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ARTICLE INFO ABSTRACT

Keywords: Background: Severe acute respiratory coronavirus syndrome 2 (SARS-CoV-2) is the etiological agent of corona-
SARS'CQVQ virus disease 2019 (COVID-19). SARS-CoV-2 was first detected in Wuhan, China and spread to other countries
léa(l)ri;iﬁ)mll; and continents causing a variety of respiratory and non-respiratory symptoms which led to death in severe cases.

Scope and approach: In this review, we discuss and analyze the impact of the COVID-19 pandemic on animal
production systems and food production of meat, dairy, eggs, and processed food, in addition to assessing the
impact of the pandemic on animal healthcare systems, animal healthcare quality, animal welfare, food chain
sustainability, and the global economy. We also provide effective recommendations to animal producers, vet-
erinary healthcare professionals, workers in animal products industries, and governments to alleviate the effects
of the pandemic on livestock farming and production systems.

Key findings and conclusions: Port restrictions, border restrictions, curfews, and social distancing limitations led to
reduced quality, productivity, and competitiveness of key productive sectors. The restrictions have hit the
livestock sector hard by disrupting the animal feed supply chain, reducing animal farming services, limiting
animal health services including delays in diagnosis and treatment of diseases, limiting access to markets and
consumers, and reducing labor-force participation. The inhumane culling of animals jeopardized animal welfare.
Egg smashing, milk dumping, and other animal product disruptions negatively impacted food production,
consumption, and access to food originating from animals. In summary, COVID-19 triggered lockdowns and
limitations on local and international trade have taken their toll on food production, animal production, and
animal health and welfare. COVID-19 reverberations could exacerbate food insecurity, hunger, and global
poverty. The effects could be massive on the most vulnerable populations and the poorest nations.

Animal healthcare
Food production
Livestock
Coronavirus

progression of the COVID-19 pandemic, transmisson from humans to
animals and spillback events to other animal species were reproted (do
Valev et al., 2021; He, 2021; El Zowalaty and Jarhult, 2020; Tazerji

1. Introduction

The coronavirus disease 2019 (COVID-19) is caused by severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2). COVID-19 was et al., 2020). Calssification of coronaviruses within the family Corona-

declared as a global pandemic by the World Health Organization (WHO,
2020). The main cause of the disease was a previously unknown coro-
navirus which was first identified and reported in Wuhan, China in late
December 2019 (Zhu et al., 2020; Lu et al., 2020). The possible zoonotic
nature of the disease and viral spillover have made it more serious due to
the transmission patterns from animals to humans and with the
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viridae is shown in Fig. 1. The possible transmission patterns of
SARS-CoV-2 from human-to-animal and animal-to-human are shown in
Fig. 2.

Based on the available data at the time of this review, COVID-19 is
believed to have emerged in a seafood market in Wuhan, China (Li et al.,
2020; Zhu et al., 2020). Bats could be the proximal origin of SARS-CoV-2
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Fig. 1. The most recent classification of coronaviruses within the Orthocoronavirinae subfamily of the Coronaviridae family in the Cornidovirineae suborder of the
Nidovirales order, and the respective four genera: alpha -, beta -, gamma -, and deltacoronaviruses. At present, 8 suborders have been established under the Nido-
virales order. Human CoVs are in red text and highly pathogenic human CoVs are in bold red text. The figure was generated based on data from from Lefkowitz et al.
(2018), Walker et al. (2020), Zhou et al. (2021), and information about viruses in accordance with the latest update in the taxonomy system of the International
Committee on Taxonomy of Viruses Executive on Taxonomy of Viruses (ICTV) (https://talk.ictvonline.org/taxonomy/).
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Fig. 2. SARS-CoV-2 connections with Animals and the Environment. The figure was reproduced with permission from Public Health Agency of Canada, 2021.

