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Abstract | Parasitic infections especially gastrointestinal parasites are a major constraint for blooming dairy
industry of Pakistan, because it limit, the productive performance of animals. Aim of the project was to find
out the prevalence of internal parasites in small and large ruminants in central zone of Khyber Pakhtunkhwa.
For this purpose, a total of 1700 fecal samples were received from central districts and processed for
coprological examination. Out of 1700 samples, 947 samples (55.7%) were positive for intestinal parasites.
Specie wise prevalence of GI parasites was recorded as 51.5% in cows, 58.3% in buftalo, 73.9 % in sheep
and 68.5% in goats. Trichostrongylus (32.8%) was recorded as highly prevalent in cattle followed by amoeba
(10.2%) and Fasciola (6.1%), while in buffaloes fasciola was recorded higher followed by amoeba (19%) and
Trichostongylus (5.35%). Haemonchus contortus was the most prevalent intestinal parasite in the study area
tollowed by Trichostrongylus in small ruminants, whereas mixed infection in goats was recorded as 21%.
Difterent predisposing factors studied in the current study were season, location, age and sex. Prevalence
was recorded higher in hot and humid months of the year because it favors the growth and development of
gastrointestinal parasites. Similarly, young and male animals were found more susceptible to gastrointestinal
parasites in the current study. Frequent screening of animals and deworming should be practiced for complete
eradication of gastrointestinal parasites.
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Introduction Goats (Capra hircus), is considered as poor man’s
cow, is among the earliest domesticated animals.
It is widely distributed throughout the world but
mostly present in tropical and subtropical areas (Di-

Cerbo ez al., 2010). Goats can be adapted easily in

Livestock play a significant role in alleviating the
poverty of poor farmers in Pakistan by improving
their economic status (Gadahi ez al, 2009). Most

of the rural people depend on cattle, buffalo, sheep
and goats for their livelihood. Cattle (Bos indicus)
is considered as important dairy animal of Pakistan
and having about 35% share in total milk production
in the country (Bhutto ez al., 1993). Similarly, more
than 96% buftalo (Bubalus bubalis) population are in
Asia, mainly in Indian sub-continent (FAO, 2011).

new environment and needs minimal investment,
comparative to other species (Dini ez a/., 2016).

Parasitic infestation especially intestinal parasites are
a major constraint for blooming dairy industry of
Pakistan. Lack of awareness of the farmers community
and the climatic condition of the country provides
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ideal environment for the parasitic infection of animals
in the country (Raza e# al., 2007). Gastrointestinal
parasites affect the production of animals either
directly or indirectly (Chikweto ez a/.,2018). Intestinal
parasites cause clinical and subclinical infection which
affect the productive capacity of ruminants due to
retarded growth, cost of treatment and it predisposes
animals to secondary bacterial and viral infection
(Khan ez al., 2015). The host immunity is affected
by the helminthes infestations and it predispose the
host to other infections (Serrano and Millan, 2014;
Supali ez al.,2010). In presence of parasitic infections,
the outcome of some opportunistic pathogens may
be exacerbated (Avramenko ef al., 2015). Intestinal
parasitic infestation has adverse effect on milk
production and reproductive performance of large
ruminants (Lashari and Tasawar, 2011), while in
small ruminants it affect the carcass and wool quality
and even death of kids and lamb (Raza ez a/., 2007;
Aya et al., 2013).

Prevalence of intestinal parasites in ruminants is
affected by various risk factors such as season, grazing
habits, malnutrition and age of animals (Radostits
et al., 1994; Adedipe ez al., 2014). Development of
parasites is mainly affected by hot weather due to
which infestation of parasites (haemoparasites and
intestinal parasites) is more common in hot and
humid months of the year (Shah e# a/., 2017). The
objective of the present study is to determine the
prevalent GI parasites in study area and to determine
the predisposing factors.

Materials and Methods

Sampling area

This study was conducted in central zone of Khyber
Pakhtunkhwa i.e. Peshawar, Charsadda, Nowshera
and Khyber Agency. The average temperature of
central zone in winter season ranges from 4°C-18°C
while in summer season temperature ranges from
25°C-42°C. 'The climatic conditions of study area,
especially in summer season, are very favorable for the
hatching and development of helminthes ova.

