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ABSTRACT 
 
Middle East respiratory syndrome is a respiratory and an enteric disease caused by a recently 
discovered virus called MERS-CoV. It is a zoonotic virus in which camels are implicated as the 
major source of infection in humans. A cross-sectional study was conducted from February, 2018 
to April, 2019, with the objectives of detection and characterization of MERS-CoV and 
determining the seroprevalence and its association with risk factors. The study animals were 
camels found in Borena zone, in three kebeles, namely, Areri, Dikale and Harwoyu of Yabello 
district. A total of 1050 nasal swab and 525 sera samples were collected at a rate of 150 nasal 
swab and 75 sera at a time. The nasal swab were tested for the presence of specific viral RNA 
using qRT-PCR at Hong Kong University and NAHDIC.The sera samples were tested for the 
presence IgG antibody using indirect ELISA at  NAHDIC, Ethiopia. Additionally 75 of 525 
serums were retested by ppNT in Hong Kong University. Based on ELISA result, the overall 
seroprevalence of MERS-CoV in the study area was 74% (390/525, 95%CI 70 to78).Association 
of risk factors with seroprevalence was identified. The seroprevalence found were 87% in adult, 
48% in young’s and 50% in juvenile camels, the variation was statistically significant, adjusted 
OR; 7.5 CI= 4.5 - 12.4.Also small size herd had 80% seroprevalence than medium 78.8% and 
large herd size 67.8%, the variation was statistically significant, adjusted OR; 3.44;CI=1.76 to 
6.75.High seroprevalence was  recorded in Dikale 76% than Harwoyu74% and Areri 72%. ,the 
variation was statistically significant,adjusted OR=2.3;CI=1.27to4.35.Gravid females  had high 
seroprevalence 91% than lactating 83% and dry females 67%,the variation was statistically 
significant,adjusted OR= 1.5;CI=1.045 to 2.917.No statistical significance difference was 
observed among sexs and sampling  seasons.In comparison of the two serology methodologies, 
69% of the test result agreed, and showed higher seroprevalence of MERS-CoV antibody in all 
kebeles of Yabello district camels which reflects the evidence of prior MERS-CoV infection. All 
1050 nasal swab samples showed negative result. Zero detection might suggest absence of active 
circulation of the virus at the time of sampling and the need of designing longitudinal based 
active surveillance by concidering the calving season of the camels and the short viral shedding 
window (2-5days). Early detection and imposing control intervention reduces risk of transmission 
of the virus to the pastoralist and consumers of camel products in the country. 

        Key words: MERS-CoV, camels, seroprevalence, Yabello, Ethiopia. 
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1.   INTRODUCTION 
 

 
Middle East respiratory syndrome (MERS) is a highly fatal respiratory tract disease in humans 
caused by anewly emerged virus (MERS-CoV) that was first detected in 2012 in the Kingdom of 
Saudi Arabia (KSA)in an individual who died with an acute respiratory distress syndrome (Zaki 
et al., 2012;VanBoheemen et al., 2012;). In 2013 similar novel corona virus infection in human 
reported from Jordan and from other Middle East countries (Hijawi et al., 2013).  
 
Since its identification in the Kingdom of Saudi Arabia (Zaki et al., 2012) and Jordan (Hijawi et 
al., 2013), Middle East Respiratory Syndrome (MERS) has become a global public health threat. 
Typical of an emerging zoonosis, MERS-CoV has an animal reservoir (dromedary camels) in 
which the virus causes little to no disease (Mohd et al., 2016). 
 
In August 2013, dromedary camels (Camelus dromedarius) which is found in large numbers in 
many African countries and the middle east, were implicated for the first time as a possible 
source of infection in humans on the basis that MERS-CoV neutralizing antibodies were found in 
dromedaries from Oman and the Canary Islands of Spain (Reusken et al., 2013a). Later, the 
presence of MERS-CoV antibodies in camels have been reported in Jordan (Reusken et al., 
2013b), in Egypt (Perera et al., 2013; Chu et al., 2014), in the United Arab Emirates (Meyer et 
al., 2014; Woo et al., 2014), and in Saudi Arabia (Hemida et al., 2014b; Alagaili et al., 2014). 
 
 In October 2013, analysis of an outbreak associated with one barn in Qatar found dromedaries 
and humans to be infected with nearly identical strains of MERS-CoV (Haagmans et al., 2014).In 
the following years it was indicated that MERS-CoV is endemic in dromedaries in many Africa 
countries including Ethiopia, and a number of reports showed sero prevalence of camels MERS 
CoV reported to be 93% to 97% in Ethiopia (Reusken et al. 2014a), 60.8% in Kenya (Deem et 
al., 2015) and 30% to 54% in Tunisia in youngs and adult respectivelly (Reusken et al.,2014a); 
92.3% in  Egypt (Daniel et al.,2014); 93% in Nigeria (Reusken et al., 2014a). However; zoonotic 
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infections have not been reported from Africa (Reusken et al., 2016a; Chu et al., 2014; Chu et 
al., 2015; Miguel et al., 2017).  
 
Globally, from the time the virus first identified to May, 2019, 2434 laboratory confirmed human 
cases with case fatality  rate of 36%, (876 deaths)  have been reported due to  MERS.  Since the 
last global update published on April 17 to 22 May 2019, with in 25 days, thirteen new human 
cases have been reported in Saudi Arabia including six fatalities (FAO, May 2019), indicating the 
ongoing circulation of the virus with high fatality rate and continue to be the threat for public 
health in the Middle East and the rest of the world. 
 
In the Middle East, MERS CoV repeatedly transmitted to the human population via direct or 
indirect contact with infected dromedary camels especially in Saudi Arabia.  Camels infected 
with MERS-CoV may not show any signs of infection. It is, therefore, not possible to know 
whether an animal in a farm, market, race track or slaughterhouse is excreting MERS-CoV that 
can potentially infect humans. However, infected animals may shed MERS-CoV through nasal 
and eye discharge, feces, and potentially in their milk and urine. The virus may also be found in 
the organs and meat of an infected animal (WHO, 2014). 
 
Human Populations in close contact with dromedaries (e.g. farmers, abattoir workers, shepherds, 
dromedary owners and family members ) and health care workers caring for MERS-CoV patients 
are believed to be at higher risk of infection(Farag et al.,2019). 
 
In Ethiopia, dromedary camels represent a subset of major livestock resources with a population 
estimated at 1, 209,321 (CSA, 2016/17).The total camel population of  the study area Borena 
zone and Yabello district were estimated to be about 232,589 and 44,042, respectively (Yabello 
district Agriculture office, April/2015).  
  
The first MERS-CoV serology report from Yabello district camels by Reusken et al. (2014a) 
revealed 93-97% seroprevalence in camels, another study by Fekadu et al. (2016), reported 
seroprevalence of camels of Yabello district was 86% with 0% RNA detection .In another study 
in yabello district there was a report of sero positivity 85 % and 0% RNA detection (Miguel et 
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al., 2017). Recently another study by Wallelign et al. (2018), reported 56% seroprevalence of 
MERS CoV and 0% MERS CoV RNA detection in yabello district camel population. 
 
Several serological evidences indicated MERS-CoV might be endemic in Yabello area 
camels(Reusken et al., 2014;Fekadu et al., 2016;Miguel et al., 2017 and Walelign et al., 2018), 
however, characterization of MERS-CoV from Yabello area camels were not yet acheived.Hence 
investigating, detection and characterization of the virus and continuous updates of its sero 
prevalence and identifying associated risk factors in order to initiate early warning and response 
systems in camel rearing areas of the country is important and should be continued. 
Therefore the objectives of the study are: 
 To determine the seroprevalence of MERS- CoV in camels of  Yabello district of Borena 

zone 
 To determinee the risk factors  associated with the seroprevalence of MERS-CoV in 

camels 
 To detect and characterize MERS-CoV RNA  in camels of  Yabello district of Borena zone 
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2.  LITERATURE REVIEW 
 
 
2.1      Definition of MERS- CoV 
 
MERS-CoV is a newly emerged coronavirus causes sever and fatal respiratory diseas in humans, 
it was first identified in Saudi Arabia in 2012 (Zaki et al.,2012).It belongs to genus Corona 
viruses that  cause diseases ranging from  common cold to Severe Acute Respiratory Syndrome 
(SARS) in human(Dorsten et al., 2003;Woo et al., 2012a).Dromedary camels are a major 
reservoir host for MERS-CoV and are source of infection to humans (Assiri et al., 2013;Adney et 
al.,2014; AlAbdalat et al.,2014;AlTawfiq et al .,2014;Memish et al., 2014). 
 
 MERS- CoVs are group of viruses belonging to the Nidovirales order, Coronaviridae family and 
belonging to the sub family Corona virinae under the genus lineage C beta corona virus. MERS-
CoV is an enveloped positive-sense single-stranded RNA virus (Vanboheemen et al., 2012). Its 
single-stranded RNA genome has a size of approximately 30 kb and a GC content of 41% and 
contains 5´-methyl-capped, poly adenylated,polycistronic RNA(Vanboheemen et al .,2012;cotton 
et al., 2013;Woo et al .,2012b). MERS-CoV is the first lineage C CoV and the sixth CoV known 
to cause human infection. 
 
2.1.1     Nomenclature of MERS-CoV 
  
According to VanBoheemen et al. (2012) Calculation of pair wise evolutionary distances for 
seven replicas domains showed that MERS-CoV had an amino acid sequence identity of less than 
90% to all other known Coronaviruses at the time when MERS-CoV was discovered. Before the 
virus was formally named MERS-CoV by the Corona virus Study Group, it was also known by 
other names, including “novel coronavirus,” “human coronavirus EMC,” “human beta 
coronavirus 2c EMC,” “human beta coronavirus 2c England-Qatar,” “human beta coronavirus 2C 
Jordan-N3,” and “beta coronavirus England 1,” which represented the places where the first 
complete viral genome was sequenced (Erasmus MedicalCenter, Rotterdam, the Netherlands) or 
where the first laboratory-confirmed cases were identified or managed (Jordan, Qatar,and 
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England) (Zaki et al., 2012;DeGroot et al.,2013;Bermingham et al., 2012;Pollack et al 
.,2013;Cotton et al., 2013a).  It was designated as novel lineage C CoV based on the International 
Committee on Taxonomy of Viruses (ICTV) (VanBoheemen et al., 2012). 
 
2.1.2     Genomic organization of coronavirus 
 
Generally Corona viruses encode five structural proteins in their genomes. These are the Spike 
(S), Membrane (M), Envelope (E) glycoprotein Hem agglutinin Esterase (HE) and Nucleocapsid 
(N) protein. All envelope proteins and N protein is present in all virions but HE is only present in 
some beta corona viruses (Lissenberg et al., 2005). In addition to that, it is thought the virus 
particles are huddled together owing to interaction between these proteins (De Haan et al., 2005; 
Masters, 2006).The name "coronavirus" is derived from the Latin corona, meaning crown or 
halo, and refers to the characteristic appearance of virions under electron microscopy (Figure 2) 
with a fringe of large, bulbous surface projections creating an image reminiscent of a royal crown 
or of the solar corona. This morphology is created by the viral spike (S) peplomers, which 
are proteins that populate the surface of the virus and determine host tropism (Graham et al., 
2013). 
 

 
Figure 1: Genomic Structure of Corona viruses               Source: Graham et al., (2013). 
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The membrane-anchored trimeric S protein of MERS CoV is a major immunogenic antigen 
involved in the virus attachment and entry into host cells and has an essential role in determining 
virus virulence, protective immunity, tissue tropism, and host range (Qian et al., 2013). 
 
2.1.3        Virus infection, replication and transcription of MERS CoV 
 
 
The initial attachment of the virion to the host cell is initiated by interactions between the S 
protein and its receptor (DPP4), The S-protein and receptor interaction is the primary determinant 
for a coronavirus to infect a host species, and also governs the tissue tropism of the virus. MERS-
CoV binds to dipeptidyl-peptidase4 (DPP4) to gain entry into human cells since no infection 
occurs in its absence (Raj et al., 2013; Li et al., 2003).  
 
In humans, the virus has a strong tropism for nonciliated bronchial epithelial cells, and it has been 
shown to effectively evade the innate immune responses and antagonize interferon (IFN) 
production in these cells. This tropism is unique in that most respiratory viruses target ciliated 
cells; the amino acid sequence of  DPP4 is highly conserved across species and is expressed in 
the human bronchial epithelium and kidneys (Chan et al., 2014).The replication of corona viruses 
occurs in host cell cytoplasm. Once it gets access to the body the virus primarily bind to the 
receptor (DPP4) on the cell surface via the spike (S) protein. When S protein is bound to the 
receptor, a conformational structure occurs in the structure and the process of entry into cells 
begins (Bosch et al., 2003). This process with endocytosis is dependant of pH through the 
receptor (Blau and Holmes,2001;Chu et al .,2006;Eifart et al.,2007;Wang et al .,2008). After 
entering the cytoplasm, the virus particle releases the RNA genome. This genome is a single-
stranded, non-segmented RNA virus with the largest known RNA genome, which is 
approximately 26-32 kb (Schochetman et al.,1977; Wege et al.,1978;Lomniczi,1997; Lai et 
al.,1984;Masters and Perlman,2013) up on entering the  virus particle is un coated and the RNA 
genom is deposited in the cytoplasm.The coronavirus genom has 5`methylated and a 
3`polyadenylated tail,this allows the RNA to attach Ribosom for direct translation.Coronavirus 
also have protein replicase encoded in its genom which allows the RNA viral genom to be 
transcribed in to new RNA copies using the host cell machinery(Figure 2).After all the progeny 
virus is generated and released from the infected cells (Masters, 2006; Susan and Sonia, 2005)  
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Figure 2: Schematic diagram of (MERS-CoV) infection process. Source:   Liang et al., (2018) 
  
MERS-CoV enters host cells by plasma membrane fusion (membrane fusion) or endosomal 
membranefusion (endocytosis), and then releases the viral RNA into the cytoplasm. The RNA 
genome is replicated and viral proteins are produced. The progeny virus is generated and released 
from the infected cells.                                                    
 
2.2   Host range of MERS CoV 
 
While coronaviruses are widespread in the animal kingdom, MERS-CoV seems to have a narrow 
host range (Woo et al., 2012a). In the last few years, a large spectrum of domestic species have 
been negative after MERS-CoV serology tests, including horses, cattle, pig, water buffalo, 
chickens, goats(Perera et al., 2013;Reusken et al.,2013a;Hemida et al .,2013). Evidence for 
MERS-CoV infection from  domestic animal, has only been found in dromedaries, an exception 
was published when antibodies were detected in Alpaca (Vicugna pacos) in Qatar; this is notably 
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in a specific region where MERS-CoV is already endemic in dromedary camels (Reusken et al 
.,2016b). Therefore  experimental  studies indicated that alpacas, similar to dromedary camels, 
can be infected and potentially serve as a reservoir animal for MERS- CoV (Mohd et al., 
2016;Adney et al .,2016;Reusken et al .,2016b).In  general todate, the host rang of MERS -CoV 
may includes Human, dromedary Camels and alpaca can be concider(Zaki et al., 2012; Adney et 
al., 2014;Reusken et al., 2016b;Mohd et al., 2016;Adney et al., 2016). 
 
2.3     Reservoire animals of MERS- CoV 
 
2.3.1 Bats as Putative Origin of MERS-CoV:  
 
Bats are known natural reservoirs for several emerging viral infections in humans including 
rabies, Nipah virus, Hendra virus and Ebola virus (Han et al., 2015). Several features enable bats 
to be efficient sources of emerging human viral infections. MERS-CoV belongs to Beta corona 
virus Lineage c, along with bat corona viruses HKU4 and HKU5 (Woo et al., 2007; Corman et 
al., 2014a). It is therefore that initial efforts to identify the origins of MERS-CoV focused on bats 
(Drexler et al., 2014; Omrani et al., 2013).  
 
To indicate the relatedness of virus isolate from bat with the novel MERS COV, a  number of 
effort have been made and several findings  were reported from different geographical area of the 
world by sampling bat ,the findings were indicative of bat as an ancestral reservoir of MERS cov, 
to mention few of them,throat swabs, urine, faces and serum samples were collected from wild 
bats in Saudi Arabia.The sequenced amplification product was identical to that of the MERS-
CoV sequence obtained from the first index human case (Zaki et al., 2012; Memish et al., 
2013a). Another study revealed  novel beta corona viruses closely related to MERS-CoV have 
also been identified from China and mexico (Yang et al., 2014; Wacharapluesadee et al., 2013) 
.Recent study in kenya revealed  the detection of distinctive HCoV -NL63 -like and  HCoV -
229E -like sequences in bats by Ying et al (2017).There fore the close relatedness of MERS- 
CoV and various bat viruses allows speculation that MERS-CoV ancestors might exist in Old 
World bat (Annan et al., 2013).Therefore bats can be concidere as a hypothetical  origin  of 
MERS- CoV( Memish et al., 2013a). 



9  

2.3.2     Dromedary Camels as Reservoirs for MERS-CoV:  
 
Multiple lines of evidence implicate dromedary camels in the emergence and transmission of 
MERS-CoV. Firstly, MERS-CoV antibodies are highly prevalent in dromedary camels across the 
Arabian Peninsula, North Africa and Eastern Africa even before the novel human  MERS CoV 
outbreak  identified  in the middle east in 2012 (Reusken et al., 2014a; Hemida et al., 2013; 
Alexanderson et al., 2014). Another evidence according to Haagmans et al (2014) and Azhar et 
al., (2014b) MERS-CoV isolate from  camels  and  its   sequence analysis were identical with the 
isolate identified from MERS patients who  have  a connection  with  the  dromedary camel 
farms,similarly several supportive research findings reported from Middle east and Africa and  
had suggested dromedary camels as aconfirmed reservoir animal of MERS CoV and source of 
infection for human(Azhar et al., 2014b;Haagmans et al.,2014,Adney et al .,2014). 
 