(Andersen, 2020) and pangolins could be a potential intermediate host
because of high genome sequence similarities of isolated SARS-related
viruses with the SARS-CoV-2 genome (Zhang et al., 2020). However,
the origins of SARS-CoV-2 were recently reviewed elsewhere (Domingo
2021, Holmes et al., 2021), yet the host range and intermediate hosts of
SARS-CoV-2 remain unknown (Liu et al., 2021; El Zowalaty and Jarhult,
2020). SARS-CoV-2 is not the first coronavirus to cross species and infect
humans leading to the first pandemic in history to be caused by a
coronavirus. Previously, two highly pathogenic coronaviruses, severe
acute respiratory syndrome coronavirus 1 (SARS-CoV-1) and Middle
East respiratory syndrome coronavirus (MERS-CoV) infected humans
and caused severe diseases (Perlman, 2020).

As a result of the uncontrollable spread of COVID-19, countries
imposed lockdowns, postponed or banned international travel, and
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limited exports and imports to control the transmission of SARS-CoV-2
(Sidor & Rzymski, 2020; World Health Organization (WHO), 2020).
There were significant concerns on whether food and animal products
may contribute to the transmission of SARS-CoV-2 and whether the
disruption of the agricultural production chain including livestock
production systems would significantly harm the global economy.

The effect of the COVID-19 pandemic on agricultural production,
including crop and animal products, depends on the product, the loca-
tion, and the economic status of the impacted location (Laborde et al.,
2020). The current pandemic has had serious impacts on animal pro-
duction, animal health and welfare, global food safety, and the global
economy. Impacts include the disruption of food supply chain, shortage
of labor, reduced access to markets and veterinary health services, in
addition to movement restrictions and limitations on international
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trade. The COVID-19 pandemic has also resulted in ominous impacts on
food security, leading to hunger and increased poverty in
resource-limited countries (FAO, 2020a). Milk and meat industries,
animal and animal-product processing industries such as slaughter-
houses, and poultry sectors were negatively impacted during the course
of the COVID-19 pandemic. Smashing of eggs, dumping of milk, inhu-
mane culling of animals, and disruptions of animal feed supply chain
have resulted in crisis in the global economy (Poudel et al., 2020;
Weersink et al., 2020). In the current review, we highlight different
routes of transmission of SARS-CoV-2 in animals and humans, possible
ways COVID-19 can disrupt the animal production chain, and effects of
COVID-19 pandemic on animal health and welfare, diagnosis and
treatment of diseases, and the global economy. We also provide rec-
ommendations for the prevention and control of the COVID-19
pandemic and for boosting up animal production and ultimately
global economy.

2. SARS-CoV-2 transmission
2.1. Transmission

Since SARS-CoV-2 is primarily a respiratory, not a foodborne, path-
ogen, the risk of foodborne transmission of COVID-19 is negligible
(Trmcic et al., 2020). The possibility of SARS-CoV-2 being transmitted
via feces is much lower than enteric viruses which are transmitted via
the fecal-oral route (such as norovirus and adenovirus) which may be
explained by the lower relative amounts of infectious viruses in feces
(Jones et al., 2020). The presence of replication-capable SARS-Cov-2 in
environmental fecal wastes and waters has not been reported (Sobsey,
2021). In addition to the droplet transmission, the National Health
Commission of the People’s Republic of China confirmed that aerosol
transmission of SARS-CoV-2 is possible in special circumstances
including long exposure to high concentration in a closed environment
(Xu et al., 2020). Additionally, it was recently reported that aerosole
transmission plays a role in the spread of COVID-19 (Coleman et al.,
2021 and Nazaroff, 2021). Food industry premises can be considered a
closed workplace setting where infected workers can transmit the virus
to their co-workers through air due to the close proximity. Viral particles
of SARS-CoV-2 can also end up on surfaces of food preparation areas,
meat, dairy, or other animal products. In addition, SARS-CoV-2 viral
particles can also be present on swab samples from isolation wards,
other hospital wards, sewage treatment units, and nursing homes
(Mouchtouri et al., 2020). The deposition on surfaces can lead to sub-
sequent hand-to-mouth, hand-to-nose, or hand-to-eye transmission
(Bourouiba, Dehandschoewercker, & Bush, 2014; Chao et al., 2009;
Godri Pollitt et al., 2020; Tang et al., 2011; Wei & Li, 2016). Potential
transmission routes of SARS-CoV-2 from animals and animal products
are shown in Fig. 2. While SARS-CoV-2 does not cause foodborne illness,
the virus has caused enormous disruptions to the global food supply
chain. The risk of SARS-CoV-2 to food safety was detailed elsewhere
(Anelich et al., 2020; Han et al., 2021).

