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Abstract: The Arabian Peninsula’s endemic ungulate, Oryx leucoryx, was on the verge of extinction
at the end of the 1970s. Despite the different reintroduction programs, the International Union for
Conservation of Nature is still classifying it as Vulnerable. Among other factors, their vulnerability lies
in their susceptibility to specific etiological agents that affect livestock, necessitating health monitoring
and strict preventive/biosecurity measures. Within this frame, the current work investigated the
determination of the etiological agent potentially involved with cutaneous lesions observed in
eight males of Arabian oryx within one of the several national governance conservation programs.
Microscopic examination from one animal specimen suggested theileriosis association, which was
confirmed by molecular tools using 18S gene sequencing and the report of a novel Theileria sp. not
clustering with previously reported antelope sequences. This finding prompts further explorations
into the disease dynamics within the Arabian oryx population, especially with the scarcity of data in
Qatar about tick-borne pathogens and their transmission.
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1. Introduction

The white or Arabian oryx (Oryx leucoryx) is an endemic ungulate of the Arabian
Peninsula, hence its name. It is also the largest adapted antelope and inhabits the harsh
desertic environment [1]. Traditionally, the animals were hunted for their meat and hides;
however, the hunting pressure, in addition to environmental degradation due to the massive
construction and development in the region, played a significant role in the extinction of
this species in the wild by 1972 [2]. Since then, conservation efforts have been deployed to
rescue the Arabian oryx from extermination by establishing successful captive breeding
programs within the Arabian Peninsula [3]. The number of Arabian oryx is estimated
globally to be 1,100 in the wild and even more in captivity, within private collections,
government reserves, and international zoos [4]. Despite such efforts, according to the
International Union for Conservation of Nature (IUCN), the Arabian oryx is classified
within the Red List of Threatened Species as Vulnerable under criterion D1 [5].

Health monitoring is consequently crucial to secure the species’ conservation, espe-
cially when there is evidence of the Arabian oryx’s susceptibility to specific etiological
agents known to affect livestock [6], presenting a risk of infection to the relocated animals
either with previously present agents or by introducing novel pathogens into naïve re-
gions [7]. Previous epidemiological studies that targeted the causes of different diseases
by screening the oryx were limited to bacteria [8,9], including Mycobacterium [10,11] and
Mycoplasma [12]; mites [5,13]; parasites (both helminths [14] and protozoa [15–17]); pri-
ons [18,19]; and viruses [2,20–22] as the causative agents investigated. No data are available
on other zoonotic or tick-borne pathogens that may affect the Arabian oryx’s health. To
address these gaps, using a molecular epidemiology approach, we investigate in the present

Pathogens 2024, 13, 485. https://doi.org/10.3390/pathogens13060485 https://www.mdpi.com/journal/pathogens

https://doi.org/10.3390/pathogens13060485
https://doi.org/10.3390/pathogens13060485
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com
https://orcid.org/0000-0001-7216-7852
https://orcid.org/0009-0002-9144-3458
https://orcid.org/0000-0001-6248-3683
https://orcid.org/0000-0003-1710-8985
https://doi.org/10.3390/pathogens13060485
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com/article/10.3390/pathogens13060485?type=check_update&version=1


Pathogens 2024, 13, 485 2 of 7

study the relevant causative agents of cutaneous alterations observed within Qatari Oryx
leucoryx cases.

2. Materials and Methods
2.1. Sampling

Blood and skin tissue samples were collected in January 2021 from a government
breeding conservation center in Qatar by a veterinarian doctor, complying strictly with
the National Institutional Animal Care and Use Committee’s animal welfare guidelines.
Specimens were sampled from eight male Arabian oryx, aged two years old, demonstrating
skin lesions associated with respiratory and enteric signs (Figure 1). Approximately 5 mL
of blood was collected from the jugular vein in Ethylenediamine Tetraacetic Acid (EDTA)
tubes. From each subject, an incisional biopsy of 0.5 cm3 was surgically taken with a scalpel
blade by ring infiltration of one local anesthetic (Lidocaine 1%), always taking care not to
include a portion of healthy skin in the sample. Each biopsy was appropriately deposited
in a sterile serum tube. After collection, the samples were stored in cool boxes (4–8 ◦C)
and directly transported to the microbiology laboratory at the Biomedical Research Center
(BRC), Qatar University, for consequent analysis. Qatar University’s Institutional Biosafety
Committee (IBC) granted permission to conduct the study under approval number QU
(QUIBC2019/060-REN1).

