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Introduction

Two years have passed since the initial description of the Middle

East respiratory syndrome coronavirus (MERS-CoV), yet the

epidemic is far from being controlled. The high case fatality rate,

the recent steep increase in reported cases, and the potential to

cause a global pandemic during the upcoming Hajj season are

serious concerns. Although a wealth of information about the

pathophysiology, proposed animal reservoir, and intermediate

host has been revealed, many questions remain unanswered. We

herein review MERS-CoV, covering its proposed origins, route of

transmission, treatment options, and future perspectives.

Origin

First reported in 2012 [1], Middle East respiratory syndrome

coronavirus (MERS-CoV) is a novel coronavirus and the first

lineage 2C Betacoronavirus known to infect humans [2]. With a

case fatality rate of 35%, an urgent response is needed to prevent a

global pandemic [3]. Prior to 2003, coronaviruses were not

considered serious human pathogens since they only caused mild

upper respiratory tract infections (URTIs) [4]. The first zoonotic

introduction of a coronavirus into the human population occurred

with the severe acute respiratory syndrome coronavirus (SARS-

CoV) in 2002. SARS-CoV caused a global pandemic, with 8,400

recorded cases and 800 deaths [5]. MERS-CoV marks the second

known zoonotic introduction of a highly pathogenic coronavirus,

probably originating from bats. Three lines of evidence currently

support this theory: (1) the very close phylogenetic similarity with

the bat Betacoronaviruses: BtCoV-HKU4 and BtCoV-HKU5 [6];

(2) closely related coronavirus sequences have been recovered from

bats in Africa, Asia, the Americas, and Eurasia; and (3) MERS-CoV

uses the evolutionary conserved dipeptidyl peptidase-4 (DPP4)

protein in Pipistrellus pipistrellus bats for cell entry [7].

Since human-bat contact is limited, camels have been implicated as

probable intermediate hosts. MERS-CoV appears to have been

circulating in dromedary camels for over 20 years [8]. MERS-CoV

uses the DPP4 (CD26) receptor to gain entry and effectively replicate in

camel cell lines [9]. Neutralizing antibodies for MERS-CoV have been

detected in dromedary camels from Oman, Canary Islands, Egypt,

Jordan, United Arab Emirates, and Saudi Arabia [10,11].

The exact mode of transmission from camels to humans remains

to be confirmed [12]. Camel milk was investigated as a possible

route of transmission, given the common practice of consuming

camel milk in the Arabian Peninsula. The first reported case of

MERS-CoV in Yemen occurred in a Yemeni pilot who consumed

raw camel milk [13], and Reusken et al. reported the finding of

MERS-CoV in camel milk in Qatar [14]. However, respiratory

transmission is currently considered as the most likely route of

transmission [15]. MERS-CoV has been detected by reverse

transcription PCR (RT-PCR) from the nasal swabs of three camels

in Qatar and was linked to two confirmed human cases with high

similarity upon sequencing, suggesting a possible respiratory mode

of transmission [16].

Human-to-Human Transmission

Several clusters of MERS-CoV cases have been reported, mainly

among household members and health care workers (HCWs),

suggesting that transmission is through close contact. The largest

cluster reported so far has been in 23 HCWs in a hospital in Al

Hasa, Kingdom of Saudi Arabia (KSA), while the largest family

cluster has been in three infected brothers from Riyadh, KSA

[17,18]. The basic reproductive rate for MERS-CoV has still not

been determined with certainty [11]. Using two transmission

scenarios, Breban et al. reported an R0 of 0.60 and 0.69 [18].

Cauchemez et al. reported a similar R0 at 0.63, but warned that in

the absence of infection control measures, R0 may range from 0.8–

1.3 and could lead to a self-sustaining transmission [19]. Propensity

for the MERS-CoV to replicate in the lower respiratory tract may

account for the observed limited transmission [20]. The United

States Centers for Disease Control and Prevention (CDC)

recommends standard contact and airborne precautions with the

use of an N-95 mask when caring for an infected patient [21].

