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INTRODUCTION — In September 2012, a case of novel coronavirus infection was reported 
involving a man in Saudi Arabia who was admitted to a hospital with pneumonia and acute kidney 
injury in June 2012 [1]. Only a few days later, a separate report appeared of an almost identical 
virus detected in a second patient with acute respiratory syndrome and acute kidney injury [2,3]. 
The second patient initially developed symptoms in Qatar but had traveled to Saudi Arabia before 
he became ill and then sought care in the United Kingdom [4]. Many subsequent cases and 
clusters of infections have been reported, as discussed below. (See 'Epidemiology' below.) 

This novel coronavirus, initially termed human coronavirus-EMC (for Erasmus Medical Center), has 
been named Middle East respiratory syndrome coronavirus (MERS-CoV) [5]. 

Updated information about MERS-CoV can be found on the World Health Organization website 
and the United States Centers for Disease Control and Prevention website. 

The virology, epidemiology, clinical manifestations, diagnosis, treatment, and prevention of MERS-
CoV are discussed here. Community-acquired coronaviruses and severe acute respiratory 
syndrome coronavirus are reviewed separately. (See "Coronaviruses" and "Severe acute 
respiratory syndrome (SARS)".) 

VIROLOGY — Middle East respiratory syndrome coronavirus (MERS-CoV) is a lineage C 
betacoronavirus, different from the other human betacoronaviruses (severe acute respiratory 
syndrome coronavirus, OC43, and HKU1) but closely related to several bat coronaviruses [4,6-11]. 
(See 'Bats' below.) 

Dipeptidyl peptidase 4 (DPP4; also known as CD26), which is present on the surfaces of human 
nonciliated bronchial epithelial cells, is a functional receptor for MERS-CoV [12,13]. Expression of 
human and bat DPP4 in nonsusceptible cells enables infection by MERS-CoV. The DPP4 protein 
displays high amino acid sequence conservation across different species, including the sequence 
that was obtained from bat cells. 

In a cell line susceptibility study, MERS-CoV infected several human cell lines, including lower (but 
not upper) respiratory, kidney, intestinal, and liver cells, as well as histiocytes [14]. The range of 
tissue tropism in vitro was broader than that for any other known human coronavirus. In another 
study, human bronchial epithelial cells were susceptible to infection [15]. MERS-CoV can also 
infect nonhuman primate, porcine, bat, civet, rabbit, and horse cell lines [14,16,17]. Further study 
is necessary to determine whether these in vitro findings will translate to broader species 
susceptibility during in vivo infections [18]. 

Because of a large increase in cases in Saudi Arabia in the spring of 2014, there was concern that 
MERS-CoV might have mutated to become more transmissible or virulent. However, cell culture 
experiments of viruses isolated during these outbreaks showed no evidence of changes in viral 
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replication rate, immune escape, interferon sensitivity, or serum neutralization kinetics compared 
with a contemporaneous but phylogenetically different virus recovered in Riyadh or the original 
MERS-CoV isolate from 2012 [19]. 

Genetic analysis — In an analysis of the full or partial genomes of MERS-CoV obtained from 21 
patients with MERS-CoV infection in Saudi Arabia between June 2012 and June 2013, there was 
sufficient heterogeneity to support multiple separate animal-to-human transfers [20]. Moreover, 
even within a hospital outbreak in Al-Hasa, Saudi Arabia, there was evidence of more than one 
virus introduction. By estimating the evolutionary rate of the virus, the authors concluded that 
MERS-CoV emerged around July 2011 (95 percent highest posterior density July 2007 to June 
2012). 

Phylogenetic analysis during the spring of 2014 showed that viruses from patients in Jeddah, Saudi 
Arabia, were genetically similar, suggesting that the outbreak in Jeddah was caused by human-to-
human transmission [19]. Of 168 specimens that were positive for MERS-CoV during the outbreak 
in Jeddah, 49 percent came from a single hospital, King Fahd Hospital. Isolates from patients in 
Riyadh, Saudi Arabia, during the spring of 2014 belonged to six different clades, suggesting that 
these infections resulted from increased zoonotic activity or transmission from humans in other 
regions. One cluster of infections observed in a single hospital in Riyadh was associated with a 
single clade, suggesting nosocomial transmission. 

EPIDEMIOLOGY — In September 2012, a novel coronavirus infection was reported in ProMed 
Mail, an internet-based reporting system that helps disseminate information about infectious 
disease outbreaks worldwide [1]. The virus was isolated from the sputum of a man in Jeddah, 
Saudi Arabia, who was admitted to a hospital with pneumonia and acute kidney injury in June 
2012. Shortly thereafter, a report appeared of an almost identical virus detected in a patient in 
Qatar with acute respiratory syndrome and acute kidney injury; the patient had traveled recently 
to Saudi Arabia [2-4]. 

Subsequent cases and clusters of infections have been reported, as discussed below (figure 1). 
Since April 2012, more than 1280 cases of MERS-CoV infection have been reported (see 
'Geographic distribution' below). The actual number of cases is likely to be higher [21]. The median 
age is 48 years (range 9 months to 94 years) and 64 percent of cases have been male [22]. 

The number of cases in the Middle East increased dramatically in March and April 2014 then 
declined sharply in mid-May 2014 [22,23]. An increase in cases also occurred during March and 
April 2013. 

Geographic distribution — Since April 2012, more than 1280 laboratory-confirmed human 
infections with Middle East respiratory syndrome coronavirus (MERS-CoV) have been reported to 
the World Health Organization (WHO), occurring in several countries in the Arabian Peninsula, 
including Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, the United Arab Emirates, and 
Yemen (figure 2); the majority of cases have occurred in Saudi Arabia, including some case clusters 
[23-25]. A limited number of cases have also been reported from Algeria, Austria, China, Egypt, 
France, Germany, Greece, Iran, Italy, South Korea, Malaysia, the Netherlands, the Philippines, 
Tunisia, Turkey, the United Kingdom, and the United States. In the European and Asian countries 
as well as in Algeria, Egypt, Tunisia, and the United States, patients developed illness after 
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returning from the Arabian Peninsula. In the United Kingdom, France, Italy, and Tunisia, limited 
human-to-human transmission occurred among close contacts of the index cases. 

Cases and clusters — Some notable cases and clusters are summarized as follows: 

●The index case was a man in Jeddah, Saudi Arabia, who was hospitalized with pneumonia in 
June 2012 [4]. He developed acute respiratory distress syndrome (ARDS) and acute kidney 
injury and died; MERS-CoV was isolated from his sputum. 

●In September 2012, a nearly identical coronavirus was detected in a man who also had an 
acute respiratory distress syndrome and acute kidney injury requiring admission to the 
intensive care unit [2,26,27]. He initially developed symptoms in Qatar but had recently 
traveled to Saudi Arabia and sought care in the United Kingdom [4]. 