Pathogens 2024, 13, x FOR PEER REVIEW 2 of 7 
 

 

present study the relevant causative agents of cutaneous alterations observed within Qa-
tari Oryx leucoryx cases. 

2. Materials and Methods 
2.1. Sampling 

Blood and skin tissue samples were collected in January 2021 from a government 
breeding conservation center in Qatar by a veterinarian doctor, complying strictly with 
the National Institutional Animal Care and Use Committee’s animal welfare guidelines. 
Specimens were sampled from eight male Arabian oryx, aged two years old, demonstrat-
ing skin lesions associated with respiratory and enteric signs (Figure 1). Approximately 5 
mL of blood was collected from the jugular vein in Ethylenediamine Tetraacetic Acid 
(EDTA) tubes. From each subject, an incisional biopsy of 0.5 cm3 was surgically taken with 
a scalpel blade by ring infiltration of one local anesthetic (Lidocaine 1%), always taking 
care not to include a portion of healthy skin in the sample. Each biopsy was appropriately 
deposited in a sterile serum tube. After collection, the samples were stored in cool boxes 
(4–8 °C) and directly transported to the microbiology laboratory at the Biomedical Re-
search Center (BRC), Qatar University, for consequent analysis. Qatar University’s Insti-
tutional Biosafety Committee (IBC) granted permission to conduct the study under ap-
proval number QU (QUIBC2019/060-REN1). 

 
Figure 1. Wild captive males of Arabian oryx presenting skin lesions. 

2.2. Diagnosis 
2.2.1. Microscopy 

Briefly, thin and thick blood films were prepared for microscopical examination. The 
thin blood smear was generated by placing a drop of EDTA anticoagulated blood on one-
third of a glass slide and spreading it at a 45-degree angle with another slide. All thin 
blood smears were then air-dried for 5 min, fixed with methanol for 2 min, stained with 
10% Giemsa (ANAMOL, INDIA) for 10 min, washed with water, and dried. Subsequently, 
the smears were examined under a microscope at ×100 magnification (oil immersion lens) 
for parasite detection. In contrast, the thick blood film was prepared by placing a drop of 
blood in the empty third of the glass slide and spreading circularly. The smears were not 
fixed with methanol or heat, and they hence consisted of a thick layer of lysed red blood 
cells, thus allowing more efficient detection of parasites with increased sensitivity. 

2.2.2. Molecular Analysis 
From the collected blood specimens and skin biopsies, DNA extraction was per-

formed using a DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany) followed by 

Figure 1. Wild captive males of Arabian oryx presenting skin lesions.

2.2. Diagnosis
2.2.1. Microscopy

Briefly, thin and thick blood films were prepared for microscopical examination. The
thin blood smear was generated by placing a drop of EDTA anticoagulated blood on one-
third of a glass slide and spreading it at a 45-degree angle with another slide. All thin blood
smears were then air-dried for 5 min, fixed with methanol for 2 min, stained with 10%
Giemsa (Anamol, Palghar, India) for 10 min, washed with water, and dried. Subsequently,
the smears were examined under a microscope at ×100 magnification (oil immersion lens)
for parasite detection. In contrast, the thick blood film was prepared by placing a drop of
blood in the empty third of the glass slide and spreading circularly. The smears were not
fixed with methanol or heat, and they hence consisted of a thick layer of lysed red blood
cells, thus allowing more efficient detection of parasites with increased sensitivity.

