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A B S T R A C T

To generate baseline information to help better understand the antibody kinetics and nasal shedding dynamics of
MERS-CoV in camels in Jordan, a longitudinal surveillance study was conducted in two phases; phase 1 was
between December, 2018 and January, 2019 and phase 2 between August and December 2020. In each phase,
two camel herds were studied. These herds were located in Al-azraq and in Al-ramtha area and were named Al-
azraq and Al-ramtha herds, respectively. The same camel herd of Al-zarqa area was sampled in both phases while
two different camel herds, one in each phase, were sampled in Al-ramtha area. Blood and nasal swabs were
collected from same selected animals in all visits to each herd in both phases. Additionally, nasal swabs and
retropharyngeal lymph node tissue samples were collected from sixty-one camels slaughtered at Al-ramtha
abattoir during phase 2 to enhance virus isolation opportunities and phylogenetic analysis. All sampled ani-
mals from Al-azraq camel herd were either borderline or seropositive on spike 1 based ELISA assay and negative
on quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) in both phases. In Al-ramtha camel
herds, an unsteady pattern prevailed in animals’ seropositivity in both phases and viral RNA was detected in all
animals in the end of phase 1 and in one animal during phase 2. For the seroconversion, anti-MERS-CoV spike 1
antibodies were detected in two animals in phase 1 in the first collection only. While, in phase 2, intermittent
seroconversion pattern was observed in several samples over time of collections that ended with all animals
became seropositive in the last collection (after nineteen days from viral RNA detection). In addition, viral RNA
was detected in nasal swabs of 3 slaughtered camels. Phylogenetic analysis of a partial fragment of spike 1 gene
sequences of all MERS-CoV isolates clustered together with clade B of MERS-CoV. This cluster contains all MERS-
CoV sequences obtained either from camels or human sources in the Arabian Peninsula indicating the continuous
circulation of this clade also in Jordan.
1. Introduction

Coronaviruses (CoVs) represent a significant global public health
threat. The ongoing worldwide COVID-19 pandemic (caused by the
SARS-CoV-2 virus) demonstrates the urgent need for continuous active
surveillance, rapid diagnosis, and real-time tracking of zoonotic coro-
naviruses as well as other emerging pathogens in humans and animals.
28 June 2021; Accepted 8 Octob
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Coronaviruses are known to cause important respiratory and gastroin-
testinal diseases in animals and humans (Banerjee et al., 2019). Coro-
naviruses are enveloped viruses with a positive-sense single stranded
RNA genome. The Orthocoronavirinae subfamily is one of two sub-
families within the Coronaviridae family (Fehr and Perlman 2015). The
Orthocoronavirinae is classified into four genera: Alphacoronavirus,
Betacoronavirus, Gammacoronaviruses and Deltacoronavirus (Han et al.,
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2019). The alphacoronaviruses and betacoronavirus harbor the
mammalian coronaviruses. While gammacoronaviruses and deltacor-
onaviruses contain the avian coronaviruses (Chan et al., 2013). There are
four human coronaviruses; two belong to the alphacoronaviruses and the
other two are betacoronaviruses (Owusu et al., 2014).

The zoonotic human coronaviruses are all betacoronaviruses: Middle
East respiratory syndrome coronavirus (MERS-CoV), as well as severe
acute respiratory syndrome coronavirus 1 and 2 (SARS-CoV, and SARS-
CoV-2 (Ye et al., 2020). Those zoonotic coronaviruses likely originated
in bats, then transmitted to intermediate animals before jumping to
humans, causing variable degrees of mortality (2–35/%) (Wu et al.,
2020). Of these zoonotic coronaviruses, MERS-CoV causes an endemic
respiratory infection in dromedary camels, ranging from sub-clinical to
mild rhinitis. MERS-CoV has shown the highest fatality rate in human
(almost 33%) (Zhang et al., 2021).