2.2. Factors that may promote transmission in the workplace

Animal product industries usually rely on the presence of metallic

Table 1
Viability of SARS-CoV-2 on different environmental surfaces (van Doremalen
et al., 2020).

Environmental conditions Viability time Median half-life
Aerosol Upto3-4h 1.1-1.2h
Plastic Upto72h 6.8h

Stainless steel Upto72h 56h

Copper Upto4h 0.8h
Cardboard Upto24h 35h

Glass Upto96h -
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surfaces and the maintenance of low humidity (dry conditions) and low
temperature (Mecenas et al., 2020; Wang et al., 2020). However, these
conditions can be favorable for the viability and transmissibility of
SARS-CoV-2. While there was a significant reduction and exponential
decay in the infectious titer, SARS-CoV-2 remained viable in aerosols for
up to 3 h, on plastics for up to 72 h, and on stainless steel for up to 48 h
after application (Van Doremalen et al., 2020). The viability of the virus
on different environmental surfaces is shown in Table 1.

2.3. Nature of the working environment

In addition to rapid work speed and multiple long shifts, food in-
dustry workplaces tend to be very crowded with employees in close
proximity to one another. Additionally, because of the loud mechanical
noise, workers tend to talk louder or shout. These factors can increase
the chances of the transmission of SARS-CoV-2 to the co-workers. In
many industries, there is a significant number of younger employees. If
the manpower in food industry (or other industries) mainly consists of
youthful workforce, there can also be a high possibility of having an
infected asymptomatic employee who could infect other employees.

3. Health and non-health impacts of coronaviruses on animals
3.1. Poultry

Infectious bronchitis is an avian disease caused by infectious bron-
chitis virus, a member of genus Gammacoronavirus in the family Coro-
naviridae, and is a major respiratory disease of poultry affecting lungs,
kidney, and the reproductive tract and causing tremendous economic
losses in the poultry industry worldwide (M Najimudeen et al., 2020). It
causes multiple characteristic consequences such as kidney damage,
decreased egg production, and deteriorated egg quality (M Najimudeen
et al., 2020). Another significant problem of infectious bronchitis is its
rapid spread. Within 48 h, the whole flock can be infected and remains
as a reservoir, even after recovery. The infection usually spreads hori-
zontally from hen to hen, but not from hen to chick. It is still possible
that the infection gets transmitted via contaminated eggshells in the
hatcheries (Roberts et al., 2011). Although chickens are not known to be
infected with SARS-CoV-2 through the intranasal route, COVID-19 can
still have economic negative impacts on the poultry industry (Hafez &
Attia, 2020).

Different poultry species are susceptible to coronaviruses infections
leading to the development of enteric diseases, respiratory diseases, and
kidney diseases. Examples include turkey infected with Turkey coro-
navirus (TCoV), quail infected with Quail coronavirus (QCoV), guinea-
fowl infected with Guineafowl coronavirus (GfCoV), and pheasant
infected with Pheasant coronavirus (PhCoV) (Ito, Miyaji, & Capellaro,
1991; Panigrahy et al., 1973; Pascucci et al., 1983; Spackman &
Cameron, 1983).

3.2. Swine

Porcine coronaviruses belong to four genera: Alphacoronavirus,
Betacoronavirus, Gammacoronavirus, and D (Domanska-Blicharz et al.,
2020). The porcine epizootic diarrhea virus (PEDV) and the trans-
missible gastroenteritis virus (TGEV) are alphacoronaviruses of swine
which infect epithelial cells of the gastrointestinal tract. Another
alphacoronavirus named the porcine respiratory coronavirus (PRCV)
has no affinity to the gastrointestinal tract. A fourth alphacoronavirus is
swine acute diarrhea syndrome coronavirus (SADS-CoV), which causes
acute diarrhea syndrome (SADS) in piglets. A betacoronavirus is porcine
haemagglutinating encephalomyelitis virus (PHEV), while a deltacor-
onavirus is porcine deltacoronavirus (PDCoV) (Vlasova et al., 2020).
Due to similarities in protein characteristics, swine can be potential
reservoir for the transmission of SARS-CoV and SARS-CoV-2 (Meekins
et al., 2020; Shi et al., 2020). PDCoV is an emerging swine pathogen.
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Importantly, it was recently detected from three sick Haitian children
and is now recognized as a zoonotic pathogen (Lednicky, 2021).

