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Abstract 
Middle East respiratory syndrome (MERS) is a respiratory disease caused by a newly recognized 
Middle East respiratory syndrome-coronavirus (MERS-CoV). It is an RNA virus, with positive sense, 
single-stranded RNA genomes of 30.1 kilobase (kb). Based on its genome sequence, the virus has 
been classified within lineage 2C of the genus Betacoronavirus. The disease was first reported in 
2012 and is now spreading to different parts of the world. Dromedary camels (Camelus dromeda-
rius) are suggested to be the primary animal host that acts as a source of human infection by 
MERS-CoV. Most patients with MERS-CoV infection have been severely ill with pneumonia and 
acute respiratory distress syndrome, and some showed acute kidney injury. There is no specific 
vaccine or treatment for MERS-CoV infection other than supportive treatment. Collection of the 
specimens from lower respiratory tract, upper respiratory tract and serum for isolation and cha-
racterization of the virus using different techniques such as real time reverse transcription poly-
merase chain reaction (RT-rt PCR) and serological tests are recommended. Up to June 18, 2015, 
498 of the 1327 cases have died with case fatality rate of ~38% [1]. This emerging infectious dis-
ease is a threat to human health. Proper infection-control measures including contact and air-
borne precautions should be implemented while managing patients with suspected MERS-CoV in-
fection. 
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1. Introduction 
Middle East respiratory syndrome (MERS) is a respiratory disease caused by a newly recognized coronavirus, 
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MERS-CoV. It was first reported in 2012 in Saudi Arabia and is thus far linked to countries in or near the Ara-
bian Peninsula (United Arab Emirates (UAE), Qatar, Oman, Jordan, Kuwait, Yemen, and Lebanon) [2]. This 
novel coronavirus, initially termed human coronavirus-EMC (for Erasmus Medical Center) virus, has been 
named the MERS-CoV by the International Coronavirus Study Group of the International Committee on Tax-
onomy of Viruses (ICTV) [3]. It is a member of a new species within the order: Nidovirales, Family: Coronavi-
ridae, Subfamily: Coronavirinae, Genus: Betacoronavirus [4]. Based on its genome sequence, the virus has been 
classified within lineage 2C of the genus Betacoronavirus. MERS-CoV is closely related to Tylonycteris bat 
CoV HKU4 and Pipistrellus bat CoV HKU5, the two prototype species in lineage C Betacoronavirus [5].  

The genome of MERS-CoV includes 30,100 nucleotides and contains 10 predicted open reading frames 
(ORF1a, ORF1b, Spike (s), ORF3, ORF4a, ORF4b, ORF5, Envelope (E), Membrane (M), and Nucleoprotein 
(N)) [4]. A functional receptor of MERS-CoV that helps to establish infection is dipeptidyl peptidase 4 (DPP-4) 
from both human and bat [6]. This receptor has 231-residues region in the spike (S) protein of MERS-CoV, a 
domain different from the receptor-binding site of other Betacoronaviruses [7]. MERS is typically characterized 
by cough, fever, and shortness of breath [2]. Potentially at-risk individuals include care givers and close contacts 
of people with suspected or confirmed MERS-CoV infection. Transmission has occurred via close contact with 
infected person and camels, including from patients to healthcare personnel [8].  

Collection of multiple specimens from different sites at various times following the onset of symptoms is 
recommended. Infection-control measures should be used during collection using approved equipment and me-
thods. Specimens should be handled, stored, and shipped following appropriate protocols [9]. MERS-CoV is 
primarily diagnosed using a RT-rtPCR assay and serological tests such as western blot analysis, enzyme linked 
immunosorbent assay (ELISA), indirect immunoflourescence assay (IFA) and micro-neutralization can help in 
isolation and characterization of the virus [10]-[12]. No vaccine currently exists for MERS, and no specific 
treatment has also been recommended. Management of the disease is currently supportive treatment [8].  