  2.4      Epidemiology of MERS CoV 
 
2.4.1     Global distribution of MERS- CoV in dromedary camels 
 
 
The first evidence of MERS-CoV in camels described so far is the detection of antibodies to 
MERS-CoV in camel sera from Somalia and Sudan since 1983 of which 81% tested were 
positive (Muller et al., 2014).Since then , MERS-CoV specific antibodies have been detected in 
camels across the Middle East and from African continent in sera taken 30 years ago from the 
emerging of MERS in Middle East, suggesting a geo- graphically widespread and longstanding 
enzootic circulation in camels,the levels of seropositivity observed in adult dromedaries in Asia 
and Africa was generally >80%  (Reusken et al .,2013a;Perera et al .,2013;Alexandersen et al., 
2014;Alagaili et al .,2014;Meyer et al .,2014;Reusken et al., 2013b;Hagmaans et al 
.,2014;Reusken et al .,2014a;Corman et al .,2014b;Muller et al., 2014;Hemida et al., 2014b;Chu 
et al., 2014;Wemery et al .,2014;Yusof et al .,2015). Later studies indicated that MERS-CoV is 
endemic in dromedaries in many Africa countries and a number of reports showed sero 
prevalence of camels MERS-CoV reported to be 93% to 99.4% in Ethiopia (Reusken et al., 
2014a, Miguel et al., 2017) in Kenya 60.8% (Deem et al., 2015) and in Tunisia 30% in youngs to 
54% in adult (Reusken et al 2014a); Egypt 92.3% (Daniel et al., 2014). However; zoonotic 
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infections have not been reported from Africa (Reusken et al., 2016a; Chu et al., 2014; Chu et 
al., 2015; Miguel et al., 2017). Recent study conducted in few African countries, revealed the 
presence of genetical and phenotypical differences between circulating virus in northern Africa  
and prototype strain of Middle east and also similarity between the circulating virus in East 
Africa  and Arabic Peninsula(Chu et al .,2018). 
 
According to FAO MERS-CoV update report More than 22 countries from the globe had been 
confirmed and published camel sero positivity for MERS-CoV (FAO, 2019). These are 
Bangladesh, Burkina Faso, Chile, Egypt, Ethiopia, Iran, Israel, Jordan, Kenya, Kuwait, Mali, 
Morocco, Nigeria, Oman, Pakistan, Qatar, Saudi Arabia (KSA), Somalia, Spain (Canary Islands), 
Sudan, Tunisia, United Arab Emirates (FAO,2019). However, some country like India never 
reported MERS CoV status in their camels (Saqib et al., 2017). 
 
2.4.2      Global distribution of human MERS CoV  
 
Since its identification in the Kingdom of Saudi Arabia (KSA) (Zaki et al., 2012) and Jordan in 
2012 (Hijawi et al., 2013), Middle East Respiratory Syndrome (MERS) has become a global 
public health threat. Globally it has been affected 2434 people in 5 continents and 27 countries 
with amortality rate of 36 %( FAO MERS update, May.2019). 
 
 In Middle East, Saudi Arabia is considered the epicenter for MERS-CoV infection 
(ALQAHTANI et al., 2017).Middle East have  the  highest  number of cases 88.4%; followed by 
Asia 10.7%; Europe 0.8% andUSA 0.1%(ALY et al.,2017)(Figure 3).There fore, The virus has 
repeatedly spilled over from dromedary camels to humans, principally in countries on the 
Arabian Peninsula; causing significant morbidity and mortality (World Health Organization, 
2017a; Azhar et al., 2014a) while the rest affected regions acquired the infection through travel 
associated source (Nassar et al., 2018)(Figure 3). 
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Figure   3: Transmission of human MERS- CoV from Saudi Arabia to different Nations. Source: 
Liang et al., (2018). 
 
2.4.3     Situation of camel MERS CoV in Africa 
 
Camels are widely spread throughout the world, mainly in arid and semi arid areas of the Middle 
East and in Africa continent. They generate income for their owners’ through provision of milk, 
meat and Draught power and transport (Schwartz, 1992; Faye, 2013). 
The unique adaptability of camels to the arid and marginalized areas and the significant 
contribution to the food security of the nomadic pastoral households are significant (Schwartz, 
1992). As the impact of climate change takes hold, it is likely that camels will gain an importance 
due to their adaptability to arid areas. According to (FAO STAT, 2015) the African continent 
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harbors the vast majority of dromedary camels. The Food and Agriculture Organization (FAO) of 
the United Nations estimates the world camel population to be 26,989,193 of which 89% are 
single-humped dromedary and 11 % are Bactrian (two-humped). Africa has 85% (estimated to be 
24 million) of the world’s camel population. More than 60% of the world’s camel population as 
described in (Figure 4) is found in the Horn of Africa region (FAOSTAT 2015). 
 

 
     Figure 4:    African camel populations                               Source: FAO STATS, (2015)  
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Now adays camels are thought to be a natural reservoir of MERS-CoV and can be a source of 
infection  to human (Omrani et al .,2015).This was confirmed by different experimental 
evidences (Adney et al., 2014 ;Alagaili et al., 2014; Hemida et al., 2014a).Acording to omrani et 
al. (2015) review report MERS-CoV specific antibody were detected in seven African countries  
that was  collected from camels  several years before 2012 , and  the seropositivity ranges from 
29 % in Kenya up to   93.7 % in Ethiopia (Omrani et al .,2015). 
 
Currently several serological  studies in the continent suggested  that MERS-CoV  is endemic in 
dromedaries in many Africa countries but isolation  and  charactorisation of the virus was very 
limited in the continent.Based on different studies seroprevalence of camels MERS CoV to be  
93-99.4% in Ethiopia (Reusken et al., 2014a,Miguel et al.,2017) in Kenya 60.8% (Ommeh et al., 
2018;Deem et al., 2015) and in Tunisia  30-54% (Reusken et al.,2014a); Egypt 92.3% (Daniel et 
al.,2014).While MERS-CoV RNA detection had been very limited.Egypt 3.6%(Chu 
etal.,2014),Nigeria 11%,Morocco7.6%,Burkina Faso12.2%,Ethiopia 15.7% (Chu et al.,2018) and 
in Kenya 11 specimens found positive from 1163 swab samples (Ommeh et al., 2018).However 
zoonotic infections had not been reported from Africa (Reusken et al., 2016a; Chu et al., 2014; 
Chu et al., 2015; Miguel et al., 2017);Morocco 48.3-100%;Burkina Faso 73-84%;Nigeria 
95%(Chu et al., 2018).The reason for the absence of zoonotic disease in Africa is unclear, but 
recent study conducted by( Chu et al., 2018) and(Ommeh et al., 2018) revealed some indication 
for   genetic variation of viral strain of African camels MERS-CoV(Nigeria,Burkina Fasso) with 
the prototype strain of Arabic peninsula, differently the east African camel strain(Ethiopia,and 
Egypt and Kenya) reported to be similar with Middle east strain (Chu et al., 2018,Ommeh et al 
.,2018).  
 
2.4.4      Human MERS CoV in Africa 
 
Some of African camels were found positive for Viral RNA and serum antibody for MERS-CoV, 
as camels are the source of infection for humans, attention is not well given for public health 
status especially for those peoples having intimate contact with camels in Africa. In few African 
countries there are few reports concerning public health status in relation to MERS CoV, the first 
one is from the east African country Egypt, According to Daniel et al (2014), sera samples were 
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collected in Egypt Cairo from humans working in camel abattoirr and who have intimate contact 
with MERS-CoV positive camels and tested for MERS-CoV specific antibody, the laboratory 
result showed all samples were negative.  
 
The other report was from west African country Nigeria, according to So et al. (2018),261  camel 
abattoir workers tested for  MERS- CoV antibody, the history of these peoples were they have 
had repeated occupational exposure to camels at an abattoir in Kano, Nigeria, many of whom also 
reported: 138 of them  drinking fresh camel milk and 94 individual eat raw camel meat  and  96 
of them  using camel urine for medicinal purposes , the laboratory results showed that none of the 
abattoir workers with exposure to camels had evidence of neutralizing antibody to MERS-CoV 
(So et al., 2018).  
 
In Kenya a total of 486 human plasma samples collected from10 counties in Kenya among those 
humans 95 % stated that they have had close contact with camels, but all were negative with -
neutralization assay for MERS-CoV specific antibody (Ommeh et al., 2018).Surprisingly there is 
no official MERS-CoV related study report from Ethiopia about health status of those peoples 
having intimate contact and occupational exposure with dromedaries. 
 
2.4.5    Molecular Epidemiology of MERS CoV 
 
Phylogenetic analysis of MERS-CoV has been used extensively to investigate the molecular 
epidemiology of the virus worldwide. The techniques have assisted in studies of the genetic 
relationships between different MERS-CoV isolates, geographical distribution of lineages and 
genotypes.Nowadays MERS-CoV infection is very common in dromedaries across Africa as well 
as in the Arabian Peninsula, but zoonotic disease appears confined to the Arabian 
Peninsula.MERS-CoV genomes are phylogenetically classified in to 3 clades, clade A and B and 
C clusters(Cotton et al.,2013a;Chu et al., 2018;Ommeh et al .,2018).The viral genomes detected 
in the earliest cases in humans (clade A cluster;EMC/2012 and Jordan-N3/2012) are genetically 
distinct from the others clade B strains.most of clade B  MER-SCoV circulate in Saudi Arabia 
and Middle east (Figure 5) while Clade C MERS-CoV identified from African continent 
camels(Cotton et al., 2013b;Chu et al., 2018,Ommeh et al., 2018)  . 
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Clade C Viruses sub divided in to: sub-Cade C1 and sub-Cade C2. Sub-Cade C1 MERS CoV 
includes camel virus circulate in West African countries; Burkina Faso, Nigeria, and Morroco 
while Sub-clade C2 circulate in camels of Eastern Africa: Ehtiopia, Egypt and Kenya stated in 
Figure 5 (Ommeh et al., 2018). 
 

 
Figure  5: MERS-CoV clades in Middle East and in Africa           Source:  Ommeh et al., (2018) 
 
                 
 In recent studies  by Chu et al. (2018) and Ommeh et al. (2018),had characterized MERS-CoV 
from Burkina Faso, Nigeria, Morocco, Ethiopia and Kenya, they demonstrate that viral genetic 
and phenotypic differences between West and East African country. MERS CoV isolate of west 
African indicated basic dis-similarity with isolate of Arabic Peninsula, which may be relevant to 
differences in zoonotic potential of the viruses between the two region (Chu et al., 
2018).According to Chu et al. (2018) and Ommeh et al. (2018) reports camel isolate 
charactorised from East Africa(Egypt, Ethiopia and Kenya) were phynotypically similar  with 
those of  Arabic peninsula prototype isolate. Hence these findings  highlighted the need for more 
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extensive and sustainable surveillance study and monitoring systems,especially in East African 
camels and  public health sector(Chu et al., 2018;Ommeh et al .,2018).  
 
2.5     Transmission  
 
 
The disease is contagious because a small dose of the virus is infectious and several routes of 
excretion and infection have been reported (Adney et al., 2014). The primary mode of 
transmission is via respiratory aerosols since the virus can replicate mainly in the respiratory tract 
of camels and large amount of the virus particles are excreted from this area, although the virus 
may occur in all secretions and excretions of infected camels during the acute phase of infection 
(Adney et al., 2014; Alagaili et al., 2014; Hemida et al., 2014a).  
 
2 .5.1     Infected camels as a source of aerosol and direct contact transmission 
 
 
Camel’s experimentaly infected with MERS-CoV for research purpose confirmed susceptibility, 
with a large quantity of virus shedding from the upper respiratory tract (Adney et al., 2014). 
Therefore, droplet transmission or direct contact with infected camels can be asource of aerosol 
transmission. The scientific literature suggests that during the breeding season of camels, the 
camel farms area potential source of MERS-CoV infections.At that time the main modes of 
MERS-CoV transmission are by contact, droplet or airborne and its transmission happen among 
animals, from animals to human, and from human to human. Under certain condition, MERS-
CoV can survive on non animate objects for up to 30 hours (vanDoremalen et al., 2013). It is 
therefore possible to predict that in the absence of appropriate precautions, the environment 
surrounding a MERS-CoV infected camel can become extensively contaminated with viable, 
potentially infectious viruses(Adney et al .,2014,Azhar et al., 2014b) 
 
The viral incubation period is from 2 days to 2 weeks.MERS-CoV directly targets the lower 
respiratorytract in dromedary camels and continuesto replicate favorably in the airway cells of the 
upper respiratory tract (Nassar et al., 2018). Hence it is the most likely mode of camel to camel 
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and camel-to-human transmission of MERS CoV (Memish et al., 2014; Azhar et al., 2014a, 
Azhar et al., 2014b; Gossner et al., 2016). 
 
2.5.2      Infected Camels milk, meat and urine as source of infection 
 
Dromedary camels are widely present in the Middle East and in Africa and have been part of dry 
and semi dry or desert cultures for centuries with cultural and economic importance (Gossner et 
al., 2014).Camel milk and meat, in particular row meat from the hump, are commonly consumed 
while some consider raw organ meet a delicacy (Gossner et al., 2014). Hence infected raw camel 
milk, meat and the habit of drinking camel urine as amedicine can be considered potential source 
of infection for MERS-CoV (Farag et al., 2015). Another source for milk, urine and meat-borne 
transmission of MERS-CoV is possibly through contamination of the meat, milk during slaughter 
and milking with respiratory or fecal excreta(Muller et al .,2014). Consumption of raw camel 
milk has been linked to several human MERS cases in KSA and Qatar (Memish et al., 2014) 
  
2.5.3    Human to human transmission 
 
In MERS outbreak occurred areast the existence of clusters of infected medical staff and families 
play great role in the potential of the virus to spread between humans. Aerosol transmission and 
direct contact is the main route of transmission in hospitals as well as in the environment 
(Memish et al., 2013b; Assiri et al., 2013). The Korean out break could be the best example for 
this mode of transmission. The MERS-CoV was imported by a returning traveler from the 
Middle East; the infection had spread with in the hospital, and subsequently to other hospitals 
because of patient movements, resulting in nosocomial spread at 16 hospitals, 186 cases 
including 38 fatalities with in two month duration (KCDC, 2015). 
 
The exact mechanisms of infection and the minimal infectious dose are not fully studied yet 
however, MERS-CoV infections acquired in hospital settings lead to clinical signs and have high 
rate of mortality about 40 % (Cotten et al., 2014).The basic reproduction number (R0), which is a 
measure to determine the contagious nature of the pathogen has been determined to be <1 in 
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MERS CoV and is relatively low compared to highly infectious diseases (such as Measles, which 
has an R0 >15) (Cotten et al., 2014). Therefore, MERS-CoV has a very low potential to cause a 
pandemic but since coronaviruses mutate constantly has the potential to cause a pandemic if a 
mutation leads to a highly transmissible and virulent virus (Cotten et al., 2014). 
 
2.6      Clinical Signs   
 
2.6.1.   Clinical sign in human 
 
Corona virus can cause respiratory and enteric infections and how ever in MERS CoV infection 
patients can present with varying symptoms such as high-grade fever, non-productive cough, and 
shortness of breath, headache, myalgia, nausea, vomiting and diarrhea and respiratory failure 
(Sharif et al., 2014). Development of Acute renal failures (ARF) is associated with underlying 
conditions such as diabetes, chronic cardiac disease, chronic renal disease, and chronic lung 
disease and in immune-compromised persons including pregnant females and infants (WHO, 
2015; Mailles et al., 2013; Eckerle et al., 2013).The number of patients who died was 
significantly higher among camel source case-patients (2/3, 67%); than among healthcare-
associated case-patients (2/27, 7%)most of the patient died due to respiratory and kidney failures 
(Hunter et al., 2016). 
 
2.6.2     Clinical sign of MERS CoV in Dromedary Camels 
  
MERS-CoV infections in dromedary camels are often asymptomatic or associated with short 
periods of nasal discharge (rhinitis).Experimentally innoculated camels  showed minor clinical 
signs like consisting of rhinorrhea, slight increase in temperature yet no other clinical signs 
observed (Adney et al., 2014;Alagaili et al., 2014; Hemida et al., 2014a). According to Alagaili 
et al (2014),the fact that significant clinical disease is not recognized in relation to MERS-CoV 
natural infection in dromedary camels indicated a well-established balance between the camel 
host and the MERS-CoV(Alagaili et al., 2014). 
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Infected camels can shed the virus through different rout: nasal discharge,oral droplet,  in milk 
and feces and possibly can be detected from  bronchial and anal caviyy, as well as found in tissue 
of  lymphnodes, turbinate, olfactory epithelium, larynx, pharynx,and tracheas(Farag et 
al.,2015;Khalafalla et al.,2015;Adney et al .,2014;Reusken et al .,2014b). Ofcourse Sampling of 
the nasal cavity seems to be the best option for sampling of live camels for viral detection (Farag 
et al., 2015). 
 
2.6.3    Seasonal variation of MERS-CoV circulation in camel and immune response 
  
Although in natural infection, MERS-CoV was detected almost year-round in camels, some 
studies showed presence of relatively higher sero prevalence and viral detection during the cooler 
winter months (Ali et al., 2017a; Khalafalla et al., 2015; Ali et al., 2017b; Kasam et al., 
2018).The increase of  MERS-CoV circulation in winter and spring can have multiple 
explanations: the winter is the calving season of camels,this leads to a larger proportion of new 
borns and young camels that usually have a higher number of MERS-CoV infections and virus 
excretion in the population, additionally, in winter season, there is a major increase of camel and 
human movements due to camel racing competitions, camel breeding, trading and movements for  
grazing grounds, which increases the chance of virus spread (FAO MERS-CoV situation update, 
2018). Additionally, cooler temperatures might facilitate MERS-CoV survival in the environment 
(Vandormalen et al., 2013). 
 
In early experimental infection study of camels with MERS-CoV, viral shedding started 1–2 days 
post-infection, and continued until 7 day post infection while  viral RNA  remain detectable until 
35 days post infection in nasal and lower amounts in oral swab samples,but no infectious virus or 
viral RNA was detected in fecal or urine samples (Adney et al., 2014).  
 
