Advances in Animal and Veterinary Sciences

Research Article

)
r |

Check for
updates

Molecular Investigation of MERS-CoV in Camels Related to
Confirmed Human Cases in Saudi Arabia (2017-2019)
Samy Kasem'?, Ali Al-Doweriej', Ibrahim Qasim’', Ali Nasser Alhufuf', Nader Alharbi', Sanad

Alharbi!, Ahmed Youssef'**

JMz'nisz‘ry of Environment, Water and Agriculture, 65 King Abdulaziz Road, Riyadh, 11195, Kingdom Saudi
Arabia; ZDepartment of Virology, Faculty of Veterinary Medicine, Kafrelsheikh University, Kafrelsheikh, El-Geish
Street, 33516, Egypt; 3Depan‘menz‘ of Animal Hygiene and Zoonoses, Faculty of Veterinary Medicine, Suez Canal

University, Ismailia, Egypt.

Abstract | The Middle East respiratory syndrome (MERS) caused by Coronavirus (MERS-CoV) is an emerged
zoonotic infectious disease of increasing public health significance. Dromedary camels are the main MERS-CoV
reservoirs and maintenance hosts, but the transmission mechanism to humans is still unknown. This study aimed to
investigate the prevalence of MERS-CoV among camel herds that were probable sources of zoonotic infection to
human cases in the Kingdom of Saudi Arabia (KSA), through three years (2017- 2019). Molecular examination of
nasal swabs collected from 449 camels was performed for the detection of the MERS-CoV genome using quantitative
real-time PCR (qQRT-PCR). The analysis of the questionnaire revealed that out of 91 human cases of MERS, 51 (56%)
of which were related to dromedaries and the rest had no relation to animals with a history of contact with camels or
drinking raw milk or undercooked meat from camels. The percentage of human cases with suspected animal-acquired
infections reached 100% in Bahaa, Gazan, Makkah, Jouf, and Tabuk regions. The MERS-CoV genome was detected
in 74 dromedaries (16.5%) out of 449 camels examined by qRT-PCR. The positive cases of camels were distributed in
eleven districts of Saudi Arabia. In conclusion, the detection of MERS-CoV genome among camel samples associated
with confirmed MERS subjects suggested that the virus is prevalent in Saudi Arabia. This data supported the theory
of zoonotic infections of MERS-CoV from camels.
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INTRODUCTION

he Middle East respiratory syndrome coronavirus

(MERS-CoV) is an emerged disease in Saudi Arabia
and Middle East countries causing serious respiratory
infection in humans. Between September 2012 and the
end of January 2020, the World Health Organization
(WHO) was notified of 2519 MERS-CoV human cases,
and 866 deaths recorded in 27 countries worldwide with
the highest record in Saudi Arabia (WHO, 2020). Saudi

Arabia had the highest incidence and mortality rate in
humans (2102 cases, 780 associated fatalities, and a 37.1%
case—fatality rate) (WHO, 2019). Besides the significantly
high mortality and morbidity rates, MERS-CoV infection
provokes a risk for outbreaks in healthcare facilities
(Cauchemez et al., 2013).

MERS-CoV is identified as a zoonotic disease by
transmission from infected Dromedaries to contacted
humans in endemic areas. However, little, non-sustained
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inter-human transmission has been observed, notably in
clinical settings in Saudi Arabia (Conzade et al., 2018).
There is a possibility of traveling infected human cases
outside of the Middle East to the other countries that
can spread the disease elsewhere. Moreover, the internal
movement of camels inside the endemic countries or
the external movement of camels by importation and
exportation between countries could lead to the spread
of infections of MERS-Cov among camel populations
and adding a risk of zoonotic transmission. The virus has
shown limited ability to infect people outside of hospitals,
triggering outbreaks in healthcare facilities as experienced
in Saudi Arabia in 2014-2016 and the Republic of Korea in
2015. The Republic of Korea had a MERS-CoV outbreak
in 2015that resulted in 186 cases, 38 fatalities, and billions
of dollars of losses to the economy (Hui et al., 2015; Joo et
al.,2019). Fortunately, the global threat of MERS infection
is declining in the last few years (Donnelly et al., 2019).

MERS-CoV has been transmitted from person to person
in health care facilities in several clusters with evidence of
limited transmission among family members in private
and public places (Assiri et al., 2013; Miiller et al., 2014).
The severity of MERS infections among human patients
ranges from severe cases to mild or asymptomatic (Zaki,

2012; Assiri et al., 2013).

Camel infection with MERS-CoV has been recorded
worldwide particularly in the Middle East countries
(Reusken et al., 2013; Alagaili et al., 2014; Falzarano et
al., 2017; Saqib et al., 2017; Kasem et al., 2018a, b). Till
now, dromedary camels had been thought to be the sole
maintenance host and principal reservoir of MERS-CoV,
however, the way of spread of MERS-CoV from camel
reservoirs to susceptible human contacts remains unclear
(Alagaili et al., 2014; Azhar et al., 2014). MERS-CoV was
detected in dromedaries associated with MERS infected
patients in KSA, and zoonotic transmission of the virus

has been proposed (Kasem et al., 2018b).

