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Introduction

Middle East Respiratory Syndrome (MERS) is a viral respiratory infection, which ranges from asymptomatic infection to severe
pneumonia, caused by a novel coronavirus named Middle East Respiratory Syndrome Coronavirus (MERS-CoV). Coronaviruses
are a family of viral pathogens that could cause animal and human disease. MERS-CoV is closely related to the Severe Acute Respi-
ratory Syndrome Coronavirus (SARS-CoV) but from a different lineage. The objective of this chapter is to describe the epidemiology,
virology, clinical manifestations, management and prevention of MERS.

Epidemiology

Between September 2012, until the end of May 2019, the World Health organization (WHO) has been notified of 2374 laboratory-
confirmed case of MERS-CoV infection from 27 countries with 823 associated deaths resulting in a case fatality rate of 35%. Saudi
Arabia has been the major reporting country with a total number of 2008 cases and 749 deaths (a case fatality rate of 37.3%)
(Table 1) (World Health Organization, 2019, Mar 31).
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The virus was first isolated in June 2012 from respiratory specimens of a Saudi patient from Jeddah, Saudi Arabia, who presented
with severe pneumonia that progressed to Acute Respiratory Distress Syndrome (ARDS), renal failure, multi-organ failure and even-
tually lead to death (Zaki et al., 2012). In the same week, a patient with a recent history of travel to the United Kingdom (UK) for
medical care for severe pneumonia and acute kidney injury, was reported to have the same coronavirus (Wise, 2012). A retrospective
investigation of an outbreak of pneumonia among 13 patients that took place in Jordan in April 2012 revealed that the cases were
caused by the same virus (Al-Abdallat et al., 2014). Subsequently, many cases and clusters of infection with the same virus were
reported (see epidemiology below). The novel virus was first called HCoV-EMC, after the Erasmus Medical Center, where it was first
identified (Zaki et al., 2012) but it was subsequently named MERS-CoV reflecting the fact that the majority of cases were from the
Arabian Peninsula (de Groot et al., 2013).

MERS cases occur as sporadic cases or as clusters or hospital outbreaks. The first large hospital outbreak of MERS-CoV occurred in
April 2013, in a single hospital in Al-Hasa, Eastern Province of Saudi Arabia, where a cluster of 23 confirmed cases and 11 probable
cases were detected (Assiri et al., 2013b). A large surge in the number of reported cases occurred in March and April 2014, reaching
to more than 500 cases. Most of those reported cases were part of hospital outbreaks in different cities in Saudi Arabia and Al Ain,
United Arab Emirates. The largest hospital outbreaks occurred in Jeddah, Saudi Arabia with 255 laboratory-confirmed MERS cases
(Oboho et al., 2015). Another hospital outbreak occurred in Riyadh, Saudi Arabia with 45 laboratory-confirmed cases (Fagbo et al.,
2015). The first report of MERS-CoV from North America was in April 2014 for a physician who worked in Saudi Arabia and started
to have symptoms after returning to the United States (Kapoor et al., 2014). Another imported case to the United States was
confirmed in Florida in May 2014 (The Florida Department of Health, 2018, Dec 10). In May 2015, a large outbreak occurred
in South Korea. The index case was a 68-year-old Korean patient who had recently come from a business trip to the Arabian Penin-
sula (that included Saudi Arabia, Bahrain, United Arab Emirates and Qatar). This index case resulted in infection among 26 patients
who further spread the infection nationwide, leading to a total of 186 MERS cases across 16 hospitals with 36 deaths (19.3% case

Table 1 Countries with reported cases of MERS-CoV.a

Country Number of reported cases

Eastern Mediterranean Region and North Africa (EMRO)
Saudi Arabia 2008
United Arab Emirates 86
Jordan 28
Oman 24
Qatar 19
Iran 6
Kuwait 4
Tunisia 3
Lebanon 2
Algeria 2
Egypt 1
Bahrain 1
Yemen 1
Europe
United Kingdom 5
Germany 3
France 2
Netherland 2
Austria 2
Greece 1
Italy 1
Asia
Republic of Korea 187
Thailand 3
Philippines 2
Malaysia 2
China 1
Turkey 1
North America
USA 2
Total 2399

