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Abstract
Background:

Middle East respiratory syndrome coronavirus (MERS-CoV) causes viral pneumonia disease in humans.
The close contact with camels and drinking milk may cause Middle East respiratory syndrome coronavirus
transfer to humans.

Methods:

This study was designed to detect the existence of Middle East respiratory syndrome coronavirus in camel
milk samples collected from healthy animals according to local customs from 83 barns located around
Saudi Arabia. Camel milk samples were examined for viral RNA by RT-qPCR, also ELISA assay was
performed to detect IgG antibodies directed against MERS Receptor-Binding Protein (RBD).

Results:

Among 83 camel milk samples tested,the result showed that seven samples (8.4%) were positive for MERS-
CoV RNA, while 40.9% of camel milk samples had antibodies directed against this virus.

Conclusions:

The �ndings indicate that some regions (East and South part) are characterized by a high incidence of viral
antibodies. The South western region displayed the lowest infection rates. Camel breed Sahilia seems to be
resistant to viral infection as compared to other breeds such as Hamra. This need to be more explored in
order to reduce spread of infection and also to understand the underlying reasons. The presence of viral
RNA in camel milk samples warrants for measures to prevent possible food-borne transmission of Middle
East respiratory syndrome coronavirus through milk consumption.

Introduction
The Middle East respiratory syndrome coronavirus (MERS-CoV) was �rst detected in 2012 in Saudi
Arabia[1]. It is characterized by severe viral pneumonia leading to death. By the end of May 2021, a total of
2574 laboratory-con�rmed cases of Middle East respiratory syndrome (MERS), including 886 associated
deaths (case-fatality ratio 34.4%) were reported globally[2]. MERS-CoV is an enveloped virus with a nucleo-
capsid of helical symmetry. It was previously known as Novel coronavirus 2012 and HCoV-EMC[3].
Domestic animals and wildlife may be an important cause of viral infection. Dromedary camels were the
only species from which antibodies speci�c to MERS‐CoV have been detected after many sero-
epidemiological studies on camels, cattle, sheep, goats, horses and poultry in the Arabian Peninsula and
the Middle East[4]–[8].Serological evidence of infection of dromedaries from the Arabian Peninsula (Saudi
Arabia, United Arab Emirates (UAE), Oman, Qatar and Jordan) by MERS‐CoV has been reported with a sero-
prevalence in adult animals generally being > 90%. Moreover, serological evidence of dromedaries
infections in Africa (Egypt, Ethiopia, Nigeria, Tunisia, Sudan and the Canary Islands) were also reported
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with a similarly high sero-prevalence except Tunisia and Canary Islands, where adult sero-prevalence were
only 54% and 14%, respectively[5], [9], [10]. The adult animal sero-prevalence was generally higher than in
juveniles. MERS-CoV viral RNA was detected by nasal swabs of dromedaries from Qatar, Oman, Saudi
Arabia, Egypt and UAE[11]–[17].

Infection by MERS-CoV in the Kingdom of Saudi Arabia and UAE occurs often during winter and spring[18],
[19]. From thirty to �fty cases are reported every year in the Middle East[20]. MERS‐CoV may be transferred
and ampli�ed depending on the regular movement of camels that crosses the borders of many countries.
The camel movement in the Arabian Peninsula may play an important role in MERS-CoV spreading during
this period. Milk is used as a main meal by the Bedouins who live in the desert. The use of this meal
extends for several days or months.

The consumption of raw milk is mainly due to the widespread belief that camel milk has preventive and
curative properties against many diseases and that boiling milk destroys its nutritional and medicinal
value[21]. Consumption of raw non-pasteurized milk has been proposed as a source of infection in one
human MERS case[22], [23]. In a study that reported the discovery of MERS-CoV RNA in camel milk[24], it
was not known whether the milk was contaminated or the udder was infected by the regular spread of the
virus through the bloodstream. Regardless of the ways the virus can enter to milk, these facts support the
possibility that raw camel milk can be a source of infection with the MERS-CoV. Hence the present study
was undertaken to screen the presence of MERS-CoV RNA and Anti-MERS-RBD antibodies in camel milk
samples.

Materials And Methods

3.1. Collection of milk samples
MERS coronavirus (MERS-CoV) that emerged in 2012 in the Arabic peninsula, continues to be a risk and
threat for Human health. Few reports have described possible contamination through camels. Very little is
known about the potency of camel milk to bear the virus. In order to increase the awareness about raw
camel milk as a possible virus vector.