●A cluster occurred in October and November 2012 in four men in one family in Riyadh, Saudi 
Arabia, two of whom died [28]. None of the 24 other family members who lived with the 
infected patients or 124 healthcare workers who had contact with them became ill. 

●The two earliest confirmed cases were subsequently reported from Jordan [29,30]. Both 
patients died during a cluster of acute respiratory illness in April 2012, which included 10 
healthcare workers. Serologic testing suggested that seven surviving hospital contacts had 
MERS-CoV infection. 

●In January 2013, a resident of the United Kingdom who had traveled to Saudi Arabia and 
Pakistan developed a severe respiratory illness, and diagnostic tests of respiratory specimens 
were positive for both MERS-CoV and H1N1 influenza A; he died in March 2013 [31]. In 
February 2013, the patient's son, who had underlying medical conditions, died from MERS-CoV 
infection after being in close contact with his father [32,33]. Another family member developed 
a mild illness and was also found to have MERS-CoV [32]. Neither of these individuals traveled 
to the Middle East, strongly suggesting that they acquired the virus via person-to-person 
spread. 

●In April 2013, a cluster of 23 confirmed cases and 11 probable cases of MERS-CoV was 
detected in Al-Hasa in the Eastern Province of Saudi Arabia [34]. Almost all cases were directly 
linked to person-to-person exposure, most of them in the hemodialysis (nine cases) or intensive 
care (four cases) units of a single hospital. There were only two proven cases in healthcare 
workers, and only three family members (all of whom had visited the hospital) were proven 
infected despite a survey of over 200 household contacts. 

●In May 2013, a patient in France developed MERS-CoV infection after returning to France from 
a vacation to the United Arab Emirates [33]. A second patient was diagnosed with MERS-CoV 
after sharing a hospital room with the first patient [33,35]. The first patient died and the second 
patient was critically ill. Both patients were immunocompromised, one a renal transplant 
recipient and the second on daily glucocorticoids. No cases of secondary transmission were 
detected in more than 100 healthcare workers, despite the lack of use of personal protective 
equipment [35]. 

●A sharp increase in the number of cases was reported in Saudi Arabia and the United Arab 
Emirates in March and April 2014 [22,36,37]. Of the over 500 cases reported, the majority 
represented hospital-based outbreaks in the Saudi Arabian cities of Jeddah (255 cases), Riyadh, 
Tabuk, and Madinah and in Al Ain City, Abu Dhabi, United Arab Emirates, and included cases in 
healthcare workers, patients admitted for other medical problems, visitors, and ambulance 
staff. Up to 75 percent of cases during this period appeared to be acquired from exposure to 
persons known to be infected [38]. Nevertheless, there has been no clear evidence of sustained 

http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/4
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/2,26,27
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/4
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/28
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/29,30
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/31
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/32,33
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/32
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/34
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/33
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/33,35
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/35
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/22,36,37
http://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus/abstract/38


human-to-human transmission of MERS-CoV in community settings. Many of the secondary 
infections that occurred in healthcare workers were either mildly symptomatic or 
asymptomatic, but 15 percent of healthcare workers presented with severe disease or died 
[37]. 

●The first case in the United States occurred in an American healthcare worker in his sixties 
who lived and worked in Riyadh, Saudi Arabia, but traveled to Indiana in April 2014, where he 
presented for care [39-41]. A second imported case in the United States was confirmed in May 
2014 in Florida in an individual who was visiting from Saudi Arabia [39,42,43]. 

●The first cases in South Korea occurred in May 2015; the index case was a man who had 
recently traveled to Bahrain, the United Arab Emirates, Saudi Arabia, and Qatar [44]. As of mid-
June 2015, 149 secondary cases have been reported among household and hospital contacts; 
15 deaths have been reported [45-49]. One case occurred in a man who traveled to China 
following exposure to two relatives with MERS-CoV infection; this patient is the first reported 
case in China [47]. 

Possible sources and modes of transmission — It seems likely that dromedary camels are the 
primary animal host for MERS-CoV (see 'Camels' below). The presence of case clusters strongly 
suggests that human-to-human transmission occurs [33-35,50]. 

Serologic studies have shown low prevalence of MERS-CoV antibodies in humans in Saudi Arabia 
[51,52]. A broad antibody survey of 10,009 individuals representative of the general population of 
Saudi Arabia found seropositivity in 15 (0.15 percent), all but one of whom resided in five interior 
provinces (of 13 total provinces) [53]. In a separate survey included in the same report, 87 camel 
shepherds and 140 slaughterhouse workers were tested, of whom 7 (3.1 percent) were 
seropositive. 

Among 5235 adult pilgrims from 22 countries who visited Mecca, Saudi Arabia, for Hajj in 2013, 
none had a positive MERS-CoV polymerase chain reaction (PCR) from the nasopharynx; 3210 
individuals were screened pre-Hajj, and 2025 were screened post-Hajj [54]. 

Bats — Studies performed in Europe, Africa, and Asia, including the Middle East, have shown that 
coronavirus RNA sequences are found frequently in bat fecal samples and that some of these 
sequences are closely related to MERS-CoV sequences [8-10]. In a study from Saudi Arabia, 823 
fecal and rectal swab samples were collected from bats, and, using a PCR assay, many coronavirus 
sequences were found [10]. Most were unrelated to MERS-CoV, but, notably, one 190 nucleotide 
sequence in the RNA-dependent RNA polymerase (RdRp) gene was amplified that had 100 percent 
identity with a MERS-CoV isolate cloned from the index patient with MERS-CoV infection; the 
sequence was detected from a fecal pellet of a Taphozous perforatus bat captured from a site near 
the home of the patient. MERS-CoV grows readily in several bat-derived cell lines [16]. 

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 [55]. 

Camels — As noted above, it is likely that camels serve as hosts 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-
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genome sequencing demonstrated that the viruses isolated from the man and his camel were 
identical [56]. The study had the following findings: 

●A previously healthy 44-year-old man was admitted to the intensive care unit of a hospital in 
Jeddah, Saudi Arabia, with severe dyspnea. He initially developed fever, rhinorrhea, cough, and 
malaise eight days prior to admission, and he became dyspneic three days prior to admission. 
He owned a herd of nine dromedary camels; he had visited the camels daily until three days 
before admission. Four of the camels had been ill with nasal discharge during the week before 
the onset of the man's illness. The man had applied a topical medicine to the nose of one of the 
ill camels seven days before he became ill. The patient died 15 days after hospital admission. 

●Nasal swabs collected from the patient on hospital days 1, 4, 14, and 16 were all positive for 
MERS-CoV by real-time reverse-transcriptase polymerase chain reaction (rRT-PCR). The first 
nasal specimen collected from one symptomatic camel was also positive by rRT-PCR; a repeat 
nasal specimen collected 28 days later was negative. Nasal specimens that were collected from 
the other camels on day 1 (seven camels) and day 28 (eight camels) were negative by rRT-PCR. 
Milk, urine, and rectal specimens collected from all camels were negative by rRT-PCR. 

