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A B S T R A C T

The Middle East respiratory syndrome coronavirus (MERS-CoV) presents an ideal example for developing One
Health concepts. Dromedary camels are the principal reservoir for the virus. Infected camels shed the virus in
body secretions, particularly nasal discharges. MERS-CoV has the potential to remain active in the environment
for some time under optimum conditions of temperature and humidity. This shedding sustains the virus in
endemic communities and thus contact with camels is considered a major risk factor for human infection.
Reducing virus shedding from camels will have a great positive impact on reducing the human risk of infection.
Our main objective is to highlight the potential aspects of reducing virus shedding from camels to the en-
vironment, thereby reducing the possibility of human infection. We will focus on the potential roles of camel
markets, camel shows, importation, transportation and grazing in the amplification and shedding of the virus,
providing some novel concepts for the control approaches for the MERS-CoV.

1. Introduction

MERS-CoV is an emerging viral pathogen of humans discovered in
Saudi Arabia in late 2012 [1]. There are 2449 laboratory-confirmed
cases from 27 countries reported to the World Health Organization
(WHO) as of Aug 2nd, 2019. Of these, a total of 845 people passed away,
with a case fatality rate of almost 34.5% [2]. Dromedary camels are the
main reservoir of the virus. The infected camels shed the virus in large
quantities into through their body secretions, particularly the nasal
secretions [3]. Humans that come into close contact with dromedary
camels or consume their products are at potential risk of infection [4].

The severe acute respiratory syndrome coronavirus (SARS-CoV)
emerged in southern China at Guangdong in 2012 [5]. MERS-CoV and
SARS-CoV are members of the family Coronaviridae and the order Ni-
dovirales. Asian palm civet Paradoxurus hermaphroditus was the main
reservoir of SARS-CoV [6]. Eradication and culling of the palm civet in
China contributed substantially to the eradication- of SARS-CoV [7].
Another example of the use of One Health approach to control zoonotic
viral diseases was practiced in case of the Hendra virus in Australia.
This virus causes serious problems for in close contact with Hendra
virus infected or dead horses. The main reservoir of Hendra virus are
the flying foxes (fruit bats). Adoption of some One health control
strategies helped in the minimizing human exposure of this virus in

Australia [8–10]. These strategies included the culling trials of bats as
well as vaccination of horses. All these measures reduced the potential
risk of human infection with Hendra virus [9,11]. Adoption of similar
strategy for MERS-CoV in the light of the One Health approach could be
a promising control trend.

2. Example for the design of typical animal markets in the Arabian
Peninsula

Most animal markets are usually designed to display, maintain and
trade various species of animals especially sheep, goats, and camel. In
many cases, the markets are located in close proximity to some regional
slaughterhouses. The markets mainly consist of several pens. Each pen
is assigned to hold and maintain one species of animals. The majority of
the pens are assigned to dromedary camels, which are grouped ac-
cording to the purpose of their admission to the market. Some are used
for meat and are then slaughtered a short time after their admission.
Some animals are displayed for the purpose of camel shows (Fig. 1).
Some animals are sold for breeding purposes. This is in addition to the
pens assigned for the imported camel breeds from Somalia and Sudan.
All these pens are separated by metal fences and connected to each
other (Fig. 1). Pens assigned for sheep and goats are co-located with the
dromedary camel pens. Animals can be moved from one place to
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another across the market freely. Camel herders may visit several pens
of different animals each day freely. Every afternoon, markets hold
large-scale animal sales (Haraj) in the central square of the market.
Animals are brought from different animal pens and even from outside
the market from the neighboring regions as well as remote cities in the
square. Thus, a large number of animals are mixed for at least 4 hours
per day. They are sold for different purposes including slaughtering,
breeding, and camel show. These animals are mixed together with
animals from the market as well as from outside in one large square. At
the end of the Haraj, some animals are returned to their pens in the
market, some are sold and transferred to the regional or neighboring
abattoirs to be slaughtered, and some are transferred to other regions
for a variety purposes.

