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1  | INTRODUC TION

Middle East respiratory syndrome coronavirus was first identi-
fied in Saudi Arabia in late 2012 (Zaki, van Boheemen, Bestebroer, 
Osterhaus, & Fouchier, 2012). Since that time, there are reports of 
human cases, not only in Saudi Arabia but also in other countries 
in the Arabian Gulf area, such as UAE, Qatar and Oman. As of now, 
there are 2,468 MERS-CoV human cases reported from 27 coun-
tries around the world (WHO,  2019) with a case fatality rate of 
34%(WHO, 2019). Dromedary camels are the main animal reservoir 
for MERS-CoV (Hemida et al., 2014). Camel to human transmission 
was reported in many cases (Azhar, El-Kafrawy, et al., 2014; Azhar, 
Hashem, et al., 2014). Dromedary camels shed the virus, especially 
in their nasal secretions (Hemida et  al.,  2014). However, there is 

a discrepancy about the shedding of the virus in the body secre-
tions of dromedary camels such as urine and milk. MERS-CoV has 
not been isolated from urine, faeces nor milk of dromedaries, and 
recent studies showed that no viral nucleic acids were detected in 
the urine of positive MERS-CoV camels (Farag et al., 2019). It was 
shown that MERS-CoV can still be detected and survived in the 
camel milk for a prolonged time under experimental conditions (van 
Doremalen, Bushmaker, Karesh, & Munster, 2014). One study re-
ported the detection of MERS-CoV-RNAs in the milk of some pos-
itive animals. This highlights the potential of a possible shedding of 
the virus in the milk of the infected animals (Reusken et al., 2014). 
However, this may be hampered by the milk collection technique 
and the possibility of faecal contamination to the camel udder 
(Hemida, 2019; Hemida & Alnaeem, 2019). Breeding of dromedary 
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Abstract
The Middle East respiratory syndrome coronavirus (MERS-CoV) is an emergent res-
piratory virus. Dromedary camels are currently the only known reservoir of MERS-
CoV and are capable of transmitting the virus within a herd. The role of semen in 
the transmission of MERS-CoV has never been investigated as yet, to the best of 
our knowledge. Our goal was to test semen collected from dromedary camels for 
MERS-CoV. A total of 67 seminal plasma samples from infertile and 13 from fertile 
dromedary camels were collected. The RNA was extracted from the samples and 
tested using commercial real-time PCR. Nine out of sixty-seven infertile animals 
(13.4%) were positive. The obtained PCR products were sequenced using the con-
served MERS-CoV-N gene primers. MERS-CoV-RNA detected in seminal plasma was 
closely related to the lineage B. To the best of our knowledge, this is the first report 
about the detection of MERS-CoV-RNA in camel's seminal plasma. Regular testing of 
semen of common male camels' used for insemination should be considered to avoid 
a possible spread of the virus through semen.
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camels is mainly based on natural insemination (Al Eknah,  2000; 
Tibary, Anouassi, Sghiri, & Khatir, 2007). There are great challenges 
facing the implementation of artificial insemination in dromedary 
camels (Al Eknah, 2000; Skidmore, Morton, & Billah, 2013; Tibary 
et al., 2007). Male camels usually start to be used for natural in-
semination when they are 5–6  years old (Khanvilkar, 2009). The 
natural insemination season in dromedary camels usually starts in 
October and lasts until April (Arthur, al- Rahi, Hindi&, 1985). Each 
mature, healthy male camel can mate with 20–50 females per sea-
son (Padalino, 2015). In most of the cases, some camels’ owners 
seek high pedigree bull camels for natural insemination of their fe-
male camels, even if they are far away from their location (Padalino, 
2015). Sometimes some camel owners transfer their female cam-
els by vehicles over long distances to seek insemination by high 
pedigree camel bulls in another region. Detection of MERS-CoV 
in rectal secretions of infected dromedary camels was previously 
reported (Mohran et al., 2016). However, testing the possibility of 
viral shedding in the seminal plasma has not been explored yet. The 
main goal of the current study was to investigate the detection of 
MERS-CoV-RNA in seminal plasma of dromedary camels.