aWHO reported cases as of March 2019.
WHO- MERS situation update, March 2019-http://www.emro.who.int/pandemic-epidemic-
diseases/mers-cov/mers-situation-update-march-2019.html.
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fatality rate) (Ki, 2015). One month later, in July 2015, another large hospital outbreak took place in a large tertiary care center in
Riyadh, Saudi Arabia with 130 cases and 51 deaths (39.25% case fatality rate) (Stone et al., 2016). A subsequent outbreak occurred
in Jordan in August 2015, with 16 cases across three hospitals, and seven deaths (43.7% case fatality rate) (Payne et al., 2018).
Smaller outbreaks continued to occur in 2016–18 although the number of patients and the magnitude of the outbreaks were
less compared to earlier years, presumably due to better infection control practices and earlier identification of cases.

Transmission

Transmission of MERS-CoV in humans occurs through animal-to-human transmission or, human-to-human transmission in the
community. Additionally, nosocomial transmission of MERS-CoV occurs frequently. All transmission described up-to-date,
occurred in residents in or travelers to the Arabian Peninsula, or are traced to contact with patients with a history of recent travel
to the Arabian Peninsula.

Animal-Human Transmission

Animals seem to play an important role in the transmission of the MERS-CoV. Earlier studies have suggested that bats might be the
potential reservoir of MERS-CoV. This hypothesis that was based on the close proximity of MERS-CoVdphylogenetically- to Tylo-
nycteris bat coronavirus HKU4 (Ty-BatCoV HKU4) and Pipistrellus bat coronavirus HKU5 (Pi-BatCoV HKU5) (Woo et al., 2012). A
study from Saudi Arabia, a phylogenetically MERS-CoV identical short gene segment, was detected in a fecal sample of one of the 29
captured bats near the home of a laboratory-confirmed MERS-CoV patient (Memish et al., 2013a). However, live MERS-CoV has
never been recovered from bats. Further studies are needed to further establish the role of bats in transmission to humans including
larger surveillance studies with full viral genome sequencing. Epidemiologically, it seems unlikely that bats are the direct source of
human cases, since none of the community-acquired laboratory-confirmed MERS cases had clear bat exposure.

Dromedary camels are thought to be a host for MERS-CoV. Direct contact with dromedary camels within 14 days prior to infec-
tion was identified as an independent risk factor for MERS (Gossner et al., 2016). Camel-human transmission was also suggested in
a 44-year-old, previously healthy man from Jeddah, Saudi Arabia who was admitted to the intensive care Unit (ICU) with severe
MERS pneumonia, and died 15 days after admission. The patient had owned a herd of 9 camels and used to visit them daily until
3 days prior to his admission. Four out of the nine camels were sick with nasal discharge, 1 week prior to the patient’s onset of
symptoms. The patient had significant contact with camels’ excretions. Respiratory specimens from the patient and one of his
camels showed identical MERS-CoV full genome sequencing. Moreover, serum antibodies for MERS-CoV were positive in both
the patient and the camel, with the camel seropositivity preceded the patient’s seropositivity suggesting that direction of transmis-
sion was from the camel to the patient. A large cross-sectional study from Saudi Arabia identified MERS-CoV infected patients who
had a history of camel contact. The investigators obtained nasal swabs and serum samples from 584 dromedary camels and found
that 12.6% of the studied camels were MERS-CoV polymerase chain reaction (PCR) positive, and 70.9% of them were MERS-CoV
antibodies positive. Furthermore, 10 of the full genome sequences of the camel MERS-CoV were identical to their contacted patients
(Kasem et al., 2018). This data suggests an important role for camels in the transmission of MERS-CoV. However, in a cohort of
1125 patients with laboratory-confirmed MERS, camel contact was reported only in 235 patients (20.9%), denied by 276 patients
(24.5%), and not reported in the other 614 patients (54.6%) (Conzade et al., 2018).