In another study, Viral RNA  in nasal  and rectal swabs of camels persist after experimental 
infection for 14 days (Hagmans et al .,2016).In field surveys,MERS-CoV RNA has been 
described in rectal swab samples,though the positivity rate of rectal swabs is lower compared 
with nasal swab samples (Hemida et al., 2014a;Woo et al.,2014;Farag et al .,2015;Ali et al 
.,2017b; Hagmans et al., 2016;Sabir et al .,2016;VanDormalen et al .,2017;Hemida et al., 2017). 



20  

Oral swabs are usually negative or show a lower positivity rate even when nasal swabs test 
positive for MERS-CoV RNA (Hagmans et al .,2014; Hemida et al .,2014a; Farag et al .,2015). 
Different studies were well documented the presence of MERS-CoV RNA in infected camel milk 
samples (Ali et al .,2017b; Reusken et al .,2014b).another Longitudinal studies of camel herds 
showed, nasal swabs can remain positive after 2 weeks(Ali et al .,2017b;Muhairi et al .,2016). 
 
Majority of studies indicated that young camels( less than 2 year) with primary infections will 
most likely play a bigger role in MERS-CoV epidemiology than older animals for which less 
frequent shedding is observed and who demonstrated higher rates of seroconversion (Hemida et 
al .,2013; Algaili et al., 2014; Reusken et al., 2014b;Wemery et al .,2015; Khalafalla et al 
.,2015), hence higher rate of virus isolation was observed in youngs than subadults (2–4 years of 
age) implying an increased infectivity of animals  less than 2 years (Wemery et al., 2015). 
 
According to Farag et al. (2015), MERS-CoV infections have also been detected in camels with 
MERS-CoV antibodies, both in calves with maternal antibodies as well as older camels that had 
already acquired antibodies from a previous infection. the detection of MERS-CoV RNA in 
camels with pre-existing antibodies in a herd in KSA and an observed lack of correlation between 
viral RNA loads and levels of neutralizing antibodies in camels for slaughter in Qatar might 
indicate limited immune-protection and a potential for re-infection despite previous exposure 
(Hemida et al.,2014a;Farag et al.,2015). 
 
Different studied revealed virus replication and virus load is generally lower in infected sero 
positive camels compared with seronegative one (Hemida et al .,2014a; Hagmans et al., 2016; 
VanDormalen et al., 2017; Hemida et al 2017; Meyer et al .,2016; Algaili et al .,2014).Hence 
little is known about the longivity of antibody titres after infection from longitudinal studies 
(Muhairi et al., 2016).Study by Meyers et al.(2016) indicated that neutralizing antibodies 
remained consistent during a year (Meyer et al., 2016).  
 
Mostly MERS-CoV infections are mainly detected in calves and youngcamels (Meyer et al., 
2016;Algaili et al., 2014;).According to Meyers et al. (2016) IgG positivity rate increases 
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gradually in dromedary camels of increasing age while the MERS-CoV RNA detection rate 
decreases(Meyers et al.,2016). 
 
Previous finding by Kamber et al. (2001), maternal IgG antibodies in camels will be acquired 
through the intake of colostrum during the first 24 h post-parturition, after 24h, antibody levels in 
the dam’s milk will decrease gradually.Another similar study also showed that maternal 
antibodies in calves peak at 7 days post parturition and decline in the following 6 months. After 
5–6 months, over half of the calves did not have MERS-CoV specific maternal neutralizing 
antibodies in their serum any longer (Meyer et al., 2016).  
 
In adult camels, a much higher MERS-CoV seroprevalence can be found, which is probably due 
to a long-lasting immune response against a MERS-CoV infection or multiple re-infections with 
MERS-CoV.According to  Hemida et al. (2016) and other researchers, Immunity in camels  is 
not sterilizing, as MERS- CoV infection and shedding have also been shown in adult camels that 
have MERS-CoV antibodies (VanDormalen et al., 2017;Hemida et al .,2017;Meyer et al., 
2016;Algaili et al., 2014). 
 
2. 6.4     Pathogenesis of MERS- CoV in camels 
 
Dromedary camels that act as the reservoir species, the virus is suggested to induce only limited 
pathlogical condition and clinical symptoms. In most cases reported so far, overt clinical disease 
is absent in dromedary camels positive for MERS-CoV (Chu et al., 2014).Hence dromedary 
camels naturally infected with MERS-CoV may not show disease but still excrete MERS-CoV 
through nasal fluids, faeces and, potentially, in their milk and urine (Reusken et al., 2014b). 
 
Studies have been indicated that the presence of a mild-to-moderate inflammation and necrosis 
on the upper respiratory tract of experimental infected camels. No viral antigen or lesions were 
detected in the alveoli (Adney et al., 2014).According to gross pathology and histopathology 
findings the nasal respiratory epithelium is the principal site of MERS-CoV replication in camels 
(Adney et al., 2014; Hagmans et al., 2016;Mohran et al., 2016). 
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2.7    MERS-CoV Diagnosis 
 
There are no pathognomonic clinical, biochemicals, or radiological features that reliably 
differentiate MERS from other causes of acute infections or hospital acquired pneumonia in 
humans and no an indicative pathognomonic clinical signs in camels too. Nucleic acid 
amplification and serology assays are the most widely used method to provide laboratory 
confirmation of  MERS established with in a short period of time early in the epidemic (Corman 
et al., 2012 :CDC, 2014). 
 
The appropriate choice of sample for MERS-CoV specific antibody detection is serum while for 
molecular studies using real time RT-PCR technology is nasal swab in camels (Mohran et al., 
2016), but it is possible to collect Milk, urine and feces for viral detection test  in camels(Omrani 
et al., 2015). 
 
2.7.1    Enzyme Linked Immune Sorbent Assay 
 
EUROIMMUN anti-MERS CoV camel IgG ELISA kit is the first commercially available kit for 
specific detection of anti MERS CoV antibody in camels for efficient determination of MERS 
CoV antibody in serum or plasma based on recombinant S1 protien of MERS CoV which is 
knowen to well suited for diagnosis as it combines high sensitivity and high specificity and its 
evaluation is semiquantitative using ratio value (kit protocol EUROIMMUN). 
 
Micro titer strips of each with 8 break-off wells coated with purified S1 antigen of MERS corona 
virus, in the first ELISA reaction step, diluted serum samples will be incubated in the wells for 30 
minutes at 37⁰c. In the case of positive samples, specific IgG antibodies will bind to the coated 
antigens. After washing with a wash buffer, a second incubation will be carried out at the same 
temperature and time to detect the bound antibodies, using an enzyme-labeled anti-camel IgG 
(enzyme conjugate). The conjugate catalyzes a color reaction when chromogen or substrate 
solution is added to it. The amount of color can then be measured with spectro photometer at 450 
nm and the color produced is proportional to the amount of antibody found in the sample. The 
assay included a calibrator which defined the upper limit of the reference range in non-infected 
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camels and this value was defined as the cut off. The assay was made semi-quantitative. Ratio 
was calculated by dividing the extinction (OD) of the control or sample by extinction of the 
calibrator. The results were interpreted according to the manufacturer instruction as follows: 
Ratio < 0.8: Negative, Ratio ≥ 0.8 to ≤ 1.1: Doubtful (borderline) andRatio ≥ 1.1: Positive, thos 
doubtful samples were retested for one more time. 
 
2.7.2    Pseudo particle Neutralisation Test 
 
For those pathogens classified to be handled in a bio safety level 3 or 4 (BSL-III or IV) at high 
level biosafety settings, due to this stringent biosafety requirements, options for clinical diagnosis 
or epidemiological studies of these diseases by a pseudo viral particle neutralization (ppNT) 
assay was developed that can conducted in  BSL-2 containments. Methods for the pseudo viral 
particle production and VNT assay were essentially identical (Perera et al., 2013). 
  
The principle of the test is Env-defective and luciferase-expressing HIV backbone used for 
pseudoparticle production is not replication-competent, the resulting pseudo viral particle is 
capable of achieving only a single-round infection and contains a luciferase reporter gene that can 
be expressed in infected cells. Unlike virus neutralization test that utilizes the whole genome(live 
virus) of MERS CoV  and require  biosafety level III (BSL III) containment,the MERS-spike 
ppNT assay does not require BSL-III containment and it gave also  good correlation with  virus  
neutralization tests result which is the golden standard of all serological tests(Gierer  et al., 
2013;Park et al., 2015;Perera et al., 2013). 
 
2.7.3    Real-time reverse-transcription polymerase chain reaction (RT-rtPCR) 
 
Reverse Transcription PCR (RT-PCR) is used to amplify DNA from RNA.The Enzyme Reverse 
transcriptase reversely transcribes RNA into cDNA, which is then amplified by Real Time (rRT-
PCR). The technique is highly sensitive with the potential to produce millions to billions of 
copies of a specific product for sequencing, cloning, and analysis (Corman et al., 2012). In 
MERS CoV diagnosis it is one of the most reliable laboratory technique used as confirmatory 
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test. The first probe and primer sets for MERS-CoV detection by RT-rtPCR were developed 
shortly following the first reports of the disease (Corman et al., 2012).  
 
Real-time reverse transcription PCR (RT-PCR) targeting upstream of E protein gene of MERS-
CoV is used for screening current infections with MERS-CoV from the nasal swabs of camels 
(WHO, 2015). The open reading frame (ORF) 1a gene was used for confirmation as 
recommended by the World Health Organization (Corman et al., 2012; WHO, 2013). 
 
2.8     Camel MERS CoV in Ethiopia 
  
 In Ethiopia, camels represent a subset of major livestock resources with a population estimated 
at 1.209,321 (CSA, 2016/17). The Ethiopian most dromedaries are found in East, south eastern 
and north eastern arid and semi arid regions of the country, such as Somali, Afar, and Borena and 
others (Simenew, 2013). These animals depend on seasonal movement in search of food and 
water, most of the family members moves with camel herds, traditionally camel owner and most 
family members intimately reside, sleep, and eat with their camels.drinking raw milk, raw meat  
is very common culture(Admasu and Kaynata, 2017). 
 
Since the discovery of MERS- CoV in 2012, a cumulative serological and molecular study had 
been taking place in different part of the country. In Ethiopia an earlier study conducted by 
Reusken et al. (2014a) showed an overall MERS- CoV sero positivity of 93% in adult and 97% 
in juvenile. Another study revealed 92.3- 93.9% sero prevalence and 7% viral RNA detection in 
the country (Fekadu et al., 2016). Another study by Miguel et al.  (2017) indicated MERS-CoV 
RNA detection reported up to 15.7% and sero positivity at high as 99.4%, and another recent 
reporte showed serological finding of 56%  with no RNA detection(Walelign et al., 2018).In 
spite of the overall seropositivity 99% and 15.7% RNA positivity of camels there were no 
zoonotic report in the country (Reusken et al., 2016a; Chu et al., 2014; Chu et al., 2015; Miguel 
et al., 2017).Recently in 2018, genetic and phenotypic characterization MERS-CoV from 
dromedaries sampled in four African countries,the study reported high seroprevalence  and RNA 
detection in Ethiopia.The viral RNA strain  showed  a very close similarity with the  east African 
Egypt camels virus strain  which inturn had phenotypic similarity with the  Middle east prototype 
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virus strain, suggested  the potential hazard for the country pastoralist people and for those 
consumers of camel products in the country and indicated the necessity of further study in the 
area (Chu et al .,2018). 
    
2.9    Prevention and control 
 
At present, no effective vaccine or therapeutics are available for the prevention or treatment of 
MERS-CoV infection; however several MERS-CoV specific vaccines and treatments are in 
development.In human treatment is supportive and based on the patient’s clinical condition. 
(Falzarano et al., 2013; Dyall et al., 2018 and Lu et al., 2015). 
 
As a general precaution, anyone visiting farms, markets, barns, or other places where dromedary 
camels and other animals are present should practice general hygiene measures, including regular 
hand washing before and after touching animals, and should avoid contact with sick camels, the 
consumption of raw or undercooked camel products, including milk and meat, carries a high risk 
of infection from of variety of organisms that might cause disease in humans. 
 
 Camel meat and camel milk are nutritious products that can continue to be consumed after 
pasteurization, cooking, or other heat treatments.Until more is understood about MERS-CoV, 
people with diabetes, renal failure, chronic lung disease, and immune compromised persons are 
considered to be at high risk of severe disease from MERS-CoV infection. These people should 
avoid contact with camels, drinking raw camel milk or camel urine, or eating meat that has not 
been properly cooked. In Africa countries with no human case report, especially in that camel 
rearing area, awareness creation training should be given for health care professionals working 
there about the indicator of MERS in patients to watch over clinical cases in their daily base 
activities. 
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3.    MATERIAL AND METHODS  
 
 
3.1     Study area 
 
Yabello district is located at the southern part of Ethiopia in Oromia Regional State at about 570 
km away from Addis Ababa in southern direction (Lasage et al., 2010). Geographically the 
district is located at latitude of about 5°23’49″ N and longitude of about 39°31’52″ E and at 
elevation ranging 1000-1500 meter above sea level (Figure 6). The mean annual minimum and 
maximum temperatures are 24 and 29°C, respectively. The climate is generally semi-arid with 
annual average rainfall ranging from 300 mm in the south to >700 mm in the north part of the 
district (Admasu and Kaynata, 2017). The Yabello district comprises about 11 pastoral 
associations , in which most of  pastoralist mainly rear and derives their income from livestock 
and some of agro-pastoralists dwelling in and around the district practice agro-pastoral activities, 
they used opportunistic crop farming integrated to their livestock husbandry practices (Coppock, 
2010; Habtamu, 2004).  
 
For this study, Yabello district was selected based on stake holder’s consultation 
meetingorganized by FAO Ethiopia MERS -CoV project. The selection of the study area was 
based on the following criteria: presence of high camel population, presence of mixed and close 
contact of camels from multiple herds, logistical proximity of the study site. The total camel 
population of Yabello district is estimated to be 44,042 (Yabello district Agriculture office, 
April/2015). The study was conducted from Feb, 2018 to April, 2019 in three kebeles of Yabello 
district: Areri, Dikale and Harwoyu. Dikale, which is  located 40 km away from Yabelo town  to 
east direction and  with 2590 camel population, another kebelle Harwoyu,which is located 45 km 
away from Yabello  to south direction  with 2058 camel population and the third  kebele  Areri, 
which is located 20 km away fromYabelo to North direction  with 3870 camel population were 
selected for the study. 
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Figure 6:    Map indicating   study area  
 
3.2    Study population and husbandry 
 
The target populations were dromedary camels found in the three kebeles (Areri, Dikale and 
Harwoyu) of Yabello district of Borena zone. House holds having dromedary camels keeping 
under extensive and pastoral production system were included in the study. All age group and 
both sexs of camels included in the study. The  number of juvenile and young camels in the 
population  were small in number while Female camels were  larger than males in every herds 
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,with in 10-40  females camels per herds the number of  males  were not more than 2-7 including 
young males, this is because female camels have multipurpose usage for the pastoralists: 
reproduction and as a source of milk for family feeding  as  well as  for sale,while the male 
camels  used for breeding  and  for  export market to generate income but sometimes they are also 
used for transportation purpose  in changing residence places. 
 
 Most of the pastoralist people of the area have no settled home, they depend on the movement of 
their camels in search of food and water (Yabello district Agriculture office)). The  living style 
may be one of the risk factors for potential transmission of zoontic diseases from camel to human 
and  the habit of drinking raw milk, eating raw meat  and same times use of camels urine as 
medicine  may increase  exposure to  any infectious pathogen. 
 
3.3.   Study design and sample size determination 
 
The study design was cross-sectional and the survey was conducted between Feb. 2018 and 
April, 2019. The required number of camels for the study was determined based on the method 
described in Thrusfield formula (2005). Expected seroprevalence (Pexp) of 50%  was used as 
there was no previous report based on RNA detection  from Yabello district. An absolute 
precision of 5% and 95% confidence interval considered for the calculation. The minimum 
number of camels required was computed using the following formula:  
 
                      n = Z2  Pexp (1-Pexp)]                            n= (1.96)2(0.5(1-0.5)        =384 
                                    d2                                                       0.052                                         
                    Where; n = required sample size  
                                       Pexp = Expected prevalence =0.5 
                                      d = margin of error =0.05      Z= 95% CI=1.96 
 
Accordingly, the minimum number of camels required for the molecular study was, 384. 
However, due to lower probability of pathogen detection, as evidnced from previous recent 
reports of Waleligh et al.,(2018), the sample size was increased to 350 per Kebele totalling to 
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1050 (Table 1).Similarly the serum sample size was determined based on Waleligh et al., (2018) 
report of 56% MERS CoV seroprevalence ,accordingly the sample size calculated as:  
 
                                  n = Z2  Pexp (1-Pexp)]                             
                                                    d2 
                                   n= (1.96)2(0.56(1-0.56)        
                                                     0.052                                                                                                 
                                   n =378 
the minimum required serum samples were 378, to increase the precision it was decided to 
sample 525 serum sample parallel to the swab samples.Therefore camels participated in the study 
were 350 per Kebele totalling to 1050 (Table 1) of which serum samples were collected from 
only 525 camels.The number of camels per sampling round was 50 for swab and 25 for a serum 
sample per Kebele. As the number of Juvenile and Youngs camels were very small in number in 
all herds all juvenile and Youngs below three years of age were included for the study and 
random sampling technique was followed to sample adult camels in each Kebeles. Possiblity of 
repeat sampling was avoided using marking inks for sampled camels.  
Table 1: Study area with respective sample size 
Region Sample type 

 
District           Kebeles  Total 

Sample 
   

Areri 
 
Dikale 

 
Harwoyu 

 
Oromia 

 
Yabello 

Swab 350 350 350 1050 
Serum 175 175 175 525 
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3.4    Sample collection 
 
Staffs involved in sampling and handling of samples were trained on biosafety and biosecurity 
issues relavant to MERS-CoV by appropriate experts. Accordigly, staffs wore appropriate 
PersonalProtective Equipments’s according to standards for handling infectious material such as 
MERS- CoVspecimens inthe field and in the laboratory, hence used to maintain biosaftey and 
biosecurity (FAO EPT2 MERS- CoV study Partners manual, 2016). 
 
