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ABSTRACT

Both the recent MERS-CoV and the past SARS-CoV indicate that new pathogens would probably emerge. Because it
is not possible to predict when or where a new epidemic would occur, this continues to be a challenging issue for
physicians and healthcare organizations. Furthermore, there are prophylactic vaccines or effective treatment for these
infections and little is known about the origin and the zoonotic transmission of MERS-CoV which hinders the
progress of its spread to humans. MERS-CoV is highly pathogenic, exhibiting high fatality rate than the former
human corona virus SARS and can obviously be transmitted through several routes, with higher incidence in
compromised healthcare settings. Currently, efforts to manage MERS-CoV spared should be directed towards
developing educational programs, targeting the public and more importantly health care providers. For one major
concern, this infection has and still could pose potential to spread rapidly across the globe, especially during religious
mass gathering originating from a MERS-CoV hot spot (i.e., Hajj). Continued epidemiologic surveillance and

vigilance remains crucial to compact this virus, or any future mutation.
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INTRODUCTION

London witnessed a horrific cholera outbreak in 1854.
Physicians then called it “bad air” and they took an action
by supporting the sale of flowers. Not, as one might
expect helpful to the 600 or so who died. However, a
doctor mapped out the victims and this was the very first
epidemiological study. He found a cluster of cases around
a water pump, which he then took of the handle, bringing
the outbreak to an end.

Since then and long before, mankind was defenceless
against these epidemics which in some events wiped-out
complete civilizations, and were described, at certain
time, by historians as apocalyptic. Not until the

introduction of the germ theory, human race was set for
extinction. The association of a specific microorganism,
as to be the cause of a wide range of infectious diseases,
have led to an enormous leap in compacting these
diseases, especially with the discovery of vaccines and
eventually the development of antimicrobial agents.”
Since then and after the Second World War, with the
wide spread of antibiotics, containing smallpox, and
discovery of a treatment for tuberculosis, confidence had
settled in among the general. It was believed that “war
against infectious diseases has been won”.® This
assurance came crashing down when a new pandemic -
acquired immune deficiency syndrome (AIDS)- begin to
emerge in 1981. This emerging infection believed to be
surpassing both the 1918 flu pandemic and the Black
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Death of the 14th-century, each of which had a death toll
of 50 million people, placing infectious diseases back at
every health origination agenda.’

Besides AIDS, infections such as SARS, West Nile,
Ebola and variant of Creutzfeldt-Jacob disease (vCJD)
have been classified as new emerging infectious diseases
in the past decades. Where “newly emerged infectious
diseases” defined as “those whose incidence in humans
has increased within the past two decades or threatens to
increase in the near future” And are originating from
unknown agent to affect humans for the first time. Other
diseases such as malaria and tuberculosis, were thought
to be contained in the past with vaccines, have now
developed and “re-emerged”.’

These infections have a heavy global burden, mainly
when they become epidemics or pandemics. They
generally have a high mortality rate and spread across
countries very rapidly causing panic and fear. It is
estimated that more than 15 million people all over the
planet lose their life’s directly because of infectious
disease, and millions more due to the complications of
chronic ones.** A case in pointis the first pandemic to
emerge in the twenty-first century; severe acute
respiratory syndrome (SARS). This infection, caused by a
new Coronavirus, reported to be having its first outbreak
in China, spreading across three continents, infecting
more than 8000 and causing 812 deaths within 8 months.
What's more, these types of infections pose security and
economic challenges were 10-30 billion $ estimated to be
lost in Asia because of SARS.®

This paper provides an overview of a more recently
emerging infections caused by corona virus; Middle East
respiratory syndrome coronavirus (MERS-CoV).