Human-Human Transmission

Hospital-based outbreaks and community-based clusters described above suggest strongly that human-human transmission does
occur. The transmission was more commonly observed in healthcare-based outbreaks, compared to community clusters. The
number of close contacts who got infected by patients with confirmed MERS-CoV appears to be low, although, it was evident
that some patients were spreading the infection to a disproportionally large number of individuals (super spreaders)
(Hui, 2016). This phenomenon was clearly described in more than one outbreak. The first outbreak which identified the super
spreader phenomena was the Korean outbreak, in which a single imported index case resulted in a total of 186 cases. It was thought
that 83% of transmission in the Korean outbreak was linked epidemiologically to five super spreaders (Korea Centers for Disease
and Prevention, 2015) The same phenomenon was also described in a large outbreak in Riyadh, Saudi Arabia, where 6 out of the
130 cases, contributed to 58.7% of the transmission (Alenazi et al., 2017). However, it remains unclear if an asymptomatic indi-
vidual who carries MERS-CoV can transmit the virus to others.

Community Transmission

The first family cluster was reported from Riyadh, Saudi Arabia, where three laboratory-confirmed cases and one probable case were
diagnosed, and two out of the four patients died (Memish et al., 2013b). In a study that investigated 26 index cases of MERS and
their 280 household contacts, the secondary transmission rate was found to be 4% ([95% CI, 2 to 7] (Drosten et al., 2014).
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Healthcare-Associated Transmission

As described above, transmission was more commonly seen in hospital-based outbreaks compared to family community transmis-
sion, particularly in emergency department (ED). This was clearly illustrated in the Korean outbreak, where a single imported case
had led to a total of 186 cases, 185 of which were nosocomial transmission (Kim et al., 2017) The main identified reasons for
hospitals-based transmission were over-crowdedness of ED, late recognition of suspected MERS cases and inadequate infection
control measures and proper isolation of suspected cases (Stone et al., 2016). Environmental surfaces in hospitals is a potential
source of transmission. In one study, a viable MERS-CoV was detected in 15 out of 68 surface swabs collected from patient’s rooms,
restrooms and common corridors (Kim et al., 2016).

Virology

MERS-CoV is the sixth coronavirus that affects humans. It lies within the lineage C of the genus Betacoronavirus (CoV) in the family
Coronaviridae under the order Nidovirales. It has close phylogenetic proximity to two bat coronaviruses, Tylonycteris bat CoV
HKU4 (Ty-BatCoV-HKU4) and Pipistrellus bat CoV HKU5 (Pi-BatCoV-HKU5). Like the other coronaviruses, it is an enveloped
single-stranded RNA virus which replicates in the host-cell cytoplasm. The size of Its RNA genome is approximately 30 kb. It has
structural proteins, called the E, M, and N proteins, and membrane protein called the Spike (S) protein, which plays an important
role in the virus attachment and entry into the host cells.

Due to the large increase in the number of diagnosed cases in April 2014, there was a concern that MERS-CoV could have
undergone mutation that led to increased virulence or transmissibility of the virus; however, this assumption was proven unlikely
(Drosten et al., 2015).

Histopathology

The pathogenesis and histopathology of MERS-CoV is poorly understood and understudied. Post-mortem autopsies were rarely per-
formed on MERS patients due to cultural reasons in the Arabian Peninsula. Most of the knowledge we have about the histopa-
thology of MERS-CoV comes from in vitro, ex vivo, animal experiments and limited post-mortem reports. In a 33-year-old
male, who died of MERS-CoV infection, post-mortem analysis of histopathology finding of pulmonary and extra-pulmonary tissue
were examined under transmission electron microscopy which showed necrotizing pneumonia, pulmonary diffuse alveolar
damage, acute kidney injury, portal and lobular hepatitis and myositis with muscle atrophic changes. The brain and heart were
histologically unremarkable. Ultra-structurally, viral particles were localized in the pneumocytes, pulmonary macrophages, renal
proximal tubular epithelial cells and macrophages infiltrating the skeletal muscles (Alsaad et al., 2018).

Case Definition

In the beginning of the outbreak, the WHO had proposed a case definition for MERS-CoV infection for epidemiological purposes,
that was last updated on July 27, 2018. The United States (US) Center of Disease Control and Prevention (CDC) and the Saudi
Ministry of Health (MOH), each had developed a case definition for suspected, confirmed and probable MERS-CoV infection
(Table 2).

