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ABSTRACT

The Middle East Respiratory Syndrome (MERS) was first recorded in 2012 in Saudi
Arabia, where infected people suffered from rapidly progressive acute respiratory distress after
direct contact with infected dromedary camels, which act as reservoirs for this disease. Human
cases reached 2617 infected and 947 deaths at the end of 2023. In this review article, different
points have been discussed, such as epidemiology and recent diagnostic techniques, the current
situation of MERS, especially in Egypt, and risk factors in addition to control and prevention.
There have been 54 publications about MERS and Egypt in PubMed platform from 2013 until
2023. The highest numbers (10) were recorded in 2019, 2020, and 2021. To decrease the
prevalence of MERS in humans, it is important to reduce the prevalence of the virus in camels.
The aim of this article is to shed some light on the negative hazards of this serious disease, not
only in humans but also the role of camels in this regard.

Keywords: Dromedary camel, MERS-CoV, Coronavirus, Risk factors

INTRODUCTION

Camels are essential in desert areas of the Middle East. Camels have been created with
particular characteristics, especially their immune system. They have antibodies that are smaller
than those of other animals, called ‘nanobodies’. They can cross tissues or even cells, which
other antibodies cannot. They can also obstruct enzyme binding sites, resulting in camels' potent
disease resistance (Food, 2013; Kandeel and Al-Mubarak, 2022). Consequentially, this strong
immune system overcomes several infections, and camels become pathogen carriers that affect
other mammals, including humans. They are considered the connecting ring of the microbiota
between wildlife and humans. From literature about zoonotic pathogens transmitted by camels,
they revealed that eight (36.4%) of the 22 works of literature included MERS, 5 (22.7%)
brucellosis, 4 (18.2%) plague caused by Yersinia pestis, 3 (13.6%) camel pox, 1 (4.5%) hepatitis
E, and 1 (4.5%) anthrax. In addition, several other zoonotic diseases have been recorded as
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transmitted by camels, such as Rift Valley fever, Q fever, toxoplasmosis, TB, and Crimean-
Congo hemorrhagic fever. Camel meat, milk, and contacts, either direct or indirect, with camels
are the main origin of infection (Khalafalla, 2023).

MERS-CoV was found to be transmitted from camels, which are considered intermediate
hosts. In December 2023, the European Centre for Disease Prevention and Control reported two
new MERS cases, one in Saudi Arabia and another in the United Arab Emirates, reaching 2,617
cases, of which 947 deaths, with the case fatality as high as 36.19% from the beginning of this
disease in April 2012 (ECDC, 2023).

MERS-CoV was first recorded in 2012 in Saudi Arabia in humans in contact with
dromedary camels suffering from rapidly progressive acute respiratory distress (Zaki et al., 2012;
Groot et al., 2013; Memish et al., 2013). Then MERS-CoV was isolated from dromedary camels,
bats, and humans with severe acute pneumonia syndromes. In humans, MERS-CoV causes
infectivity that differs from without clinical signs to quickly acute progressive respiratory
distress, which can lead to septic distress, multi-organs malfunction, and fatality (Chafekar et al.,
2018). Sequencing of the first case was performed, and the virus was called human coronavirus
EMC (HCoV-EMC), and the International Committee on Taxonomy of Viruses renamed it the
Middle East Respiratory Syndrome Coronavirus (MERS-CoV) (Aleanizy et al., 2017; Khan et
al., 2013).

In this review article, MERS was discussed with different points, such as epidemiology
and diagnosis, current situation especially in Egypt, and risk factors in addition to control and
prevention to decrease the prevalence of MERS in humans.

CURRENT SITUATION

1. Epidemiology and Diagnosis.
1.1.  Incidence

Recently, there has been an observed increase in infection seasonally in human MERS
cases, particularly during the winter and early spring. Dromedary camels, being seasonal
breeders, exhibit mating behavior primarily during the winter months (Davis et al., 2000;
Ghonaim et al., 2023). The reproductive season for camels typically occurs between late October
and late February. Studies have indicated an association between dromedary MERS-CoV camel
infections and the calving season (Hemida et al., 2014; Wernery, 2014). For instance, in one
camel herd, MERS-CoV infection was detected in November, with the infection peak occurring
in late December, primarily affecting offspring (Hemida et al., 2014). Before the last days of
February, the infection had been broken. Also, a study in Dubai discovered that virus spreading
was more common in calves and of relatively short duration (Wernery et al., 2015).