THE NEWLY EMERGED BETACORONAVIRUS

History intends to repeat itself with emerging infections.
Since identifying Betacoronavirus (betaCoVs) to be the
etiological agent behind the SARS epidemic in 2003, a
novel coronavirus has been detected in a Saudi Arabian
patient a decade later.” Since its discovery in 2012, this
novel CoV was renamed MERS-CoV (Middle East
respiratory syndrome coronavirus) on the basis of its
geographical outbreak spread with virtually all cases
origigating from, or had a history of travel to, the Middle
East.

As of December, 2" 2016, this emerging infection
managed to spread across countries in the Middle East,
North Africa, Europe, the United States of America, and
Asia. Resulting in 1888 case which were confirmed by
laboratory investigations, 80% (1504 cases) were
reported by Saudi authorities alone, causing a total of 670
individuals to lose their life.®

VIROLOGY OF MERS-CORONAVIRUS AND ITS
ORIGIN

Middle East respiratory syndrome coronavirus represents
with a large single-stranded, positive-sense, RNA
genome. The coronavirus is divided into four genera of
which both SARS and MERS coronaviruses belong to the
genus [ Betacoronaviruses (betaCoVs), were they are
further sub grouped into lineages B and C, respectively.
Upon infection, MERS-CoV binds to Dipeptidyl
peptidase 4 (DPP4) receptor, found on non- ciliated
human bronchial epithelial cells, as it also binds to
nonhuman primate or other animals having the same
DPP4 receptor.*°

MERS-CoV is zoonotic pathogen originating from an
animal, which is believed to be passed from a natural
host, most likely bats, to an intermediate animal host
before infecting humans.**

Bats as an origin for MERS-CoV

Since identifying MERS-CoV, bats were suspected to be
the origin of this pathogen as they are known to be the
host for multiple corona viruses.” On the account of
phylogenetic resemblance of MERS-CoV to both bat
CoV-HKU4 and -HKUS5, initial investigations were
driven towards bats as the plausible source.™ To support
this theory, several Virologic studies were carried out to
show some of the coronavirus RNA sequences having a
close resemblance to MERS-CoV sequence. A survey of
bats faecal samples, around were the index Saudi patient
lived, were tested by PCR. In which, only a fragment of a
single 190-nucleotide MERS-CoV RNA sequence was
detected to be a 100% match to the clone obtained from
the same patient, suggesting that Egyptian tomb bat
might be the source of this virus. A more recent report of
a novel beta-coronavirus obtained from bats in South
Africa, implies that MERS coronavirus predecessors may
perhaps exist in the Old-World bats.** However, all the
evidence advocating that bats play a role in the
transmutation of MERS-CoV are lacking and yet to be
established.

Camels as an intermediate host to MERS-CoV

Since its unusual to have human contact with bats, and
the fact that MERS-CoV cases had no history of such
contact, several domestic animals were investigated as
they might be a direct source of MERS-CoV
transmission.*? A serological study provided a conclusive
evidence connecting camels (one-humped dromedaries)
to MERS-CoV to which a specific antibody to this virus
was found only among these creatures. Additionally,
these neutralizing antibodies were found across the
Middle East and Africa,** as they were also detected in
archived camel secretion samples from Saudi Arabia and
the UAE dating back to the 1990s.” These discoveries,
indicate that MERS-CoV was previously spread among
camels long before it was recognized as a human
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infection, and probably circulating in countries were
MERS-CoV cases haven’t been identified yet.
Furthermore, several MERS-CoV cases were directly
linked to camels, on the basis of highly identical genome
sequences, recovered from human cases who were in
close contact with the animal.*® These results indicate a
strong evidence supporting a zoonotic transmission of
MERS-CoV to humans via camels. However, these
results remained controversial because many reported
cases had no contact with camels.'” Nevertheless, a sero-
epidemiological survey on a representative sample of
Saudi population found that; individuals who were
exposed to camels, on a regular basis, have significantly
higher numbers of MERS-CoV antibodies than the rest.
This study, predict that those individuals (young men)
were infected with MERS-CoV, sometime during their
life but didn’t develop symptoms, and might be
responsible for spreading the virus among people without
previous contact.'®