Nasal swabs and whole blood samples were collected from the study  camels.Sample were 
labeled with  area code(name of district and kebele,using only the first two letters), sex (M) for 
male or (F) for female, sample type  (N) for nasal swab  and (S) for serum, number of round 
(1st,2nd,3rd…) and consecutive  number as  sample identification using permanent markers. 
Samples were transported with ice box containing ice pack by maintaining (+4oc) from the 
sampling site to the field center Yabello regional laboratory. 
 
3.4.1   Swab Collection 
 
Prior to attempt sampling, camels were restrained with traditional method by the owners; nasal 
swabs were taken using sterile break off plastic polyester cotton tipped swabs. The swabs 
inserted into the camel’s nostril deep enough into (ventral nasal meatus) and rolled over the 
mucus membrane to scoop nasal material from which RNA of MERS-CoV can be extracted 
(Figure 7). The sample was then carefully placed inside pre-lebelled sample containers crayovials 
containing 1.5 ml viral transport medium (VTM) (Chu et al., 2014) and kept in an ice box with 
freeze ice packs during the field trip, and stored in liquid Nitrogen up on arrival the field center, 
Yabello regional veterinary laboratory, after returning from the field trips to NAHDIC it was 
transferred and stored at -80°C until testing.Swab samples were collected in dublicate to be tested 
at NAHDIC,Ethiopia  and abroad at Hong Kong Universty(HKU), China. 
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Figure 7: Nasal swab sampling from camel.                          Source:    Mohran et al., (2016). 
 
3.4.2    Blood sample collection 
 
Approximately 10 ml of blood sample was collected from jugular vein of the camels using sterile 
needle and plain vacutainer tube (without anticoagulants). The blood allowed to clot for 2 hours 
at room temperature, serum separated from the clot by allowing the collected blood slant standing 
for up to 1 to 2 hours at room temperature, after clot formation serum samples separated from the 
clot by centrifugation at 2500 rpm for 5 min and the pure serum decanted to pre -labeled cryo-
vial tubes and be stored at -20 0C. Similar to the swab samples, serum samples were collected in 
duplicate to be tested at NAHDIC and abroad at HKU in China. 
 
 3.4.3      Disposal of waste material  
 
All infectious waste materials collected during sample collection from the field were handled 
according to NAHDIC’s SOP for cross contamination and sterilization manuals and incinerated 
in Yabello Regional Veterinary Laboratory accordingly (NAHDIC-SOP-GEN-015). Field 
equipments and work surfaces were decontaminated with 5% verikone solution on aroutine basis 
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always after work. When there was spills, splashes, or other contamination by potentially 
infectious materials decontamination with 10% bleach were implemented (WHO, Geneva, 2004).  
 
3.4.4    Shipping specimens 
 
Those swab and serum samples which were  collected for the study to be tested abroad were sent 
to referral laboratory (Hong Kong University, China) for confirmation and comparision of tests 
and for further analysis.The samples were labeled, packed, and transported according to the 
current edition of International Air Transport Association (IATA) Dangerous Goods Regulations 
to HKU through Material transfer agreement protocol, following shipping regulations for UN 
3373 Biological Substance, Category B infection potential MERS-CoV specimens (CDC, 
2017).All specimens were  pre-packed to prevent breakage and spillage. Specimen containers 
were sealed and placed in Ziplocs bags by placing enough absorbent material to absorb the entire 
contents of the Secondary Container (containing Primary Container) according to (CDC, 2017). 
 
3.4.5    Risk factor data collection 
 
Risk factors like herd size, age, sex, season, origin, and adult female reproduction parameters 
(lactating, pregnancy, dry) were recorded to assess the association of these factors with the 
prevalence of MERS-CoV .Sample collection included three seasons: from Winter (February), 
From Automn (March, April and August) and from summer (June, July and August). Herd size 
categorization were done according to Yasser et al., (2009) in which camels were categorized 
into three herd size:  small (1-10 camels) medium (11-30camels), large (>31 camels)  Yasser et al 
(2009).Additionally according to (Izeldin, 2016), age group of camels divided into three groups 
juvenile (0-6month), Young (6month -3years) and Adult (above 3 years) (Izeldin, 2016). 
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3.5     Laboratory investigation 
 
3.5.1   Indirect ELISA  
 
For serology testing of MERS-CoV antibody, indirect ELISA was used to determine sero 
prevalence of MERS-CoV antibodies in camels according to previously described methodology 
(CDC, 2014). The indirect S1-ELISA was done at NAHDIC viral-serology laboratory according 
to the manufacturer instruction.The EUROIMMUN AG made in Germany (Test 
instructions,2019), which could provides a semi quantitative in vitro assay for antibodies of class 
IgG against MERS-CoV in serum or plasma of camels were used.  
All reagents brought to room temperature +18oc to 25 oc approximately 30 min before used. 
Sample dilution: Samples were diluted 1:100 in sample buffer. Calibrator and controls were 
prediluted ready for use. 
 
Procedure: The test plate contain microtiter strips each with 8 break-off reagent wells coated with 
purified S1 antigen of MERS coronavirus (MERS CoV S1).In the first reaction steps diluted 
sampls are incubated in the wells, in case of positive samples specific IgGantibodies (IgA and 
IgM) will bing to the antigen.To detect the bound antibodies asecond incubation was carried out 
using an enzyme labelled anti-camel IgG (enzyme conjugate) catalyzing acolor reaction. 
 
Samples were dispensed into dilution plate according to plate layout of the test plate in order to 
minimize differences of incubation time between samples.To make dilution of the sample into 
1:101,first 1:10 dilution was made by dispensing 90µl dilution buffer to the dilution plate then 
dispensing 10µl of the test sample according to the test plate lay out, from this 1:10 dilution, 10 
µl of the mixture transferred to the S1-protien coated plate having pre dispensed 90 µl dilution 
buffer, the final volume became 100 µl and the ratio of sample to dilution buffer was 1:100, then 
100µl of calibrater,positive and negative control were dispensed to the respective wells according 
to the plate layout of the test plate,sealed with plate sealer and  incubated  at +37oc (+/-1oc) for 30 
minute. Wash solution:From the (10x) concentrated  wash fluid ,the required amount of wash 
solution(1x) was prepared by diluting in distilled water according to the protocol provided with 
kit, after 30min incubation the plates were washed  3 times by dispensing 300µl wash solution to 
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each wells,using multichannel pipette, then tapped in order to remove the remaining fluid from  
the wells ,100 µl conjugate dispensed to each wells, covered with plate sealer, again incubated at 
+37oc (+/-1oc) for 30 minute, then washed by dispensing 300 µl wash solution in to each wells 
three times, after tapping 100 µl substrate solution  dispensed to each wells and incubated for 15 
min at room temperature(180c to 250c),finally the reaction stopped by dispensing 100µl Stop 
solution to each wells. Photometric measurement of the color intensity made at wavelength 450 
nm with BioTech ELISA plate reader that was connected to acomputer loaded with (Gen 5.2) 
software for automated reading of optical density.Result evaluated semiquantativelly by 
calculating aratio of the extinction value of of the control or sample over the extinction value of 
the calibrator.The results were interpreted according to the manufacturer instruction as follows: 
ratio < 0.8: Negative, ratio ≥ 0.8 to ≤ 1.1: Doubtful and ratio ≥ 1.1: Positive, those doubtful 
samples were retested for one more time and the result were  recorded. 
 
3.5.2   Pseudo viral particle Neutralization Test (ppNT),  
 
The MERS Spike ppNT is a sensitive and specific assay used for detecting natural antibodies 
against MERS-CoV. Pseudo viral particle is capable of achieving only a single-round infection 
and contains a luciferase reporter gene that can be expressed in infected cells. Anti-GP 
neutralizing antibodies can inhibit the entry of this pseudo viral particle into cells, thereby 
inhibiting the expression of luciferase in the assay (Garcia et al., 2009; Perera et al., 2013). 
 
A total of 75 sera samples that were tested at NAHDIC by ELISA technique  were sent to Hong 
Kong University,China and tested for MERS CoV specific antibody with ppNT according to 
previously described methodology of Perera et al  (2013)  to compare  ppNT  results with ELISA,  
 
3.5.3     Molecular characterization 
 
Real Star MERS-CoV RT-PCR Kit 1.0, made in Germany was used to amplify and detect 
MERS-CoV RNA in the camel nasal swab samples. Extracted RNA is the starting material for 
the PCR kit therefore QIAamp Viral RNA mini kit (QIAGEN, Japan) was used, according to the 
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manual for the extraction of viral RNA from camel  nasal swab samples (QIAamp Viral RNA 
Mini Handbook). 
 
Viral RNA extraction: The WHO testing algorithm for MERS-CoV was implemented (WHO, 
2014). Viral RNA was extracted from 1050 nasal swab collected in the study area using QIAmp 
viral RNA mini kit (Qiagen, Dusseldorf, Germany).All extraction procedure was carried out in 
Biosafty Level II biosaftey cabinate. 
 
Briefly,560 µl lysis buffer containing carrier RNA and 140 µl pre centrifuged supernatant of   
swab samples were pipeted into 1.5 ml micro centrifuge tube, mixed together by vortexing,  then  
incubated at room temperature  for 10 minute,  560 µl of 95% ethanol(absolute alcohol) (for 
binding RNA particles to the spin columns) pipetted into each tube  and  mixed by pulse 
vortexing for 15 sec. then 630µl of the solution  transferred to spin column tube with  2ml 
collection tube to be centrifuged, so that RNA can attach to the membrane of the spin column 
wall, this step were repeated up to the solution finished, only by changing and  using new 
collection tube . Then AW1 (wash buffer1 )500 µl was used to remove any other particles that 
might have become attached to the membrane besides the desired RNA and centrifuged at 
8000rpm for 1 min. In a similar manner by changing the 2ml collection tube, the second wash 
buffer, AW2 500µl, was then used for one more washes and centrifuged at 14000rpm, then 
QIAamp Mini column placed in a new 2 ml collection tube, Centrifuged at full speed for 1 min to 
eliminate any chance of possible Buffer AW2 carryover. Finally, the RNA eluted by adding 60µl 
buffer AVE( RNase free water) followed by incubation at room temperature (20oC) for 1 
minute,then  centrifuged for 1 minute at 8000 rpm. The tubes containing the extracted RNA were 
labeled with lab codes, date and name of the virus and transferred to PCR work station for 
immediate use or for safe storage.  
 
MERS-CoV rRT-PCR assay primer/probe sequences:For detection of viral RNA, a one-step real-
time reverse transcription PCR (rRT-PCR) targeting the Up-E gene was used for screening the 
samples for MERS-CoV RNA, according to the manufacturer’s instructions (Manual for RealStar 
MERS-CoV RT-PCR kit, 2019).  
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The following primers were used: UpE forward:  GCAACGCGCGATTCAGTT, 
UpE Rev. GCCTCTACACGGGACCCATA;               
UpEprobe (6-carboxyfluorescein (FAM): CTCTTCACATAATCGCCCCGAGCTCG-6carboxy-
NNNN-tetramethylrhodamine (TAMRA) (Corman et al., 2012). 
 
Real time RT-PCR procedure: All 1050 extracted RNA was then tested for the presence of 
MERS CoV genetic material using the MERS-CoV real time RT-PCR assay as screening test 
both in NAHDIC and HKU according to Corman et al (2012).The rRT-PCR assay was 
performed using the Invitrogen Super Script III Platinum One-Step quantitative RT-PCR system 
(Life Technologies). Each 25 µl reaction mixture contains: 12.5 µl of 2 X master mix, 1 µl of 
Super Script III reverse transcriptase/PlatinumTaq DNA polymerase, 0.4µl of 50 mM magnesium 
sulphate solution, 0.5 µl of probe, 1 µl each of the forward and reverse primers, 3.6 µl of 
nuclease-free water, and 5 µl of RNA extract.Amplification were carried out in 96-well plates on 
an Applied Biosystems 7500 Fast Dx real-time PCR instrument (Life Technologies). 
 
Therefor 20 µl of the Master Mix dispensed to 96-well reaction plate followed by 5 µl of 
extracted sample. On the other hand, the Up-E gene standards (positive and negative controls) 
were prepared by mixing standard templates with RNase free water. Then 25 µl of standard 
reagents will be dispensed into individual wells according to the plate lay out and sealed with 
appropriate plate sealer.The real-time PCR machine (Applied Biosystem,USA) was then 
programmed with the appropriate time and cycles according to the MERS-CoV PCR protocol 
provided with the kit. Thermo cycling conditions consists of: 20 min at 55°C for reverse 
transcription, 3 min at 95°C for activation of the Platinum Taq DNA polymerase, and 45 cycles 
of 15 s at 95°C and 30s at 58°C. Finally, the test results were read from the computer with those 
above the border line considered as positive and those below as negative. Positive viral template 
control (VTC) and no-template control (NTC) samples were included in all runs to monitor assay 
performance.  A positive test result was defined as a well-defined exponential fluorescence curve 
that crossed the threshold within 45 cycles. 
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3.6. Data Analysis  
 
The data obtained from this study were entered and stored in to Microsoft Excel spread 
sheet.Laboratory results and field information collected during sampling were analysed using  
STATA version 11 statistical software (College-Statation,Texas-USA).Descriptive statistical 
analysis was applied to determine association between  seroprevalence of MERS CoV and risk 
factors like age,sex,origine herdsize,season.Multivariable logistic regression was used to analyse 
the effect of multiplt risk factors on the seroprevalence of MERS CoV.Odds ratio were used to 
quantify the effect of riskfactors and the  significance association among risk factors and the  
seroprevalence MERS CoV antibody. P < 0.05 and 95% CI, (if not include 1 between the 
intervals), the variation was considered significant in this study. 
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4.   RESULTS 
 
 
4.1   Description of study animals 
 
From the 525 serology study camels 85% were Females (n=448/525) and 15 %( n=77/525) were 
male camels.It was not possible to sample an equal proportion of males and females camels 
during sampling period, mainly because of camel husbandry practices of the pastoralists in 
Yabello.  
The age groups of study camels categorized in to three groups, juveniles which accounts 3% 
(n=16/524), young camels accounts 30 %(n=159/525) and  adult accounts 66.6%(n=350/525). 
Adult female camels also subdivided according to their reproduction status during sampling: 
lactating, gravid and dry female 
Gravid female camels included in the study were 198 in number while lactating females were 136 
and the numbers of dry females participated  in the study were only 6  in number.  
The samples were collected from dromedary camels which originate from three kebeles of 
Yabello district.  Equal number of camels participated in the study, 33% from Areri, 33% from 
Dikale and 33% from Harwoyu.  
 
Herd size also categorized in to three groups: Small (containing 1-10 camels), Medium (having 
11-30 camels), and large (containing camel population more than 31).All study camels were used 
for milk and meat and for reproduction but occasionally they used for transport purpose.The 
sampling period covered three seasones (February from Winter), (March, April and May from 
Automn) and (June, July andAugust from Summer)  
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4.2      Seroprevalence of MERS-Cov  
  
Based on indirect ELSIA test result, the overall prevalence of MERS-CoV antibody in camels of 
the selected kebeles of Yabello district was 74% (390/525) (95% CI 70-78). Association of 
riskfactors with seroprevalence to MERS CoV showed statistically significant differences among: 
sex, age, production status of female, herdsize, and season of sampling. Antibodies to MERSCoV 
were detected from all kebele camels.  
 
The seroprevalence of MERS-CoV antibody was observed to be significantly higher in female 
camels 77.9 %( n=349/448) than 53 %( n=41/77) in males.The prevalence variation among sexes 
were stastically significant χ2=20.9 and p=0.001). 
 
 MERS-CoV specific antibody highly prevalent in adult camels 87 %( 306/350) compared to 
youngs 48 %( 76/159) and juvenile 50 %( 8/16) the difference was statistically significant 
(χ2=94.98 and p=0.001).  
 
High prevalence of MERS-CoVantibody recorded in small size herds 80 %( n=92/114) than 
medium 78.8 %( n=138/175) and large herd size 67.8% (60/236) and the difference was 
statistically significant (χ2=9.57and p=0.008). 
 
Seroprevalences in relation to sampling seasons, relatively high seroprevalence recorded in 
(March, April, May: 83%) than February (69%) and June, July, August (65%) the variation was 
statistically significant (χ2=16.2 and P=0.01). 
 
Concerning Sero prevalence in relation to origin of camels, the prevalence of MERS CoV 
specific antibody in camels originated from Dikale had 76%(134/175) seroprevalence  which was 
slightly higher from Harwoyu 74%(130/175) and Areri 72%(126/175) but the variation was not 
statistically significant. (χ2=7.47 and P=0.062)    
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The seroprevalence of adult females according to their reproduction status were analysed and 
those gravid females had 91%(180/198) seropostive than lactating 83%(113/136) and dry  
66%(4/6),the variation was statistically highly  significant(χ2 = 7.74 and P=0.001) (Table 2). 
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Table 2: Association of Risk factors with seropositivity to MERS CoV in camels in Yabello 
district.   
.   
 