All cases reported outside of the Middle East have had a recent travel history to the Middle East or contact 
with a case travelled from the Middle East. A WHO statement in April 2014 indicated that 75% of MERS cases 
reported recently appear to be secondary cases (acquired from another infected person) [13]. Travelers who have 
recently visited countries in or near the Arabian Peninsula are advised to contact their healthcare provider if they 
develop MERS symptoms within 14 days of travel. Individuals who have been in recent contact with a sympto-
matic person who has recently traveled to the Arabian Peninsula should also be evaluated for MERS-CoV infec-
tion. Contact and airborne precautions are recommended for management of hospitalized patients with known or 
suspected MERS-CoV infection [3] [9].  

Therefore, the objectives of this paper are: 
• To review the general feature of MERS and,  
• To describe isolation and characterization techniques used for MERS-CoV.  

2. Middle East Respiratory Syndrome: Coronavirus Infection  
2.1. Etiology of MERS  
Middle East respiratory syndrome is caused by Coronaviruses. Coronaviruses are classified into 4 genera: Al-
phacoronavirus, Betacoronavirus, Gammacoronavirus and Deltacoronavirus [14] [15]. MERS-CoV is a newly 
discovered Betacoronavirus lineage 2C that was first reported in 2012 [16]. Coronaviruses are largest of all 
RNA viruses, with positive single-stranded RNA genomes of 26 - 32 kb [14] [15]. 

2.2. Epidemiology of MERS  
Emerging infectious diseases are a constant threat to human health. Of specific and current concern is MERS 
caused by coranavirus which spreading globally and causing many mortalities. In April 2012, the MERS-CoV 
emerged in Saudi Arabia and then the disease was reported from countries found in Arabian Peninsula, Europe, 
USA, and Asian countries like China and South Korea [1] [15]. 

2.2.1. Geographical Distribution 
Since April 2012, more than 1300 laboratory-confirmed human infections with MERS-CoV have been reported 
to the World Health Organization (WHO), occurring in several countries in the Arabian Peninsula, including 
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Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, the United Arab Emirates, and Yemen with the majority 
of cases occurred in Saudi Arabia (Figure 1). A limited number of cases have also been reported from Algeria, 
Austria, China, Egypt, France, Germany, Greece, Iran, Italy, Malaysia, the Netherlands, the Philippines, South 
Korea, Thailand, Tunisia, Turkey, the United Kingdom, and the United States. In the European and Asian coun-
tries as well as in Algeria, Egypt, Tunisia, and the United States, patients developed illness after returning from 
the Arabian Peninsula (Figure 1). In the United Kingdom, France, Italy, and Tunisia, limited human-to-human 
transmission occurred among close contacts of the index cases. The median age is 48 years (range 9 months to 
94 years) and 64 percent of cases reported to be males [17] [18]. 

MERS outbreak is ongoing in South Korea since May 2015; the index case was a man who had recently tra-
veled to Bahrain, the United Arab Emirates, Saudi Arabia, and Qatar. As of mid-June 2015, more than 160 sec-
ondary cases have been reported among household and hospital contacts of which 16 deaths were reported. All 
of the cases outside of the Middle East have had a direct or indirect connection to the Middle East. Of the 1327 
cases, 498 have died with case fatality rate of 38% [1] (Table 1). 

2.2.2. Possible Source and Transmission 
Dipeptidyl peptidase 4 (DPP4; also known as CD26), which is present on the surfaces of human non ciliated 
bronchial epithelial cells, is a functional receptor for MERS-CoV (Raj et al., 2013). The specific transmission 
mechanisms between humans and the possible source animals are unknown. Human-to-human transmission has 
been demonstrated, but the chains of transmission have not been self-sustained [8] [16]. 

Dromedary camels are suggested to be the primary animal host for MERS-CoV. The strongest evidence of 
camel-to-human transmission of MERS-CoV comes from a study in Saudi Arabia in which MERS-CoV was 
isolated from a man with fatal infection and from one of his camels. Full-genome sequencing of MERS-CoV 
viruses from the man and his camels demonstrated that the viruses isolated from the man and his camel were 
identical. The man had applied a topical medicine to the nose of one of the ill camels seven days before he be-
came ill; the results suggest that MERS-CoV can infect dromedary camels and can be transmitted from them to 
humans by close contact [20]. 