EPIDEMIOLOGY AND MODE OF MERS-CoV
TRANSMISSION

In June 2012, a 60-year-old male from Saudi Arabia was
hospitalized with pneumonia, progressing to renal and
respiratory failure, leading to death. At that time MERS-
CoV was isolated from the patient sputum, and was
reported September of the same year.”® Shortly after,
another report of a patient in Qatar, who was returning
from Saudi Arabia, describing the same symptoms and
almost exact strain of the virus. In Jordan, after the
announcement of the first reported MERS case, health
care personnel of an intensive care unit (ICU) were
retested, fallowing an outbreak of acute respiratory
illnesses in April 2012, revealing two cases to be positive
for MERS.?! Since that time, majority of the cases took
place in the middle east, specifically Saudi Arabia with
serval reports from almost all around the world.

MAJOR OUTBREAKS AND CLUSTERS

One of the noteworthy, was in Al- Ahsa, Saudi Arabia,
April 2013. A cluster of 43 MERS-CoV cases were
directly linked to the same hospital indicating a human to
human transmission. Two healthcare personnel were
confirmed cases and three family members were
identified through contact tracing survey.? This outbreak
was contained after implementing simple infection
control measures, as a later genotyping report suggest
that several introductions of the virus had occurred.
Another significant healthcare-associated outbreak of
MERS-CoV was in Jeddah, Saudi Arabia between
February and April 2014, were 14 hospitals held a total of
128 MERS-CoV cases, of which 60% were healthcare-
associated infections involving 39 healthcare personnel.?

Apart from MERS-CoV outbreaks in the Middle East, a
cluster reported in the UK February 2013. A UK resident,
returning from Saudi Arabia developed fever and severe
respiratory illness and was tasted later to be positive for

MERS-CoV. After infecting tow family members, he
died in March the same year. In France, May 2013, a
patient was reported to be infected with MERS-CoV after
his recent return from Dubai UAE. Before dying, the
virus managed to infect a second patient sharing the same
room as him, indicating a human to human
transmission.” The largest MERS-CoV outbreak outside
the Middle East occurred in South Korea in 2015,
resulting in a total number of 186 cases with 36 deaths.**
The index case, male late sixty, was returning from
Bahrain after visiting multiple countries (Saudi Arabia,
Qatar, and UAE). The patient developed symptoms to
which he attended various hospitals, resulting in an
outbreak affecting five health care facilities escalating to
involve 67 more by June 19, 2015.%

CAMEL TO HUMAN TRANSMISSION

While camels were identified as a source of infection in
some cases abovementioned, the mode of transmission is
yet to be confirmed. Droplet transmission form a MERS-
CoV infected camels, argued to be the most likely route
of a direct transmission. This assumption is supported by
multiple reports indicating that MERS-CoV have been
detected more frequently in nasal secretions of infected
camels.?® Other indirect routes, that might implicate this
kind of transmission have been reported through
consumption of unpasteurized camel milk or raw meat
contaminated with MERS-CoV. As a result, the World
Health Organization (WHO) issued a statement advising
to avoid eating meat, that is not thoroughly cooked, or
consuming raw camel milk or urine.”’

HUMAN TO HUMAN TRANSMISSION

Given that majority of MERS confirmed secondary cases
had no contact with camels, transmission of the virus via
this animal have been doubted. Thus, the possibility of a
person to person transmission was and still is more likely
to happen, or even through another intermediate host.
This can be observed throughout the major outbreaks
abovementioned, taking place in healthcare settings over
different geographical regions. A worth mentioning
example, is the MERS-CoV outbreak of South Korea,
when a single patient managed to infect more than 70
other individuals while being cared for in an emergency
room for three days, representing a clear role of a
“superspreader”.?®

Spread of the virus highly presumed to be thru droplet
and close contact of an infected MERS-CoV individual.
To witch, the US Center for Disease Control and
Prevention (CDC) urged the use appropriate personal
protective equipment (PPE) to prevent the transmission
among both patients and healthcare providers.790ther
potential ways of MERS-CoV spread have been
suggested through air borne transmission and/or fomite
transmission. This is proven by the fact that the virus is
able to be sustained for a long period of time, potentially
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contaminating an occupied room by a symptomatic
MERS case.”