Variables 
 

 
     Category 

 
No 

camel    
tested 

 
 No of 
Positive   

 
Prevalence% 

(95% CI) 
 

      
       χ2 

 
  P 
value 

 

Sex   Female 
 

448 349 77.9 20.9 0.001 
 

 
 Male 77 41 53 

 
   

Age   Juvenile 
 

16 8 50    
        Young 159 76 48  

 
  

        Adult 350 306 87 94.98 
 

0.001 
 

 
Origin        Areri 175 126 72    

 Dikale 
 

175 134 76.5 0.95 0.062  
     Harwoyu 175 130 74 

 
   

Hsize        Large 
 

236 160 67.8    
 Medium 

 
175 138 78.8    

        Small 114 92 80 9.57 0.008 
 

 
Season       Winter 

 
75 52 69    

 Automn 
 

225 187 83 16.2 0.01  
 
 

Reproductive 
status of 

adult female        

Summer 
 

Lactating 
 

Gravid 
 

Dry 

225 
 

136 
 

198 
 

6 

151 
 

113 
 

180 
 

4 

67 
 

83 
 

91 
 

66 
 
 

 
 
 
 

7.74 
 

 
 
 
 

0.001 

 

        
Afemale=Adult female    Hsize=Herd Size 
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According to the multivariable  regression analysis as indicated in (Table 3) the possible risk 
factors:  age, herd size and camels origin and female production status indicated a statistically 
significant association with MERS-CoV seroprevalence in camels of Yabello.Regarding age 
category, those adult camels were 7.5 times more likely to be seropositive than youngs OR= 7.5; 
95% CI= 4.5 - 12.4).In the analysis of seropositivity level based on herd size,  those small size 
herds were 3.4 times more  likely to be infected and show detectible antibody than larg size herds 
(OR=3.44;95% CI=1.76 - 6.75) and  medium size herds  also 2.01 times more likely to be 
seropositive than large size herds OR=2.01;95% CI=1.19 - 3.38).Analysis based on Origin of 
camels those camels found in Dikale kebele were 2.3 times more likely to be positive for MERS- 
CoV antibody(OR=1.27 - 4.35). Observation on  those reproduction status of female camels, 
gravid camels were 1.5 times more likely to be sero positive for MERS-CoV antibody than 
lactating and dry femal camels ( OR= 1.5; 95% CI= 1.045 - 2.917) (Table  3). Where as there was 
no statistical significance difference in risk of infection among Sex, P=0.55 and among season of 
sampling P=0.065, suggesting possible confounding. 
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Table 3: Multivariable logistic regression analyses of seroprevalence of MERS-CoV antibodies 
with varies factors. 
Variabl
e 
 

Catagory No of 
camel 
tested 

No of 
Positiv
e   

Prevalenc
e  in % 

(95% CI) 
 

Crude Odds       
Ratio (95% CI) 

Adjusted odds 
ratio (95%CI) 

Sex Male 448 349 77.9 1 1 
 Female 77 41 53 3.09(1.87-5.1) 1.2(0.64-2.23) 

 
Age Juvenile 16 8 50 1 1 

 Young 159 76 48 0.96(0.2-2.40) 0.90(0.14-1.46) 
 Adult 350 306 87 7.5(4.88-11.62) 7.5(4.5-12.4)* 

 
Origin Areri 175 126 72 1 1 

 Dikale 175 134 76.5 1.27(.78-2.05) 2.3(1.27-4.35)* 
 Harwoyu 175 130 74 1.12(.70-1.8) 1.65(0.93-2.92) 

 
Hsize Large 236 160 67.8 1 1 

 Medium 175 138 78.8 1.77(1.12-2.78) 2.01(1.196-3.38)* 
 Small 114 92 80 1.98(1.15-3.4) 3.44(1.76-6.75)* 

 
Season

e 
Winter 75 52 69 1 1 

 Automn 225 187 83 2.17-(1.19-3.97) 1.95(0.95-3.97) 
 
 
 

Rep.  
Afemal

e     

Summer 
 

Lactating 
Gravid 

Dry 

225 
 

142 
198 

6 

151 
 

117 
180 

4 

67 
 

82.4 
91 

66.6 

0.90(.51-1.58) 
 

1 
2.02(1.04-3.91) 
0.4(0.070-2.35 

.78(0.395-1.54) 
 

1 
1.5(1.045-2.917)* 
0.2(0.053-1.521) 

 
Rep.Afemale=Reproductive status of adult female, Hsize=herd size,   * statistically significant. 
 
4.1.2   Pseudoparticle Neutralization Test (PPNT) Result 
 
A total of 75 serum samples were tested using ppNT at HKU (China) and the result showed that 
80 %( 60/75; 95% CI 0.70-0.89) of the samples were positive for MERS-CoV antibody.These  
samples were  tested  at  NAHDIC  with indirect  S1-ELISA  kit . 
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4.2.   Molecular study result 
 
4.2.1   Result of rRT- PCR  
 
Real time PCR test performed at NAHDIC and Hong Kong showed that no MERS-CoV up E 
genome detected in any of the tested samples (Figure 8). 
 
 

 
 
 Figure 8: Yabello camels’ MERS CoV negative samples PCR amplification graph. 
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5.   DISCUSSION 
 
 
Middle East Respiratory Syndrome Coronavirus (MERS-CoV) infection is an emerging zoonotic 
disease with potential public health significance in camel rearing areas of the world. Therefore 
active surveillance is key to understand the epidemiology and epizootology of emerging zoonotic 
viruses like (MERS-CoV).Understanding its epidemiological status and its potential risk factors 
for infection and transmission in camels has an important role for designing prevention and 
control options.Hence, crossectional study has been conducted in Borena zone, Yabello district 
camels aimed at determining the incidence and current status of sero prevalence of MERS-CoV.  
 The overall seroprevalence of MERS-CoV antibody in this study was 74% (n=390/525, 95% CI 
70-78).This seroprevalence  to MERS-CoV antibody (IgG) is an indication of prior infection in 
the camels at some stages of their life (Reuskenet al., 2014a).Seroprevalence  of camels in the 
current study was inagreement with previous studies conducted in yabello district by Reusken et 
al. (2014a) which was 93-97% ;Fekadu et al. (2016),86% ;Miguel et al (2017), 85.1% ;Walelign 
et al (2018),56% in the country.Comparing the current study with other places in the 
country,Yabello district camels MERS CoV sero prevalence was lower than Assayita-Dubti 
(85.8%) and Melkawerer(99%),Metehara (99.4%),and Akaki abbatoire (99.3% )in Ethiopia 
(Miguel et al., 2017).However; it was relatively higher from  some of African countries MERS 
CoV seroprevalence  report : in Tunisia(30- 54%) Reusken et al., (2014a) and in Kenya (49.9%) 
Deem et al., (2015); (68%) Ommeh et al., (2018). 
 
In this study, seroprevalence was significantly higher in adult camels 87%(n=306/350, 95%CI 
4.5-12.4) which is probably due to a long-lasting immune response against previous MERS-CoV 
infection or multiple re-infections with MERS-CoV, given that  older animals knowen  for  less 
frequent shedding of virus and  demonstrated higher rates of seroconversion(Hemida et al .,2013; 
Algaili et al., 2014; Reusken et al., 2014b; Hemida et al .,2016; Wemery et al .,2015; Khalafalla 
et al .,2015).Hence according to  Hemida et al. (2013) and other researchers, immunity in camels  
is not sterilizing, as MERS-CoV infection and shedding have also been shown in adult camels 
that have MERS-CoV antibodies, this might indicate that sterile immunity is only reached at high 
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levels of antibody titers (Meyer et al., 2016). The high seroprevalence of MERS-CoV antibody in 
adult camels in Yabello was in agreement with different previous research findings in Ethiopia 
and   other camel keeping Africa countries (Fekadu et al., 2016; Wemery et al., 2015, Ommeh et 
al., 2018,).  
 
The serological finding in the juvenile camels show detectable antibody in 50%(n=8/16) of them, 
This might be explained by the presence of maternal antibodies via the intake of colostrum during 
the first 24 hrs post parturition and could play a role in the detection of MERS-CoV-specific 
antibodies in camels less than 6 months of age and might not reflect actively acquired antibodies 
(Kamber et al., 2001, Meyer et al., 2016). 
 
According to Farag et al. (2015), MERS-CoV infections have also been detected in camels with 
MERS-CoV antibodies, both in calves with maternal antibodies as well as older camels that had 
already acquired antibodies from a previous infection,therefore the detection of MERS-CoV 
RNA in camels with pre-existing antibodies and an observed lack of correlation between viral 
RNA loads and levels of neutralizing antibodies might indicate limited immune-protection and a 
potential for re-infection despite previous exposure or in the presence of maternal antibody 
(Hemida et al.,2014a;Farag et al.,2015).Hence antibody detected in juveniles of the study site  
might be indicative of  antibody developed against active infection of MERS CoV. 
  
Another finding during this study was the detection ofMERS- CoV  antibodies in 48%(n=76/159)  
young camels which might  indicates the ongoing circulation of MERS-CoV  in Yabello area 
camels with in these three years as the age of the young camels included in the study were below 
three years.This findings were also inagreement with similar findings in Kenya,Dubai,Ethiopia 
and in Pakistan (Corman et al .,2014b;Wernery et al .,2015; Fekadu et al .,2016;Saqib et al 
.,2017).  
 
The seroprevalence of MERS- CoV in Yabello camels among different age groups  indicated 
adult camels were more frequently infected and seroconversion was high compared to young 
camels in the herds,the variation was statistically highly significant(350/525,95% CI 4.5- 12.4). 
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 In the current study area, slightly higher prevalence 76.5 %( n=134/175) was recorded in Dikale 
area compared to Harwoyu 74 %( n=130/175) and Areri 72%) (n=126/175) and the difference 
was statistically Significant and camels from Dikale were 2.3 times more likely to be seropositive 
than camels from Areri area (95% CI 1.27-4.35) Table 3. This finding might be dueto the large 
camel market located on the neghibouring district,Arero,where camels bought from Dire and 
Negelle district pass through Dikale kebele to Yabello city which might be a potential source of 
MERS-CoV infections for those locally resided camels in Dikale kebele .Variations in 
seroprevalence of MERS-CoV based on origin are an indication of the existence of different 
predisposing factors such as high camel population, free movment of camels from place to place 
and poor hygiene at different sites which results in the difference in the exposure of the resideing 
camels to circulating virus during close contacts with infercted camels (WHO, 2014). 
 
Similarly, higher prevalence was recorded in small herds 80 %( 92/114) than medium 78.8 %( 
=138/175) and large 67.8 %( n=160/236), the variation observed was statistically significant. 
This finding was not inagreement with  similar studies conducted by Fekadu et al. 
(2016)andMiguel et al. (2017) in the country who reported statistically significant higher 
seropositivity in relation to large camel herd size,but thecurrent  finding was in agreement with 
Kenya MERS-CoV study report  that showed significantly high prevalence of MERS-CoV 
antibody recorded in small size herds by Deem et al.,(2015),this might be explained by the fact 
that small number of camels in the herd might have close contact and high interaction for 
transmission and sustainability of the virus in the herd. 
 
Seroprevalence of MERS-CoV  between adult females according to their reproductive status at 
the time of sampling were investigated and the finding showedthat ahigh prevalence of MERS-
CoV antibody was recorded in gravid (pregnant) females (91%)compared to those lactating 
females(83%) and dry females camels  (67%) and the difference was  statistically significant 
p=0.03, this might be explained by the exsistence of physiological stress of  pregnancy which 
might increase susceptibility of female camels to infection,indeed physiological stresses are 
known to decrease resistance to infection (Susan, 1998). 
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In comparision of the two serological assays, the  ppNT result indicated  80 % of the samples 
were positive for MERS-CoVantibody while the  indirect ELISA resultshowed 69 %( 52/75) of 
the samples were positive for MERS-CoVantibody.The  two results indicated  79 %( n=59/75) of 
them have had result agreement with each other, but inconsistency was seen on 21 %( n=16/ 75) 
of the samples,of these 13 sera samples which were negative in ELISA became positive by the 
ppNT, it indicated that thes S1 ELISA assay was a binding assay detecting only IgG alone, rather 
than a functional neutralizing assay,but the ppNT is capable of  neutralizing  all functional 
MERS-CoV specific antibodies,this finding was inagreement  with Park et al. (2015),in his 
comparison of serological assays for MERS-CoV who  reported MERS-CoV S1 ELISAhad 
acceptable result but lower correlation with neutralization tests (micro neutralization and 
ppNT)because of the S1-ELISA assay was a binding assay detecting IgG alone. 
. 
Interestingly, inspite of the high seropositivity in Camels of Yabello,all 1050 nasal swab samples 
collected for detection of MERS-CoV RNA using qRT-PCR targeting the Up-Egene as 
ascreening test at NAHDIC and inHong Kong University laboratories were negative.The result of 
the present study was inagreement with those previous studies conducted in Yabello camels by 
different researchers in different period who reported a 0% viral RNA detection rate even though 
the seroprevalence of MERS CoV in the camels was ranging from 56%  to  86% (Fekadu et al., 
2016, .Miguel et al., 2017; Walelign et al., 2018).  On the other hand, the finding of the current 
study was not inagreement  with those studies conducted in different region of Ethiopia where 
7% RNA detection in Dubti and Fentale area  camels and  another finding  14.9% RNA detection 
in Melkaworer area camels(Fekadu et al., 2016;  Miguel et al.,2017). This variation in viral 
detection at different geographical location might be related to the difference in presence or 
absence of circulating virus in camels of specific area. The continuous report of lack of detection 
of viral RNA since the first report in 2014 in Yabello (Reusken et al. 2014a) inspite of high 
seropositivity might indicate previous circulation of the virus in the area, but then the infective 
camles might have been removed by chance from the area as there has been a higher rate of 
export (sell) of live camel from Yabello area in recent years. 
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Moreover, there might be potential factor which also contribute for lack of virus detection in 
addtion to the above assumption were the anatomical location of the camel posterior turbinate 
epithelium (predilection site of MERS- CoV) located deep from the nasal opening may inhibit the 
swab getting in contact with the virus during sampling by using medium length swabbing 
material ( 10-15cm).The other possible  factor might be  , in the camel nostril the gap between 
adjacent surfaces of the air passage is only 1-2mm in diameter, which is too narrow to allow the 
cotton tip swab to pass through the projection of the turbinate spongy bone to reach the turbinate 
epithelium to scoop the epithelium fluid found there.In addition the short viral shedding window 
2-5 days per infection  with respect to the sample collection  days which might not concide by 
chance with the active viral shedding days of the virus. 
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6.    CONCLUSION AND RECOMMENDATIONS 
 
 
The occurrence of a significant number of outbreaks of newly emerging zoonotic viruses such as 
MERS-CoV over the past few years is a matter of concern in global public health. The risk level 
of the disease in Ethiopia is found to be very high because Ethiopia has high population of 
camels which is estimated to be more than 1.2 million and these camels are distributed especially 
in those arid and semi-arid areas of some of the regions and these camels live intimately with the 
pastoralist and used as asource of meat, milk and transportation for the pastoralist and adjacent 
communities. 
 
The current study revealed that a high seroprevalence of MERS CoV antibody in Yabello district 
camels (74%) and the MER-SCoV antibodies were detected in camels from all study sites 
indicating a wide distribution of the virus. The risk factors such as adult age of camels, small size 
herds, origin and pregnancy in camels were highly associated with the seroprevalence of MERS 
CoV in the camel population of Yabello district. . 
On the other hand lack of detection of viral RNA using RT-PCR from all 1050 nasal swab 
samples might indicate the absence of current circulation of the virus in the population at the time 
of sampling. 
 
Therefore based on the above conclusion, the following points are stated as recommendations: 
 
 Further MERS-CoV studies in camels of Yabello should be continued by considering the 

calving season of the camels and the small viral shedingwindow (2-5days) of the virus 
through longutidinal study design all along the whole months of the year.  

 Since, MERS-CoV is newly emerging virus, experminetal based studies focusing on its 
vial replication sites, pathogenesis, incubation time, route of virus sheeding, transmission 
should be studied inorder to effectively detect and diagnose the diseases at filed level.  

 Based on the anatomical compartment of camel nasal cavity,the location of respiratory 
epithelium(replication site of MERS-CoV in camel) is located far from  the external  
opening of the nose.This challenges  the accessibility of the turbinate epithelium with the  
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common cotton tip swab in live camels, therefore, the study recommends a manufacturing 
of camel specific swab with long handle and brush type(Flocked )swab material that can 
pass through the narrow air passage without difficulty to reach the virus site in order to 
collect the viral particles  from turbinate epithelium. 

 Continuous epidemiological, virological and molecular surveillance of MERS-CoV 
infection in camels and human at camel rearing areas with one health approach should be 
initiated. 

 Serological screening and confirmatory methodologies should be adapted and developed 
in Ethiopia especially in those referral public health centers and veterinary reference 
laboratories like pseudoparticle Neutralization Test which can be conducted in biosafety 
level II laboratory facility with relatively high sensitivity and specificity than indirect S1-
ELISA. 

 To overcome sampling difficulty of accessibility of the predilection site of the virus in 
live camels, it is advised to conduct parallel study on export abattoir camels sampling 
after slaughter. 
 
 

 
 
                           

 
 
 
 
 
 
 
 



52  

7.    REFERENCES  
 
 

Abdisa,T.,Wubishet, Z., Etsay, K.(2017): Study on Major Constraints of Camel Production, Management 
and Their Impacts in and Around Yabello District, Oromia Regional State, Southern Ethiopia. 
Dairy and Vet. Sci. J., 3(1): 555604. DOI: 10.19080/JDVS.03.555604. 

Admasu, P., Kaynata, G., (2017): Seroprevalence of Camel Brucellosis in Yabello District of Borena 
Zone, Southern Ethiopia. J. Vet. Med. Res., 4(10): 1115. 

Adney, D.R., vanDoremalen, N., Brown, V.R., Bushmaker, T., Scott, D., deWit, E., Bowen, R.A., 
Munster, V.J. (2014): Replication and shedding of MERS-CoV in upper respiratory tract of 
inoculated dromedary camels. Emerg. Infect. Dis.J. 20: 1999-2005.  

Adney, D.R, Bielefeldt-Ohmann, H., Hartwig, A.E., Bowen, R.A. (2016): Infection, replication, and 
transmission of Middle East respiratory syndromecoronavirus in alpacas. Emerg. Infect. Dis., 
doi:10.3201/eid2206.160192. 

Aklilu, Y. (2002): An audit of the livestock marketing status in Kenya, Ethiopia and Sudan. Volume 1. 
African Union Inter African, Bureau for Animal Resources (AU–IBAR), Nairobi, Kenya. 
Available at: www.eldis.org/vfile/upload/1/document/0708/DOC11334. 

Aklilu, Y., Catley, A.(2009): Livestock exports from the Horn of Africa:an analysis of benefits by 
pastoralist wealth group and policy implications. Feinstein International Center, Tufts University, 
Medford, MA. 

Alagaili, A.N., Briese, T., Mishra, N., Kapoor, V., Sameroff, S.C., De Wit, E. (2014): Middle East 
respiratory syndrome corona virus infection in dromedary camels in Saudi Arabia. Mic.biol. 5(2).  

Alexandersen, S., Kobinger, G.P., Soule,G.,Wernery (2014): Middle East respiratory syndrome 
coronavirus antibody reactors among camels in Dubai, United Arab Emirates, in 2005. 
Transbound. Emerg. Dis., 61:1105–1108. 