Among the main Coronaviruses of concern, animal
reservoirs are included in Severe Acute Respiratory
Syndrome (SARS), MERS-CoV, and even in newly
emerged coronavirus disease 2019 (COVID-19) were
reported (Fung et al., 2021; Gautam et al., 2020). Despite
the high MERS- CoV’s fatality rate (35%) in severe cases,
there are missed knowledge gaps on the virus infections
in both veterinary and human aspects (Kelly-Cirino et
al., 2019). Therefore, more research is needed to better
understand MERS-CoV circulation in camels and to
prevent human illnesses from spreading. Regular and
extensive epidemiological studies of MERS coronavirus
infections in camels and contact persons are needed. In this
study, surveillance of camels, being probable source and

reservoir of laboratory-confirmed MERS-CoV human

patients reported from the Ministry of Health (MOH),
Riyadh, Saudi Arabia, was done for MERS-CoV genetic

material to assess the potentials of zoonotic transmission

of MERS infection.
MATERIALS AND METHODS

SAMPLES

'The current study was designated as a part of the continuous
collaborative epidemiological response to laboratory-
confirmed MERS-CoV human cases who contacted
camels or ingested undercooked camel meat unpasteurized
camel milk within one week before the onset of the clinical
symptoms. The study was extended for three years 2017-
2019 and was conducted at the Ministry of Environment,
Water, and Agriculture (MEWA), in cooperation with the
Ministry of Health (MOH), Saudi Arabia.

Upon issuing official notifications by the MOH, The
Emergency Center at MEWA directed the responsible
local veterinary clinic to send qualified veterinarian teams
to target camel flocks for clinical investigation and sample
collection. During the study period, among a total of 91
reports received from MOH, distributed throughout
the Kingdom of Saudi Arabia, fifty-one reports of
camel contact patients or patients who ingested raw or
undercooked products before developing the characteristic
clinical symptoms. The other 40 reports had lived in urban
areas and had neither direct nor indirect association with
animals. The number of samples collected from camels
was related to the number of animals in the flock/flocks
in households.

A total of 449 nasal swab samples were collected from
dromedaries under strict precautions. The collected samples
were transported quickly under chilling conditions to the
Central Veterinary Laboratory, MEWA, Riyadh in virus
transport media (VI M) (COPAN, Italia, Italy). Following
confirmation of the RT-PCR results, all MERS-CoV
RNA-positive camels were separately isolated and regularly
observed until two successive negative testing results were
obtained.

EXAMINATION OF DROMEDARIES FOR MERS-CoV
RNA BY QRT-PCR

Dromedaries were examined for MERS coronavirus RNA
by qRT-PCR using specific primers for detection of the
Upstream E gene (UpE) of MERS-CoV according to the
protocol of Corman et al. (2012). The positive samples by
targeting the UpE gene were further examined by qRT-
PCR assay of ORF1a as described previously (Corman et
al., 2012; WHO, 2013).

Total RNA was extracted from the collected swabs
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using a viral RNA extraction kit (Qiagen), following the
manufacturer’s instructions (Qiagen GmbH, Hilden,
Germany). The RT-PCR was performed using a LightMix
Molecular Dx MERS-CoV upE kit (Roche), following

the recommended protocols of the manufacturer.

RESULTS AND DISCUSSION

THE PERCENTAGE OF SUSPECTED ZOONOTIC CASES
AMONG LABORATORY-CONFIRMED CASES OF MERS
INFECTION

A total of 91 reports were received from MOH about
MERS patients who have had contact with camels.
The reports were epidemiologically investigated about
residence in rural areas, contact with camels, and their
products. The analysis of the questionnaire revealed that
out of 91 cases of MERS, 51 (56%) of which were related
to dromedaries and the rest had no relation to animals
(Table 1, Figure 1). Based on the directed questionnaire
to positive human patients to MERS-CoV' throughout
the study period, the percentage of patients who contacted
camels or acquiring infection by ingestion of raw milk or
undercooked meat from camels was 56%. These cases were
distributed in 11 regions of the Kingdom of Saudi Arabia.
'The percentage varied according to region, most cases were
distributed in Riyadh (12/28,42.9%), East provinces (6/14,
42.9%), Makkah (5/11, 45.5%), and Taif (7/11, 63.6%).
The percentage of cases with suspected animal-acquired
infections reached 100% in Bahaa, Gazan, Makkah, Jouf,
and Tabuk regions, whereas that percentage was varied in
other regions.

Table 1: Number of MERS human cases and the number
and percent of patients with history of contacting camels

in different regions in Saudi Arabia (2017-2019).

Percent No of reposts No of reports Region
contacted received from
camels MOH
42.9% 12 28 Riyadh
55.6% 5 9 ALQassim
429% 6 14 East Provinces
50% 1 2 Northern Boundaries
80% 4 5 Najran
100% 1 Bahaa
100% 2 2 Gazan
455% 5 11 Makkah
100% 2 Al-Madinah
100% 3 3 Asir
63.6% 7 11 Taif
100% 2 2 Tabuk
100% 1 1 Jouf
56% 51 91 Total

N
Jouf

H:1/1 C: 410 Northern

Boundaries
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Figure 1: Distribution of MERS human confirmed cases
with a history of contact with animals in different regions
of Saudi Arabia (H: human), and distribution of camels
infected with MERS RNA related to confirmed human
cases (C: Camels).

