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ABSTRACT
The latest emerging disease, Middle East Respiratory Syndrome (MERS) is a viral respiratory

illness caused by a member of beta group of corona virus named the Middle East Respiratory
Syndrome corona virus (MERS-CoV) which was first identified in Saudi Arabia in April 2012.
With frequent air travel worldwide, global data as on July 2015 stands at 486 deaths and 1357
confirmed cases across 25 nations, with the possible source, in all the outbreaks, being traced back
to the Middle East. Initial presenting symptom of illness is non specific within 14 days of
acquiring infection, though the course is more severe in those with chronic debilitating illness
leading to respiratory or renal failure. Bat and camel has been implicated as the potential reservoir
but confirmation regarding the possible source and route of transmission of infection is yet to be
ascertained. No specific treatment or vaccine is currently available. Supportive therapy remains the
only modality of treatment. Preventive and control measures play a major role in effective
containment of the disease. WHO recommends early detection of cases and isolation, and practice
of standard precautions like hand washing, use of masks, gloves, protective eye goggles etc. by the
caregivers as well as the healthcare providers.
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INTRODUCTION

When healthcare scientists and disease control experts were busy trying to contain the most
dreaded outbreak of Ebola, another emerging disease had started gradually raising its ugly head-
MERS or The Middle East Respiratory Syndrome in yet another part of the world. As per World
Health Organization, WHO, MERS is a viral respiratory disease which was first identified in Saudi
Avrabia in April 2012, It is caused by Middle East Respiratory Syndrome corona virus (MERS-
CoV), also termed Camel flu % 3. The first confirmed case, infected with this hitherto unknown
virus, MERS-CoV, was reported in Saudi Arabia back in the year 2012. A second case was also
reported in the same year in September, in a 49-year-old male living in Qatar who presented with
similar flu symptoms, sequencing proved that the virus isolated from the second case was almost
identical to that of the first one.* World Health Organization (WHO), on May 2013, warned that
the novel corona virus, which was till then causing outbreaks primarily in its namesake region, the

> The warning proved very far-sighted till on 30"

Middle East, posed “a threat to the entire world.
June 2015, when the global data stood at 1,357 laboratory-confirmed cases of MERS-CoV, out of
which 486 persons had died®. Till date, MERS has swept across 25 countries in the Middle East,
Africa, Europe, Asia, and North America.” More than 85% of cases that have been diagnosed are

from Kingdom of Saudi Arabia (KSA). [Figure 1].
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Figure 1: Timeline of first confirmed case of MERS-CoV as reported to WHO by various

nations across the world
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In Asia, the current outbreak which is occurring in South Korea is the largest outside KSA. The
index case here, is a 68 years old male, with a recent history of travel to four Middle Eastern
countries and returning to Incheon International Airport on May 4, he was asymptomatic at the
time of arrival. He developed symptoms on 11 May and subsequently sought care at 2 out-patient
clinics and 2 hospitals, creating multiple opportunities for exposure among healthcare workers and
other patients. The case was later hospitalized and confirmed to be due MERS-CoV on 20 May and
notified to the WHO on the same day. China, on the other hand, informed the WHO on 29 May
that a patient isolated at a one of its hospital tested positive for the MERS corona virus. This
patient had exposure history and symptoms and had travelled against medical advice from South
Korea to Guangdong, China, via Hong Kong (SAR)’. On 18" June 2015 Thailand also reported
their first MERS confirmed case in a 75 years old Omani male who had travelled to seek medical
care there. Later, he and his three family members were isolated and luckily, no more cases were
reported.® Till date no cases have been reported from India but with the huge number of
international travel and a lot of migrant workers this country is also vulnerable.