Sample collection

A total of 1700 fecal samples were collected/received
from central zone of Khyber Pakhtunkhwa and
processed at Center of Parasitology and Poultry,
Veterinary Research Institute, Peshawar. Fecal samples
were collected from different district of Khyber

Pakhtunkhwa i.e. Peshawar (n=1304), Charsadda
(n=180), Nowshera (101) and Khyber district (n=116)
from various animal species i.e. cow (n=1130), buffalo

(n=336), Sheep (n=146) and goats (n=89).

Coprological examination

Coprological examination was conducted through
floatation technique by adopting the standard
procedure of Zajac and Conboy (2012). Briefly, fecal
samples (5g) were dissolved in saturated solution of
zinc sulphate (ZnSO,) and strained through fine
sieve. The filtrate obtained was poured in 10ml test
tube and on the upper surface of the solution, cover
slip was applied and was remained still for about 20-
25 min, so that the helminthes eggs stick to the cover
slip. The cover slip was removed gently and placed on
microscopic slide for observation of helminthes ova.

Parasite eggs were observed and identified with the
help of keys mentioned by Thienpont ez a/. (1986);
Zajac and Conboy (2012).

Statistical analysis

Data thus collected was arranged in MS Office
Excel and statistically analyzed by Chi square () for
prevalence at a probability level < 0.05 using SPSS

version 16.0.
Results and Discussion

Prevalence of intestinal parasites

Out of total 1700 fecal samples, 947 samples
(55.7%) were positive for intestinal parasites in
which Trichostrongylus was recorded as 24%, Fasciola
10.4%, Amoeba 10.7%, Hemonchus 7.88%, Eimeria 1%,
Monezia 0.29% and mixed infection 1.29% (Table 1).
Overall prevalence in the present study is in congruent
with the findings of Adejinmi and Harrison (1997)
and Rafiullah ez a/. (2011).

Species wise prevalence

Specie wise prevalence was recorded as 51.5% in
cows, 58.3% in buffalo, 73.9 % in sheep and 68.5%
in goats. Gupta ez al. (2012) also stated increased
prevalence of GI parasites in buffaloes as compare to
cows, whereas, overall prevalence in large ruminants
recorded in the present study was almost similar
to results of Mir e# al. (2013), who reported overall
prevalence of 51.21% in cattle and buffaloes. Kashyap
et al. (1997) reported lower overall prevalence of GI
parasites while Marskole 7 a/. (2016) recorded higher
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overall prevalence in large ruminants. This variation
in results might be due to difference in sample size,
period of study and geo-climatic conditions. Overall
prevalence of GI parasites in goats was similar to
findings of Gebeyehu ez a/. (2013), who reported
overall prevalence of 69.3% in goats. Similarly, 68.75%
overall prevalence of GI parasites was recorded
in small ruminants by Singh ez a/. (2013) which is
almost similar to overall prevalence of GI parasites in

the present study (71.2%).

Table 1: Prevalence of gastrointestinal parasites in large
and small ruminants.

Parasites Number of positive Prevalence
cases (n) (%)

Trichostrongylus 409 24

Fasciola 177 10.4

Amoeba 183 10.7

Hemonchus 134 7.88

Eimeria 17 1

Monezia 5 0.29

Mixed 22 1.29

Total 947 55.7

In cows, Trichostrongylus was recorded as 32.8%,
Fasciola 6.1%, Amoeba 10.2%, Haemonchus 0.7%,
Eimeria 1.23%, Monezia 0.26%, Toxocara 0.26%,
mixed infection as 0.26% and was significant
statistically (P<0.05). Rafiullah ez a/. (2011) reported
the same results as 30.07% and Moneizia as 0.65%.
Prevalence of fasciolosis in the present study is almost
similar to results of Bilquees and Alam (1988) who
recorded the occurrence of fascioliasis as 6.95% in cows
from Karachi, Pakistan. Similarly, Sabri ez a/. (1981)

observed prevalence of fascioliasis as 8% in cattle.

In buffalo, Trichostrongylus was examined as 5.35%,
Fasciola 32.2%, Amoeba 19%, Haemonchus 0.29%,
Eimeria 0.59%, Monezia 0.59%, mixed infection

as 0.59% and was significant statistically (P<0.05).
Fasciolosis in the present study was slightly lower
from Islam e al. (1992) who stated 46.6% Fasciolosis
from buffaloes in Bangladesh. Similarly, Biswas
(2012) reported the prevalence of Monezia as 0.60%

in buffaloes.