Serological surveys indicated that MERS-CoV infection presented in dromedary camels
in several areas of Asia, including Saudi Arabia, UAE, Oman, Qatar, and Jordan, as
seroprevalence among adult dromedaries has consistently been over 90% (Reusken et al., 2013;
Hemida et al., 2014; Nowotny and Kolodziejek, 2014). Similar high seroprevalence rates have
been observed in dromedaries from African countries (Perera et al., 2013; Reusken et al., 2013;
Corman et al., 2014). Generally, seropositives were greater in adult dromedaries when compared
to juveniles. Studies on archived sera indicate that MERS-CoV has been present in camels in the
Arabian Peninsula for at least three decades (Alagaili et al., 2014; Hemida et al., 2014; Meyer et
al., 2014). Australia is the only region where dromedaries were tested as seronegative for MERS-
CoV so far (Hemida et al., 2014). Non-dromedary camels were recorded as seropositive camels
(Sikkema et al., 2019). Dromedary camels in 20 countries were MERS-CoV seropositive, and in
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13 countries they were viral RNA positive (Sikkema et al., 2019). The results of recent studies
reported that MERS-CoV has been present in dromedary camels in Asian and African countries.
The greatest detected pooled seropositive was in West Asia (Islam et al., 2023).

1.2.  Characteristics of MERS-CoV

MERS-CoV associates with beta-coronaviruses (B-CoV) lineage C, which are large,
enveloped RNA viruses. Phylogenetically, the virus divided into three major clades, temporarily
named clade A, B and C (Pallesen et al., 2017; Te et al., 2022).

The genome of coronaviruses is unsegmented single-stranded positive-sense RNA (27—
32 kb). It is the greatest genome in RNA viruses. Polyadenylated at the 3' end is a
characterization of MERS-CoV genomes. The positive-strand genomic RNA is infectious. The
helical nucleocapsid is 9-11 nm in width. The viral structural proteins, which include a 50-60
KDa phosphorylated nucleocapsid (N) protein and a 20-35 KDa membrane glycoprotein (M),
serve as matrix proteins that are surrounded by the envelope lipid bilayer with a diameter of 120—
160 nm. There are 20-nm-long club-shaped protrusions (spike protein) that are presented on the
external surface, making a solar shape (Brooks et al., 2013).

1.3.  Transmission

Direct contact between animals is the most common means of viral transmission. Despite
the first emerging MERS disease in 2012, the pathogen linked to dromedary camels was only
reported in 2014 (Raj et al., 2014a). The main hosts of the ancestor MERS-CoV are bats, but
they are thought to be involved in coexistent MERS-CoV epidemiology. Dromedary camels are
believed to be intermediate reservoirs (Memish et al., 2013; Mohd et al., 2016). Bats have been
implicated as the natural reservoirs of several mammalian coronaviruses (Lau et al., 2013).

Both the SARS-CoV and the HCoV-229E are believed to have originated from precursor
viruses found in bats (Pfefferle et al., 2009; Drexler et al., 2014). In Saudi Arabia, there has been
a report suggesting the detection of a short fragment of viral RNA in a Taphozous perforates bat
identical to MERS-CoV that was isolated from camels and humans (Memish et al., 2013).
However, this finding has not been confirmed. A coronavirus closely related to MERS-CoV but
not identical was identified in Neoromicia capensis bats (Corman et al., 2014).

On the other hand, longitudinal serological examinations through 100 days of separated
camel groups with previous individuals’ histories of MERS-CoV infection proved the virus
continued to pass in the herd even with no other animal contact (Abdelazim et al., 2023). Also,
the infection of MERS-CoV in a closed camel herd with limited interaction with other animals
was documented, making the origin of the virus entry unclear. Transmission through feed and
truck is another potential mechanical route to consider. Human to human transmission is limited,
and can occur by direct contact (Hemida et al., 2014).

1.4,  Pathogenesis

In camels, MERS-CoV can produce no or mild symptoms, includes nasal discharge,
lacrimation and mild fever in young animal. In human, the MERS CoV infects bodies
occasionally, who are considered to be the terminal host (Dudas et al., 2018).

