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Abstract

Background and Aim: Theileria annulata infection is a tick-borne disease affecting ruminants in the tropical and
subtropical regions causing severe economic losses. This study aimed to characterize circulating 7. annulata isolates from
four governorates (administrative districts) north and south of Egypt using polymerase chain reaction (PCR)-restriction
fragment length polymorphism.

Materials and Methods: Fifty samples were collected from the fourgovernorates of Egypt and were examined by a PCR
assay based on the heat shock protein 70 gene. The amplified product was subsequently digested using two restriction
enzymes, Taq I and Alu I, to determine which pattern of 7. annulata strains was involved.

Results: The findings revealed that one distinct pattern was observed for 7. annulata isolates in the northern governorates
and another one in the southern governorates. The Taq I enzyme produced three fragments (100, 175, and 270 bp), and the
Alu I enzyme produced four fragments (60, 90, 125, and 270 bp).

Conclusion: This study determined the presence of two distinct circulating genotypes of 7. annulata among cattle in Egypt
based on PCR-RFLP using the HSP 70 gene. More studies are needed in different parts of the country to investigate the

virulence and strain variance of 7. annulata in cattle.
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Introduction

Bovine theileriosis is a tick-borne disease,
caused by an intracellular protozoan parasite Theileria
annulata [1], which is transmitted by ticks belonging
to Hyalomma species and causes significant eco-
nomic losses to the dairy and cattle industries [2-4].
Theileriosis commonly spreads among cattle in the
tropical and subtropical regions and is prevalent
worldwide. It spreads from Asia through theMiddle
East [5] to North Africa [6] and South Europe [7].

The clinical features of tropical theileriosis are
determined by the damaging effects of the parasite on
the host lymphatic tissues and immune system [8-10].
The most common clinical signs of theileriosis are
fever, anorexia, diarrhea, pre-scapular and pre-fem-
oral lymph node enlargement, respiratory distress,
jaundice or anemic mucous membrane, and corneal
opacity of the eye [3,11].

According to a previous study conducted by
El-Dakhly et al. [12], exotic and crossbred animals
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are more vulnerable to 7" annulata infection than local
Egyptian cattle breeds.A decreased infection rate in
local cattle breeds could be attributable to a delicate
balance between infection and the immune system
of the animal [13]. Numerous isolates and strains of
T. annulata found in an endemic area have varying
levels of virulence in susceptible populations. As
a result, the parasite isolate involved has a signifi-
cant impact on the pathogenesis of bovine theilerio-
sis [14,15]. Sequencing of the relevant genes is one
of the primary methods for detecting parasite strain
variations; however, it is not cost-effective [16-18].
The use of selective enzymes for restriction
digestion of polymerase chain reaction (PCR)
allows monitoring of many samples. PCR-
restriction fragment length polymorphism (PCR-
RFLP) was frequently used for the specific detec-
tion and identification of 7. annulata based on
specific target genes such as the tumor-associated
macrophages (TAMs)-1 gene [19], SmI-2 gene [20],
B-tubulin gene [15], and heat shock protein (HSP)
70 gene [21]. HSPs are the most conserved proteins
in organisms and play a critical role in evoking the
host’s reaction to stress [22]. They are particularly
important in parasites involving vectors because
when a parasite is transmitted from a poikilother-
mic invertebrate vector to a homeothermic verte-
brate host, the parasite’s environment is drastically
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altered [23]. The HSP gene plays an important role
in parasite survival and/or development within the
host by adapting to diverse stress stimuli in general
and temperature fluctuations [21,24].

The study aimed to characterize field isolates of
T. annulata vsing PCR-RFLP targeting the HSP 70
gene with Taq [ and Alu I restriction enzymes.

Materials and Methods

Ethical approval

The study was approved by the Ethical Research
Committee, Faculty of Veterinary Medicine, Benha
University, Egypt.

Study period and location

The study was conducted from May 2020 to
January 2021 in two governorates (Alexandria and
Menofia) situated in North Egypt and the other two
governorates (Minya and Beni Suef) situated in South
Egypt. These governorates have a hot desert climate,
which the K&ppen-Geiger classification classifies as
BWh. The weather is characterized by high humidity
(40%), warm temperature (20-35°X), and low rain-
fall (100-200mm), which favors for multiplication of
ticks vectors, particularly Rhipicephalus annulatus
and Hyalomma anatolicum that implicated in bovine
theileriosis spreading.