Ali, M.,EL-Shesheny, K. A., Shehata, M., Elsokary, B., Gomaa, M., Hassan, N., El Sayed, A., El-
Taweel, A., Sobhy, H., Fasina, F.O., Dauphin, G., ElMasry, I., Wolde, A.W., Daszak, 
P., Miller, M., VonDobschuetz, S., Morzaria, S., Lubroth, J., Makonnen, Y.J. (2017a): Cross-
sectional surveillance of Middle East respiratorysyndrome coronavirus (MERS-CoV) in 
dromedary camels .and other mammals in Egypt, August 2015 to January 2016. Euro.surve., 

            l22:30487. 



53  

Ali,M.M.,Shehata, M.R., Gomaa, A. K., Rabeh, E.S.,A.S., Kayed, Ahmed,N., El-Taweel, M. A., Nagla, 
H., OlaBagato, Y.M.,Sara, H. M., Omnia, K., Asmaa, M. M., Ahmed, O. P.,P McKenzie,R. J., 
Webby,  G. K.(2017b): Systematic, active surveillance for Middle Eastrespiratory syndrome 
coronavirus in camels in Egypt. Emer.Mic. & Infe. 6, e1 

Alqahtani, A.S., Rashid, H., Basyouni, M.H., Alhawassi, T.M., BinDhim, N.F,(2017):Public response 
to MERS-CoV in the middle east: iPhone survey in six countries. J. Infect. Pub. Health,10: 534-
540. 

Al-Tawfiq, J.A., Hinedi, K., Ghandour, J., Khairalla, H., Musleh, S., Ujayli, A.,Memish, (2014):Middle 
East respiratory syndrome coronavirus: acase-control study of hospitalized patients. Clin. Infect. 
Dis., 59:160–165. 

Aly, M., Elrobh, M., Alzayer, M., Aljuhani, S., Balkhy, H.(2017):Occurrence of the Middle East 
Respiratory SyndromeCoronavirus (MERS-CoV) across the Gulf Corporation Council countries 
four years update.PLoS One, 12: e0183850 

Annan, A., Baldwin, H.J., Corman, V.M., Klose, S.M., Owusu, M., Nkrumah, E.E.,(2013): Human beta 
coronavirus 2c EMC/2012-related viruses in bats. Ghana and Europe. Emerg. Infect. Dis., 19: 
456–459. 

Anne,L., Meyer, B., Jores, J., Marcel, A., Müller,E., Lattwein, I., Njeru, B., Bett, C., Drosten, 
Corman,V. M. (2016): MERS-CoV Antibodies in Humans, in Africa, 2013–2014. Emerg. 
Infect.Dis.Vol. 22, No. 6. 

Antoine-Moussiaux, N., Chevalier, V., Peyre, M., Abdo Salem, S.,Bonnet, P., Roger, F.(2012): 
Economic impact of RVF outbreaks on trade within and between East Africa and Middle East. 
OIE Inter-regional Conference Rift Valley fever Challenge, Prevention and Control, 13-15 
November 2012, Mombasa, Kenya. Zoon.Dis., 17: 155–159. 

 Assiri, A., McGeer, A., Perl, T., M., Price, C. S. Al Rabeeah, A. A. Cummings, D. A., Alabdullatif Z. 
N., Assad, M., Almulhim, A.(2013). Hospital outbreak of Middle East respiratory syndrome 
corona virus. N. Engl. J. Med., 369: 407–416.  

  Azhar, E.I., El-Kafrawy, S.A., Farraj, S.A., Hassan, A.M., Al-Saeed, M.S.,Hashem, A.M., Madani, 
T.A. (2014a): Evidence for camel-to-human transmissionof MERS coronavirus. N. Engl. J. Med., 
370:2499–2505. 



54  

Azhar, E. I., Hashem, A. M., ElKafrawy, S. A., Sohrab, S. S., Aburizaiza, A. S., Farraj, S. A. and 
Madani, T. A. (2014b): Detection of the Middle East respiratory syndrome coronavirus genome 
in an air sample originating from a camel barn owned by an infected patient. M. bio, 5(4): 01450-
14. 

Bermingham, A., Chand, M.A., Brown, C.S., Aarons, E., Tong, C., Langrish, C., Hoschler, K., Brown, 
K., Galiano, M., Myers, R., Pebody, R.G., Green, H.K.,Boddington, N.L., Gopal, R., Price, N., 
Newsholme, W., Drosten, C.,Fouchier, R.A., Zambon,M.(2012):Severe respiratory illness caused  
by anovel coronavirus, in a patient transferred to the United Kingdom from the Middle East  
September 2012.Euro.Surve.17:40: pii 20290. 

 Blau, D.M., Holmes, K.V.(2001): Human coronavirus HCoV-229E enters susceptiblecells via the 
endocytic pathway. Adv. Exp. Med. Biol., 494: 193-198. 

Bosch, B.J., vande,r Z. R., deHaan, C.A., Rottier, P.J.(2003): The coronavirusspike protein is a class I 
virus fusion protein: structural and functionalcharacterization of the fusion core complex.  

                J. Virol., 77: 8801-8811. 
 Castiello, M., Innocente, S., Wamalwa, K., Munyua, S., Muchina, J.,Matete, G., Njue, S.(2012): 

Sustainable livelihood: potential role and quality assurance of camel export trade in Somalia. 
Scie.Repo. 1:227. 

CDC (2014): Laboratory Testing for Middle East Respiratory Syndrome Coronavirus (MERS-CoV). 
Available at http://www.cdc.gov/coronavirus/mers/lab/lab-testing.html.Accessed on October, 25th 

2017. 
CDC(2017):Packaging, shipping, and transport of specimens from suspect cases of MERS-CoV 

infection must follow the current edition of the International Air Transport Association (IATA) 
Dangerous Goods Regulations.Follow shipping regulations for UN 3373 Biological Substance, 
Category B when sending potential MERS-CoV specimens. 

Central Statistical Authority (2009): Agricultural sample survey (2008/2009). Statistical bulletin 302, 
Addis Ababa, Ethiopia.  

Chan, R.,Perera, R.A., Zeid, D.A., El Rifay, A.S., Siu, L.Y., Guan, Y., Webby, R.J., Ali, M.A., Peiris 
(2014): Tropism and replication of Middle East respiratory syndrome coronavirus from 
dromedary camels in the human respiratory tract: An in-vitro and ex-vivo study. Lancet Resp. 
Med, 2:813–822. 



55  

. Cho, K., Yoo, J. (2015): Estimation of economic loss from the Korean outbreak of MERS-CoV. Seoul: 
KERI Insight, 2015. 

Cho, S.,Park, S., Kim,Y., Jung, Y., Choi, S., Cho,T., Jeong, H., Hoe, W., Yoon, JY., Lee, JH, J., Cheon, 
S., Shon, KM. (2016): MERS-CoV outbreak following a single patient exposure in an emergency 
room in South Korea: an epidemiological outbreak study. Lancet, 3:388(10048):994-1001. 

Chu, D.K., Poon, L.L., Gomaa, M.M., Shehata, M.M., Perera, R.A., Abu Zeid, D.,El Rifay, A.S., Siu, 
L.Y., Guan, Y., Webby, R.J., Ali, M.A., Peiris, M., Kayali, G.(2014): MERS coronaviruses in 
dromedary camels, Egypt. Emerg. Infect.Dis. 20:1049–1053.  

Chu, D.K., Perera, R.A., Zeid, D.A., El Rifay, A.S., Siu, L.Y., Guan, Y., Webby, R.J., Ali, M.A., P. 
(2015): Middle East respiratory syndrome coronavirus (MERS-CoV) in dromedary camels in 
Nigeria. Euro. Surve. 20: 1560-7917. 

Chu, V.C., McElroy, L.J., Ferguson, A.D., Bauman, B.E., Whittaker, G.R.(2006): Avianinfectious 
bronchitis virus enters cells via the endocytic pathway. Adv. Exp .Med. Biol., 581: 309-312. 

Chu,D. K. W., Kenrie, P. Y., Huia, R. A., P. M., Perera, E.Miguel, D., Niemeyerd, J., Zhaoe,f,R., 
Channappanavare,G., Dudasg, J. O., Oladipoa,h., Amadou, T., Ouafaa, F.,Abraham, A., Getnet 
F.D., Doreen, M. M., C. W. Chana, John, M. N., David, K. M.,Sulyman, A. K., Gezahegne, M., 
Ziqi, Z, Ray, T. Y., Soa, Maged G. Hemidap,q, Richard J. Webbyr,Francois Roger, Andrew 
Rambaut, Leo L.M poon, Stanley Perlman, Christian Drosten, Veronique Chevalierb,V,and 
Malik,P.(2018): MERS coronaviruses from camels in Africa exhibitregion-dependent genetic 
diversity. J.Vet.Med. Health., 115: 12. 

Coppock, D. (2010): The Borena plateau of southern Ethiopia synthesis of pastoral research, 
development and change, 1980-1991. Addis Ababa, Ethiopia: ILCA repor.  

Corman, V.M., Ithete, N.L., Richards, L.R., Schoeman, M.C., Preiser, W., Drosten, C., Drexler, J.F. 
(2014a): Rooting the phylogenetic tree of middleEast respiratory syndrome coronavirus by 
characterization of a conspecific virus from an African bat. J. Virol. 88:11297–11303.  

Corman, V.M., Jores, J., Meyer, B., Younan, M., Liljander, A., Said, M.Y., Gluecks, I., Lattwein, E., 
Bosch B-J., Drexler, J.F., Bornstein, S., Drosten, C., and Muller, M.A. (2014b): Antibodies 
against MERS coronavirus in dromedary camels, Kenya, 1992–2013. Emerg. Infect. Dis. J., 20: 
1319-1322 



56  

Corman, V.M., Muller, M.A., Costabel, U., Timm, J., Binger, T., Meyer, B., Kreher, P., Lattwein, E., 
Eschbach-Bludau, M., Nitsche, A., et al. (2012): Assays for laboratory confirmation of novel 
human coronavirus (hCoV-EMC) infections. Euro. Surve., 17: 2033 

Cotton, M., Lam, T.T., Watson, S.J., Palser, A.L., Petrova, V., Grant, P., Pybus,O.G., Rambaut, A., 
Guan, Y., Pillay, D., Kellam, P., Nastouli, E. (2013a):Full-genome deep sequencing and 
phylogenetic analysis of novel humanbetacoronavirus. Emerg. Infect. Dis., 19:736–742B. 

 Cotton, M., Watson, S.J., Kellam,P., Al-Rabeeah, A.A., Makhdoom, H.Q., Assiri, A., Al-Tawfiq, J.A., 
Alhakeem, R.F., Madani, H., AlRabiah, F.A.(2013b): Transmission and evolution of the Middle 
East respiratory syndrome coronavirus in Saudi Arabia: a descriptive genomic study. Lancet 
382:1993-2002. 

 Cotten,M.(2014): Spread, circulation, and evolution of the Middle East respiratory syndrome 
coronavirus. Mol.bio., 5 (1). 

CSA (2016/17): The federal democratic republic of Ethiopia central statistical agency agricultural 
sample survey. 

 Daniel, K.W., Chu, Leo, L.M., Poon, Mokhtar, M., Gomaa, M.M., Shehata, Ranawaka A.P., Perera, 
Dina, A.Z., Amira, S.E., Lewis, Y.S., Yi, G., Richard, J., Webby, M.A., Ali, Malik, P., and 
Ghazi, K. (2014) : MERS Corona viruses in Dromedary Camels, Egypt. Emerg. Infect.Dis., 20: 6. 

DeGroot, R.J., Baker, S.C., Baric, R.S., Brown, C.S., Drosten, C., Enjuanes, L.,Fouchier, R.A., Galiano, 
M., Gorbalenya, A.E., Memish, Z.A., Perlman, S.,Poon, L.L., Snijder, E.J., Stephens, G.M., 
Woo, P.C., Zaki, A.M., Zambon, M.,Ziebuhr, J. (2013):Middle East respiratory syndrome 
coronavirus (MERSCoV): announcement of the Coronavirus Study Group. J. Virol., 87:7790–
7792.  

Deem, S.L., Fèvre, E.M., Kinnaird, M., Brown, A.S., Muloi, D., Godeke,G-J., Koopmans, M., Reusken, 
C.B., (2015): Serological evidence of MERS-CoV antibodies in Dromedary camels (Camelus 
dromedarius) in Lakipia County, Kenya.PLoS One.10(10).  

              Available at http://dx.doiorg/10.1371/Journal.pone.e0140125. 
Drexler, J.F., Corman, V.M., and Drosten, C. (2014): Ecology, evolution and classification of bat 

coronaviruses in the aftermath of SARS. Antiviral Res., 101: 45–56. 
FAODu, L., He, Y., Zhou, Y., Liu, S., Zheng, B.J., Jiang, S.(2009): The spike protein of SARSCoV-a 

target for vaccine and therapeutic development. Nat. Rev. Mic., 7: 226-236.  



57  

Dyall, J., Coleman, C.M., Hart, B.J., Venkataraman, T., Holbrook, M.R., Kindrachuk, J., Johnson, 
R.F.,Olinger, G.G., Jr.,Jahrling, P.B., Laidlaw, M.(2018): Repurposing of clinically developed 
drugs for treatment ofmiddle east respiratory syndrome coronavirus infection. Antimicrob. 
Agents Chemother., 58, 4885–4893. 

Eckerle, I., Muller, M. A., Kallies, S., Gotthardt, D. N., and Drosten, C. (2013): In-vitro renal epithelial 
cell infection reveals a viral kidney tropism as a potential mechanism for acute renal failure 
during Middle East Respiratory Syndrome (MERS) Coronavirus infection.Euro.Surve., 
18:20659. 

Eifart, P., Ludwig, K., Bottcher, C., deHaan, C.A., Rottier, P.J., Korte, T.(2007): Role of endocytosis and 
low pH in murine hepatitis virus strain A59 cell entry. J.Virol., 81: 10758-68.  

 Falzarano, D., DeWit, E., Rasmussen, A.L., Feldmann, F., Okumura, A., Scott, D.P., Brining, D., 
Bushmaker, T.,Martellaro, C., Baseler, L.(2013): Treatment with interferon-alpha 2b and 
ribavirin improves outcome inmers-cov-infected rhesus macaques. Nat. Med.,19:1313–1317. 

FAO (2012): Draft guidelines on phenotypic characterization of animal genetic resources, Rome, Italy.  
FAO (2014): FAO calls for more surveillance and research on MERS. Vet. Rec., 174:620 
 FAO (2016): EPT2 Partners Guidelines for Biosafety and Personal Protection for Field Sampling 

activities.  
FAO (May, 2019): Situation of Middle East Respiratory Syndrome Coronavirus (MERS-CoV):   

zoonotic virus with pandemic potential. Countries with known human cases.  For detailed 
information on human cases, refer to WHO at http://www.who.int/emergencies/mers-cov/en/. 

FAO (Oct 2018): Food and Agriculture Organization: MERS CoV Situation Update. 
FAO MERS-CoV situation updates(2017/18). Available at 

"http://www.fao.org/ag/againfo/programmes/en/empres/mers/situation_update.html . 
FAO STAT (2015): Middle east Respiratory syndrome –Coronavirusin camels an over view for sub 

Saharan and north Africa 31July 2015 
Farag, E., Reusken, C., Haagmans, B., Mohran, K., Raj, V.S., Pas, S., Voermans, J., Smits, S.L., 

Godeke, G.J., Alhajri, M.M.(2015): High proportion of MERS-CoV shedding dromedaries at 
slaughter house with potential epidemiological link to human cases, Qatar 2014. Infect. Ecol. 
Epidemiol., 5:28305. 



58  

Farag, E.,Reina, S., Sikkema,T.,Vinks, M.d., Mazharul, I.,Mohamed,  N.,Hamad, A.,Thani , Muzzamil, 
A.,Farhoud, H., Alhajri,S.,Al-Marri,  M.,AlHajri,C.,Reusken,andMarion, K.(2019):Drivers of 
MERS-CoV Emergence in Qatar. Viruses, 11:22; doi: 10.3390/v11010022. 

Faye, B.(2013): Camel meat in the world. Camel meat and meat products.Oxfordshire, UK: CABI. pp. 7-
16. 

Fekadu, G., Gelagay, A., and Fufa, A. (2016): Epidemiological investigation of Middle East respiratory 
syndrome corona virus (mers-cov) among dromedary camels in selected areas of Afar and 
Oromia region, Ethiopia. J. Vet. Med. Anim. Health vol.9 (3), pp.47-54. 

 Garcia, J.M., Pepin, S., Lagarde, N., Ma, E.S., Vogel, F.R., Chan, K.H.(2009):Heterosubtype 
neutralizing responses to influenzaA (H5N1) viruses are mediated by antibodiesto virus 
haemagglutinin. PLoS One, 4:7918. 

. Gierer, S., Bertram, S., Kaup, F., Wrensch, F., Heurich, A., Kramer, K.(2013): The spike protein of 
the emerging betacoronavirus EMC uses a novel coronavirus receptor for entry, can be 
activated by TMPRSS2, and is targeted by neutralizing antibodies. J. virol., 87(10):5502-5511. 

 Gossner, C., Danielson, N., Gervelmeyer, A., Berthe, F., Faye, B., Kaasik, A., K, Adlhoch, C., Zeller, 
H., Penttinen, P., Coulombier, D.(2016):Human–dromedary camel interactions and the risk of 
acquiring zoonotic Middle East respiratory syndrome coronavirus infection. Zoonoses Public 
Health, 63:1-9.  

Gossner, C., Danielson, N., Gervelmeyer, A., Berthe, F., Faye, B., KaasikAaslav, K., Adlhoch, C., 
Zelle,r H., Penttinen,P., Coulombier, D.(2014): Human-dromedary camel interactions and the 
risk of acquiring zoonotic Middle East respiratory syndrome coronavirus infection.Zoonoses 
Public Health, available at: http://dx.doi.org/10.1111/zph.12171. 

Graham, R.L., Donaldson, E.F., Baric, R.S. (2013): A Decade after SARS : Strategies for Controlling 
Emerging Coronaviruses. Nature Reviews Mic.biol, 11: 836-848. 

