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ABSTRACT: Middle East respiratory syndrome (MERS) is caused by a specific strain of the 6 types of human coronaviruses (HCoV). MERS-CoV
has spread unchecked since it was first discovered in Saudi Arabia in 2012. The virus most likely spreads through nosocomial and zoonotic
channels. Genetic analyses suggest that bats were the initial hosts and that the disease spread to camels. Person-to-person transmission
occurs with varying frequency, being most prevalent in clinical settings and the least common among the general population and among close
relatives. Due to the severity of the illness, high fatality rate, potential for epidemic spread, and lack of adequate medical countermeasures, the
World Health Organization (WHO) continues to list MERS-CoV as a priority pathogen. While no specific antiviral medicines exist, a combination of
antivirals has shown promise in recent clinical trials. Vaccines against MERS-CoV are critically needed and are currently being developed. Early
diagnosis and implementing appropriate infection control measures are keys to preventing hospital-associated outbreaks. Preventive measures
include avoiding raw or undercooked meats and other animal products, ensuring proper hand hygiene in healthcare settings and around drom-
edaries, educating the public and healthcare personnel about the disease, and adhering to other recommended practices. Countries with a high
prevalence of MERS should adhere to regulations designed to limit the transmission of the virus. The recent spread of MERS-CoV highlights the
importance of public awareness regarding the significance of reporting symptoms so that appropriate control measures can be adopted. The
narrative review discusses the incidence of MERS, its clinical presentation, potential transmission routes, recent reports, preventative and control
measures, and current therapeutic options.
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Introduction

Historically, the threat posed by emerging illnesses has always
been present. Over the past century, significant changes in
human behavior and the environment have accelerated the
spread of new diseases to the human population.! The coro-
navirus responsible for Middle East respiratory syndrome

(MERS-CoV) is an RNA coronavirus that produces a

respiratory illness of the same name. Following viral genome
decoding, MERS-CoV enters host cells via the receptor
dipeptidyl peptidase 4 (DPP4), also known as CD26.%5
According to the World Health Organization (WHO), the
recommended case definitions for MERS rely on laboratory
confirmation of infection.®” Testing for viral nucleic acid or
acute and convalescent serology are 2 methods the WHO
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recommends for laboratory confirmation. Various assay
probes and sets of primers that target the open reading frame
(ORF)la and upstream of the gene E usually display the
highest sensitivity and are the most extensively used targets
for detecting MERS-CoV. Additionally, a single positive
assay result confirmed by gene sequencing can also be consid-
ered a positive result. WHO mandates that all cases, both sus-
pected and confirmed, be reported to the Regional Contact
Point for International Health Regulations in the appropriate
WHO Regional Office.”

Over the past 2 decades, 3 different zoonotic coronaviruses
have caused human mortality: severe acute respiratory syn-
drome coronavirus 1 (SARS-CoV-1), MERS-CoV, and
SARS-CoV-2.19 It is believed bats serve as natural reservoirs
tor MERS-CoV. Bats may have been the initial hosts, and the
virus may have moved to camels or some other intermediate
host species.!! MERS-CoV transmission between camels in
Africa and the Arabian Peninsula has a long history.11?
Nosocomial epidemics, where the disease is spread among hos-
pital staff and patients, have occurred before, notably in Riyadh
and Jeddah, Saudi Arabia, in the 2014, and South Korea in
2015.413 Between 29 December 2021 and 31 October 2022,
Saudi Arabia reported 4 laboratory confirmed cases of MERS-
CoV to WHO, with no fatalities. No secondary cases were
identified during the follow-up of household contacts.™ To
date there have been 2600 confirmed cases of MERS-CoV in
27 countries, resulting in 935 deaths across all 6 WHO regions.
The majority of these deaths (approximately 35%) have
occurred in the Middle Eastern regions.!* Recent MERS cases
reported from Qatar and Saudi Arabia have renewed attention
to this pandemic threat but do not change the overall risk
assessment.1®