Sampling

A total of 50 blood samples were collected from
clinically infected cattle representing four gover-
norates (administrative districts) (Figure-1). Twenty
blood samples were collected from Minya and Beni
Suef and 30 blood samples were from Alexandria and
Menofia. Blood samples (5 mL) were collected from
infected cattle during parasitemia and put into collect-
ing tubes with ethylenediaminetetraacetic acid. All
samples were examined using microscopy and a PCR
assay targeting the TAMs1 gene to confirm 7. annu-
lata positivity.
DNA extraction and PCR amplification

The parasite DNA was extracted from blood sam-
ples using a QIAamp® DNA mini kit (Qiagen GmbH,
Hilden, Germany), according to the manufacturer’s
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Figure-1: Map for the study area [Map generated by QGIS
software].
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protocol. The purified DNA was preserved at —20°C
until PCR was performed.

The PCR assay was performed using a spe-
cific set of primers targeting the HSP 70 gene
of T annulata to amplify a 275 bp fragment as
previously described [21]. The forward primer
5S"TGTCAAGGAGGCCTCAAA TTA3’ and the
reverse primer 5S’TTTGACTTTGAATAGGCTGCC3’
were used. The thermal condition started by initial
denaturation at 95°C for 2 min followed by 35 cycles
of denaturation at 94°C for 30 s, annealing at 55°C for
45 s, and elongation at 72°C for 30 s. Then, there was
a final extension for 10 min at 72°C. The amplified
products were separated by electrophoresis on a 2%
agarose gel and visualized with an ultraviolet (UV)
transilluminator.

Restriction enzyme analysis

Following PCR amplification, Taq I and Alu
I restriction enzymes (10U, Fast Digest enzymes)
were used to digest the generated PCR products.
Taq I enzyme restriction digestion was performed at
65°C for 5 min, while Alu I enzyme digestion was
performed at 37°C for 15 min. The digested products
were separated by electrophoresis on a 2% agarose gel
and visualized using a UV transilluminator.

Results

Molecular findings

The extracted DNA of 7. annulata was exam-
ined by a PCR assay targeting the HSP 70 gene for
50 samples representing the north and south of Egypt.
All samples were positive and produced a detect-
able 275 bp band (Figure-2).

PCR-RFLP analysis

The Taql and Alul restriction enzymes were
used to digest the amplified 275 bp product of the
samples to detect the variations in the nucleotide
sequences of the HSP 70 gene. The PCR-RFLP
pattern confirmed the presence of two different
genotypes for circulating 7. annulata. The results
revealed that Taql digested all samples and produced
three identified fragments (100, 175, and 270 bp) in
the samples from the Minya and Beni Suef governor-
ates (20/50, 40%). In contrast, it gave two fragments
(100 and 175 bp) for the samples collected from
the Alexandria and Menofia governorates (30/50,
60%) (Figure-3). Moreover, all PCR products were
digested with Alul. Three 60, 90, and 125 bp frag-
ments were produced with samples collected from
Alexandria and Menofia (30/50, 60%). In contrast,
only one fragment (270 bp) was produced from the
samples collected from the Minya and Beni Suef
governorates (20/50, 40%) (Figure-4).

Discussion

Theileriosis is a common tick-borne disease that
affects ruminants and is endemic to several parts of
Egypt [25-27]. In the present work, cattle with clinical
theileriosis were analyzed molecularly to determine
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Figure-2: Agarose electrophoresis for amplified products.
Lane M: 100 bp marker, lanes 1-10: Positive samples
(275 bp).
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Figure-3: Restriction fragment length polymorphism
(RFLP) analysis for polymerase chain reaction (PCR)
products. Lane M: 100 bp marker, lanes 1-3: RFLP analysis
for PCR product digested by Tagl (samples from North
Egypt), and lanes 4-7: RFLP analysis for PCR product
digested by Taqgl (samples from South Egypt).
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Figure-4: Restriction fragment length polymorphism
digestion for Alul enzyme. Lane M: 100 bp marker, lanes
1-6: Identified restriction digestion products of Alul
(270 bp) for northern samples, and lanes 7-10: Identified
restriction digestion products (60, 90, and 125 bp) for
southern samples.

the species implicated in bovine Theileria infection in
North and South Egypt.