In small ruminants i.e. sheep and goats, result was
completely different from large ruminants. In sheep,
Trichostrongylus was 10.2% and Haemonchus 60.2%,
while in goats, Trichostrongylus was observed as
5.9%, Amoeba 1.1%, Haemonchus 41.6% and mixed
infection of Strongyloides and Haemonchus as 21.4%
and was significant statistically (P<0.05) (Table
2). Haemonchosis was recorded as most prevalent
gastrointestinal infection in small ruminants in the
present study which is in congruent with the study
conducted by Singh e a/. (2013). Environment of
the study area is hot and humid which is ideal for
the hatching and development of helminthes ova.
Pathak and Pal (2008) reported the prevalence of
Trichostrongylus as 5.6% in goats which is similar to
results of present study.

Predisposing factors for intestinal parasites

Season wise prevalence of gastrointestinal parasites
were 35, 70.4, 60.3 and 57.9% in winter, spring,
summer and autumn, respectively and this difference

was highly significant (P<0.01).

Pathak and Pal (2008) and Gebeyehu ez a/. (2013)
also reported same results that prevalence was more
in hot rainy season while lower in dry cold season.
Higher prevalence in hot and humid months of
the year might be due to increased humidity and
temperature which favors the development of larvae.
These findings are in congruent with the results of
Dhoot ez al. (2002), Bhattacharya and Ahmed (2005)
and Rafiullah ez /. (2011).

Table 2: Specie wise prevalence of gastrointestinal parasites.

Parasite Cow (n=1130) Pvalue Buff(n=336) Pvalue Sheep(n=146) Pvalue Goat(n=89) P value
Trichostrongylus 371 0.00 18 0.00 15 0.00 5 0.01
Fasciola 69 108 - -

Amoeba 116 64 - 1

Hemonchus 8 1 88 35

Eimeria 14 2 - -

Monezia 3 2 = =

Mixed 3 2 - 18

Toxocara 3 - - -
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Prevalence of gastrointestinal parasites was recorded
as 56.1% in Peshawar, 57.2% in Charsadda, 43.5%
in Nowshera and 59.4% in Khyber agency and
this difference was recorded as highly significant.
Prevalence was recorded as 55.2% in adults and
61.9% in young and this difference was statistically
significant (P<0.05). Similar result was also recorded
by Gwaze ez al. (2009) that prevalence is higher in
young goats as compare to adults. This statement is
also supported by the findings of Regassa ez a/. (2006)
that young animals are more susceptible to parasitic
infections. Sample size was lower in young which
might be the reason for higher prevalence of GI
parasites in young comparatively.

Sex wise prevalence was 55.1% for female and 65.6%
for male and was found highly significant (P<0.01)
(Table 3). Marskole ez al.(2016) also reported the same
results that intestinal parasites were more in males as
compare to female. Higher prevalence in male might
be due to the neglected attitude of owners to male as
compare to females. This statement is supported by
the findings of Fikru ez a/. (2006), Bilal ez al. (2009),
and Awraris ¢f al. (2012) from different parts of the
world.

Table 3: Prevalence of gastrointestinal parasites with
re:pecz‘ to season, location, species, age and sex.

Variables Category N Prevalence (%) P value
Season ~ Winter 394 35 0.00
Spring 301 704
Summer 616  60.3
Autumn 390 579
Location Peshawar 1304 56.1 0.00
Charsadda 180 572
Nowshera 101 435
Khyber Agency 116  59.4
Species  Cow 1130 51.5 0.00
Buffalo 336 583
Sheep 146 739
Goat 89 68.5
Age Adult 1588 55.2 0.029
Young 113 619
Sex Female 1602 55.1 0.00
Male 99 65.6

Conclusions and Recommendations

It can be concluded from results of the study that

Trichostrongylus is most prevalent in cattle while in
fasciolosis was recorded higher in Buffaloes. In sheep
and goats Haemonchus contortus is the most prevalent
GI parasite. Season play important role in growth and
development of parasites and higher prevalence was
recorded in hot humid months of the year.

Novelty Statement

Ruminants are susceptible to variety of helminthes
but fasciolosis is very common in large rumi-nants,
especially buffaloes, while Haemonchosis is prevalent
in small ruminants.

Author’s Contribution

Said Sajjad Ali Shah: Sample collection and process-
ing, analysis of data and wrote the manuscript.
Muhammad Ilyas Khan and Faisal Ahmad: Helped
in drafting of the manuscript.

