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Implications
• COVID-19 pandemic is affecting the camel sector,
which is contributing to food security in arid countries.
• COVID-19 pandemic has an ambiguous impact by
limiting camel development but boosting the demand
for camel milk.
• Camel immunology is unique and supports the combat against coronaviruses.
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Emerging Infectious Diseases and Human
Pandemics
Working in the animal production sector, we are all aware
of the importance and consequences of various infectious
diseases affecting livestock. In the last 30 years, there were
a number of major zoonotic or nonzoonotic animal disease
outbreaks, such as bovine spongiform encephalitis, food and
mouth disease, and African swine fever, just to mention a
few, with enormous direct and indirect effects on animal production and on international trade causing huge economical
losses (Knight-Jones and Rushton, 2013; Patterson et al.,
2020). However, these infectious diseases mainly affected specific regions of the world, only a portion of the food supply
chain and stakeholders involved in that activity. But, these
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outbreaks did not have an overall, profound effect on society.
Up to the beginning of 2020, we could not imagine the immense impact of a human pandemic that we are experiencing
today with the COVID-19 caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). The most severe
human pandemic at the edge of our living memory was the
so-called Spanish flu outbreak in 1918–1919. Unfortunately,
the information on the economic impact of this influenza pandemic, including its effect on the agricultural sector is absolutely limited (Garrett, 2007). Notwithstanding, the scientific
community has recognized the potential impact of emerging
infectious diseases on human health a long time ago and provided recommendations to mitigate its economic and social
effects (i.e., among crop and livestock farmworkers; Steege
et al., 2009). Already, in 1998, Burke, the famous American
epidemiologist, listed the criteria that might implicate certain
viral families as possible candidates to cause new pandemics.
He mentioned the Coronaviridae as the most dangerous viral
family because of their ability to mutate and reassort (Burke,
1998). His view proved to be right as new diseases, such as
the SARS in 2003 and the Middle East respiratory syndrome
(MERS) in 2012 emerged and were wake-up calls. Then, in
2020, the COVID-19 shocked the world. The severity of the
impact of this human pandemic on different livestock sectors
depends on a number of factors, including the stage of development, level of intensification, and globalization of that
particular sector of animal production. In this review, we summarize the main effects of this pandemic on camel breeding,
focusing mainly on dromedaries that are new players in the
international animal production arena.

The Role of Camelids in Food Security in Arid
and Semiarid Regions
Camel breeding has been a common activity in arid countries in Africa (North Africa and Sahelian countries) and in
Asia (Middle East, South, and Central Asia up to China)
throughout history. Despite the marginal importance at the
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world economy (Nagy, 2016). Despite this favorable trend, the
camel industry today—in general—remains only locally or regionally important. Therefore, global events and forces, such
as the present pandemic do not exert a strong direct influence
on it. Nevertheless, indirect effects are still important and are
summarized below.

Effect of the Pandemic on the Camel Breeding
and Production Sector
The impact of the COVID-19 pandemic is similar to that
observed in other livestock sectors. The camel sector was impacted by five main ways: 1) through infection and disease of
the owners or staff in camel farms leading to disorders in the
manpower management, 2) through the difficulties in the local
and international distribution network of camel products due
to the restriction of movements, especially during the time of
confinement, 3) through changes in the consumers’ behavior
toward the unexpected health crisis, 4) through the cancelation
of touristic or sport event linked to camel breeding (Figure 3),
and 5) through national and international travel restriction of
professionals, service personals, scientists etc.
1) It is difficult to have statistics regarding the infection rate
among camel farms’ staff but, at least in the Middle East,
where MERS outbreak was observed among the staff working with camel (shepherds, staff in slaughterhouses and camel
market, and camel milk plant), the host–pathogen interaction,
host immune responses, and pathogen immune evasion strategies could be better understood and may help for setting
up anti-COVID-19 vaccine (Prompetchara et al., 2020).