Case Definition and Clinical Presentation

The CDC defines a laboratory-confirmed case of MERS-CoV

as a patient with a positive PCR from a respiratory sample, and a

probable case as a patient who had close contact with a confirmed

case but inconclusive laboratory evidence [22]. The incubation

period for the presentation of MERS-CoV symptoms is 2–14 days

and it remains unknown whether patients are infectious during the

incubation period [23]. The average age of presentation is 50

years, with a male predominance [24].

Clinically, MERS-CoV causes symptoms of upper and lower RTIs

[23]. The severity of symptoms varies widely. Most asymptomatic

cases have been discovered through screening after contact with a

known case [2]. Presenting signs and symptoms may include high-

grade fever, non-productive cough, dyspnea, headache, myalgia,

nausea, vomiting, and diarrhea that may precede the respiratory

symptoms [25,26]. Renal failure has been frequently reported, yet no

conclusive evidence of a direct viral invasion of renal tissues exists

[11,27,28]. Notably, most patients who developed complications had
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coexisting medical co-morbidities [11]. Laboratory findings on

admission may include leukopenia, lymphopenia, thrombocytopenia,

and elevated lactate dehydrogenase levels [25]. MERS-CoV can also

cause severe pneumonia with acute respiratory distress syndrome

(ARDS), requiring mechanical ventilation and intensive care

admission [24]. To date, there is still a lack of surgical and

pathological information from patients infected with MERS-CoV,

which hampers full understanding of the pathogenesis. Lastly, co-

infection with other respiratory viruses and with community-acquired

bacteria has been also reported in MERS-CoV patients [11,29,30].

Epidemiology

As of June 26, 2014, WHO officially reported 707 affected

patients in 21 countries in three continents. Two-hundred and

fifty-two patients have died of MERS-CoV, setting the case

fatality rate at 35% [3]. The cases so far have been acquired

either directly through a probable zoonotic source, or as a result

of human–human transmission via close contact. Retrospective

analysis tracked the first outbreak to a hospital in the city of Al-

Zarqa in Jordan in April 2012 [31]. An unexplained observation

has been the seasonal variation in reported numbers, with a peak

between April and June of each year. The number of cases

reported during April 2014 alone was alarming, because it was

greater than the cumulative number of cases reported since the

outbreak began [32]. The recent increase in the number of

infected patients may arguably be attributed to better case

detection and active surveillance programs. Yet other factors

may have contributed to the observed surge, including subop-

timal infection control practices in affected hospitals in Saudi

Arabia, as documented in a recent report of the WHO mission to

Jeddah [33]. Another explanation for the seasonal variation may

be that it coincides with camel birthing season, and younger

camels seem to be more often infected than their older

counterparts [34]. The distribution of the total reported cases

by country is as follows: 85.8% in the KSA, 8.1% in the United

Arab Emirates, 1.7% in Jordan, and 1% in Qatar [32]. Cases

have also been reported in Kuwait, Yemen, Oman, Iran,

Lebanon, Tunisia, Algeria, Bangladesh, Malaysia, France, Italy,

Germany, the Netherlands, United Kingdom, Greece, Italy, and

the United States [32]. Furthermore, seropositive camels for

MERS-CoV were detected in Egypt, Kenya, Nigeria, Tunisia,

and Ethiopia, suggesting that there may be MERS-CoV cases

that are undetected in Africa [8,35,36].

A Feared Outbreak: The Hajj Pilgrimage

In 2012, 3,161,573 Muslims from 188 countries gathered in

Mecca to perform the annual Hajj, the largest gathering of

Muslims in the world. The identification of MERS-CoV in

Saudi Arabia has generated international concern of a global

pandemic. As a response, the Saudi government requested that

elderly and chronically ill Muslims avoid Hajj in 2013 and

restricted the number of pilgrims to 2,061,573. Consequently,

no cases were reported during the pilgrimage of that year [37].