3.3. Ruminants

Coronaviruses of ruminants include bovine coronavirus (BCoV)
which infects cattle, sheep, goat, buffalo, llamas, alpacas, and can cause
respiratory distress (Decaro, Campolo, et al., 2008). Examples include
bubaline coronavirus (BuCoV) that infects water buffalo, alpaca coro-
navirus (ACoV) that infects alpaca, and dromedary camel coronavirus
(DcCoV) that infects camels (Cebra et al., 2003; Decaro, Martella, et al.,
2008; Sabir et al., 2016). In addition, MERS-CoV causes infections in
respiratory tracts of camels. The seroprevalence of MERS-CoV in
dromedaries was reported to be more than 90% in different countries in
Africa, Asia, and the Middle East (Hemida et al., 2017). There is not
enough evidence to suggest that cattle might have play a role in the
COVID-19 pandemic. In a study on six animals, only two cattle tested
positive for the virus in nasal swabs and showed specific seroconversion,
indicating low susceptibility of cattle to SARS-CoV-2 infection (Ulrich
et al., 2020). However, close contact of infected humans with large
numbers of cattle may still lead to anthropozoonotic infections in cattle
(Ulrich et al., 2020). The reason for the low susceptibility to infection is
the low expression of ACE2 in the respiratory tracts of these ruminants
(Zhai et al., 2020).

3.4. Fish and cold-storage foods

The SARS-CoV-2 outbreak in December, 2019 has been linked to
Huanan Seafood Market in Wuhan, China (Zhu et al., 2020; Ashour
et al., 2020). A second wave in June 2020 has been traced to Xinfadi
Seafood Market in Beijing, China (Dai et al., 2021). Frozen seafood items
contaminated with SARS-CoV-2 have been reported in China (Dai et al.,
2021). Salmon-attached SARS-CoV-2 stayed in a viable status for at least
8 days at 4 °C, and 2 days at 25 °C (Dai et al., 2021). It is noteworthy that
at 4 °C is the temperature of refrigerators, cold rooms, and transport
carriers for storage of fish before selling in the fish or seafood market.
Thus, the import and export of frozen and refrigerated fish can be a
source of transmission of fish-attached SARS-CoV-2 across countries and
continents. Imported frozen cod package surfaces from China showed
signs of contamination by SARS-CoV-2 (Liu et al., 2020). This calls for
strict inspection measures for the detection of SARS-CoV-2 in imported
and exported fish during the pandemic (Dai et al., 2021). Evidence
suggests that cold-storage foods may present a risk for the transmission
of SARS-CoV-2 between different countries (Han et al., 2020).

3.5. Other species

Ferrets and cats have been shown to be permissive to infections with
SARS-CoV-2 (Shi et al., 2020). Cats were also susceptible to airborne
transmission (Mahdy et al., 2020; Shi et al., 2020). SARS-CoV-2 infec-
tion has also been reported in dogs, tigers, and lions (Mahdy et al.,
2020). Other susceptible species include mice, golden hamsters, minks,
and non-human primates (Mahdy et al., 2020). Clinical signs in ferrets
involved fever and loss of appetite (Shi et al., 2020). Both cats and

Table 2
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non-human primates were asymptomatic (Mahdy et al., 2020). The main
features of animals experimentally infected with SARS-CoV-2 are pre-
sented in Table 2.