Serologic studies have also suggested that camels are an important source of MERS-CoV: Of 203 serum sam-
ples from dromedary camels in various regions of Saudi Arabia collected in 2013, 150 (74 percent) had antibo-
dies to MERS-CoV by enzyme-linked immunosorbent assay. The rate of sero-positivity was higher in adult than 
juvenile camels (>95 percent among camels >2 years of age versus 55 percent in camels ≤2 years of age). Almost 
all adult camels (>90 percent) from countries in the Arabian Peninsula, Jordan, Egypt, Nigeria, and Ethiopia show 
antibody evidence of prior MERS-CoV infection; adult camels in other countries of the region (Kenya, Tunisia, 
Spain, Canary Islands) are also MERS-CoV antibody positive but at a lower prevalence [21]-[23] (Figure 1). 

 
Table 1. Cases classified according to country where infection was acquired. 

Country Cases Deaths 

Saudi Arabia 1048 454 

South Korea 150 16 

United Arab Emirates (UAE) 75 8 

Jordan 17 6 

Qatar 15 6 

Oman 6 3 
Iran 6 2 

Kuwait 3 1 
Tunisia 2 0 

United Kingdom 2 1 
Yemen 1 1 
France 1 0 

Lebanon 1 0 
TOTAL 1,327 498 

Source: http://www.wpro.who.int/outbreaks_emergencies/wpro_coronavirus/en/ (accessed on June 18, 2015). 
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Coronavirus RNA sequences are also found in bat fecal samples and that some of these sequences are closely 
related to MERS-CoV sequences [24]. MERS-CoV grows readily in bat-derived cell lines. Although bats might 
be a reservoir of MERS-CoV, it is unlikely that they are the immediate source for most human cases because 
human contact with bats is uncommon [25]. 

Human to human transmission accounted for 75% of MERS cases reported due to secondary cases (acquired 
from another infected person). Other possible modes of MERS transmission to humans include droplet of pa-
tients and contact transmission [13] [26]. Even though, it is unclear how the virus is transmitted from camels to 
humans, the WHO advises avoiding contact with camels and to eat only fully cooked camel meat, pasteurized 
camel milk, and to avoid drinking camel urine [27]. A speculative model of how humans, camels and bats may 
interact to acquire and spread MERS-CoV is given by [19] (Figure 2). 

2.3. Clinical Sign  
Most patients with MERS-CoV infection have been severely ill with pneumonia and acute respiratory distress 
syndrome, and some have had acute kidney injury. Many patients have required mechanical ventilation, and 
some have required extracorporeal membrane oxygenation. Other clinical manifestations that have been reported 
are gastrointestinal symptoms (anorexia, nausea, vomiting, abdominal pain, diarrhea), pericarditis, and dissemi-
nated intravascular coagulation [28]. 

The clinical findings observed among 47 patients with MERS-CoV infection in Saudi Arabia include; fever 
(>38˚C) 98%, fever with chills or rigors 87%, cough 83%, shortness of breath 72%, hemoptysis 17%, sore throat 
21%, myalgias 32%, diarrhea 26%, vomiting 21%, abdominal pain 17%, abnormal chest radiograph 100% 
(Figure 3). Of these 47 patients, 89% required intensive care and 72% required mechanical ventilation. The  

 

 
Figure 2. A speculative model of how humans, camels and bats may interact to acquire and spread MERS-CoV. Highlighted 
in red are MERS-CoV virus/RNA and/or antibody-positive hosts. Source: [19]. 
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Figure 3. Symptoms of MERS. Source: [30]. 

 
median time from presentation for medical care to mechanical ventilation was 7 days (range 3 to 11 days) and to 
death was 14 days (range 5 to 36 days) [29]. 