Virology of MERS-COV

The newly emerged virus, MERS-CoV is a member of the beta group of corona virus, Beta corona
virus, lineage C. Phylogenetically, MERS-CoV genomes are classified into clade A and B. The
earliest cases of MERS were of clade A clusters (EMC/2012 and Jordan-N3/2012), whereas new
cases which are genetically distinct, are in clade B. MERS-CoV is distinct from both the SARS
corona virus and the common cold corona virus (HcoV-229E and HcoV-OC43) and also known
endemic human beta corona viruses HCoV-OC43 and HCoV-HKUL. Until 23 May 2013, MERS-
CoV had frequently been referred to as an SARS-like virus, or simply the novel corona virus®.
Corona viruses are non segmented, single stranded, positive sense, enveloped RNA viruses with a
genome of approximate 30kb. They are pleomorphic in shape and measure 120 — 160 nanometres
in diameter and are roughly spherical with a helical nucleocapsid symmetry and have a
characteristic fringe of surface projections and hence their name. Some corona viruses may even
have an inner fringe of short projections. The virions are sensitive to heat, lipid solvents, non-ionic
detergents, oxidizing agents and the UV light. They are responsible for the majority of the
respiratory tract infections but may also cause gastrointestinal tract, renal, hepatic and nervous
system infections. While four of the human corona viruses usually cause only common-cold like
illness, the SARS-CoV and the MERS-CoV are responsible for causing severe and life-threatening

human infections®.
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Sources of Infection and Transmission Routes

Phylogenetically, MERS-CoV has shown relatedness to bat corona viruses but its origin is still not
clear. Recent studies have supported a bat origin for MERS-CoV.* In one particular study, it has
shown that a bat corona virus has a similar binding mode to MERS-CoV which initiates the
processes of viral entry into human cells.** Although bats might be a source of MERS-CoV, it is
less likely that they are the immediate source for most human cases because human contact with
bats is uncommon in this part of the world. Epidemiologic investigations have identified
dromedary camels as the likely reservoir host for transmission of MERS-CoV** **. Human-to-
human transmission is possible and has been observed in healthcare settings and is also strongly
suggested by the presence of clustering of cases but the possible routes of transmission have not
been ascertained so far.'**” Serologic studies have also shown a low prevalence of MERS-CoV
antibodies in Saudi Arabian human population as well*® *°,

Pathogenesis

A host of living beings, ranging from human, primate, porcine, and bat cell lines have been shown
to be infected by the MERS-CoV.? Targets of infection of the MERS-CoV, as learnt from various
studies on ex vivo infections on human lung tissue and human epithelial cell cultures, seem to be
type 11 alveolar cells and non-ciliated lung epithelial cells (Clara cells).?** Endothelial cells were
seen to be infected in one case only.?? Dipeptidyl peptidase 4 (DDP4, also known as CD26
receptor) has been identified as the receptor for the virus by in vitro mass spectrometry analysis of
Huh7 cell protein bound to the MERS-CoV spike protein.?® Transfection and localization
experiments demonstrated that DPP4 is necessary for infection of a non-permissive cell line and
thereby affirming that DPP4 is the receptor for MERS-CoV.?® DPP4 has enzymatic functions,
inhibition of which does not affect the entry of the virus in vitro, but the in vivo role of DDP4
enzymatic activity has not been studied so long.?*> DPP4 has various different functions in glucose
homeostasis, T-cell activation, neurotransmitter function, and modulation of cardiac signalling.*
Transcriptional analysis of cells infected by the virus has pinpointed several pathways being
modulated during infection.?! It has been shown to modulate the innate immune response, antigen
presentation, mitogen-activated protein kinase (MAPK) and apoptosis pathways. Inhibition of the
MAPK pathway has shown to reduce viral replication in culture, giving rise to hope of potential
therapeutics. Importantly, several studies show that MERS-CoV does not induce an early type |
IFN response, this suggests, that MERS-CoV may encode for proteins that inhibit sensing of the
viral RNA during infection.?® % % 2% This modulation of pathways may explain the more lethality

of the virus.
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Clinical Presentations

The incubation period of MERS can vary from a few days to 14 days**. The MERS-CoV infected
patient may present with cough, high-grade fever and shortness of breath. As per GAR (Global
Alert and Response) of WHO, Pneumonia is usually a common sign. Besides that, gastrointestinal
symptoms like diarrhoea have also been reported. Respiratory failure requiring mechanical
ventilation and support in an intensive care unit are seen in severe illness. Cases of renal failure
and septic shock have also been reported. Persons with chronic illness like diabetes, cancer and
chronic lung disease, aged people and those with weakened immune systems seem to run a more
severe course of illness.?’

