of the parasite are responsible for
pathogeneses and production losses in the final hosts.
In temperate areas without enormous occasional cli-
matic variations, for example Ireland, the management
factors unequivocally impact the spatial distribution
of the Fasciola sp. (Munita et al., 2016). Fasciolosis
causes an enormous financial loss of approximately
USS$ 3.2 billion around the world (Ahmad et al., 2017,
Khan et al., 2017).

The conclusive analytic test for Fasciola sp. is the
liver necropsy which gives a profoundly exact diag-
nosis of the fasciolosis when bile ducts have the par-
asite (Ahmad et al., 2017). However, this cannot be a
preventive management tool for the flock and/or herd
health monitoring system because we can only apply
this on the post-mortem examination (Mazeri et al.,
2016). Oftenly utilized ante-mortem test for the diag-
nosis of fasciolosis is the identification of eggs in the
faeces by the sedimentation method followed by the
faecal egg counts (FEC) which is reported to have a
higher specificity. The later i.e. FEC is the best tool for
the detection of current infection and to determine a
higher precision of the burden of the parasitic infection
(Rizwan et al., 2017; 2019; Ahmad et al., 2020). How-
ever, FEC does not prove to be a sensitive diagnostic
tool in cases of lower magnitude of parasitism or when
the juvenile (non-reproducing) stages of the flukes are
in the process of internal migration towards the predi-
lection site, i.e. the bile duct (Brockwell et al., 2013).

The technique which depends on the antibody
(Ab) detection will overwhelmingly be the favorable
technique for the immunodetection of Fasciola sp.
This is due to the overall simplicity of the method
and an early sero-conversion during the premature
disease. Thus, most of the specialists are currently
using enzyme-linked immunosorbent assay (ELISA)
for the immuno-detection of Fasciola sp. (Rizwan et
al., 2016; Acici et al., 2017; Munita et al., 2019).The
excretory/secretory antigens (ES Ag)-based ELISA
is explored which not only detects infection but also
gives a better picture of the infection as compared

to the conventional diagnostic techniques in the pre-
ventive management strategy of the Fasciola sp. in
the livestock. The current study was performed to (a)
compare the prevalence of fasciolosis through the
classical coprology and ES Ag-based ELISA owing
to their capabilities to detect the exposure of the sheep
population to the Fasciola sp., (b) determine the quan-
titative magnitude of the parasitic load through the
eggs per gram (EPG) of Fasciola sp., and (c) analyze
an association of season as an extrinsic determinant
with the prevalence and EPG of the Fasciola sp.

MATERIALS AND METHODS

Collection and Processing of Samples

The study was conducted in the district Faisalabad,
Punjab, Pakistan which is the third largest city of the
country. The faecal samples (5 g) and blood samples
(5 mL) were collected from the randomly selected
100 sheep/month of the pastoral communities for one
year aseptically with the owners’ consent. Following
criteria was used for the selection of animals: (a) clin-
ically health, (b) normal physiological parameters,
and (c) no history of the fasciolicidal treatment over
the past three months. The collected faecal samples
from 519 young animals, 681 adult, 713 male and,
487 female animals were processed to identify the
Fasciola sp. infection through the standard indirect
qualitative faecal examination assay (sedimentation
technique) as given by Hayat and Akhtar (2000). Eggs
were identified following the standard identification
keys (Soulsby, 1982).

Quantitative faecal examination for the assessment
of parasitic burden was performed through the “Mod-
ified McMaster Test” as given by Mazeri et al. (2016).
The animals found positive for the Fasciola sp. were
categorized as mildly, moderately and severely infect-
ed according to the FEC of 100 to 600, 700 to 1000,
and over 1000 per gram of faeces, respectively. The
blood samples were collected from the jugular veins
into the gel-clot-activator vacutainers and indorsed to
clot for 35 to 40 minutes and shipped to the Depart-
ment of Parasitology Lab., following the starndard
operating procedures of the transportation. The super-
natant was centrifuged (2500 rpm forl5 minutes), pi-
petted, transferred to the pre-labeled eppendorf tubes,
and stored at -20°C till further use.