●Separate Vero cell cultures inoculated with the first specimens obtained from the patient and 
from the PCR-positive camel both grew MERS-CoV strains, which, on full-genome sequencing, 
were identical. 

●A serum specimen collected from the patient on day 1 was negative for MERS-CoV antibodies 
(<1:10) by immunofluorescence assay, whereas the specimen collected on day 14 had an 
antibody titer of 1:1280. Paired serum specimens from the infected camel also showed a >4-
fold increase in the antibody titer. Four other camels had increases in antibody, and the 
remaining four camels had high, stable antibody titers to MERS-CoV. 

These results suggest that MERS-CoV can infect dromedary camels and can be transmitted from 
them to humans by close contact. 

Other phylogenetic analyses comparing portions of the MERS-CoV genome obtained from camels 
to MERS-CoV obtained from humans with epidemiologic links to the camels have demonstrated 
that the viruses were similar [57-60]. 

Serologic studies have also suggested that camels are an important source of MERS-CoV: 

●Of 203 serum samples from dromedary camels in various regions of Saudi Arabia collected in 
2013, 150 (74 percent) had antibodies to MERS-CoV by enzyme-linked immunosorbent assay 
[58]. The rate of seropositivity was higher in adult than juvenile camels (>95 percent among 
camels >2 years of age versus 55 percent in camels ≤2 years of age). Using stored serum 
samples from 1992 to 2010, antibodies to MERS-CoV were detected as early as 1992. No MERS-
CoV–specific antibodies were detected in domestic sheep or goats in Saudi Arabia. 

●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 [57,59-68]. Camels in other parts of Europe and in 
the Americas do not have MERS-CoV antibodies, and no other domestic animals tested have 
shown evidence of infection [17,68]. 
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In another study, three dromedary camels inoculated with MERS-CoV intratracheally, intranasally, 
and conjunctivally shed large quantities of virus from the upper respiratory tract [69]. Infectious 
virus was detected in nasal secretions for 7 days postinoculation and viral RNA for up to 35 days 
postinoculation. 

Human-to-human transmission — Case clusters in the United Kingdom, Tunisia, Italy, and in 
healthcare facilities in Saudi Arabia, France, Iran, and South Korea strongly suggest that human-to-
human transmission occurs (figure 3) [19,22,33-35,70-72]. The number of contacts infected by 
individuals with confirmed infections, however, appears to be limited [73-76]. Secondary cases 
have tended to be milder than primary cases, and many secondary cases have been reported to be 
asymptomatic [38,76]. Possible modes of transmission include droplet and contact transmission 
[77]. 

More than half of all laboratory-confirmed secondary cases have been associated with healthcare 
settings [78]. The majority of cases in the spring of 2014 in Saudi Arabia were acquired through 
human-to-human transmission in healthcare settings, likely due at least in part to systemic 
weaknesses in infection control [22,36,79]. A phylogenetic analysis of viruses isolated during the 
outbreaks in Saudi Arabia in the spring of 2014 is discussed above. (See 'Genetic analysis' above.) 

Secondary transmission has also occurred in the household setting. Among 280 household 
contacts of 26 index patients with MERS-CoV infection, 12 probable cases of secondary 
transmission were detected by PCR of a pharyngeal swab and/or serology (4 percent, 95% CI 2 to 7 
percent) [76]. However, it is possible that some of the index cases and probable secondary cases 
may have acquired MERS-CoV from a common source, particularly since three of seven contacts 
tested positive for MERS-CoV by PCR only four days after illness onset in the index cases. Another 
limitation of this study is that some secondary cases may have been missed since only 108 of 280 
contacts had samples available for serologic testing >3 weeks after onset of symptoms in the index 
case. 

Virus is found most easily in lower respiratory tract samples (tracheal aspirates, sputum, or 
bronchoalveolar lavage fluid) of symptomatic patients, and this shedding may persist for as long as 
two weeks [56]. Of perhaps greater concern, prolonged shedding was also detected by PCR in an 
asymptomatic healthcare worker [80]. The individual was initially tested following occupational 
exposure to MERS-CoV. Serial PCR testing revealed ongoing shedding for six weeks. These findings 
raise concerns that asymptomatic individuals could unknowingly transmit infection to others. 

In a study that evaluated the transmissibility and epidemic potential of MERS-CoV based upon 55 
laboratory-confirmed cases detected by late June 2013, the reproduction number (R0; defined as 
the average number of infections caused by one infected individual in a fully susceptible 
population) was estimated to be between 0.60 and 0.69 [81,82]. The finding of an R0 <1 suggests 
that MERS-CoV does not yet have pandemic potential. Others have pointed out that the R0 might 
be higher in the absence of infection control measures [21]. 

CASE DEFINITIONS — For epidemiologic purposes, the following Middle East respiratory syndrome 
coronavirus (MERS-CoV) infection case definitions have been proposed by the World Health 
Organization (WHO) [83]: 
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●Confirmed case – A person with laboratory confirmation of infection with MERS-CoV 
irrespective of clinical signs and symptoms 

●Probable case – A probable case is defined by the following criteria: 

•A febrile acute respiratory illness with clinical, radiographic, or histopathologic evidence of 
pulmonary parenchymal disease (eg, pneumonia or acute respiratory distress syndrome) and 

•A direct epidemiologic link with a confirmed MERS-CoV case and 

•Testing for MERS-CoV is unavailable, negative on a single inadequate specimen, or 
inconclusive 

OR 

•A febrile acute respiratory illness with clinical, radiographic, or histopathologic evidence of 
pulmonary parenchymal disease (eg, pneumonia or acute respiratory distress syndrome) and 

•The person resides in or traveled to the Middle East or countries where MERS-CoV is known 
to be circulating in dromedary camels or where human infections have recently occurred and 

•Testing for MERS-CoV is inconclusive 

OR 

•An acute febrile respiratory illness of any severity and 

•Direct epidemiologic link with a confirmed MERS-CoV case and 

•Testing for MERS-CoV is inconclusive 

WHO criteria for laboratory confirmation require detection of viral nucleic acid or acute and 
convalescent serology. The presence of nucleic acid can be confirmed by positive results from at 
least two sequence-specific real-time reverse-transcriptase polymerase chain reactions (rRT-PCRs) 
or a single sequence-specific rRT-PCR test and direct sequencing from a separate genomic target 
[84]. A case confirmed by serology requires demonstration of seroconversion in two samples 
ideally collected at least 14 days apart using at least one screening assay (enzyme-linked 
immunoassay, immunofluorescence assay) and a neutralization assay. Specific criteria and 
additional definitions can be found on the WHO's website. PCR testing is discussed in detail below. 
(See 'Polymerase chain reaction and sequencing' below.) 