2  | MATERIAL S AND METHODS

2.1 | Animals

This work was conducted as a retrospective study. Sixty-seven drom-
edary male camels admitted to the veterinary teaching hospital, col-
lege of veterinary medicine, King Faisal University between 2015 and 
2017 were included in the study. These animals were admitted to our 
teaching hospital during the rutting season from November to May. 
These bulls were apparently healthy with no nasal discharges or any 
other respiratory infection-related findings during their initial physi-
cal examination. All animals were able to mount the female camels 
and produce semen under artificial settings. The age of these animals 
ranged from 5 to 15 years. The reason for the admission was infertility 
(i.e. unable to achieve conception with fertile females after persistent 
attempts over a period of 10 months (Dictionary, 2014). Each animal 
in this study used as a common bull for the insemination of female 
animals within a herd as well as other herds around them in its area.

2.2 | Seminal plasma collection's protocol

Artificial collection of semen was conducted using an electro ejacu-
lator (miniTüb; Ideal Instruments) (Skidmore et  al.,  2013; Tingari, 
1986). Prior to semen collection, the camels were sedated with a 
mixture of xylazine (Rompun®, Bayer; 0.15  mg/kg) and ketamine 
(Samarth®; 2.5 mg/kg) that was administered intravenously (White, 
Bali, & Bark, 1987). The study camels had been sexually abstinent 
for at least 1 month prior to semen collection. A total of sixty-seven 
ejaculates were collected from mature, infertile bull. Immediately 
after collection, the semen samples were evaluated for motility, 

percentage, sperm cell concentration (106/ml), sperm abnormali-
ties (%) and live sperm (%) using Sperm Vision® 3.5 (Minitube of 
America, Inc). Semen samples were centrifuged at 500 g for 15 min, 
and seminal plasma was stored at −80°C for further testing.

2.3 | RNA extraction

RNA was independently extracted from seminal plasma by two dif-
ferent methods: In the first method, TRIzol® have been used, as per 
the manufacturer's instructions (Carossino et al., 2016). The second 
method, the Qiagen RNA mini-easy RNA extraction kits, was used 
as per the manufacturer's instructions. The concentration of the 
extracted viral RNAs from both methods was measured by using a 
Nanodrop machine. The eluted RNAs were stored at −80°C for fur-
ther testing. Testing of both batches of RNAs was done in parallel by 
real-time PCR and regular PCR techniques.

2.4 | Real-Time PCR

Testing of the collected camel semen sample was done by the real-time 
PCR technique using the commercial available kits (the RealStar® MERS-
CoV RT-PCR Kit 1.0, Altona Diagnostics GmbH). Each sample was tested 
for two viral-specific viral targets (the upE and the ORF1a). The amplifi-
cation was done as per the manufacturer's instructions. Samples have Ct 
values up to 30 Cycle Threshold values (Ct) were considered as positive. 
Several negative controls were also tested to rule out any possibility of 
contamination. The RNAs free water, the master mix and the negative 
control of the kits have been used. The real-time PCR techniques were 
conducted in two different laboratories in different buildings.

2.5 | Gel-based PCR

The RNAs from the positive real-time PCR specimens were tested 
by the gel-based PCR technique. The positive real-time semen 
samples were also tested by the partial MERS-CoV-N, ORF1a and 
UpE genes oligonucleotide. The primer sequences including MERS-
CoV-N-F-5′-CCTTCG GTA CAG TGG AGC CA-3′ and MERS-CoV-
N-R-5′-GATGGGGTTGCCAAACACAAAC-3′. MERS-CoV-ORF1a-F 
5′-TTCGATGTTGAGGGTGCTCAT −3′, and the MERS-CoV-ORF1a-R 
−5′-TCACACCAGTTGAAAATCCTAATTG −3′. While, the upE-F 
primer sequences are 5′- GCAACGCGCGATTCAGTT −3′ and up-
E-Rev 5′-GCCTCTACACGGGACCCATA-′ The PCR conditions and 
amplification parameters were conducted as previously described 
(Corman et al., 2012).

2.6 | Sequencing of the PCR products

The amplified PCR products were purified from the gel using the 
QIAquick Gel Extraction Kit as per the manufacturer's instructions 
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(Cat No/ID: 28704), as per the kit's instructions. The purified reac-
tions were eluted in a 50-μl elution buffer. The purified amplicons 
were sequenced in both directions using the Sanger approach using 
the Applied Biosystems® 3,500 sequencing machine. The obtained 
sequences were assembled into one contig by using the Sequencher 
5.4.6 sequencing analysis software (© 2017 Gene Codes Corporation). 
All sequencing reactions were done in a sequencing facility that has 
not done any virology work previously. This facility is in another insti-
tute at the plant diseases department, college of Science, King Saud 
University.