Preparation of Fasciola Excretory/Secretory Anti-
gens
The technique depicted by Anderson et al. (1999)
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was followedfor the preparation of ES Ag of the
Fasciola sp. as described elsewhere (Rizwan et al.,
2016).Briefly, flukes in groups of around 20 were
placed into a phosphate buffer saline (PBS) solution.
Early regurgitates containing bile, debris and blood
were removed just after twirling the flasks contain-
ing parasites and the procedure was revised multiple
times. After proper washing of the parasites, 50 mL
fresh PBS was added and incubated at 37°C for 6 to
8 hours. Then, the contents were centrifuged (2500
rpm) for 15 minutes, filtered through the 0.22 um fil-
ter, and kept at -20°C. Spectrophotometery was ap-
plied to determine the protein (ES Ag) concentration
at A280 through the Bradford technique.

Enzyme Linked Immunosorbent Assay

The ELISA test protocol as described by Rizwan et
al. (2016) was followed. Briefly, 50 pL of the ES Ag
(1/200 dilution) was added into each of the wells of
a micro-titer plate and incubated overnight at 4°C.The
plates were washed multiple times with 0.05% Tween
20 in a phosphate buffer saline (PBS) solution. For
blockage of the nonspecific binding, 5% skimmed milk
in PBS was added and incubated at 37°C for 60 min-
utes. Then, 50 pL serum with 1/100 dilution was added
into the wells and incubated at 37°C for 60 minutes.
Subsequently, 50 uL. HRP-labeled rabbit anti-sheep
IgG with 1/5000 dilution was added to each of the
wells and incubated for 60 minutes at 37°C. Between
each progression, plates were washed multiple times
with 0.05% Tween 20 in PBS. After this, tetra-meth-
yl benzidine was added and incubated for 10 minutes.

Then, 50 pL of 0.6 N Sulphuric acid was added to stop
the reaction and the optical densities were measured
through an ELISA reader at 450 nm wavelength.

Data Analyses

Differences between independent variables (breed,
sex, age and season) concerning the prevalence of
Fasciola sp. were explored using the Chi-square test
(categorical variables). Data were analyzed using
Minitab 17 software.

RESULTS

The overall prevalence of fasciolosis determined
by the faecal examination (FE) was 10.67%, and that
determined by ES Ag-based ELISA was 20.08%. The
frequency distribution of fasciolosis was significant-
ly higher in females than males and in adults than
young stock (Table 1). Most of the animals showed
moderate (55.47%) infection which was significantly
higher than mild (28.91%) and severe (15.63) infec-
tions (Table 2). The highest prevalence of fasciolosis
was determined in December (26.00% through the
FE; 42.00% through ELISA) with a mean EPG of
842.3.In contrast, the lowest prevalence of fasciolo-
sis was determined in May (02.00% through the FE;
07.00% through ELISA) with mean EPG of 650 (Fig.
1). The prevalence of fasciolosis was significantly
higher in winter followed in order by the monsoon,
spring and summer (Table 3).The highest mean EPG
of fasciolosis was determined in spring (894.00) fol-
lowed in order by winter (851.67), summer (654.67)
and monsoon (616.33).

Table 1. Frequency distribution of fasciolosis in sheep population of Faisalabad district, Punjab, Pakistan determined by the faecal

examination and excretory/secretory antigens-based ELISA

Faecal Examination

ES Ag based ELISA

iable Level
Variable Leve Examine Positive Prevalence

Chi-
Square Value

P- Examine Positive Prevalence Chi- — P-
Square Value

Kajli 497 58 11.67 497 105 21.13

Breed  Thali 327 29 8.87 1.657 0437 327 61 18.65  1.065 0.587
Lohi 376 41 10.90 376 75 19.95
Young 519 30 578 519 84 16.18

Age Adult 681 98 1439 22015 0000 L0, 157 2305 20308 0.000
Male 713 50 7.01 713 103 14.45