The United States Centers for Disease Control and Prevention's (CDC's) case definitions can be 
found on the CDC's website. 

CLINICAL MANIFESTATIONS 

Incubation period — In an outbreak of Middle East respiratory syndrome coronavirus (MERS-CoV) 
infection in Saudi Arabia that resulted in laboratory-confirmed MERS-CoV in 23 individuals, the 
median incubation period was 5.2 days (95% CI 1.9-14.7 days) [34]. In one secondary case that 
occurred in a patient in France who shared a room with an infected patient, the incubation period 
was estimated at 9 to 12 days [35]. 

The World Health Organization (WHO) and the United States Centers for Disease Control and 
Prevention (CDC) recommend that an evaluation for MERS-CoV be considered in individuals with a 
syndrome of MERS who returned from travel to the Arabian peninsula or neighboring countries 
within the past 14 days [85]. Countries in or neighboring the Arabian Peninsula are defined below. 
(See 'In the United States' below.) 
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Clinical features — Most patients with MERS-CoV infection have been severely ill with pneumonia 
and acute respiratory distress syndrome, and some have had acute kidney injury [4,28,33-
35,75,86,87]. 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 disseminated intravascular coagulation [28,33,35,87,88]. Among 12 critically ill patients, 11 
had extrapulmonary manifestations including shock (in 11) and acute kidney injury (in 7) [75]. One 
immunocompromised patient presented with fever, diarrhea, and abdominal pain but without 
early respiratory symptoms; pneumonia was identified incidentally on a chest radiograph [33,35]. 

It remains unclear whether persons with specific conditions are disproportionately infected with 
MERS-CoV or have more severe disease [73]. In a study of 47 patients with MERS-CoV infection in 
Saudi Arabia, 45 (96 percent) had underlying comorbidities, including diabetes mellitus (68 
percent), hypertension (34 percent), chronic cardiac disease (28 percent), and chronic kidney 
disease (49 percent) [87]. One patient was receiving long-term immunosuppressive therapy with 
glucocorticoids. In a study of 12 critically ill patients with MERS-CoV infection, each individual had 
at least one comorbid condition; the median number of comorbid conditions was 3 (range 1 to 6) 
[75]. In a case-control study that included 17 case patients with MERS-CoV infection and 82 
controls, case patients were more likely than controls to be overweight, have diabetes mellitus, 
and to have end-stage renal disease [89]. 

The high rate of comorbidities reported must be interpreted with caution, since diabetes mellitus 
was frequently observed in a study of more than 6000 patients presenting to an outpatient clinic 
in Riyadh, Saudi Arabia, and because approximately half of the 47 patients described in the first 
study were part of an outbreak in a hemodialysis unit [87], where rates of chronic kidney disease 
and hypertension would be expected to be high [90]. 

The following clinical findings were observed among 47 patients with MERS-CoV infection in Saudi 
Arabia [87]: 

●Fever (>38°C) – 46 patients (98 percent) 

●Fever with chills or rigors – 41 patients (87 percent) 

●Cough – 39 patients (83 percent) 

●Shortness of breath – 34 patients (72 percent) 

●Hemoptysis – 8 patients (17 percent) 

●Sore throat – 10 patients (21 percent) 

●Myalgias – 15 patients (32 percent) 

●Diarrhea – 12 patients (26 percent) 

●Vomiting – 10 patients (21 percent) 

●Abdominal pain – 8 patients (17 percent) 

●Abnormal chest radiograph – 47 patients (100 percent) 

Of these 47 patients, 42 (89 percent) required intensive care and 34 (72 percent) required 
mechanical ventilation [87]. The 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). 
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Mild and asymptomatic infections — Although many patients have had severe disease, some 
reports have described individuals with a mild respiratory illness not requiring hospitalization 
[85,91]. In one report, a patient developed a dry cough on the tenth day of illness followed by 
dyspnea and hypoxia on the eleventh day of illness; prior to that, he had only nonspecific signs and 
symptoms (malaise, myalgias, low-grade fever) [41]. 

Several individuals with asymptomatic infection have been identified among contacts of patients 
with symptomatic infection [22,36,76,91]. As an example, the Saudi Arabian Ministry of Health 
screened more than 3000 close contacts of patients using real-time reverse-transcriptase 
polymerase chain reaction of nasopharyngeal swabs and identified seven healthcare workers with 
MERS-CoV infection, two of whom were asymptomatic and five of whom had mild upper 
respiratory tract symptoms [91]. 

It appears that many individuals who have been reported to be asymptomatic have in fact had 
signs and symptoms of illness. In a study of a healthcare facility–associated outbreak in Jeddah, 
Saudi Arabia, in the spring of 2014, there were 255 laboratory-confirmed cases of MERS-CoV 
infection [36]. Of 64 patients who were initially identified as being asymptomatic, 33 of the 64 
individuals (52 percent) were available for a telephone survey. Of these 33 people, 79 percent 
reported at least one symptom during the month before testing and 70 percent reported more 
than one symptom. Unexpectedly, 36 percent of the individuals reported the presence of signs 
and symptoms as the reason for undergoing MERS-CoV testing, even though they had been 
identified as being asymptomatic. 

Children — There is only one published description of MERS-CoV infection in children [92]. Of 11 
infections, 9 were asymptomatic, all discovered during contact investigations of older patients. 
Both symptomatic cases were in children with underlying conditions (cystic fibrosis and Down 
syndrome). 

Effect on fetuses — One stillbirth at five months' gestation has been reported in a woman with 
MERS-CoV infection [93]. The woman developed vaginal bleeding and abdominal pain on the 
seventh day of illness with MERS-CoV, and she spontaneously delivered a stillborn infant. In 
another MERS-CoV infection in pregnancy occurring near term, a woman in the United Arab 
Emirates gave birth to an apparently healthy baby; the mother died after delivery [78]. 

Clinical findings in animal models — Several studies have shown that nonhuman primates 
develop MERS-CoV infection after inoculation with MERS-CoV and can therefore be used as animal 
models for studying MERS-CoV infection [94-96]. In contrast, mice, ferrets, and guinea pigs do not 
appear to be susceptible to MERS-CoV infection [96]. In one study, six rhesus macaques were 
inoculated with MERS-CoV through a combination of intratracheal, intranasal, oral, and ocular 
routes [94]. Within 24 hours, all animals developed anorexia, fever, tachypnea, cough, 
piloerection, and hunched posture. Chest radiographs showed localized infiltrates and increased 
interstitial markings. After the animals were euthanized, postmortem examinations showed 
multifocal to coalescent lesions throughout the lungs. Histopathology demonstrated infiltrates of 
neutrophils and macrophages, compatible with acute interstitial pneumonia. 