Camel milk samples were collected during the period from May to July 2020 from 83 Arabian camels in
different barns from different cities located around the Kingdom of Saudi Arabia (Fig. 1). Samples were
collected from camels belonging to four main breeds: Majhim, Maghater, Hamra and Sahilia (Fig. 2)[25]at
different ages. Majhim is black coated with a pointed hump long hair covering the body and long legs.
They are originated from north-eastern part of the country and are the best dairy producers of the Kingdom.
Hamra is medium size dairy breed with a clear brown coat color. Maghater have a white-yellow coat color.
They have pointed ears and low pilosity. Sahilia live along the Red Sea coast and have a red coat color, a
small head with a pronounced forehead (Fig. 2).

Healthy Camels only were chosen for this experiment as camels showing clinical signs of any disease were
excluded from this study. The milk samples were collected by the camel owner or handler according to
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regional customs after doing all hygienic measures. Camels were milked and milk was placed in DNA and
RNA free cans. All samples were stored at 4°C until transfer to the laboratory in ice boxes.

3.2. RNA extraction and RT-qPCR for detection of MERS-CoV
RNA
RNA was extracted from camel milk samples, according to manufacturer’s instructions using Fast RNATM
ProBlue Kit (MP Biomedicals- China). Prevalence of MERS-CoV in camel milk samples was assessed by RT-
qPCR using speci�c probes for the RNA virus. MERS-CoV primers used for the speci�c and exclusive in
vitro quanti�cation of the coronavirus isolates were designed based on sequences for the EMC strain by
targeting the upE regions of ORF5 and the ORF1ab regions[26]–[28]. In short, 5 ul of extracted RNA was
transferred to RT-qPCR using UpE primers, whereas was performed using the Human Coronavirus 2012
(MERS) (GENESIG, Primer design Ltd, UK) kit according to the manufacturer’s protocol. All samples were
run in 48 well reaction plate by PROPLATE48 and analyzed using Prime Pro 48 RT-qPCR system (TECHNE
version 5.2.15.0) (Stone, Staffordshire, UK). The reaction conditions were as follow: 55oC for 10 min
(reverse transcription), 95oC for 2 min (enzyme activation), 95oC for 10 sec (denaturation), and 60oC for 1
min for 50 cycles (ampli�cation).

3.3. Anti-MERS-RBD ELISA
The presence of antibodies against the MERS receptor binding protein (RBD) in camel milk samples was
detected using an Anti-MERS-RBD IgG ELISA kit (Alpha Diagnostic International, Texas, USA). The kit is an
indirect ELISA used for the detection and quanti�cation of IgG antibodies directed against MERS-CoV RBD.
The ELISA assay was carried out following the manufacturer instructions. Assay steps were performed at
room temperature[29],[30]. In brief, the milk samples were diluted 1:100 in sample diluent to reduce non-
speci�c binding; the diluted samples were incubated in wells coated with the puri�ed S1-RBD antigen of
MERS coronavirus (MERS-CoV S1). In the case of positive samples, the speci�c antibodies will bind MERS
antigens. A second incubation is carried out by an enzyme-labeled Anti-camel IgG HRP (peroxidase
conjugate) stimulating the reaction to detect the bound antibodies. The substrate is then added and its
product is detected by �uorescence. The results were read on microplate reader (Randox ELx800, UK)

3.4. Data management and statistical analysis
Data were collected from RT-qPCR machine as Quantity of viral RNA, and from ELISA reader as OD values.
The data was analyzed by the Statistical Package for Social Sciences (SPSS) for Windows version 22.0
(SPSS Inc., Chicago, Illinois).

Results

4.1. Milk sample collection
A risk assessment of presence of viral RNA was carried out in 83 milk samples randomly collected in
various regions of Saudi Arabia. Due to the lack of risk assessment and the belief that heating would
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destroy milk bene�ts, these small farms can be an important hazard for the spread of virus through
manipulation and consumption of crude milk.

In total, 83 milk samples were collected from rural small camel farms spread all over Saudi Arabia, except
the northern region where camel farming is less. Collection area was geographically divided to four main
regions in Saudi Arabia: 22 samples from Central region (Riyadh, Qassim and Hail), 24 form Western
region (Madina, Jeddah, Al Taif and Makkah), 20 from South western region (AlBaha, 'Asir and Jazan) and
17 from the East and South region (Eastern province and Najran) (Fig. 3). Young camels aged between 3
and 5 years were 41 and animals older than 6 were 42. Depending on the region, some camel breeds are
more frequent than others. The breeds of camels used in this study are Majhim (28), Hamra (17), Maghatir
(22) and Sahilia (16) (Fig. 1).