Sex Female 487 78 1602 24618 0000 0, 138 2834 28019 0.000

Table 2. Faecal egg count-based severity of the sheep fasciolosis in district Faisalabad, Punjab, Pakistan

Mean Number of Eggs Per

Severity Examined Positive Prevalence (%) Gram (EPG) Std. Dev. Minimum Maximum
Mild 128 37 28.91 364.9 170.3 100 600
Moderate 128 71 55.47 836.6 103.1 700 1000
Severe 128 20 15.63 1320 220.3 1100 1800
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Table 3. Comparative prevalence of the sheep fasciolosis through the faecal examination and excretory-secretory Ag-based ELISA in

Faisalabad district, Punjab, Pakistan

Diagnostic tool Spring Summer Monsoon Winter
Faecal examination (mean eggs per gram; 8.33 4.67 9.00 20.67
EPG values) (894.00) (654.67) (616.33) (851.67)
Excretory-secretory Ag- based ELISA 17.33 9.67 18.67 34.67

Figure 1. Mean EPG and month-wise prevalence of fasciolosis determined by faecal examination and excretory/secretory antigens

based ELISA
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DISCUSSION

Fasciola sp. has an across-the-border dispersion in
Africa, South America, Eastern Europe, Middle East,
Eastern and South Asia (Matanovic et al., 2007). Liv-
er fluke is a significant parasite affecting6 to 7 million
ruminants around the world every year (Coma et al.,
2009). The death rates due to fasciolosis rely upon the
type of illness, whether chronic or acute with a high
death rate being recorded in the acute form (Redding-
ton et al., 1986). The subclinical and chronic type of
fasciolosis can lead to the reduced performance and
the shrouded financial losses. In chronic infections,
the economic losses occur due to the delayed puber-
ty, lowered fertility rates, milk yield, meat produc-
tion, birth weight, and quantity and quality of fleece
(Soulsby, 1986; Ahmad et al., 2017).

The snail acts as an intermediate host of Fasciola
sp. which propagates in the marshy areas close to the
ponds and lakes. Fasciolosis has been reported in var-
ious areas of Pakistan by many researchers in differ-
ent periods (Anjum et al., 2014; Rizwan et al., 2016;
Ahmad et al., 2017; Zafar et al., 2019; Rizwan et al.,
2019), however, the prevalence and association of fas-
ciolosis with various factors in sheep population have
not been well-documented in the district Faisalabad.

The prevalence of fasciolosis determined by Utuk
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et al. (2012) was 4.9% through faecal examination,
15.6% through an ES Ag-based ELISA and 16.2%
through the commercial ELISA kit. The outcomes
of the serological tests were seen to coincide while
faecal assessment yielded a lower efficacy rate con-
sistent with the review of literature. Besides, 41.8%
of sheep recognized negative by sedimentation were
seen as positive by sandwiched ELISA test. In a study
conducted by Gonenc et al. (2004)in the Central Ana-
tolia, all the seropositive animals (through western
blot analysis) presented Fasciola sp. eggs during the
faecal examination. This was decoded by specialists
that the juvenile flukes serologically gave a positive
response while moving to the liver parenchyma and
as they were juveniles, no egg was found in the faecal
samples. In our investigation, the contrasts between
the faecal assessment and serological tests can be as-
sociatedwith the primary stage of infection.

The variation in the prevalence of Fasciola sp.
may be due to the method used for the identification,
availability of snails, temperature (> 9.5°C),location,
sample size, annual rainfall rate, flooding during rainy
season, humidity, soil moisture and outdated pasture
management practices (Coma et al., 2009).The varia-
tions in the grazing practices (grazing near the marshy
areas)and agro-climatic conditions also have sound

JHELLENIC VET MED SOC 2021, 72(4)
TIEKE 2021, 72(4)



H.M. RIZWAN, M.S. SAJID, H. ABBAS, M.N. KHAN, Q. AKRAM, A. SHAMIM

3453

effects on the frequency distribution of Fasciola sp. in
animals. All these factors directly or indirectly affect
the propagation of Fasciola sp. Besides, adjustment
of unhygienic measures, irrational utilization of the
medicine and indiscriminate dealing of the livestock
can contribute in the development of infection (Khan
etal, 2011; 2013).