3. Design of abattoirs

Most of the abattoirs are designed to have several slaughtering halls
(Fig. 1). Each hall is used for slaughtering and processing of one species
of animals (Fig. 1). In many cases however, the slaughtering halls are
physically connected. Animals are usually admitted to the entrance
region where they subjected to physical examination. Sick animals, or
those for which they have concerns, are kept in a quarantine area for
further testing and action. The customer hall, is connected with the
main slaughtering and processing halls but separated by glass parti-
tions. The veterinarians, staff, and employees in the abattoirs usually
move freely between slaughtering halls and come in close contact with
live animals and their body fluids and tissues before and after slaugh-
tering.

4. Camel transportation nationally and internationally

Live dromedary camels are usually transported from one place to
another for different purposes including sale, treatment in regional
veterinary clinics, etc. The imported animals are transferred from the
ports to their destinations in various regions. Animals may be moved
from one place to another. Animals are usually packed together and
transported in open vehicles. Sometimes large trucks are used to
transfer a large number of animals in one shipment. Camel transpor-
tation by truck is not common in most of the cases especially during
grazing time. Usually, camels are driven by camel herders parallel to
national highways over large distances and passing, sometime, in close
proximity to many cities on their way.

5. Camel show (Mazaeen)

Camel shows are one of the traditions in the Arabian Peninsula.
Mazaeen involves a mass gathering of dromedary camels from across
the Arabian Peninsula and is held annually at different places. In this,
gathered animals are used in several multistage competitions. Animals
are kept in only large place for almost two months. Mazaeen attracts a
large number of people to attend for entertainment in addition to the
camel owners, staff and employees.

6. Camel grazing

Camels are outdoor animals. They graze in deserts for most of their
time. In the Arabian Peninsula, animals are moved for grazing after the
rainy seasons in search of pasture. Animals usually move across the
borders of different countries in the Arabian Gulf.

7. Camel reproduction and breeding

Breeding in dromedary camels is mainly practiced through natural
insemination. Usually a common high pedigree male camel is used to
inseminate several female animals within the herd and from other
herds. In most of the cases, some camel owners may transfer their fe-
male camels for long distance in the sake of high pedigree male camel.
On the other hands, a high pedigree male camel may be transferred
over a long distance to another in a far distance to inseminate large
number of female animals. This procedure usually occur during the
ratting season from November to April each year. During the process of
mating both male and female animals, come in close contact. Each
mating time between the male and female camels is about 20 minutes.
It is usually accompanied by gurgling and frothing which may ex-
aggerate virus shedding [12]. This may pose a risk of transmission of
MERS-CoV from infected to the non-infected animal. This may con-
tribute to the amplification of MERS-CoV in certain region.

8. One Health based control strategies for MERS-CoV

The main theme of these One Health control strategies is to reduce
the MERS-CoV transmission from camel to camel and from camel to
human thus, reducing the shedding from camel to camel and from
camel to human thus the potential risk to human can be minimized
(Fig. 2).

Fig. 1. Design showing the construction of an animal
market and a slaughterhouse in the Arabian
Peninsula.
(A) The animal market consists of several pens to
accommodate several species of animals especially
dromedary camels, sheep, and goat. Each pen is as-
signed for one group of animals on the two sides of
the market. Some pens assigned to accommodate the
foreign imported breed of camels from Sudan and
Somalia. The daily Haraj market is designed at the
center of the market. Some animals from all pens in
the market and from outside from the neighboring
regions participate in this daily sale held in every
afternoon. Some of the sold animals are transferred
directly to the adjacent abattoir. Some other animals
transported to the other regions for various purposes
(breeding, slaughtering, showing, etc). The non-sold
animals return to their pens in the market. (B) Design
of a slaughterhouse in the Arabian Peninsula. It
consists of several slaughtering halls assigned for
each species. Some halls are connected to each other.
There is an animal quarantine zone in front of the

market. There is a customer hall, which is connecting the slaughtering halls and separated with glass partitions. Some animals transferred from the local adjacent
market to the abattoir for further slaughtering and processing.
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8.1. Strategies related to the animal markets and slaughterhouses