RFLP is a widely used method for distinguishing
parasites based on patterns created by the cleavage of
their DNA or a certain gene. Dissimilarities in cleav-
age/digestion patterns are frequently used to distinguish
closely related species and strains [27-29]. The PCR-
RFLP method effectively identifies genotypic differ-
ences in 7. annulata isolates quickly [21,30]. Genes such
as Sml-2 [20], TAMs [19], 18S rRNA [19], and HSP 70
[24] genes are frequently used to identify 7. annulata
strain differences in vectors or vertebrate hosts.

The HSP 70 gene was used in this investigation
for restriction digestion with Taql and Alul enzymes.
The Taql and Alul enzymes digested PCR products
of all T annulata isolates representing two different
PCR-RFLP patterns. In contrast, PCR-RFLP based
on the HSP 70 gene with Taql and Alu enzymes was
used for the characterization of 7. annulata from the
blood of infected cattle and ticks affecting livestock in
Iran and revealed only one pattern [19,24]. However,
the results from the present study are similar to those
of Akbari et al. [20]. They found two genotypes for
T, annulata among Iranian cattle using PCR-RFLP
based on the Sml-2 gene with Taql and Alul enzymes.

Using PCR-RFLP based on the TAMs 1 gene with
the Rsa [ enzyme revealed four distinct genotypes for 7.
annulata in both cattle and tick vectors in Iran [19,31].
The presence of a polymorphism in the TAMs 1 gene
can explain the detection of a significant number of
circulatory genotypes utilizing the TAMs 1 gene [32].

A further novel finding is that all isolates could
be digested with both restriction enzymes, yielding
two distinct restriction fragments, indicating strain
diversity between 7. annulata species circulate among
cattle in North and South Egypt. However, the results
confirmed that only one genotype is present in the
north and another is in the south of Egypt [12,33].

Conclusion

This study determined the presence of two dis-
tinct circulating genotypes of 7. annulata among cattle
in Egypt based on PCR-RFLP using the HSP 70 gene.
More studies are needed in different parts of the coun-
try to investigate the virulence and strain variance of
T. annulata in cattle. There is a potential that mass
vaccination and/or an effective diagnostic tool will
fail due to the presence of a large number of circu-
lating genotypes, resulting in a lot of strain variation.

Authors’ Contributions

AS and HK: Conceptualization, methodology,
formal analysis, investigation, resources, data cura-
tion, and writing — original draft preparation. AS and
HK: Writing — review and editing. AS and HK: Project
administration. AS and HK: Funding acquisition. All
authors have read and approved the final manuscript.

Acknowledgments

The study was funded by LEAP-Agri (A Long
term EU-Africa Research and Innovation Partnership

Veterinary World, EISSN: 2231-0916

927



Available at www.veterinaryworld.org/Vol.15/April-2022/15.pdf

on Food and Innovation on Food and Nutrition
Security and Sustainable Agriculture), project No:
220-MeTVAC, as well as Science, Technology &
Innovation Funding Authority (STIFA), Egypt, Project
ID: 13520-220. Project title: “Ecosmart Alternative
Control Strategies against Theileria annulata and its
Tick Vectors”

Competing Interests

The authors declare that they have no competing

interests.

Publisher’'s Note

Veterinary World remains neutral with regard

to jurisdictional claims in published map and institu-
tional affiliation.

References

1.

10.

I1.

12.

Gargano, V., Blanda, V., Gambino, D., La Russa, F., Di
Cataldo, S., Gentile, A., Schiro, G., Torina, A., Millan, J.
and Vicari, D. (2021) Serological survey and molecular
characterization of Theileria annulata in Sicilian cattle.
Pathogens, 10(2): 101.

Demessie, Y. and Derso, S. (2015) Tick-borne hemopara-
sitic diseases of ruminants: A review. Adv. Biol. Res., 9(4):
210-224.

Agina, O.A., Shaari, M.R., Isa, N.M.M., Ajat, M., Zamri-
Saad, M. and Hamzah, H. (2020) Clinical pathology, immu-
nopathology and advanced vaccine technology in Bovine
Theileriosis: A review. Pathogens, 9(9): 697.