PrEVALENCE oF MERS CoV GENOME AMONG THE
COLLECTED CAMEL SAMPLES

Of the 449 nasal samples collected from dromedaries that
had a relation with MERS subjects from all the regions
of KSA, 74 (16.5%) were positive for MERS coronavirus;
indicating the presence of active viral infection. Of the
74 positive camels, the higher positivity was recorded
in Makkah (23/55; 41.8.%), Jouf (4/10; 40%), and East
Provinces (6/27; 22.2%) while the moderate positivity was
recorded in Riyadh (13/79; 16.5%), Taif (18/122; 14.8%),
Tabuk and Al-Madinah (1/8; 12.5%), Al-Qassim (4/34;
11.8%) and Bahaa (2/20; 10%) and lower positivity to
MERS-CoV RNA were detected in Asir (1/27; 3.7%),
Najran ( 1/36; 2.8%) and finally Gizan and Northern
Boundaries (0%) (Table 2, Figure 1).

MERS-CoV was firstly detected in humans in September
2012 in KSA (Zaki et al, 2012). Following that, the
MERS infection was widespread and was documented
in 27 countries. The KSA is currently recognized to have
the world’s largest MERS infected human cases with a
high fatality rate reaching up to 30% (WHO, 2020). The
mortalities caused by MERS are higher compared with
the mortality rate among patients with similar infections
such as s SARS infection (9.5%) and COVID-19 (2.3%)
(Petrosillo et al., 2020). Moreover, several earlier studies
have found a high prevalence of antibodies to MERS-CoV
among camels from different countries (Alagaili et al.,
2014; Meyer et al., 2014; Saqib et al., 2017; Kasem et al.,
2018b; Alharbi et al., 2020). Dromedary camels have been
documented as the sources of MERS-CoV infections.
However, the mode of transmission has not fully clarified
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with a probability of infection by direct contact camels
or by contact with their body fluids or by ingesting raw
or undercooked milk or meat (Mohd et al., 2016). This
situation necessitates the ongoing investigation of MERS-
CoV in camels associated with MERS-infected cases.

Table 2: The prevalence of MERS-CoV RNA among
camels related to MERS patients in different regions in
Saudi Arabia 2017-2019.

Percentage No of positive No of Region
of positivity camels to examined

MERS RNA camels
16.5% 13 79 Riyadh
11.8% 4 34 ALQassim
22.2% 6 27 East Provinces
0% 0 17 Northern Boundaries
2.8% 1 36 Najran
10% 2 20 Bahaa
0% 0 6 Gazan
41.8% 23 55 Makkah
12.5% 1 8 Al-Madinah
3.7% 1 27 Asir
14.8% 18 122 Taif
12.5% 1 8 Tabuk
40% 4 10 Jouf
16.5% 74 449 Total

Our results showed that a total of 91 reports were received
from MOH about MERS patients contacted with camels.
The reports were epidemiologically investigated about
residence in rural areas with contact with camels or ingested
their products. The high percentage of human patients of
MERS-CoV infections related to dromedaries (56%) was
consistent with previous documents (Azhar et al., 2014;
Kasem et al., 2018a). According to this study, 16.5% of
camels who were in contact with positive persons showed
positivity to MERS-CoV RNA. These positive camels
were distributed in diverse parts of Saudi Arabia, ranging
from 41.8% in Makkah to 2.8% in Najran. This data was
consistent with fact that the direct contact with dromedary
camels is one of the modes of spread of the MERS-CoV to
humans and confirming that dromedary camels were the
major reservoirs of infection (Memish et al., 2013; Azhar
et al., 2014; Farag et al., 2015; Muhairi et al., 2016; Kasem
et al., 2018a). Furthermore, our investigation of nasal
swabs collected from camels revealed that the maximal
virus shedding period from infected camels was two weeks
following the first detection without clinical signs on
infected camels, which was consistent with earlier research
(Memish et al., 2013; Mubhairi et al., 2016; Kasem et al.,
2018a). These findings highlighted the urgent need for
additional research into the pathways by which MERS-
CoV is spillover from camels to human beings. The high

seroprevalence of MERS-CoV in camels warrants the
establishment of risk-based surveillance programs of the
disease among camels and humans particularly among
people who are at higher risk of infection by contacting
camels or immunocompromised patients or persons in
health care facilities.

In conclusion, the detection of the MERS-CoV genome
among camel samples associated with confirmed MERS
subjects suggested that the virus is prevalent in Saudi
Arabia. This data support the theory of zoonotic infections
of MERS-CoV by direct contact with the infected camels.
However, to fully comprehend the mode of transmission
of MERS-CoV infection and the zoonotic pathway, a

comprehensive longitudinal investigation is required.
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