Several studies showed a high prevalence of the MERS-CoV in
dromedary camels in camel markets and animals admitted to the
abattoirs in the Arabian Peninsula, North and central Africa and
Pakistan [13–16]. Camel market thus enable amplification and re-
combination of the MERS-CoV [17–19]. There are several potential
ways to reduce the animal-to-animal transmission in the markets, thus
reducing the potential human risk. The animal markets should be re-
located to a far distance from major cities and villages. The ideal lo-
cation of the market should be downstream of the prevailing wind. The
market should be re-organized into separate isolated pens per each
group of animals. Special consideration should be paid to ensure en-
ough space for each animal and between adjacent animal pens. Over-
crowdings of animals may facilitate the virus transmission between
animals particular among the active viral shedders. Thus, reducing the
number of animals per each pen will minimize the risk of transmission
of the virus between animals in the same pen and to neighboring pens.
It is recommended to separate the pens of dromedary camels from other
species as sheep and goat. Restriction of animal movement between
markets should be encouraged. Imported breed of camels should be
placed in separate pens apart from the local breeds. One study showed
an absence of specific antibodies in sera of some camel herders, ve-
terinarians, and abattoir staff [20]. However, several studies showed
the detection of MERS-CoV antibodies in sera of people, camel parti-
cular camel workers, veterinarians and abattoir employees
[15,16,21–24]. One recent study reported a high prevalence of MERS-
CoV antibodies among camel workers in Saudi Arabia [25]. Regardless
of the discrepancy between the research group and the sensitivity of the
techniques to detect the virus-specific antibodies as well as antigen in
the at-risk people, special precautions should be taken by these groups
of people who get in close contact with dromedary camels.

People in the abattoirs should wear special PPE, particularly N95
mask, gowns, and goggles during their active contact with camels
during the whole process of slaughtering including inspection, slaugh-
tering evisceration, etc. A separate hall should be assigned for slaugh-
tering each species of animal. Customers should not be allowed in close
contact with slaughtered animals, until they receive the final meat. The
carcasses should be transported from the abattoir in well-equipped
leak-proof vehicles, which do not allow any leakage of the body fluids
of the slaughtered animals. The liquid wastes from the abattoirs should
not be allowed to be merged with the common municipal sewage
system. Special decontamination processes should be practiced to get
rid of the animal waste after slaughtering. Animal skins should be
chemically treated before leaving the abattoir to avoid harboring any
contamination from the body fluids of the animals.

8.2. Strategies related to camel racing and show (Mazaeen)

More recently, most animals in shows are microchipped, with such
information as birth date, sex, breed, and owner information recorded.
This is a very useful tool in careful monitoring all animals through the
duration of the camel show, which may extend to more than two

months. Special attention should be paid to test the animals prior to the
introduction to the camel shows. Active MERS-CoV shedding animals
should be placed in a remote quarantine area. They should be sampled
regularly at weekly interval until they show no virus shedding in their
body secretions. Random sampling of animals participating in the
shows and exhibition during the period of the show should be con-
ducted to ensure the absence of active shedders in a certain group of
animals. People who come in close contact with animals should wear
PPE. People attending the show are advised not to come in close contact
with camels.