In another study by the same group, following inoculation with MERS-CoV, rhesus macaques 
developed a transient lower respiratory tract infection [95]. Clinical signs, virus shedding, virus 
replication in respiratory tissues, gene expression, inflammatory changes on histology, and 
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cytokine and chemokine profiles peaked one day after infection and decreased rapidly over time. 
In nasal swabs and bronchoalveolar lavage fluid specimens, viral loads were also highest on day 1 
postinfection and decreased rapidly. Two of three animals were still shedding virus from the 
respiratory tract on day 6 (the same day they were euthanized). MERS-CoV caused a multifocal, 
mild to marked interstitial pneumonia, with virus replication occurring primarily in type I and II 
alveolar pneumocytes. 

Laboratory abnormalities — Among 47 cases of MERS-CoV infection in Saudi Arabia, laboratory 
abnormalities included leukopenia (14 percent), lymphopenia (34 percent), lymphocytosis (11 
percent), thrombocytopenia (36 percent), elevated aspartate aminotransferase (15 percent), 
elevated alanine aminotransferase (11 percent), and elevated lactate dehydrogenase (49 percent) 
[87]. Other reports have described lymphocytopenia (with or without neutropenia), anemia, 
and/or thrombocytopenia [28,35,75,86]. Some patients have shown progressive renal failure, with 
rising blood urea nitrogen and creatinine [4,28,31,35,75]. Disseminated intravascular coagulation 
and hemolysis have also been reported [33,86]. 

Imaging findings — As noted above, among 47 cases of MERS-CoV disease in Saudi Arabia, 
abnormalities on chest radiography were noted in all 47 cases [87]. Imaging findings ranged from 
minimal to extensive abnormalities, including increased bronchovascular markings, airspace 
opacities, patchy infiltrates, interstitial changes, patchy to confluent airspace consolidations, 
nodular opacities, reticular opacities, reticulonodular shadowing, pleural effusions, and total 
opacification of lung segments and lobes; abnormalities were either unilateral or bilateral (image 
1). In patients with MERS-CoV who underwent computed tomography scanning, the most 
common findings were bilateral predominantly peripheral and basilar airspace changes with more 
extensive ground-glass opacities than consolidation [97,98]. 

DIAGNOSIS — The World Health Organization (WHO) has developed a questionnaire to be used 
for the initial investigation of cases; it can be found on the WHO's website [99]. 

Preferred tests and specimen types — Lower respiratory tract specimens should be the first 
priority for collection and real-time reverse-transcriptase polymerase chain reaction (rRT-PCR) 
testing, since rRT-PCR testing of lower respiratory specimens appears to be more sensitive for 
detection of Middle East respiratory syndrome coronavirus (MERS-CoV) than testing of upper 
respiratory tract specimens [84,85,100,101]. (See 'Polymerase chain reaction and sequencing' 
below.) 

Given the potential severity of MERS-CoV infections, the risk for human-to-human transmission, 
and the limited data about the sensitivity of each diagnostic test, we suggest that multiple 
specimens be collected from different sites and at different times to increase the likelihood of 
detecting MERS-CoV [84,100]. Priority should be given to respiratory specimens (lower tract if 
obtainable and in all cases of severe disease; upper tract if disease is mild and lower tract 
specimens cannot be obtained). Serum samples (acute and convalescent samples 14 to 21 days 
later) should also be obtained for serologic testing [84,101]. 

We recommend the following diagnostic approach, which has been adapted from guidelines 
issued by the United States Centers for Disease Control and Prevention (CDC) and the WHO 
[39,84,100,101]: 
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●Lower respiratory tract specimens such as sputum, endotracheal aspirate, or bronchoalveolar 
lavage (BAL) fluid should be obtained for rRT-PCR testing from all cases of severe disease and 
from milder cases when possible. 

●Upper respiratory tract specimens should be obtained for rRT-PCR testing and should be 
either a combined nasopharyngeal and oropharyngeal swab specimen (two synthetic fiber 
swabs with plastic shafts, combined in a single collection container) or a 2 to 3 mL 
nasopharyngeal aspirate. Obtaining upper respiratory tract specimens is especially important if 
the patient does not have signs or symptoms of lower respiratory tract disease or if the 
collection of lower respiratory tract specimens is not possible. 

●If initial testing of respiratory specimens is negative in a patient who is strongly suspected of 
having MERS-CoV infection, additional respiratory specimens should be obtained from multiple 
respiratory sites. Possible reasons for false-negative results include that the specimen was of 
poor quality, that it was collected late or very early in the illness, that it was not handled and 
shipped appropriately, or that there were technical problems with the test. 

●Acute and convalescent (14 to 21 days later) sera should be obtained for serologic testing. If 
only a single sample is to be obtained, it should be collected at least 14 days after onset of 
symptoms. 

●In certain cases, the diagnosis should be confirmed by nucleic acid sequencing [84]. 

●When good quality respiratory tract specimens are not available or when the clinician wishes 
to monitor the presence of virus in different body compartments, blood, urine, and/or stool 
specimens can be collected. Virus has been detected from these specimens but usually at lower 
concentrations than in respiratory tract specimens. 

Repeat testing is helpful for confirming clearance of the virus. Respiratory specimens should be 
tested every two to four days until there are two consecutive negative results. If the discharge of 
the patient from an isolation ward requires negative PCR results, specimens can be obtained daily. 

Laboratories with limited experience testing for MERS-CoV are encouraged to have their results 
confirmed by laboratories with greater experience (particularly negative specimens from patients 
in whom MERS-CoV infection is thought to be likely) [84]. 

Additional information about diagnostic testing can be found in a WHO document and in a CDC 
document [84,101]. 

Polymerase chain reaction and sequencing — Data from the cases sampled to date indicate that 
lower respiratory tract specimens (sputum, tracheal aspirates, BAL fluid) are more sensitive for 
detection of MERS-CoV by rRT-PCR testing than those from the upper respiratory tract (combined 
nasopharyngeal and throat swab, nasopharyngeal aspirates) [27,28,33,35,84,86,100,102]. 
However, upper respiratory tract specimens are still useful for diagnosing MERS-CoV. As an 
example, in a series of 47 patients with MERS-CoV, the majority of patients were diagnosed using 
nasopharyngeal swabs [87]. 

In a detailed analysis of a patient with multiple myeloma and MERS-CoV infection who succumbed 
after developing acute respiratory distress syndrome (ARDS) and septic shock, high concentrations 
of MERS-CoV were detected by rRT-PCR from respiratory specimens (BAL fluid or tracheobronchial 
secretions), peaking at 1.2 x106 copies/mL [86]. MERS-CoV was also detectable from oronasal 
secretions, stool, and urine but at low concentrations. Only one of two oronasal specimens was 
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positive by rRT-PCR (5370 copies/mL). No virus was detected from the blood of this patient, but it 
has been detected from the blood of another reported patient [35]. (See "Severe acute respiratory 
syndrome (SARS)", section on 'Polymerase chain reaction'.) 

