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Abstract | Parasitism is considered as an important risk factor for the productive capacity of small ruminants and it
causes huge economic losses in most parts of the world, including Pakistan. This study was designed with the objective
to determine the hematological profile and prevalence of haemo-parasitic diseases in small ruminants and to correlate
it with its health status. Total of 300 blood samples (Sheep, n=249, Goat, n=52) were collected from different areas of
Peshawar and Khyber agency. Samples were processed for the presence of haemo-parasites and different hematological
parameters were estimated. Prevalence of haemo-parasitic diseases was recorded as 40, 7 and 6% for anaplasmosis, ba-
besiosis and theileriosis, respectively. Different risk factors were studied but no statistical significant changes (p>0.05)
were observed in prevalence of haemo-parasitic diseases with respect to season, location, specie, age and sex. Hemato-
logical profile of diseased animals showed significant decrease (p<0.05) in TEC, Hb, PCV, MCH and MCV while no
significant changes (p>0.05) were observed in MCHC and TLC. On basis of erythrocytic indices in sheep anemia can
be classified as macrocytic normochromic while in goats anemia was recorded as macrocytic hypochromic. It can be
concluded from the results that anaplasmosis was the most prevalent haemo-parasitic disease followed by Babesiosis
and Theileriosis in the stdudy area and along with general health status of the animal it also affect the hematological
profile of animals.
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INTRODUCTION

akistan is an agricultural country having a huge popu-

lation of livestock which are well adapted to the envi-
ronmental condition of the country. Our livestock mainly
consist of buftalo, cattle, goats and sheep with the popu-
lation of 33.7 million, 38.3 million, 64.9 million and 28.8
million, respectively. Sheep plays a major role and occupies
a premier place in the livestock industry, contributing sig-

nificantly to the economy of the Pakistan (PES, 2013-14).

Parasitism is considered as important risk factor for the
production of small ruminants and it causes huge economic
losses in most of the developing and underdeveloped parts

of the world (Skyes, 1994). Small ruminants are highly ex-
posed to variety of parasitic infections including intestinal
parasitism and haemo-parasitic infections (Anaplasmosis,
Theileriosis and Babesiosis) (IMaske et al., 1990). Onset of
parasitic diseases is mostly high in tropical and subtropical

regions of the world (Muraleedharan, 2005).

Anaplasmosis in small ruminants is caused by Anaplasma
marginale and Anaplasma phagoctophilum. Most com-
mon clinical signs of anaplasmosis include fever, anemia,
jaundice, anorexia, respiratory signs, drop in milk produc-
tion and reproductive disorders in small ruminants (Stuen
et al., 2002, 2003; Garcia-Perez et al., 2003; Razmi et al.,

2006). There are huge economic losses due to this disease
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because of reduced weight gain and productivity losses

(Matsumoto et al., 2006).

Theileriosis is a tick-borne disease of domestic animals
present in tropical and subtropical regions of the world,
transmitted mostly by Hyalomma. Clinical signs of theiler-
iosis include lacrimation, anorexia, swelling of superficial
lymph nodes, enlargemen of spleen, liver and icterus (Naz

et al., 2012).

Babesiosis caused by Babesia ovis, is a tick transmitted in-
tra-erythrocytic protozoan parasite. Clinical signs of babe-
siosis include febrile condition, anemia and haemoglobi-
nuria. Babeia ovis is transmitted by Rhiphicephalus species
of ticks in small ruminants.

Pakistan being located in the subtropical zone ofter favora-
ble environment for the proliferation of ticks population
which are important indicator of haemo-parasitic diseases.
Different ticks species like Hyalomma, Rhiphicephalus,
Ixodidae and Boophilus play an important role in trans-
mission of haemo-parasitic diseases (Eshetu, 2015), while
Hyalomma species being the most abundant in Pakistan

(Atif et al., 2012).

Most of the studies in the past have been carried out on
the prevalence of haemo-parasitic diseases in cattle in Pa-
kistan but there is limited data available on the epidemi-
ology of tick borne diseases in small ruminants. Hemato-
logical and serum biochemistry profile can be used as an
important indicator for prognosis of Tick borne diseseas.
Due to scarcity of data about haemo-parasitic infection
in small ruminants in Pakistan, the present study was de-
signed with the objective to determine the epidemiological
and hematological investigations of tick-borne diseases in
small ruminants.