2.2.2. Molecular Analysis

From the collected blood specimens and skin biopsies, DNA extraction was performed
using a DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany) followed by protists screen-
ing via PCR reaction targeting the common eukaryotic V8 small subunit ribosomal DNA



Pathogens 2024, 13, 485 3 of 7

with the primer sets 1427F TCTGTGATGCCCTTAGATGTTCTGGG and 1616R GCGGTGT-
GTACAAAGGGCAGGG [23]. PCR amplification was performed using 2X HotStart Taq
plus master mix (Qiagen) and 0.5 mM of each primer in a total reactional volume of 25 µL
according to the cycling conditions of initial denaturation for 5 min at 95 ◦C followed by
25 cycles of 94 ◦C for 30 s, 52 ◦C for 60 s, and 68 ◦C for 90 s, with a final extension step for
10 min.

Further molecular investigations employed the primer sets ITS1F TGACATTTAATAA-
CAATCAACCCTT and ITS1R GGTTTGTATTAACCAATCCGTGA [24] as well as the 18S set
Ts1(F) CACTCCAACAGTCGCCCACAGAC; Ts2(R) CAGCGCTGAGGACGG CAAGTG [25].
Negative and no-template controls were included in each amplification run. The end prod-
ucts of the different amplifications were purified and sent for direct bi-directional Sanger
sequencing to Macrogen© (Seoul, Republic of Korea). Visualization, cleaning, and editing of
the sequences was achieved by BioEdit v7.2.5 software. The consensus sequences were then
subjected to BLAST analysis to assess the homologous sequences with the already known
ones deposited in the NCBI database. Multiple alignment with observed similar sequences
was performed using MAFFT v7 software and the obtained aligned sequences were run
for phylogenetic analysis with the Cardiosporidium cionae sequence (Accession number:
EU052685.1) used as an outgroup by MEGA X following the Maximum-Likelihood ML
approach with 1000 bootstraps. The nucleotide sequences from the current study have been
deposited into the GenBank database under accession numbers OR921373 and OR921374.

3. Results

Under a light microscope with an oil immersion lens (×100), a Giemsa-stained blood
smear of Arabian oryx blood suggested the presence of typical Theilaria sp. schizont in the
lymphocytes and piroplasm and merozoites in the erythrocytes (Figure 2). However, such
an observation was recorded in 12.5% of the investigated subpopulation within only one of
eight specimens. This approach was a gold-standard technique before the development of
molecular tools [26].
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Figure 2. (Left) Thin blood smear showing schizont (Koch’s blue bodies) of Theilaria sp. in Arabian
oryx’s white blood cells (lymphocyte). (Right) Infected erythrocyte showing Theileria sp. piroplasm.

The initial amplification reaction was successful with the observation of the ≈180 bp
band after agarose electrophoresis for all the analyzed specimens. The corresponding
sequences generated were unambiguous, and when compared among the different blood
and skin specimens, an identical sequence was observed. The BLAST of the consensus
sequence (Accession number: OR921373) revealed an exact match with 100% for Query
Cover and Percent Identity for both Theileria velifera (Accession number: OQ818179) and
Besnoitia besnoiti (Accession number: FN435990.1) isolates. No amplifications were ob-
served using the specific ITS primers for Besnoitia sp. identification, which discarded the
potential involvement of the Besnoitia parasite in our cutaneous cases, whereas successful
amplification and sequencing were recoded with the 18S set of primers targeting Theileria
species (Accession number: OR921374).

Since the 18S RNA is a highly conserved gene which enables subsequent genetic
diversity analysis [27], we used the generated sequences to explore our isolate’s phylo-
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genetic position within 64 Theileria sp. retrieved from the GenBank database. Our oryx
isolate did not cluster with previously reported sequences from different antelope species,
such as the African (Accession numbers: HQ179766.1; HQ179765.1) and Sable (Accession
number: AY748462.1) antelopes, but bunched distinctly on a separate phylogenetic tree
branch (63%). It is worth noting that our isolate sequence did not bundle with the common
Theileria species reported previously within herbivore animals identified from the MENA
region (Accession numbers: AY735115; LC431549) but were surrounded by Theileria species
identified from China (HM538203.1; FJ603460.1) (Figure 3).
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4. Discussion

