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ABSTRACT

Between September 2012 and March 2017, the Middle East Respiratory Syndrome (MERS), caused by an infection
with the MERS coronavirus (MERS-CoV), has been responsible for 1,931 laboratory-confirmed cases and at least
741 related-deaths. Despite the paucity of knowledge on the source and route of transmission, the evidence currently
points to dromedary camels. Moreover, the incubation period for this disease ranges from two to sixteen days. The
symptomatology of MERS-CoV is non-specific and cases are easily misdiagnosed. As most respiratory illnesses, no
specific anti-viral therapies have been effective to date for the treatment of MERS. Currently, the WHO does not
advise any travel or trade restrictions regarding MERS-CoV. However, the poor practice of infection control has
reflected the association between the healthcare setting and the spike of disease occurrence, especially among
patients. Interestingly, the adoption of the “one health” approach is critical to establish a more holistic understanding
of this epidemic. Additionally, implementing strategies aimed at risk reduction of animal-to-human transmission,
rapid case finding, adequate infection control, and contact tracing are key in the control and prevention of MERS-
CoV.
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The year of 2012 witnessed the birth of a new infectious
disease on Earth, and that was the Middle East

Respiratory Syndrome (MERS), caused by an infection
with the MERS coronavirus (MERS-CoV). MERS-CoV
is a zoonotic virus that has likely invaded human beings
through the human-animal interface; that is through
contact with infected Arabian camels and thus leading to
a respiratory illness and possibly death. According to the
World Health Organization (WHO), an emerging
zoonotic disease is one that has been documented
recently, or that has occurred previously but increased in
incidence or geographic coverage, host or vector array.
Additionally, these zoonoses are the manifestation of the
capability of microorganisms, harbored by animal
reservoirs, to adapt onto human hosts such as: Ebola

As the country of emergence, the Kingdom of Saudi
Arabia (KSA) was the first to report the disease to the
WHO on September 2012. Since then, MERS has been
responsible for 1,931 laboratory-confirmed cases and at
least 741 related-deaths (percentage of fatal cases, 38%).2
Interestingly, the majority of the cases (80%) were
stemming from Saudi Arabia. However, the disease
managed to spread from the Arabian Peninsula to cover
27 countries across four continents globally.> Moreover,
the widest outbreak of MERS, away from the Middle
Eastern geographic context, was that of South Korea. The
index case was a traveler returning from the Arabian
Peninsula; who was diagnosed on May 20" 2015.
Consequently, about 200 cases were diagnosed later on as
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a result of caregiver and hospital-acquired transmission,
with multiple hospital-based clusters being implicated.
In spite of that, the International Health Regulations
Emergency Committee, unlike the Zika situation, did not
escalate the MERS to a public health emergency of
international concern (PHEIC).

Significant effort has been made over the past five years
with many endeavors directed at yielding scientific
evidence about the novel Coronavirus. However, our
understanding of this new disease is yet to mature as
many causes are still vague and the organism itself has
not been fully comprehended.

DISCOVERY OF MERS-COV

Interestingly, the actual birthplace of the Middle East
respiratory syndrome (MERS) was Jordan that
retrospectively reported cases of the disease in 2012.
However, a 60 year old man from Bisha, a city in the
southwest of Saudi Arabia, was the first publicly reported
case of MERS-CoV in the same year.® Furthermore, Dr.
Ali Zaki who was a virologist at a private hospital, Dr
Soliman Fakeeh Hospital, in Jeddah, first isolated the
culprit organism. After which, the doctor sent two patient
samples to Erasmus Medical center in the Netherlands,
where the novel virus would be first sequenced and
named human Coronavirus-EMC (for Erasmus Medical
Center).® However, a controversy soon ensued after EMC
claimed patency of the two samples; bringing the
scientific community into a brawl over research rights as
well as endangering the health of the global population;
thus triggering the intervention of the WHO director
general.

THE AGENT

MERS-CoV is a betacoronavirus found in human being
as well as camels and related to multiple bat
coronaviruses.” The source and route of transmission of
this novel disease is yet to be fully understood; however,
the evidence currently points to dromedary camels as a
possible source and bats have also been incriminated as
reservoirs.®® Furthermore, epidemiological studies have
revealed multiple possible routes of transmission, as
camel-to-human and human-to-human propagation
especially in the healthcare setting, either through droplet
or contact transmission.’®** Furthermore, genomic
studies have clarified that viral genomes originating from
humans as well as camels have fused; strengthening the
possibility =~ of  camel-to-human  transmission.*
Additionally, laboratory investigations have shown the
tropism of MERS-CoV to multiple human cell lines,
including renal, hepatic, intestinal, lower (but not upper)
respiratory, and histiocytes.™ In addition to that, the virus
has been easily isolated from samples of patients’ lower
respiratory tract (tracheal aspirates, sputum, or
bronchoalveolar lavage fluid), and this shedding might
occur for numerous weeks and exceed by load that from
other routes of exit (stool, serum).’® The incubation