4. Impacts of COVID-19 on food animal production
4.1. Disruption of animal feed supply chain

The supply chain of animal feed raw materials has been negatively
impacted due to animal movement restrictions resulting from the
pandemic-triggered lockdowns. Regular patterns of production, supply,
and consumption were severely disrupted (Guan et al., 2020). Thus,
farm animals have been deprived from important feed ingredients in
their diets. It has been reported that more than dairy farms have faced
shortages of dry feed intake in Pakistan as a result of the pandemic
(Hussain et al., 2020).

International cessations in exports and imports of animals’ feeds
hampered the supply of several basic raw ingredients that are important
for raising and fostering livestock (Deeh et al., 2020). These raw in-
gredients include mixtures of carbohydrates, proteins, fats, minerals,
and vitamins. As an example, Argentina-the world leader in soybean
meal exports - had to reduce its exports of soybean, a critical feed
ingredient, by half into feed manufacturing factories (Hashem et al.,
2020; Seleiman et al., 2020). Similarly, Brazil and U.S. have also faced
hurdles in their soymeal and corn exports (Hashem et al., 2020; Selei-
man et al., 2020).

Local restrictions have been impacted animal feed ingredients, as
evidenced by pastoralists in African dry lands who were unable to feed
their animals, typically fed on natural plants (FAO, 2020c; Seleiman
et al., 2020).

International and local restrictions have naturally led to increased
costs of animal feed materials, which impacted animal farms in different
countries. In Bangladesh, there has been a 3.7% hike in dairy feed price
(Uddin et al., 2021). In India and many regions in Africa, the prices of
key animal feed ingredients have increased by 15% as a result of the
pandemic (Elleby et al., 2020). In the United Kingdom, the prices of
soymeal, wheat, corns, molasses, and other important animal feedstuffs
have increased due to COVID-19 (Department for Environment, Food &
Rural Affairs, 2020).

4.2. Reduction of animal farming services and animal health services

The COVID-19 pandemic has jolted the livestock production. Pivotal
livestock farming materials have been largely unavailable. These
include frozen semen aliquoted in a semen straw for artificial insemi-
nation of livestock, replacement stocks (such as day-old-chicks, heifers,
gilts, piglets), equipment (such as milking machines for livestock), and
animal feed additives (such as vaccines, antibiotics, vitamins, minerals)
(FAO, 2020b; Hashem et al., 2020; Centers for Disease Control and
Prevention (CDC), 2020). Veterinary healthcare services and other an-
imal health preventative services have been greatly reduced during the
pandemic (Gortazar & de la Fuente, 2020). This caused significant de-
lays in diagnosis and treatment of diseases. The reductions and delays
resulted in halting the progress in prevention, control, and eradication of

Main features of animals experimentally infected with SARS-CoV-2 (Hobbs & Reid, 2020).

Animal species Clinical signs Necropsy findings Replication Animal-to-animal transmission Antibody Response
Ferret +++ +++ +4++ +++ et

Cat ++ ++ +++ +++ +++

Dog - - - - +

Hamster + NA + ++ ++

Non-human primate + 4 4 4+ 4+

Fruit bat - NA ++ ++ ++

Tree shrew - ++ + NA NA

+++ = Highly prominent, ++ = Moderately prominent, + = Fairly prominent, - = No change, NA = Data Not Available.
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Fig. 3. Potential Impacts of the COVID-19 pandemic on Food Production. The figure was modified and reproduced with permission from Public Health Agency of

Canada, 2021.

different animal and zoonotic diseases. Since zoonotic disease can also
impact humans, the pandemic-triggered disruptions jeopardized human
health in addition to animal health.

Furthermore, COVID-19 has negatively impacted food safety in-
spections, animal health extension services, and disease surveillance
efforts which were important checks to prevent the spread of zoonotic
diseases and other infections that impact human and animal health
(FAO, 2020b; Gortazar & de la Fuente, 2020). This can create ripe
conditions for future outbreaks and pandemics that can be detrimental
to livestock health and human health (FAO, 2020b).

