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Objective: To compare the presence of Theileria ovis in small ruminants from two provinces of
Pakistan and to determine the risk factors associated with the spread of theileriosis. Methods:
In present study, a total of 210 blood samples were collected from sheep (n=99) and goats (n=111)
from 5 sampling sites in Punjab (Dera Ghazi Khan, Layyah, Multan and Rahim Yar Khan districts)
and Khyber Pukhtoon Khwa (district Kohat) provinces, in Pakistan, from randomly selected herds.
Data on the characteristics of the animals (species, gender, age, tick presence or absence, prior
treatment for babesiosis) and the herd (location, size, species of animals, dogs associated with

é(lel};t};rds. the herds, tick burden of dogs associated with the herds) was collected through questionnaires.
heilsosis Results: Twelve blood samples (6% of total), 11 from district Kohat, produced the 520 base pairs
Goals DNA fragment specific for small subunit ribosomal RNA (ssu rRNA) gene of Theileria ovis,
PCR amplification by PCR amplification, of which 11 were sheep and 1 was goat indicating that sheep are more
ssu rRNA gene significantly (P=0.001) prone to this parasite. On the other hand parasite was detected only in 2
Theileria out of 210 samples (1%) by blood smear screening confirming PCR as the reliable detection tool.

Conclusions: PCR is more sensitive and reliable diagnostic tool for detection of Theileria sp. as
compared to blood smear screening. Incidence of Theileria ovis is very high in Khyber Pukhtoon
Khwa as compared to Punjab province. It was also observed that presence of ticks on animals was
the only significant risk factor associated with the theileriosis in small ruminants.

1. Introduction performancel3l. In Pakistan Ixodid sp. ticks are involved in

the transmission of various piroplasms to small and large

The economy of Khyber Pukhtoon Khwa and Punjab
provinces of Pakistan heavily relies on live stocklll. 30-35
million rural population is engaged in livestock raising
which helps them to derive 30-40 percent of their income
from it. These facts are evidence that livestock is playing
an important role in Pakistan’s rural economyl2l. Piroplasm
are transmitted through the ticks to their hosts and thus
tick infestation in ruminants is one of the major constrain
to livestock industry and ultimately affects the economic
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ruminants causing various diseases including theileriosis
resulting in economic losses|4.5].

Theileria sp. has very pronounced effect on live stock
production, including small ruminants (sheep and goat), in
tropical and subtropical areas of the world as they cause
serious damage to animals by producing diseases like
anemia, which ultimately leads to death, and results in
production losses, i.e., production of less meat, milk and
offspring by infected animal as compared to healthy onel3.61.

Ovine theileriosis is widely distributed in areas where
sheep and goats are reared. Fever, enlargement of spleen
and liver, damage to kidney and lungs are the general sign
of theileriosis. Theileria lestoquardi, Theileria sp. (China)
and Theileria ovis (T. ovis) are the pathogenic species for
sheep and goats and among them T. ovis is considered



44 Sobia Durrani et al./Asian Pacific Journal of Tropical Disease (2012)43-47

as less pathogenic or benign because of long evolutionary
relationship between parasite and the hostl7l. Nevertheless,
clinical disease may occur in stressful situations related to
translocation of animals or/and when a host is debilitated by
other parasitic organisms or malnutrition[8.91.

In acute cases, small-ruminant theileriosis can be
diagnosed by microscopic examination of Giemsa-stained
thin blood smears and by clinical symptoms[10l. ITn some
cases, recovered animals frequently sustain sub clinical
infections, which are microscopically undetectableli1l.
They can be considered as a source of infection for the
potential vector causing natural transmission of the disease.
Serological methods are frequently employed in determining
sub clinical infections. However, serology for detecting
carrier state lack specificity and sensitivity, especially
for infection status[3]l. Therefore, DNA amplification
methods, which are more sensitive and specific than other
conventional methods may facilitate and be used as a
powerful tool for the diagnosis of theileriosis|3.12-16].

