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Abstract Zoonotic diseases, both newly emerging and re-emerging, are major causes of morbidity and mortality
across all demographic groups. Globally, about one billion people are affected with zoonotic infections annually.
Middle East Respiratory Syndrome (MERS), caused by the MERS coronavirus (MERS-CoV), is a notable emerging
zoonotic respiratory disease that was initially reported in Saudi Arabia in 2012. Afterwards, instances were recorded
from 27 nations, resulting in 2,609 infections and 939 deaths overall as of February 2024, with the majority of cases
coming from Saudi Arabia. As the only known animal reservoir for MERS-CoV, dromedary camels are essential to
the survival of the virus and possible spread as they secrete the virus through bodily fluids, especially nasal and
rectal discharges. Although there is proof of direct zoonotic transmission from camels to people, further research is
necessary to determine whether camel milk and meat play a part in the transmission chain. Human-to-human
transmission has a long history and continues to be a concern for public health, particularly in those with comorbid
conditions. The affected persons exhibit signs of fever, headache, chills, dyspnea, and nonproductive cough. The
laboratory help is imperative to make an unequivocal diagnosis of disease. This review emphasizes the need for
integrated ways to combat MERS-CoV and emphasizes the implementation of a One Health-based prevention and
control strategy as a means of mitigating this persistent danger.

Keywords: camel, middle east respiratory syndrome, one health, public health, viral zoonosis

Cite This Article: Mahendra Pal, Firaol Tariku, Dhwani Upadhyay, and Ravindra Zende, “Middle East Acute
Respiratory Syndrome: A Sworn Enemy of Public Health.” American Journal of Infectious Diseases and Microbiology,
vol. 12, no. 3 (2024): 67-73. doi: 10.12691/ajidm-12-3-4.

1. Introduction

Zoonotic diseases are described as infections that
come from animals, their secretions, contaminated food,
or habitats [1]. These diseases include both established
and emerging infectious diseases (EIDs). Several
biological, socio-demographic, and environmental
factors influence the complex geographic distribution of

zoonoses, both developing and re-emerging zoonoses [2].

A number of viral zoonotic diseases, including COVID-
19, Avian Influenza, Monkeypox, Middle East
Respiratory Syndrome (MERS), Nipah virus, Zika fever,
Hendra virus disease, Swine Influenza, Contagious
Ecthyma, and Hantavirus disease, have become
noticeably more prevalent in recent years in a number of
different parts of the world [3,4,5,6].

One of the most important newly discovered zoonotic
viral respiratory infections is MERS, which is caused by
the MERS coronavirus (MERS-CoV) [7]. Since its
discovery in Saudi Arabia, MERS has had a significant
impact on world health. As of April 2024, there had been

2,613 laboratory-confirmed cases with 941 associated
deaths at a case- fatality ratio (CFR) of 36%. The majority
of these cases were reported from Saudi Arabia, with 2204
cases and 860 related deaths (CFR) of 39% [8,9]. Human-
to-human transmission has been documented in home and
healthcare settings, despite the fact that the majority of
cases in the Region that have been confirmed thus far have
been irregular and have an unknown source of infection.
[10]. The rapid viral transmission of this disease has been
greatly aided by geographical dispersion. Following a
primary respiratory disease outbreak in the Middle East,
MERS-CoV subsequently spread to different parts of the
world namely Europe, Africa, Asia, and North America.
Among them, the outbreak of 2015 in South Korea was
the largest epidemic outside of the Middle East [7].