About receptors and attachment factors, MERS-CoV consumes a dipeptidyl peptidase 4
(DPP4) B-propellers as its receptor, which differs from SARS-CoV. The receptor binding
domain (RBD) of MERS-CoV contains an accessory subdomain that functions as the receptor-
binding motif (RBM). Despite the fact that the RBMs of MERS CoV are distinct from those of
SARS CoV, the RBD core structures are remarkably analogous between them. In addition,
domain A of the MERS-CoV spike protein could bind specifically to glycotopes of a2,3-sialic
acids to help the virus efficiently bind to target cells (Wang et al., 2013; Li et al., 2017).

Egyptian J. Camel Sci., 1, No.2 (2023)



74 Wassif et al.

MERS-CoV reacts with the host's innate immune system to identify the virus by using
pattern recognition receptors to identify pathogen-associated molecular configurations. On the
other hand, the adaptive immune response plays a considerable role by becoming a stable host
defense mechanism against pathogens in addition to reducing an autoimmune reflex response. In
addition, other organs can be damaged by MERS-CoV infection. An excessive immune response
may cause immunopathological damage (known as a cytokine storm) because the virus may
motivate host immune responses. Cytokine storms may stimulate the infiltration of
unneutralizing antiviral proteins, consequently enabling viral introduction into host cells, leading
to an increased viral infection (Abdelrahman et al., 2020).

1.5.  Clinical symptoms

Remarkably, MERS-CoV infects camels without any signs or sporadically mild lesions,
especially in young. Clinical symptoms in human include high temperature; sore throat with
cough; dumpiness of breathing; muscle weakness (myalgia); chest aching, sickness, and
gastrointestinal signs, including watery diarrhea, nausea, and abdomen ache. A significant
percentage of severely sick patients required machine-driven aeration. Remarkably, many of the
stated secondary cases exhibited asymptomatic or slight respiratory signs (Assiri et al., 2013 Al-
Tawfiq et al., 2014). Between human coronaviruses, MERS-CoV has the greatest rate of case
fatality in humans (>35%). The outside Middle East region cases were believed that the infection
was from the Middle East (Islam et al., 2019; WHO, 2022).

1.6. Diagnosis

It is important to follow the WHO guidelines for testing MERS-CoV (WHO, 2018).
Testing should be conducted in biosafety laboratories that are appropriately equipped, and the
staff performing the tests should be qualified in the appropriate safety procedures. Guidelines of
the WHO on lab biosafety must be adhered to in all conditions (WHO, 2013). In the lab
examination of MERS-CoV, clinical sample type and quality are crucial. It is recommended to
analyze upper respiratory tract samples in addition to samples of the lower respiratory tract if
possible (Memish et al., 2014; WHO, 2018). MERS-CoV RNA has been reported in other body
fluids. However, the viral loads in these specimens are typically much lower than those in the
respiratory tract. Therefore, respiratory specimens remain the primary focus for MERS-CoV
diagnosis and surveillance (Bermingham et al., 2012; Alfaraj et al., 2019). The virus can
be propagated through rhesus macaque kidney cells and African green monkeys (Banik et al.,
2015; Durai et al., 2015). The cultivation time continues from 2 to 14 days (de Wit et al., 2013;
Shirato et al., 2013).

One specific fast with high specificity assay for MERS-CoV detection is the reverse
transcription loop-mediated isothermal amplification technique combined with a vertical flow
visualization strip (RT-LAMP-VF). This assay targets the nucleocapsid gene of MERS-CoV and
can provide detection within 35 minutes (Huang et al., 2018).

For routine detection of MERS-CoV, three real-time RT-PCR (rRT-gPCR) assays have
been improved. These examine the upstream of the E gene (upE), as well as the open reading
frames (ORFs) 1b and 1a. The upE assay is suggested for screening purposes, while the ORF1b
assay is considered less sensitive than the ORFla assay (WHO, 2018).

There are ongoing efforts to develop new diagnostic tests for MERS-CoV. The 2019
roadmap for MERS-CoV product development provides a comprehensive list of tests (Kelly-
Cirino et al., 2019). Some of these tests aim to reduce the turnaround time from swab analysis to
results (Frans et al., 2019; Hashem et al., 2019).
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In addition to molecular assays, many serological assays are present for MERS-CoV
examinations. These include ELISA, recombinant spike immunofluorescent assays, and spike
pseudoparticle neutralization and microneutralization assays (Perera et al., 2013; Park et al.,
2015; Hashem et al., 2019; Okba et al., 2019).