Aziz Ullah: Sample collection.

Hayat Ullah: Compilation of data.

Conflict of interest

The authors have declared no conflict of interest.

References

Adedipe, O.D., E.C. Uwalaka, V.O. Akinseye,
O.A. Adediran and S.IB. Cadmus. 2014.
Gastrointestinal Helminths in Slaughtered
Cattle in Ibadan, South-Western Nigeria.
J. Vet. Med., Vol 2014. https://doi.
org/10.1155/2014/923561

Adejinmi, J.O., and L.J.S. Harrison. 1997. Parasitic
nematodes of domestic ruminants in Nigeria:
Impact on ruminant production and control.
Trop. Vet., 15: 137-148.

Avramenko, R.W.,, E.M. Redman, R. Lewis,
T.A. Yazwinski, J.D. Wasmuth and ].S.
Gilleard. 2015. Exploring the gastrointestinal
“Nemabiome™ Deep amplicon sequencing to
quantify the species composition of parasitic
nematode communities. PLoS One, 10(12):
e0143559.  https://doi.org/10.1371/journal.
pone.0143559

Awraris, T., B. Bogale and M. Chani. 2012.
Occurrence of gastro intestinal nematodes of
cattle in and around Gondar town, Amhara
regional state, Ethiopia. Acta Parasitol. Glob.,
3(2): 28-33.

March 2021 | Volume 37 | Issue 1 | Page 155

o -0
Qols Links
“*@Researchers


https://doi.org/10.1155/2014/923561
https://doi.org/10.1155/2014/923561
https://doi.org/10.1371/journal.pone.0143559
https://doi.org/10.1371/journal.pone.0143559

OPEN aACCESS

Sarhad Journal of Agriculture

Aya, M.M., ML.A. Raza, S. Murtaza and S. Akhtar.
2013. Epidemiological survey of helminthes
of goats in southern Punjab, Pakistan. Trop.
Biomed., 30: 62-70.

Bhattacharyya, D.K. and K.  Ahmed.
2005. Prevalence of helminthic infection in
cattle and buffaloes. Indian Vet. J., 82: 900-901

Bhutto, M.A., M.A. Khan and G. Ahmad. 1993.
Livestock breeds of Pakistan. Ministry of
food, agriculture and livestock, Government of
Pakistan. pp. 1-66

Bilal, M.Q., A. Hameed and T. Ahmad. 2009.
Prevalence of gastrointestinal parasites in
buffalo and cow calves in rural areas of Toba
Tek Singh, Pakistan. J. Anim. Plant Sci., 19(2):
67-70.

Bilgees, .M., and M. A. Alam. 1988. Fascioliasis in
livestock in Karachi. Proc. Parasitol., 5: 15-39.

Biswas, H., 2012. Prevalence of gastro-intestinal
parasites in buffalo in Bhola District of

Bangladesh. ~ PhD  thesis, = Bangladesh
Agricultural University, Mymensingh,
Bangladesh.

Chikwetoa, A., K. Tiwaria, M.I. Bhaiyata, J.
Carlonia, K. Pashaiana, A. Pashaiana, C.D.
Alliea, R.N. Sharma. 2018. Gastrointestinal
parasites in small ruminants from Grenada,
West Indies: A coprological survey and a review
of necropsy cases. Vet. Parasitol. Reg. Stud. Rep.,
13(2018): 130-134. https://doi.org/10.1016/j.
vprsr.2018.05.004

Dhoot, V.M., S5.V. Upadhya and S.W. Kolte. 2002.
Prevalence of parasitism in wild animals and
birds of Maharajbag Zoo, Nagpur. Indian Vet.
J.,79:225-227.

Di Cerbo, A.R.,, M.T. Manfredi, S. Zanzani
and K. Stradiotto. 2010. Gastrointestinal
infection in goat farm in Lombardy (Northern
Italy): Analysis on community and spatial
distribution of parasites. Small Rumin. Res.,
88:102-112. https://doi.org/10.1016/j.
smallrumres.2009.12.017

Dini, V., F. Latifi and P. Zalla. 2016. Haematological
blood parameters in indigenous goats. Analele
IBNA. 31: 37-40.

FAO, U. Zia, T. Mahmood and M.R. Ali. 2011.
Dairy development in Pakistan. Rome: FAQO,
2011.