Laboratory Diagnosis of MERS-COV

Serological testing for MERS - CoV

Immunofluorescence assays: Detection of antibodies to MERS CoV can be done using
Immunofluorescence assays”®. These assays when used in conjunction with a serum neutralization
test apparently gives good sensitivity and specificity®.

Protein microarray technology: An assay for antibody detection of MERS - CoV using protein
microarray technology has also been developed, results of which suggest it to be highly specific.*

Enzyme - linked immunosorbent assay (ELISA): US CDC has developed an indirect ELISA for
detection of MERS- CoV using a recombinant nucleocapsid based protein which can be used as a
screening test.

Indirect fluorescent antibody (IFA): test or micro neutralization test. Using the same recombinant
nucleocapsid based protein, CDC has developed a whole virus IFA which when used with the
indirect ELISA can be used to confirm MERS cases.

Molecular Methods

PCR and sequencing. Polymerase chain reaction (PCR) or more specifically, real - time reverse -

transcription polymerase chain reaction (rRT - PCR) based methods are utilized for routine
confirmation of cases of MERS - CoV infection. Detection of unique sequences of MERS- CoV
RNA by rRT-PCR followed by confirmation with nucleic acid sequencing when necessary is the
ideal method. For routine detection of MERS - CoV, three rRT - PCR assays have been
developed- (i) an assay targeting upstream of the E protein gene (upE) and (ii) assays targeting the
open reading frame 1b (ORF 1b) and (iii) the open reading frame 1a (ORF 1a) ?®*!. The upE target
assay is considered highly sensitive and has been recommended for screening while assay of ORF

la is considered of equal sensitivity. The assay of ORF 1b is considered less sensitive than the
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ORF 1a assay. Targeting the nucleocapsid (N) protein gene of MERS - CoV, the United States
Centre for Disease Control and Prevention (US CDC) has developed rRT - PCR assays which can
complement upE and ORF 1a assays and can be used for screening and confirmation of MERS
infection®. Two target sites on the MERS-CoV genome have been identified which are suitable for
sequencing to aid confirmation. These target sites are in the RNA-dependent RNA polymerase
(RdRp) and (N) genes.?

Viral Culture

For the routine diagnostic purpose, viral culture is neither done nor recommended because it calls
for expertise and containment facilities. The MERS-CoV, though, was seen to grow readily on cell
culture lines like Vero cells and LLC-MK2. The infected cells show cytopathic effects like cellular
rounding and syncytium formation. Antigen production to detect antibodies in humans via
immunofluorescence methods were done by application of this method™ *.

Treatment and Vaccine Status

Currently, there is no specific drug or vaccine available to treat or prevent infections caused by the
MERS-CoV. Given the duration of the virus’s presence in the place of its geographical detection
and rising number of cases, over the years, being imported to other countries, identification of
specific therapeutic and preventive method should be a priority. The general supportive measures
remain the mainstay of treatment. Though no in vivo test have been conducted, it has been
demonstrated that a variety of therapeutic agents inhibits replication of MERS-CoV in cell
culture® 2 In vitro tests have shown that MERS-CoV is sensitive to IFN-p treatment®. It has also
been demonstrated that MERS-CoV replication is inhibited by Ribavirin, which is a known
inhibitor of RNA viruses. Both IFN-B and Ribavirin together can inhibit MERS-CoV at nanomolar
levels®*. Other inhibitors targeting specific pathways, specifically the MAPK pathway was shown.
In VeroE6 cells, MERS-CoV replication was shown to be inhibited by MAPK inhibitor -
SB203580!. Additional therapeutics and vaccinations are in development, with a focus on FDA
compounds already in use. Some recent research advances in this area include: Drug testing of US
FDA-approved potential formulations at the Small-molecule Inhibitor Leads Versus Emerging and
neglected RNA viruses (SILVER) project. Also, an experimental recombinant nano particle
vaccine candidate based on the Spike protein that generated important anti-MERS-CoV antibodies
in a mouse model has been produced by the company Novavax®. Immunotherapy, as well as