Clinical Manifestations

Incubation Period

In one of the earlier outbreaks in Saudi Arabia, the median incubation period for MERS-CoV infection was 5.2 days (95% CI 1.9–
14.7 days) (Assiri et al., 2013b). Similarly, in the south Korean Outbreak, in 2015, themedian incubation period was 6.3 days (95th
percentile 12.1 days) (Korea Centers for Disease and Prevention, 2015). Therefore, MERS should be suspected in patients presenting
with respiratory infection, and residence in or travel to the Arabian Peninsula within the last 14 days prior to onset of symptoms.

Demographic Features

Most of reported MERS patients have been in the adult age group. Only 31 pediatric cases were reported, most of which were
detected on contact tracing screening (42% were asymptomatic), and among symptomatic cases, presence of comorbidities like
congenital disease were commonly present (Al-Tawfiq et al., 2016). The mean age in one of study was 56.3 years (Balkhy et al.,
2016). In another study, that described the epidemiological, clinical characteristics and demographics of 47 MERS-CoV infected
patients, 82.9% of laboratory-confirmed cases were more than 40 years of age with a median age of 56 years. The male: female ratio
was 3.3:1. Eighty nine percent of patients required ICU admission, and the median time to death was 14 days (ranging from 5 to
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36 days) (Assiri et al., 2013a). One study from Saudi Arabia, have compared critically ill MERS-CoV patients with critically ill Non-
MERS-CoV patients, and had found that MERS-CoV patients tend to be younger, more likely to require mechanical ventilation and
had higher mortality (Arabi et al., 2017). There were eight reported MERS-CoV infection during pregnancy, from Jordan, United
Arab Emirates and Saudi Arabia, three of them ended with maternal death (Assiri et al., 2016).

Pulmonary Manifestations

In the beginning of the epidemic, the typical presentation of reported MERS was severe pneumonia, with Acute Respiratory Distress
Syndrome (ARDS) with or without acute kidney injury, but as the surveillance and testing had increased, milder or even asymptom-
atic cases have been described. In a cohort of 47 patients, with MERS-CoV infection, the clinical presentation were fever (93%),
cough (83%), shortness of breath (72%), myalgia (32%), diarrhea (26%), sore throat (21%), vomiting (21%), abdominal pain
(17%) and hemoptysis (17%) (Assiri et al., 2013a).

A study that compared 330 critically ill MERS-CoV infected patients with 220 critically ill patients with non-MERS severe acute
respiratory infection (SARI) found that MERS patients were younger than non-MERS SARI patients (median [Q1, Q3] 58 [44, 69] vs
70 [52, 78] and were more likely to be males (68.2% vs 58.1%) and to be healthcare workers (9.7% vs 0.0%). Chronic comorbid-
ities were prevalent (any comorbidity, 80.3% in MERS SARI, 91.4% in non-MERS SARI). After onset of symptoms, MERS-COV
patients presented to ER with a median of 5 days and admitted to ICU after 7 days, which was 2 days longer compared to non-
MERS-CoV SARI patients. Mechanical ventilation was required for 85.2% of patients with MERS-CoV patients. At the time of
ICU admission, patients with MERS-CoV were more likely to be hypoxemic, compared with non-MERS SARI patients (ratio of arte-
rial oxygen partial pressure to fractional inspired oxygen- PaO2/FiO2: 106.3 [66.2, 160] vs 176 [104, 252]) (Arabi et al., 2017).

Table 2 Case definition of MERS-CoV.

Saudi MOHa

Suspected MERS-CoV Case
Age Group Clinical Epidemiological link

Adultb Severe pneumonia or ARDS (based on clinical or
radiological evidence)

Not required

Unexplained deterioration of a chronic condition of
patients with congestive heart failure or chronic kidney
disease on hemodialysis

Not required

Children and adults Acute febrile illness (T � 38.0�C) with/without respiratory
symptoms OR gastrointestinal symptoms (diarrhea or
vomiting), AND leukopenia (WBC � 3.5 � 109 /L) or
thrombocytopenia (platelets <150 � 109/L)

Within 14 days before symptom onset:
1. Exposure to a confirmed case of MERS-CoV infection
OR 2. Visit to a healthcare facility where MERS-CoV
patients(s) has recently(within 2 weeks) been identified/
treated OR

3. Contact with dromedary camels or consumption of
camel products(e.g. raw meat, unpasteurized milk,
urine)

Confirmed MERS-CoV Case
A Confirmed case is defined as a suspected case with laboratory confirmation of MERS-CoV infection.
WHOc

Probable MERS-CoV Case
A febrile acute respiratory illness with clinical, radiological, or histopathological evidence of pulmonary parenchymal disease (e.g. pneumonia or Acute
Respiratory Distress Syndrome) AND
Direct epidemiologic link with a laboratory-confirmed MERS-CoV case AND
Testing for MERS-CoV is unavailable, negative on a single inadequate specimen or inconclusive.