It is thought that the virus originated from bats, and
that dromedary camels served as intermediary hosts for
amplification before spreading to humans. Moreover,
nearly similar MERS-CoV strains have been recovered
from camels and humans with epidemiological links,
demonstrating inter-transmission, most likely from
camels to humans [11,12]. Aerosols released into the
atmosphere by infected patients are the means by which
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MERS-CoV propagates [13]. Furthermore, there is
ample evidence of camel-to-human and human-to-human
transfers, which usually occur through close contact with
infected people [14]. It is yet unknown, meanwhile, how
camel milk and meat may contribute to the spread of
MERS-CoV. According to WHO (2024), outbreaks
typically occur in healthcare settings and primarily
impact elderly patients or those with comorbid diseases.
The case fatality rate for confirmed cases is roughly 36%
with the median time from the onset of symptoms to
death being 11.5 days [15,16]. A significant relationship
was found between the calving season and dromedary
MERS-CoV infections [17]. It was observed that MERS
incidences frequently rise in the winter and early spring,
when dromedary camels calving occurs.

MERS-CoV infection can cause mild to severe acute
respiratory distress syndrome (ARDS). Common clinical
symptoms include fever with chills, headache, dyspnea,
and nonproductive cough. The epidemiology and
mechanisms of transmission of MERS-CoV have a
substantial impact on the morbidity and mortality caused
by the disease. Since there are presently no effective
vaccinations or antiviral treatments for MERS-CoV, the
virus poses a serious threat to public health. It is crucial to
understand the One Health idea, which emphasises the
connection between environmental, animal, and human
health. Reducing animal overcrowding, identifying and
quarantining active shedders, wearing personal protective
equipment, avoiding the ingestion of raw milk or
contaminated food, and regularly conducting monitoring
are all effective methods for preventing the spread of
MERS-CoV. This review calls attention to the growing

[B-coronavirus

zoonotic threat posed by MERS-CoV, highlighting its
importance for public health and promoting One Health-
based preventive and control measures.

2. Epidemiology of the Disease

2.1. Etiology

A class of viruses known as Coronaviruses can infect
animals and humans with respiratory diseases [7].
Coronaviruses are divided into four main genera based on
phylogenetic analyses: Alpha, Beta, Gamma, and Delta.
Both Alpha and Beta coronaviruses are mostly found in
animals, including humans. Notable examples of Alpha
coronaviruses include HCoV-NL63 (Human Coronavirus
NL63) and HCoV-229E, whereas Beta coronaviruses
include OC43, Human Coronavirus HKU1, SARS-CoV,
MERS-CoV, and SARS-CoV-2. On the other hand, only
animals can contract Gamma and Delta coronaviruses
[18]. Middle East Respiratory Syndrome (MERS) is
caused by the MERS coronavirus (MERS-CoV), a
member of the Beta coronavirus lineage C (Figure 1).
Coronaviruses have the largest RNA genomes (27 to 32
kb) among the RNA viruses [19]. Replicase polyprotein
open reading frames (ORF) 1a and 1b, envelope protein
(E), spike proteins (S), membrane proteins (M),
nucleocapsid (N), and five nonstructural proteins (ORF 3,
4a, 4b, 5, and 8b) are among the proteins encoded by the
roughly 29 kilobases long MERS-CoV genome. These
proteins are being studied as possible therapeutic targets
in recent research [20].
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Figure 1. Phylogenetic relationships between lineage A, B, C, and D Coronaviruses
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2.2. Reservoir and Susceptible Host

Humans and a wide range of animal species, such as
cats, mice, pigs, bats, chickens, and cattle can contract
coronaviruses [22]. Nevertheless, they hardly ever infect
humans across the species barrier. Studies revealed that
animals in the Camelidae family-more especially, llamas,
dromedaries, and alpacas are vulnerable to MERS-CoV
infection [23]. The CoV strains discovered in camels and
humans are almost the same, indicating that dromedary
camels were crucial in the development of MERS-CoV. It
is known that bats serve as reservoir hosts for
coronaviruses, and the genetic resemblance between
human MERS-CoV and bat coronaviruses emphasises the
zoonotic genesis of the latter [24].