However, the fact is MERS-CoV transmission reported to
be sporadic, limited to no more than one other individual,
requiring long and close contact of a symptomatic
MERS-CoV Case. Moreover, the virus has not been self-
sustaining, occurring in clusters and more often
healthcare settings.*

CLINICAL PRESENTATION AND DIAGNOSIS

The severity and outcome of MERS infection appeared to
be heterogenetic, as the majority of the MERS-CoV cases
are elderly males with median age of 56 years.** Besides
age, underlying medical conditions (comorbidities)and
immune-compromised patients, were apparently relative
to the high severity of this infections. While respiratory
symptoms have been reported in almost all the cases,
some showed gastrointestinal symptoms, and more than
half developed acute renal injury. This high rate of
comorbidities need to be revised carefully, since diabetes
is a common chronic disease in Saudi Arabia, with one of
the outbreaks taking place in a haemodialysis unit.*
Another possibility explaining the common reports of
acute renal failure in MERS patients is the high presence
of DPP4 in the renal cells to which MERS-CoV binds,
causing a direct injury to the kidneys.*® Mild and
asymptomatic infections have been reported among
healthcare personnel, patients contacts, and less
frequently in children.®

SIGNS AND SYMPTOMS OF MERS-CoV

Clinical features of MERS-CoV are wide, saying that the
infection could present without symptoms to mild
respiratory symptoms to severe respiratory distress with
or without multi-organ failure resulting in death. Early
symptoms are mild were patients present with an
influenza-like illness such as, fever, dry cough, sore
throat, and myalgia, followed by rapid progression to
pneumonia  within  several days.  Furthermore,
gastrointestinal symptoms (loss of appetite, nausea,
abdominal pain, diarrhoea), disseminated intravascular
coagulopathy, pericarditis and chest pain has been
reported. It is noteworthy to mention that immune-
compromised patients, believed to stand at a high risk of
contracting this virus, as there is no prognostic sign to
differentiate between MERS-CoV and a community-
acquired pneumonia in hospital sittings.®

DEFINITION OF MERS-CovV CASES AND
LABORATORY DIAGNOSTICS

MERS-CoV infection cases has been classified in to
confirmed, probable, and suspected cases by the WHO,
CDC, and the Ministry of Health of Saudi Arabia. To
which, a probable MERS-CoV case is defined as; any
patient presenting with an acute respiratory distress
syndrome (ARDS) who had a direct contact with a
confirmed MERS-CoV case and laboratory confirmation

wasn’t available or inconclusive. Where a MERS-CoV
confirmed laboratory case, is considered a definite MERS
patient irrespective of clinical signs and symptoms. A
Suspected case, anyone who develop fever and
pneumonia or ARDS and have a travel history to, or
came in contact with another traveller (devolving the
same symptoms), from countries in or near the Arabian
Peninsula within two weeks prior to symptoms onset.
This is based on the incubation period of the virus, which
could range between 2-14 days.

Real-time reverse transcriptase polymerase chain reaction
(QRT-PCR) assay has been used and set as a standard
diagnostic tool to confirm MERS-CoV infection. The
recommendation, is to obtain multiple samples from
patient serum, upper respiratory tract, and particularly the
lower respiratory tract where detection of MERS-CoV
have found to be sensitive.*® Serologic assays have been
created to detect MERS coronavirus, while they are
useful to diagnose a “probable” case, they need to be
taken twice (14 days apart) with a neutralizing assay to
confirm MERS-CoV infection.*’

PREVENTION AND MANAGEMENT OF MERS

While the fact that patterns of MERS transmission
haven’t change, owning it to multiple introductions from
animals to humans, the majority of MERS cases are
nosocomial infections. This type of transmission is
readily observed over the outbreaks and clusters above-
named. Breach of infection control and overcrowding,
especially in emergency departments were a common
feature in MERS secondary spread.