Figure 1. The two main large camelids: Camelus dromedarius and Camelus bactrianus (photo: B.F.).
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world level, the social and economic role of these species in
arid lands is widely commented and is strongly increasing
due to the recent enthusiasm for camel products (Faye, 2018).
Highly adapted to the desert ecosystem (Figure 1), camels are
multipurpose animals used for production (milk, meat, wool,
and manure; Figure 2), leisure (racing and beauty; Figure 3),
transportation, and agricultural work. No other domestic species provides such a variety of uses for the human population,
especially in harsh environmental conditions. However, the potential role of camels as an important food source in arid regions has not been taken into account seriously until recently.
Albeit, the camel population shows a constant 2% yearly increase in the last 50 years reaching approximately 35 million
heads in 2018 (Faye, 2020). This population increase is partly
due to desertification and, therefore, the geographical expansion of these species and to the renewed interest in camel products, mainly camel milk. In parallel with population growth,
the production of camel milk and meat have also been growing
at a rate of over 3%–5% yearly, reaching an estimated 3.14 million tons of milk and 557,000 tons of meat in 2018 (http://www.
fao.org/faostat/en/#data/QL). However, most of the animals
are kept in nomadic, semi-intensive, and peri-urban systems
and their products, especially milk, are mainly consumed locally without further processing (Faye et al., 2014; Nagy et al.,
2017). Only a small portion of production enters the food
supply chain and is integrated into national or international
markets. However, camel farming and production are going
through intensification over the last 15–20 years (Figure 2).
As a consequence, an ever-increasing quantity of raw camel
milk is processed commercially and more and more new camel
milk-based dairy foods are developed and enter the globalized
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Figure 2. Dromedaries in milking parlor in intensified camel farming (photo: P.N.)

Figure 3. Camel used for racing in Saudi Arabia (photo: B.F.).

The hypothesis of cross-immunity between MERS-CoV and
SARS-CoV-2 seems to be justified (Yaqinuddin, 2020).
2) The international camel meat market is mainly organized
from Sahelian countries (from Mauritania to Somalia) to
North Africa (Libya and Egypt being the most important import countries) and to Arab Peninsula. The export
is based on live animals, by trucks, boat, or even by foot
(Faye, 2013). Therefore, the closures of borders may limit
the transboundary movement, directly impacting the re-
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gional markets. The export/import statistics for 2020 are
not yet available but, based on the former crisis due to
MERS-CoV occurring in Saudi Arabia that resulted in a
30% decrease in the importing camel flow from the Horn
of Africa (Faye, 2019), a similar figure could be expected
with COVID-19 crisis. Within countries, the restriction of
movement, notably during the confinement, has caused
difficulties regarding the collection of camel milk and
its transportation to processing plants or the transporta-
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a limited number of spectators (https://www.thenational.ae/
uae/ coronavirus-camel-races-resume-but-the-majlis-staysshut-1.1071394).

Effect of the Pandemic on International
Cooperation and on Various Development
Projects
International travel restrictions seriously impacted ongoing
and future international technical and scientific cooperation.
Most of the camel countries belong to the group of developing
states and some are among the poorest in the world, especially
Sahelian countries, which represent 78% of the world camel
population (Faye, 2020). The development of the camel sector
in those countries is depending on financial support from different projects supported by international organizations, such as
FAO (e.g., in Chad or in Mauritania) or on EU (projects such
as CARAVAN, CAMELMILK, and CAMELSHIELD) or
some NGOs. In most of the cases, the COVID-19 pandemic has
postponed expected activities (training, experiments, capacity
building, and support for inputs) and sometimes delayed financial supports.

Role of Camels in Coronavirus Infections and
Their Unique Immunology That Support the
Combat Against COVID-19
The MERS-CoV is a beta coronavirus like SARSCoV-1 and SARS-CoV-2 causing similar symptoms in humans (fever and respiratory problems). The infection in