So far, around 20 species of the apicomplexan protozoa Theileria sp. have been reported
worldwide as etiological agents of theileriosis that vary widely in virulence, ranging from
severe diseases like East Coast Fever, resulting in high levels of mortality, to completely
benign and even asymptomatic forms [28]. Cutaneous cases with hemorrhagic and/or
necrotic lesions are, however, scattered and reported so far only within bovine theilerio-
sis [29–31], which supports our observations since antelopes are classified as Bovidae.
Nevertheless, theileriosis mainly affects small ruminants, Cervidae, Capridae, and New
World Camelidae, as well as wild mammals [32] and the Bovidae, Equidae, and other
domestic hosts. Among the causative species, T. annulata, T. lestoquardi, T. luwenshuni,
T. parva, and T. uilenbergi are considered highly pathogenic. In contrast, the rest of the
species are considered scarcely or not pathogenic, even if benign [28]. Most Theileria sp.
advocate the host specificity concept. However, some species show a wider distribution,
for instance, as reported elsewhere for Theileria sp. (sable) identified within African buffalo,
cattle dogs, and antelopes [33].

The parasite species are transmitted by hard tick (ixodid) vectors, leading to a Tick-
borne Disease (TBD) that has become a growing focus of attention recently, as a significant
life-threatening veterinary concern to wildlife and domesticated animals, as well as clini-
cally affecting general human health [34,35]. Each species seems restricted to a specified
geographical zone, with particular genera of ticks reported to act as vectors for particular
Theileria sp., such as Amblyomma as a vector for T. mutans and T. velifera; Haemaphysalis as a
vector for T. orientalis, T. uilenbergi, and T. luwenshuni; Hyalomma as vector for T. annulata,
T. lestoquardi, and T. separata; and Rhipicephalus as a vector for T. parva, T. taurotragi, T.
ovis, and T. lestoquardi [36]. The MENA region has suitable climates as well as favorable
conditions for the expansion of ticks and associated TBDs [37,38] due to widespread live-
stock ranching, the import of animals from other geographical territories, the wildlife
population’s abundance supporting ticks’ lifecycles, and climate change conditions [39].
However, studies on TBDs within the State of Qatar are still scarce, with only reports of
Hyalomma dromedarii [40], Hyalomma impeltatum [40], and more recently Hyalomma aegyptium
vectors [41].

5. Conclusions

Since wild animals are well-established reservoir hosts of TBD, their migration, trading,
and transportation enhance pathogens’ spread. Based on the current work’s results in
identifying a novel pathogenic Theileria sp. within the vulnerable Arabian oryx and the
scarcity of data about its etiological agent, further investigations targeting the vector’s
identification and transmission are crucial for the health management of vulnerable herds
and their reintroduction programs.

Author Contributions: Conceptualization, N.O.E.; methodology, S.B. and M.A.S.; software, S.B.;
formal analysis, N.O.E. and S.B.; resources, A.D.; data curation, N.O.E. and S.B.; writing—original
draft preparation, S.B.; writing—review and editing, A.D. and N.O.E.; supervision, N.O.E.; project
administration, N.O.E.; funding acquisition, N.O.E. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Biomedical Research Center, grant number BRC-2024-ID-01.

Institutional Review Board Statement: All procedures complied strictly with the relevant laws
and institutional guidelines and have been approved by Qatar University’s Institutional Biosafety
Committee (IBC), which granted permission to conduct the study under approval number QU
(QUIBC2019/060-REN1) in January 2021.

Informed Consent Statement: Not applicable.

Data Availability Statement: Supporting data were submitted to GenBank under Accession numbers
OR921373 and OR921374.



