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Lack of detection of the Middle East 
respiratory syndrome coronavirus (MERS‑CoV) 
nucleic acids in some Hyalomma dromedarii 
infesting some Camelu dromedary naturally 
infected with MERS‑CoV
Maged Gomaa Hemida1,2*  , Mohammed Alhammadi1, Faisal Almathen3 and Abdelmohsen Alnaeem4

Abstract 

Objective:  The Middle East respiratory syndrome coronavirus (MERS-CoV) is one of the zoonotic coronaviruses 
[Hemida Peer J 7:e7556, 2019; Hemida et al. One Health 8:100102, 2019]. The dromedary camels remained the only 
known animal reservoir for this virus. Several aspects of the transmission cycle of the virus between animals, including 
arthropod-borne infection, is still largely unknown. The main objective of the current work was to study the possibility 
of MERS-CoV transmission through some arthropod vectors, particularly the hard ticks. To achieve this objective, we 
identified a positive MERS-CoV dromedary camel herd using the commercial available real-time PCR kits. We collected 
some arthropods, particularly the ticks from these positive animals as well as from the animal habitats. We tested 
these arthropods for the presence of MERS-CoV viral RNAs.

Results:  Our results showing the absence of any detectable MERS-CoV-RNAs in these arthropods despite these 
animals were actively shedding the virus in their nasal secretions. Our results are confirming for the first the failure of 
detection of the MERS-CoV in ticks infesting dromedary camels. Failure of the detection of MERS-CoV in ticks infesting 
positive naturally infected MERS-CoV camels is strongly suggesting that ticks do not play roles in the transmission of 
the virus among the animals and close contact humans.
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Introduction
It has been almost eight years since the emergence of 
MERS-CoV in late 2012 in the Arabian Peninsula [3, 4]. 
Dromedary camels remain the sole animal reservoir of 
the virus until now [1, 2, 5]. Transmission of the MERS-
CoV among animals within the same herd as well as 
between close contact dromedary camels populations 

was reported [6–9]. Detection of the MERS-CoV- and 
its nucleic acids (NA) in the nasal and rectal swabs were 
reported [7, 10–12]. New studies also reported the detec-
tion of the viral NA in the seminal plasma and breath of 
some positive MERS-CoV dromedary camels [13, 14]. 
Ticks are among the ectoparasites of many mammalian 
and avian species. There are two main types of tick, the 
hard ticks (Ixodidae) and the soft ticks (Argasidae). There 
are several known species of hard ticks infest dromedary 
camel. The Hyalomma species is the most prevalent type 
of hard ticks infesting dromedary camels in many coun-
tries across the world, including Saudi Arabia [15–17]. 
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The parasite usually feeds on the blood of the affected 
animals or birds. There are four main stages in the tick’s 
life cycle, starting with the eggs, the larva, and the adult. 
Ticks play important roles in the transmission of many 
pathogens, including bacteria, parasites, and viruses, 
between animals, including dromedary camels [16–21]. 
In 2007, Alkhurma Hemorrhagic Fever Virus (AHFV) 
was isolated from ticks (Ornithodoros savignyi) in west-
ern Saudi Arabia [20]. However, the roles of arthropods 
in general and ticks in specific in the transmission of 
MERS-CoV have not been studied yet.

Main text
Methodology
Dromedary camel herd description
We conducted MERS-CoV molecular surveillance among 
one of the camel population in eastern Saudi Arabia 
belongs to the agriculture and veterinary research sta-
tion, King Faisal University. The target animal popula-
tion was 59 animals of both males and females raised in 
wire mesh fenced yards. The males live in separate pens 
(Fig. 1a) while the females live in a shared pen (Fig. 1b). 
Males only approach the females during the mating sea-
son. Males only approach females during the breeding 
(rutting season), which starts from late Oct to late April 
each year. Moreover, male camels displays an aggressive 
such as fighting between females for mating, and thus 
should be approached cautiously [22]. Animals usually 
shared common sources of food and water. We con-
ducted a follow-up study on some of the animals in this 
herd that suffered from tick infestation.