8.3. Strategies related to animal transportation and movement

Camel movement could be from one region to another within the
same country or between different countries. There is an active inter-
national trade marketing between countries from the Arabian peninsula
and countries from north and central Africa particularly Sudan,
Somalia, Kenya, Mali, Ethiopia, Burkina Faso, Nigeria, Morocco, etc.
Saudi Arabia is the largest camel importer from these countries espe-
cially during the pilgrimage season every year. Dromedary camels from
these countries show high MERS-CoV seroprevalence and virus shed-
ding [3,13,15,26–31]. A recent study showed the circulating strains of
MERS-CoV in Africa are somewhat different in the genomic level from
the currently circulating strains in the Arabian Peninsula [32]. The
African strains lack the ORF-4 of the MERS-CoV. Thus, this may explain
the possibility of recombination and mutations between different
strains of MERS-CoV. Special attention should be paid to the importa-
tion and movement of dromedary camels between different countries.
Imported camels should be sampled and tested for the presence of
MERS-CoV antibodies and antigens at the country of origin. They must
be quarantined upon arrival, sampled and tested by serology and for the
presence of virus in nasal secretions in their nasal secretions. Sero-po-
sitive or virus-shedding camels should be quarantined before being
allowed into the country. Special attention should be given to camels
imported for other purposes such as breeding and shows. These animals
will eventually be mixed with local breeds and therefore poses greater
risk of MERS-CoV to the local camel breeds. Internal transport of ani-
mals should be done in well-equipped vehicles, which should be ven-
tilated and closed. Overcrowding of animals in one vehicle should be
prohibited. Shipping act as one of the stress factors posed on the ani-
mals and the very close contact between animals favor the transmission
not only of MERS-CoV but also other pathogens they may harbor.

Dromedary camels usually spend most of their times on pasture for
grazing. They are moved from one place to another in a search of
pasture. Several herds of animals may get into close proximity and
share the same land for grazing at the same time. Some countries have
banned grazing in their lands or in certain regions. Camels move across
the border of the countries and are mixed with the animals from the
neighboring countries. Theoretically, there should be rules governing
the grazing and crossing of borders. Animals should be monitored not
only for MERS-CoV but also for other pathogens before being allowed
contact with other animals. Regular monitoring of animals on the open
grazing regions is highly recommended to follow up on the health status

Fig. 2. Proposed model for the Middle East re-
spiratory syndrome coronavirus/dromedary camels/
human interaction.
The MERS-CoV is transmitted among dromedary ca-
mels through the respiratory routes. Strong evidence
of the transmission of the virus from dromedary ca-
mels to human. Human to human transmission is
well documented. Blockage or minimizing the virus
shedding from camels will reduce the potential risk
of infection with MERS-CoV, pathways marked by
the symbol (X). The non-confirmed pathway is
marked by a question mark (?).
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of animals. This will help in the identification of active shedders of the
virus, which may contaminate the pasture and act as a source of in-
fection of any subsequent grazing by other herds.

8.4. Strategies related to the consumption of various camel meat and dairy
products

One study showed the stability of MERS-CoV experimentally in-
troduced into camel milk [33]. Another study showed the detection of
some MERS-CoV neutralizing antibodies and RNAs in camel milk col-
lected by the traditional methods used in Qatar [34]. An expert opinion
study was recently conducted to assess the hazard posed by the con-
sumption of raw camel milk and raw or undercooked camel meat [35].
Thorough boiling or pasteurization of camel milk before consumption
should be practiced to avoid any potential risk of transmission of MERS-
CoV through the ingestion of contaminated milk. Similarly, thorough
cooking of camel meat and meat products before consumption is highly
recommended.

8.5. Continuous surveillance and monitoring of MERS-CoV among
dromedary camel

Several studies reported the molecular and serological surveillance
of MERS-CoV among dromedary camels in many countries in Asia and
Africa [13,15,16,26,27,36,37]. However, these studies have been con-
ducted on a random basis. Some of them included only a partial po-
pulation of a camel at a certain region in a country. Moreover, there is a
lack of information from some African countries that have large camel
population such as Sudan, Mauritania, and Somalia. There is an urgent
need for a more systematic and well-designed surveillance system
where intensive dromedary camels are raised and exist. These surveil-
lance systems will help in mapping the camel population that shed or
seroconvert to MERS-CoV in various regions. Careful monitoring of the
genetic changes of MERS-CoV in both camel and human population
should be done at a regular intervals.