From 22 March and 3 April 2022, Qatar reported 2 labora-
tory-confirmed cases of MERS-CoV to WHO, 1 of which
resulted in death. Both patients had close contact with drom-
edary camels and had consumed raw milk from these animals
in the 14 days before developing MERS symptoms.1® A recent
study recorded a total of 28 MERS cases in Qatar, with an
incidence rate of 1.7 per 1000000 population and no health-
care outbreaks.!”!8 The Camel Mzayen Club’s camel beauty
pageant festival coincided with the FIFA World Cup 2022 in
Qatar. WHO and Qatari authorities issued detailed health
warnings to visitors to curb the spread of MERS-CoV. Visitors
to both events were likely to encounter imported and local
dromedary camels, owners of camels, and camel dairy products,
which are popular in Qatar.!®? There was always a risk that
MERS-CoV could spread from travelers in Qatar to their
home countries. Public health authorities and healthcare work-
ers worldwide were alerted to the risk of MERS-CoV infec-
tion, not just in the Middle East but in all countries to which
event attendees to either event have traveled. Hospitals and
clinics were advised to be on high alert, particularly in the
month following the 2 outbreaks, even though the WHO did

not recommend MERS-CoV screening at entry points.
Returning travelers who were felt ill were advised to seek medi-
cal attention immediately and inform their healthcare provid-
ers about their recent trip to Qatar.?®

Since the initial reporting of MERS from Saudi Arabia
2012, most patients with the disease have had geographical
links to the Arabian Peninsula. However, the disease has also
been reported in other parts of the world. A significant cluster
of MERS cases occurred in South Korea in 2015. MERS-CoV
infections occurs sporadically, with intrafamilial and health-
care-associated infections observed. Symptoms of the disease
vary widely, ranging from asymptomatic cases to death out-
comes. Despite the high mortality rate associated with the
infection, there is a lack of specific antiviral therapy, particularly
for patients with comorbidities. Several studies have assessed
the risk factors and severity of MIERS, but there is variation in
the indices presented by these studies. For instance, the case
fatality rate in the Middle East was 25.9%, compared to 20.4%
in South Korea. The incubation period was determined to be
5.2 days across different locations in Saudi Arabia but 6.83 to
7 days in South Korea. Accurate risk assessment of MERS is
critical for predicting and preventing the disease.?1,2?

On January 5, 2023, the Oman National IHR Focal Point
reported a case of MERS to WHO from the North Batinah
Governorate. Investigation revealed that camel racing activities
near the patient’s home were a potential exposure risk in the
14 days before the onset of symptoms. The patient, a driving
instructor, denied direct contact with camels, goats, sheep, or
their products (including milk and urine). Oman reported its
first laboratory-confirmed case of MERS-CoV in June 2013.
Since then, Oman has documented 26 cases of MERS-CoV,

resulting in 7 fatalities.?3

Modes of Transmission and Pathogenesis

Several transmission mechanisms between camels and humans
are conceivable. Droplet, contact, and airborne transmission
may play roles in the spread of MERS-CoV. Secondary cases
linked to exposure have an incubation period of 2 to 14 days.?*
Patients with symptoms typically have the virus in their lower
respiratory tract. Shedding of the virus may continue for up to
2weeks or longer, suggesting that persistent shedding may
contribute to the transmission of the disease during hospital
outbreaks.>? Transmission occurs in 3 distinct ways: isolated
incidents in the community from what is thought to be non-
human exposure, clusters of illness within a family after inter-
action with an infected family member, and disease acquired by
patient and healthcare in clinical settings. Healthcare settings
can be significant sites for the spread of MERS.?6 The primary
causes of healthcare-associated epidemics include substandard
practices such as inadequate infection control, poor triage and
isolation of patients suspected of having MERS or other res-
piratory infections, overcrowding, and patients staying in the
emergency room for extended periods.?”?8
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Although the transmission and clinical manifestations dif-
fer significantly between infected humans and camels (drome-
dary), the viruses isolated from these species have high
similarity. This indicates play a significant role in the transmis-
sion and pathogenesis of MERS-CoV. However, the identities
of these host factors and the mechanism for MERS-CoV
transmission and pathogenesis are often poorly understood.
The potential host factors critically affect in vitro infection are
the receptor for MERS-CoV, DPP4, sialic acids, interferons,
and proteases.??-31