2.7 | Bioinformatics analysis

The phylogenetic trees were constructed (maximum likelihood) 
based on the obtained MERS-CoV-N gene sequences. Multiple 
alignments of these sequences with other sequences from GenBank 
were performed using the Mega-7 package, and phylogeny was per-
formed using the neighbour-joining method with 1,000 bootstrap 
replicates, as previously described (Kumar, Stecher, & Tamura, 2016).

2.8 | Statistical analysis

The non-probability sampling strategy was applied for our specimen 
collection with the incidental assignment approach as previously de-
scribed (Sneath, 1973). Chi-square and Fisher's analysis were con-
ducted to investigate the relation between MERS-CoV positivity and 
some animal variables, including breed and age. The tests were con-
ducted using SPSS 23.statistical software (IBM Corporation).

3  | RESULTS

3.1 | Assessment of the dromedary camel's semen 
quality

All bull camels in this study were able to mount the she-camels, 
and semen collection was done as described above. Analysis of 
the collected semen and seminal plasma of the infertile dromedary 
camels showed cases of azoospermia, oligozoospermia, astheno-
zoospermia, teratozoospermia and pyospermia in 18 (28.87%), 28 
(41.79%), 13 (19.40%), 7 (10.45%) and one (1.49%), respectively.

3.2 | Molecular surveillance of MERS-CoV of 
semen of some dromedary camels across Saudi Arabia 
2015–2017

Nine out of 67 (13.2%) semen samples collected from bull drom-
edary camels were positive for the MERS-CoV nucleic acids by the 
real-time PCR test (Table 1). These nine animals were positive for 
the MERS-CoV-RNA by both UpE and ORF1a kits. These results 

were confirmed by the gel-based PCR techniques using the trun-
cated MERS-CoV-N gene. Five out of the nine positive samples 
(56%) were collected from Majaheem bulls, while four positive 
samples were collected from Waddah (13.3% and 22.2%), respec-
tively. There was no statistically significant difference observed 
between the two breeds (p = .47), (Table 1). Five out of the nine 
positive animals were aged ≤6  years, while four positive cam-
els were aged >6. There is no statistically significant difference 
observed as far as the age of the positive animals is concerned 
(p = .73).

3.3 | Molecular characterization of MERS-CoV 
detected in dromedary camel seminal plasma in 
Saudi Arabia

All the nine positive semen samples by real-time PCR were 
tested by the PCR technique using the partial MERS-CoV-N gene. 
Phylogenetic analysis based on the generated sequences revealed 
a high degree of identity to the other MERS-CoV-RNA isolated 
from both human beings and animals from Saudi Arabia, UAE, 
and Qatar (Figure 1). The reported MERS-CoV from semen in this 
study showed a high degree of identity to lineage B of MERS-CoV 
(Figure 1).

4  | DISCUSSION

The MERS-CoV can be transmitted from camel to camel by direct con-
tact within the same herd (Hemida et al., 2014, 2017). Theoretically, 
it can be transmitted from one population of camels to another 
through airborne infection (Hemida et al., 2017). Coronaviruses have 
prolonged viability in low temperature/low humidity and can sur-
vive on surfaces in the environment for a relatively long time (Chan 
et al., 2011). It was noted that MERS-CoV is so far only isolated from 
the noses of young dromedaries, not from milk, not from urine, not 
from faeces, only from young dromedaries, not adults. The virus 
is only found in the noses for 8 days, RNA for more than 30 days 
(Wernery, Lau, & Woo,  2017). Viruses' transmission through the 

TA B L E  1   Summary results of the real-time PCR testing of 
dromedary camel semen collected across the kingdom 2015–2017

N Breed
No 
tested (+Ve)

(-
Ve)

% 
(+Ve)

*Range of 
Ct values

1 Majaheem 37 5 33 13.1 26–29

2 Waddah 18 4 14 22.2 28–30

3 Sofor 6 0 0 0 0

4 Sudani 1 0 0 0 0

5 Shageh 2 0 0 0 0

6 Shaele 3 0 3 0 0

# Total 67 9 49 13.2 26–30

*Range of the Ct values of the positive samples 
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semen has been documented in many viruses affecting human be-
ings such as HIV, Ebola and Zika virus (Council, Swanson, Spagnuolo, 
Wahl, & Garcia, 2015; Gornet, Bracero, & Segars, 2016; de La Vega 
et al., 2018). Semen also plays an important role in the transmission 
of many animal viruses such as Equine arteritis virus, porcine repro-
ductive and respiratory syndrome (Johnson, Ostlund, Palmer, Fett, 
& Schmitt, 2012; Nathues et al., 2016). The role of dromedary camel 
semen in the transmission of MERS-CoV was never tested until now. 
This study shows that about 13.4% of the tested camel semen sam-
ples during this time were positive for MERS-CoV-RNA (Table  1). 
About 55% of the positive samples were from the Magaheem breed 
of camels (Table  1), which is one of the top-ranked native camel 
population in the Arabian Peninsula (Almathen, Elbir, Bahbahani, 