2.4. Isolation and Characterization of MERS-CoV 
2.4.1. Sample Collection 
Collection of specimens from lower respiratory tract (broncheo-alveolar lavage, tracheal aspirate, pleural fluid, 
sputum), upper respiratory tract (nasopharyngeal swab and oropharyngeal swab, nasopharyngeal wash/aspirate 
or nasal aspirate) and serum are required for diagnosis [9].  

2.4.2. Virus Propagation 
Vero A66 and Human hepatocellular carcinoma cell line 7 (Huh-7 cells) were previously used for growing the 
virus. MERS-CoV viruses can be recovered from the full-length Complementary DNA (cDNA) clone, using 
susceptible Vero A66 and Huh-7 cells, with titers of around 106 plaque-forming unit/ml (p.f.u./ml) at 72 h post 
transfection (h.p.t.). The recovered viruses can be cloned by three rounds of plaque purification, and their phe-
notypic and genotypic properties can be determined. MERS-CoV rescued from both cell lines induce a clear cy-
topathic effect (CPE), characterized by the induction of cell fusion, which was more apparent in Huh-7 cells [31]. 
In both cell lines, viral mRNAs could be readily detected at 7 h post-infection (p.i.) and reached maximum le-
vels around 13 h p.i. Viral RNA levels remained more or less constant until 24 h p.i. in Vero cells, whereas the 
amount isolated from Huh7 cells declined due to the more rapid development of cytopathology in this cell line 
between 13 and 24 h p.i. After the peak of viral RNA accumulation had been reached, the titre of virus released 
from MERS-CoV infected Vero cells increased steadily from ~5 × 105 to ~5 × 107 p.f.u./ml. The bulk of the vir-
al progeny are released significantly earlier from Huh7 cells, although the final titre at 24 h p.i. are comparable 
to that obtained from Vero cells [32]. 

2.4.3. Incubation Period 
The incubation period in humans infected with MERS-CoV ranges from 3 to 11 days [33].  

2.4.4. MERS-CoV Genome Structure and Proteins 
Generally, coronaviruses are enveloped RNA viruses that infect and cause disease in a broad array of animals 
and humans (Figure 4). Virus particles range from 70 to 120 nm in diameter and are surrounded by characteris-
tic spike-shaped glycoproteins. The viruses contain the largest single-stranded, positive-sense RNA genomes 
currently known, which range from 26 to nearly 32 kb in length. All coronaviruses encode strain-specific acces-
sory genes in Open Reading Frames (ORFs) downstream of ORF1 (the replicase-transcriptase), the order of es-
sential structural genes is remarkably well-conserved. All coronaviruses encode the replicase-transcriptase (gene 
1), spike, envelope, membrane and nucleocapsid proteins [4]. The ~180 kDa spike glycoprotein mediates host- 
cell attachment and entry, utilizing virus- and host-specific cell receptors. The receptor-binding domain (RBD) 
of the spike glycoprotein is poorly conserved among viruses and, as a result, host receptor usage varies between 
viral genera and species [6]. 
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Figure 4. Structure of coronavirus. Source: [35]. 

 
The genome of MERS-CoV includes 30,100 nucleotides and contains 10 predicted open reading frames 

(ORF1a, ORF1b, spike (S), ORF3, ORF4a, ORF4b, ORF5, envelope (E), membrane (M), and nucleocapside (N) 
[4] [15]. Structural proteins include the S, E, M and N (van Boheemen et al., 2012) (Figure 4). Nonstructural 
proteins (nsps) include a papain-like protease (PLpro), non structural protein4 (nsp4), transmembrane domains 
(nsp4, nsp6), a 3C-like protease (3CLpro; nsp5 [34]), an RNA-dependent RNA polymerase (RdRp; nsp12), a 
helicase (nsp13) and an exonuclease (nsp14) [4]. 

