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The Middle East respiratory syndrome (MERS) is a new killer respiratory disease caused by the MERS
coronavirus (CoV) first reported from the Kingdom of Saudi Arabia (KSA) in September 2012, after
identification of a novel betacoronavirus from a Saudi Arabian patient who died from a severe respiratory
illness [1, 2]. Retrospective study of stored samples later showed that, earlier in April 2012, a cluster of
severe respiratory illness occurred in a public health hospital in Zarqa, Jordan, where eight healthcare
workers (HCWs) were among the 11 people affected, with two deaths attributed to MERS-CoV [3]. The
appearance of any new fatal infectious disease, and uncertainty about its origin and mode of transmission,
invariably threatens global health security and its detection in western countries rapidly focuses political and
scientific attention. Unfortunately, at the same time, it evokes unnecessary and unwarranted fierce scientific
competition and discourse, as was illustrated by the HIV, severe acute respiratory syndrome (SARS) and
avian influenza epidemics [4-8]. Disappointingly, the events surrounding the MERS-CoV have been no
different [6]. MERS-CoV was first isolated, sequenced and patented by Erasmus Medical Centre (EMC)
researchers in Rotterdam, the Netherlands, and initially it was named after their centre as HCoV-EMC [2].
Subsequently, international consensus led to renaming it as MERS-CoV [9].

Since the first KSA case report in September 2012, the KSA Ministry of Health (MoH) has recommended
mandatory testing for MERS-CoV in all cases of respiratory illness requiring intensive care admission.
6 months after MERS-CoV was discovered, at the end of March 2013, there were only 17 MERS-CoV cases
reported globally, nine of which were from KSA [10], four of these from one family case cluster [11]. This
small number of MERS-CoV cases would not have attracted much global attention had it not been for the
high mortality rate in persons who contracted the disease, all of whom had medical comorbidities [9].
Frenzied media reports followed the detection of MERS cases in the UK [11-13], France [14], Germany
[15-17] and Ttaly [18], and focussed international attention. The media scaremongering and hype led to
exaggerated claims of the potential threat of MERS-CoV to global health security.

A flurry of scientific, political and media activity ensued, with global attention focussed on the pandemic
potential of MERS-CoV. This had become particularly urgent and important in light of an estimated
2 million pilgrims from over 182 countries expected to visit Makkah and Madinah, KSA, to perform the
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October 2013 annual hajj pilgrimage. As of April 1, 2013, there were only small numbers of MERS cases and
obtaining meaningful research data was limited only to case reports [2, 11-19]. The KSA and other Middle
Eastern governments kept proactive, watchful surveillance with immediate reporting to the World Health
Organization (WHO) of MERS cases. There were many unknowns at that time regarding MERS-CoV.
Several priority research questions required urgent answers: the source of the virus; the route of
transmission; infectious potential; the epidemiological and clinical features; occurrence in the community;
transmission patterns; and evolution of the virus. A lack of accurate, sensitive and specific rapid serological
diagnostic tests for surveillance hindered the conduct of case—control studies. The epidemiology, mode of
transmission, clinical spectrum of illness and incidence in the community remained largely unknown.