Fikru, R., S. Teshale, D. Reta and K. Yosef. 2006.
Epidemiology of gastro intestinal parasites of
ruminants in Western Oromia Ethiopia. Int. J.

Appl. Res. Vet. Med., 4: 51-57.

Gadahi, J.A., MLJ. Arshad, Q. Ali, S.B. Javaid and
S.I. Shah. 2009. Prevalence of gastrointestinal
parasites of sheep and goats in and around
Rawalpindji, Islamabad. Vet. World, 2: 51-53.

Gebeyehu, E.B., M.G. Seo, B.Y. Jung, ].W. Byun,
JK. Oem, H.Y. Kim and D. Kwak. 2013.
Prevalence of Gastrointestinal Parasites in
Korean Native Goats (Capra HircusAegagrus). J.
Anim. Plant Sci., 23(4): 986-989.

Gupta, A., A.K. Dixit, P. Dixit and C. Mahajan.
2012. Prevalence of gastrointestinal parasites
in cattle and buffaloes in and around Jabalpur,
Madhya Pradesh. J. Vet. Parasitol., 26(2): 186-
188.

Gwaze, F.R., M. Chimonoyo and K. Dzama.
2009. Prevalence and loads of gastrointestinal
parasites of goats in the communal areas of
the Eastern Cape province of South Africa.
Small Rumin. Res., 84: 132-134. https://doi.
org/10.1016/j.smallrumres.2009.06.013

Hayat, C.S., B. Hayat, M. Ashfaque and K.
Muhammad. 1984. Bottle jaw in Berberi
(Teddy) goat. Pak. Vet. ]., 4: 183.

Islam, F.M.S., M.H. Rahman and S.M.Z.H.
Chowdhury. 1992. Prevalence of parasites
of water buffaloes in Bangladesh. Asian
Austr. J. Anim. Sci., 5: 601-604. https://doi.
org/10.5713/ajas.1992.601

Kashyap, Z., R.S. Sisodia and P.C. Shukla. 1997.
Incidence of gastrointestinal parasites in cattle
and buffaloes in Malwa region of Madhya
Pradesh. Haryana Vet., 36: 34-36.

Khan, N.U., M. Shafee, J.A. Khan, K. Ashraf, R.
Khan, A. Khan and M.A. Khan. 2015. Sero-
epidemiological study of ecto- and endo-
parasites and their hematological effects in
small ruminants reared under pastoral system
in district Bannu, Pakistan. 4(1): 50-56. https://
doi.org/10.19045/bspab.2015.41008

Lashari, M.H. and Z. Tasawar. 2011. Prevalence
of some gastrointestinal parasites in sheep in
southern Punjab, Pakistan. Pak. Vet. J., 31(4):
295-298.

Marskole, P., Y. Verma, A K. Dixit and M. Swamy.
2016. Prevalence and burden of gastrointestinal
parasites in cattle and buffaloes in Jabalpur,
India. Vet. World, 9(11): 1214-1217. https://
doi.org/10.14202/vetworld.2016.1214-1217

Mir, M.R., M.Z. Chishti, M. Rashid, S.A. Dar, R.
Katoch, J.A. Kuchay and J.A. Dar. 2013. Point

March 2021 | Volume 37 | Issue 1 | Page 156

o -0
Qols Links
“*@Researchers


https://doi.org/10.1016/j.vprsr.2018.05.004
https://doi.org/10.1016/j.vprsr.2018.05.004
https://doi.org/10.1016/j.smallrumres.2009.12.017
https://doi.org/10.1016/j.smallrumres.2009.12.017
https://doi.org/10.1016/j.smallrumres.2009.06.013
https://doi.org/10.1016/j.smallrumres.2009.06.013
https://doi.org/10.5713/ajas.1992.601
https://doi.org/10.5713/ajas.1992.601
https://doi.org/10.19045/bspab.2015.41008
https://doi.org/10.19045/bspab.2015.41008
https://doi.org/10.14202/vetworld.2016.1214-1217
https://doi.org/10.14202/vetworld.2016.1214-1217

OPEN aACCESS

Sarhad Journal of Agriculture

prevalence of gastrointestinal helmintheasis in
large ruminants of Jammu India. Int. J. Sci. Res.
Publ., 3(3): 1-3. https://doi.org/10.6000/1927-
520X.2013.02.02.7

Pathak and Pal. 2008. Seasonal prevalence of
gastrointestinal parasites in goats from durg
District of Chhattisgarh. Vet. World, 1(5): 136-
137.