2.4.5. Molecular Detection of MERS-CoV Infection 
1) Real time reverse transcription polymerase chain reaction (RT-rtPCR) 
MERS-CoV is primarily diagnosed using a RT-rtPCR assay, and the tests for diagnosis using RT-rtPCR are 

an assay targeting upstream of the E protein gene (upE), assays targeting the open reading frame 1b (ORF 1b) 
and the open reading frame 1a (ORF1a) (Figure 5). The first probe and primer sets for MERS-CoV detection by 
RT-rtPCR were developed shortly following the first reports of the disease by [10]. The probe and primer sets 
targeting upstream of the E protein gene (upE), ORF1b, and ORF1a are most widely used targets for MERS 
CoV detection. Primers for upE target includes forward (Fwd) (GCAACGCGCGATTCAGTT), upE reverse 
(Rev) (GCCTCTACACGGGACCCATA), and 200 nM of probe upE-Prb (6 carboxyfluorescein [FAM]) CTC 
TTCACATAATCGCCCCGAGCTCG 6 carboxy N,N,N,N' tetramethylrhodamine [TAMRA]). Primers for 
ORF1b includes Fwd (TTCGATGTTGAGGGTGCTCAT), ORF1b Rev (TCACACCAGTTGAAAATCCTA 
ATTG), and probe ORF1b Prb (6 carboxyfluorescein [FAM]) CCCGTAATGCATGTGGCACCAATGT-6 car-
boxy N,N,N,N'-tetramethylrhodamine [TAMRA]). The primers for ORF1a include Fwd (CCACTACTCCCA 
TTTCGTCAG), ORF1a Rev (CAGTATGTGTAGTGCGCATATAAGCA), and probe ORF1a Prb (6 carboxyflu-
orescein (FAM) TTGCAAATTGGCTTGCCCCCACT-6-carboxy-N,N,N,N'-tetramethylrhodamine (TAMRA)). 
Thermal cycling involves 55˚C for 20 minute (min), followed by 95˚C for 3 min and then 45 cycles of 95˚C for 
15 seconds (s), 58˚C for 30 s, 72˚C for 30 s [10]. 

Two target sites on the novel coronavirus genome suitable for sequencing using RT-rtPCR assay are the RNA 
dependent RNA polymerase gene (RdRpSeq assay) and nucleocapsid protein gene (N gene) (NSeq assay) 
(Figure 5), where an insertion/deletion polymorphism might exist among different human coronavirus-Erasmus 
Erasmus Medical Center (hCoV-EMC) strains. For RNA-dependent RNA polymerase (RdRp) primers includes 
RdRpSeq-Fwd (TGC TAT WAG TGC TAA GAA TAG RGC; R = A/G, W = A/T), RdRpSeq-Rev (GCA TWG 
CNC WGT CAC ACT TAG G; W = A/T, N = A/C/T/G) with Thermal cycling performed at 50˚C for 20 min, 
followed by 95˚C for 3 min and then 45 cycles of 95˚C for 15 s, 56˚C for 15 s and 72˚C for 30 s, with a terminal 
elongation step of 72˚C for 2 min. For RT-rtPCR for sequencing in the N gene the assay employed the same 
conditions as the RdRpSeq assay, except that the primer sequences were NSeq-Fwd (CCT TCG GTA CAG TGG 
AGC CA) and NSeq-Rev (GAT GGG GTT GCC AAA CAC AAA C) for the first round and NSeq-Fwd (TGA 
CCC AAA GAA TCC CAA CTA C) and NSeq-Rev (the same as in the first round) for the second round. The 
second round will only performed if no product is visible by agarose gel electrophoresis after the first round 
[36]. 
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The assay for the upE target is considered highly sensitive and is recommended for screening, the ORF1a as-
say considered of equal sensitivity and the ORF 1b assay less sensitive than the ORF1a assay are used for con-
firmation. Sequencing of RdRp gene and N gene also aid the confirmation [10] [36] [37] (Figure 6). Using 
RT-rtPCR, viral isolation, and full-genome sequencing that both MERS-CoV-Jeddah-human-1 (accession num-
ber KF958702) and MERS-CoV-Jeddah-camel-1 (accession number KF917527) isolates were 100% identical 
and contain characteristic mutations compared to other reported sequences, suggesting direct cross-species trans- 
mission from the camels to the patient [38]. 