Figure 4. Increasing demand in camel milk for its suspected immune-protective effect against COVID-19.
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tion of camels to slaughterhouses in the countries where
the camel meat sector is well developed. Dairy plants experienced shortages with their supply chain of packaging
materials.
3) The health crisis has impacted the consumers’ habits. However, a different pattern could be observed for camel meat
and camel milk. During the confinement, consumers have
increased the purchase of nonshortly perishable food (paste,
flour, and canned goods). However, perishable items, such
as fresh meat, were less consumed. In contrast, camel milk
consumption was boosted in some countries. Based on scientific information regarding the potential use of llama
immunoglobins for developing therapeutic antibodies
(Dong et al., 2020) and because of the similarity between
lama and camel IgG, the myth that camel milk consumption could boost COVID-19 immunity became a commercial argument. Therefore, the price of camel milk soared
in parallel with high demand, for example, in Kazakhstan
(Figure 4; Konuspayeva, personal communication). Despite transport restrictions, the demand increased also on
international markets. For example, the demand from
China for camel milk produced in Kazakhstan increased
by 20% (http://www.chinadaily.com.cn/a/ 202007/06/
WS5f0288dda310834817257656_3.html).
4) The restriction on international tourism has impacted directly the camel breeders involved in camel trekking or any
other events including camels (fantasia, festival, and camel
ride). Most of the Sahara festival expected during spring
2020 was canceled as the festival of Saharan cultures at
Amdjarass in Chad. In Gulf countries, where camel racing is
very popular, such events were canceled, then organized with
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dromedaries takes a mild course from asymptomatic to mild
nasal discharge (Hemida et al., 2014, 2017; Nowotny and
Kolodziejek, 2014). First described in the Middle East in
2012, MERS has appeared in more than 25 countries on
four continents (except Australia) since. However, MERSCoV-specific antibodies have been found in camel blood
samples as early as 1992, showing a long-term prevalence
of this virus in camels from the Middle East and North
Africa (Gossner et al., 2016). Recently, also the transfection from dromedary to Bactrian camel has been proven
(Lau et al., 2020). The transmission from camel to humans
takes multiple ways, airborne (droplet) infection (Dawson
et al., 2019; Dudas et al., 2018), camel urine, and food
borne through the consumption of unpasteurized milk
and raw meat (Gossner et al., 2016). Although humans
act as transient and terminal host, the human-to-human
transmission rate is low (Dudas et al., 2018). As the consumption of camel milk and meat is on the rise and camel
products gain access to wider markets, the impact of camelassociated zoonotic diseases on public health and economy
will also grow with increasing urbanization. Recent releases
of whole-camel genomes include detailed information on
immune response regions (Lado et al., 2020, Fitak et al.
2020, Ming et al. 2020), while ongoing studies aim to understand patterns of immunogenetic diversity in dromedaries
in response to MERS-CoV infection (Burger, unpublished
data). The knowledge gained with all these studies during
and after the SARS and MERS outbreaks has been essential for fighting COVID-19 as the scientific community has
been better prepared to deal with the new pandemic. This is
clearly shown in the time COVID-19 vaccines are prepared.
Normally, it takes 10 years to develop an effective vaccine,
while this process might be completed in less than 2 years
for COVID-19 (Thanh Le et al., 2020).
Camelids are not only characterized by their remarkable adaptation to harsh climate and production potential
but also by their extraordinary immunology and now play
an important role in fighting infectious diseases. This is because camelids are the only mammals that can produce
homodimeric immunoglobulins consisting of heavy chains
only without a light chain in addition to conventional antibodies. The antigen-binding fragment is reduced to a single
variable domain of the heavy chain and, thus, reduces the
size of the antibody (Arbabi-Ghahroudi, 2017; Ciccarese
et al., 2019; Muyldermans et al., 2009), which can be used
for biotechnology and clinical applications as so-called
“nanobodies.” These nanobodies, due to their small size,
have an enormous potential for diagnostic use and therapeutics. New research by several groups (Dong et al., 2020;
Hanke et al., 2020; Wrap et al., 2020) has shown that the peripheral blood mononuclear cells of camelids can be used to
produce specific nanobodies that effectively neutralizes beta
coronaviruses. These nanobodies are excellent candidates for
antiviral therapy.
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Conclusion
There is no specific impact of COVID-19 on the camel
sector compared to what we experience in other livestock sectors or, more generally, the agricultural sector. However, the
specificity of the immune system in camelids, and the reputation of camel milk with its true or expected health effects on
consumers contribute to the development of camel products
through increasing demand. This trend might help to compensate for the losses due to the pandemic.
Conflict of interest statement. None declared.

Literature Cited
Arbabi-Ghahroudi, M. 2017. Camelid single-domain antibodies: historical
perspective and future outlook. Front. Immunol. 8:1589. doi:10.3389/
fimmu.2017.01589