Similar to the present study, Hassan et al. (2011)
and Rizwan et al. (2016) found a higher incidence of
fasciolosis in adult animals than in the young stock.
The higher predominance in adult sheep may be be-
cause of their standard grazing close to the marshy
areas, compromised immunity of the host, prolonged
contact with the infectious agents and long inactive
stage in the final host (around 5 to 6 months). How-
ever, Anjum et al. (2014) and Zafar et al. (2019) re-
corded a higher rate of infection in younger animals.
The higher predominance in young sheep may be ex-
pected due to the low level of immunity development
in young sheep which are not completely grown up.

The females were seen as more prone to fascio-
losis than males in other studies as well (Khan et al.,
2013; Rizwan et al., 2016; Zafar et al., 2019).How-
ever, in some investigations directed by Khan et al.
(2011) and Gebeyehu et al. (2014),an insignificant as-
sociation betweenthe sex and abundance of fasciolo-
sis was found. The possible reasons for higher preva-
lence of fasciolosis in females are: rearing of females
for a long time increasing the exposure of infection,
consistent change in physiological parameters espe-
cially during pregnancy and lactation leading to im-
munosuppression, unavailability of proper nutrition
especially during production and reproduction phase
of life and nonstop grazing of sheep in and around the
marshy areas (Najib et al., 2020).

In the present study, breed of host showed insig-
nificant association with fasciolosis; however, Anjum
et al. (2014) in Pakistan and Munita et al. (2019) in
Ireland found a significant association. Anjum et al.
(2014) documented a significantly higher frequency
in Kajli (46.32%) breed followed in order by Lohi
(37.43%), Cholistani (8.24%) and Thalli (7.90%).
In Pakistan, still there is very few documented data
available regarding the susceptibility of fasciolosis in
different breeds of sheep. However, the insignificant
association of different breeds of sheep with fasciolo-
sis might be due to the rearing and grazing of different
breeds together (Anjum et al., 2014).

The range of EPG of flock determined by Martinez -

Valladares et al. (2013) was 0-154 with a mean of 17.5+
33.9. About 21% of flocks showed a medium/high lev-
el of severity with mean EPG higher than 40. A study
conducted by Duthaler et al., (2010) found 46.0% of
animals infected with moderate infection, 45.1% infect-
ed with heavy infection and 3.5% with low infection.
An insignificant association of severity of infection was
determined by Carneiro et al. (2018) i.e. about 68%,
59.36% and65.88% animals showed mild, moderate
and heavy infections, respectively. This variation in
the severity of infection might be due to differences in
grazing patterns, contamination of grazing areas, rate of
rainfall and availability of snails.

In Iran, the highest prevalence of fasciolosis was
determined in spring (8.3%) while the lowest (4.0%)
in summer (Khanjari et al., 2014).In Pakistan, Anjum
et al. (2014) noted a significant influence of time of
year on the occurrence of fasciolosis i.e. highest in
winter and lowest during summer. Because, the devel-
opment of intermediate host snail and hatching of eggs
of parasites require suitable temperature (> 9°C), high
humidity and rainfall (Taylor, 2012). In Pakistan, such
environmental condition can be found in the monsoon
when numerous parasites eggs hatch, propagation of
snail’s increases and afterward cercariae are produced,
and are discharged on wet fields before encystation
onto herbage. The frequency distribution of fasciolosis
in different seasons has also been determined by var-
ious scientists (Khanjari et al., 2010; Ali et al., 2011;
Rizwan et al., 2016). Fasciola sp. Inclines towards the
temperate climatic regions as its 18-30-weeksof the
lifecycle requires mild temperature and high moisture
both for the propagation of the intermediate hosts and
the free-living stages of the parasite (Relf et al., 2011;
Ducheyne et al., 2015). The necessity of explicit cli-
matic conditions for the completion of its lifecycle
leads towards the cyclic variation in the animal disease
(Bloembhoft et al., 2015).