A febrile acute respiratory illness with clinical, radiological, or histopathological evidence of pulmonary parenchymal disease (e.g. pneumonia or Acute
Respiratory Distress Syndrome) that cannot be explained fully by any other etiology AND
The person resides or traveled in the Middle East, or in 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.
An acute febrile respiratory illness of any severity AND Direct epidemiologic link (2) with a confirmed MERS-CoV case AND
Testing for MERS-CoV is inconclusive

Confirmed MERS-CoV Case
A person with laboratory confirmation of MERS-CoV infection irrespective of clinical signs and symptoms

aSaudi Ministry of Health Guidelines, updated on 21st May 2018.
bAdult are defined >14 years of age.
cWorld Health Organization interim case definition updated 27th July 2017.
Middle east respiratory syndrome coronavirus; Guidelines for healthcare professionals: https://www.moh.gov.sa/CCC/healthp/regulations/Documents/MERS-CoV%20Guidelines%
20for%20Healthcare%20Professionals%20-%20May%202018%20-%20v5.1%20%281%29.pdf.
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Extra-Pulmonary Manifestations

Many cases of MERS present with gastrointestinal manifestations with or without respiratory symptoms. Among the critically ill
patients, the most described extra-pulmonary manifestations were acute kidney injury and shock (Arabi et al., 2014). Very few
patients were reported to have neurological symptoms, in addition to the pneumonia (Arabi et al., 2015).

Primary infections were more likely to be severe, as opposed to secondary cases. Secondary MERS infection tends to cause
a milder or asymptomatic disease, however severe disease has been described. Secondary cases are more likely to be younger
with no comorbidities. Asymptomatic infections have bee also described in patients with dromedary camel’s contacts who were
identified during surveillance (Al Hammadi et al., 2015). Mortality rates were reported to be higher in older age group, male gender
and patients with comorbidities (Assiri et al., 2013a).

Severe MERS Pneumonia Among Healthcare Workers

Numerous cases of MERS occurred among healthcare-workers; leading in some of them to severe illness resulting in admission to
ICU. In a study that examined 32 critically ill healthcare-workers with MERS, 43.75% were nurses and 25% were physicians. 34.4%
were having comorbidities, mainly chronic kidney disease (15.6%). Fever at presentation, was found in 30/32 (93.8%), cough in
25/32 (78.1%), and gastrointestinal symptoms in11/32 (34.4%). Eight out of the 32 (25%) healthcare workers died (Shalhoub
et al., 2018).

Laboratory Findings

Among all hospitalized patients with severe MERS pneumonia, the most commonly observed laboratory abnormalities were lym-
phopenia (34%), thrombocytopenia (36%) and raised lactate dehydrogenase (LDH) (49%). Other abnormalities like leukopenia
(14%), lymphocytosis (11%), raised aspartate aminotransferase (AST) (15%), raised alanine aminotransferase (ALT) (11%), and
raised lactate dehydrogenase (49%) were also observed (Assiri et al., 2013a). In a cohort of 330 critically ill MERS-CoV patients,
leukopenia was observed in 20.2%, thrombocytopenia in 58.7%, raised ALT in 56.3%, and raised AST in 86.8% (Arabi et al., 2017).

Imaging Findings

Most of the reported symptomatic cases with severe MERS pneumonia had abnormal chest-X-ray. Abnormalities ranged from mild
to extensive changes. Peripheral ground-glass opacities were themost frequently found abnormality on CXR, in 55 studied case (Das
et al., 2015) Other findings include, unilateral or bilateral airspace opacities, increased broncho-vascular markings, patchy infil-
trates, interstitial changes, nodular opacities, reticular opacities, reticulo-nodular shadowing, pleural effusions, and ARDS pattern.
Among inpatients who had chest computed tomography scan (CT scan), the most frequent findings were peripheral and bibasilar
opacities bilaterally.