Camels have been identified as intermediate hosts for MERS-CoV
Reusken et al., 2013; Reusken et al., 2014) and the MERS-CoV receptor
(the DPP-4) is found in camels' nasal turbinates, trachea, lung, and kid-
neys (Alnaeem et al., 2020). MERS-CoV infection entails loss and
disorientation of cilia, as well as hyperplasia of goblet cells and inter-
stitial pneumonia, are the main changes at the cellular level. The
degradation of glomerular capillaries was observed in the renal cortex, as
well as the complete disappearance of glomerular tufts, which were
replaced with fibrinous exudate (Alnaeem et al., 2021). MERS-CoV
transmission dynamics in camel herds have shown that the virus can
spread quickly, and seroprevalence studies conducted in camel herds
across the globe revealed a prevalence rate of 71–100 % in most coun-
tries, with younger camels being the most affected (Dighe et al., 2019).
Many longitudinal studies have been carried out to investigate the dy-
namics of active MERS-CoV infection and the detection of seropositivity.
In one of these studies, two herds in Saudi Arabia were sampled between
September 2014 and May 2015, and active MERS-CoV infection was
detected, with both herds having 100 % seropositivity in most sampling
time points (Hemida et al., 2017). MERS-CoV genomic RNA was found in
a 1-month-old calf, and MERS-CoV seroprevalence positivity rates
increased from 75% to 90% in the same herd with age (Wernery et al.,
2015). According to a study conducted at an abattoir, 41% of sloughed
camels tested positive for viral RNA (Alnaeem et al., 2020).

In Jordan, previous studies reported a 100% seroprevalence in 2013
and an 82% prevalence in 2016 (Reusken et al., 2013; van Doremalen
et al., 2017). The specific objective is to generate baseline information to
help better understand antibody kinetics and MERS-CoV shedding dy-
namics and to enhance virus isolation and phylogenetic analysis in
camels in Jordan.

2. Materials and methods

2.1. Study site and sampling

This study was conducted from December, 2018 to December, 2020
in commercial private camel farms. All the procedures implemented in
this work complied and locally approved by the ethical standards of the
Animal Care and Use Committee (ACUC) at Jordan University of Science
and Technology (Proposal No. 470/2018). In a previously reported cross-
sectional study (van Doremalen et al., 2017) conducted in Jordan 2016
revealed a high prevalence of MERS-CoV in young dromedary camels. In
order to follow up on the MERS-CoV status in Jordan, a longitudinal
surveillance of MERS-CoV in camels was conducted in two phases; Phase
1 was between December, 2018 and January, 2019, and phase 2 between
August and December 2020. In each phase, two camel herds were stud-
ied. These herds were located in Al-azraq and in Al-ramtha area and were
named Al-azraq and Al-ramtha herds. Al-azraq herd is located in Al-Zarqa
governorate and Al-ramtha herds located in Irbid governorate. These two
governorates contained the camel herds that were tested positive for
MERS-CoV RNA by qRT-PCR as per the results of the 2017 cross-sectional
study (van Doremalen et al., 2017). Al-zarqa camel herd was used in both
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phases while two different camel herds (one each) were used in
Al-ramtha area. Al-azraq herd consisted of 105 animals of different age
groups. This was a closed herd in which camels were allowed to graze
freely, veterinary services and vaccination programs were supervised by
two veterinary medical officers. This herd belongs to the Jordan Police
Department (Al-Hajaneh Section) and were used for breeding, police
parades and police control activities. All animals of this herd were
identified using Microchip numbering system.

Al-ramtha herds used in phase 1 and phase 2 were open herds and the
total number of animals varied in each visit. At the start of phase 1 and
phase 2, herds consisted of 30–35 juvenile camels < one-year-old, 5-7
adult females and 2 bull camels each. These herds were a stationery
farm setting type where camels are kept in a large pen and water and feed
were provided. Veterinary services were provided upon the owner's
request by the Jordan Ministry of Agriculture veterinary services and no
vaccination program was applied. These herds were used for meat and
milk production and were owned by local butchers (2–5 animals of each
herd were slaughtered weekly) who purchased the animals from different
parts of Jordan.

Three different questionnaires/animal modules were developed by
the Food and Agriculture Organization of the United Nations (FAO) to
gather information about date of the visit, animal age, sex, identification
number, collected samples, previous health history and vaccinations
program applied. During each visit in both phases, general examination
and all health-related events, herd practices including nutrition, man-
agement, production and reproduction programs used on the farm were
recorded. Initially, the questionnaires were completed on papers by a
trained veterinary medical officer (a veterinarian employed by Jordan
Ministry of Agriculture) during an interview with the owners of the herds
on the first visit.