In conclusion, although faecal examination is the
“best method” and the gold standard in the diagnosis of
sheep fasciolosis; however, serological tests must not
be excluded especially the home-made ES Ag based
ELISA which might be preferred and more affordable
(Utuk et al., 2012).Likewise, the propagation of the
snail, rainfall, soil moisture, and temperature are the
significant elements affecting the growth of Fasciola
sp. from egg to miracidium development. Even these
physiological factors are directly influencing the rate
of development of the fluke inside the snails and/or the
final hosts (Najib et al., 2020). Hence, local and yearly
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differences in the frequency distribution of Fasciola ap.
are related to the fundamental climatic conditions. The
diagnosis of fasciolosis by home-made ES Ag-based
ELISA is effective and more affordable risk assessment
tool in the field epidemiology. There is need to find the
specific antigens from the ES product to reduce the
chances of false positive results.

ACKNOWLEDGMENTS

The authors are very thankful to the Higher Edu-
cation Commission, Islamabad, Pakistan for provid-
ing funds to complete this study. The authors are also
thankful to the farming community of the Faisalabad
district for their cooperation during sample collection.

REFERENCES

Acici M, Buyuktanir O, Bolukbas CS, Pekmezci GZ, Gurler AT, Umur
S(2017) Serologic detection of antibodies against Fasciola hepatica in
sheep in the middle Black Sea region of Turkey. J Micro Immunol Infec
50(3):377-381.

Ahmad M, Khan MN, Sajid MS, Muhammad G, Qudoos A, Rizwan
HM(2017) Prevalence, economic analysis and chemotherapeutic con-
trol of small ruminant fasciolosis in the Sargodha district of Punjab, Pa-
kistan. Vet Ital 53(1):47-53.

Ahmad S, Sajid MS, Khan MK, Nadeem R, Rizwan HM, Malik MA, F.
Yosuf F (2020)Effect of trace element supplementation on the gastro-
intestinal parasites of grazing sheep of Multan district, Pakistan. The J
Anim Plant Sci 30(1):72-80.

Ali TS, Zarichehr V, Reza TM, Amroallah B, Hossin T, Amir M, Akbar T,
Hossin H, Tourag R, Hassan E (2011) Prevalence of liver flukes in-
fections in slaughtered animals in Kashan, Isfahan Province, central
Iran. IIOAB J 2:14-18.

Anderson N, Luong TT, Vo NG, Bui KL, Smooker PM, Spithil TW(1999)
The sensitivity and specificity of two methods for detecting Fasciola
infections in cattle. Vet Parasitol 83:15-24.

Anjum R, Khan MS, Sajid MS, Javed MT (2014) Frequency distribution
of fasciolosis in small ruminants population at District Sargodha. Glob
Vet 12:26-32.

Bloemhoft'Y, Forbes A, Danaher M, Good B, Morgan E, Mulcahy G, Sekiya
M, Sayers R (2015)Determining the prevalence and seasonality of Fas-
ciola hepatica in pasture based dairy herds in Ireland using a bulk tank
Milk ELISA. Ir Vet J 68:16.

Brockwell Y, Spithill T, Anderson G, Grillo V, Sangster N (2013) Compar-
ative kinetics of serological and coproantigen ELISA and faecal egg
count in cattle experimentally infected with Fasciola hepatica and fol-
lowing treatment with triclabendazole. Vet Parasitol 196(3-4):417-426

Carneiro MB, Martins IVF, Avelar BRD, Scott FB (2018) Sedimentation
technique (Foreyt, 2005) for quantitative diagnosis of Fasciola hepatica
eggs. J Parasit Dis Diagn Ther 3(1):6-9.