Collection and processing of the nasal swabs
The nasal swabs were collected on a viral transport 
media, as previously described [10, 23], the cotton swabs 
were introduced deeply into the nasal openings of the 
target animals toward the back of the nasal passage. Each 
cotton piece of swabs should be soaked with a consider-
able amount of the nasal secretions of the animal. The 
collected swabs were transferred into the laboratory for 
further processing. Processing of these swabs was car-
ried out by squeezing the cotton piece against the wall 
of the tubes then transferred the fluids into new sterile 
centrifuge tubes. The collected fluids were centrifuged at 
5000 RPM for 5 min at (4 ºC). The supernatants stored at 
(− 80 ºC) until used.

Collection, identification, and processing of ticks 
from dromedary camels
Morphological identification of ticks was mainly con-
ducted using the morphological keys of ticks, as pre-
viously described [24]. Ticks from each animal were 
collected in a separate sterile container. The collected 
ticks were placed on ice then transported to the labora-
tory. The ticks containing containers were placed at ( 80 
ºC) for overnight. Morphological identification of the 
ticks was carried out by photographing the ticks using a 
dissecting light microscope as previously described [25]. 
Repeated cycles of freezing and thawing of ticks (at least 
three) were carried out by keeping the ticks at (− 80 ºC) 
for several hours, then thawed at room temperature. 
The lysis of the tick tissues was carried out as previously 
described [26].

Fig. 1  Dromedary camel herd habitat and organization a The male dromedary camels in separate wire fence compartments. b The female 
dromedary camels are mixed in a large wire fenced compartment
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The total viral RNAs extraction
The total viral RNAs were extracted from the nasal 
swabs and the tissue suspensions of ticks using the 
Qiagen viral RNA kits (RNeasy Mini Kit, Qiagen, 
Hilden, Germany). The process of these extractions 
was carried out as previously described [7, 14]. Simply, 
140  μl per each sample was used to extract the total 
viral RNAs. The extracted RNAs were eluted in 50  μl 
of the elution buffer then were kept at (− 80 ºC) for 
further testing.

The real‑time PCR, the RT‑PCR, and sequencing
Testing of the nasal swabs, as well as the tissue suspen-
sions from the collected ticks infesting this dromedary 
camel herd, was carried out as previously described [7, 
10, 13, 14]. Simply, we used the commercially available 
real-time PCR MERS-CoV kits to test various sam-
ples for the presence of the viral nucleic acids. Sam-
ples were considered positive only when both targets 
(ORF1a and UpE) showing positive results. Meanwhile, 
we considered positive samples when (Ct ≤ 30). Con-
firmation of the identity of the positive MERS-CoV 
animals in the collected nasal swabs was carried out 
by amplification of the E gene as previously described 
[27]. The obtained sequences were deposited in the 
Genbank public domains.

Results
Identification of some positive MERS‑CoV infected dromedary 
camels and infested with Hyalomma dromedarii species 
of ticks
We examined 45/59 of the animals in this target drom-
edary camel herd for the presence of tick infestation 
(Fig. 2). We found 36/45 examined animals infested with 
ticks by visual inspection (80%). The molecular surveil-
lance showed 12/36 nasal swabs (33%) were MERS-CoV-
NA positive. We selected 9/12 positive animals heavily 
infested with ticks and representing (15%) of the total 
herd for the collection of ticks. The selection of these 
target animals is based on the lowest Ct values (17–25) 
among the positive animals. To confirm the identity of 
the positive MERS-CoV animals, we sequenced some 
of the amplicons targeting the E gene. The obtained 
sequences were deposited in the Genbank (accession 
numbers: MW40645, and MW406455). Ticks in the tar-
get animals were distributed through different parts of 
the body of the infected animals especially on the checks, 
on the prepuce, testis of male animals, and under the tail 
and around the anal openings (Fig.  2a-d) respectively. 
The morphological identification of the collected ticks 
confirming that they belong to the Hyalomma drom-
edarii species of ticks (Fig. 3 a-c). A total of 43 ticks were 
tested for the presence of the MERS-CoV-RNAs in these 
nine animals. All the tested ticks sampled from the nine 

Fig. 2  Distribution of ticks on the camel body a Ticks on the check of the dromedary camel. b Ticks on the prepuce of male dromedary camel. c 
Ticks on the testis of male dromedary came. d Ticks under the tail and around the anal opening of the dromedary camel

Fig. 3  Morphology of the Hyalomma dromedarii infesting dromedary camels. a A dorsal view of female Hyalomma dromedarii tick engorged with 
blood b A dorsal view for a male (left) and female (right) Hyalomma dromedarii. c A ventral view for a male (left) and female (right) Hyalomma 
dromedary 
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animals were negative for the MERS-CoV-RNA by the 
real-time PCR assay.