2.3. Occurrence and Distribution of
MERS-Cov

Before the Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV) first appeared in China in 2002,
coronaviruses were thought to be of low pathogenicity to
humans. The outbreak led to a global pandemic that
resulted in 8,273 cases and 774 deaths in less than a year
[15]. After then, a new viral respiratory disease known as
Middle East Respiratory Syndrome Coronavirus (MERS-
CoV) surfaced as a potential zoonotic hazard. The year
2012 saw the discovery of MERS-CoV in Saudi Arabia
[25,26]. Following its isolation from humans, dromedary
camels, and bats, epidemiological research suggested that
it might spread by person-to-person contact and a
pandemic was imminent [22]. MERS-CoV was detected
in 27 countries between 2012 and 2024; 2,613 cases and a
36% death rate were recorded [19]. It was noticed that
most of the incidents happened in Saudi Arabia and on the
Arabian Peninsula [14]. In the Middle East, MERS-CoV
triggered respiratory sickness outbreaks that later extended
to Europe, Africa, Asia, and North America. In 2015, the
Republic of Korea saw notable outbreaks in hospital
settings as a result of this virus [28].

It is concerning to note that the frequency of human
MERS cases rises with the seasons, particularly in the
winter and early spring when dromedary camels are
mating. Research has indicated a connection between the
calving season and MERS-CoV infections in camels [29].
High levels of MERS-CoV seropositivity were found in
dromedary camels throughout several African nations, as
evidenced by 94% of adult dromedaries in Nigeria and 93%
and 97% of juvenile and adult camels in Ethiopia,
respectively, according to serological surveys. The fact that
MERS-CoV has been subtly spreading among camels in the
Arabian Peninsula for at least 30 years [29,30] raises
concerns because it suggests that the virus existed even
before 2012. In Egypt, Tunisia, and Senegal, serological
investigations on domestic animals exposed to camels
produced antibodies against MERS-CoV [31]. Additionally,
research indicates that dromedary camels served as
intermediate hosts for human infections of MERS-CoV,
which most likely originated from the bats [11].

2.4. Route of Infection and Transmission

MERS-CoV predominantly affects the respiratory

system of humans, infecting different kinds of lung cells
[32]. According to research done on ex vivo human lung
tissue, the virus specifically infects endothelial cells of
pulmonary arteries as well as bronchial, bronchiolar, and
alveolar epithelial cells that express Dipeptidyl Peptidase
4 (DPP4) [32,33]. Furthermore, MERS-CoV has been
found in stool samples from clinical patients, indicating
that the human intestinal tract is a potential source of
infection[34]. This has been demonstrated by primary
intestinal epithelial cells, small intestine explants, and
organoids [35].

The primary means of transmission is direct contact with
diseased animals, especially dromedary camels. There is
strong evidence in favour of transmission occurring through
both direct and indirect contacts with infected animals [1].
There is also a risk associated with consuming tainted milk
and meat [19]. Bat-to-human transmission is seen as possible
and may happen through intermediary hosts or direct contact
[36]. Close contact, shared medical equipment, and
respiratory droplets are the main ways by which illnesses
spread from person to person. This is especially true in
healthcare settings, where reports of infection clusters in
hospitals spanning multiple is observed. There are reports
of travellers who have contracted the virus, spreading the
virus to neighbouring nations [37].
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Figure 2. Route of infection and the method by which zoonotic MERS-
CoV is transmitted

2.5. Clinical Features

It is mentioned that MERS-CoV usually takes five to
six days to incubate before symptoms appear [37,38].
However, symptoms usually appear 14 days after infection.
Severe respiratory sickness, severe respiratory syndrome,
and even mortality is among the symptom severity ranges
reported by the World Health Organisation (2024).
Frequent symptoms of the respiratory system include
fever, chills, headache, dyspnea, and nonproductive cough.
Pneumonia is a common consequence. Additionally,
vomiting and diarrhoea are examples of gastrointestinal
symptoms that could happen [39]. It has been
demonstrated that dromedary camels expel MERS-CoV in
their faeces, milk, and possibly even in their nasal fluids.
Despite the lack of well-documented clinical
characteristics, a study carried out in Saudi Arabia



70 American Journal of Infectious Diseases and Microbiology

demonstrated that spontaneously infected dromedary
camels displayed nasal and lachrymal discharge. The
upper and lower respiratory tracts are the main locations
of viral replication in camels, as confirmed by the positive
virus tests on samples taken from these discharges [17].