Haagmans, B.L., Al Dhahiry, S.H., Reusken, C.B., Raj, V.S., Galiano, M., Myers, R. (2014): Middle 
East respiratory syndrome coronavirus in dromedary camels: an outbreak investigation. Lancet 
Infect. Dis., 14:140–145.  

Habtamu,T. (2004):Pastoralism and agro-pastoralism systems. In the proceedings of the 18th annual 
conference of the Ethiopian veterinary association (EVA), held in Addis Ababa, June 9-10, 
Ethiopia. 



59  

Han, H.J., Wen, H.L., Zhou, C.M., Chen, F.F., Luo, L.M., Liu, J.W. (2015): Bats as reservoirs of severe 
emerging infectious diseases. Virus Res., 205:1–6.  

Hemida, M.G., Alnaeem, A., and Chu, D.K.W. (2017): Longitudinal study of Middle EastRespiratory 
Syndrome coronavirus infection in dromedary camel herds in SaudiArabia, 2014–2015. Emerg. 
Microb. Infect. 6, e56. 

Hemida, M.G., Perera, R.A., Al Jassim, R.A.(2014b): Seroepidemiology of Middle East respiratory 
syndrome (MERS) coronavirus in Saudi Arabia (1993) and Australia (2014) and 
characterisation of assay specificity. Euro. Surve., 19: 20828.  

Hemida, M.G., Perera, R.A., Wang, P., Alhammadi, M.A., Siu, L.Y., Li, M., Poon, L.L., Saif, L., 
Alnaeem,A., Peiris, M.(2013): Middle East Respiratory Syndrome (MERS) coronavirus 
seroprevalence in domestic livestock in Saudi Arabia, 2010 to 2013. Euro. Surveill., 18:20659. 

Hemida,M.G., Chu,D.K., LLM, W, P., Perera, R.A.,PM, A., MA, N.G.,Siu, L.Y., Guan, Y., Alnaeem, 
A., Peiris, M.(2014a): MERS coronavirus in dromedary camel herd, Saudi Arabia. Emerg. Infect. 
Dis., 20:1231-1234. 

Hijawi, B., Abdallat, M., Sayaydeh, A.( 2013): Novel coronavirus infections inJordan,2012: 
epidemiological findings from a retrospective investigation. East.Mediterr. Health J. 19, S12–
S18. 

 Holmes, K.V., Tresnan, D.B., Zelus, B.D.(1997): Virus-receptor interactions in the enterictract. Virus-
receptor interactions. Adv. Exp. Med. Biol., 412:125-133. 

Hunter, D., Jennifer, C., Nguyen, B., Aden, Z., Al Bandar, W., Al Dhaheri, K., Abu Elkheir, A., 
Khudair, M., Al Mulla, F., El Saleh, H., Nawal A. K., Farrukh, A., Sheikh, J. S., Andrew, T., 
Laila, A W.,, Stefan, W., Asma, A., Ameri, W., Abu Amer, N., Alami, S., Lia ,M.,Haynes, A. J.,  
Alexander, J., Kallen, D., Kuhar, H.,Pham, K., Pringle, S.,Tong, B. L., Whitaker, S., I.,Gerber, 
F., Ismail,A.(2016):Transmission of Middle East Respiratory Syndrome Coronavirus Infections 
in Healthcare Settings, Abu Dhabi .  Emerg. Infect. Dis.(22), 4: 647. 

Izeldin, A. Babikere, E. (2016): Camelus dromedaries Sex and Age on Susceptibility to Blood Parasites 
Infection in AL-Ahsa Province of Saudi Arabia. J.Vet. Sci. Animal Husbandry, 4 ( 3 )  ISSN: 
2348-9790 

Judith, M. V., den, B., Saskia, L. S. and Bart, L. Haagmans. (2015):  Pathogenesis of Middle East 
respiratory syndrome coronavirus. J. Path., 235: 175–184. 



60  

 Kamber, R., Farah, Z., Rusch, P., Hassig, M. (2001): Studies on the supply of immunoglobulin G 
tonewborn camel calves (Camelus dromedarius). J. Dairy Research,68:1–7. 

Khalafalla, A.I., Lu, X., Al-Mubarak, A..I, Dalab, A.H., Al-Busadah, K.A., Erdman, D.D.(2015): 
MERS-CoV in upper respiratory tract and lungs of dromedary camels, Saudi Arabia, 2013–2014. 
Emerg. Infect. Dis., 21:1153-1158.  

KCDC,(2015): Middle East Respiratory Syndrome Coronavirus Outbreak in the Republic of Korea, 
2015. Osong Public Health Res.Perspect., 6:269-278. 

Lasage, R., Seifu, A., Hoogland, M., Vriesde, A.(2010): Report on the general characteristics of the 
Borana zone Ethiopia. Amsterdam: Institute for Environmental Studies (IVM) VU University 
IVM report (R-10/03). 

Lai, M.M., Baric, R.S., Brayton, P.R., Stohlman, S.A. (1984): Studies on the Mechanism of RNA 
Synthesis of a Murine Coronavirus. Advan.Med.Biol. 173: 187-200.  

Li, F. (2008): Structural analysis of major species barriers between humans and palm civets for severe 
acute respiratory syndrome coronavirus infections. J. Virol., 82:6984–6991.  

Li, F., Li, W., Farzan, M., Harrison, S.C.( 2005). "Structure of SARS coronavirus spike receptor-binding 
domain complexed with receptor".  Science, 309 (5742): 1864–1873. 

 Li, W., Moore, M.J., Vasilieva, N., (2003): Angiotensin-converting enzyme 2 is a functional receptor for 
the SARS coronavirus. J.Nature. 426: 450–54. 

Liang, R., Wang, L., Zhang, N., Deng,X., Su, M., Su, Y., Lanfang, H., Chen, H.,Tianlei, Y.,Shibo, J., 
Fei,Y.(2018): Development  of Small-Molecule MERS-CoV Inhibitors. Viruses, 10: 721. 

 Lissenberg, A., Vrolijk, M.M., van, V., AL, L.,s MA, DeGroot-Mijnes, J.D.,Rottier, P.J.(2005): 
Recombinant mouse hepatitis virusesexpressing the accessory hem agglutinin esterase protein 
display reduced fitness in vitro. J. Virol., 79:15054-15063.  

 Lomniczi, B.(1977): Biological Properties of Avian Coronavirus RNA. J. Gen. Virol., 36: 531-533.  
 Lu, L., Liu, Q., Du, L., Jiang, S.(2013): Middle east respiratory syndrome coronavirus (mers-cov): 

Challenges inidentifying its source and controlling its spread. Mic. Infect. 15: 625–629.  
 Lu, L., Xia,S., Ying,T., Jiang, S.(2015):Urgent development of effective therapeutic and prophylactic 

agents tocontrol the emerging threat of middle east respiratory syndrome (MERS). Emerg. 
Microbes Infect. 4: e37. 



61  

Mahmoud, H.A.(2010): Camel Marketing in the Northern Kenya/Southern Ethiopia Borderlands. 
Pastoralist theme, November, 2010, FAC Research Update 005 DFID, available at  www.future-
agricultures.org) 

Mailles, A., Blanckaert, K., Chaud, P.,VanderWerf, S., Lina, B., Caro,V., Campese,C., Guery, B., 
Prouvost, H., Lemaire, X., Paty, M.C., Haeghebaert, S., Antoine, D.,Ettahar, N., Noel, H., 
Behillil, S., Hendricx, S., Manuguerra, J.C., Enouf, V., LaRuche, G., Semaille, C., Coignard, B., 
Levy-Bruh,D., Weber, F., Saura, C., Che, D. (2013):First cases of Middle East respiratory 
syndrome coronavirus (MERS-CoV) infectionsin France, investigationsandimplications for the 
prevention ofhumanto-human transmission, France, May 2013. Euro. Surveill., 18(24): 

Masters, P.S.,(2006):The molecular biology of coronaviruses. Adv.Virus Res., 66: 193-292.  
 Masters, P.S., and Perlman, S. (2013): Coronaviridae. 13: 825–858.  
Memish, Z.A., Mishra, N., Olival, K.J., Fagbo, S.F., Kapoor, V., Epstein, J.H. (2013a):  Middle East 

respiratory syndrome coronavirus in bats. Saudi Arabia. Emerg. Infect. Dis., 19: 1819–1823. 
Memish, Z.A., Zumla, A., Assiri, A.(2013b): Middle  East respiratory  syndrome coronavirus infections 

in health care workers. N .Engl. J. Med., 369:884–886.  
Memish, Z.A., Cotton, M., Meyer, B., Watson, SJ., Alsahafi, AJ. (2014): Human infection with MERS 

coronavirus after exposure to infected camels, Saudi Arabia, 2013.Emerg. Infect. Dis., 20: 1012- 
1015. 

.Meyer B, Juhasz J, Barua R, Das Gupta A.(2016): Time course of MERS-CoV infection and immunity 
in dromedary camels.Emerg. Infect. Dis., 22:2171–2173. 

Meyer, B., Muller, M.A., Corman, V.M., Reusken, C.B., Ritz, D., Godeke, G.J. (2014): Antibodies 
against MERS coronavirus in dromedary camels, United Arab Emirates, 2003 and 2013. Emerg. 
Infect. Dis., 20:552–559.  

Miguel, E., Chevalier, V., Ayelet, G., Ben Bencheikh, M.N., Boussini, H., Chu, D.K., El Berbri, I., 
Fassi-Fihri, O., Faye, B., Fekadu, G., Grosbois, V., Ng, B.C., Perera, R.A., So, T., Traore, A., 
Roger, F., Peiris, M. (2017): Risk factors for MERS coronavirus infection in dromedary camels 
in Burkina Faso, Ethiopia, and Morocco, 2015. Euro. Surveill.,22 (13). 

Mohd, H.A., Jaffar, A., Al-Tawfiq, Z.A., Memish, (2016): Middle East Respiratory Syndrome 
           Coronavirus (MERS-CoV) origin andanimal reservoir.Virol.J.,13:87 
Mohran, K.A., Farag, E.A., Reusken, C.B., Raj, V.S., Lamers, M.M., Pas, S.D., Voermans, J., Smits, 

S.L., Al Hajri, M.M., Alhajri, F., Al-Romaihi, H.E., Ghobashy, H., El-Maghraby, M.M., Al 



62  

Dhahiry, S.H.S., Al-Mawlawi, N., El-Sayed, A.M., Al-Thani, M., Al-Marri, S.A., Haagmans, 
B.L. and Koopmans, M.P. (2016): Sample of choice for detecting Middle East respiratory 
syndrome coronavirus in asymptomatic dromedary camels using real-time reverse-transcription 
polymerase chain reaction. Scientific and Technical Review, 35(3).  

Moon, J.H., Han, S.L.(2016): Analysis of the influence of MERS epidemic on the retailing industry of 
Seoul City. J.Channel Retail., 21: 129–152. 

Muhairi, S.A., Hosani, F.A., Eltahir, Y.M.(2016): Epidemiological investigation ofMiddle East 
respiratory syndrome coronavirus in dromedary camel farms linked withhuman infection in Abu 
Dhabi Emirate, United Arab Emirates. Virus Gene. 52:848–854. 

Muller, M.A., Corman, V.M., Jores, J., Meyer, B., Younan, M., Liljander, A., Bosch, B.J., Lattwein, E., 
Hilali, M., Musa, B.E., Bornstein, S., Drosten, C.(2014): MERS coronavirus neutralizing 
antibodies in camels,EasternAfrica, 1983-1997. Emerg. Infect. Dis., 20:2093-2095. 

 NAHDIC-SOP-GEN-010-6A(2015):Standard Operating Procedure for Sample Reception, handling 
,Retention, Shipment and Disposal. 

NAHDIC-SOP-GEN-015 (2015): Standard Operating Procedure for cross contamination and 
decontamination and washing and sterilization. 

NASSAR, M.S., M.A., BAKHREBAH1, S.A., MEO, M.S., ALSUABEYL1, W.A., ZAHER(2018): 
Global seasonal occurrence of middleeast respiratory syndrome coronavirus(MERS-CoV) 
infection. Euro.Rev. Med.d Pharm. Scie., 22: 3913-3918. 

Nowotnny, N., Kolodziejek, J. (2014): Middle East respiratory syndromecoronavirus (MERS-CoV) in 
dromedary camels, Oman, 2013. Euro.Surveill. 19(16):20781.  

OIE (2014): World Animal Health Information Database (WAHID) Interface. Paris: OIE; 2014. 
Ommeh,S.,Wei Zhang, A., Zohaib,J., Chen,H.,Zhang,B.,Xing,Y., Ge,X.,L.Yang,M.,Masika,V., 

Obanda,Yun,L., Shan, L., Cecilia,W.,Bei,L.,Yan, Z.,Desterio,O., Vincent, O., Lin-Fa, Wang, 
D.,Anderson,J., Lichoti,E.,Mungube,F., Gakuya,P.,Zhou, K.Ngeiywa,B.Y.,Bernard, 
A.,Zheng,L.S.(2018): Genetic Evidence of Middle East Respiratory Syndrome 
Coronavirus(MERS-Cov) and Widespread Sero prevalence among Camels in Kenya. Virolo. 
Sinica, 33:484–492. 

Omrani, A.S., Al-Tawfiq, J.A., Memish, Z.A.(2015):MiddleEastrespiratory syndrome coronavirus 
(MERS-CoV): animal to human interaction. J.Path. and Global Health. (109) 8.  



63  

Omrani, A.S., Matin, M.A., Haddad, Q., Al-Nakhli, D., Memish, Z.A., and Albarrak, A.M. (2013): A 
family cluster of Middle East RespiratorySyndrome Coronavirus infections related to a likely 
unrecognized asymptomatic or mild case. Int. J. Infect. Dis., 17: 668–672. 

Park, S.W., Perera RAPM, Choe PG, Lau EHY, Choi SJ, Chun JY, Oh HS, Song K-H, Bang JH, Kim 
ES, Kim HB, Park WB, Kim NJ, Poon LLM, Peiris M, Oh M-d(2015):Comparisonof serological 
assays in human Middle East respiratory syndrome (MERS)-coronavirus infection. Euro 
.Surveill., 20(41)  

Perera, R.A., Wang, P., Gomaa, M.R., ElShesheny, R., Kandeil, A., Bagato, O., Siu, L.Y., Shehata, 
M.M., Kayed, A.S., and Moatasim, Y.(2013): Seroepidemiology for MERS coronavirus using 
microneutralisation and pseudoparticle virus neutralisation assays reveal a high prevalence of 
antibody in dromedary camels in Egypt June 2013. Euro. Surveill. 18:20574. 

Pollack, M.P., Pringle, C., Madff, L.C., Memish, Z.A. (2013): Latest outbreaknews from ProMED-mail: 
novel coronavirusmiddle East. Int. J. Infect.Dis 17:e143–144. 

 Pratt, A.N., Bonnet, P., Jabbar, M., Ehui, S., and de Haan, C.(2005): Benefitsand costs of compliance of 
sanitary regulations in livestock markets:The case of Rift Valley fever in the Somali Region of 
Ethiopia. ILRI,Nairobi, Kenya. 70 pp. 

QIAamp Viral RNA Mini Handbook, Qiagen Sample & Assay Technologies. Japan, 12/2020. Available 
at www.qiagen.com.  

Qian, Z., Dominguez, S.R., Holmes, K.V. ( 2013): Role of the spike glycoproteinof human Middle East 
respiratory syndrome coronavirus (MERSCoV)in virus entry and syncytia formation. PLoS One 
8:e76469. http://dx.doi.org/10.1371/journal.pone.0076469 

Raj, V.S., Mou, H., Smits, S.L., Müller,M.A., Dijkman,R., Muth,D., Demmers,J.A., Zaki, A., Fouchier, 
R.A., Thie, V., Drosten, C., Rottier, PJ., Osterhaus., Bosch ,A.D.,  B .J. Haagmans, B.L. (2013): 
Dipeptidyl peptidase is a functional receptor for the emerging human Virology Picture18 
Dipeptidyl peptidase 4 is a functionalreceptor for the emerging human coronavirus-EMC. Nature 
495: 251–254. 

Raj, V. S., Farag, E. A., Reusken, C. B., Lamers, M. M., Pas, S. D.,Voermans, J., Smits, S. L., 
Osterhaus, A. D., Al-Mawlawi, N. &other authors (2014): Isolation of MERS coronavirus from 
adromedary camel, Qatar, 2014. Emerg. Infect. Dis., 20: 1339–1342. 

RealStar® MERS-CoV RT-PCR Kit 1.0   test protocol available at: www.altona-diagnostic.com 



64  

Reusken, C.B., Ababneh, M., Raj, V.S., Meyer, B., Eljarah, A., Abutarbush, S., Godeke, G.J., 
Bestebroer, T.M., Zutt, I., Muller, M.A.( 2013b): Middle East Respiratory Syndrome coronavirus 
(MERS-CoV) serology in major livestock species in an affected region in Jordan, June to 
September 2013. Euro. Surveill., 18(50).  

Reusken, C.B., Haagmans, B.L., Muller, M.A., Gutierrez, C., Godeke, G.J., Meyer, B., Muth, D., Raj, 
V.S., Smits-De Vries, L., Corman, V.M., Drexler, J.F., Smits, S.L., El Tahir, Y.E., De Sousa, R., 
Van Beek, J., Nowotny, N., Van Maanen, K., Hidalgo-Hermoso, E., Bosch, B.J., Rottier, P., 
Osterhaus, A., Gortázar-Schmidt, C., Drosten, C. and Koopmans, M.P. (2013a) :Middle East 
Respiratory Syndrome Coronavirus Neutralizing Serum Antibodies in Dromedary Camels: A 
Comparative Serological Study. Lancet Infect. Dis., 13: 859-866. 