Pathogens 2024, 13, 485 6 of 7

Acknowledgments: This publication was made possible by the support of the Biomedical Research
Center and Qatar University Research Office. The statements made herein are solely the responsibility
of the authors.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Elmeer, K.; Almalki, A.; Mohran, K.A.; Al-Qahtani, K.N.; Almarri, M. DNA barcoding of Oryx leucoryx using the mitochondrial

cytochrome C oxidase gene. Genet. Mol. Res. 2012, 11, 539–547. [CrossRef] [PubMed]
2. Frölich, K.; Hamblin, C.; Jung, S.; Ostrowski, S.; Mwanzia, J.; Streich, W.J.; Anderson, J.; Armstrong, R.M.; Anajariyah, S. Serologic

surveillance for selected viral agents in captive and free-ranging populations of Arabian oryx (Oryx leucoryx) from Saudi Arabia
and the United Arab Emirates. J. Wildl. Dis. 2005, 41, 67–79. [CrossRef] [PubMed]

3. Eljarah, A.; Ababneh, M.; Jawasreh, K.; Ismail, Z.B.; Alhalah, A.; El-Bahr, S.M. Estimation of genetic diversity of Arabian oryx
(Oryx leucoryx) in Wadi Rum area of Jordan by microsatellite markers. J. Anim. Plant Sci 2017, 27, 1861.

4. Al Rawahi, Q.; Mijangos, J.L.; Khatkar, M.S.; Al Abri, M.A.; AlJahdhami, M.H.; Kaden, J.; Senn, H.; Brittain, K.; Gongora, J.
Rescued back from extinction in the wild: Past, present and future of the genetics of the Arabian oryx in Oman. R. Soc. Open Sci.
2022, 9, 210558. [CrossRef] [PubMed]

5. Thrivikraman, A.; Wernery, U.; Baskar, V.; Almheiri, F.G.; Schuster, R.K. An Outbreak of Sarcoptic Mange in Free-Ranging Arabian
Oryx (Oryx leucoryx) in the United Arab Emirates, and Treatment with Ivermectin-Medicated Pelleted Feed. J. Wildl. Dis. 2023, 59,
791–795. [CrossRef]

6. Kock, R.A.; Hawkey, C.M. Veterinary aspects of the Hippotraginae. In Conservation and Biology of Desert Antelopes; Dixon, A.,
Jones, D., Eds.; Christopher Helm: London, UK, 1988; pp. 75–89.

7. Woodford, M.H. Veterinary aspects of the reintroduction of the Arabian oryx into Saudi Arabia. In Proceedings of the First
Symposium, National Commission for Wildlife Conservation and Development [Publication 3]; Abuzinada, A.H., Goriup, P.D., Nader,
I.A., Eds.; NCWCD: Riyadh, Saudi Arabia, 1989; pp. 393–399.

8. Greth, A.; Calvez, D.; Vassart, M.; Lefèvre, P.-C. Serological survey for bovine bacterial and viral pathogens in captive Arabian
oryx (Oryx leucoryx Pallas, 1776). Rev. Sci. Tech. (Int. Off. Epizoot.) 1992, 11, 1163–1168. [CrossRef]

9. Ostrowski, S.; Anajariyya, S.; Bedin, E.; Kamp, E.M. Isolation of Brucella melitensis from an Arabian oryx (Oryx leucoryx). Vet. Rec.
2002, 150, 186. [CrossRef]

10. Flamand, J.R.; Greth, A.; Haagsma, J.; Griffin, F. An outbreak of tuberculosis in a captive herd of Arabian oryx (Oryx leucoryx):
Diagnosis and monitoring. Vet. Rec. 1994, 134, 115–118. [CrossRef]

11. Greth, A.; Flamand, J.R.; Delhomme, A. An outbreak of tuberculosis in a captive herd of Arabian oryx (Oryx leucoryx): Manage-
ment. Vet. Rec. 1994, 134, 165–167. [CrossRef] [PubMed]

12. Chaber, A.-L.; Lignereux, L.; Al Qassimi, M.; Saegerman, C.; Manso-Silvan, L.; Dupuy, V.; Thiaucourt, F. Fatal transmission of
contagious caprine pleuropneumonia to an Arabian oryx (Oryx leucoryx). Vet. Microbiol. 2014, 173, 156–159. [CrossRef] [PubMed]