Nasopharyngeal specimens collected from 5,235 pilgrims

revealed no cases of MERS-CoV nasal carriage [38]. A

prospective cohort study of 129 French pilgrims did not reveal

any MERS-CoV cases [39]. Nevertheless, the potential for

spreading of MERS-CoV during the 2014 Hajj season (October

2–6) remains possible, especially since documented transmis-

sion occurred this year in patients from Iran and Malaysia after

their return from Umrah in Mecca. It is worth noting that the

two most frequently visited cities during the Hajj, Mecca and

Medina, have so far reported 32 and 35 cases respectively [32].

Vaccine and Treatment

MERS-CoV binds to the DPP4 (CD26) surface receptor using

the spike (S) surface protein with subsequent cell entry [40]. The

exact mechanism of entry after receptor binding is still

unknown. The S surface protein is composed of a core

subdomain that shares similarity with that of SARS-CoV and

a receptor binding subdomain (RBSD) that exhibits significant

variation from the SARS-CoV RBSD. The development of

vaccines targeting the RBSD of MERS-CoV is currently under

investigation because they are thought to be safer and more

effective than vaccines based on inactivated virus, DNA, or viral

vectors [40]. Another potential therapeutic approach is the

inhibition of the papain-like and/or 3C-like protease of MERS-

CoV [41].

To date, no effective therapy or prophylaxis for MERS-CoV

exists. Supportive therapy remains the cornerstone of man-

agement. Current treatment is based on previous experience

with the SARS-CoV, in-vitro studies, and case series. Various

agents have been tried, including those that block virus entry,

inhibit viral replication, or interfere with host immune

response [42]. The International Severe Acute Respiratory

and Emerging Infection Consortium (ISARIC) suggested

therapeutic options for treatment of MERS-CoV infection

with various agents alongside continuous evaluation of

efficacy, and in the setting of clinical trials [43]. Based on

experience with SARS-CoV, the use of convalescent plasma,

hyper-immune globulin, or human monoclonal antibodies that

contain neutralizing antibodies may be efficacious and is

recommended as first-line treatment when available [43].

Ribavirin and interferon alpha-2b both showed promising

results, especially when used in combination, both in vitro and

in animal studies using rhesus macaques monkeys [44].

However, these positive results did not translate clinically in

an observational study in five patients, all of whom succumbed

to the infection [45,46]. Repurposing of currently available

agents may be an efficient approach. Dyall et al. screened

various agents with potential therapeutic efficacy [46].

Cyclosporin A, mycophenolic acid, interferon-beta, homohar-

ringtonine, cycloheximide, anisomycin, and emetine dihydro-

chloride hydrate were found to have the most potent in vitro

activity against MERS-CoV.

Conclusions and Future Perspectives

Despite the progress in our understanding of MERS-CoV,

many questions remain unanswered. The definitive origin,

exact mechanism of transmission, and the reason behind

seasonal variability are still unclear. Although most cases have

been described in countries of the Arabian Peninsula, the

increasing travel to the region and the Hajj season in KSA

pose a threat of a potential global pandemic. Extensive efforts

are required to speed up the development of an effective

therapy and vaccine. Repurposing of currently available

pharmaceutical agents is highly desirable for a more rapid

drug development. Meanwhile, HCWs who encounter patients

with respiratory symptoms who have lived or traveled to areas

with MERS-CoV should have a low threshold to consider a

diagnosis of MERS-CoV, with testing and immediate imple-

mentation of proper infection control practices to prevent

further spread. Finally, given the important role that camels

may play in transmission of the virus, the common practices in

the Arabian Peninsula of herding and consuming unpasteur-

ized camels’ milk should be discouraged until conclusive
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evidence is obtained that such practices do not contribute to

infection.
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