prophylactic use of monoclonal antibodies (e.g. MERS-4, MERS-27 and 3B11) which are capable
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of neutralizing infection by the MERS-CoV, as shown by some studies also holds promise for
future use® %

Infection Control and Preventive Measures

Presently, there is no effective treatment or vaccines to prevent the infection by MERS CoV,
therefore, the only other means to limit the spread of MERS-CoV infection now are public health
measures. In the current outbreak in South Korea it was seen that health care providers have
unknowingly helped in dissemination of the disease. Most importantly, eliciting a proper clinical
history, especially, travel history from patients with severe respiratory disease cannot be over
emphasized, given that, the disease cluster of MERS in South Korea was generated by a primary
case imported from the Middle East. WHO, therefore, recommends that health care providers
maintain standard precautions consistently, contact precaution and eye precaution while caring for
suspected or confirmed cases of MERS, droplet precaution (nasal mask, eye protection such as
goggles or face shield, gown, and gloves etc.) while caring for all patients with acute respiratory

infection (ARI), airborne precaution when performing procedures which generate aerosol**

[Figure
2]. Suspected case should be immediately isolated and close contacts identified and monitored for

development of symptoms.
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Figure 2: Probable mode of transmission and prevention of MERS CoV.
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Camels are thought to be related to the sporadic cases which occurs secondary to animal exposure.
Therefore, the advice to people at risk of MERS-CoV infection by WHO is to avoid contact with
camels, practice good hand hygiene, avoid drinking raw milk or eat contaminated food unless it is
properly washed, peeled, or cooked.' Figure 2. As far as travel is concerned, WHO till now has
not restricted travel to Middle East countries with MERS*. For the holy pilgrimage to Hajj and
Umrah, the Saudi Ministry of Health recommended that people with increased risk of MERS-CoV
infection and its complications should postpone their trip. These include individual in extreme age
group (<12 years, and >65 years), individuals with co morbid conditions like chronic diseases
(heart disease, kidney disease, respiratory disease, and diabetes), or with immune deficiency,
malignancy, terminal illnesses, and pregnancy®.

CONCLUSION

A decade after SARS, now MERS-CoV, associated with high mortality rates is the subject of global
concern®®. The risk of international disease spread is worrying as KSA is the home of the most
holy pilgrimage sites in Islam. Mecca which sees a large mass gathering of approximately two
million pilgrims on the annual Hajj and the ‘minor’ Umrah sees as many as six million pilgrims
arrive throughout the rest of the year. Saudi authorities did not report any MERS-CoV cases in the
run up of the first outbreak in 2012, that is, during Hajj 2013, though, cases have been reported in
several countries such as the United Kingdom, Malaysia, Jordan and the United Arab Emirates
later”®. However, following the upsurge in MERS-CoV cases in the KSA that began in April
2014%, and infections by the virus being detected among returning pilgrims from the Umrah*,
proved that the risk from returning pilgrims cannot be ignored. In particular, countries like India
from where a sizeable Muslim population make pilgrimage to Mecca and Umrah annually, besides
having a lot of its citizens working there as skilled or unskilled workers, needs to be alert and make
concrete plans to tackle cases of MERS-CoV or any outbreak leading from it. Surveillance and
control measures in response to the threat posed by the people returning from the Middle East have
to be adapted or developed. But most importantly, further understanding the transmission of the
disease and the disease par se is the need of the hour.
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