The aim of the present study was to establish and optimize
a specific, reliable and sensitive molecular tool, the
polymerase chain reaction (PCR), for the detection of T. ovis
in blood of small ruminants and to compare the results with
the conventional method of blood film screening for parasitic
detection. The objective of this pilot study is to provide and
compare baseline data regarding the presence of T. ouvis
and risk factors involved in the spread of theileriosis in four
districts of southern Punjab and Kohat district of Khyber
Pukhtoon Khaw province.

2. Materials and methods
2.1. Samples and data collection

Blood samples were collected from 210 clinically healthy
small ruminants (99 sheep and 111 goats) from 5 sampling
sites in Punjab (Dera Ghazi Khan, Layyah, Multan and Rahim
Yar Khan districts) and Khyber Pukhtoon Khwa (district
Kohat) provinces, in Pakistan. Blood of 10% animals from
each herd was sampled from jugular vein and immediately
preserved in 10 mL Eppendorf tubes by adding 400 ~
L of 0.5 M ethylene diamine tetraacetic acid (EDTA). Data
was collected for each animal including species, gender,
age, presence or absence of ticks, and prior treatment
for theileriosis, and for the herd including location, size,
species of animals, dogs associated with the herds and
presence or absence of ticks on dogs associated with the
herds was collected through questionnaires completed by
the investigators on the spot during sample collection in
order to calculate the risk factors involved in the spread
of theileriosis. All the experiments were approved by the
Research and Ethic Committee of Bahauddin Zakariya
University Multan, Pakistan.

2.2. Blood film screening

Blood smears were prepared, fixed with methanol, stained
with Giemsa and microscopically observed for the detection
of Theileria sp. in blood.

2.3. DNA isolation

Inorganic method of DNA extraction was used following
Shahnawaz et ali3l. The quality of the DNA extract in regard
to purity and integrity was assessed with optical density
counts at 260/280 nm and submerged gel electrophoresis.

2.3. Oligonucleotide design and PCR amplification

A pair of oligonucleotide primer was used to amplify
the 520 bp region of small sub unit rRNA (ssu rRNA)
gene sequence of T. ovis following method of Durrani et
allol. The nucleotide sequence of the primer—pair was:
(TSsr 170F) 5 TCGAGACCTTCGGGT 3" and (TSsr 670R) 5
TCCGGACATTGTAAAACAAA 3°. The PCR was performed in
a total reaction volume of 50 © L containing 5 +L of 10XPCR
buffer (100 mM Tris—HCI pH 9500 mM KCl, 1% Triton X—100),
250 M of each of the four deoxynucleotide triphosphates,
2 U Taq DNA polymerase (Vivantis, UK) and 10 pg of each
primer. Five microlitres of the DNA suspension was used as
template in the PCR. Remaining volume was adjusted with
double distilled water. PCR amplification was obtained in a
thermocycler (Bio Rad, USA) after 35 cycles. Thermo profile
consisting of an initial denaturing step of 3 minutes at 96 C
was followed by 5 cycles: denaturing step of 30 sec at 94 C,
an annealing step of 30 sec at 56 C and an extension step of
1 minute at 72 “C. These 5 cycles were followed by 30 cycles.
Each cycle consisted of denaturing step of 1 minute at 94 °C,
an annealing step of 1 minute at 54 “C and an extension step
of 1 minute at 72 “C. The PCR program was ended with a final
extension step of 7 minutes at 72 ‘C. Distilled water and T.
ovis DNA (previously isolated from naturally infected sheep)
was used In each test as negative and positive controls,
respectively. Ten #L of the amplification products were
visualized on 29 agarose gel stained with ethidium bromide
and observed under UV illumination.

2.4. Statistical analysis

For statistical purposes animals were grouped into two
age categories: less than 1—-year and more than 1—-year—old.
Herds were divided into two size categories: herds composed
of 1-15 and herds with more than 15 animals. Also, herds
were divided according to their composition into three
categories: herds with sheep only, herds with goat only and
herds containing both sheep and goats. The presence or
absence of ticks on sheep, goats and dogs associated with
the herds was also noted.