 

4.2. Detection and quanti�cation of MERS-CoV RNA in camel
milk samples by RT-qPCR
Among 83 milk samples tested, only 7 camel milk samples (8.4%) contained MERS-CoV RNA as detected
by real time qPCR assays. These positive samples were as follows: 2/22 in Central region (Riyadh, Qassim,
and Hail), 4/17 in East and South region (Najran and Eastern province), and 1/24 in West region (AlTaif,
Jeddah, Makkah, and Madina). Meanwhile, MERS-CoV RNA was not detected in 20 camel milk samples
collected in the South western region (Jazan, Asir, and AlBaha) (Table 1).
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Table 1
The existence of MERS-CoV RNA in camel milk samples from different regions, type, and ages in Saudi

Arabia.

  No of
tested milk
samples

No of
Positive
milk
samples

Percentage
of positivity

Quantity of
MERS-CoV RNA
(copies/ul)

X2 test P-value

Region

Central

East and
South

South
western

West

 

22

17

20

24

 

2

4

0

1

 

9.09%

23.5%

0%

4.16%

 

12.88a, 1.331b.

64.30a, 4.992a,
82.98a, 1.173b.

 

4612893c.

0.00257

 

 

0.011887

 

 

Type of
camel
breed

Majhim

Hamra

Maghatir

Sahilia

 

28

17

22

16

 

3

2

2

0

 

10.71%

11.76%

9.09%

0%

 

4.992a, 82.98a,
12.88a.

4612893c,
1.173b.

64.30a, 1.331b.

0.001066

 

0.008606

 

Age

3–5 years

6 years ≥

 

42

41

 

4

3

 

9.5%

7.3%

 

64.30a, 4.992a,
82.98a, 1.331b.

4612893c,
1.173b, 12.88a.

0.002055 0.066767

a Between the standard dilutions.

b Less than standard dilutions.

c Higher than standard dilutions.

The percentage of positivity for detection of MERS-CoV RNA was 10.71% in Majhim, 11.76% in Hamra and
9.09% in Maghatir breeds of camels. However, there were no viral detection among Sahilia breed samples.
This breed is mainly located in South Western region. With respect to age of the camels, the percentage of
positivity was 9.5 and 7.3% for camels aged from 3–5 years and 6 years respectively. (Table 1).

The data for quantitative RT-qPCR revealed following �ndings- 4 out of 7 positive samples (Sample-19, 20,
22 and 56) displayed RNA quantity in the range of standard dilutions. Higher concentration of RNA was
detected in sample 32 which was more than standard dilutions, whereas two samples 53 and 61 has
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shown lower RNA concentration than the standard dilutions (Table 1). The remaining samples were
negative for MERS-CoV RNA.

4.3. Detection and quanti�cation of MERS-CoV IgG
antibodies via Anti-MERS Receptor-Binding protein (RBD)
ELISA
According to 83 camel milk samples were collected from different barns in different regions of Saudi
Arabia. The ELISA assay was used to check the presence of Anti-MERS-RBD IgG in milk samples. Anti-
MERS-RBD IgG was detected in 34 camel milk samples (40.9%). Prevalence of antibodies was high in East
and South region (Najran and Eastern province) (76.47%) followed by West region (AlTaif, Jeddah, Makkah,
and Madina) (50%). However, these percentages were lower in Central region (Riyadh, Qassim, and Hail)
(27.27%) and Western south region (Jazan, Asir, and AlBaha) (15%) (Table 2). Detection pattern of Anti-
MERS-CoV antibodies displayed similar tendency to the presence of viral RNA. The East and South region
displayed the highest yields and the South western the lowest (Table 2).
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Table 2
Detection of MERS-CoV IgG Anti-MERS-RBD in camel milk samples from different regions, type, and ages

in Saudi Arabia.

  No of
tested
milk
samples

No of
Positive
samples

Percentage
of positivity

Concentration of
Anti-MERS-RBD IgG
antibodies (U/ml)

X2 test P-value

Region

Central

East and
South

South
western

West

 

22

17

20

24

 

6

13

3

12

 

27.27%

76.47%

15%

50%

 

1.18–1.77

1.078–2.308

1.27–1.29

1.042–2.07

1.76935E-
07

 

 

0.001342

 

 

Type of
camel
breed

Majhim

Hamra

Maghatir

Sahilia

 

28

17

22

16

 

13

11

8

2

 

46.42%

64.7%

36.36%

12.5%

 

1.042–2.001

1.041–2.308

1.029–2.193

1.182–1.322

1.76935E-
07

 

 

0.000464

 

 

Age

3–5
years

6 years ≥

 

42

41

 

15

19

 

35.7%

46.34%

 

1.078–2.193

1.029–2.308

2.30164E-
09

0.000784

Among 34 Anti-MERS-RBD IgG positive milk samples (40.96%), only 5 displayed an antibody concentration
higher than 2 U/ml. It is noteworthy that camel milk samples displaying the highest antibody yields
(ranging from 1.04 to 2.3 U/ml) correspond to high viral incidence regions: East and South region and
Western region. The low antibody incidence regions (the Western and Central regions) displayed the lowest
antibody concentrations (from 1.18 to 1.77 U/ml) (Table 2).