period for this disease ranges from two to sixteen days,
with a mean of five to six days. Also, after studying the
natural history of the disease, the communicability period
has been established at 13 to 14 days after an individual
becomes symptomatic.'” However, the infectivity of the
virus has yet to be defined, but the case-fatality rate has
ranged significantly depending on certain demographic
characteristics, presence of comorbidities, and geographic
locality.”® Similarly, a study by Alsahafi et al revealed a
variation of fatality from 12.5% in patients <19 years up
to about 86% in those aged 80 years or more.*® While,
another paper by Kim et al discussed the MERS-CoV
outbreak of South Korea revealing that the fatality rate
was about 20%, almost half the global rate of 38.7% and
significantly less than the rate recorded in Saudi Arabia
(36.5%).%° Also, the epidemic potential of this novel
coronavirus was evaluated by Breban et al, where it was
found that the reproduction number (Ry; defined as the
mean count of infected individuals as a result of one
diseased individual in a susceptible community) ranged
between 0.60 and 0.69. This denoted that MERS-CoV is
yet to possess a pandemic potential because its Ry <1.%

THE HOST

It is well known that bats are the natural host of most
coronaviruses, including MERS-CoV. However, it is still
unclear whether camels are natural reservoirs or
intermediate hosts of MERS-CoV, despite the finding of
specific antibodies in the sera of camels, archived for
more than 20 years in KSA.? Furthermore, the virus has
been isolated from the camels’ upper respiratory tract,
explaining the possible route of exit to infect human
beings through direct contact.”® On the other hand, the
virus has been found to colonize the lower respiratory
tract in humans; explaining why the clinical picture is
also variable between the two species. Furthermore, there
is evidence regarding other causes of infection, such as
consuming camel raw meat and unpasteurized milk,
remedial utilization of camel urine, and zoonosis from
other species.?

Regarding the human host, an epidemiological study
conducted by Alsahafi et al. that included the total
reported cases of MERS-CoV in KSA between 2012 and
2015, has revealed that two-thirds of patients were males
and that one third of them were elderly (>60 years old).
Interestingly, the gender difference was reversed when
considering the healthcare workers, where about 60% of
the affected were females.® A similar study conducted by
Alraddadi et al, has elaborated that patient cases were
more likely to have one or more comorbidities, namely
diabetes, heart disease, and chronic pulmonary disease.
Additionally, infected people were more likely to have
had direct contact with dromedaries through visiting a
camel farm, milking a camel, or even contact with a
visitor of a camel farm; however, there was no significant
difference between cases and controls regarding
consumption of unpasteurized camel milk or urine.?® The
urbanization of many Gulf cooperation council (GCC)
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countries has helped fuel the practice of camel herding
and racing; as transport and travel across borders has
been facilitated. Thus, this might have paved the way for
possible spillover events between camels and human
being; which manifested as a zoonosis like MERS.?’

A review of the South Korean outbreak in 2015, by
Majumder et al revealed findings similar to those
generated in KSA, but the case-fatality rate as discussed
earlier was nearly half that of the Saudi’s.?® Nevertheless,
it is important to mention here the concept of “super
spreaders”, where the literature has established the 20/80
rule in which a small percentage of individuals in any
community is noted to direct most transmission
occurrences. Therefore, “super-spreaders” are those
individuals who disproportionately infect more secondary
contacts, when compared to others within a population
who are assumed to possess equal chances of transmitting
the disease.” A clear example of this was the index case
in the South Korean outbreak, who acted as super
spreader when he infected 82 individuals while staying at
a tertiary-care hospital, Samsung medical center, in Seoul
during May of 2015.%° Interestingly, the outbreak
described above witnessed a third generation
transmission of MERS-CoV with the emergence of
quaternary cases, where a study by Nishiura et al.
calculated a secondary transmission event risk of 22.7%,
distributed among generations 2, 3 and 4 at 10.5%, 6.1%
and 3.9%, respectively.®

THE ENVIRONMENT

The environment is a key player in the occurrence and
propagation of communicable diseases. Many factors
influence the human environment, both physical and
socio-cultural. Moreover, the former include air, water,
temperature, sanitation, and pollution; while the latter
encompass poverty, crowdedness, and social norms.*
MERS-coronavirus has the potential to survive in the
environment from 24 up to 48 hours depending on the
ambient temperature and degree of humidity, thus making
possible the transmission through direct contact with
infected surfaces or fomites.*® Furthermore, a case-
control study conducted in Saudi Arabia by Alraddadi et
al has revealed that environmental exposure to dromedary
camels, either through direct physical contact or
indirectly through having camels within or near the
household, was significantly associated with the illness.
In addition, the study revealed that having contacts, in the
household, who have been exposed to dromedaries was
also significantly associated with developing MERS.*
Moreover, a comparative study between MERS and
SARS has shown that the healthcare setting was a risk
factor for patients to acquire MERS and for healthcare
workers to acquire SARS.* Similarly, an original article
by Oboho et al has made clear that the risk of acquiring
MERS as a nosocomial infection was higher for patients
than healthcare professionals (who represented only
20.9% of the cases); thus shedding light on the interplay
between host characteristics and environmental exposure

in the disease etiology.®® In addition to that, many
researchers have attempted to clarify this association
between the healthcare setting and the spike of disease
occurrence, especially among patients; where some have
explained that the poor practice of infection control
procedures is a major obstacle and Balkhy et al have even
described the situation as the “Achilles heel” of the
healthcare system.®"3®