In both phases, in Al-azraq herd, a total of 105 camels were present.
Eighteen (n ¼ 18; all females, age ranged 3–12 years old) animals of
different age groups were selected randomly using systematic random
sampling method. The sample size required was determined based on the
formula of Martin (Martin et al., 1987). This herd was visited once every
11 days for three consecutive visits (visits' dates: 12/12/2018;
23/12/2018; 3/1/2019). Using the same methods selection, twelve (n ¼
12; 8 males age ranged 6–10 months and 4 females age ranged 7–14
months) animals of different age groups were selected randomly from
Al-ramtha camel herd. Selected animals from this herd were identified
and separated and kept in a small pen. This herd was visited on a weekly
basis for three consecutive weeks (visits’ dates: 20/12/2018;
27/12/2018; 3/1/2019).

For phase 2, from Al-azraq and Al-ramtha herds, ten animals each (Al-
Azraq, n¼ 10; 8 females age ranged 2–4 years old and 2 males both were
10 years old; Al-ramtha, n¼ 10, 7 females age ranged 5months to 9 years
old and 3 males age ranged 6 months to 7 years old) of different age
groups were selected randomly. Al-azraq herd was visited biweekly for
five consecutive visits and Al-ramtha herd was visited also biweekly for
the first five consecutive visits, then every ten days for the following five
consecutive visits.

Each phase included the collection of two nasal swabs; one was stored
in viral transport media and the other in a TRI Reagent (Zymo research,
USA). Blood was also collected in plain tubes. Blood and nasal swabs
were taken from each animal sampled in each herd. Additionally, in the
phase 2, between August 31 and December 2, 2020, Al-ramtha abattoir
(Al-ramtha slaughtering camel facility) was visited twelve times. Nasal
swabs and retropharyngeal lymph nodes tissue samples were collected
and put in aplastic container from sixty-one slaughtered camels in Al-
ramtha slaughterhouse (56 males age range 6 months to 5 years old
and 6 females, age ranged 1–2years old). During each visit all slaughtered
animals ware sampled by a trained veterinarian employed by Jordan
Ministry of Agriculture.

Collected blood, nasal and tissue samples were kept in an ice box and
transferred within 24hr to the diagnostic laboratories at Faculty of Vet-
erinary Medicine/Jordan University of Science and Technology or to



Table 1. Results of ELISA test for MERS-CoV of Al-azraq camel herd (Phase 1:
December, 2018 to January, 2019), Jordan.

Camel
No

Camel
Age

Camel
Sex

1st collection
(12/12/2018)
Ratio1

2nd collection
(23/12/2018)
Ratio

3rd collection
(3/1/2019
Ratio

1 3Y F 4.3798 5.3125 5.7110

2 5Y F 5.0288 4.8942 4.6284

3 6Y F 4.8125 3.7307 3.6605

4 4Y F 3.5336 3.0192 5.8577

5 6Y F 3.8750 4.8846 5.1009

6 10Y F 5.8413 4.4711 4.8119

7 7Y F 4.3269 5.8125 3.7568

8 12Y F 6.4278 4.4951 5.7247

9 6Y F 5.3269 5.3846 3.5183

10 4Y F 4.4855 5.6538 2.7706

11 5Y F 4.6394 5.3846 5.3440

12 6Y F 6.1057 6.2740 5.0642

13 8Y F 3.9423 3.8501 5.2568

14 9Y F 5.7211 5.7836 4.8944

15 12Y F 3.0240 4.4951 4.7844

16 7Y F 5.2163 5.1730 6.8990

17 6Y F 5.3028 3.7163 5.4633

18 9Y F 5.3269 6.1875 5.1605

1 Ratio �1.1 is considered positive.
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Jordan Ministry of Agriculture laboratories (blood or serum). Serum
samples were stored in – 20 �Cwhile nasal swabs and tissue samples were
stored in – 80 �C until analysis.