Both human and dromedary camels are susceptible to
acquiring MERS-CoV infection and can transmit the virus.
However, current data indicate that dromedary camels are
more efficient at spreading the virus than humans. This varia-
tion in transmissibility can be due to variations in the tropism
of the virus in these species. In dromedaries, MERS-CoV rep-
licates in the epithelium of the nasal cavity when experimen-
tally infected in vivo. In contrast, in humans, the virus is
replicated in the lower part of the respiratory tract, particularly
in the epithelium of the bronchi and alveoli. Higher levels of
RNA of the virus have been detected in the lavage and sputum
samples of the patients compared to the throat and nasal swabs,
aligning with the virus tropism in humans. The differential tro-
pism of MERS-CoV between humans and dromedary camels
corresponds with the distinct tissue distribution of the receptor
DPP4 in their respiratory systems. DPP4 is not present in the
human nasal epithelium but is abundant in type II pneumo-
cytes and the epithelium of the lower respiratory tract.
Interestingly, in dromedary camels, DPP4 is expressed in the
nasal epithelium. These findings suggest that DPP4 is critical
determinant of MERS-CoV tropism.31-33

Crucially, epidemiological data indicate that individuals
with certain risk factors are at greater risk of developing
MERS-CoV infection. Specific host factors can influence the
infection outcome. It has been found that there is upregulation
of the expression of DPP4 in the human lungs in association
with 2 risk factors: smoking and chronic obstructive pulmonary
disease (COPD). This suggests that DPP4 may contribute to
variation observed among patients infected with MERS-CoV.
In healthy human lungs, DPP4 is expressed almost exclusively
in type II pneumocytes. However, in smokers and patients suf-
tering from COPD, DPP4 is expressed in both in the type I
and II pneumocytes, indicating upregulation of DPP4 in type
I pneumocytes. Therefore, type I pneumocytes expressing
DPP4 play a crucial role in the pathogenesis of MERS-CoV.
Studies have shown that there is heightened replication of the
virus in immunocompromised rhesus macaques, consistent
with the observation that immunocompromised patients strug-
gle to clear MERS-CoV upon infection. Moreover, the replica-
tion of the virus is inhibited in the cells susceptible to type I
interferon, partially by inhibition of double-membrane vesicles
formation. Clinical manifestations and histopathological
lesions are more severe in mice lacking type I interferon,

suggesting its protective role. Age related decline in type I
interferon response upon infection is also noted. Making
advanced age a well-known risk factor for MERS-CoV infec-
tion-induced fatality. Therefore, from the perspective of
MERS-CoV pathogenesis, crucial determinants include the
upregulation of DPP4 in type I pneumocytes and an insuffi-

ciency in the type I interferon-mediated response.3134-37

Clinical Manifestation and Diagnosis

People without known medical conditions often have flu-like
symptoms, including a high temperature, cough, chills, sore
throat, muscle and joint pain, and fatigue. Within a week, some
patients develop severe dyspnea and a life-threatening case of
pneumonia, necessitating mechanical ventilation and some-
times additional support measures like hemodialysis.33-40 In
addition, some individuals may report gastrointestinal issues
such as nausea, loss of appetite, abdominal pain, and diarrhea.
These patients frequently experience a combination of respira-
tory viruses, nosocomial bacteria, and fungal infections.*1*?
Symptoms can be particularly severe in people with compro-
mised immune systems due to immunosuppression or pre-
existing conditions such as, obesity, diabetes, heart disease, lung
disease, or acute renal failure (ARF).3® Overexpression of
DPP4 in the kidney may contribute to the increased incidence
of kidney infection in these patients.’