From late April to May 2013, reports of an outbreak at the Al-Hasa healthcare facilities in the eastern
province of KSA changed the pace of research, and answered all unwarranted political and media criticisms.
For the Al-Hasa hospital outbreak, urgent research conducted under the umbrella of the Global Centre for
Mass Gatherings Medicine at the KSA MoH in Riyadh to enhance equitable global research and
development partnerships rapidly brought together UK, US, Canadian and Saudi researchers who defined
transmission patterns through hospital epidemiological studies and sequencing of the MERS-CoV isolates
within a period of 4 weeks [20-22]. These studies suggested that aerosol transmission appeared to be the
likely route of human-to-human transmission of MERS-CoV in hospitals and that those with medical
comorbidities suffered a higher death rate [21]. There are similarities and differences between the clinical and
laboratory features of MERS-CoV infections when compared to that of SARS-CoV infections [21, 23, 24].
SARS originated as an unusual and atypical pneumonia in Guangdong Province in southern mainland China
in November 2002, spread to Hong Kong and rapidly transmitted worldwide (26 countries over five
continents), resulting in nearly 8000 cases with just over 900 deaths [23]. In striking contrast, only 175 MERS
cases have been diagnosed in the past 20 months globally, with very limited spread outside the Arabian
peninsula countries (KSA, Jordan, the United Arab Emirates (UAE), Qatar, Oman and Kuwait). This
highlights the very low human-to-human transmissibility of MERS-CoV when contrasted to SARS-CoV. The
presenting clinical symptoms, signs and imaging features of MERS-CoV disease are similar to those seen in
SAR (table 1) [21]. Fever, cough and dyspnoea are the major symptoms of patients admitted to hospital.
Other presenting symptoms include chills, malaise, rigor, headache, myalgia and malaise. While respiratory
failure is a major clinical feature of MERS-CoV infection, atypical presentation with diarrhoea has been
reported in both MERS and SARS. Common admission imaging and laboratory features of SARS and MERS
on admission to hospital include infiltrates on chest radiographs and lymphopenia, and thrombocytopenia
and elevated liver enzymes have been noted in some cases [21, 23]. There is no specific treatment yet,
although several treatment options used in the SARS epidemic are recommended and other therapies are
under development.

Initial MERS case reporting was biased, as it was the more severe cases with serious life-threatening
respiratory disease requiring hospitalisation and intensive care that were the centre of attention and were
screened for MERS-CoV. Thus, initial data showed a high mortality rate of up to 65% and indicated that
MERS-CoV primarily affected individuals with comorbid conditions such as diabetes and chronic renal
failure [20, 21]. As more data became available, a spectrum of MERS-CoV infection from asymptomatic
and mild cases to those rapidly fulminant has been noted [24]. A quarter of patients are reported to have
accompanying gastrointestinal symptoms, including diarrhoea and vomiting, and comorbid chronic
underlying medical conditions [21]. The report of the case from the UK [12] showed that siblings who are
not immunocompromised only manifest mild respiratory illnesses, and do not require hospitalisation.
Screening of 33 close contacts (20 household and 13 non-household) found there were only two cases (6%
attack rate) of confirmed MERS-CoV infection, one with mild illness and one with severe illness. There were
no cases of MERS-CoV infections among 59 HCWs who nursed the index case without full personal
protective equipment [12, 13].

In light of the continued media attention on the high mortality rate, and the continuing sporadic and
intermittent detection of MERS-CoV cases, particularly the healthcare-related outbreak at Al-Hasa [20-22],
WHO convened an emergency committee in July 2013 under the International Health Regulations to advise the
Director-General on the status of the MERS-CoV situation [24]. The emergency committee comprises
international experts from all WHO regions and collates available information, using a risk-assessment
approach decide whether conditions for a public health emergency of international concern are met or not. The
critical question at that time was whether MERS-CoV was going to progress to cause a major pandemic as did
SARS or was it just a “storm in a teacup” that it would die out, requiring only surveillance and reassurance?

Subsequent surveillance performed by the KSA MoH indicates that MERS-CoV affects both sexes and, although
only a few cases of MERS-CoV in children have been detected, it remains mainly a disease of adults across all
age groups [24-27]. In KSA, we have subsequently identified milder or asymptomatic cases of MERS in HCWs,
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TABLE 1 Epidemiological, clinical and laboratory features of Middle East respiratory syndrome

(MERS)

History

Source of MERS-CoV and mode of

transmission

Geographical distribution

Incubation days
Mean (95%Cl)
Range
Serial interval days
Clinical spectrum of disease

Age group
Adults %
Children %
Age
Sex
Male %
Female %
Male:female ratio
Mortality

Overall case fatality rate

Time from symptom onset to death

mean (range) days
Presenting symptoms %

Fever >38°C, chills/rigors

Cough

Haemoptysis

Headache

Myalgia/arthralgia

Malaise

Shortness of breath

Nausea

Vomiting

Diarrhoea

Sore throat

Rhinorrhoea
Comorbidities %

Diabetes

Chronic renal disease

Chronic heart disease

Hypertension

Smoking

Imaging and laboratory tests %
Chest radiograph abnormalities

Haematology %
Leukopenia
Lymphopenia
Thrombocytopenia

Abnormal liver function tests %
Elevated lactate dehydrogenase

Elevated ALT and AST
Diagnostic test
Confirmatory test
Serological tests
Treatment