MATERIAL AND METHODS

STUDY AREA

This study was conducted in Peshawar and Khyber
Agency. Peshawar district lies at 34.04° N Latitude
and 71.5° E Longitude with an altitude of 359m and
has area of 1257 km?. Khyber agency lies at 34.02° N
latitude and 71.28" E longitude with an altitude of
1070m and has area of 2,567 km?®. Average temper-
ature range from 25°C (77 °F) to over 40°C (104 °F)
in summer and 4°C (39 °F) to 18.35°C (65.03 °F) in

winter.

SAMPLE COLLECTION
During the year 2015 total of 300 blood sam-
ples (Sheep=247, Goat=53, Adult=267, young=33,

Male=129, Female=171) were collected from different
areas of Peshawar and Khyber agency. Blood samples
collected were screened for haemo-parasites (Ana-
plasma, Theileria and Babesia) and for estimation of
hematological profile hematology was performed.
Prevalence of Haemo-parasites were estimated using
formula.

=R =

¥ 100
Where:

P: Prevalence; d: No. of animals found positive; n: To-

tal no. of animals sampled (‘Thrusfield, 1995).

Microscoric EXAMINATION

'Thin blood smears were prepared and fixed in metha-
nol for 5 min and stained for 30 min in Giemsa stain
as described by Jalali et al. (2013).Slides were then ex-
amined for haemo-protozoan like Anaplasma, Thei-
leria and Babesia spp. at 100x objective magnification.

HEMATOLOGY
For finding of hematological profile, 3ml of blood
was collected in sterile vacutainer tubes and processed

for hematological studies including, Total Erythro-

cyte Count (TEC), Total Leukocyte Counts (TLC),
Hemoglobin levels (Hb) and Packed Cell Volume
(PCV) by using Hematology Analyzer (Sysmax KX-
21N, Japan). Erythrocytic Indices were also estimated
including Mean Corpuscular Volume (MCV'), Mean
Corpuscular Hemoglobin (MCH) and Mean Cor-
puscular Hemoglobin Concentration (MCHC) (Yas-
ini et al., 2012).

STATISTICAL ANALYSIS

Data collected was arranged in Ms Office Excel and
statistically analyzed by Chi square (y?) for prevalence
while hematological data was analyzed through t-test:
paired two sample means and means were compared
by Duncan’s multiple range tests at a probability lev-

el < 0.05 using Statistical Package for Social Services
(SPSS) version 16.0.

RESULT'S AND DISCUSSION

PREVALENCE Ofr HAEMO-PArasITES IN SmALL
RUMINANTS

Out of total 300 blood samples 159 (53%) samples
were positive for Haemo-protozoan’s in which An-
aplasma, Babesia and Theileria was recorded as 40, 7

and 6%, respectively (Table 1).
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Table 3: Hematological profile of sheep and goats suffering from tick borne diseases in district Peshawar and Khyber

Agency (Mean * standard error)

Parameter ~ Sheep Goats
Non-infected Infected P-value Non-infected infected P-value

TEC 11.29*+0.081 5.57°+0.08 0.00 11.53*+0.16 5.35°+0.16 0.00
Hb 10.66°+0.14 6.73+0.08 0.00 11.23*+0.15 5.74°+0.18 0.00
PCV 34.21°+0.31 20.69°+0.35 0.00 35.09+0.54 20.52°+0.67 0.00
MCH 9.61°+0.13 12.46°+0.15 0.00 9.79°+0.28 10.9°+0.34 0.01
MCV 30.53+0.5 38.26*+0.58 0.00 31.23°+0.9 39.622+1.12 0.00
MCHC 32.286*+0.39 32.66+0.45 0.53 31.66+0.86 28.38°+1.08 0.02
TLC 9.14+0.08 9.16°+0.1 0.89 9.04*+0.18 9.36'+0.23 0.29

~b: means with different superscript with in row are significant at P-value 0.05; TEC: Total erythrocytes count; Hb: Hemoglobin;
PCV: Packed cell volume; MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular

hemoglobin concentration; TLC: Total leukocytic count

Table 1: Overall prevalence of Haemo-parasites in
different small ruminants in District Peshawar and Khyber

Agency

Parasitism Parasites N Prevalence (%)
Haemo-parasites ~ Anaplasma 300 40

Theileria 300 6.0

Babesia 300 7.0

Risk FACTORS FOR HAEMO-PARASITIC DISEASES
Season wise prevalence of haemo-parasites was 31.2, 53.5,
53.3 and 61.2% in winter, spring, summer and autumn, re-
spectively. Prevalence was recorded as 55.7% in Peshawar
while 41% in Khyber agency. Regarding species, prevalence
was 55% in sheep and 43.3% in goats whereas, 53.8 and
54.1% prevalence was recorded in adult and young animals,
respectively. Sex wise prevalence was 46.7% for female and
61.2% for male animals. It is evident from Table 2 that de-
spite of slight differences in variables no significant difter-
ences was recorded with respect to season, location, specie,
age and sex.