8.6. Strategies for dealing with active MERS-CoV dromedary camels herd
shedders

WHO established a standard operating protocol (SOP) for the
handling of the active human MERS-CoV cases [38,39]. However, there
are no established strategies for dealing with active shedder animals as
is the in case for other viral pathogens such as the highly pathogenic
avian influenza viruses. Although, some countries have started to de-
velop their own protocols, they are not applicable on a large scale
across the world. One major burden is that MERS-CoV does not produce
obvious clinical signs in camels despite mild nasal discharge and la-
crimation [3,40]. This makes it very difficult to identify MERS-CoV
infected camels or to assess their health conditions based on the clinical
signs. The gold standard for the identification of the active infected
animal is laboratory testing. WHO established another SOP for la-
boratory examination, processing and testing of suspected human cases
with MERS-CoV [35]. Animal to animal transmission is reported during
the course of MERS-CoV infection in a certain animal population V
[41]. Animal to animal transmission is reported during the course of
MERS-CoV infection in certain animal populations [3,27,42]. Ideally,
regular monitoring of the dromedary camel population should be
scheduled. Special precautions should be adopted for dealing with the
positive active shedder animals either within a herd or in camel mar-
kets. When positive animals are detected in camel markets, application
of quarantine measures should be applied in that market. None of the
animals should get in or out of the market during the course of the viral
infection. Periodic testing of a statistically significant number of ani-
mals from all corners as well as the center of the market should be also
conducted. Special precautions should be paid from handlers and camel
attendants as well as veterinarians. The workers must wear the

appropriate PPE all the time when dealing with animals. Testing and
data analysis of animals on a weekly basis should be performed.
Thorough cleaning and disinfection of the market should be practiced
regularly. The market should not be opened again to the public until all
animals are tested free from shedding the virus for at least two con-
secutive time interval with two weeks apart. A similar approach could
be adopted in case of detection of positive MERS-CoV animal in a
particular herd. Additionally, the positive camel herd should not be
moved during the active course of virus shedding. They should not
allowed to graze in an open pasture to avoid spreading of the virus
through their secretions.

8.7. Reducing the shedding of MERS-CoV from dromedary camels through
vaccination

There is a controversial discussion about the idea of using vaccines
against MERS-CoV in camels and humans. Some studies showed a high
seroprevalence of MERS-CoV among dromedary camels in Asia and
Africa [13,15,16,26,36,37,43–45]. Other research showed the possibi-
lity of reinfection of dromedary camels with MERS-CoV in the presence
of neutralizing antibodies in sera of the infected animals [42]. How-
ever, several experimental approaches were adopted to prepare and test
the efficacy of some vaccine candidates for MERS-CoV in experimental
animals, dromedary camels and alpaca [46–50]. A recent study showed
that application of an adjuvant-MERS-CoV-S1 vaccine in dromedary
camels and alpaca resulted in the production of robust neutralizing
antibodies [46]. This study supported the notion that vaccinating young
camels under two years will reduce the virus shedding from these naïve
animals. Thus, the risk of human infection could be minimized by
vaccination.

8.8. Reducing the infection among at risk group of people

WHO issued some standard operating protocols for dealing with
positive MERS-CoV human and dromedary camels [51]. The elder and
immunocompromised people suffering from some chronic diseases such
as diabetes, high blood pressure, cancer should practice extreme pre-
cautions if they visit camel barns or market especially in the Middle
East. People come in close contact with dromedary camels on daily
basis such as camel owners, veterinarians; slaughterhouse employees
should protect themselves by adopting standard personal hygiene. This
include wearing the proper PPE, taking showers after finishing their
work, leaving their clothes and gowns in special laundry where they
can be thoroughly decontaminated [51]. They should not accompany
these clothes to their homes or outside the camel market or slaugh-
terhouse.

9. Conclusions

Although MERS-CoV had emerged almost seven years ago, there are
many aspects of the virus/human/animal that interactions are not well
identified. Furthermore, there is no effective medication or vaccine to
treat or prevent viral infection in both human and animals. The One
Health approach has many applications, which can be of great help in
the control of the pathogens of animal origin. Adoption of the above-
mentioned strategies will have a great impact on the reduction of the
virus shedding from the dromedary camels to the environment and
subsequently to the human. Thus, the risk of human infection with
MERS-CoV could be minimized.
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