Radostits, O.M., D.C. Blood and C.C. Gay. 1994.
Diseases caused by helminth parasites. In:
Veterinary Medicine: a textbook of diseases of
cattle, sheep, pigs, goats and horses, 8" Edition.
London, Balliere Tindall, pp. 1223-1230

Rafiullah, A., A. Turi, A. Sajid, S.R. Shah, S.
Ahmad and M. shahid. 2011. Prevalence of
gastrointestinal tract parasites in cattle of
Khyber Pakhtunkhwa. ARPN J. Agric. Biol.
Sci., 6(9): 9-15.

Raza, A.M., Z. Igbal, A. Jabbar and M. Yaseen.
2007. Point prevalence of gastrointestinal
helminthiasis in ruminants in southern Punjab,
Pakistan. ] Helminthol., 81:3 23-328. https://
doi.org/10.1017/50022149X07818554

Regassa, F., Sori, T., Dhuguma, R. and Kiros, Y.,
2006. Epidemiology of gastrointestinal parasites
of ruminants in Western Oromia, Ethiopia. Int.
J. Appl. Res. Vet. Med., 4(1): 51-57.

Sabri, M.A., M.Z. Khan, H.A. Chowdhury and
H.A. Samad. 1981. Studies on the incidence
and taxonomy of Fasciola species in buffaloes
and cattle. J. Anim. Sci. Pak., 3: 49-54.

Serrano, E. and J. Millan. 2014. What is the price

of neglecting parasite groups when assessing

the cost of co-infection? Epidemiol. Infect.,
142(7): 1533-1540. https://doi.org/10.1017/
50950268813002100

Shah, S.S.A., ML.I. Khan, Rafiullah, M.A. Khan, H.
Khan, A. Ali, M.I. Ali and R. Jan. 2017. Tick-
borne diseases-possible threat to humans-dog
interspecie bond. Adv. Anim. Vet. Sci., 5(3):
115-120.  https://doi.org/10.14737/journal.
aavs/2017/5.3.115.119

Singh, V., P. Varshney, S.K. Dash and H.P. Lal.
2013. Prevalence of gastrointestinal parasites
in sheep and goats in and around Mathura,
India. Vet. World, 6(5): 260-262. https://doi.
org/10.5455/vetworld.2013.260-262

Soulsby, E.J.L., 1982. Helminths, arthropods
and protozoa of domestic animals. Protozoa;
Genera Anaplasma. 7% Ed. Great Britain: Lea
and Febiger Philadelphia. pp. 752-753.

Supali, T., J.J. Verweij, A.E. Wiria, Y. Djuardi, F.
Hamid, M.M. Kaisar, L.J. Wammes, L. van.
Lieshout, A.J.F. Luty, E. Sartono and M.
Yazdanbakhsh. 2010. Polyparasitism and its
impact on the immune system. Int. J. Parasitol.,
40(10): 1171-1176. https://doi.org/10.1016/].
ijpara.2010.05.003

Thienpont, D., F. Rochette and O.F.J. Vanparijs.
1986. Diagnosing helminthiasis by coprological
examination. Second edition. Belgium: Janssen
Research Foundation.

Zajac, A.M. and G.A. Conboy. 2012. Veterinary
clinical parasitology. 8" ed. John Wiley and
Sons, Inc., UK. pp. 3-170.

March 2021 | Volume 37 | Issue 1 | Page 157

o9 .
Sols Links
GResearchers


https://doi.org/10.6000/1927-520X.2013.02.02.7
https://doi.org/10.6000/1927-520X.2013.02.02.7
https://doi.org/10.1017/S0022149X07818554
https://doi.org/10.1017/S0022149X07818554
https://doi.org/10.1017/S0950268813002100
https://doi.org/10.1017/S0950268813002100
https://doi.org/10.14737/journal.aavs/2017/5.3.115.119
https://doi.org/10.14737/journal.aavs/2017/5.3.115.119
https://doi.org/10.5455/vetworld.2013.260-262
https://doi.org/10.5455/vetworld.2013.260-262
https://doi.org/10.1016/j.ijpara.2010.05.003
https://doi.org/10.1016/j.ijpara.2010.05.003