 

 
Figure 5. RT-rtPCR target regions for screening, confirmation and sequencing of novel human coronavirus 
(hCoV-EMC). Source: [36]. 

 

 
Figure 6. Testing algorithm for cases under investigation for MERS-CoV by RT-rtPCR. Source: [37]. 
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2.4.6. Serological Tests 
The presence of antibodies to MERS-CoV indicates that a person had been previously infected with the virus 
and developed an immune response. Center for disease control and prevention (CDC) has a two-phase approach 
for serology testing, using one screening test (ELISA) and two confirmatory tests (IFA, Micronutralization) to 
detect antibodies to MERS-CoV [11].  

1) Enzyme Linked Immunosorbent Assay (ELISA) 
Enzyme-linked immunosorbent assay is a screening test used to detect the presence and concentration of spe-

cific antibodies that bind to a viral protein. The serum specimens should be collected during the acute stage of 
the disease and repeated during the convalescence phase (>3 weeks after the initial sample was collected). 
ELISAs usually produce results within a few hours. If a clinical sample is determined to be antibody-positive by 
ELISA, CDC then uses the IFA assay and/or microneutralization assay to confirm the positive result [11]. 

2) Indirect Immunofluorescence Assay (IFA) 
Immunofluorescence assay is a confirmatory test in which specific antibodies, if present in the person’s blood, 

attach to virus-infected cells fixed on a glass slide. These attached antibodies are detected by adding a secondary 
antibody labeled with a compound that makes them glow an apple-green color when viewed under a special mi-
croscope. This secondary antibody will bind to any antibodies which are present in the blood and have attached 
to the virus-infected cells. Like the ELISA results, IFA results can also be obtained in a few hours. If a clinical 
sample is positive by both ELISA and IFA, the specimen is determined to be positive. If a clinical sample is 
positive by ELISA but indeterminate or negative by IFA, CDC then performs additional confirmatory testing 
[11]. This assay may generate false positive results due to the global co-circulation of four human Coronaviruses 
(hCoV) namely hCoV-NL63, hCoV-OC43, hCoV-229E and hCoV-HKU1. Cross-reactivity to conserved viral 
proteins limits the use of such whole virus-based IFAs, especially as antibodies against Coronaviruses within a 
genus are generally known to cross-react [39]. 

3) Microneutralization Assay  
The microneutralization assay is a highly specific confirmatory test used to measure neutralizing antibodies, 

or antibodies that can neutralize virus. This method is considered the “gold standard” for detection of specific 
antibodies in serum samples. However, compared with the ELISA and IFA, the microneutralization assay is la-
bor-intensive and time-consuming, requiring at least 5 days before results are available. If a clinical sample is 
positive by ELISA, indeterminate by IFA, and positive by microneutralization, the specimen is determined to be 
positive. If a clinical sample is positive by ELISA, indeterminate or negative by IFA and negative by microneu-
tralization, the sample is determined to be negative. Final determination of a positive serology result requires a 
positive ELISA test and confirmation by IFA or microneutralization assay [11]. 

4) Western Blot Analysis  
For Western blot analysis purified hexa histidine (His)6-tagged nucleoproteins (NPs) of MERS-CoV, are sub-

jected to 12% Sodium dodecyl sulfate Polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to 0.22 
mm nitrocellulose membranes. The membranes are blocked with 5% skim milk in Tris-buffered saline and then 
incubated with mouse anti-MERS-CoV NP immune sera at 37˚C for 60 min. Antigen-antibody interaction de-
tected with 1:4000 diluted horseradish peroxidase (HRP)-conjugated goat anti-mouse IgG and visualized by 
3,3',5,5'-tetramethylbenzidine (TMB) liquid substrates system for membranes [12].  