Prevalence depending on the camel breed showed that Hamra (64.7%), and Majhim (46.42%) types
displayed the highest positivity rates for Anti-MERS-RBD IgG followed by Maghatir (36.36%), then Sahilia
(12.5%) types. The prevalence tendency of Anti-MERS-Cov IgG in camel milk samples of different camel
breeds was similar to that of viral RNA. This shows that Hamra and Majhim breeds are mostly exposed to
MERS-CoV infection likely due to their location in the high camel tra�c East and South region. The Sahilia
breed localized in the Western region seems to be more resistant to viral infection (Table 2).

The percentage of positivity for Anti-MERS-RBD IgG in older camels (≥ 6 years, 46.34%) was higher than in
(3–5 years) camels (35.7%) (Table 2). This is likely due to the camels' history in being exposed to the virus
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for longer time.

Upon comparison of results of RT-qPCR with ELISA assay it was observed that among the 34 camel milk
samples which were positive for Anti-MERS-RBD IgG antibodies, only 4 contained MERS-CoV RNA
(Table 3). It was also noticed that 3 milk samples that were positive for MERS-CoV RNA did not show Anti-
MERS-RBD IgG antibodies (Table 3).

Table 3
Comparison of detected positive samples RNA for MERS-CoV by RT-qPCR with Anti-MERS-RBD by ELISA

assay.
No
sample

RT-qPCR ELISA assay

MERS-
CoV

Quantify of MERS-CoV RNA
(copies/ul)

Anti-MERS-
RBD

Quantify of IgG
(U/ml)

Sample
19

+ 64.30 + 2.193

Sample
20

+ 4.992 - 0.453

Sample
22

+ 82.98 + 1.631

Sample
32

+ 4612893 + 2.07

Sample
53

+ 1.173 + 1.212

Sample
56

+ 12.88 - 0.9

Sample
61

+ 1.331 - 0.417

Discussion
In earlier studies detection of MERS-CoV in archived serum samples showed a high serum prevalence of
MERS-CoV in the tested specimens, which appeared in the 1990s[7], [31]. Consequently, it may indicate the
possibility of the circulation of MERS-CoV in dromedary camels before its actual appearance in human as
it was �rst announced in 2012[1].

Epidemiological investigations were conducted by May 20, 2018 for all 333 noti�cations of MERS-CoV
patients until December 6, 2020 in the Saudi Arabia issued by Ministry of Health (MOH), 92 of them related
to camels, while the number of deaths reached 90 cases. In fact, the World Health Organization (WHO)
reported 5 cases of people infected by drinking camel milk in February and April 2020. Among them there
were 3 live cases, and 2 died.
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For thousands of years, human have consumed raw milk from the dromedary camel. It is believed that raw
milk has healing properties when it is drunk hot “without sterilization” directly from the udder[32]. Whereas
at the present time, many arid countries, especially in rural areas, are still consuming dromedary camel milk
without sterilization, such as Saudi Arabia, the Arabian Gulf and other countries in the Middle East and
countries from Africa[33].

The camel milk samples which were broadly collected from various regions of Saudi Arabia included East
and South, West, South western, and Central regions. The milk samples were collected in the traditional
way used by ordinary people to be more accurate in detecting camel milk contamination potential. In this
study, RNA of MERS-CoV was detected in 7 samples out of 83 (8.4%) via RT-qPCR assays. Among the
seven infected samples, 4 only contained Anti-MERS-RBD antibodies. The corresponding camels are
infected with the virus without displaying any symptoms. The remaining 3 samples did not contain Anti-
MERS-RBD antibodies. This might be explained by the fact that the animals are in the �rst infection stages.
The simultaneous detection of viral RNA and antibodies to MERS-CoV in camel milk samples observed in
the present study is in agreement with reports[34] on the prevalence of MERS-CoV RNA (38.6%) and high
seropositivity (70.8%) in slaughtered camels of Riyadh, Saudi Arabia. Camel milk samples containing Anti-
MERS-RBD IgG without the presence of RNA are indicative of previous exposure to the virus.