Zeb, J., Shams, S., Din, [.U., Ayaz, S., Khan, A., Nasreen, N.,
Khan, H., Khan, M.A. and Senbill, H. (2020) Molecular
epidemiology and associated risk factors of Anaplasma
marginale and Theileria annulata in cattle from North-
Western Pakistan. Vet. Parasitol., 279: 109044,

Bilgic, H.B., Karageng, T., Shiels, B., Tait, A., Eren, H. and
Weir, W. (2010) Evaluation of cytochrome b as a sensitive
target for PCR-based detection of 7. annulata carrier ani-
mals. Vet. Parasitol., 174(3-4): 341-347.

Purnell, R. (1978) Theileria annulata as a hazard to cattle
in countries on the Northern Mediterranean littoral. Vet. Sci.
Commun., 2(1): 3-10.

El-Dakhly, K.M., Arafa, W., Ghanem, S., Abdel-Fatah, O.
and Wahba, A. (2018) Microscopic and molecular detection
of Theileria annulata infection of cattle in Egypt. J. Adv.
Parasitol., 5(2): 29-34.

El-Deeb, W.M. and Younis, E.E. (2009) Clinical and
biochemical studies on Theileria annulata in Egyptian
buffaloes (Bubalus bubalis) with particular orientation to
oxidative stress and ketosis relationship. Vet. Parasitol.,
164(2-4): 301-305.

Sudan, V., Sharma, R., Yadav, R. and Borah, M. (2012)
Turning sickness in a crossbred cow naturally infected with
Theileria annulata. J. Parasit. Dis., 36(2): 226-229.

Selim, A., Radwan, A., Arnaout, F. and Khater, H. (2020)
The recent update of the situation of West Nile fever among
equids in Egypt after three decades of missing information.
Pak. Vet. J., 40(3): 390-393.

Gul, N., Ayaz, S., Gul, 1., Adnan, M., Shams, S. and
Akbar, N. (2015) Tropical theileriosis and east coast fever
in cattle: Present, past and future perspective. Int. J. Curr.
Microbiol. Appl. Sci., 8(4): 1000-1018.

El-Dakhly, K.M., Arafa, WM., Soliman, S.,
Abdel-Fatah, O.R., Wahba, A.A., Esteve-Gasent, M.D.
and Holman, P.J. (2020) Molecular detection, phyloge-
netic analysis, and genetic diversity of Theileria annulata,
Babesia bigemina, and Anaplasma marginale in cattle in
three districts of Egypt. Acta Parasitol., 65(3): 620-627.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ahmed, J.S., Glass, E.J., Salih, D.A. and Seitzer, U. (2008)
Innate immunity to tropical theileriosis. Innate Immun.,
14(1): 5-12.

Darghouth, M.A., Boulter, N.R., Gharbi, M., Sassi, L.,
Tait, A. and Hall, R. (2006) Vaccination of calves with
an attenuated cell line of Theileria annulata and the spo-
rozoite antigen SPAG-1 produces a synergistic effect. Vet.
Parasitol., 142(1-2): 54-62.

Taylor, L., Katzer, F., Shiels, B. and Welburn, S. (2003)
Genetic and phenotypic analysis of Tunisian Theileria
annulata clones. Parasitology, 126(3): 241-252.

Zhou, M., Cao, S., Sevinc, F., Sevine, M., Ceylan, O.,
Moumouni, P.F.A., Jirapattharasate, C., Liu, M., Wang, G.
and Iguchi, A. (2016) Molecular detection and genetic
identification of Babesia bigemina, Theileria annulata,
Theileria orientalis and Anaplasma marginale in Turkey.
Ticks Tick-borne Dis., 7(1): 126-134.

Selim, A. and Gaede, W. (2015) Comparative evaluation
of PCR assay for direct detection of Mycobacterium avium
subsp. paratuberculosis in Ruminant. 4sian J. Anim. Vet.
Adv., 10(11): 761-771.

Selim, A., Attia, K., Ramadan, E., Hafez, Y.M. and
Salman, A. (2019) Seroprevalence and molecular character-
ization of Brucella species in naturally infected cattle and
sheep. Prev. Vet. Med., 171: 104756.

Sohrabi, S., Yakhchali, M. and Ghashghaei, O. (2015) PCR-
RELP for detecting of Theileria annulata infection in cat-
tle and Hyalomma species in Kermanshah Province, Iran.
Arch. Razi Instit., 70(1): 7-12.