Three rRT-PCR assays for routine detection of MERS-CoV have been developed [84]. Currently 
described tests are an assay targeting a region upstream of the E protein gene (upE) [27] and 
assays targeting the open reading frame 1b (ORF 1b) [27] and the open reading frame 1a (ORF 1a) 
[103]. In some cases, sequencing should be performed for confirmation. 

An emergency use authorization was issued by the US Food and Drug Administration in 2013 for 
the rRT-PCR assay developed by the CDC on clinical respiratory, blood, and stool samples [104]. 

Serology — Several serology assays have been developed for the detection of MERS-CoV 
antibodies, including immunofluorescence assays and a protein microarray assay [84,103,105-
107]. The CDC has developed a two-stage approach, which uses an enzyme-linked immunosorbent 
assay (ELISA) for screening followed by an indirect immunofluorescence test or 
microneutralization test for confirmation [84]. Any positive test by a single serologic assay should 
be confirmed with a neutralization assay. There are limited data on the sensitivity and specificity 
of antibody tests for MERS-CoV. 

According to the WHO, cases with a positive serologic test in the absence of PCR testing or 
sequencing are considered probable cases if they meet the other elements comprising the case 
definition of a probable case [84]. (See 'Case definitions' above.) 

Whom to test — The WHO and the CDC have developed recommendations regarding whom to 
test. Clinicians in countries other than the United States should use the WHO's recommendations 
and consult with their ministry of health for further guidance regarding the evaluation of possible 
new cases of MERS-CoV infection. 

Outside the United States — Based upon guidelines from the WHO, we recommend that, outside 
the United States, the following individuals be tested for MERS-CoV [100]: 

●A person with an acute respiratory infection, which may include history of fever and cough 
and evidence of pulmonary parenchymal disease (eg, pneumonia or ARDS), based upon clinical 
or radiographic evidence of consolidation, who requires admission to hospital, with no other 
etiology that fully explains the clinical presentation. Testing should be performed according to 
local guidance for the evaluation of community-acquired pneumonia (CAP). Examples of other 
etiologies of CAP include Streptococcus pneumoniae, Haemophilus influenzae type b, Legionella 
pneumophila, other recognized causes of bacterial pneumonia, influenza, and respiratory 
syncytial virus. Clinicians should be alert to the possibility of atypical presentations in patients 
who are immunocompromised. 

AND any of the following: 

•The person resides in the Middle East, particularly in regions where human MERS-CoV 
infections have been reported or in countries where MERS-CoV is known to be circulating in 
dromedary camels. 

•The disease is in a cluster that occurs within a 14-day period, without regard to place of 
residence or history of travel. A cluster is defined as two or more persons with onset of 
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symptoms within the same 14-day period associated with a specific setting, such as a 
classroom, workplace, household, extended family, hospital, other residential institution, 
military barracks, or recreational camp. (See "Diagnostic approach to community-acquired 
pneumonia in adults".) 

•The disease occurs in a healthcare worker who has been working in an environment where 
patients with severe acute respiratory infections are being cared for, particularly patients 
requiring intensive care, without regard to place of residence or history of travel. 

•The person has history of travel within 14 days before onset of illness to the Middle East or 
to countries where MERS-CoV is known to be circulating in dromedary camels or to regions 
where human cases have recently occurred. 

•The person has an unusual or unexpected clinical course, especially sudden deterioration 
despite appropriate treatment, without regard to place of residence or history of travel, even 
if another etiology has been identified that fully explains the clinical presentation. 

●An individual with an acute respiratory illness of any severity who, within 14 days of onset of 
illness, had any of the following exposures: 

•Close physical contact with a confirmed or probable case of MERS-CoV infection while that 
patient was ill. (See 'Case definitions' above.) 

•Exposure to a healthcare facility in a country where hospital-associated MERS-CoV 
infections have been reported. 

•Direct contact with dromedary camels or consumption or exposure to dromedary camel 
products (raw meat, unpasteurized milk, urine) in countries where MERS-CoV is known to be 
circulating in dromedary camel populations or where human infections occurred as a result 
of presumed zoonotic transmission. 

●Countries in the Middle East are strongly encouraged to consider adding testing for MERS-CoV 
to testing algorithms as part of routine sentinel respiratory disease surveillance and diagnostic 
panels for pneumonia. 

Routine testing of asymptomatic contacts of cases is not recommended [84]. 

In the United States — The following discussion has been adapted from recommendations issued 
by the CDC for the investigation of possible cases in the United States [39]. 

Healthcare providers should evaluate individuals for MERS-CoV infection if they meet the 
following criteria for being a patient under investigation [108]: 

●Fever and pneumonia or acute respiratory distress syndrome (based on clinical or radiographic 
evidence) and either: 

•A history of travel from countries in or near the Arabian Peninsula (countries considered in 
or neighboring the Arabian Peninsula include Bahrain, Iraq, Iran, Israel, Jordan, Kuwait, 
Lebanon, Oman, Palestinian territories, Qatar, Saudi Arabia, Syria, the United Arab Emirates, 
and Yemen) within 14 days before symptom onset or 

•Close contact with a symptomatic traveler who developed fever and acute respiratory 
illness (not necessarily pneumonia) within 14 days after traveling from countries in or near 
the Arabian Peninsula or 

•Is a member of a cluster of patients with severe acute respiratory illness (eg, fever and 
pneumonia requiring hospitalization) of unknown etiology in which MERS-CoV is being 
evaluated in consultation with state and local health departments 
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OR 

●Fever and symptoms of respiratory illness (eg, cough, shortness of breath) and being in a 
healthcare facility (as a patient, healthcare worker, or visitor) within 14 days before symptom 
onset in a country in or near the Arabian Peninsula in which recent healthcare-associated cases 
of MERS-CoV have been identified 

OR 

●Fever or symptoms of respiratory illness (eg, cough, shortness of breath) and close contact 
with a confirmed MERS-CoV case while the affected person was ill 

A close contact is defined as [108]: 

●Being within approximately 6 feet (2 meters) or within the room or care area for a prolonged 
period of time (eg, healthcare personnel, household members) while not wearing 
recommended personal protective equipment (ie, gowns, gloves, respirator, eye protection) 

OR 

●Having direct contact with infectious secretions (eg, being coughed on) while not wearing 
recommended personal protective equipment (ie, gowns, gloves, respirator, eye protection) 

Additional information can be found on the CDC's website. 

The CDC requests that state and local health departments immediately report patients under 
investigation for MERS-CoV infection to the CDC. 

Specimen handling — Specimens should reach the laboratory as soon as possible after collection 
[84]. When there is likely to be a delay of more than 72 hours in the laboratory receiving 
respiratory tract specimens, specimens should be frozen at -80°C and shipped on dry ice. It is 
important to avoid repeated freezing and thawing of specimens. Serum should be separated from 
whole blood and can be stored and shipped at 4°C or frozen and shipped on dry ice or liquid 
nitrogen. Storage of respiratory and serum specimens in domestic frost-free freezers should be 
avoided, given their wide temperature fluctuations. 