Diagnosis

In patient presenting with severe pneumonia, MERS should be suspected based on the presence epidemiologic links (residence or
travel from the Arabian Peninsula especially if there is history of contact with camels, contact with a person infected with MERS or
working or being treated in a hospital where MERS patients are managed). Such links should lead to application of appropriate
infection control measures (see below) and to initiate diagnostic work up for MERS.

Diagnosis of MERS is based on a positive real-time reverse transcriptase polymerase chain reaction (rRT-PCR), obtained from
a respiratory specimen. Nasopharyngeal or oropharyngeal swab of the upper respiratory tract are often used in patients who are
unable to produce lower respiratory samples. However, lower respiratory samples (sputum, endotracheal aspirate, or broncho-
alveolar lavage) are preferred as they generally have better yield. In patients with suspected MERS, it is recommended to send
more than one specimen since a negative test does not exclude the diagnosis.

In a cohort of critically ill patients withMERS pneumonia, the diagnosis of MERS was based on samples from the nasopharynx in
167 of 311 (54%) and from the lower respiratory tract (sputum, endotracheal aspirates, or broncho-alveolar lavage) in 144 of 311
(46%). The diagnosis was established from the first sample in 76% of patients, from the second sample in 16% of patients and from
3 to 5 repeat samples in 8% of the patients. Initial negative samples collected before positive ones were predominantly from the
upper respiratory tract (81.5%) (Arabi et al., 2017).

Several serological assays have been used including enzyme-linked immune sorbent assay (ELISA) and immunofluorescence
assay (IFA), which are typically used for screening, and neutralization techniques which are used for confirmation. A three different,
indirect ELISA have been developed and validated based on MERS-CoV nucleocapsid protein (N), spike (S) ectodomain (amino
acids 1–1297) and S1 subunit (amino acids 1–725) (Hashem et al., 2019). A single positive serological test, in the absence of
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positive PCR is considered a probable case, in the setting of suspected MERS-CoV. However, a four-fold increase in MERS-CoV anti-
body titer by neutralization tests is considered a confirmed case.

Coinfections

Viral pathogens were identified in 5% of critically ill patients with MERS pneumonia which included other coronaviruses, respira-
tory syncytial virus, and influenza A virus. Bacterial co-infections are described in 18% of critically ill patients with MERS pneu-
monia, with Acinetobacter Species, Pseudomonas Species, Klebsiella pneumoniae and Staphylococcus aureus being the most frequent
isolates (Arabi et al., 2017).

Management

There is no specific antiviral therapy for MERS-CoV infection up to date, although several modalities of treatment options have been
tried or are under investigation. The mainstay of management of MERS-CoV infection is supportive care.

Empiric Antimicrobial Therapy

Patients with suspected severe MERS pneumonia-CoV infection might have other respiratory pathogens as a cause of their symp-
toms. Therefore, the WHO recommends starting appropriate empirical antimicrobial therapy as soon as possible, to cover commu-
nity acquired or nosocomial associated pathogens, based on the presentation from the community or the hospital and based on
local epidemiology and guidelines, until the microbiological diagnosis is confirmed.

Supportive Therapy

Supportive therapy is the mainstay of management of severe MERS pneumonia, which includes mechanical ventilation, vasopressor
support, and renal replacement therapy if needed. Oxygen rescue therapy like extracorporeal membrane oxygenation (ECMO)
has been used in patients with refractory hypoxemia. In one case-control study of patients with MERS, the rescue use of
ECMO compared to a matched control with no-ECMO was associated with reduced in-hospital-mortality (65% compared
100%) (Alshahrani et al., 2018). Another retrospective study, found that critically ill healthcare workers who died because of
MERS were more likely to have received ECMO than not, probably because the severity of pneumonia that led to use of rescue
therapy, rather than use of ECMO itself (Shalhoub et al., 2018). Corticosteroids have been used frequently inMERS patients. A study
that accounted for time-varying confounding demonstrated that corticosteroid use was not associated with difference on mortality
although it was associated with prolongation of viral RNA shedding (Arabi et al., 2018b).