Reusken, C.B., Messadi, L., Feyisa, A., Ularamu, H., Godeke, G-J., Danmarwa, A., Dawo, F., Jemli, M., 
Melaku, S., Shamaki, D., Woma, Y., Wungak, Y., Gebremedhin, E.Z., Zutt, I., Bosch, B-J., 
Haagmans, B.L., and Koopmans, M.P.G. (2014a): Geographic distribution of MERS coronavirus 
among dromedary camels, Africa. Emerg. Infect. Dis. J., 20: 1370-1374 

Reusken, C.B., Raj, V.S., Koopmans, M.P., and Haagmans, B.L. (2016a): Cross host transmission in 
the emergence of MERS corona virus. Curr. Opin. Virol. 16: 55–62. 

Reusken, CB., Farag, EA., Jonges, M., Godeke, GJ., El-Sayed, AM., Pas, SD., Raj, VS., Mohran, KA,, 
Moussa, HA., Ghobashy, H., Alhajri, F., Ibrahim, AK., Bosch, BJ., Pasha, SK., Al-Romaihi, 
HE., Al-Thani, M., Al-Marri, SA., AlHajri, MM., Haagmans, BL., Koopmans, MP. (2014b): 
Middle East respiratory syndrome coronavirus (MERS-CoV) RNA and neutralizing antibodies 
in milk collected according to local customs from dromedary camels, Qatar, Eur Surveill.,19: 
20829. 

 Reusken,C.B.,EM, S.C., Raj, V.S., De, B., Kohl, E., RHG, Farag, E.(2016b): MERS-CoV infection of 
alpaca in a region where MERS-CoV is endemic.Emerg.Infect.Dis.,available at 
:doi:10.3201/eid2206.152113. 

Reuss, A., Litterst, A., Drosten, C., Seilmaier, M., Bohmer, M., Graf, P., Gold, H., Wendtner, C.M., 
Zanuzdana, A., Schaade, L.(2014): Contact investigation for imported case of Middle East 
respiratory syndrome, Germany. Emerg. Infect. Dis., 20:620-625. 

 Ryu, G.H.(2015): Harm and future works on tourism by MERS outbreak. Korea Tour. Policy, 9, 8–17. 
Sabir, J.S., Lam, T.T., Ahmed, M.M., Li, L., Shen, Y., Abo-Aba, S.E., Qureshi, M.I., Abu-Zeid, M., 

Zhang, Y., Khiyami, M.A., Khiyami, M.A., Alharbi, N.S., Hajrah, N.H., Sabir, M.J., Mutwakil, 



65  

M.H., Kabli, S.A., Alsulaimany, F.A., Obaid, A.Y., Zhou, B., Smith, D.K., Holmes, E.C., Zhu, 
H., Guan, Y., (2016): Co-circulation of three camel coronavirus species and recombination of 
MERS-CoVs in Saudi Arabia. Science, 351: 81-84. 

Saqib,M.,Andrea, S.,Muhammad, H.,Hussain,M.,Khalid, M.,Ali, Z.,Erik,L.,Marcel,A., Müller,C., 
Drosten,V., Corman, M.(2017): Serologic Evidence forMERS-CoV Infection inDromedary 
Camels, Punjab,Pakistan, 2012–2015 .Emerg.Infect. Dis., 23:550-551. 

Schochetman, G., Stevens, R.H., Simpson, R.W.(1977): Presence of infectiouspolyadenylated RNA in 
the coronavirus avian bronchitis virus. Virology, 77: 772-782.  

Schwartz, H., and Dioli, M. (1992): The one humped camel in eastern Africa. A pictorial guide to 
disease, health care and management. Echborn, Germany: GIZ.  

Sharif, Y.A.and Kanj, S.S. (2014): Emergence of MERS-CoV in the Middle East: Origins, 
Transmission, Treatment, and Perspectives. PLoS pathogens, 10(12). 

Simenew, K., Dejen, T., Tesfaye, S., Fekadu, R., Tesfu, T. (2013): Characterization of Camel Production 
System in Afar Pastoralists, North East Ethiopia. Asian J. Agri. Sciences, 5(2): 16-24.  

So, R.T., Perera, R.A., Oladipo, J.O., Chu, D.K., Kuranga, S.A., Chan, K.H., Lau, E.H., Cheng, S.M., 
Poon, L.L., Webby, R.J., and Peiris, M. (2018): Lack of serological evidence of Middle East 
respiratory syndrome coronavirus infection in virus exposed camel abattoir workers in Nigeria, 
2016. Euro. Surveill., 23(32).  

Susan, E.A. (1998): The Merck Veterinary Manual, 8th Ed. Whitehouse Stat. N.J. Merck and Co. Inc. 
Pp.1879. 

 Susan, R.W., Sonia, N.(2005): Coronavirus pathogenesis and the emerging pathogensevere acute 
respiratory syndrome coronavirus. Micr.biol.Mol. Biol. Rev., 69: 635-664. 

Test instruction for MERS-CoV indirect ELISA: EUROIMMUN AG Anti- MERS-CoV ELISA Camel 
(IgG). Luebeck, Germany. 12/2019. Available at: http://veteuroimmun.com. 

Thrusfield M. Veterinary epidemiology(2005): 3rd ed. Burgh, U.K: Blackwell Science Inc.  
vanBoheemen,S.,deGraaf, M., Lauber, C., Bestebroer, T.M., Raj, V.S., Zaki,A.M., Osterhaus, A,D., 

Haagmans, B.L., Gorbalenya, A.E., Snijder, E.J.,Fouchier, R.A. (2012):Genomic characterization 
of a newly discoveredcoronavirus associated with acute respiratory distress syndrome in 
humans.M.Bio. 3(6):e00473–12. 

 vanDormalen, N., Bushmaker, T., Karesh, W.B., Munster, V.J.(2014): Stability of Middle East 
Respiratoy syndrome coronavirus in milk. Emerg. Infect. Dis., 20:1263-1264. 



66  

 vanDormalen, N., Bushmaker, T., Munster, V.J. (2013): Stability ofMiddle East respiratory syndrome 
coronavirus (MERS-CoV) under differentenvironmental conditions. Euro.surveill.18:20590. 

vanDoremalen,N.(2017):High prevalence of Middle East respiratorycoronavirus in young dromedary 
camels in Jordan. Vec.-Borne and Zoon.Diseases, 17: 155–159. 

Wacharapluesadee, S., Sintunawa, C., Kaewpom, T., Khongnomnan, K., Olival, K.J., Epstein, 
J.H.(2013): Group C betacoronavirus in bat guano fertilize,Thailand. Emerg. Infect. Dis., 19: 
1349–1352. 

Walelign,E. Nega, T.,Getachew, G.,Tadele,M.,Scott,N.,Getachew,A., Tesfaye,R.,Mesfin,S.,Solomon, 
G.,Yismashewa,W.,Wondwossen,B., Emma, G.,Sophie,V.(2018):Cross-sectional surveillance for 
Middle East Respiratory Syndrome Coronavirus in Camels and Associated Livestock in 
Ethiopia.FAO Ethiopia MERS CoV project report,2018 .Available at: FAO-ET@fao.org.. 

Wang H, Yang, P., Liu, K., Guo, F., Zhang, Y., Zhang, G.(2008): SARS coronavirusentry into host cells 
through a novel clathrin - and caveolae-independen tendocytic pathway. Cell Res.,18: 290-301.  

Wang, Q., Qi, J., Yuan, Y., Xuan, Y., Han, P., Wan, Y.(2014): Bat origins of MERS-CoV supported by 
bat coronavirus HKU4 usage of human receptor CD26. Cell Host Microbe., 16: 328–337. 

Wege, H., Muller, A., Meulenter, V.(1978): Genomic RNA of the murine Coronavirus JHM. J. Gen. 
Virol.,41: 217-227. 

Wernery, U., Corman, V.M., Wong, E.Y., Tsang, A.K., Muth, D., Lau, S.K., Khazanehdari, K., 
Zirkel,F., Ali, M., Nagy, P., Juhasz, J., Wernery, R., Joseph, S., Syriac, G., Elizabeth, S.K., 
Patteril,N.A., Woo, P.C., Drosten,C.(2015): Acute middle East respiratory syndrome coronavirus 
infection in livestock Dromedaries, Dubai, 2014. Emerg. Infect. Dis.,21:1019–1022.  

WHO, 2004 World Health Organization Geneva (2004): Laboratory biosafety manual. – 3rd ed. 
WHO (2013): Mers-Cov Research Group (2013): State of knowledge and data gaps of Middle East 

respiratory syndrome coronavirus (MERS-CoV) in humans. PLoS Currents 5, 1–40. 
WHO (2014): Middle East respiratory syndrome coronavirus (MERS-CoV) summary and literature 

update–as of 11 June 2014. 
WHO (2015): Middle East respiratory syndrome coronavirus (MERS-CoV): Summary of Current 

Situation, Literature Update and Risk Assessment – as of 7 July 2015.available at 
http://www.who.int/csr/disease/coronavirusinfections/risk-assessment-
7july2015/en/who.int/emergencies/mers-cov/mers-summary-2016.pdf. 

WHO (2018): MERS CoV Risk Assessments and Summary of Current Situation August 2018. 



67  

Woo ,P.C., Wang, M., Lau, S.K., Xu, H., Poon, R.W., Guo, R., Wong,B.H., Gao,K.,Tsoi, H.W., Huang, 
Y., Li, K.S., Lam, C.S., Chan, K.H., Zheng, B.J., Yuen, K.Y.(2007): Comparative analysis of 
twelve genomes of three novel group 2c and group 2d coronaviruses reveals unique group and 
subgroup features.J.Virol., 81:1574–1585.  

 Woo, P.C., Lau, S.K., Li, K.S, Tsang, A.K., Yuen, K.Y( 2012b).Genetic relatednessof the novel human 
group C betacoronavirus to Tylonycteris bat coronavirusHKU4 and Pipistrellus bat coronavirus 
HKU5. Emerg. Microb.Infec. 1:e35. http://dx.doi.org/10.1038/emi.2012.45. 

Woo P.C., Lau, S.K., Lam, C.S., Lau, C.C., Tsang, A.K., Lau, J.H., (2012a): Discovery of seven novel 
mammalian and avian corona viruses in the genus delta corona virus supports bat corona viruses 
as the gene source of alpha corona virus and beta corona virus and avian corona viruses as the 
gene source of gamma corona virus and delta corona virus. J. Virol., 86(7): 3995–4008. 

Woo, P.C., Lau, S.K.P., Wernery, U., Wong, E.Y., Tsang, A.K., Johnson, B.(2014): Novel 
betacoronavirus in dromedaries of the Middle East. Emerg.Infect. Dis., 20:560–572. 

Yang, L., Wu, Z., Ren, X., Yang, F., Zhang, J., He, G., et al. (2014): MERS-related betacoronavirus in 
vespertilio superans bats. China. Emerg. Infect. Dis., 20: 1260–1262. 

Yasser,M.,Ghanem,S.A.,El-Khodery,A.,Saad,A.,Abdelkader,A.,Heybe,Y.,Musse,A.(2009): 
Seroprevalence of camel brucellosis (Camelus dromedarius) in Somaliland. Trop .Anim. Health 
Prod. DOI 10.1007/s11250-009-9377-9. 

Ying,T.,Mang,S.,Christina,C.,Krista,Q.,Jing,Z.,Wanda,M.,Ivan,V.,Kuzmin,E.dward,C. Holmes,S.,Tong, 
(2017):Surveillance of bat coronaviruses in Kenya identifies relatives of human coronaviruses 
NL63 and 229E and their recombination history.J.Virol.I. doi:10.1128/JVI.01953-16 Copyright 
© 2017 American Society for Microbiology.  

Yusof, M.F. (2015): Prevalence of Middle East respiratory syndromecoronavirus (MERS-CoV) in 
dromedary camels in Abu Dhabi Emirate, United Arab Emirates. Virus Genes 50:509–513. 

Zaki, A. M., Van Boheemen, S., Bestebroer, T. M., Osterhaus, A. D., and Fouchier, R. A. (2012): 
Isolation of a novel coronavirus from a man with pneumonia in Saudi Arabia. N. Engl. J. Med., 
367(19): 1814-1820 

. 
 
 



68  

8.    LIST OF APPENDIXES 
 
 
Appendix 1: Study animals age determination table 
 

Species               Age catagory 
 

Dromedary      
Camels 

 
Juvenile=  0-6 months 
 
Young= 6month up to three years 
 
 
Adult =above three years 
 

               (Izeldin, 2016) 
          
Appendix 2: MERS-CoV Study sample collection data entry format
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             Appendix 3: RNA extraction, PCR principle and procedure 
 

QIAamp Viral RNA Mini Kits represent a well-established technology for general-use viral RNA 
extraction. The kit combines the selective binding properties of a silica-based membrane with the 
speed of microspin technology and is highly suited for simultaneous processing of multiple 
samples. The special QIAamp membrane guarantees extremely high recovery of pure, intact 
RNA in just twenty minutes without the use of phenol/chloroform extraction or alcohol 
precipitation. All buffers and reagents are also guaranteed to be RNase-free. 
 
RNA extraction procedure for MERS-CoV camel nasal swab samples: 
 

1. The sample is first lysed under highly denaturing conditions to inactivate RNases and to 
ensure isolation of intact viral RNA by adding 560 µl of AVL (lysis buffer) containing 
carrier RNA to 140 µl of swab sample in a microcentrifuge tube and mix by puls 
vortexing for 5 second.and incubate at room temperature for 10 min. 

2. Then of 560 µl 95% ethanol is added to the mixture to provide optimum binding of the 
RNA to th e QIAamp membrane, and the sample is loaded onto the QIAamp Mini  
column 630 µl  in a 2ml collection tubeto be centrifuged for  8,000 rpm for 1 min. 

3. The RNA binds to the membrane, and contaminants are efficiently washed away in two 
steps using two different wash buffers. 

4. The collection tubes containing the filtrate were discarded and a new collection tube was 
replaced, then 500 µl of AW1 wash buffer was added to the spin columns and centrifuged 
for 1min. at 8000 rpm, 

5. Then after replacing the collection tubes, 500 µl of AW2 (second wash buffer) was added 
to the column and centrifuged at 14,000 rpm for 3min. To ensure complete removal of the 
wash buffer it is centrifuged at full speed for 1 more minutes using new collection tubes. 
and discard collection tube with the filtrate.  

6. Then  plce the QIAamp Mini column in aclean 1.5 ml microcentrifuge tube and add 60 µl 
of RNase-free water(buffer AVE)equilibrated to room temperature and incubated for 1 
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minutes at room temperature (20oC) to elute high-quality RNA, followed by 
centrifugation at  8000 rpm for 1 minute. 

 
The extracted RNA samples were then taken to amplification room for the real time RT-PCR 
procedure. The purified RNA is free of protein, nucleases, and other contaminants and inhibitors, 
all extraction procedure were conducted in Biosafty Level II Laboratory. 
 
Master Mix Setup  
 
The master mix  used in this study contains:  
 12.5 µl of 2x reaction buffer provided with the superscript III one-step RT-PCR system 

with platinum Taq polymerase (, 0.4mM of each dNTP’s and 3.2 mM of magnesium 
sulphate) 

 1 µl of reverse transcriptase/Taq mixture from the kit 
 0.4 µl of a 50mM magnesium sulfate solution  
 3.6 µl of Rnase free water/Dnase free water 
 1 µl of UpE Forward primer 
 1 µl of UPE Revers  primer 
 O.5 µl  of UpE Probe and  

 
 Principle and procedure of RT-PCR 
 
Real time reverse transcription-polymerase chain reaction (rRT-PCR) is used to quantify 
RNAand Real-time RT-PCR technology utilizes reverse-transcriptase (RT) reaction to convert 
RNA into complementary DNA (cDNA), polymerase chain reaction (PCR)for the amplification 
of specific target sequences and target specific probes for the detection of the amplified DNA. 
The probes are labelled with fluorescent reporter and quencher dyes, there fore one-step RT-PCR 
offers the convenience of a single-tube preparation for RT and PCR amplification.  
 
All reagents should be thawed completely, mixed (by pipetting or gentle vortexing) and 
centrifuged briefly before use. The reaction reagent is prepared inside PCR work station. After 
preparing the master mix, then it was taken in to amplification   room, 20 µl of the mixed reagent 
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were dispensed to the Applied Biosystem plate followed by 5 µl of extracted RNA of the swab 
sample, positive (standard) and negative control (Rnase free water) were included  in each PCR 
test according to the plate lay out of the extracted test sample and controls. 
Procedure:20 μl of the reaction reagent was pipetted into each well of an appropriate optical 96-
well reaction plate followed by addition of 5 µl eluated RNA.  
The positive standard (control) 20 µl of the reaction mixture(master mix) was dispensed into 
individual well followed by 5 μl of positive standard and 5 μl RNase free water to the positive 
and negative control respectivelly. The extracted RNA templates were then thoroughly mixed 
with the Master Mix by pipetting up and down.  
The reaction plate was covered by plate sealer and placed in the Applied biosystem real time 
PCR machine/thermal cycler connected to the computer with it’s soft ware. The time and 
temperature were set according to the protocol mentioned in the amplification Table below.  
Table: 1 Amplification Cycle 
 Temperature  

OC 
Time   Cycle  

55 
95 

20 min 
3 min 

1 Preheating 
and reverse 
transcription  

95 
58 

15 sec 
30 sec 

45 denaturation 
Annealing 
and extension 

 
Once, the cycles were complete result was displayed on the computer and interpreted as follows: 

 Above the base line: positive 
 Below the base line: negative  

Validity of PCR Test Runs 
A.Valid Diagnostic Test Run 
For a valid diagnostic test run, the following control conditions must be met: 
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Control ID 

Detection channel 
FAMTM  up E 

Positive control       +ve 
Negative control       -ve 

  
B.Invalid Diagnostic Test Run  
A diagnostic test run is invalid, (i) if the run has not been completed or (ii) if any of the control 
conditions for a valid diagnostic test run are not met. In case of an invalid diagnostic test run, 
repeat testing by using the remaining purified nucleic acids or start from the original samples 
again is recommended. 
 

            Appendix 4: Miscilinous photos during study 
Yabello district Harwoyu kebele camel owners and MERS CoV sample collection team 
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Yabello district Dikale kebele camel owners and   MERS-CoV sample collection team     
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 Laboratory activity in NAHDIC Molecular laboratory RNA extraction room   
                        and MERS -CoV serology laboratory (ELISA) 
 

 