Akbari, J., Tavassouli, M., Tabatabai, M. and Shafiei, R.
(2012) Molecular survey of Theileria annulata in cattle
by PCR-RFLP method in Iran. J. Bacteriol. Parasitol.,
3(2): 135.

Tavassoli, M., Tabatabaei, M., Nejad, B.E., Tabatabaei, M.H.,
Najafabadi, A. and Pourseyed, S.H. (2011) Detection of
Theileria annulata by the PCR-RFLP in ticks (Acari,
Ixodidae) collected from cattle in West and North-West
Iran. Acta Parasitol., 56(1): 8-13.

Kaufmann, S.H. (1990) Heat shock proteins and the immune
response. Immunol. Today, 11(4): 129-136.

Parsell, D. and Lindquist, S. (1993) The function of
heat-shock proteins in stress tolerance: Degradation
and reactivation of damaged proteins. Ann. Rev. Genet.,
27: 437-496.

Paliwal, S., Sanker, D., Sudan, V. and Srivastava, M. (2020)
Monotypic PCR-RFLP pattern of circulating Theileria
annulata isolates from North India based on HSP 70 gene.
Res. J. Parasitol., 15(1): 9-13.

Al-Hosary, A., Raileanu, C., Tauchmann, O., Fischer, S.,
Nijhof, A.M. and Silaghi, C. (2020) Epidemiology and
genotyping of Anaplasma marginale and co-infection with
piroplasms and other Anaplasmataceae in cattle and buffa-
loes from Egypt. Parasite Vectors, 13(1): 1-11.

Selim, A., Almohammed, H., Abdelhady, A., Alouffi, A.
and Alshammari, F.A. (2021) Molecular detection and risk
factors for Anaplasma platys infection in dogs from Egypt.
Parasite Vectors, 14(1): 1-6.

Selim, A., Alanazi, A.D., Sazmand, A. and Otranto, D.
(2021) Seroprevalence and associated risk factors for vec-
tor-borne pathogens in dogs from Egypt. Parasite Vectors,
14(175): 1-11.

Jalali, S.M., Jolodar, A., Rasooli, A. and Darabifard, A.
(2016) Detection of Theileria lestoquardi cross-infection
in cattle with clinical theileriosis in Iran. Acta parasitol.,
61(4): 756-761.

Al-Fahdi, A., Algamashoui, B., Al-Hamidhi, S., Kose, O.,
Tageldin, M.H., Bobade, P., Johnson, E.H., Hussain, A.R.,
Karagenc, T. and Tait, A. (2017) Molecular surveillance of
Theileria parasites of livestock in Oman. Ticks Tick-borne
Dis., 8(5): 741-748.

Hegab, A.A., Fahmy, M., Mahdy, O.A. and Wahba, A.
(2016) Parasitological and molecular identification of

Veterinary World, EISSN: 2231-0916

928



Available at www.veterinaryworld.org/Vol.15/April-2022/15.pdf

31.

32.

Theileria Species by PCR-RFLP Method in Sheep, Egypt.
Int. J. Adv. Res. Biol. Sci., 3(7): 48-55.
Manuja, A., Malhotra, D., Sikka, V., Sangwan, A.,

Shiels, B.R. (2000) Generation of a mosaic pattern of diver-
sity in the major merozoite-piroplasm surface antigen of
Theileria annulata. Mol. Biochemi. Parasitol., 110(1): 23-32.

Sharma, R., Kumar, B., Mehta, B., Gulati, B. and Nichani, A. 33.  Amira, A.H., Ahmed, L., Ahmed, J., Nijhof, A. and

(2006) Isolates of Theileria annulata collected from differ- Clausen, P.H. (2018) Epidemiological study on tropical thei-

ent parts of India show phenotypic and genetic diversity. leriosis (Theileria annulata infection) in the Egyptian Oases

Vet. Parasitol., 137(3-4): 242-252. with special reference to the molecular characterization of

Gubbels, M.J., Katzer, F., Hide, G., Jongejan, F. and Theileria spp. Ticks Tick-borne Dis., 9(6): 1489-1493.
skoskeoskoskoskokskok

Veterinary World, EISSN: 2231-0916

929