4.3. Limitations of access to markets and consumers

Amid the COVID-19 situation, markets have been disrupted
throughout the world which ultimately affected animal production
(Gauly et al., 2021). The closure of animal markets and restrictions on
export and import operations have deprived livestock producers from
precious local and global marketing opportunities (Hashem et al., 2020).
In addition, intermediaries who collect animals and animal products and
then process or sell them after fattening have been hit hard, which
caused farmers to lose their links to major buyers (FAO, 2020b). Thus,
there was a sharp decline in animal processing and slaughtering ca-
pacities which further added to the turmoil in the livestock market
(Marchant-Forde & Boyle, 2020). This has impacted both animals and
animal products such as milk, eggs, and meat. Some farmers had to cull
their animals or dump their animal products such as milk, which caused
them significant income losses. According to the FAO, these losses have
been especially severe on women who were unable to obtain the
necessary nutrients for their small ruminants and poultry (FAO, 2020b).
Economic hardships and ongoing conflicts in different parts of the world
have aggravated these losses (FAO, 2020b).

4.4. Shortage of labor

The widescale market disruption that resulted from the pandemic
has impacted the agricultural workforce and caused staff shortages and
layoffs in the labor force associated with animal production (Biswal
et al., 2020). There is a significant proportion of migrant workers in the
livestock industry and meat plants (Marchant-Forde & Boyle, 2020).
Many of them had to return to their home countries due to the lock-
downs, closures, and other measures that were implemented during the
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pandemic (Shirsath et al., 2020). During the peak of the pandemic,
China closed livestock and poultry trading and slaughter markets in
most of the nation, which results in labor shortage in slaughterhouses
(Pan et al., 2020). Other causes for labor shortage include childcare,
quarantine, and sick leave, which led to a 30% absence rate in some
slaughterhouses in France and to similar issues in other countries in
Africa and Asia (FAO, 2020b). Owing to these factors and to other fac-
tors, the process of bringing animals and animal products to local or
global markets faced multiple hurdles.

The problem of labor shortage has had significant impacts on
countries in South and Southeast Asia. In India, labor shortage has led to
23% food grain (important animal feed) production loss (Shirsath et al.,
2020). Labor shortage has also led to food insecurity concerns and
hunger concerns for daily wage workers in the farm and nonfarm sectors
in Bangladesh (Mottaleb et al., 2020). Food insecurity has also emerged
as a major pandemic-related concern in Nepal and other countries
(Adhikari et al., 2021; Poudel et al., 2020).

5. Impact of COVID-19 on animal products

The worldwide demand for meat has been increasing in recent years
for many factors including the rapid growth of population in many parts
of the world (Sanchez-Sabate & Sabate, 2019). However, working in
slaughterhouses and meat packing plants has been considered a major
risk for COVID-19 infection during the pandemic (Middleton et al.,
2020). Workers in meat plants and slaughterhouses in Germany, En-
gland, Wales, and Portugal have reportedly been infected with
SARS-CoV-2. (Middleton et al., 2020). The Portugal outbreak led to
short-term closure of the poultry slaughterhouse and the implementa-
tion of strict hygienic measures including health screening of all em-
ployees, adding new bathing areas, and replacing old disinfectants with
stronger ones (Middleton et al., 2020).

Previous reports confirmed the presence of rotaviruses and corona-
viruses in raw milk and dairy products (cheese and yoghourt) (Abdou &
Adham, 2013). MERS-CoV has been shown to survive for prolonged
periods in milk (van Doremalen et al., 2014). The microbial composition
of milk is influenced by the hygienic conditions of the animal, the ani-
mal’s feed and water, air quality, environment, and equipment used for
milking (Cancino-Padilla et al., 2017; Esslemont & Kossaibati, 2002). To
minimize transmission of foodborne pathogens, milk and dairy products
are subjected to the process of pasteurization (Oliver et al., 2005).
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Table 3
Recommendations for animal producers during the COVID-19 pandemic.
Recommendations
Farm 1. Disinfect environment, equipment, and all surfaces

Environment 2. Following the all-in and all-out system for all animals
3. Separate farm animals from wild animals and limit adding
new animals to the herd
. Limit human access to the minimum required
. Vaccinations against COVID-19.
. Frequent handwashing should be required.
. Disinfectants should be made available for all employees.
. Personal protective equipment use should be made
mandatory.
5. Monitor workers’ health and isolate employees that show
COVID-19 symptoms.
6. Social distancing should be implemented according to
recommendations of health experts.
Do not delay regular vaccinations of animals to control
animal diseases.
2. Constant evaluation of prevalent diseases within the farm.
. Avoid inhumane methods (such as inhumane culling).
4. Seek help from veterinary healthcare professionals when
needed.