Coma SM, Valero MA, Bargues MD (2009) Fasciola, lymnaeids and human
fascioliasis, with a global overview on disease transmission, epidemiol-
ogy, evolutionary genetics, molecular epidemiology and control. Adv
Parasitol 69:41-6.

Ducheyne E, Charlier J, Vercruysse J, Rinaldi L, Biggeri A, Demeler J,
Brandt C, Waal TD, Selemetas N, Hoglund J, Kaba J, Kowalczyk SJ,
Hendrickx G (2015)Modelling the spatial distribution of Fasciola he-
patica in dairy cattle in Europe. Geospat Health 9:261.

Duthaler U, Rinaldi L, Maurelli MP, Vargas M, Utzinger J, Cringoli G, Keis-
er J (2010)Fasciola hepatica: Comparison of the sedimentation and
FLOTAC techniques for the detection and quantification of faecal egg
counts in rats. ExpParasitol 126:161-166.

Gebeyehu EB, Seo MG, Ouh 10, Kwon YS, Rhee MH, Kwon DO, Kim TH,
Kwak D (2014) Detection of antibodies against Fasciola hepatica in
cattle of Ulleung Island, Korea. Vet Arhiv 84:311-317.

Gonenc B, Sarimehmetoglu HO, Kara M, Kircali F (2004) Comparison of
crude and excretory/secretory antigens for the diagnosis of F. hepatica
in sheep by Western blotting. Tr J Vet Anim Sci 28:943¢9.

Hassan MM, Hoque MA, Islam SKMA, Khan SA, Roy K, Banu Q (2011)
A prevalence of parasites in black Bengal goats in Chittagong, Bangla-
desh. Int J Livest Prod 2:40-44.

Hayat S, Akhtar M (2000) Parasitic Diagnosis. 1* Ed., University Grants
Commission. Islamabad, Pakistan, 65-66.

Intapan PM, Maleewong W, Nateeworanart S, Wongkham C, Pipitgool V,
Sukolapong V, Sangmaneedet S (2003) Immunodiagnosis of human
fascioliasis using an antigen of Fasciola gigantica adult worm with the
molecular mass of 27 kDa by a dot-ELISA. Southeast Asian J Trop Med
Public Health 34:713+7.

Khan MK, Sajid MS, Riaz H, Ahmad NE, He L, Shahzad M, Hussain A,
Khan MN, Igbal Z, Zhao J (2013) The global burden of fasciolosis in
domestic animals with an outlook on the contribution of new approach-
es for diagnosis and control. Parasitol Res 112:2421-2430.

Khan MK, Sajid MS, Khan MN, Igbal Z, Arshad M, Hussain A (2011) Point

prevalence of bovine fascioliasis and the influence of chemotherapy on
the milk yield in a lactating bovine population from the district of Toba
Tek Singh, Pakistan. J Helminthol 85:334-338.

Khan MN, Sajid MS, Rizwan HM, Qudoos A, Abbas RZ, Riaz M, Khan
MK (2017) Comparative efficacy of six anthelmintic treatments against
natural infection of Fasciola species in sheep. Pak Vet J 37(1):65-68.

Khanjari A, Bahonar A, Fallah S, Bagheri M, Alizadeh A, Fallah M, Khan-
jari Z (2014) Prevalence of fasciolosis and dicrocoeliosis in slaughtered
sheep and goats in Amol Abattoir, Mazandaran, northern Iran. Asian Pac
J Trop Dis 4(2):120-124.

Khanjari A, Partovi R, Abbaszadeh S, Nemati G, Bahonar A, Misaghi A,
Akhondzadeh-Basti A, Alizadeh-Ilanjegh A, Motaghifar A (2010) A
retrospective survey of fasciolosis and dicrocoeliosis in slaughtered
animals in Meisam Abattoir, Tehran, Iran (2005-2008). Vet Res Forum
1:174-178.