Specific Therapy

Data on other human coronaviruses, and in vitro activity of specific therapies were used to identify potential new therapy for MERS-
CoV. Examples of those include: combination of ribavirin and interferon, lopinavir-Ritonavir, mycophenolate mofetil, convalescent
-plasma, and, monoclonal and polyclonal antibodies (Table 3).

The efficacy of ribavirin/interferon combination was suggested to be promising in vitro and animal experiments and cell culture.
In a study where two cell viral cultures lines grewMERS-CoV, high concentrations of ribavirin or interferon alpha 2 b were needed to
inhibit viral replication, when each of the drugs was used alone, however, comparable inhibition was observed when combing them
at a lower concentration (Falzarano et al., 2013a). Similar findings were observed in rhesus macaques model of MERS-CoV infec-
tion. Among animals who received combination of ribavirin and interferon alpha 2 b 8 hours after inoculation did not develop
respiratory symptoms and had no or very minimal chest x-ray findings of infiltrate compared to the control group. Also, the treated
group had a moderately lower viral genome copies and fewer severe lung histopathological changes (Falzarano et al., 2013b). Data
on humans are based on retrospective studies. In retrospective cohort of 20 patients with severe MERS-CoV pneumonia, ribavirin
and interferon combination therapy started at median day three after diagnosis, showed improved 14-day survival, compared to 24
patients who received only supportive therapy, however 28-day survival was not different between the 2 groups (Omrani et al.,
2014). Other retrospective studies showed no difference in mortality between patients treated with ribavirin interferon combina-
tion, and patients who received supportive therapy (Al-Tawfiq et al., 2014; Shalhoub et al., 2015). The largest cohort study which
adjusted for time-varying confounders showed that ribavirin with interferons (alpha 1a and 1b and beta 1a) was not associated with
difference in mortality or viral shedding. None of the patients received interferon beta 1b (Arabi et al., 2019).

Lopinavir-ritonavir efficacy was studied in-vitro in animals with severe MERS-CoV infection, in which it showed favorable
outcome (Chan et al., 2015). There is an ongoing randomized placebo controlled trial evaluating oral lopinavir-ritonavir in combi-
nation with subcutaneous interferon beta-1b in hospitalized patients with MERS (NCT02845843) (Arabi et al., 2018a).

The use of passive immune therapy with convalescent plasma was suggested as a potential therapeutic option. A study that exam-
ined the feasibility of convalescent plasma therapy for MERS was limited by the small pool of donors with sufficient titers of MERS-
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CoV antibodies which may be related to the short-lasting immune response (Arabi et al., 2016). Several monoclonal antibody prep-
arations have been developed. Humanized bovine transchromosomal polyclonal antibodies against MERS-CoV have been devel-
oped and undergone testing in a phase I trial (Beigel et al., 2018). A phase II trial in humans is being planned.

Mycophenolate mofetil efficacy against MERS-CoV was suggested in vitro studies. However, it was associated with harm in
a marmoset model (Chan et al., 2015).

Remdesivir (GS-5734) which is the monophosphoramidate prodrug of the c-adenosine nucleoside analog GS-441524, has
recently been reported to inhibit SARS-CoV, MERS-CoV and bat-CoV, in vitro. It has also been found to be therapeutic and prophy-
lactic in SARS-CoV infected mouse modules (Agostini et al., 2018).

Prevention

Infection Control

Most of the reported hospital-based outbreaks were attributed to lack of adherence to proper infection control practice, delayed
suspected cases identification, and to overcrowded emergency room and inappropriate triage. Addressing issues related to infection
control practice and proper triaging of patients with suspected MERS-CoV, had resulted in a decline in the number and the magni-
tude of hospital outbreaks (Balkhy et al., 2016). The WHO and US CDC have published guidance for MERS prevention in health-
care institutes. As per the WHO recommendations, patients who have probable or confirmed MERS should be under contact and
droplet precautions with eye protection. The patient should be under airborne precaution, when performing an aerosol generating
procedure (AGP) like tracheal intubation or bronchoscopy. The US CDC, on the other hand, recommends contact and airborne
precautions for all suspected or confirmed MERS-CoV patients. Viral shedding from respiratory secretions has been found to be
at least 3 weeks from onset of symptoms. Therefore isolation precaution should not be discontinued until a negative PCR is ob-
tained. Patients with suspected or confirmed MERS-CoV, who does not require admission, can be isolated at home.