2.2. Serological assays

Whole blood samples were collected by jugular venipuncture into 10
ml red top serum vacutainer sterile plain tubes. Sample centrifugation
occurred at Jordan University of Science and Technology, Faculty of
Veterinary Medicine laboratories or at Jordan Ministry of Agriculture
Laboratories. Samples were centrifuged for 10 min at 3000 rpm and
serum was obtained and stored at –20 �C until testing. Serology testing
was performed by the Anti-MERS-CoV ELISA (S1 Protein) Camel (IgG) kit
(Euroimmun, Germany). ELISA test results were interpreted according to
the kit's manufacturer's guidelines (ratio <0.8 negative; ratio �0.8 to
<1.1 borderline and ratio >1.1 positive).

2.3. Viral RNA extraction and real time RT-PCR and sequencing

The nasal swabs and the retropharyngeal lymph node tissue were
tested using qRT-PCR. Nasal swab samples were collected in TRI reagent
(Zymo research, USA). Total RNA was extracted from all nasal swabs and
retropharyngeal lymph nodes tissue samples using the Direct-zol RNA
extraction kit (Zymo research, USA). Five microliters of RNA were used
in a one-step qRT-PCR upE assay for MERS-CoV using the QuantiFast RT-
PCR probe kit (Qiagen, Germany). The samples were analyzed using
Rotor Gene Q real time Thermal cycler (Qiagen, Germany). Results of the
qRT-PCR were expressed as positive or negative based on the Ct-value
(threshold cycle value). Positive samples (Ct < 37) in the upE qRT-PCR
were further tested for conformation using ORF1a assay qRT-PCR (Cor-
man et al., 2012). Positive samples on ORF1a qRT-PCR assays were
subjected to hemi-nested PCR technique using three primers targeting
the spike gene. The primers (NM-SPIKE-F3, NM-SPIKE-R1,
NM-SPIKE-R2) sequences and PCR conditions were as mentioned (Ala-
gaili et al., 2014). The heminested PCR product of 1142 bp was subjected
to bi-directional sanger sequencing using BigDye™ Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, USA). Sequences of the spike
gene were viewed by the BioEdit software and edited by the Edit
sequence interface of the lasergene package. Sequence alignment,
calculation of the sequence nucleotide similarities and construction of
the phylogenetic tree was done by the MegAlign interface of the DNAS-
TAR software.

The phylogenetic analysis was assembled using Neighbor-Joining
method and Kimura 2-parameter method with bootstrap consensus tree
inferred from 500 replicates. The analysis was conducted in MEGA X
(Kumar et al., 2018). All molecular assays were done at the molecular
biology and virology laboratory, Faculty of Veterinary Medicine, Jordan
University of Science and Technology.

3. Results

Results of the ELISA test (S1 protein) for Al-azraq herd in phase 1 all
tested seropositive for MERS-CoV in the three consecutive sample col-
lections (Table 1). Also, in phase 2, all sampled animals tested seropos-
itive for MERS-CoV except one camel (camel No 4) was borderline in the
first, second and third collections then became positive in the following
two collections (Table 2).

In phase 1, ELISA (S1 protein) testing for MERS-CoV of the Al-ramtha
herd revealed that out of the twelve sampled animals, only 2 animals
(camels No 9 and 11) were seropositive for MERS-CoV in the first blood
collection and all animals were seronegative in the second and the third
collection.

Results of the ELISA test for the Al-ramtha herd in phase 2 indicated
that all animals were seronegative for MERS-CoV (S1 protein) on ELISA
3

testing for the first 9 collections except animals’ number 5 and 7 that
were seropositive in the first 3 collections, and animal number 7 that was
positive only in the 6th collection. All animals became seropositive in the
10th collection (Tables 3 and 4; all sera sample of Al-ramtha herd were
tested again for confirmation and same results were obtained).
3.1. Quantitative reverse transcriptase-polymerase chain reaction (qRT-
PCR)