3. Diagnosis

The primary obstacle associated with MERS-CoV
infection is the lack of distinct clinical characteristics that
allow for a differential diagnosis with other viral
respiratory illnesses [18]. Sputum, swabs, blood, tissue
samples (including lung tissue), and serum collection are
examples of standard diagnostic procedures [14]. Reverse
Transcription-Polymerase Chain Reaction (RT-PCR) is a
highly successful molecular approach for identifying cases
of MERS-CoV, especially in respiratory samples.
Targeting the nucleocapsid (N) gene or the RNA-
dependent RNA polymerase (RdRp) gene to amplify
MERS-CoV sequences, RT-PCR is essential for early
diagnosis and the application of quarantine measures [40].
In order to confirm the diagnosis, molecular approaches are
combined with serological testing, such as Enzyme-Linked
Immunosorbent Assay (ELISA), Immunofluorescence
Assays (IFA), and Virus Neutralisation Assays (VNA).
Commercial reagents or particular monoclonal antibodies
are used as capture agents in these serological tests for
MERS-CoV detection [36].

4. Public Health Importance of Mers-Cov

Severe respiratory illness is brought on by
MERS-CoV, especially in people who are receiving
immunosuppressive medication, have comorbid diseases,
such as diabetes, hypertension, heart disease, kidney
disease, cancer, chronic lung disease, or renal disease [41].
MERS-CoV infection is more common in people who
interact closely with camels, such as farm workers,
abattoir employees, and veterinarians [28]. Healthcare
systems face difficulties with diagnosis, treatment, and
prevention during outbreaks, especially because vague
symptoms make it difficult to make a primary diagnosis of
MERS-CoV infections. Thirty percent of confirmed cases
include healthcare workers, who are disproportionately
impacted; many infections are hospital-acquired [42].

A past history of travel to high-risk nations and
smoking are two important other risk factors for serious
illness. There may be risks associated with ancient
practices throughout the Middle East, North Africa, and
Asia that involve consuming camel urine for its alleged
therapeutic benefits for conditions like cancer, diabetes,
infectious disorders, and hair and skin issues. Although
there isn't any information available about MERS-CoV
being found in camel urine, the virus has been found in
human urine samples [41], which raises the possibility that
consuming camel urine increases the risk of infection.
Additionally, outbreaks have a major impact on mental
health. According to a study on the mental health of
patients during quarantine, 6.4% of the 1,656 patients had
regular episodes of rage and 7.6% of them showed signs
of worry [43].

Table 1. General Features of Middle East Respiratory Syndrome
Coronavirus

Feature Comment Source
Classification beta-CoV, lineage C [7
Natural reservoir Probably bats [44]
Intermediate host Dromedary camels [11]
First identified . -
location Saudi Arabia in 2012 [25]
Reported country 27 [19]
. . Approximately 5 days
Incubation period (2-14) [28]
Aerosol droplets,
Transmission inhalation, and ingestion [13,45]

of camel milk and meat

Case fatality 36% [19]

Fever, Cough, Chills
Sore throat, Dyspnea,

Clinical symptoms Pneumonia Diarrhea, and [39.19]
vomiting
Public health People with [19]
importance comorbidities
Hand hygiene, wearing
Prevention and PPE (Eersonal _Prote_ctive
Equipment), isolating [8,46]

control strategies and quarantining those at

risk, regular surveillance

5. One Health-Based Prevention and
Control Strategies

Understanding the complex interrelationships between
people, animals, and the environment requires an
understanding of the notion of "One Health" [47].
Additionally, the establishment or strengthening of
surveillance systems, which include early warning
systems that promptly detect epidemics of national and
international public health concerns—is essential for
monitoring possible zoonotic risks [44]. The holistic
approach recognises a clear correlation between the well-
being of humans and the health of animals and their
surroundings. In order to prevent the Middle East
Respiratory Syndrome Coronavirus (MERS-CoV) from
spreading from camels to humans, the following
measures are crucial.