Animal Contact

It is recommended to avoid contact with camels, both direct or indirect contact like consuming raw camel’s milk or meat. This is
particularly for high risk individuals, such as patients with heart failure, chronic lung disease and immunosuppression. People who
have to be in contact with camels should observe infection control precautions, including washing hand before and after contact,
and use of appropriate personal protective equipment’s (PPE) when dealing of a suspected or confirmed infected camels. It is impor-
tant to note that the infected camels may not be symptomatic or might only have mild symptoms. The Saudi Authorities had made

Table 3 Summary of treatment options for MERS-CoV.

Treatment option Status References

Ribavirin/interferon combination Ribavirin/interferon showed efficacy in and in vitro and in
a rhesus macaques model. Data in humans are based on
retrospective studies. The largest cohort that accounted
for time-varying confounders did not demonstrate
efficacy. There may be differences in efficacy among
different interferons, as interferon beta-1b has the lowest
inhibitory concentrations in vitro

Falzarano et al. (2013a) and
Falzarano et al. (2013b)

Lopinavir-ritonavir Lopinavir-ritonavir showed efficacy in in vitro and in
a marmoset model. It is being tested in combination with
interferon beta-1b in a randomized controlled trial
(MERS-CoV Infection treated With A Combination of
Lopinavir /Ritonavir and Interferon Beta-1b (MIRACLE),
NCT02845843)

Chan et al. (2015)

Convalescent plasma The feasibility of the option is limited due to the paucity of
donors

Arabi et al. (2015)

Monoclonal antibodies Several monoclonal antibodies exist with promising
efficacy in in vitro and in animal studies

Polyclonal antibodies Polycolonal antibodies demonstrated promising efficacy
in in vitro and in animal studies. Phase I trial has been
completed. Plans for phase II trial are undergoing

Beigel et al. (2018)

Mycophenolate mofetil Efficacy has been suggested in vitro but harm in
a marmoset model

Chan et al. (2015)

Remdesivir This new drug has promising efficacy in in-vitro and in
animal studies. Phase I trial has been completed. Phase
II trial is ongoing in Ebola survivors

Agostini et al. (2018)
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certain measures to reduce camel-human transmission, like banning camels in the Holy Areas, and moving the camels markets
outside the cities.

Travel Restriction

The WHO did not place any travel restriction to any country that have reported MERS-CoV cases. Saudi Arabia, where most of the
laboratory-confirmed cases have been reported, annually hosts millions of Muslims to perform Hajj and Omrah (pilgrimage), with
no documented related cases of MERS to date. There were 2 Dutch patients who developed MERS after returning from 2014 hajj, but
the two cases were thought to be acquired from a camel market and rawmilk consumption rather than human-human transmission
during Hajj.

MERS-CoV Vaccine

There is no licensed human vaccine for MERS-CoV till now, however, many experimental candidate vaccines are under develop-
ment. Another approach is to vaccinate camels, as the source of infection for many human cases, and good progress has been
made in this area (Alharbi, 2017).

Mortality and Predictors

As of end of December 2018, the global case fatality rate for MERS-CoV infection was reported as 35.3% (806/2279). It is thought
this number overestimates the case fatality rate of the disease, because milder and asymptomatic cases are likely to be underrepre-
sented in the reported cases. This was suggested in a study that estimated the number of undetected human symptomatic cases to be
62% (Cauchemez et al., 2014).

In a cohort of 47 MERS-CoV infected patients, case fatality rate was higher with increasing age (Assiri et al., 2013a). In another
study that studied 939 MERS-CoV infected patients, independent risk factors for mortality were, age more 80 years, underlying
cardiac comorbidity or cancer, and healthcare acquisition of the virus (Alsahafi and Cheng, 2016). In a South Korean cohort of
159 patients, risk factors for death were older age and underlying comorbidities (Majumder et al., 2015).
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