HEMATOLOGICAL FINDINGS

Hematological profile (Table 3) of infected and non-in-
fected animals shows significant decrease in TEC, Hb,
PCV, MCH and MCV while no significant changes were
observed in MCHC and TLC. On basis of erythrocytic
indices in sheep anemia can be classified as macrocytic
normochromic while in goats anemia is macrocytic hy-
pochromic.

Pakistan being an agricultural country has huge popu-
lation of livestock, in which goats and sheep population
are 64.9 million and 28.8 million, respectively (PES,
2013-2014). Despite of this huge population productive
capacity of these animals are not according to the need.
Haemo-parasitic diseases (Anaplasmosis, Theileriosis
and Babesiosis) are important parasitic diseases of small

Table 2: Prevalence of Haemo-protozoan in small
ruminants in District Peshawar and Khyber Agency
with respect to season, location, specie, age and sex

Prevalence of % value P value
Haemo-proto-

Variables Category N

zoan (%)

Season  Winter 16 31.25 8.16 0.47
Spring 28 53.5
Summer 225 53.3
Autumn 31 612

Location Peshawar 244 55.7 5.37 0.14
Khyber 56 41
agency

Specie Sheep 247 55 7.62 0.05
Goat 53 433

Age Adult 267 52.8 3.17 0.36
Young 33 545

Sex Female 171 46.7 6.43 0.09
Male 129 61.2

ruminants throughout the world but results are more
dreadful in tropical and sub-tropical regions of the world,
including Pakistan (Sathaporn et al., 2004; Silke, 2009).

Among the haemo-parasitic diseases anaplasmosis was the
most prevalent diseases of small ruminant in the present
study and these findings are in agreement with the results
of Takeet et al. (2009), Puvarajan et al. (2014) that ana-
plasmosis is the most prevalent haemoprotozoan in small
ruminants. In the present study prevalence of Anaplasmo-
sis, Babesiosis and Theileriosis was 40, 7 and 6%, respec-
tively. Anaplasmosis was recorded higher i.e. 40% which is
not in accordance with the findings of Khan et al. (2015)
where prevalence of Anaplasma was 28%. Possible reason
for this indifference might be due to the fact that Khan et
al. (2015) carried out their study only in sheep and study
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area was district Peshawar while in the current study Khy-
ber agency was also included in the sampling area. Other
possible reasons for this disagreement might be difference
in sampling size and inclusion of goats in the present study.
Prevalence of Theileriosis was almost in congruent with the
findings of Naz et al. (2012). Babesia prevalence recorded
in the present study was lower from the study conducted
by Esmaeilnejad et al. (2012). This might be due to the
geographical differences and also PCR was used as a di-
agnostic tool by Esmacilnejad et al. (2012) which is more
sensitive and specific diagnostic test as compare to micros-
copy which is used in the current study.

Prevalence of parasitic diseases was found to be non-signif-
icant with respect to season, location, specie, age and sex.
These findings were partially in congruent with the study
carried out by Naz et al. (2012) that age, sex and season
had no effect on prevalence of parasitic diseases in goats
while in sheep prevalence was aftected by age and sex. In
current study prevalence in both sheep and goats was not
significant with respect to season, location, age and sex.
Haemo-parasitism though non-significant, was recorded
higher in autumn, summer and spring as compare to win-
ter. This statement is supported by the findings of Velu-
samy (2015) that prevalence was recorded higher in hot
months of the year. Higher prevalence of haemoprotozoan
in hot and humid months of the year can be due to the
availability of favorable environment for the infestation of
arthropod vectors in these months which play pivot role in
the transmission of these diseases (Sajid, 2007; Durrani,

2008; Atif et al., 2012).

Hematological findings showed significant decrease in val-
ue of TEC, Hb, PCV, MCH and MCYV while in MCHC
and TLC no significant changes were observed in sheep.
Hematological parameters were almost similar in both
sheep and goats except MCHC which was found statis-
tically significant decrease in goats. Study carried out by
Esmaeilnejad et al. (2012) endorsed the statement that
MCHC was statistically significant in goats affected with
haemo-parasites. Results of hematology were almost simi-
lar to the findings of Khan et al. (2015), Ahmadi hamedani
et al. (2012), Younis et al. (2010). On the basis of erythro-
cytic indices anemia can be classified as macrocytic normo-
chromic in sheep with increase in MCV and MCHC in
normal range. In goats significant increase was observed in
MCV while statistical significant decrease was noticed in
MCHC values and anemia can be classified as macrocytic

hypochromic.
CONCLUSION

Based on these findings, it can be concluded that anaplas-
mosis is the most prevalent haemo-parasitic disease in
small ruminants, followed by Babesiosis and Theileriosis in

the studied area. Along with general health statuses, he-
matological profile of diseased animals can also be affected
and thus should be considered as markers of parasitism.

