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Primary Disciplinary Field(s): Infectious Diseases, Public Health, Virology, Epidemiology

1. Core Definition and Clinical Presentation

Middle East Respiratory Syndrome (MERS) is a severe viral respiratory illness caused by the

Middle East Respiratory Syndrome Coronavirus (MERS-CoV). This zoonotic virus, first identified in

2012, primarily affects the respiratory system, leading to a spectrum of clinical manifestations
ranging from asymptomatic infection to severe acute respiratory disease. The condition is
characterized by a sudden onset of symptoms that can rapidly progress, particularly in vulnerable
populations. MERS represents a significant global health concern due to its high case-fatality rate
and the potential for widespread transmission, especially within healthcare settings, making it a
critical area of focus for public health surveillance and intervention strategies.

The typical clinical presentation of MERS often commences with a combination of non-specific
symptoms, including a high fever, a persistent cough, and pronounced difficulty breathing,
indicative of lower respiratory tract involvement. Beyond these hallmark symptoms, patients may
also experience a range of other clinical signs, such as general malaise, muscle aches, and
gastrointestinal disturbances including diarrhea. A significant proportion of severe cases develop
pneumonia, which can be extensive and lead to acute respiratory distress syndrome (ARDS),
necessitating advanced medical interventions such as mechanical ventilation. The progression of
the disease is highly variable, influenced by factors such as the patient's age, underlying health
conditions, and immune status, which collectively determine the severity and ultimate outcome of
the infection.

A critical aspect of MERS epidemiology is the observation that approximately 35% of reported
cases have unfortunately led to death, highlighting the severe lethality of the virus. This high
mortality rate is particularly pronounced among certain demographic groups and individuals with
pre-existing health vulnerabilities. Those with compromised or weak immune systems, the
elderly, and individuals suffering from chronic diseases such as diabetes, renal failure, or chronic
lung disease, face a significantly elevated risk of developing severe illness and experiencing fatal
outcomes. Furthermore, the existence of asymptomatic cases complicates disease control
efforts; individuals who test positive for MERS-CoV but do not exhibit symptoms can still silently
transmit the virus, posing a considerable challenge for contact tracing and containment strategies,
thereby increasing the potential for cryptic community spread.

2. Virology and Pathogenesis

MERS-CoV belongs to the family Coronaviridae, a large group of RNA viruses known to cause a
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range of diseases in mammals and birds. Specifically, MERS-CoV is a beta-coronavirus,
genetically distinct from but structurally similar to other human coronaviruses, including SARS-
CoV-2, which causes COVID-19, and SARS-CoV, responsible for Severe Acute Respiratory
Syndrome (SARS). The MERS-CoV genome encodes several structural proteins crucial for its

replication and host interaction, including the spike (S), envelope (E), membrane (M), and
nucleocapsid (N) proteins. The spike protein, in particular, plays a pivotal role in viral entry into
host cells by binding to specific host receptors, initiating the infection process.

The pathogenesis of MERS involves the virus primarily targeting epithelial cells in the respiratory
tract. MERS-CoV utilizes the dipeptidyl peptidase 4 (DPP4) receptor, also known as CD26, to gain
entry into human cells. This receptor is widely expressed in various tissues, including the lungs,
kidneys, and small intestine, explaining the multi-organ involvement observed in severe MERS
cases. Upon entry, the virus replicates extensively within the host cells, leading to direct cytopathic
effects and triggering a robust inflammatory response. This immune overreaction, often referred to
as a "cytokine storm," contributes significantly to tissue damage, particularly in the lungs, where it
can result in diffuse alveolar damage, pulmonary edema, and ultimately, acute respiratory failure.

The host immune response to MERS-CoV is complex and often insufficient to rapidly clear the
infection, especially in individuals with compromised immunity. While the body mounts both innate
and adaptive immune responses, including the production of neutralizing antibodies and T-cell
activation, the virus possesses mechanisms to evade these defenses. The severe inflammation
and impaired immune function observed in critical cases underscore the challenges in managing
MERS. The high viral load, coupled with an dysregulated immune response, contributes to the
rapid progression of the disease and its associated severe outcomes, highlighting the need for
deeper understanding of the host-pathogen interactions to develop effective therapeutic strategies.

3. Epidemiology and Transmission

The epidemiological landscape of MERS is characterized by its sporadic occurrence and capacity
for focal outbreaks. Since its initial identification, MERS-CoV has been primarily reported in the
Arabian Peninsula, with the majority of human cases linked directly or indirectly to contact with
dromedary camels or with other human cases, particularly within healthcare settings. The
disease's transmission dynamics are largely understood to occur through close, unprotected
contact with an infected individual or animal, rather than through sustained community
transmission seen with other respiratory viruses like influenza or SARS-CoV-2. This pattern
suggests that while the virus can spread from person to person, its transmissibility among humans
is relatively limited under normal circumstances, yet amplified in specific high-risk environments.