The results of the qRT-PCR were expressed as threshold cycle (Ct)
value. Results of qRT-PCR conducted on nasal swabs from the Al-azraq
herd were all negative for MERS-CoV in both phases. Results of qRT-
PCR conducted on nasal swabs from the Al-ramtha herd for phase 1 are
show in (Table 5). In the first collection, all sampled animals were
negative on qRT-PCR. In the second collection (day 7), nasal swab
samples obtained from animal numbers 1, 2 and 15 were tested positive
on upE qRT-PCR, and were negative on ORF1a qRT-PCR. Therefore,
these samples were considered negative. As for the third collection (day
14), all collected nasal swabs were positive on upE qRT-PCR, ORF1a qRT-
PCR (Ct < 37) and on the specific MERS-CoV spike gene RT-PCR. These
positive samples (n ¼ 12) were sent for sequencing to a specialized
sequencing facility (Macrogen, South Korea) and 9/12 were successfully
sequenced and their results were confirmed to be MERS-CoV. Results of
the phylogenetic analysis of partial MERS-CoV spike gene is shown in
(Figure 1).

Results of qRT-PCR conducted on nasal swabs from the Al-ramtha
herd for phase 2 are shown in (Tables 6 and 7). For the first 7 collec-
tions, all sampled animals tested negative on qRT-PCR. As for the 8th
collection, camel number 1 tested positive but became negative there-
after (Table 5). Additionally, results of qRT-PCR done on retropharyngeal
lymph node tissues for animals slaughtered in the Al-ramtha abattoir
were all negative while three nasal swab samples obtained from three
slaughtered male juvenile-camels tested positive on qRT-PCR (5m, 9/10/
2020; 9m, 2/12/2020; 9m, 2/12/2020). All samples that were confirmed
positive on qRT-PCR assay (animal number 1 from Al-ramtha herd and
the 3-male juvenile-camels) were subjected to sequencing. Fragment of



Table 2. Results of ELISA test for MERS-CoV of Al-azraq camel herd (Phase 2: August to December, 2020), Jordan.

Camel
No

Animal
Age (y)

Animal
sex

1st collection
31/8/2020
Ratio1

2nd collection
14/9/2020
Ratio

3rd collection
28/9/2020
Ratio

4th collection
12/10/2020
Ratio

5th collection
26/10/2020
Ratio

1 4 F 5.48 6.43 4.50 7.04 6.24

2 2 F 1.73 1.26 1.31 1.89 2.51

3 3 F 2.95 2.77 2.40 3.52 3.77

4 3 F 1.00 0.97 1.02 1.24 1.29

5 3 F 2.48 2.78 2.99 4.95 3.83

6 4 F 5.15 4.96 5.19 9.42 6.79

7 4 F 4.91 4.33 5.47 9.53 8.06

8 4 F 5.55 4.18 5.30 9.45 No collection

9 10 M 4.04 5.53 3.96 8.02 5.43

10 10 M 2.40 2.44 3.33 4.84 3.29

1 Ratio �1.1 is considered positive.

Table 3. Results of ELSA test for MERS-CoV of Al-ramtha camel herd (Phase 2: August–December, 2020), Jordan.

Camel
No

Animal
age

Animal
Sex

1st collection
18/8/2020
Ratio1

2nd collection
31/8/2020
Ratio

3rd collection
15/9/2020
Ratio

4th collection
29/9/2020
Ratio

5th collection
13/10/2020
Ratio

1 5m F 0.05 0.02 0.01 0.67 0.03

2 6m M 0.10 0.11 0.08 0.09 0.01

3 5m F 0.05 0.09 0.07 0.29 0.06

4 13m F 0.02 0.01 0.32 0.24 2.89

5 9y F 2.95 3.57 3.15 0.07 0.09

6 5m F 0.70 0.62 0.02 0.07 0.04

7 9y F 4.09 5.41 4.23 0.03 0.13

8 7y F 0.03 0.17 0.52 0.06 0.33

9 7m M 0.26 0.21 0.45 0.04 0.35

10 6m M 0.20 0.14 0.12 0.06 4.77

1 Ratio �1.1 were considered positive.
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spike genes of three out of the four positive samples were sequenced (the
nasal swab sample of a male juvenile camel slaughtered on 9/10/2020
could not be sequenced due to insufficient amount of RNA). Phylogenetic
analysis indicates continued circulation of MERS-CoV clade B in Jordan
as shown in (Figure 1).
Table 4. Results of ELSA test for MERS-CoV of Al-ramtha camel herd (Phase 2: Augu