Association between the presence (positive and negative
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blood samples) of T. ovis and the various parameters, i.e.
herd location, herd size, species, gender and age of animal,
herd composition, presence or absence of ticks on sheep and
goats, presence and absence of ticks on dogs associated with
herds was assessed by contingency table analysis using the
Fisher’s exact test (for 2 X 2 tables). Statistical package Mini
Tab (Version 16) was used for statistical analysis.

3. Results

Table 1

Sampling sites, total number of samples collected and
parasite positive sample along with prevalence details are
mentioned in Table 1. Results of PCR amplification revealed
that 12 blood samples (6% of total), 11 from Kohat and 1 from
Multan district, produced the 520 base pairs DNA fragment
specific for small subunit Ribosomal RNA (ssu rRNA) gene of
T. ovis. 11 of the T. ovis positive were sheep and 1 was goats
indicating that sheep are more significantly (P<0.001) prone
to this parasite than goats.

The total number of samples collected (N) from the sampling sites. Prevalence of T. ovis is given in parenthesis.

District N T. ovis positive (%) T. ovis negative (%)
Kohat 92 10 (12)" 82 (88)"
Dera Ghazi Khan 39 0 0%)" 39 (1000)"
Multan 35 2 (6%)° 33 (949)°
Rahim Yar Khan 25 0 (09" 25 (1009
Layyah 19 0 (0%)" 19 (1009)°
Total animals (sheep and goat) 210 12 (6%) 198 (949)

Different superscript letter— The prevalence of T. ovis was significantly different between various sampling sites (P<0.05).

No. of samples T. ovis positive (%) T. ovis negative (%)

/{:sl())lceieiion between presence of parasite in sheep and goat and the studied parameters describing animal characters.
Animal type Parameters
Sheep and goats (combined) Sex Male
Female
Age Upto 1 year
More than 1 year
Ticks Present
Absent
Sheep Sex Male
Female
Age Upto 1 year
More than 1 year
Ticks Present
Absent
Goat Sex Male
Female
Age Upto 1 year
More than 1 year
Ticks Present

81 5 (6%) 76 (949)
129 4 (109,) 37 (909)
75 3 (4y) 72 (969%)
135 9 (79) 126 (939%)
73 8 (110p) 65 (899)
137 4 (39) 133 (97%)
49 5 (109) 44 (909)
50 6 (129) 4 (889%)
30 2 (079%) 28 (939%)
69 9 (139) 0 (879)
33 7@l 26 (699)
66 4 (69) 62 (949)
32 0 (0%) 2 (1009)
79 1 (19) 78 (999)
45 1 (2%) 44 (98%)
66 0 (0%) 66 (1009;)
40 1 (B%) 39 97%)

*P<0.05 when compared within each parameter.

Table 3

Association between presence of parasite in sheep and goat and the studied parameters describing animal and herd characters.

Parameters No. of samples T. ovis positive (%) T. ovis negative (%)
Size of herd 1-15 127 7 (69%) 120 (849)
More than 15 83 5 (6%) 78 (849,)
Herd composition Goat only 39 1 (3%) 38 (970/,)
Sheep only 30 6 209) 24 809
Goat and sheep 141 5 (49) 136 (969%)
Association of dog with herd Dog absent 115 5 (49) 110 (96%)
Dog present 95 7 (1%) 88 (93%,)
Ticks on dog Absent 125 5 (49) 120 (969%)
Present 85 7 (8%) 78 (929)

*#%P<0.001, when compared with goat herds and herds composed of both sheep and goats.
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When two parasite detection techniques, blood film
screening and PCR, were compared, it was found that blood
film screening is a non specific and non reliable tool as only
2 out of 210 samples (1%) were found Theileria sp. positive as
compared to 12 parasite positive samples detected by PCR
amplification.