A critical feature of MERS transmission has been its propensity for amplification within healthcare
facilities. A significant number of transmissions have occurred between patients and health-care
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workers, and also between family members providing care to infected individuals. This
phenomenon underscores the importance of stringent infection control measures, including
appropriate personal protective equipment (PPE), rigorous hand hygiene, and isolation protocols,
in preventing nosocomial spread. Healthcare-associated outbreaks have been particularly
challenging to control, leading to considerable morbidity and mortality among both patients and
healthcare personnel, and placing immense strain on healthcare systems in affected regions. The
potential for asymptomatic or mildly symptomatic individuals to transmit the virus further
complicates infection control, as these cases may go undetected and continue to spread the
pathogen.

The global distribution of MERS cases reflects a strong geographical link to the primary animal
reservoir. While cases have been reported in more than 27 countries across Europe, Asia, Africa,
and North America, nearly all of these cases have had an epidemiological link to countries in the
Arabian Peninsula, either through travel or direct contact with individuals who had recently traveled
from the region. This pattern reinforces the zoonotic origin of the virus and the importance of
understanding the human-animal interface in preventing future outbreaks. Ongoing surveillance
efforts and international collaboration are crucial for monitoring the emergence and spread of
MERS-CoV, ensuring a coordinated global response to potential threats.

4. Zoonotic Origin and Reservoir

The genesis of MERS-CoV in humans is unequivocally linked to its zoonatic origin, with significant
scientific evidence pointing to dromedary camels as the primary reservoir host for the virus.
Research has consistently demonstrated a high prevalence of MERS-CoV antibodies and active
viral shedding in dromedary camel populations across the Middle East and parts of Africa. This
finding suggests that camels have been infected with MERS-CoV for a considerable period, likely
serving as an intermediate host that facilitates the jump of the virus from its ancestral bat hosts to
humans. The interaction between humans and dromedary camels is common in the Arabian
Peninsula, involving various activities such as animal husbandry, consumption of camel products
(milk, meat), and cultural practices, providing ample opportunities for zoonotic spillover events.

Epidemiological investigations and genomic sequencing have provided compelling evidence of
direct transmission from camels to humans. Studies have shown that viral strains isolated from
infected camels are genetically very similar to those found in human cases, indicating a recent and
direct transfer. While the exact mechanisms of transmission from camels to humans are still being
investigated, contact with infected camels, consumption of raw camel milk or undercooked camel
meat, and exposure to camel secretions (e.g., respiratory droplets, urine, feces) are considered
potential routes. This zoonotic link poses a continuous risk for human infections, as long as the
virus circulates within camel populations and human-camel interactions persist. Consequently,
public health advisories often recommend avoiding close contact with camels and practicing good
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hygiene when handling these animals or consuming their products.

The role of dromedary camels as a major reservoir for MERS-CoV has profound implications for
disease control and prevention strategies. Efforts to mitigate the risk of zoonotic transmission
include educating individuals who work with or frequently interact with camels about proper
hygiene and protective measures. Furthermore, understanding the dynamics of MERS-CoV
infection in camel populations, including factors influencing viral shedding and transmission, is
crucial for developing targeted interventions. While bats are considered the ancestral hosts for
many coronaviruses, including MERS-CoV, the dromedary camel serves as the critical bridge for
human infection, making it a focal point for research and public health interventions aimed at
controlling the spread of this formidable pathogen.

5. Major Outbreaks and Global Spread

Since its initial identification in a patient in Saudi Arabia in 2012, MERS-CoV has primarily caused
sporadic cases and localized outbreaks, predominantly within the Arabian Peninsula. However, the
virus has demonstrated its capacity for significant international spread through travel, leading to
notable outbreaks in various countries. The largest and most impactful outbreaks have indeed
occurred in Saudi Arabia, the United Arab Emirates, and significantly, in South Korea, which

experienced the largest MERS outbreak outside the Middle East in 2015. These events underscore
the global connectivity and the potential for infectious diseases to rapidly cross geographical
boundaries, even when the primary source remains localized.

The outbreak in South Korea in 2015 serves as a stark example of MERS-CoV's potential for rapid
amplification within healthcare settings. This outbreak began with a single traveler who had
returned from the Middle East, developing symptoms upon arrival. Due to initial delays in diagnosis
and inadequate infection control measures, the virus rapidly spread within hospitals, infecting
numerous patients, healthcare workers, and visitors. The outbreak ultimately led to 186 confirmed
cases and 38 deaths, causing widespread public alarm and significant economic disruption. This
event highlighted the critical importance of early detection, robust contact tracing, and strict
adherence to infection prevention and control protocols, particularly in environments prone to
amplification like hospitals, to contain emerging infectious diseases effectively.