Discussion
MERS-CoV is one of the most important zoonotic cor-
onaviruses [1, 2]. Dromedary camels remain the only 
known reservoir of this virus until now [1, 6, 10, 13, 23]. 
Although the virus was identified more than eight years 
ago, many aspects of the transmission cycle and molecu-
lar pathogenesis require further studies. MERS-CoV is 
one of the respiratory viruses and proved to be transmit-
ted from person to person on many occasions, includ-
ing family clusters and some healthcare settings [28–31]. 
Meanwhile, evidence of camel-to-camel transmission 
within the same herd or closely related herds was also 
reported [7, 10, 32]. [9, 32–37]. Detection of MERS-
CoV in the dromedary camel secretions and body fluids 
such as nasal secretions, rectal secretions, semen, and 
breath was also reported [10, 11, 13, 32]. Circulation of 
MERS-CoV in certain camel populations for a long time 
has been also reported [7, 9, 11]. High seroprevalence of 
MERS-CoV among the dromedary camel population in 
the Middle East and Africa was also documented [9, 32–
37]. This high seroprevalence could be attributed to sev-
eral factors, including the continuous circulation of the 
virus in some herds for a long time. This virus was shown 
to do repeated infection of the same herd over a period 
[7, 9]. Another possibility is the frequent introduction of 
newly infected animals to some herds [1, 5, 9]. This is in 
addition to the possibility of repeated infection through 
some arthropod born vectors such as mosquitoes and 
other ectoparasites such as ticks, flies, and Culicoides. 
However, the possibility of transmission of MERS-CoV 
through some arthropod vectors is not well studied yet. 
Tick infestation has been reported in dromedary cam-
els for a long time [38–40]. Ticks infestation was also 
associated with the transmission of various pathogens, 
including bacteria, parasites, and pathogens to the drom-
edary camels [17, 19, 41, 42]. Both ticks and mosquitoes 
were implicated in the transmission of many important 
zoonotic viral diseases such as the Western Nile Virus 
(WNV) and the Crimean-Congo hemorrhagic fever virus 
[43]. A recent study was conducted in central Saudi Ara-
bia to reveal the prevalence and molecular characteriza-
tion of ticks, particularly the ixodid species in dromedary 
camels [15]. The same study confirmed that Hyalomma 
dromedarii was the most prevalent species of ticks in 
these animals [15]. We conducted molecular surveillance 
to monitor the presence of the MERS-CoV nucleic acids 
in the ticks infesting a positive MERS-CoV dromedary 
camel herd. The nasal swabs still the gold standard sam-
ple for the diagnosis of MERS-CoV in dromedary cam-
els [5, 7, 34]. The selection criteria of the animals in the 

current study include, (1) animals should be infested with 
ticks at the time of sampling. (2) Meanwhile, ticks were 
collected from animals having different color coat based 
breeds available in this herd, including Magaheem, Sofr, 
Wodah, and Omani breeds. (3) We selected the animals 
with the lowest Ct values in their nasal swabs for MERS-
CoV. This was to ensure these animals are active MERS-
CoV shedders in their nasal secretions. The ultimate goal 
was to confirm that the tested animals were MERS-CoV 
infected and heavily tick-infested as well. Our results are 
clearly confirming the absence of any detectable MERS-
CoV-NA in the ticks present on and in a camel herd in 
close proximity. These data are suggesting the lack of 
transmission of MERS-CoV through the Hyalomma 
dromedarii infecting these animals. The obtained results 
will enrich our knowledge about the transmission of 
MERS-CoV among dromedary camels. Further studies 
are needed for better understandings of various mecha-
nisms of transmission of MERS-CoV among dromedary 
camels as well as from camels to humans.

Conclusions
Absence of any detectable MERS-CoV nucleic acids in 
the tested arthropods, particularly the Hyalomma drom-
edarii ticks, strongly suggesting the lack of transmission 
of MERS-CoV through ticks.