Elevated creatinine, lactate dehydrogenase, abnormal liver
enzyme values, leukopenia, and consumptive coagulopathy
are common laboratory findings in MERS. In some cases of
MERS, chest X-rays reveal signs of viral pneumonitis and
acute respiratory distress syndrome. Small pleural effusions
and bilateral hilar and patchy infiltrates are also observed.3*
It is essential to promptly collect samples from the lower res-
piratory tract and analyze them with a real-time reverse-tran-
scriptase polymerase chain reaction (RT-PCR). If respiratory
samples are unavailable, the virus can be detected in urine or
stool specimens, although at a much lower concentration.
However, isolating the virus from urine or stool is challenging
and the risk of virus transmission via these routes is consid-
ered low due to the difficulty of isolation.!»24 Several sero-
logic approaches have been established for detecting
MERS-CoV antibodies, including immunofluorescence, pro-
tein microarray, and ELISA (enzyme-linked immunosorbent
assay) testing. 44

Infection Control and Preventive Measures

Due to the limited infectivity of MERS-CoV in the com-
munity settings and the enormous cost and time commit-
ment required to develop a vaccine, few vaccines have been
developed. Among these, vaccines based on ChAdOx1 and
MVA viral vectors are notable.*>**” Patients infected with
MERS-CoV are generally treated with palliative care.
However, there is evidence to suggest that specific therapy,
including the use of convalescent patient sera, interferon, and
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lopinavir should be further investigated. Currently both
monoclonal and polyclonal antibodies, are being developed.
There is no evidence that other therapies, particularly antivi-
ral medicines, are effective against MERS-CoV.! Efforts
have been made to develop therapeutics for treating MERS.
The most promising treatment is a combination of recombi-
nant interferon beta-1b and lopinavir-ritonavir.#448

According to WHO forecasts, more instances of MERS-
CoV infection are expected to be reported and exported from
the Middle East and other regions where dromedaries serve as
a reservoir for the virus. WHO monitors the epidemiological
situation and evaluates risk using the most recent data.bl”
Since the beginning of the current COVID-19 outbreak,
WHO has observed a significant decline in the number
MERS-CoV cases. This decrease is likely because COVID-19
monitoring activities have taken precedence over testing and
identifying MERS-CoV ' cases.#0 Efforts to contain the
SARS-CoV-2 pandemic (such as mask, hand washing, physi-
cal distancing, improved ventilation of indoor spaces, respira-
tory etiquette, home quarantines, and movement restrictions)
are also likely to be effective against the spread of MERS-CoV.
However, there is limited evidence that these interventions
reduced MERS-CoV transmission in dromedary camels. The
decline in the number of verified secondary MERS cases does
not diminish the risk of zoonotic transmission.10->1

People with impaired immune systems, diabetes, chronic
lung illness, or kidney disease are strongly encouraged by the
WHO to avoid areas populated by. The WHO has made no
recommendations on screening visitors or quarantining goods
entering certain areas, or limiting trade and travel to these
regions. However, non-affected nations should be on high alert,
especially those with significant numbers of travelers or guest
workers returning from the Middle East.1452-54 Additionally,
mass gathering events such as the FIFA World Cup 2022 pose
risks of transmission and spread of infectious pathogens,
including MERS-CoV. We must learn from the COVID-19
pandemic and global monkeypox public health emergency and
adopt appropriate disease monitoring and surveillance and
adequate infection prevention and control measures.>>~’
Furthermore, more research is needed to determine why there
are no reports of zoonotic disease in Africa or Asia despite a
high density of MERS-CoV-infected camels in these regions.!8
Human disease has only been reported from the Arabian
Peninsula, although it has been suggested that MERS-CoV
may have spread from camels to humans in Kenya.®0

Dromedary camels with MERS-CoV have been found in
various countries across Africa, the Middle East, and Asia.
While MERS-CoV primarily affects the respiratory system,
it can causes a range of symptoms.»1%1> No specific antiviral
medicines are available, although combination antivirals
have shown promise in recent clinical trials for severely ill

patients.®? Early diagnosing of MERS-CoV infection in

humans, timely isolation, and implementation of adequate
infection control measures are critical to preventing hospi-
tal-associated outbreaks and the spread of the virus within
healthcare facilities.>»58,62