Burke, D.S. 1998. Evolvability of emerging viruses. In: A. M. Nelson, and
C. R. Horsburgh Jr, editors. Pathology of emerging infections. 2nd ed.
Washington (DC): American Society for Microbiology; p. 1–12.
Ciccarese, S., P. A. Burger, E. Ciani, V. Castelli, G. Linguiti, M. Plasil,
S. Massari, P. Horin, and R. Antonacci. 2019. The camel adaptive immune
receptors repertoire as a singular example of structural and functional genomics. Front. Genet. 10:997. doi:10.3389/fgene.2019.00997
Dawson, P., M. R. Malik, F. Parvez, and S. S. Morse. 2019. What have we
learned about Middle East Respiratory Syndrome Coronavirus emergence
in humans? A systematic literature review. Vector Borne Zoonotic Dis.
19:174–192. doi:10.1089/vbz.2017.2191
Dong, J., B. Huang, Z. Jia, B. Wang, S. Gallolu Kankanamalage, A. Titong,
and Y. Liu. 2020. Development of multi-specific humanized llama antibodies blocking SARS-CoV-2/ACE2 interaction with high affinity and
avidity. Emerg. Microbes Infect. 9:1034–1036. doi:10.1080/22221751.2020
.1768806
Dudas, G., L. M. Carvalho, A. Rambaut, T. Bedford. 2018. MERS-CoV spillover at the camel-human interface. eLife 7: e31257. doi:10.7554/eLife.31257
Faye, B. 2013. Camel meat in the world. In: I. Kadim, O. Maghoub, B. Faye,
and M. Farouk, editors. Camel meat and meat products. Oxfordshire (UK):
CAB International; p. 7–16.
Faye, B. 2018. The enthusiasm for camel production. Editorial. Emir. J. Food.
Agric. 30(4):249–250.
Faye, B. 2019. TADs in the dromedary (chapter 6). In: M. Kardjadj, A. Diallo,
and R. Lancelot, editors. Cham, Switzerland AG: Springer Nature;
p. 91–110.
Faye, B. 2020. How many large camelids in the world? A synthetic analysis of
the world camel demographic changes. Pastoralism (in press). doi:10.1186/
s13570-020-00176-z
Faye, B., H. Madani, S. A. H. El-Rouilil. 2014. Camel milk value chain in
Northern Saudi Arabia. Emir. J. Food Agric. 26(4):359–365. doi:10.9755/
ejfa.v26i4.17278
Fitak, R. R., E. Mohandesan, J. Corander, A. Yadamsuren, B. Chuluunbat,
O. Abdelhadi, A. Raziq, P. Nagy, C. Walzer, B. Faye, et al. 2020. Genomic
signatures of domestication in Old World camels. Commun. Biol. 3:316.
doi:10.1038/s42003-020-1039-5.
Garrett, T. A. 2007. Economic effects of the 1918 influenza pandemic.
Implications for a modern-day pandemic. www.stlouisfed.org/community/
other_pubs.html. Accessed 26 September 2020.
Gossner, C., N. Danielson, A. Gervelmeyer, F. Berthe, B. Faye, K. Kaasik Aaslav,
C. Adlhoch, H. Zeller, P. Penttinen, and D. Coulombier. 2016. Humandromedary Camel interactions and the risk of acquiring zoonotic Middle
East Respiratory Syndrome Coronavirus infection. Zoonoses Public Health
63:1–9. doi:10.1111/zph.12171
Hanke, L., L. Vidakovics Perez, D. J. Sheward, H. Das, T. Schulte,
A. Moliner-Morro, M. Corcoran, A. Achour, G. B. Karlsson Hedestam,
B. M. Hällberg, et al. 2020. An alpaca nanobody neutralizes SARS-CoV-2
by blocking receptor interaction. Nat. Commun. 11:4420. doi:10.1038/
s41467-020-18174-5
Hemida, M. G., D. K. Chu, L. L. Poon, R. A. Perera, M. A. Alhammadi,
H. Y. Ng, L. Y. Siu, Y. Guan, A. Alnaeem, and M. Peiris. 2014. MERS
coronavirus in dromedary camel herd, Saudi Arabia. Emerg. Infect. Dis.
20:1231–1234. doi:10.3201/eid2007.140571
Hemida, M. G., A. Elmoslemany, F. Al-Hizab, A. Alnaeem, F. Almathen, B. Faye,
D. K. Chu, R. A. Perera, and M. Peiris. 2017. Dromedary camels and the
transmission of Middle East Respiratory Syndrome Coronavirus (MERSCoV). Transbound. Emerg. Dis. 64:344–353. doi:10.1111/tbed.12401
Knight-Jones, T. J., and J. Rushton. 2013. The economic impacts of foot and
mouth disease—what are they, how big are they and where do they occur?
Prev. Vet. Med. 112:161–173. doi:10.1016/j.prevetmed.2013.07.013
Lado, S., J. P. Elbers, M. F. Rogers, J. Melo-Ferreira, A. Yadamsuren,
J. Corander, P. Horin, and P. A. Burger. 2020. Nucleotide diversity of
functionally different groups of immune response genes in Old World
camels based on newly annotated and reference-guided assemblies. BMC
Genomics 21:606. doi:10.1186/s12864-020-06990-4
Lau, S. K. P., K. S. M. Li, H. K. H. Luk, Z. R. He, J. L. L. Teng, K. Y. Yuen,
U. Wernery, and P. C. Y. Woo, 2020. Middle East Respiratory Syndrome