Where to ship specimens — For patients in the United States, clinicians seeking information about 
shipping or testing should contact the CDC Emergency Operations Center at 770-488-7100. 
Additional information can be found on the CDC's website. 

For patients in countries other than the United States, clinicians should follow the 
recommendations of their ministry of health regarding diagnostic testing. 

Reporting cases — The WHO recommends that probable and confirmed cases be reported within 
24 hours of classification through the Regional Contact Point for International Health Regulations 
at the appropriate WHO Regional Office [100]. (See 'Case definitions' above.) 

Additional recommendations regarding reporting of MERS-CoV infections can be found on the 
WHO's website and the CDC's website. 
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TREATMENT — As with other coronaviruses, no antiviral agents are recommended for the 
treatment of Middle East respiratory syndrome coronavirus (MERS-CoV) infection. The World 
Health Organization (WHO) has issued recommendations for the management of severe 
respiratory infections suspected to be caused by MERS-CoV [109]. (See "Coronaviruses", section 
on 'Treatment and prevention'.) 

In cell culture and animal experiments, combination therapy with interferon (IFN)-alpha-2b and 
ribavirin appears promising [110,111]. In a study in which MERS-CoV was grown in two different 
cell lines, high concentrations of IFN-alpha-2b or ribavirin were required to inhibit viral replication 
[110]. However, when used in combination at lower concentrations, IFN-alpha-2b and ribavirin 
resulted in a comparable reduction in viral replication as high concentrations of either agent alone. 

In a study of rhesus macaques, two groups of three monkeys were inoculated with MERS-CoV 
through a combination of intratracheal, intranasal, oral, and ocular routes; one group was treated 
with subcutaneous IFN-alpha-2b plus intramuscular ribavirin beginning eight hours after 
inoculation and the other group was not treated [111]. In contrast with untreated macaques, 
treated animals did not develop breathing abnormalities and showed no or very mild radiographic 
evidence of pneumonia. Treated animals had lower concentrations of serum and lung 
proinflammatory markers, fewer viral genome copies, and fewer severe histopathologic changes in 
the lungs. 

In a retrospective cohort study in patients with severe MERS-CoV infection, combination therapy 
with ribavirin and IFN-alpha-2a, started a median of three days after diagnosis (20 patients), was 
associated with significantly improved survival at 14 days compared with 24 patients who received 
only supportive care (70 versus 29 percent survival), but not at 28 days (30 versus 17 percent 
survival, a nonsignificant difference) [112]. There were greater declines in hemoglobin in the 
ribavirin-interferon group than in the controls (4.32 versus 2.14 g/L). In other retrospective 
studies, combination therapy with ribavirin plus IFN-alpha-2a, IFN-alpha-2b, or IFN-beta-1a has not 
been associated with a mortality benefit [113,114]. It is difficult to interpret the results of these 
retrospective studies, and further evaluation in randomized trials is needed before treatment 
recommendations can be made. 

Glucocorticoids have been administered sporadically to MERS-CoV infected patients with no clear 
criteria for use and no clear conclusions regarding their effect [75,113]. Glucocorticoids were 
extensively prescribed for patients with severe acute respiratory syndrome (SARS), but review of 
this experience suggests overall harm rather than benefit [115]. Their use is not recommended for 
MERS-CoV infections. Other experimental therapies being investigated include convalescent 
plasma, monoclonal antibodies, an inhibitor of the main viral protease, and entry/fusion inhibitors 
targeting the MERS-CoV spike protein [116-124]. 

PREVENTION 

Infection control — The World Health Organization (WHO) and the United States Centers for 
Disease Control and Prevention (CDC) have issued recommendations for the prevention and 
control of Middle East respiratory syndrome coronavirus (MERS-CoV) infections in healthcare 
settings [37,125-127]. An increased level of infection control precautions is recommended when 
caring for patients with probable or confirmed MERS-CoV infection compared with that used for 
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patients with community-acquired coronaviruses or other community-acquired respiratory 
viruses. 

The WHO recommends that standard and droplet precautions be used when caring for patients 
with acute respiratory tract infections [37]. Contact precautions and eye protection should be 
added when caring for probable or confirmed cases of MERS-CoV infection. Airborne precautions 
should be used when performing aerosol-generating procedures. 

The CDC recommends the use of standard, contact, and airborne precautions for the management 
of hospitalized patients with known or suspected MERS-CoV infection [73,127,128]. 

Additional information can be found on the WHO's website and the CDC's website. 

Interim home care and isolation — The CDC recommends that ill individuals who are being 
evaluated for MERS-CoV infection and do not require hospitalization may be cared for and isolated 
in their home [39]. Healthcare providers should contact their state or local health department to 
determine whether home isolation or additional measures are indicated because 
recommendations might be modified as more data become available. Isolation is defined as the 
separation or restriction of activities of an ill person with a contagious disease from those who are 
well. Additional information on home care and isolation guidance is available on the CDC's 
website. 

Avoiding camels — The WHO recommends that individuals at high risk of severe disease, such as 
immunocompromised hosts and those with diabetes, chronic lung disease, or preexisting renal 
failure, take precautions when visiting farms, barn areas, camel pens, or market environments 
where camels are present [129]. These measures include avoiding contact with camels, practicing 
good hand hygiene, avoiding drinking raw camel milk or camel urine, avoiding eating meat that 
has not been cooked thoroughly, and avoiding eating food that may be contaminated with animal 
secretions or products unless they are properly washed, peeled, or cooked. 

The WHO recommends that when visiting a farm or barn, members of the general public adhere to 
general hygiene measures, including regular hand washing before and after touching animals, 
avoiding contact with sick animals, and following food hygiene practices [38]. Unless wearing a 
face mask and protective clothing, individuals should avoid contact with any camel that has tested 
positive for MERS-CoV until subsequent tests have confirmed that the animal is free of virus [129]. 

Specific recommendations for camel farm and slaughterhouse workers can be found on the WHO's 
website. 

Travel recommendations — Detailed information for travelers to Mecca, Saudi Arabia, for Hajj 
and/or Umrah can be found on the WHO's website [130]. The WHO does not recommend either 
special screening for MERS-CoV at points of entry or the application of any travel or trade 
restrictions. However, the WHO recommends that countries outside the affected region maintain 
a high level of vigilance, especially countries with large numbers of travelers or guest workers 
returning from the Middle East [37]. 
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The Ministry of Health of Saudi Arabia recommended that, in 2014, the following individuals 
postpone their plans to travel to Mecca, Saudi Arabia, for Hajj and/or Umrah due to the outbreak 
of MERS-CoV infection [131,132]: 

●Older individuals (>65 years of age) 

●Individuals with chronic diseases (eg, heart disease, kidney disease, respiratory disease, 
nervous system disorders, diabetes) 

●Individuals with immunodeficiency (congenital or acquired) 

●Patients with malignancy 

●Patients with a terminal illness 

●Pregnant women 

●Children 

No cases of MERS-CoV infection were detected during Hajj in 2012 or 2013 [133]. 