Camel
No

Animal
age

Animal
sex

6th collection
27/10/2020
Ratio1

7th co
10/11
Ratio

1 5m F 0.00 0.10

2 6m M 0.28 0.01

3 5m F 0.11 0.14

4 13m F 0.01 0.10

5 9y F 0.22 0.16

6 5m F 3.15 0.13

7 9y F 4.50 0.18

8 7y F 0.06 0.17

9 7m M 0.03 0.17

10 6m M 0.08 0.16

1 Ratio �1.1 were considered positive.
2 PCR positive.

4

4. Discussion

Jordan remains an important country to study the dynamics of MERS-
CoV since the first human Middle-East respiratory syndrome (MERS)
cluster appeared in April 2012, in Al-Zarqa Governorate (Hijawi et al.,
2013). This article is a continuation of the two previously published
st–December, 2020), Jordan.

llection
/2020

8th collection
19/11/2020
Ratio

9th collection
30/11/2020
Ratio

10th collection
8/12/2020
Ratio

0.212 0.02 4.47

0.01 0.28 4.23

0.16 0.04 4.01

0.02 0.07 4.32

0.07 0.08 4.96

0.18 0.07 4.92

0.11 0.06 4.93

0.24 0.56 4.83

0.23 0.22 4.92

0.21 0.22 4.75



Table 5. Results of PCR for MERS-CoV for Al-ramtha camel herd (Phase 1:
December, 2018–January 2019).

Camel
No

Camel
Age

Camel
Sex

1st collection
(20/12/2018)
PCR

2nd collection
(27/12/2018)
PCR

3rd collection
(3/1/2019) PCR

1 6M M Negative Negative1 Positive

2 8M M Negative Negative1 Positive

3 9M M Negative Negative Positive

4 1Y M Negative Negative Positive

5 9M M Negative Negative Positive

6 10M M Negative Negative Positive

7 7M M Negative Negative Positive

8 8M F Negative Negative Positive

9 13M F Negative - -

10 7M M Negative - -

11 14M F Negative - -

12 9M F Negative - -

13 13M F - Negative Positive

14 7M M - Negative Positive

15 14M F - Negative1 Positive

16 9M F - Negative Positive

1 Samples were tested weak positive with upE real-time RT-PCR, and in ORF1a
real-time RT-PCR were negative.
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studies on MERS-CoV in camels in Jordan. The first article was published
in 2013 (Reusken et al., 2013) and was one of the first papers that
investigated the occurrence of MERS-CoV in camels among other live-
stock animals. All enrolled camels (n ¼ 11) were from Al-Zarqa Gover-
norate and were seropositive for the virus. The study was implemented
between June and December 2013. The second study was published in
2017 and reported high incidence of infection with the virus, based on
PCR testing, where 42/45 sampled camels tested positive, while only
37/45 samples were seropositive (van Doremalen et al., 2017). Affected
camels in the second study were from two different governorates,
Al-ramtha and Al-zarqa. The current study was designed to follow up the
investigation and further study the dynamics of MERS-CoV transmission
and shedding in camels in the two governorates where exposure had
been documented. In Al-Zarqa Governorate, the same camel herd was
enrolled where the previous incidence of the disease was reported, but in
Al-ramtha, different camel herds were enrolled because the herd in phase
2 was slaughtered since camels were raised for meat consumption.

The two governorates were chosen for the study to increase the
chance of finding camels with active infection and viral shedding. MERS-
CoV in camels is known to be associated with high seropositivity, while
no viral RNA is usually detected in seropositive camels. This is in
particular reported in studies from the Asian countries (David et al.,
2018; Islam et al., 2018). This agrees with the findings of this study in
Table 6. Results of PCR testing for MERS-CoV for Al-ramtha camel herd (Phase 2: Au

Camel
No

Animal
age

Animal
Sex

1st collection
18/8/2020

2nd co
31/8/

1 5m F Negative Negat

2 6m M Negative Negat

3 5m F Negative Negat

4 13m F Negative Negat

5 9y F Negative Negat

6 5m F Negative Negat

7 9y F Negative Negat

8 7y F Negative Negat

9 7m M Negative Negat

10 6m M Negative Negat

5

Al-azraq herd in both phases, although one camel seroconverted during
the second phase (Tables 1 and 2). It is known that seroconversion is
considered an evidence of current and recent infection and one might
expect to find camels with viral shedding in the same period. Unfortu-
nately, this was not the case; all sampled camels tested negative on
qRT-PCR in both phases. The reason why this individual camel sero-
converted while no other camels in the herd showed evidence of active
infection remains unknown, although a false positive result cannot be
excluded.