Human Health
Care

B W N =N

Animal Health 1.
Care

w

Although some studies suggested that SARS-CoV-2 can spread via food
products as it can remain viable on inanimate surfaces for hours to days
(Islam et al., 2020; Yekta, Vahid-Dastjerdi, Norouzbeigi, & Mortazavian,
2020), there is no proof that SARS-CoV-2 can spread directly through
food, milk, milk products, or eggs (Duda-Chodak et al., 2020). However,
it is always a good practice to understand the sources of contamination
of dairy products and to try to minimize all possible routes of contam-
ination (Kousta et al., 2010).

The COVID-19 pandemic caused global economic losses and signif-
icant negative impacts on the agri-food sector, including farming, crop
production, and animal production systems (FAO, 2020d; Lopez-Ri-
daura et al., 2021; Tripathi et al., 2021; Gregorio et al., 2020; Lenzen
et al., 2020; Siche, 2020). The potential COVID-19 impact on food
production and food industry is illustrated in Fig 3. For agriculture, the
pandemic impacted both supply and demand for food (FAO, 2020e).
Canadian poultry and dairy sectors have been hit hard by the pandemic
(Weersink et al., 2020). Farmers in the U.S. and Canada had to dump
fresh milk in order to make room for new production (Weersink et al.,
2020). For meat, the FAO Meat Price Index indicated that international
meat prices dropped in May 2020 by 16 points (8.6%) from January
2020 (FAO, 2020f). The ovine meat registered the largest price drop
(—23.5%), followed by poultry meat (—11.8%), pig meat (—9.2%), and
bovine meat (—4.1%) (FAO, 2020f).

6. Conclusions and recommendations

In addition to disastrous impacts on human health, the COVID-19
pandemic has had unprecedented impacts on animal production and
animal health throughout the world. Restrictions on mobility, national
and international trade have disrupted the animal markets and access to
consumers. This resulted in a significant crisis for animal producers and
a major disruption of global economy. It also exacerbated concerns of
food insecurity and hunger in different parts of the world. These changes
made it crucial to develop and implement innovative strategies to
mitigate, control, and overcome the global effects of COVID-19 on ani-
mal production and animal health. In addition, animal producers, ani-
mal healthcare professionals, human healthcare professionals, animal-
related industries (such as meat, dairy, and poultry), governmental
and non-government organizations need to coordinate and work
together during the course of this pandemic and before any future
pandemics that may impact global health. The following sections
include some of the recommended measures regarding animals and
animal production:
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6.1. Recommendations for animal producers

Animal producers should take the essential preventive measure to
alleviate the COVID-19-triggered crisis in animals and animal produc-
tion. Regarding farm environments, recommendations include disin-
fection of environment, equipment, and all surfaces. In addition, the all-
in and all-out system should be followed with all animals. Finally, farm
animals should be kept separate from wild animals and human access
should be limited. Regarding human health, all employees should be
vaccinated against COVID-19. Vaccinations should also be made avail-
able to employees’ families. Handwashing, disinfectants, and personal
protective equipment should be used. In addition, the health status of
the employees should be monitored and employees showing signs of
COVID-19 should be isolated. Finally, social distancing should be
implemented according to health expert recommendations. Regarding
animal healthcare, regular vaccinations and health evaluations of ani-
mals should be maintained. The animals should also be treated in a
humane way and veterinary healthcare professionals should be called
for help when needed. The recommendations for animal farmers in their
farming systems are summarized in Table 3.

6.2. Recommendations for veterinary healthcare professionals

1. Animal farms should be provided with essential services for high-

quality animal health care and animal welfare.

2. Participation in all programs related to animal health or human

health.