Limitations
The main limitations of the current study is the date rep-
resenting only one actively shedding MERS-CoV drom-
edary camel herd infested with Hyalomma dromedarii 
ticks. A further large-scale study including several camel 
herds as well as a screening of various species of arthro-
pods living in close contact with the dromedary camels 
such as Culicoides, mosquitoes, and Stomoxyes is needed 
for a better understanding of the roles of the arthropods 
in the transmission of MERS-CoV among animals.

Abbreviations
MERS-CoV: Middle East respiratory syndrome coronavirus; NA: Nucleic acids; 
RT-PCR: Reverse transcriptase-polymerase chain reaction; RNA: Ribonucleic 
acid; AHFV: Alkhurma Hemorrhagic Fever Virus; WNV: West Nile virus.

Acknowledgements
We thank Dr. Mohammad Al-Sabi for his help with the morphological identifi-
cation of the ticks.

Authors’ contributions
MGH and AAA: conceived the ideas, conducted fieldwork and laboratory 
work, analyzed the data, and drafted the manuscript. MAA: conducted some 
fieldwork, helped in the data analysis, and helped in the drafting of the manu-
script, FA: help in field surveillance and writing the manuscript. All authors 
wrote the manuscript and agreed to the final version. All authors read and 
approved the final manuscript.



Page 5 of 6Hemida et al. BMC Res Notes           (2021) 14:96 	

Funding
We wish to thank the King Abdul-Aziz City for Science and Technology 
(KACST), Saudi Arabia, for their generous funding through the MERS-CoV 
research grant program (number 20–0004/24–1), which is a part of the Tar-
geted Research Program (TRP). The funding body does not have any roles in 
the design of experiments and the execution of the experiments.

Availability of data and materials
The generated data is available in the manuscript. The generated sequences 
are available to the public on the Genbank NCBI website as described above. 
Theobtained sequences were deposited in the Genbank (accessionnumbers: 
MW40645, and MW406455).

Declarations

Ethics approval and consent to participate
All handling and animal experiments carried out in this study were conducted 
as per the instructions of the Animal Ethics protocols and the National Com-
mittee of Bio-Ethics, King Abdul-Aziz City of Science and Technology, Royal 
Decree No. M/59 (http://www.kfsh.med.sa/KFSH_WebSi​te/users​uploa​dedfi​
les%5CNCB​E%20Reg​ulati​ons%20ENG​LISH.pdf ). The animal experiments and 
protocols were reviewed and approved by the animal ethics committee of the 
deanship of scientific research, King Faisal University, Saudi Arabia (Approval 
No: KFU-REC/2020–09-21). All the necessary paperwork for sample collections 
were obtained.

Consent for publication
Not applicable.

Competing interests
All authors declare no competing of interest.

Author details
1 Department of Microbiology, College of Veterinary Medicine, King Faisal 
University, Al‑Hufuf, Al‑Ahasa, Saudi Arabia. 2 Department of Virology, Faculty 
of Veterinary Medicine, Kafrelsheikh University, Kafrelsheikh, Egypt. 3 Depart-
ment of Public Health and Animal Husbandry, Veterinary Medicine, King Faisal 
University, Al‑Ahasa, Saudi Arabia. 4 Department of Clinical Sciences, College 
of Veterinary Medicine, King Faisal University, Al‑Ahasa, Saudi Arabia. 

Received: 12 November 2020   Accepted: 19 February 2021

References
	1.	 Hemida MG. Middle east respiratory syndrome coronavirus and the one 

health concept. PeerJ. 2019;7:e7556.
	2.	 Hemida MG, Alnaeem A. Some one health based control strategies 

for the middle east respiratory syndrome coronavirus. One Health. 
2019;8:100102.

	3.	 van Boheemen S, de Graaf M, Lauber C, Bestebroer TM, Raj VS, Zaki AM, 
Osterhaus AD, Haagmans BL, Gorbalenya AE, Snijder EJ et al: Genomic 
characterization of a newly discovered coronavirus associated with acute 
respiratory distress syndrome in humans. mBio 2012, 3(6).