The dynamics and behavior of MERS-CoV in the Al-ramtha herds was
different and perhaps indicated a recent infection and viral activity. In
phase 1, 2 animals were seropositive at the beginning of the study (at first
collection) and unfortunately were slaughtered and replaced by other
animals (Table 8). These 2 animals might have been exposed to the virus
before they were enrolled in the study. However, it is difficult to know
the time when they were exposed since the half-life of MERS-CoV anti-
bodies in camels is not well documented. On the other hand, all camels
had the viral RNA in their nasal swabs and tested positive on PCR a week
later (the third collection, Table 5). It is likely that these 2 seropositive
camels (slaughtered) were the source of infection for the herd in phase 1
of the study.

In phase 2, in camels of the Al-ramtha herd, the seroconversion
pattern was not steady (Tables 3 and 4) and viral RNA was found in the
nasal secretions in one camel on the eighth collection (Ct value ¼ 29.22,
Table 7). However, the same camel tested negative afterwards. Given the
inability to determine the time onset or the duration of the presence of
the virus in the nasal secretion prior and after the sampling time (8th

collection), it is not surprising that the result appeared negative on PCR
after 11 days (Table 7) and this is in line with a number of previously
published studies (Al Hammadi et al., 2015; Wernery et al., 2015;
Muhairi et al., 2016; Yusof et al., 2017).

Although Al-Zarqa Governorate was the main focus for the MERS-CoV
study and investigations in the past, this study shed light on the Al-
ramtha area as being an important focus for viral activity. In both pha-
ses, camel herds in Al-ramtha had evidence of viral RNA shedding and
seroconversion at the same time which indicates recent exposure and
activity of the virus, while this was not evident in the Al-zarqa herd.
Furthermore, nasal swabs collected from 3 camel cadavers in the Al-
ramtha abattoir had viral RNA detected, and this indicates that the
virus is actively circulating in other camel herds in the area. Future
studies should focus on camel herds in the Al-ramtha area and perhaps
with higher numbers of camel herds and individual camels enrolled.

In the literature, MERS-CoV occurrence in camels doesn't appear to
follow a seasonal pattern. When reviewing the previously published
studies from Jordan, seropositivity and viral RNA shedding in camels
were detected in different months of the year where no clear trend was
observed in the different seasons. Studies were done during 10 months of
the year, starting from May till February. However, in this study the
positive PCR nasal swabs obtained from Al-ramtha herds and from 3
gust–December 2020), Jordan.

llection
2020

3rd collection
15/9/2020

4th collection
29/9/2020

5th collection
13/10/2020

ive Negative Negative Negative

ive Negative Negative Negative

ive Negative Negative Negative

ive Negative Negative Negative

ive Negative Negative Negative

ive Negative Negative Negative

ive Negative Negative Negative

ive Negative Negative Negative

ive Negative Negative Negative

ive Negative Negative Negative



Figure 1. Phylogenetic analysis of the partial
spike gene sequence of the Jordanian isolates
collected in two cohort longitudinal studies
(November 2018–February 2019; 9 samples with
solid squares) and (August–December, 2020; 3
samples with open squares) in comparing to
reference MERS-CoV sequences representing the
excited clades of this virus. All Jordanian samples
are within Clade B. The phylogenetic analysis was
done using Neighbor-Joining method and Kimura
2-parameter method with bootstrap consensus
tree inferred from 500 replicates. The analysis
was were conducted in MEGA X.
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slaughtered animals occurred in the fall and winter seasons (October to
December) when the temperature decreases. Perhaps this is expected
since the transmission of the MERS-CoV is direct in nature, does not
appear to need a vector and the virus activity, shedding and transmission
might increase during cold seasons.