April 2012: Jordan; first case diagnosed retrospectively in November 2012

June 2012: KSA; first Saudi case reported in September 2012

September 2012: first UK case (Qatar referral)

October 2012: KSA family case cluster

January 2013: UK family cluster

Feb 2013: first German case

April-May 2013: KSA; Al-Hasa hospital outbreak of 21 cases

May 2013: Italy; first case

Zoonotic reservoir: MERS-CoV RNA identified in bats and camels

Mode of transmission from animals to humans unknown

Human-to-human transmission occurs via aerosol from index case to secondary cases

Middle East: KSA; UAE; Qatar; Oman; Jordan; Kuwait

Case reports from UK, France, Germany, ltaly, Tunisia of returning travellers from
Middle East, secondary cases from these have occurred

5.2 (2-15)

2-3

7.6

Asymptomatic

Mild, moderate-to-severe pneumonia

Acute respiratory distress syndrome to fulminant multiorgan failure
Gastrointestinal symptoms occur in 20-33%

Affects all ages but predominantly adults

96

4

Range 14 months to 94years; mean 56 years, median 50years

66
34
2:1

42.6% (73 out of 171 cases as of December 27, 2013)
11.5 (4-298)

48
8-11

MERS-CoV RT-PCR

Under evaluation

No specific treatment

Supportive therapy for organ failure and antimicrobial therapy for secondary infections
Ribavirin and interferon-o under trial.

KSA: Kingdom of Saudi Arabia; CoV: coronavirus; UAE: United Arab Emirates; ALT: alanine aminotransferase; AST: aspartate
transaminase. #: 56% dry cough and 44% productive cough. Data from [2, 3, 12, 14-21, 24].

children and family members in contact with MERS cases [24, 26], illustrating that there is a whole spectrum of
undiagnosed asymptomatic or milder forms of clinical disease. An increasing number of asymptomatic HCWs
are now being identified and reported to the WHO [27, 28]. Standard contact respiratory precautions during
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routine care and airborne precautions during invasive respiratory procedures are recommended by WHO for
management of in-patients with known or suspected MERS-CoV infection [29].

A critical question which remains unanswered is the source and mode of transmission to humans of MERS-
CoV. The occurrence of MERS cases in multiple regions and provinces (fig. 1) in KSA as well as in other
neighbouring countries, such as Jordan, Qatar, Kuwait, Oman and UAE, means a more widespread
population of MERS-CoV in animals or humans must exist. Zoonotic transfer from an animal reservoir to
humans has been shown to occur with the SARS-CoV [30, 31]. The quest to find an animal source for MERS-
CoV [32-34] continues. Serological evidence for a cross-reactive virus in camels has been reported (fig. 2) and
a small fragment of MERS-CoV sequence have been identified in a bat from KSA [34]. Recent identification of
MERS-CoV in two camels in Qatar [35] lends support to the previous assumption that an animal source of the
route of transmission could be either direct contact, consumption of a contaminated food product or even
contact with a contaminated fomites. The KSA MoH is pursuing a vigorous search for the source of MERS-
CoV in animal hosts and other potential reservoirs, and their transmission routes to humans.

Whole-genome sequencing of MERS-CoV isolates from clinical samples from MERS cases diagnosed from
across KSA has allowed the study of the phylogenetic relationships and evolution of the virus [20, 35]. Our
study of MERS-CoV genomes from KSA MERS patients show three genetically distinct lineages of MERS-
CoV circulating in Riyadh and it is unlikely that the KSA infections are the result of a single continuous
human-to-human transmission chain. While careful monitoring of MERS-CoV genome evolution will
continue, the likelihood of an impending global epidemic based on current genomic data appears unlikely.
MERS-CoV genomes obtained from respiratory tract samples of all confirmed KSA MERS-CoV cases
are being sequenced. These will provide valuable insights into the understanding of the molecular
characteristics and transmission dynamics of MERS-CoV, defining species specificity, ascertaining mutation
rates and virulence, and enabling the discovery of new drug targets, novel drugs, diagnostics and vaccines.