	4.	 Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD, Fouchier RA. 
Isolation of a novel coronavirus from a man with pneumonia in Saudi 
Arabia. N Engl J Med. 2012;367(19):1814–20.

	5.	 Hemida MG, Elmoslemany A, Al-Hizab F, Alnaeem A, Almathen F, Faye B, 
Chu DK, Perera RA, Peiris M. Dromedary camels and the transmission of 
middle east respiratory syndrome coronavirus (MERS-CoV). Transbound 
Emerg Dis. 2017;64(2):344–53.

	6.	 Azhar EI, Hashem AM, El-Kafrawy SA, Sohrab SS, Aburizaiza AS, Farraj 
SA, Hassan AM, Al-Saeed MS, Jamjoom GA, Madani TA: Detection of the 
Middle East respiratory syndrome coronavirus genome in an air sample 
originating from a camel barn owned by an infected patient. mBio 2014, 
5(4):e01450–01414.

	7.	 Hemida MG, Alnaeem A, Chu DK, Perera RA, Chan SM, Almathen F, Yau E, 
Ng BC, Webby RJ, Poon LL, et al. Longitudinal study of middle east respira-
tory syndrome coronavirus infection in dromedary camel herds in Saudi 
Arabia, 2014–2015. Emerg Microbes Infect. 2017;6(6):e56.

	8.	 Younan M, Bornstein S, Gluecks IV. MERS and the dromedary camel 
trade between Africa and the Middle East. Trop Anim Health Prod. 
2016;48(6):1277–82.

	9.	 Yusof MF, Eltahir YM, Serhan WS, Hashem FM, Elsayed EA, Marzoug BA, 
Abdelazim AS, Bensalah OK, Al Muhairi SS. Prevalence of middle east 
respiratory syndrome coronavirus (MERS-CoV) in dromedary camels in 
Abu Dhabi Emirate. United Arab Emirates Virus Genes. 2015;50(3):509–13.

	10.	 Hemida MG, Chu DK, Poon LL, Perera RA, Alhammadi MA, Ng HY, Siu LY, 
Guan Y, Alnaeem A, Peiris M. MERS coronavirus in dromedary camel herd. 
Saudi Arabia Emerg Infect Dis. 2014;20(7):1231–4.

	11.	 Kandeil A, Gomaa M, Nageh A, Shehata MM, Kayed AE, Sabir JSM, Abiadh 
A, Jrijer J, Amr Z, Said MA et al: Middle East Respiratory Syndrome Corona-
virus (MERS-CoV) in Dromedary Camels in Africa and Middle East. Viruses 
2019, 11(8).

	12.	 Raj VS, Farag EA, Reusken CB, Lamers MM, Pas SD, Voermans J, Smits 
SL, Osterhaus AD, Al-Mawlawi N, Al-Romaihi HE, et al. Isolation of MERS 
coronavirus from a dromedary camel, Qatar, 2014. Emerg Infect Dis. 
2014;20(8):1339–42.

	13.	 Hemida MG, Ali. M, Alhammadi, M, Anaeem, A: The Middle East respira-
tory syndrome coronavirus in the breath of some infected dromedary 
camels (Camelus dromedarius). Epidemiology an dinfection 2020.

	14.	 Hemida MG, Waheed M, Ali AM, Alnaeem A: Detection of the Middle East 
respiratory syndrome coronavirus in dromedary camel’s seminal plasma 
in Saudi Arabia 2015–2017. Transbound Emerg Dis 2020.

	15.	 Alanazi AD, Nguyen VL, Alyousif MS, Manoj RRS, Alouffi AS, Donato R, 
Sazmand A, Mendoza-Roldan JA, Dantas-Torres F, Otranto D. Ticks and 
associated pathogens in camels (Camelus dromedarius) from Riyadh 
Province, Saudi Arabia. Parasit Vectors. 2020;13(1):110.

	16.	 Elghali A, Hassan SM. Ticks (Acari: Ixodidae) infesting camels (Came-
lus dromedarius) in Northern Sudan. Onderstepoort J Vet Res. 
2009;76(2):177–85.

	17.	 Selmi R, Ben Said M, Dhibi M, Ben Yahia H, Messadi L. Improving specific 
detection and updating phylogenetic data related to Anaplasma platys-
like strains infecting camels (Camelus dromedarius) and their ticks. Ticks 
Tick Borne Dis. 2019;10(6):101260.