Table 2 presents the presence of T. ovis in sheep and goats
in relation to the parameters describing the characteristics
of the animals. Statistical analysis of the characteristics of
animals revealed that small ruminants having ticks present
on their bodies (8/12) were more prone to the parasite
and this association was statistically significant (<0.05).
Presence of tick had also strong association with theileriosis
in sheep (P<0.05). The characteristics of herds as possible
risk factors for the spread of theileriosis are mentioned in
Table 3. It is also obvious from the data that the sheep herds
were more infected with 7. ovis (P< 0.001) as compared to
goat herds and herds composed of both sheep and goats
indicating that 7. ovis infestation is more common in sheep.

4. Discussion

In the present study, we have reported the incidence of T.
ovis, detected by PCR amplification of ssu rRNA gene, in
blood samples of small ruminants collected from 5 districts
in two provinces of Pakistan, along with the risk factors
involved in the spread of theileriosis. We have observed
that 69 of the sampled animals were positive for T. ovis.
Incidence of this parasite is comparatively low in the study
areas with comparatively higher parasite prevalence in
Khyber Pukhtoon Khwa province than Punjab. Durrani
et all10] has recently conducted a similar study in small
ruminants of Punjab province in Lahore district and has
reported 279 prevalence of T. ovis which is very high as
compared to our findings in 4 districts of southern Punjab
indicating that climatic conditions and geographical
distribution of animals affects the prevalence of parasites(14l.
A similar study in sheep from eastern Turkey has indicated
549, prevalence of piroplasms (Babesia and Theileria sp.[14)
while Li et all17] has also reported 789 prevalence of T. ovis
in Xinjiang province of China. Incidence of T. ovis was very
high in sheep as compared to goats as parasite was detected
in 11% of the sheep samples confirming the findings of Altay
et all13] that sheep are more prone to this parasite.

We observed that the prevalence of ovine theileriosis
was higher in animals having ticks present (11%) on them
indicating a positive correlation between the incidence of
the disease and the presence of vector ticks. Similar trend
was observed in case of sheep, the most parasite affected
species during the present studies, where 219 of the sheep
having ticks present on them were T. ovis blood positive.
These observations are in agreement with the previous
observations that ticks are the vectors for the transmission of
theileriosis(s.18].

It was observed that sheep were more infected by T. ovis
than goats as 11 infected animals were sheep and the
incidence was higher in Khyber Pukhtoon Khwa as 9 of the
11 infected sheep belonged to district Kohat. There was
no association of gender or age, in sheep, with parasitic
presence. Interestingly, the only infected goat was females,
having tick present on her body and was younger than
one year indicating that younger female goats have less
immunity against this parasite and ticks are playing role in
the transmission of parasite but these results did not reached
statistical significance.

Composition of herd was also associated with the presence
of T. ovis in small ruminants as herds composed of sheep
only had higher parasitic prevalence than herds composed of
goat only or having both sheep and goats kept together. This
assoclation was statistically highly significant (P< 0.001).

Several studies documented that PCR is more specific and
sensitive than conventional techniques for the detection
of carrier ruminants having Theileria sp. present in blood
without any apparent signs of theileriosis[3.19.20-29]. We
had similar experience as the presence of T. ovis detected
through PCR was 6% (N=12) as compared to 1% (N=2)
parasitic detection by microscopic examination of Giemsa—
stained blood films. Furthermore, these 2 blood samples
were also found to be parasite positive by PCR. Only
microscopic examination of PCR positive samples would
have declared them parasite free. A similar comparison was
made by Durrani et all10] in Lahore (Pakistan) and found 279
prevalence for 7. ovis in sheep and goat by PCR as compared
to 18% prevalence detected by blood smear examination.

There are only few report on the prevalence of theileriosis
in small ruminants of Punjab but to our knowledge this is
the first report describing the survey on ovine theileriosis in
small ruminants through PCR amplification in Kohat district
(Pakistan). Presence of T. ovis indicates that other species of
this genus might be existing as well. In the present study,
all 210 small ruminants were raised locally indicating that
the theileriosis is endemic in this region. Poor hygienic
conditions and poverty especially in small towns and
villages could be a contributing factor for prevalence of this
parasite in this region. In many cases, veterinarians are not
available for the help and guidance of livestock owners. By
generating the public awareness regarding the risk factors,
the prevalence of piroplasms can be significantly decreased
resulting in better health and output of sheep and goats.