Martinez-Valladares M., Robles-Pérez D, Martinez-Pérez JM, Cordero-Pérez
C, Famularo MR, Fernandez-Pato N, Gonzalez-Lanza C, Castaion-Or-
dofiez L, Rojo-Vazquez FA(2013) Prevalence of gastrointestinal nema-
todes and Fasciola hepatica in sheep in the northwest of Spain: relation
to climatic conditions and/or man-made environmental modifications.
Parasites Vectors 6:282.

Matanovic K, Severin K, Martinkovic F, Simpraga M, Janicki Z, Barisic J
(2007) Hematological and biochemical changes in organically farmed
sheep naturally infected with F. hepatica. Parasitol Res 101:1657¢61.

Mazeri S, Sargison N, Kelly RF, deC BBM, Handel I (2016) Evaluation of
the performance of five diagnostic tests for Fasciola hepatica infection
in naturally infected cattle using a Bayesian no gold standard approach.
PLoS One 11:¢0161621.

Munita MP, Rea R, Martinez-Ibeas AM, Byme N, Kennedy A, Sekiya M,
Mulcahy G, Sayers R(2019) Comparison of four commercially avail-
able ELISA kits for diagnosis of Fasciola hepatica in Irish cattle. BMC
Vet Res 15:414.

Munita MP, Rea R, Bloemhoff Y, Byrne N, Martinez-Ibeas AM, SayersRG
(2016) Sixyear longitudinal study of Fasciola hepatica bulk milk anti-
body ELISA in the dairy dense region of the republic Ireland. Prev Vet
Med 134:16-25.

Najib MA, Izani NJN, Amilah WAWWN, Faez AM, Shafizol Z (2020). A
Scoping Review of the Prevalence of Fascioliasis in Malaysia and Risk
Factors for Infection. Malays J Med Sci 27(1):22-36.

Reddington JJ, Leid RW, Wescott RB (1986) The susceptibility of goat to
Fasciola hepatica infections. Vet Parasitol 19:145-50.

Relf 'V, Good B, Hanrahan J, McCarthy E, Forbes A, Dewaal T (2011) Tem-
poral studies on Fasciola hepatica in Galba truncatula in the west of
Ireland. Vet Parasitol 175(3-4):287-292.

Rizwan HM, Sajid MS, Khan MN, Saqib M (2016) Seroepidemiology of
goat fascioliasis in district Sargodha, Punjab, Pakistan based on excre-
tory secretory antigens of the indigenous strains of Fasciola gigantica.
Revue Méd Vét 167(1-2):10-17

Rizwan HM, Sajid MS, Igbal Z, Saqib M (2017) Point prevalence of gas-
trointestinal parasites of domestic sheep (Ovis aries) in district Sialkot,
Punjab, Pakistan. J Anim Plant Sci 27(3):803-808.

Rizwan HM, Sajid MS, Igbal Z, Saqib M (2019) Association of phytomin-
eral with gastrointestinal parasites of grazing sheep in Sialkot district,
Punjab, Pakistan. Pak J Agricul Sci 56(2):459-468.

Soulsby, E.J.L (1982) Helminths, Arthropods and Protozoa of Domesticated
Animals. 7"Ed., Bailliere Tindall and Cassel Ltd. London, UK. 590-601.

Taylor M(2012) Emerging parasitic diseases of sheep. Vet Parasi-
tol 189(1):2-7.

Utuk AE, Simsekb S, Koroglu E (2012) A comparison of faecal examination,
commercial ELISA kit, and indirect-ELISA methods in the diagnosis of
sheep fasciolosis. Small Ruminant Res 107:164-166.

Zafar A, Khan MK, Sindhu ZUD, Abbas RZ, Masood S, Abbas Z, Mahmood
MS, Saleemi MK, Khan JA, Hussain R, Naseer MU, Igbal Z, JavedH
(2019) Seroprevalence of Fasciola hepatica in small ruminants of Dis-
trict Chakwal, Punjab, Pakistan. Pak Vet J 39(1):96-100.

JHELLENIC VET MED SOC 2021, 72(4)
TIEKE 2021, 72(4)


http://www.tcpdf.org