5.1. Reducing Overcrowding

Preventing overcrowding is crucial to stopping the
spread of viruses, especially among those who are
actively shedding the virus. Important actions for
quarantine include reducing the number of animals in
each pen and identifying animals that are actively
shedding the virus [21].

5.2. Abattoirs and Personal Hygiene

The risk of viral transmission to humans can be
decreased by placing animal slaughterhouses distant from
areas with high population density. Enforcing strict
cleaning procedures for animal biological waste at
slaughterhouses is essential to stopping the spread of
viruses. It is imperative that healthcare personnel receive
sufficient resources, training, and periodic policy
inspections. In a surveillance study conducted in 2016 in a
healthcare system in South Korea among healthcare
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workers, the seroprevalence of MERS-CoV IgG was
greater in those who did not wear the proper protective
equipment [11]. Therefore, ensuring the usage of proper
personal protective equipment (PPE) by personnel being
in close contact with camels can greatly lower the risk of
transmission [8,21,48].

5.3. Food safety and Community Education

In MERS-CoV endemic locations, educating people
about the virus and preventive measures is essential for
lowering the risk of transmission within households and
communities. It is advised to stay away from raw milk and
tainted food until it has been thoroughly cleaned, peeled, or
cooked in order to prevent illness. Due to their increased
risk of developing a severe MERS-CoV sickness, people
with illnesses like diabetes, cancer, chronic lung disorders,
or those undergoing immunosuppressive therapy should
stay away from bats and camels [46].

5.4. Surveillance

Monitoring and containing the spread of MERS-CoV in
the population requires regular observation, especially
during the camel reproductive season.

5.5. Diminishing the Shedding of Virus
Through Vaccination

The debate over vaccinating humans and camels against
MERS-CoV is intricate. Camels serve as a reservoir for
the virus and transmission may not be stopped by natural
immunity [42]. Nonetheless, immunization has shown to
be successful in reducing the MERS-CoV outbreak. It was
reported that experimental vaccination candidates have
exhibited effectiveness in eliciting strong neutralizing
antibodies in dromedary camels and alpacas [49].
Immunizing young camels, particularly those under two
years old, could dramatically lower the amount of virus
that naive animals shed [31]. However, Pan-CoV based on
m-RNA and other novel vaccine platforms can be adopted
for minimizing the shedding of CoV and for prevention of
CoV outbreaks and pandemics in animals [50].The danger
of human infection could be significantly reduced by
reducing the amount of virus shedding in camels,
highlighting the potential of vaccination as a prophylactic
approach.

6. Conclusion

National and international institutions have been paying
close attention to the rise of viral zoonoses, which has led
to the development of strategic controls over them to
protect public health. There have been occasional
instances of diseases since MERS-CoV was identified in
2012; the virus is still common amongst dromedary
camels in the Middle East and Africa, and it probably will
be for years to come. Affected nations have to prioritise
funding for research, surveillance, and vaccine
development due to the ongoing threat. Bats are the main
hosts of the virus and help it spread to camels, which puts
humans at danger. With every viral evolution, rates of

disease and mortality rise, indicating a gradual increase in
pathogenicity. Although diagnostic techniques based on
genetic and serological methods have demonstrated
potential, successful preventative measures require a
thorough understanding of the routes of transmission.
Because camels are repositories for human infection, it is
crucial to find effective vaccinations for both humans and
camels. Developing focused control measures, prioritising
research into animal transmission, and educating
healthcare professionals about MERS-CoV are essential
steps in controlling and lessening the effects of this
zoonotic virus.
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