2. MERS Situation in Egypt

Egypt recently has been free from MERS. Attentions must be paid as Egypt has a
characteristic geographical location between African and Asian countries, which reflects camel
populations, as it is considered a collection of Arabian camels (from the Arab Peninsula) and
African camels. Dromedaries in the Middle East have great seropositive rates of MERS-CoV
antibodies. About 90% of the imported camels in Egypt were positive for MERS-CoV. In
addition, a highly distinct Egyptian strain is designated clade C3 (Ali et al., 2017; Chu et al.,
2014; El- Kafrawy et al., 2019) (Fig. (1)).
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Fig. (1). World spreading of MERS-CoV in camels (Islam et al., 2023).

From the PubMed platform, there have been 54 publications about MERS in Egypt from
2013 untill 2023. The highest numbers of publications (10) were recorded in 2019, 2020, and
2021(Table (1) and Fig. (2)).

Table (1). Numbers of publications about MERS in Egypt distributed yearly from 2013 till now
(pubmed, 2023).

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Count 1 3 5 6 8 4 10 10 10 3 1

The first isolation of MERS CoV from a nasal swab of a dromedary camel in Egypt was
recorded by Chu et al. (2013) who reported that the virus was genetically identical to that of
human MERS CoV.

In 2016, Kandeil et al., (2016) isolated new MERS CoV from camels in Egypt. They
found the new virus was identical to that isolated in 2014. Till now, there is no, MERS CoV
isolated in Egypt.
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In other domestic animals, Sheep in Egypt were reported as seropositive of low antibody
titers without isolation of the viral RNA. It is clear that, the capability of MERS CoV to infect
other animals with viral modifications may occur (Ali et al., 2017).
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Fig. (2). MERS in Egypt Publications on the Pubmed platform from 2013 till now (PubMed,
2023)

3. MERS Risk Factors

Dromedary camels are included in the culture of people in Middle Eastern countries,
where meat and camel milk are consumed (Ali et al., 2017). Dromedary camels and natural hosts
are considered the main risk factors. Direct contact between animals is the most common means
of viral transmission. Virus spreading was more common in calves and of relatively short
duration particularly during the winter and early spring (Wernery et al., 2015).

The highest cases numbers is in Saudi Arabia, which has recorded ~80% of world human
cases, in addition to healthcare workers and nurses, who were reported as more than 50% of
these cases (Memish et al., 2013). Consequently, regular examination of MERS CoV in camels is
very essential. Despite transmission rates between humans being lower in MERS-CoV than in
SARS-CoV, it has a higher case fatality (34.4%) than SARS-CoV (9.6%) (Zumla et al., 2015).

MERS-CoV can survive on inanimate surfaces for a long period of time. The factors may be
the types of surfaces, the titer of the virus, variations of MERS strains, deposition mode,
humidity, temperature, and determination methods (Duan et al., 2003; van Doremalen et al.,
2013). Many reports have illustrated that MERS-CoV can be present on dry surfaces for a period
of time to induce infection. MERS-CoV surface viability was reported on steel and plastic after
48 h at 20°C with 40% relative humidity and about 24 h at 30°C with 30% relative humidity. But
within 8 hours, viability decreased at about 30°C with 80% relative humidity The half-life of
MERS-CoV was detected to be between ~0.5 and 1 h (van Doremalen et al., 2013).
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4. Control and Prevention

The WHO has been working with healthcare workers and scientists in collaboration with
the Food and Agriculture Organization of the United Nations (FAQO), the World Organization for
Animal Health (WOAH), and governments in affected countries to gather information for
management tactics (Suwantarat and Apisarnthanarak, 2015). To decrease the prevalence of
MERS in humans, it is important to reduce the prevalence of the virus in camels; especially there
is no approved camel vaccination till now. Control imported camels’ movements, regular herd
screening and protective measurements must be taken. Restrictions on consuming raw camel
milk or uncooked camel meat should be followed. No effective antiviral medication has been
reported for MERS in vivo (Raj et al., 2014b). Kandeel et al. (2021) developed peptides
structures as potent anti MERS CoV agents that inhibited cell- virus fusion in vitro. Recently
natural antiviral nanoparticles were reported as moderately active in vitro against MERS CoV as
Ginkgo biloba leaves extract and silver nanoparticles (El Shazly et al., 2023).

CONCLUSIONS

Research, training, surveillance, laboratory capability, education, and communication are
key elements to control and prevent the spreading of hazards. Updating surveys of MERS-CoV
between resident and imported camels especially in Egypt is mandatory. Scientific cooperation
between nations is very important to control and prevent MERS.
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