2.5. Treatment and Prevention Approaches 
Management of MERS-CoV infection is supportive. This includes hydration, antipyretic, analgesics, respiratory 
support, and antibiotics, if needed, for bacterial super infection. Current treatment is based on previous expe-
rience with the Severe Acute Respiratory Syndrome-Coronavirus (SARS-CoV), in vitro studies, and case series. 
Various agents have been tried, including those that block virus entry, inhibit viral replication, or interfere with 
host immune response [40]. Monoclonal antibodies that efficiently block the interaction between the MERS- 
CoV envelope spike glycoprotein and a human protein dipeptidyl peptidase 4 have been developed using a hu-
manized mouse (transgenic mouse). These researchers are now working to move the antibodies into human trials 
[41]. Based on experience with SARS-CoV, the use of convalescent plasma, hyper-immune globulin, or human 
monoclonal antibodies that contain neutralizing antibodies may be efficacious and is recommended as first-line 
treatment when available [40]. 

CDC recommends that ill individuals who are being evaluated for MERS-CoV infection and do not require 
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hospitalization may be cared for and isolated in their home. Healthcare providers should contact their state or 
local health department to determine whether home isolation or additional measures are indicated because rec-
ommendations might be modified as more data become available [2].  

The WHO recommends that individual at high risk of severe disease, such as immunocompromised and those 
with diabetes, chronic lung disease, or preexisting renal failure should take precautions when visiting farms, 
barn areas, camel pens, or market environments where camels are present [42]. These measures include avoiding 
contact with camels, practicing good hand hygiene, avoiding drinking raw camel milk or camel urine, avoiding 
eating camel meat not cooked thoroughly, and avoiding eating food that may be contaminated with animal se-
cretions or products unless they are properly washed, peeled, or cooked. Although, when visiting a farm or barn, 
general hygiene measures including regular hand washing before and after touching animals and avoiding con-
tact with sick animals, are recommended [13]. Individuals should avoid contact with any camel that has tested 
positive for MERS-CoV unless wearing a face mask and protective clothing, until subsequent tests have con-
firmed that the animal is free of virus [42]. Countries outside the affected region should maintain a high level of 
vigilance, especially countries with large numbers of travelers or guest workers returning from the Middle East 
[27]. 

3. Conclusion  
Middle East respiratory syndrome is caused by Betacoronavirus lineage 2C having the largest genome of all 
RNA viruses. All cases reported outside of the Middle East have had a recent travel history to the Middle East or 
contact with a case that had travelled from the Middle East. Using RT-rtPCR, viral isolation and full-genome 
sequencing of MERS-CoV from human and from camel isolates were identical suggesting direct cross-species 
transmission from the camels to human. Transmission occurred via close contact with infected persons and ca-
mels. MERS-CoV is primarily diagnosed using a real-time RT-PCR assay and serological tests such as western 
blot analysis, enzyme linked immunosorbent assay, indirect immunoflourescence assay and micro-neutralization 
can help in diagnosis. As there is no specific vaccine or treatment, management of MERS-CoV infection is by 
supportive treatment. This emerging infectious disease is a threat to human health.  

Recommendations 
The following recommendations are forwarded in order to cope up with this problem. 
• Regular hand washing before and after touching camels, wearing a face mask and protective clothing, strict 

avoidance of contact with camel that has tested positive for MERS-CoV until subsequent tests have con-
firmed that the animal is free of virus.  

• The Health department of the area should be notified immediately if a case of MERS-CoV infection is sus-
pected.  

• More than 90% Camels in Ethiopia are serologically positive (Reusken et al., 2014) which indicates that 
Ethiopia is under threat of the disease. So, thorough follow up, diagnosis (serology, isolation and identifica-
tion, and molecular) is required both in humans and animals.  

• Extensive efforts are required to speed up the development of an effective therapy and vaccine. 
• Camels may play important role in transmission of the virus, and the common practices in pastoral areas of 

consuming unpasteurized camels’ milk and raw meat should be avoided. 
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