Mwacharo, & Hanotte, 2018). The other four animals were two from 
Waddah and two from Maghateer breed (Table  1). These findings 
raise the possibility of transmission of MERS-CoV during the process 
of the natural insemination among bulls and she-camels, during the 
rutting season of camels from November to April. Interestingly, re-
cent studies have found a good correlation between the high preva-
lence of MERS-CoV spreading among animals and humans beings 
where samples were collected during this time of the year (Hemida 
et al., 2014, 2017; Wernery et al., 2017). The RNA extraction method 
from seminal plasma using TRIzol resulted in high quality and more 
yield than the Qiagen RNA extraction kits. The obtained MERS-CoV 
partial N gene sequences shared a high degree of identity with other 
MERS-CoV isolated from camel and human beings in Saudi Arabia, 

F I G U R E  1   Phylogenetic analysis of the partial sequences of MERS-CoV detected in dromedary camel semen across the Kingdome 
2015–2017. The maximum likelihood phylogenetic tree of the obtained partial MERS-CoV-N gene. The maximum likelihood phylogenetic 
tree based on the partial MERS-CoV-N gene. The bootstrap is 1,000. The reported MERS-CoV-RNA from camel semen sequences were 
clustered together with other candidates of MERS-CoV- lineage B reported in humans and camels in the Arabian Peninsula
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Oman and Qatar (Al Hammadi et al., 2015; Farag et al., 2018; Hemida 
et al., 2014; Yusof et al., 2015). The reported sequences from semen 
of dromedary camels belong to lineage B of MERS-CoV that circu-
lated in the Arabian Peninsula (Figure 1). However, these sequences 
were distinct from the lineage C of MERS-CoV and its sublineage C1, 
which are circulating virus strains in dromedary camels in Africa (Chu 
et al., 2018). Natural insemination remains the only practical method 
of breeding in camels. The reported MERS-CoV sequences from 
semen showed a high degree of identity to the viruses isolated from 
both humans and camel in the area where samples collected. They 
share 98% identity to viruses isolated from Riyadh, Al-Hasa, Hafr-
Elbatin, Dammam and Wadi Adasir. This suggests that the circulating 
strains of the virus share a common ancestor. One of the major ob-
stacles in this study was the virus isolation, which requires biosafety 
level-3 laboratory. Meanwhile, decoding the full-length genome 
sequencing from these positive samples would be one of our top 
priority future research directions. One of the major restrictions of 
this study is the absence of any available swabs and sera from these 
animals. One of the main reasons behind this was the difficulty in 
convincing the camel owners to get these precious specimens from 
their animals. Meanwhile, this may also highlight the potential roles 
of males in the spreading of the virus among dromedary camels. The 
traditional practice of allowing bull camels from a herd to breed fe-
males from other herds in the same region and from other remote 
regions may contribute to the spread of the viral infection between 
herds in the same region. This may contribute to the overall high 
prevalence of MERS-CoV among dromedary camels in the Arabian 
peninsula. Detection of the MERS-CoV-RNAs in seminal fluids of 
some infertile dromedary camels may draw a correlation between 
the infertility in male camels and the viral infection. Definitely, this 
will require further confirmation studies. A large-scale surveillance 
longitudinal study among a large number of normal fertile bull cam-
els, including various ages, would be another research priority in the 
future. This study highlights the potential roles of the dromedary 
camel semen in the transmission and spreading of MERS-CoV among 
camels. This may have a great impact on the sustainability of the 
virus in the dromedary camel population not only in the Arabian 
Peninsula but worldwide. Testing the common male dromedary 
camels should be established to minimize the roles of bull camels 
in the transmission of the virus during the breeding seasons. To the 
best of our knowledge, this is the first study addressing the detec-
tion of MERS-CoV-RNA in the camel ejaculates. Further studies are 
needed to study the exact routes of MERS-CoV transmission either 
among dromedary camels or between camels and humans. This will 
have great impacts on minimizing the viral shedding from dromedary 
camels to the environment and subsequently to the human; thus, the 
risk of human infection can be minimized.
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