Beyond these major events, MERS cases have been reported in over two dozen countries,
primarily through imported cases from individuals traveling from the Arabian Peninsula. While most
of these imported cases have resulted in limited secondary transmission, they consistently
demonstrate the ongoing risk of international spread and the need for global vigilance.
Organizations like the World Health Organization (WHO) and the Centers for Disease Control and

Prevention (CDC) continuously monitor MERS activity and provide guidance to member states on

surveillance, preparedness, and response. The persistent circulation of MERS-CoV in its animal
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reservoir ensures a continued threat of human infections and the potential for future outbreaks,
making sustained international cooperation and research efforts paramount.

6. Diagnosis, Treatment, and Prevention Challenges

Accurate and timely diagnosis of MERS-CoV infection is crucial for effective patient management,
infection control, and surveillance. Diagnosis primarily relies on molecular tests, specifically real-
time reverse transcription polymerase chain reaction (rRT-PCR) assays, which detect viral RNA in
respiratory samples (e.g., nasopharyngeal swabs, sputum, bronchoalveolar lavage). Given the
varied clinical presentation, early consideration of MERS in patients with acute respiratory
symptoms and an epidemiological link to affected regions or dromedary camels is essential.
However, the non-specific nature of initial symptoms and the existence of asymptomatic cases can
complicate early diagnosis, potentially delaying isolation and increasing the risk of onward
transmission, especially in healthcare environments where the virus can be amplified.

Currently, there is no specific cure nor vaccine for MERS. Treatment for MERS is largely
supportive, focusing on alleviating symptoms and managing complications. This includes providing
oxygen therapy for respiratory distress, mechanical ventilation for acute respiratory failure, and
fluid management to maintain hemodynamic stability. In severe cases, patients may require
intensive care unit (ICU) admission and advanced life support measures. While various antiviral
agents and immunomodulators have been explored, none have definitively demonstrated
consistent efficacy against MERS-CoV in clinical trials. Research into novel therapeutic strategies,
including broad-spectrum antivirals and convalescent plasma, continues, but the absence of
approved specific treatments underscores the critical importance of prevention and early
supportive care.

Preventive measures are therefore paramount in controlling MERS. These include rigorous
infection prevention and control practices in healthcare settings, such as standard and contact
precautions, droplet precautions, and airborne precautions during aerosol-generating procedures.
For individuals, particularly those at higher risk or in areas with camel exposure, recommendations
include avoiding close contact with sick camels, practicing good hand hygiene, and ensuring food
safety by consuming only pasteurized camel milk and thoroughly cooked camel meat. The
development of an effective vaccine remains a high priority for global health, but challenges related
to limited market demand outside endemic areas, the zoonotic nature of the virus, and the need for
advanced clinical trials have slowed progress. Sustained public health education and awareness
campaigns are vital to empower individuals and communities to reduce their risk of exposure and
transmission.

7. Public Health Implications and Global Response
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The emergence of MERS-CoV has significant public health implications, primarily due to its high
case-fatality rate, potential for severe disease, and capacity for healthcare-associated
transmission. While the overall number of MERS cases remains lower than other widespread viral
respiratory diseases, its severity poses a continuous threat, particularly to vulnerable populations
and healthcare systems in affected regions. The disease places a substantial burden on healthcare
resources, requiring specialized intensive care and prolonged hospitalization for severely ill
patients. Furthermore, the psychological impact on communities facing outbreaks, coupled with
economic disruptions due to travel restrictions or decreased tourism, adds another layer of
complexity to the public health challenge. The sporadic nature of outbreaks means that constant
vigilance is required to detect and respond to new cases swiftly.

The global response to MERS has involved coordinated efforts from international health
organizations, national governments, and research institutions. The WHO has played a crucial role
in disseminating information, providing technical guidance to affected countries, and facilitating
international cooperation for surveillance, risk assessment, and response planning. International
collaboration has been essential for sharing epidemiological data, viral sequences, and best
practices for infection control. Research efforts have focused on understanding the virus's
pathogenesis, epidemiology, and developing diagnostics, treatments, and vaccines. These
collective actions aim to strengthen global health security frameworks and improve preparedness
for future outbreaks of emerging infectious diseases, acknowledging that a localized threat can
quickly become a global concern in an interconnected world.

Looking forward, continued surveillance of both human and animal populations, especially
dromedary camels, is critical to monitor MERS-CoV evolution and detect potential spillover events
early. Investment in research and development for effective vaccines and specific antiviral
therapies remains a priority to improve clinical outcomes and reduce the public health burden.
Moreover, strengthening healthcare infrastructure, enhancing infection prevention and control
capabilities, and promoting public awareness campaigns are vital strategies to minimize the impact
of MERS. The lessons learned from MERS, patrticularly concerning zoonotic disease transmission
and healthcare-associated outbreaks, have informed global preparedness strategies for other
respiratory pathogens, including the more recent pandemic caused by SARS-CoV-2.

Further Reading
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