In dromedaries, it is reported that viral shedding lasts for 2 weeks and
RNA positivity could persist even for an extended period of time (Hemida
Table 7. Results of PCR testing for MERS-CoV for Al-ramtha camel herd (August–De

Camel
No

Animal
age

Animal
sex

6th collection
27/10/2020

7th c
10/

1 5m F Negative Neg

2 6m M Negative Neg

3 5m F Negative Neg

4 13m F Negative Neg

5 9y F Negative Neg

6 5m F Negative Neg

7 9y F Negative Neg

8 7y F Negative Neg

9 7m M Negative Neg

10 6m M Negative Neg

6

et al., 2014; Reusken et al., 2014; Al Hammadi et al., 2015; Wernery
et al., 2015; Muhairi et al., 2016; Yusof et al., 2017; Ali et al., 2017). In
phase 1 of this study in the Al-ramtha camel herd, it was unfortunate that
camels that were positive on PCR testing on the last sampling day could
not have been followed for a longer period of time to observe the con-
tinuity of the viral shedding and serum antibody titer changes (Table 3),
while in phase 2, one camel tested PCR positive in the eighth collection
cember, 2020), Jordan.

ollection
11/2020

8th collection
19/11/2020

9th collection
30/11/2020

10th

Collection
8/12/2020

ative Positive Negative Negative

ative Negative Negative Negative

ative Negative Negative Negative

ative Negative Negative Negative

ative Negative Negative Negative

ative Negative Negative Negative

ative Negative Negative Negative

ative Negative Negative Negative

ative Negative Negative Negative

ative Negative Negative Negative



Table 8. Results of ELSA test for MERS-CoV of Al-ramtha camel herd (Phase 1:
December, 2018 to January, 2019), Jordan.

Camel
No

Camel
Age

Camel
Sex

1st collection
(20/12/2018)
ELISA Ratio1

2nd collection
(27/12/2018)
ELISA Ratio

3rd collection
(3/1/2019)
ELISA Ratio

1 6M M 0.0865 0.0408 0.1005

2 8M M 0.0432 0.0357 0.1269

3 9M M 0.0432 0.0357 0.0952

4 1Y M 0.0096 0.0510 0.1005

5 9M M 0.0288 0.0459 0.0264

6 10M M 0.1153 0.0306 0.0476

7 7M M 0.2307 0.0000 0.0846

8 8M F 0.0384 0.0153 0.1587

9 13M F 2.9134 - -

10 7M M 0.0625 - -

11 14M F 1.4230 - -

12 9M F 0.0048 - -

13 13 M F - 0.03572 0.12162

14 7m M - 0.03572 0.10582

15 14m F - 0.00512 0.07932

16 7m F - 0.03062 0.07402

1 Ratio �1.1 is considered positive.
2 New animals replaced slaughtered animals of 1st collection.
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(Table 8) and the virus was not dedicated 11 days later. Camels in Jordan
are of high sale value and the herd owner buys and sells camels all the
time and it was extremely hard to keep those camels for a longer period of
time without significant compensation for the owner. This fact makes
clinical camel research difficult and limits the accessibility to higher
numbers of camels which is a prerequisite for well-designed clinical
research.

Phylogenetic analysis of a partial fragment of spike 1 gene sequences
of all Jordanian MERS-CoV isolates from our studies (seasons 2018/2019
and 2020) in camels clustered together with clade B of MERS-CoV. This
cluster contains all MERS-CoV sequences obtained either from camels or
humans in the Arabian Peninsula, indicating the continuous circulation
of this clade in Jordan (Dighe et al., 2019).

5. Conclusions

Results obtained from this research project revealed that MERS-CoV
is present in camels in Jordan. Virus shedding was detected using PCR
in nasal swabs. Phylogenetic analysis of a partial fragment of spike 1 gene
sequences of all Jordanian MERS-CoV in camels clustered together with
clade B of MERS-CoV. This is similar to the sequences obtained either
from camels or humans sources in the Arabian Peninsula indicating the
continuous circulation of this clade in Jordan. Monitoring and surveil-
lance system for MERS-CoV in camels is essential to be implemented
regularly in areas where camel populations are present as well as in
camel abattoir and slaughter houses facilities. As most coronaviruses, the
risk that the virus if given enough opportunities might change into a form
that is highly infectious for humans and spreads easily from person to
person.
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