The prevalence of MERS-CoV RNA in different regions of Saudi Arabia varied from 23.5% in East and South
to 0% in South western. The East and South region seems to display a high positivity rate. This might be
explained by the high frequency of camel transport in the region[35]. This is in line with reports of camel
swab contaminations in UAE being the highest at the Saudi border[36]. This study revealed that 3–5 years
aged camels had high prevalence of MERS-CoV RNA (9.5%) than ≥ 6 years (7.3%) (P < 0.01). However,
camels of ≥ 6 years showed high positivity to Anti-MERS-RBD antibody (46.34%) when compared with
camels of 3–5 years (35.7%). Several previous studies have reported high seropositivity and high infection
rate in adult camels compared to juvenile[35], [37]. Additionally, Hamra camel breed showed highest
positivity of 11.76% to MERS-CoV RNA than Majhim (10.71%), Maghatir (9.09%) and Sahilia breeds (0%)
(P < 0.01). Hence, the highest positivity to both RNA and antibodies to MERS-CoV was recorded in Hamra
breed and lowest positivity was recorded in Sahilia breed. This variation is most likely due to the difference
in distribution of these breeds in the various regions. More investigations are needed to explain the
possible resistance of Sahilia breed towards MERS-CoV.

The present study showed high prevalence rates of Anti-MERS-RBD-speci�c IgG antibodies (40.9%) in
dromedary camel milk samples. Most of the earlier reports have shown high seroprevalence rates of MERS-
CoV antibodies. A MERS-CoV antibodies seroprevalence of 90% was reported for camels from the North of
Mali[38]. Similarly, high seroprevalences of 75.62% and 46.9% were reported for camels from Pakistan and
Kenya respectively[39], [40]. This work is, to the best of our knowledge, the �rst to report the prevalence of
RNA and antibodies to MERS-CoV in camel milk samples from Saudi Arabia. Detection of MERS-CoV RNA
in camel milk samples is in agreement with previous studies on the persistence of RNA positivity for
extended period of time in milk and stool in addition to respiratory secretions[9], [14], [17], [41]–[43]. In
camel milk samples from a region in Qatar, viral RNA was detected in 5 among 7 samples [9]. The
detection of MERS-CoV RNA in camel milk samples ensures that the milk is infectious. This may support
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the proof of transmission of MERS-CoV to the human by drinking raw milk directly without sterilization,
however, further in-depth investigations are needed. In addition, it may lead to the possibility of spreading
the infection when more than one person drinks camel milk in one bowl. It has been suggested that
consuming camel milk containing MERS-CoV may lead to the possibility of infection through introduction
to then respiratory tract, as recent data showed that MERS-CoV was introduced experimentally in camel
milk can live for up to 72 hours at 4ºC and 22ºC[35].

These results indicate the need to focus on the mechanism of MERS-CoV transmission from camel milk to
human, as it may be one of the most important mechanisms. Furthermore, determining groups at highest
risk for zoonotic MERS-CoV infection could also help to optimize future vaccine trials in geographic region
where MERS-CoV is spread. The high prevalence of Anti-MERS-RBD antibodies resulting from previous
infections might be a protection for camels against MERS-CoV. Nevertheless, it was reported that prior
infection or acquired maternal antibodies might not provide an effective protection from infection[31]. It is
noteworthy that the absence of clear symptoms in MERS-CoV infected camels increase their danger in viral
transmission.

Conclusion
Human infection might be acquired by direct contact with infected camels or by drinking raw camel milk.
Camel milk samples collected from randomly chosen farms from various regions in Saudi Arabia showed
the presence of Anti-MERS-RBD antibodies (40%) and MERS-CoV RNA (about 8%). Consequently, the
presence in the Middle East virus in camel milk warrants measures to prevent putative food-borne
transmission of MERS-CoV. In order to elucidate the epidemiology of MERS-CoV in Saudi Arabia, further
studies are required.

Abbreviations
MERS, Middle East Respiratory Syndrome; MERS-CoV, Middle East Respiratory Syndrome
Coronavirus; RBD, Receptor-Binding Protein; Anti-MERS-RBD, Antibodies for Middle East
Respiratory Syndrome Receptor-Binding Protein.
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Figure 1

Sample collection sites in Saudi Arabia highlighting different cities and breeds of camels.

Figure 2

Four selected camel breeds for sample collection. (A) Majhim (Majaheem or Malah), (B) Maghater (or
Waddah), (C) Hamra (or Homor) and (D) Sahilia (or Saheli).
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Figure 3

Locations of camel milk samples examined for MERS-CoV from different regions of Saudi Arabia. Total
number of camel milk samples collected from each region is indicated.