13. Yeruham, I.; Rosen, S.; Hadani, A.; Nyska, A. Sarcoptic mange in wild ruminants in zoological gardens in Israel. J. Wildl. Dis.
1996, 32, 57–61. [CrossRef] [PubMed]

14. Goossens, E.; Dorny, P.; Boomker, J.; Vercammen, F.; Vercruysse, J. A 12-month survey of the gastro-intestinal helminths of
antelopes, gazelles and giraffids kept at two zoos in Belgium. Vet. Parasitol. 2005, 127, 303–312. [CrossRef] [PubMed]

15. Kasim, A.A.; ALShawa, Y.R. Eimeria saudiensis n. sp. (Apicomplexa: Eimeriidae) from the Arabian oryx (Oryx leucoryx) in Saudi
Arabia. J. Protozool. 1988, 35, 520–521. [CrossRef]

16. Mohammed, O.B.; Hussein, H.S. Antibody prevalence of toxoplasmosis in Arabian gazelles and oryx in Saudi Arabia. J. Wildl.
Dis. 1994, 30, 560–562. [CrossRef]

17. Mohammed, O.B.; Alagaili, A.N.; Omer, S.A.; Hussein, M.F. Parasites of the Arabian Oryx (Oryx leucoryx, Pallas, 1777) and their
prevalence in the Kingdom of Saudi Arabia. Comp. Parasitol. 2012, 79, 288–292. [CrossRef]

18. Kirkwood, J.K.; Wells, G.A.; Wilesmith, J.W.; Cunningham, A.A.; Jackson, S.I. Spongiform encephalopathy in an arabian oryx
(Oryx leucoryx) and a greater kudu (Tragelaphus strepsiceros). Vet. Rec. 1990, 127, 418–420.

19. Kirkwood, J.K.; Cunningham, A.A. Epidemiological observations on spongiform encephalopathies in captive wild animals in the
British Isles. Vet. Rec. 1994, 135, 296–303. [CrossRef]

20. Greta, A.; Gourreau, J.M.; Vassart, M.; Wyers, M.; Lefevre, P.C. Capripoxvirus disease in an Arabian oryx (Oryx leucoryx) from
Saudi Arabia. J. Wildl. Dis. 1992, 28, 295–300. [CrossRef]

21. Bosnic, S.; Beck, R.; Listes, E.; Lojkic, I.; Savini, G.; Roic, B. Bluetongue virus in Oryx antelope (Oryx leucoryx) during the
quarantine period in 2010 in Croatia. Vet. Ital. 2015, 51, 139–143. [PubMed]

22. David, D.; Asiku, J.; Storm, N.; Lapin, K.; Berkowitz, A.; Kovtunenko, A.; Edery, N.; King, R.; Sol, A. Identification, Isolation, and
Molecular Characterization of Betacoronavirus in Oryx leucoryx. Microbiol. Spectr. 2023, 11, e04848-22. [CrossRef]

23. Van Hannen, E.J.; van Agterveld, M.P.; Gons, H.J.; Laanbroek, H.J. Revealing genetic diversity of eukaryotic microorganisms in
aquatic environments by denaturing gradient gel electrophoresis. J. Phycol. 1998, 34, 206–213. [CrossRef]

https://doi.org/10.4238/2012.March.8.2
https://www.ncbi.nlm.nih.gov/pubmed/22535389
https://doi.org/10.7589/0090-3558-41.1.67
https://www.ncbi.nlm.nih.gov/pubmed/15827212
https://doi.org/10.1098/rsos.210558
https://www.ncbi.nlm.nih.gov/pubmed/35308631
https://doi.org/10.7589/JWD-D-22-00180
https://doi.org/10.20506/rst.11.4.652
https://doi.org/10.1136/vr.150.6.186
https://doi.org/10.1136/vr.134.5.115
https://doi.org/10.1136/vr.134.7.165
https://www.ncbi.nlm.nih.gov/pubmed/8160330
https://doi.org/10.1016/j.vetmic.2014.07.003
https://www.ncbi.nlm.nih.gov/pubmed/25069622
https://doi.org/10.7589/0090-3558-32.1.57
https://www.ncbi.nlm.nih.gov/pubmed/8627937
https://doi.org/10.1016/j.vetpar.2004.10.013
https://www.ncbi.nlm.nih.gov/pubmed/15710531
https://doi.org/10.1111/j.1550-7408.1988.tb04142.x
https://doi.org/10.7589/0090-3558-30.4.560
https://doi.org/10.1654/4543.1
https://doi.org/10.1136/vr.135.13.296
https://doi.org/10.7589/0090-3558-28.2.295
https://www.ncbi.nlm.nih.gov/pubmed/26129665
https://doi.org/10.1128/spectrum.04848-22
https://doi.org/10.1046/j.1529-8817.1998.340206.x