Conflict of interest statement

We declare that we have no conflict of interest.

Acknowledgements

This project was financed by the Directorate of Research



Sobia Durrani et al./Astan Pacific Journal of Tropical Disease (2012)43-47 47

and External Linkages, Bahauddin Zakariya University,
Multan (Pakistan) through grant No. DR & EL/D-40 dated
05-04—2010. Authors would like to thank all the veterinarians
for their kind help during sample collection.

References

[1] Zulfigar S, Shahnawaz S, Ali M, Bhutta AM, Igbal S, Hayat S, et al.
Detection of Babesia bovis in blood samples and its effect on the
hematological serum biochemical profile in large ruminants from
Southern Punjab (Pakistan). Asia Pac J Trop Biomed 2012; 2(2):
104—108. Epub 2011 Oct 23.

[2] Government of the Punjab. Livestock census: Data on Punjab
livestock. Punjab, Pakistan: Livestock Census Organization,
Government of the Punjab; 1996.

[3] Shahnawaz S, Ali M, Aslam MA, Fatima R, Chaudhry ZI, Hassan
MU, et al. A study on the prevalence of a tick transmitted
pathogen, Theileria annulata, and hematological profile in
cattle from Southern Punjab (Pakistan). Parasitol Res 2011; 109(4):
1155—1160.

[4] Ghosh S, Bansal GC, Gupta SC, Ray D, Khan MQ, Irshad H, et
al. Status of tick distribution in Bangladesh, India and Pakistan.
Parasiiol Res 2007; 101: 207-216.

[S] LiY, Guan G, Liu A, Peng Y, Luo J, Hong Yin. Experimental
transmission of Theileria ovis by Hyalomma anatolicum
anatolicum. Parasitol Res 2010; 106: 991—-994

[6] Ahmed J, Yin H, Bakheit M, Liu Z, Mehlhorn H, Seitzer U. Small
ruminant theileriosis. Parasitol Res Monograph 2011; 2: 135—153.

[7] Rehman WU, Khan IA, Qureshi AH, Hussain S. Prevalence of
different species of Ivodidae (hard ticks) in Rawalpindi and
Islamabad. Pak J Med Sci 2004; 43: 42—46.

[8] Khukhuu A, Lan DT, Long PT, Ueno A, Li Y, Luo Y, et al.
Molecular epidemiological survey of Theileria orientalis in Thua
Thien Hue Province, Vietnam. J Vet Med Sci 2011; 73(5): 701—705.

[9] Aktas M, Dumanli NC, Etinkaya B, Cakmak A. Field evaluation of
PCR in detecting Theileria annulata infection in cattle in the east
of Turkey. Vet Rec 2002; 150: 548—549.

[9] Dumanli N, Altay K, Holman PJ, Aktas M. Detection of Theileria
ovis in naturally infected sheep by nested PCR. Vet Parasitol 2005;
127: 99—-104.

[10] Durrani AZ, Younus M, Kamal N, Mehmood N, Shakoori AR.
Prevalence of ovine Theileria species in District Lahore, Pakistan.
Pak ] Zool 2011; 43(1): 57—60.

[11] Cariado—Fornelio A, Martinez—Marcos A, Bulinga—Sarana A,
Barba—Carretero JC, Molecular studies on Babesia, Theileria and
Hepatozoon in Southern Europe Part 1. Epizootological aspects.
Vet Parasitol 2003; 113: 189—201.

[12] Altay K, Dumanli N, Holman PJ, Aktas M. Detection of Theileria
ovis in naturally infected sheep by nested PCR. Vet Parasitol 2005;
127: 99-104.

[13] Altay K, Dumanli N, Holman PJ, Aktas M. Molecular
identification, genetic diversity and distribution of Theileria and
Babesia spp infecting small ruminants. Vet Parasitol 2007; 147:
121-127.