January 2021, Vol. 11, No. 1

65

Downloaded from https://academic.oup.com/af/article/11/1/60/6129032 by guest on 05 February 2021

Judit Juhasz: is a veterinarian, received her degree in
1988 from the University of
Veterinary Medicine in
Budapest, Hungary. She
worked as a reproductive
specialist
at
the
Experimental Station of the
University where she developed the equine artificial insemination program. She received her PhD degree in 2002 on Equine
andrology. Judit has been working with dromedary camels over 20 years.
In 2000–2002, she worked in the Sultanate of Oman to develop an embryo transfer and artificial insemination program for racing camels.
Since 2003, she has been in Dubai, UAE to develop, then to manage the
world first large-scale camel milking farm (EICMP, Camelicious) where
she is Chief Veterinary Officer since 2006. Judit has special interest in
sustainable animal welfare and large-scale farm management. She is also
one of the founders and co-organizer of the ICAR Satellite Meetings on
Camelid Reproduction.

66

Patterson, G. T., L. F. Thomas, L. A. Coyne, and J. Rushtona. 2020. Moving
health to the heart of agri-food policies; mitigating risk from our food systems. Glob. Food Secur. 26:100424. doi:10.1016/j.gfs.2020.100424
Prompetchara, E., C. Ketloy, and T. Palaga. 2020. Immune responses in COVID19 and potential vaccines: lessons learned from SARS and MERS epidemic.
Asian Pac. J. Allergy Immunol. 38:1–9. doi:10.12932/AP-200220-0772
Steege, A. L., S. Baron, S., Davis, J. Torres-Kilgore, and M. H. Sweeney. 2009.
Pandemic influenza and farmworkers: the effects of employment, social,
and economic factors. Am. J. Pub. Health 99(S2):S308–S315. doi:10.2105/
AJPH.2009.161091
Thanh Le, T., J. P. Cramer, R. Chen, and S. Mayhew. 2020. Evolution of
the COVID-19 vaccine development landscape. Nat. Rev. Drug Discov.
19:667–668. doi:10.1038/d41573-020-00151-8
Wrap, D., D. de Vlieger, K. S. Cobett, G. M. Torres, N. Wang, W. Van Breedam,
K. Roose, L. van Schie, VIB-CMB COVID-19 Response Team,
M. Hoffmann, et al. 2020. Structural basis for potent neutralization of
betacoronaviruses by single-domain camelid antibodies. Cell 181(6):1436–
1441. doi:10.1016/j.cell.2020.05.047.
Yaqinuddin, A. 2020. Cross-immunity between respiratory coronaviruses may
limit COVID-19 fatalities. Medic. Hypotheses. 144:110049. doi:10.1016/j.
mehy.2020.110049

Animal Frontiers

Downloaded from https://academic.oup.com/af/article/11/1/60/6129032 by guest on 05 February 2021

Coronavirus antibodies in bactrian and hybrid Camels from Dubai.
Msphere 5: e00898-19. doi:10.1128/mSphere.00898-19
Ming, L., Z. Wang, L. Yi, M. Batmunkh, T. Liu, D. Siren, J. He, N. Juramt,
T. Jambl, Y.X. Li, et al. 2020. Chromosome-level assembly of wild Bactrian
camel genome reveals organization of immune gene loci. Mol. Ecol.
Resour. 20:770–780. doi:10.1111/1755-0998.13141
Muyldermans, S., T. N. Baral, V. C. Retamozzo, P. De Baetselier, E. De Genst,
J. Kinne, H. Leonhardt, S. Magez, V. K. Nguyen, H. Revets, et al. 2009.
Camelid immunoglobulins and nanobody technology. Vet. Immunol.
Immunopathol. 128:178–183. doi:10.1016/j.vetimm.2008.10.299
Nagy, P., 2016. Camel milk from commodity to added value product. The science behind the development of the camel dairy industry. J. Anim. Sci.
94:442–442. doi.org/10.2527/jam2016-0918
Nagy, P., Z. N. Fábri, L. Varga, J. Reiczigel, and J. Juhász. 2017. Effect of
genetic and nongenetic factors on chemical composition of individual
milk samples from dromedary camels (Camelus dromedarius) under
intensive management. J. Dairy Sci. 100:8680–869Z3. doi:10.3168/
jds.2017-12814
Nowotny, N., and J. Kolodziejek. 2014. Middle East respiratory syndrome coronavirus (MERS-CoV) in dromedary camels, Oman, 2013. Euro Surveill.
19:20781. doi:10.2807/1560-7917.ES2014.19.16.20781