	18.	 Begum F, Wisseman CL, Jr., Casals J: Tick-borne viruses of West Pakistan. 3. 
Dera Ghazi Khan virus, a new agent isolated from Hyalomma dromedarii 
ticks in the D. G. Khan District of West Pakistan. Am J Epidemiol 1970, 
92(3):195–196.

	19.	 Champour M, Chinikar S, Mohammadi G, Razmi G, Shah-Hosseini N, 
Khakifirouz S, Mostafavi E, Jalali T. Molecular epidemiology of Crimean-
Congo hemorrhagic fever virus detected from ticks of one humped 
camels (Camelus dromedarius) population in northeastern Iran. J Parasit 
Dis. 2016;40(1):110–5.

	20.	 Charrel RN, Fagbo S, Moureau G, Alqahtani MH, Temmam S, de Lambal-
lerie X. Alkhurma hemorrhagic fever virus in Ornithodoros savignyi ticks. 
Emerg Infect Dis. 2007;13(1):153–5.

	21.	 Li Y, Li X, Liu J, Wang J, Jia D, Liu A, He Z, Guan G, Liu Z, Liu G, et al. First 
Report of Theileria Infection of Bactrian Camels (Camelus bactrianus) in 
Xinjiang. China Acta Parasitol. 2019;64(4):923–6.

	22.	 Tingari MD, Moniem KA, Kunzel E. Observations on the fine structure of 
the testicular interstitial cells in the camel (Camelus dromedarius). Q J Exp 
Physiol Cogn Med Sci. 1979;64(1):39–45.

	23.	 Alnaeem A, Kasem S, Qasim I, Al-Doweriej A, Al-Houfufi A, Alwazan A, 
Albadrani A, Alshaammari K, Refaat M, Al-Shabebi A, et al. Some patho-
logical observations on the naturally infected dromedary camels (Came-
lus dromedarius) with the Middle East respiratory syndrome coronavirus 
(MERS-CoV) in Saudi Arabia 2018–2019. Vet Q. 2020;40(1):190–7.

	24.	 Hoogstraal H, H.Y. Wassef and W. Buttiker: Ticks (Acarina) of Saudi Arabia 
fam argasidae ixodidae. Fauna Saudi Arabia 1981, 3(25–110).

	25.	 Soulsby: Helminths, Arthropods and Protozoa of domesticated animals. 
7th Edition Baillere Tindall, London 1982:456–475.

	26.	 Crowder CD, Rounds MA, Phillipson CA, Picuri JM, Matthews HE, Hal-
verson J, Schutzer SE, Ecker DJ, Eshoo MW. Extraction of total nucleic 
acids from ticks for the detection of bacterial and viral pathogens. J Med 
Entomol. 2010;47(1):89–94.

	27.	 Haagmans BL, Al Dhahiry SH, Reusken CB, Raj VS, Galiano M, Myers 
R, Godeke GJ, Jonges M, Farag E, Diab A, et al. Middle East respiratory 
syndrome coronavirus in dromedary camels: an outbreak investigation. 
Lancet Infect Dis. 2014;14(2):140–5.

http://www.kfsh.med.sa/KFSH_WebSite/usersuploadedfiles%5CNCBE%20Regulations%20ENGLISH.pdf
http://www.kfsh.med.sa/KFSH_WebSite/usersuploadedfiles%5CNCBE%20Regulations%20ENGLISH.pdf


Page 6 of 6Hemida et al. BMC Res Notes           (2021) 14:96 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	28.	 Bin SY, Heo JY, Song MS, Lee J, Kim EH, Park SJ, Kwon HI, Kim SM, Kim YI, 
Si YJ, et al. Environmental Contamination and Viral Shedding in MERS 
Patients During MERS-CoV Outbreak in South Korea. Clin Infect Dis. 
2016;62(6):755–60.

	29.	 Lee SM, Kang WS, Cho AR, Kim T, Park JK. Psychological impact of the 
2015 MERS outbreak on hospital workers and quarantined hemodialysis 
patients. Compr Psychiatry. 2018;87:123–7.