Pathogens 2024, 13, 485 7 of 7

24. Cortes, H.C.; Reis, Y.; Gottstein, B.; Hemphill, A.; Leitão, A.; Müller, N. Application of conventional and real-time fluorescent
ITS1 rDNA PCR for detection of Besnoitia besnoiti infections in bovine skin biopsies. Vet. Parasitol. 2007, 146, 352–356. [CrossRef]
[PubMed]

25. Belotindos, L.P.; Lazaro, J.V.; Villanueva, M.A.; Mingala, C.N. Molecular detection and characterization of Theileria species in the
Philippines. Acta Parasitol. 2014, 59, 448–453. [CrossRef] [PubMed]

26. Clift, S.J.; Collins, N.E.; Oosthuizen, M.C.; Steyl, J.C.; Lawrence, J.A.; Mitchell, E.P. The pathology of pathogenic theileriosis in
African wild artiodactyls. Vet. Pathol. 2020, 57, 24–48. [CrossRef] [PubMed]

27. Gokul, J.K.; Valverde, A.; Tuffin, M.; Cary, S.C.; Cowan, D.A. Micro-eukaryotic diversity in hypolithons from Miers Valley,
Antarctica. Biology 2013, 2, 331–340. [CrossRef] [PubMed]

28. WOAH. Theileriosis in Wildlife. 2021. Available online: https://www.woah.org/app/uploads/2021/05/theileria-spp-new-or-
unusual-occurrencesinfection-with.pdf (accessed on 15 February 2024).

29. Gharbi, M.; Souidi, K.; Boussaadoun, M.A.; Rejeb, A.; Jabloun, S.; Gnaoui, A.; Darghouth, M.A. Dermatological signs in bovine
tropical theileriosis (Theileria annulata infection), a review. Rev. Sci. Tech. Off. Int. Epizoot. 2017, 36, 807–816.

30. Kimeto, B.A. Fine structure of Theileria parva in the bovine skin. Vet. Parasitol. 1980, 7, 25–32. [CrossRef]
31. Narang, A.; Randhawa, S.S.; Sood, N.K.; Chhabra, S.; Singla, L.D.; Kaur, P. Atypical theileriosis with cutaneous involvement in a

cow in India: A case report. Rev. Sci. Tech. Off. Int. Epizoot. 2019, 38, 703–709.
32. OIE. Theileriosis. 2020. Available online: https://www.oie.int/animal-health-in-the-world/technical-disease-cards/ (accessed

on 15 February 2024).
33. Pienaar, R.; Josemans, A.; Latif, A.A.; Mans, B.J. The host-specificity of Theileria sp. (sable) and Theileria sp. (sablelike) in African

Bovidae and detection of novel Theileria in antelope and giraffe. Parasitology 2020, 147, 213–224. [CrossRef] [PubMed]
34. Zannou, O.M.; Ouedraogo, A.S.; Biguezoton, A.S.; Abatih, E.; Coral-Almeida, M.; Farougou, S.; Yao, K.P.; Lempereur, L.;

Saegerman, C. Models for studying the distribution of ticks and tick-borne diseases in animals: A systematic review and a
meta-analysis with a Focus on Africa. Pathogens 2021, 10, 893. [CrossRef] [PubMed]

35. Iweriebor, B.C.; Afolabi, K.O.; Nqoro, A.; Obi, L.C. Emergence of Theileria species in ticks from free-ranging domestic animals in
Raymond Mhlaba local municipality, South Africa. Heliyon 2022, 8, e09085. [CrossRef] [PubMed]

36. Spickler, A.R. Theileriosis. 2019. Available online: http://www.cfsph.iastate.edu/DiseaseInfo/factsheets.php (accessed on
15 February 2024).