The most important measure for controlling MERS-CoV
infection is containing the transmission through early
diagnosis and prompt intra-hospital isolation. The CDC,
WHO, Public Health England, and the Saudi Ministry of
Health have set recommendation to prevent spread of
MERS, which of most importance are:

I) Taking airborne and contact precautions when
managing a confirmed MERS case, by mounting
PPE such as disposable gowns, gloves, eye
protection, and an N-95 respirator. Along with these
precautions, treatment procedures generating
aerosols (intubation or endotracheal aspiration),
should be performed in a negative pressure room
allowing at least six air changes per hour. For one
thing, this virus was reported to survive on surfaces
longer than any other human coronaviruses.*®

I1) Utilizing a hospital-based triage with appropriate
ventilation to isolate confirmed or suspected MERS
patients, along with health care providers taking
immense care through proper hand hygiene,
especially upon changing PPE between patients.
Furthermore, any individual who is showing signs or
suspected of acquiring MERS should have elective
procedures postpone and emergency ones preformed
in hospital-based clinics under the abovementioned
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precautions. These recommendations have been
proven to be effective in controlling hospital
outbreaks in affected countries.

THERAPEUTIC OPTIONS

Till date, there are no approved proper treatment or
vaccine for MERS-CoV. The challenge of devolving a
pathogen specific intervention, in a relatively short time,
has been a major difficulty. Management of this infection
largely depends on diagnostic improvement, organs
function preservation, and attention to prevent
complications. Nevertheless, existing antiviral agents
used on similar viruses before, such as; interferon,
ribavirin, and lopinavir were the first approach. While
combined therapy of ribavirin and interferon showed
some promising results, the clinical outcome reports were
inconsistent. Another approach was to screen large
number of existing drugs to serve as a candidate antiviral
against MERS-CoV. Among those drugs are cyclosporine
A, chloroquine, nationwide, mycophenolic acid,
immunoglobulins, and SARS-CoV convalescent, which
there is no clinical data to support use of these drugs as
they are still in vitro stage.*

The most promising approach is the development of
antibodies specifically targeting MERS coronaviruses, as
the high potential therapeutic of these antibodies was
observed during the SARS outbreak. Among those,
m336, a highly potent neutralizing monoclonal antibody
against MERS-CoV, which has the greatest potential to
serve as a drug and vaccine. While others, in an effort to
develop a vaccine, involves extracting antibodies from a
MERS-CoV survivor or seropositive camels.”> However,
these antibodies need time and investment, as they still to
be evaluated in animal models.

CONCLUDING REMARKS

The recent epidemic MERS-CoV and the past outbreak of
SARS-CoV, clearly demonstrate that new pathogens will
emerge. As they are accelerated by globalization there is
really no way to know when or where they might occur.

What is more, there are no effective treatments or
vaccines against these infections. Additionally, little is
known about the zoonotic transmission of MERS-CoV,
or even its origin, which hinder the progress of containing
its spread to humans. MERS-CoV is highly pathogenic,
exhibiting high fatality rate than the former human
corona virus SARS. (36 vs. 10%), and can be obviously
transmitted through several routes, with higher incidence
in compromised healthcare settings.

For now, efforts to manage MERS-CoV spared should be
directed towards developing educational programs,
targeting the public and more importantly health care
providers. For one major concern, this infection has and
still could pose potential to spread rapidly across the
globe, especially during religious mass gathering
originating from a MERS-CoV hot spot (i.e., Hajj).

Continued epidemiologic surveillance and vigilance
remains crucial to compact this virus, or any future
mutation.
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