CONFLICT OF INTEREST

There is no conflict of interest.

AUTHORS CONTRIBUTION

SSAS and MIK conceived idea of the manuscript. SSAS
and HUR collected and processed blood samples. SSAS
analyzed the data and draft the manuscript. All authors
reviewed the final version of the manuscript.

REFERENCES

*Ahmadi-hamedani M, Khaki Z, Rahbari S, Ahmadi-Hamedani
MA (2012). Hematological profiles of goats naturally
infected with Anaplasma ovis in North and Northeast
Iran. Comp. Clin. Pathol. 21 (6): 1179-1182. https://doi.
org/10.1007/s00580-011-1257-9

*Atif FA, Muhammad SK, Hafiz JI, Ghulam MA, Ejaz A, Sami
U (2012). Prevalence of Anaplasma marginale, Babesia
bigemina and Theileria annulata infections among cattle in
Sargodha District, Pakistan. Afr. J. Agric. Res. 7(22): 3302-
3307.

*Durrani AZ (2008). Epidemiology, serodiagnosis and
chemoprophylaxis of theileriosis in cattle. Ph.D Thesis.
University of Veterinary and Animal Sciences, Lahore, 96,
102: 105-122.

*Eshetu E (2015). A review on the diagnostic and control
challenges of major tick-borne haemoparasite diseases of
cattle. J. Biol. Agric. Health. 5(11): 160-172.

*Esmaeilnejad B, Tavassoli M, Asri-Rezaei S (2012). Investigation
of hematological and biochemical parameters in small
ruminants naturally infected with Babesia ovis. Vet. Res.
Forum. 3 (1): 31-36.

*Garcia-Perez A L, Barandika J, Oporto B, Povedano I, Juste RA
(2003). Anaplasma phagocytophila as an abortifacient agent
in sheep farms from northern Spain. Ann. N.Y. Acad. Sci.
990: 429-432. https://doi.org/10.1111/j.1749-6632.2003.
tb07406.x

*Jalali S, Khaki Z, Kazemi B, Bandehpour M, Rahbari S, Jalali
MR, Yasini S (2013). Molecular detection and identification
of Anaplasma species in sheep from Ahvaz, Iran. Iran. J. Vet.
Research. 14(1): 50-56.

*Khan A, Khan MR, Tufail M, Saleem G, Masood S (2015).
Pathogenesis of anaplasmosis in bulkhi sheep and their
confirmation with polymerase chain reaction. Scholar’s Adv.
Anim. Vet. Res. 2(2): 107-114.

*Maske DK, Bhilegaonkar NG, Sardey MR (1990). Prevalence
of parasitic infections in domestic animals at Nagpur
Maharashtra. J. Vet. Parasitol. 4(2): 23-25.

*Matsumoto K, Joncour G, Davoust B, Pitel PH, Chauzy
A, Collin E, Morvan H, Vassallo N, Brouqui P(2006).
Anaplasma phagocytophilum infection in cattle in
France. Ann. N. Y. Acad. Sci. 1078: 491-494. https://doi.
org/10.1196/annals.1374.092

*Muraleedharan K (2005). Prevalence of gastrointestinal

January 2017 | Volume 4 | Issue 1 | Page 18


https://doi.org/10.1007/s00580-011-1257-9
https://doi.org/10.1007/s00580-011-1257-9
https://doi.org/10.1111/j.1749-6632.2003.tb07406.x
https://doi.org/10.1111/j.1749-6632.2003.tb07406.x
https://doi.org/10.1196/annals.1374.092
https://doi.org/10.1196/annals.1374.092

OPENaACCESS

The Journal of Advances in Parasitology

parasites of livestock in a central dry zone of Karnataka. J.
Vet. Parasitol. 19(1): 31-33.

*Naz S, Magbool A, Ahmed S, Ashraf K, Ahmed N, Saeed K,
Latif M, Iqbal J, Ali Z, Shafi K, Nagra IA (2012). Prevalence
of theileriosis in small ruminants in Lahore-Pakistan. J. Vet.
Anim. Sci. 2: 16-20.

*(PES) Pakistan Economic Survey (2013-14). Ministry of
Finance, Islamabad: Government of Pakistan. 2014: 23—41.