37. Islam, M.M.; Farag, E.; Eltom, K.; Hassan, M.M.; Bansal, D.; Schaffner, F.; Medlock, J.M.; Al-Romaihi, H.; Mkhize-Kwitshana, Z.
Rodent ectoparasites in the Middle East: A systematic review and meta-analysis. Pathogens 2021, 10, 139. [CrossRef]

38. El-Alfy, E.-S.; Abbas, I.; Baghdadi, H.B.; El-Sayed SA, E.-S.; Ji, S.; Rizk, M.A. Molecular epidemiology and species diversity of
tick-borne pathogens of animals in Egypt: A systematic review and meta-Analysis. Pathogens 2022, 11, 912. [CrossRef] [PubMed]

39. Perveen, N.; Muzaffar, S.B.; Al-Deeb, M.A. Ticks and tick-borne diseases of livestock in the Middle East and North Africa: A
review. Insects 2021, 12, 83. [CrossRef] [PubMed]

40. Hagras, A.E.; Khalil, G.M. Effect of temperature on Hyalomma (Hyalomma) dromedarii Koch (Acari: Ixodidae). J. Med. Entomol.
1988, 25, 354–359. [CrossRef] [PubMed]

41. Barradas, P.F.; Lima, C.; Cardoso, L.; Amorim, I.; Gärtner, F.; Mesquita, J.R. Molecular Evidence of Hemolivia mauritanica, Ehrlichia
spp. and the Endosymbiont Candidatus Midichloria Mitochondrii in Hyalomma aegyptium Infesting Testudo graeca Tortoises from
Doha, Qatar. Animals 2020, 11, 30. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.vetpar.2007.03.003
https://www.ncbi.nlm.nih.gov/pubmed/17418951
https://doi.org/10.2478/s11686-014-0256-9
https://www.ncbi.nlm.nih.gov/pubmed/25119359
https://doi.org/10.1177/0300985819879443
https://www.ncbi.nlm.nih.gov/pubmed/31854265
https://doi.org/10.3390/biology2010331
https://www.ncbi.nlm.nih.gov/pubmed/24832664
https://www.woah.org/app/uploads/2021/05/theileria-spp-new-or-unusual-occurrencesinfection-with.pdf
https://www.woah.org/app/uploads/2021/05/theileria-spp-new-or-unusual-occurrencesinfection-with.pdf
https://doi.org/10.1016/0304-4017(80)90006-0
https://www.oie.int/animal-health-in-the-world/technical-disease-cards/
https://doi.org/10.1017/S003118201900132X
https://www.ncbi.nlm.nih.gov/pubmed/31566155
https://doi.org/10.3390/pathogens10070893
https://www.ncbi.nlm.nih.gov/pubmed/34358043
https://doi.org/10.1016/j.heliyon.2022.e09085
https://www.ncbi.nlm.nih.gov/pubmed/35295661
http://www.cfsph.iastate.edu/DiseaseInfo/factsheets.php
https://doi.org/10.3390/pathogens10020139
https://doi.org/10.3390/pathogens11080912
https://www.ncbi.nlm.nih.gov/pubmed/36015033
https://doi.org/10.3390/insects12010083
https://www.ncbi.nlm.nih.gov/pubmed/33477991
https://doi.org/10.1093/jmedent/25.5.354
https://www.ncbi.nlm.nih.gov/pubmed/3193428
https://doi.org/10.3390/ani11010030
https://www.ncbi.nlm.nih.gov/pubmed/33375268

	Introduction 
	Materials and Methods 
	Sampling 
	Diagnosis 
	Microscopy 
	Molecular Analysis 


	Results 
	Discussion 
	Conclusions 
	References