	30.	 Memish ZA, Zumla AI, Al-Hakeem RF, Al-Rabeeah AA, Stephens GM. Fam-
ily cluster of Middle East respiratory syndrome coronavirus infections. N 
Engl J Med. 2013;368(26):2487–94.

	31.	 Saad M, Omrani AS, Baig K, Bahloul A, Elzein F, Matin MA, Selim MA, Al 
Mutairi M, Al Nakhli D, Al Aidaroos AY, et al. Clinical aspects and outcomes 
of 70 patients with Middle East respiratory syndrome coronavirus 
infection: a single-center experience in Saudi Arabia. Int J Infect Dis. 
2014;29:301–6.

	32.	 Wernery U, Lau SK, Woo PC. Middle East respiratory syndrome (MERS) 
coronavirus and dromedaries. Vet J. 2017;220:75–9.

	33.	 Chu DK, Oladipo JO, Perera RA, Kuranga SA, Chan SM, Poon LL, Peiris M: 
Middle East respiratory syndrome coronavirus (MERS-CoV) in dromedary 
camels in Nigeria, 2015. Euro Surveill 2015, 20(49).

	34.	 Chu DKW, Hui KPY, Perera R, Miguel E, Niemeyer D, Zhao J, Channap-
panavar R, Dudas G, Oladipo JO, Traore A, et al. MERS coronaviruses from 
camels in Africa exhibit region-dependent genetic diversity. Proc Natl 
Acad Sci U S A. 2018;115(12):3144–9.

	35.	 Harcourt JL, Rudoler N, Tamin A, Leshem E, Rasis M, Giladi M, Haynes LM. 
The prevalence of Middle East respiratory syndrome coronavirus (MERS-
CoV) antibodies in dromedary camels in Israel. Zoonoses Public Health. 
2018;65(6):749–54.

	36.	 Hemida MG, Perera RA, Al Jassim RA, Kayali G, Siu LY, Wang P, Chu KW, Per-
lman S, Ali MA, Alnaeem A et al: Seroepidemiology of Middle East respira-
tory syndrome (MERS) coronavirus in Saudi Arabia (1993) and Australia 
(2014) and characterisation of assay specificity. Euro Surveill 2014, 19(23).

	37.	 Hemida MG, Perera RA, Wang P, Alhammadi MA, Siu LY, Li M, Poon LL, 
Saif L, Alnaeem A, Peiris M. Middle East Respiratory Syndrome (MERS) 
coronavirus seroprevalence in domestic livestock in Saudi Arabia, 2010 to 
2013. Euro Surveill. 2013;18(50):20659.

	38.	 Fard SR, Fathi S, Asl EN, Nazhad HA, Kazeroni SS. Hard ticks on one-
humped camel (Camelus dromedarius) and their seasonal population 
dynamics in southeast. Iran Trop Anim Health Prod. 2012;44(1):197–200.

	39.	 Gharbi M, Moussi N, Jedidi M, Mhadhbi M, Sassi L, Darghouth MA. 
Population dynamics of ticks infesting the one-humped camel (Camelus 
dromedarius) in central Tunisia. Ticks Tick Borne Dis. 2013;4(6):488–91.

	40.	 Moshaverinia A, Moghaddas E. Prevalence of tick infestation in drom-
edary camels (Camelus dromedarius) brought for slaughter in Mashhad 
abattoir. Iran J Parasit Dis. 2015;39(3):452–5.

	41.	 Ghoneim NH, Abdel-Moein KA, Zaher HM: Molecular Detection of 
Francisella spp. Among Ticks Attached to Camels in Egypt. Vector Borne 
Zoonotic Dis 2017, 17(6):384–387.

	42.	 Selmi R, Ben Said M, Ben Yahia H, Abdelaali H, Messadi L. Molecular 
epidemiology and phylogeny of spotted fever group Rickettsia in camels 
(Camelus dromedarius) and their infesting ticks from Tunisia. Transbound 
Emerg Dis. 2020;67(2):733–44.

	43.	 Sambri V, Marangoni A, Storni E, Cavrini F, Moroni A, Sparacino M, 
Cevenini R. Tick borne zoonosis: selected clinical and diagnostic aspects. 
Parassitologia. 2004;46(1–2):109–13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.