In May 2014, the CDC's travel notice was upgraded to a Level 2 Alert, which includes enhanced 
precautions for travelers to countries in or near the Arabian Peninsula who plan to work in 
healthcare settings [39]. Such individuals should review the CDC's recommendations for infection 
control for confirmed or suspected MERS patients before they depart, practice these precautions 
while in the area, and monitor their health closely during and after their travel. 

The CDC recommends that all United States travelers to countries in or near the Arabian Peninsula 
protect themselves from respiratory diseases, including MERS-CoV, by washing their hands often 
and avoiding contact with persons who are ill [39]. If travelers to the region have onset of fever 
with cough or shortness of breath during their trip or within 14 days of returning to the United 
States, they should seek medical care. They should call ahead to their healthcare provider and 
mention their recent travel so that appropriate isolation measures can be taken in the healthcare 
setting. More detailed travel recommendations related to MERS are available on the CDC's 
website. 

Vaccine development — There is no licensed vaccine for MERS-CoV, although one manufacturer 
has developed an experimental candidate MERS-CoV vaccine based on the major surface spike 
protein using recombinant nanoparticle technology [134]. Other candidate vaccines that are being 
studied include a full-length infectious cDNA clone of the MERS-CoV genome in a bacterial artificial 
chromosome, a recombinant modified vaccine Ankara (MVA) vaccine expressing full-length MERS-
CoV spike protein, and vaccines encoding the full-length MERS-CoV S protein and the S1 
extracellular domain of S protein using adenovirus vectors [135-137]. 

OUTCOMES — As of June 12, 2015, 455 of 1289 patients (35 percent) with laboratory-confirmed 
Middle East respiratory syndrome coronavirus (MERS-CoV) infection reported to the World Health 
Organization (WHO) have died [25]. Because individuals with mild symptoms are less likely to be 
evaluated than patients with severe disease, those with MERS-CoV and mild disease might be 
underrepresented in published reports and reports from the WHO [138]. The reported case-
fatality rate might therefore be an overestimate. This hypothesis is supported by an analysis 
pointing out that 14 of 19 (74 percent) patients with infection detected through routine 
surveillance died compared with 5 of 24 (21 percent) of secondary cases [21]. 
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In a study of 47 patients with MERS-CoV infection in Saudi Arabia, case-fatality rates rose with 
increasing age, from 39 percent in those younger than 50 years of age, to 48 percent in those 
younger than 60 years of age, to 75 percent in those aged 60 years or older [87]. A separate 
analysis has shown similar findings [21]. 

INFORMATION FOR PATIENTS — UpToDate offers two types of patient education materials, “The 
Basics” and “Beyond the Basics.” The Basics patient education pieces are written in plain language, 
at the 5th to 6th grade reading level, and they answer the four or five key questions a patient might 
have about a given condition. These articles are best for patients who want a general overview 
and who prefer short, easy-to-read materials. Beyond the Basics patient education pieces are 
longer, more sophisticated, and more detailed. These articles are written at the 10th to 12th grade 
reading level and are best for patients who want in-depth information and are comfortable with 
some medical jargon. 

Here are the patient education articles that are relevant to this topic. We encourage you to print 
or e-mail these topics to your patients. (You can also locate patient education articles on a variety 
of subjects by searching on “patient info” and the keyword(s) of interest.)  

●Basics topic (see "Patient information: Middle East respiratory syndrome coronavirus (The 
Basics)") 

SUMMARY AND RECOMMENDATIONS 

●A novel coronavirus, Middle East respiratory syndrome coronavirus (MERS-CoV) causing 
severe respiratory illness emerged in 2012 in Saudi Arabia. Many additional cases and clusters 
of MERS-CoV infections have been detected subsequently in the Arabian Peninsula, particularly 
in Saudi Arabia (figure 1 and figure 2). Isolated cases have also occurred in North Africa, Europe, 
Asia, and the United States. The number of cases in the Arabian Peninsula increased 
dramatically in March and April 2014 then declined sharply in ensuing months. However, cases 
continue to be detected. (See 'Introduction' above and 'Epidemiology' above.) 

●MERS-CoV is closely related to coronaviruses found in bats, suggesting that bats might be a 
reservoir of MERS-CoV. Camels likely serve as hosts for MERS-CoV. The presence of case 
clusters strongly suggests that human-to-human transmission occurs. (See 'Possible sources and 
modes of transmission' above.) 

●Real-time reverse-transcriptase polymerase chain reaction (rRT-PCR) testing applied to 
respiratory secretions is the diagnostic assay of choice. Lower respiratory tract specimens 
should be a priority for collection and testing. To increase the likelihood of detecting MERS-CoV, 
we suggest collection of multiple specimens from different sites and at different times. 
Obtaining acute and convalescent serum is also important. Other specimen types and diagnostic 
tests are discussed above. (See 'Diagnosis' above and 'Preferred tests and specimen types' 
above.) 

●Individuals with an acute respiratory infection who have an epidemiologic link to MERS-CoV or 
who have had an unusual or unexpected clinical course (especially sudden deterioration despite 
appropriate treatment) should be tested for MERS-CoV. Certain other patients may also require 
evaluation for MERS-CoV infection. Specific recommendations regarding whom to test are 
presented above. (See 'Whom to test' above.) 
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●There is currently no treatment recommended for coronavirus infections except for 
supportive care as needed. (See 'Treatment' above.) 

●An increased level of infection control precautions is recommended when caring for patients 
with probable or confirmed MERS-CoV infection compared with that used for patients with 
community-acquired coronaviruses or other community-acquired respiratory viruses. The 
United States Centers for Disease Control and Prevention (CDC) recommends the use of 
standard, contact, and airborne precautions for the management of hospitalized patients with 
known or suspected MERS-CoV infection. (See 'Infection control' above.) 

●There is no licensed vaccine for MERS-CoV. (See 'Vaccine development' above.) 

●The World Health Organization (WHO) does not recommend either special screening for 
MERS-CoV at points of entry or the application of any travel or trade restrictions. The Ministry 
of Health of Saudi Arabia recommended that, in 2014, older adults, those with chronic diseases, 
immunocompromised patients, pregnant women, and children postpone their plans to travel to 
Mecca, Saudi Arabia, for Hajj and/or Umrah. (See 'Travel recommendations' above.) 

●Additional information about MERS-CoV can be found on the WHO's website and the CDC's 
website. 

Use of UpToDate is subject to the Subscription and License Agreement. 
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