[14] Taha KM, Salih DA, Ahmed BM, Enan KA, Ali AM, Elhussein AM.
First confirmed report of outbreak of malignant ovine theileriosis
among goats in Sudan. Parasitol Res 2011; 109(6):1525—1527.

[15] Igbal F, Fatima M, Shahnawaz S, Naeem M, Shaikh RS, Shaikh AS,
et al. A study on the determination of risk factors associated with
babesiosis and prevalence of Babesia sp., by PCR amplification,
in small ruminants from Southern Punjab (Pakistan). Parasite
2011; 18: 229-234.

[16] Nagore D, Garcia—sanmartin J, Garcia—pérez Al, Juste RA,
Hurtado A. Identification, genetic diversity and prevalence of
Theileria and Babesia species in sheep population from Northern
Spain. Int J Parasitol 2004; 34: 1059—1067.

[17]Li Y, Guan G, Ma M, Liu J, Ren Q, Luo J, et al. Theileria ovis
discovered in China. Exp Parasitol 2011; 27(1): 304—307.

[18] Brown C. Foreign animal diseases. Boca Raton, Florida: Boca
Publications Group; 2008.

[19] Duh D, Punda—Polié V, Trilar T, Av8i¢~Zupanc T. Molecular
detection of Theileria sp. in ticks and naturally infected sheep.
Vet Parasitol 2008; 151: 327-331.

[20] Zaeemi M, Haddadzadeh H, Khazraiinia P, Kazemi B, Bandehpour
M. Identification of different Theileria species (Theileria
lestoquardi, Theileria ovis, and Theileria annulata) in naturally
infected sheep using nested PCR—RFLP. Parasitol Res 2011; 108:
837-843.

[21] Aktas M, Dumanli NC, Etinkaya B, Cakmak A. Field evaluation of
PCR in detecting Theileria annulata infection in cattle in the east
of Turkey. Vet Rec 2002; 150: 548—549.

[22] Georges K, Loria GR, Riili S, Greco A, Caracappa S, Jongejan F,
et al. Detection of haemoparasites in cattle by reverse line blot
hybridisation with a note on the distribution of ticks in Sicily. Vet
Parasitol 2011; 99: 273-286.

[23] Gubbels JM, de Vos AP, van der Weide M, Viseras J, Schouls
LM, de Vries E, et al. Simultaneous detection of bovine Theileria
and Babesia species by reverse line blot hybridization. J Clin
Microbiol 1999; 37: 1782—1789.

[24] Khukhuu A, Lan DT, Long PT, Ueno A, Li Y, Luo Y, et al. 2011.
Molecular epidemiological survey of Theileria orientalis in Thua
Thien Hue Province, Vietnam. J Vet Med Sci 2011; 73(5): 701—705.

[25] Qayyum M, Farooq U, Samad HA, Chauhdry HR. 2010. Prevalence,
clinicotherapeutic and prophylactic studies on theileriosis in
district Sahiwal (Pakistan). JAPS 2010; 20: 266—270.

[26] Schnittger L, Yin H, Qi B, Gubbels MJ, Beyer D, Niemann S, et
al. 2004. Simultaneously detection and differentiation of Theileria
and Babesia parasite infection small ruminants by revers line
blotting. Parasitol Res 2004; 92: 189—196.

[27] Guo S, Yuan Z, Wang W, Ma D, Du H. Epidemiology of ovine
theileriosis in Ganan region, Gansu Prov ince, China. Parasitol
Res 2002; 88: 36—37.

[28] Sawczuk M, Maciejewska A, Skotarczak B.. Identification and
molecular characterization of Theileria sp. infecting red deer
(Cervus elaphus) in northwestern. Poland Eu J Wildlif Res 2008;
54: 225-230.

[29] Soulshy EJL. Helminthes, arthropods and protozoa of domesticated
animals. Vet Helminthol 1982; 7: 706—719.