As of December 27, 2013, worldwide, 20 months since the first discovery of MERS-CoV in Jeddah, KSA,
there have been a total of 171 cases of MERS-CoV infection with 73 deaths (42.6% mortality) reported to
the WHO [34]. The trend in case detection rate does not suggest that an impending epidemic is inevitable.
The majority of cases (141 and 57 deaths (40%) have been reported from KSA [36]. All cases are linked to
only six countries in the Middle East: KSA, Jordan, Kuwait, Oman, Qatar and UAE. Five countries outside
the Arabian Peninsula (France, Italy, Germany, Tunisia and the UK) have detected MERS cases that were
either transferred for care or travellers returning from one of the Middle East countries and subsequently
became ill [12-18]. Four countries (Italy, France, Tunisia and the UK) have reported endemic secondary
cases arising from local transmission linked to the initial imported case. The clusters in Italy [18], the UK
[13], France [14] and Tunisia [24] have been linked to infection from a returning traveller and transmission
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FIGURE 1 Middle Eastern respiratory syndrome coronavirus cases reported in the Kingdom of Saudi Arabia since
September 2012 by region and province.
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FIGURE 2 Camels: a possible inter-
mediary source of Middle Eastern
respiratory syndrome coronavirus.

has only occurred in certain settings, in particular, family and healthcare facilities. There is still no evidence
of sustained community transmission to date.

So, what is the potential of MERS-CoV to cause a pandemic? When first discovered over 18 months ago, it
was unknown whether MERS-CoV would remain a disease restricted to the Middle East, with intermittent,
sporadic outbreaks, or progress to becoming a global pandemic, or burn out with time. Despite extensive
investigation and testing of several thousand contacts and suspected cases by the KSA MoH, only a few
instances of transmission to healthcare workers or family contacts have been identified [24]. Almost all
patients who died or were hospitalised had severe disease and comorbid medical conditions [24]. The
mortality rate and severity of disease are exaggerated to some degree by detection of such cases. The case-
fatality rate has fallen in recent months due to the detection of milder and asymptomatic cases [24]. The
most critical characteristic of pandemic MERS-CoV strains would be progression to efficient human-to-
human transmission. The number of sporadic MERS cases being reported has been small and indicates that
the virus appears not to be readily capable of rapid human-to-human transmission. Rapid identification
and isolation of cases combined with a basic reproduction number (Ro) <1 may control the human-to-
human transmission, as long as the virus transmission properties remain the same.

Mathematical modelling by BREBER et al. [37] indicate that Ro (the number of secondary cases each index
patient is expected to infect in a fully susceptible population) of the MERS-CoV is 0.69 in the worst-case
scenario and 0.60 in a more optimistic scenario, concluding that MERS-CoV does not yet have pandemic
potential, which would occur if Ro had reached 1. The analysis shows that the chance of MERS-CoV having
Ro >1 is extremely small. Thus, it appears from current evidence that it is most unlikely that MERS-CoV
will follow a path similar to that of SARS. MERS-CoV has been circulating in humans for >20 months
without a massive increase in the numbers of cases. As of November 2013, >5000 KSA individuals (in-
patients with respiratory infections, healthcare workers and family contacts of confirmed MERS patients)
have been screened for the presence of MERS-CoV and yet no significant increase in case detection rates has
been observed. 2 million pilgrims from >180 countries and 1 million local KSA pilgrims have very recently
visited Makkah and Madinah to perform the annual hajj pilgrimage in October 2013 [38]. All these pilgrims
have returned home after stay of between 2 and 8 weeks without a single confirmed MERS case being
reported from within KSA or from their home countries. While many priority research questions remain to
be answered before the true pandemic potential and global impact of MERS-CoV can be accurately
determined [39], MERS-CoV may turn out to be a storm in a teacup.
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