*Puvarajan B, Sivaseelan S, Anna T, Padmanath K (2014).
Prevalence of caprine anaplasmosis in Madurai district: A
report on clinical and haemotological parameters. Indian
Vet.]. 91(06): 42-44.

*Razmi GR, Dastjerdi K, Hossieni H, Naghibi A, Barati F,
Aslani MR (2006). An epidemiological study on Anaplasma
infection in cattle, sheep, and goats in Mashhad Suburb,
Khorasan Province, Iran. Ann. N. Y. Acad. Sci. 1078: 479—
481. https://doi.org/10.1196/annals.1374.089

*Sajid MS (2007). Epidemiology, acaricidal resistance of tick
population infesting domestic ruminants. Ph.D Thesis.
University of Agriculture, Faisalabad, Pakistan, P. 47.

*Sathaporn JA, Jansawan W, Omar A, Barriga O, Roger W
(2004). Reduced Incidence of Babesia bigemina Infection
in Cattle Immunized against the Cattle Tick, Boophilus
microplus. Depart. of Parasit., FVM, Kasetsart University,
Bangkok, Thailand.

+Silke P (2009). Occurrence of tick borne haemoparasites
Kwazulu-Natal and Eastern Cape Provines, South Africa.
M.Sc. Thesis (Veterinary Tropical Diseases), F.V. Science,
University of Pretoria, South Africa, Pp, 6-7.

*Skyes AR (1994). Parasitism and production in farm animals.

Anim. Prod. 59: 155-172. https://doi.org/10.1017/
S0003356100007649

*Stuen S, Bergstrom K, Palm E (2002). Reduced weight gain
due to subclinical Anaplasma phagocytophilum (formerly
Ehrlichia phagocytophila) infection. Exp. Appl. Acarol. 28:
209-215. https://doi.org/10.1023/A:1025350517733

*Stuen S, Nevland S, Moum T (2003). Fatal cases of Tickborne
fever (TBF) in sheep caused by several 16S rRNA gene
variants of Anaplasma phagocytophilum.Ann.N.Y.Acad.Sci.
990: 433-434. https://doi.org/10.1111/.1749-6632.2003.
tb07407 .x

*Takeet MI, Akande FA, Abakpa SAV (2009). Haemoprotozoan
parasites of sheep in Abeokuta, Nigeria. Nig. J. Parasitol.
30(20): 142-146.

*Thrusfield M (1995). Veterinary epidemiology, 2nd edition,
Blackwell Science, Ltd, Oxford, UK, p. 39-41.

*Velusamy R, Rani N, Ponnudurai G, Anbarasi P (2015).
Prevalence ofintestinaland haemoprotozoan parasites of small
ruminants in Tamil Nadu, India. Vet. World. 8(10): 1205-
1209. https://doi.org/10.14202/vetworld.2015.1205-1209

*Yasini S, Khaki Z, Rahbari S, Kazemi B, Amoli JS, Gharabaghi
A, Jalali S (2012). Hematologic and Clinical Aspects of
Experimental Ovine Anaplasmosis Caused by Anaplasma
ovis in Iran. Iran. J. Parasitol. 7 (4): 91-98.

*Younis EE, W. Hegazynam, El-Deeb and El-Khatib (2009).
Epidemiological and biochemical studies on bovine
anaplasmosis in dakahlia and demiattagivernorates in Egypt.
Bulletin of Animal health and production in Africa, 57: 4.
http://dx.doi.org/10.4314/bahpa.v57i4.51668. https://doi.
org/10.4314/bahpa.v57i4.51668

January 2017 | Volume 4 | Issue 1 | Page 19


https://doi.org/10.1196/annals.1374.089
https://doi.org/10.1017/S0003356100007649
https://doi.org/10.1017/S0003356100007649
https://doi.org/10.1023/A:1025350517733
https://doi.org/10.1111/j.1749-6632.2003.tb07407.x
https://doi.org/10.1111/j.1749-6632.2003.tb07407.x
https://doi.org/10.14202/vetworld.2015.1205-1209
http://dx.doi.org/10.4314/bahpa.v57i4.51668
https://doi.org/10.4314/bahpa.v57i4.51668
https://doi.org/10.4314/bahpa.v57i4.51668

OPENGACCESS The Journal of Advances in Parasitology

January 2017 | Volume 4 | Issue 1 | Page 20 s



OPENGACCESS The Journal of Advances in Parasitology

January 2017 | Volume 4 | Issue 1 | Page 21 s



OPENGACCESS The Journal of Advances in Parasitology

January 2017 | Volume 4 | Issue 1 | Page 22 ;¢