3. The safety of exported and imported raw materials of animal feed
and animal products should be assured.

. Collaborations with governmental and non-governmental organiza-
tions and human healthcare professionals to ensure availability of
adequate health care systems and control of animal diseases.

5. Raise health awareness regarding the effect of COVID-19 on animals

and animal products.

6.3. Recommendations for workers in animal products industries

Recommendations for handling, preparing, and transporting animal
products and processed foods include:

. Vaccinating workers and their families against COVID-19.

. Handwashing should be done properly and regularly.

. Raw meat should not be mixed with other food items.

. Temperature to cook food should be high enough.

. Storage of food should be done in refrigerators.

. Use personal protective equipment and ensure that mouth and
nose are covered.

. Clean all surfaces and utensils with disinfectants.

. Disinfect all surfaces that come into contact with raw food or
ready-to-eat food.

. Make disinfectants available for employees in different areas at

work.

Isolate employees that show COVID-19 symptoms or have close

contact with COVID-19 positive individuals.

Apply recommended social distancing between employees ac-

cording to the most recent WHO and CDC guidelines.

U A WN KR

N

10.

11.

6.4. Recommendations for governments

—

. Monitor and track SARS-CoV-2 cases.

. Ensure that animal farmers and the general public have access to
accurate health information.

3. Develop risk management and risk mitigation strategies for
COVID-19.

. Establish animal disease control programs with the help of animal
healthcare professionals and human healthcare professionals.
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Table 4
Recommendations for veterinary healthcare professionals, workers in animal
products industries, and governments during the COVID-19 pandemic.

Recommendations

Animal farms should be provided with essential
services for high-quality animal health care and ani-
mal welfare.
2. Participation in all programs related to animal or
human health activities.
3. The safety of exported and imported raw materials of
animal feed and animal products should be assured.
4. Collaborations with governmental and non-
governmental organizations and human healthcare
professionals to ensure availability of adequate
health care systems and control of animal diseases.
. Raise health awareness regarding the effect of
COVID-19 on animals and animal products
. Workers should receive vaccines against COVID-19.
. Handwashing should be done properly and regularly.
. Raw meat should not be mixed with other food items.
. Temperature to cook food should be high enough.
. Storage of food should be done in refrigerators.
. Use personal protective equipment and ensure that
mouth and nose are covered.
. Clean all surfaces and utensils with disinfectants.
8. Disinfect all surfaces that come into contact with raw
food or ready-to-eat food.
9. Make disinfectants available for employees in
different areas at work.
10. Isolate employees that show COVID-19 symptoms
or have close contact with COVID-19 positive
individuals.

Veterinary Healthcare 1.
Professionals

wu

Workers in Animal
Products Industries

U WN -

N

11. Apply recommended social distancing between
employees according to the most recent WHO and
CDC guidelines.
Governments 1. Monitor and track SARS-CoV-2 cases.

2. Ensure that animal farmers and the general public
have access to accurate health information.

3. Develop risk management and risk mitigation
strategies for COVID-19.

4. Establish animal disease control programs with the
help of animal health professionals and human health
professionals.

5. Facilitate the supply of animal feed and feed
additives to animal producers.

6. Ease access of animals and animal products to
markets and consumers.

7. Offer support to animal producers who experienced
economic hardship due to the pandemic.

8. Provide alternate facilities for the storage of extra
animals and animal products to help animal farmers
in this pandemic and any future pandemics.

9. Collaborate with other governments and with non-
governmental organizations, veterinary healthcare
professionals, and other health professionals.

10. Making sure to have an adequate supply of COVID-

19 vaccines.

. Facilitate the supply of animal feed and feed additives to animal
producers.

. Ease access of animals and animal products to markets and
consumers.

. Offer support to animal producers who experienced economic
hardship due to the pandemic.

. Provide alternate facilities for the storage of extra animals and
animal products to help animal farmers in this pandemic and any
future pandemics.

. Collaborate with other governments and with non-governmental
organizations, veterinary health professionals, and other health-
care professionals.

10. Making sure to have an adequate supply of COVID-19 vaccines.

Table 4 includes a summary of our recommendations for veterinary
healthcare professionals, workers in animal products industries, and
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