On the other hand, some cultural and social norms have
been suggested to be culprits in the emergence and
transmission of MERS-CoV. A recent review article by
Ali M. has explored the role of religious, social, and
cultural habits in MERS, such as wearing of the veil,
shisha smoking, and livestock management.* The review
showed that “hookah” smoking has become a socializing
event in the Middle Eastern countries, where sharing of
the shisha further exacerbates the issue; making this
cultural norm an enabling environment for the
transmission of infectious respiratory diseases.*
Furthermore, the practice of dromedary camel husbandry
is regarded as a vital aspect of the nomadic lifestyle
culture in the GCC region, where camels are used as a
source of food, folk remedies, garments, transport, trade,
and for racing, a multi-million dollar industry.** All the
aforementioned findings strengthen the belief in the
socio-cultural model, which emphasizes that social and
cultural variables inexorably interact with biology to
affect the health of human beings.

MERS AND TRAVEL HEALTH

The WHO does not advise any travel or trade restrictions
regarding MERS-CoV. However, it has shed light on
certain mass gathering events that might serve as a
ground zero for a large-scale outbreak of the disease, as
the annual Muslim pilgrimage or “Hajj”. Similarly, the
centers for disease control and prevention (CDC) have
designated the MERS travel threat as an alert (level 2),
where only special precautions will be provided to
travelers to the Arabian Peninsula. The European centre
for disease prevention and control (ECDC) has
recommended all travelers to the Peninsula to avoid
interaction with camels, attending camel farms, eating
unpasteurized milk or undercooked meat of camel, with
stress on the importance of hand and food hygiene.*
Additionally, in-flight propagation of MERS has yet to be
documented; however, it is mathematically estimated to
range from one new case during a first class five-hour trip
up to fifteen infections from a “super spreader” in a
thirteen-hour flight on coach class.*®

ONE HEALTH APPROACH TO MERS-COV

The one health approach is a conceptual framework,
where human beings, animals, and their respective
environment share an intricate relationship that defines
their health. Thus, when controlling and preventing
zoonotic diseases, this approach serves as a platform for
the establishment of a multidisciplinary team. In addition
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to that, the ultimate aim of such a comprehensive team
with a broad range of expertise, as: public health, clinical
medicine, animal husbandry, veterinary medicine,
ecology, and entomology, will be to establish a more
holistic understanding of these outbreaks.** A practical
application of this theory was noted in many countries
across the world, including the state of Qatar where the
national outbreak control taskforce (NOCT) established a
national multidisciplinary joint investigation team that
allowed for prompt surveillance and timely response to
control any outbreak.*

GLOBAL LESSONS LEARNED FROM MERS-
CoV’S COUSIN, SARS

There is no doubt that the global community handled the
MERS-CoV epidemic quite differently than that of
SARS. In 2002, when the SARS outbreak began in
China, the latter condemned it a “state secret” and thus
information was withheld from the Chinese public from
November 2002 till February 2003; and the Chinese
government didn’t share information with the WHO till
early April 2003.“° However, the MERS-CoV emergence
proved that lessons were learned from its predecessor and
that effective and transparent risk communication while
utilizing a robust surveillance system are critical for the
control of any outbreak.”” A clear example of this would
be that the Ministry of Health in KSA is reporting on a
daily basis through its official website any new MERS-
CoV cases. Interestingly, the most recent of these cases
reported online on March 18, 2017 was a case of a 20-
years-old male expat from the city of Hafr Albatin who
had direct contact with camels and has died.* SARS
provided the health community with a rich experience in
the epidemiologic management of an emerging
respiratory viral disease; an experience that would later
be utilized to help control MERS.” Despite the
ERASMUS controversy, the scientific community has
collaborated and provided enormous evidence on MERS-
CoV where as of December 31%, 2015, about 900 MERS-
CoV research journals were published globally,
stemming from more than 90 nations.*® On the other
hand, SARS has been the focus of 3379 publications,
given the wider time frame of these studies when
compared with those of MERS-CoV as a crude
explanation.> Moreover, the awareness of the global
community to the importance of research in controlling
and preventing novel infectious diseases was clearly
manifested in WHO’s list of top emerging diseases with
epidemic potential; in which MERS ranked 5™ and SARS
ranked 6™.%
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