Humanity remains vulnerable to emerging diseases and
viruses, despite significant advancements in medical research in
recent decades. Although MERS-CoV infections are relatively
rare, they can still occur on a regional or national scale. Many
aspects of MERS, including its epidemiology, pathogenesis,
transmission, and management remain unresolved despite the
disease’s potential to cause a pandemic. There is a need for a
greater global focus on MERS awareness and MERS-CoV to
prevent future outbreaks. Key preventative measures include
voiding raw or undercooked meats and other animal products,
practicing proper hand hygiene in healthcare settings and
around dromedaries, educating the public and healthcare pro-
fessionals about the disease, and implementing other recom-
mended precautions. Individual at higher risk of severe MERS
should avoid contact with dromedary camels, drinking raw
milk or urine from a camel, or eating undercooked meat. These
actions are critical to mitigating the risk of infection.>®

Due to its potential to cause severe disease with a high fatal-
ity rate, pandemic potential, and a lack of adequate medical
countermeasures, MERS-CoV continues to be on WHO?s list
of priority infectious diseases. Strengthening adherence to
internationally recognized infection control standards and rap-
idly implement control measures in the event of a MERS-CoV
epidemic are critical. It is essential to Prioritize research, pre-
paredness, response, and control efforts, as well as to build
robust public health infrastructures and successful global con-
sortia. These measures are crucial for the early and effective
identification, characterization, and surveillance of novel infec-
tious disease threats. Despite a decade since MERS-CoV was
first identified, many questions about the virus remain unan-
swered. Given the lack of effective drugs and vaccines, the high
fatality rates associate with MERS-CoV infections, and poten-
tial to cause a public health emergency, there is an urgent need
to accelerate research and development. Establishing and
strengthening surveillance partnerships to also necessary to
counteract MERS. The recent MERS cases reported by Qatar
and Saudi Arabia in 2022 underscore the need to expand global
awareness of this important pathogen and to be prepared with
proactive control measures and preparedness plans to tackle
MERS. Metadichol, a non-cytotoxic product with significant
margin of safety and no side effects, made from renewable
sources like sugar cane and rice, has been used effectively as an
immunomodulator for preventing SARS-CoV-2. It could
potentially be tried for MERS-CoV infection as well.636* The
development of an effective vaccine against MERS-COV is
urgently needed but has not yet been completed.®> Figure 1
provides an n overview of various aspects of MERS and key
counteracting strategies.
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Prevention Strategies
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Figure 1. Various aspects of transmission, disease manifestations, and mitigation strategies of MERS-CoV.

Conclusion and Future Prospects

It is now widely recognized that MERS, a zoonotic disease that
causes severe lower respiratory infection, poses a threat to public
health on a global scale. Unfortunately, several epidemiological
and clinical features of the virus remain unclear. Although the
camel-to-human transmission of MERS-CoV has been exten-
sively investigated, the reverse transmission from humans to
camels is still speculative, complicating effective monitoring.

There is a potential for further outbreaks, particularly in
countries where no cases have been reported, likely due to the
unknown precise transmission mode, including the possible
involvement of other intermediary hosts. Although MERS-
CoV is less infectious to human than SARS-CoV, the risk of it
mutating to become highly contagious cannot be ruled out.

Based on these findings, we propose the following broad
and narrow guidelines:
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1. Immediate Epidemiological Investigations: Conduct
environmental and animal investigations, and surveil-
lance testing around isolated, unexplained cases to
identify more animal reservoirs and understand the
transmission dynamics better.

2. Accelerated Development of Treatments and Vaccines:
Prioritize efforts to develop and distribute effective treat-
ments and vaccines for MERS-CoV.

3. Food Safety: Avoid consuming camel milk and meat
unless cooked or pasteurized, particularly in pastoral
areas where camels may transmit the virus.

4. Healthcare Precautions: Healthcare personnel caring
for patients under investigation for MERS-CoV or con-
firmed cases should follow standard measures, including
hand hygiene and contact or airborne precautions.

MERS-CoV is a coronavirus with the potential to spread inter-
nationally. Countries with high MERS-CoV infection rate
should develop and implement comprehensive guidelines. The
use of personal protective equipment (PPE) must be rigorously
enforced to prevent hospital-acquired infections and transmis-
sion. Travelers to MERS-CoV-affected areas should be informed
about the disease’s symptoms and encouraged to seek medical
attention immediately if they experience any of sign of illness.
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