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The COVID-19 pandemic, caused by the emergence of a new strain of coronavirus
(SARS-CoV-2) around the end of December 2019, has caused a worldwide public health
emergency and a socioeconomic crisis during 2020. The lockdown imposed to cope with
the health issues caused by the outbreak of the disease has dramatically challenged and
negatively affected all the economic sectors of the modern global economy. Specifically,
the livestock sector and its related industries are among the most impacted sectors.
This is mainly ascribed to the limitations of animal movement and the decrease of
production inputs’ availability. Other factors negatively affecting the sustainability of the
livestock sector have been the shortage of workers due to the lockdown/curfew, the
strong decrease in the purchasing power of the consumer, and the intensification of
health care tasks. Such an impact is not only highly relevant because of their economic
consequences, but also because of the effects of the lockdown and sanitary rules on
animal care and welfare. The current review aims to offer: (a) a comprehensive overview
of the impact of COVID-19 on the welfare of farm animals and on the performance of
livestock farming systems, on food chain sustainability, and finally, on the global economy
and food security; and (b) a prospective outline of alleviation actions.
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INTRODUCTION

By the end of December 2019, the world awoke to a public health crisis due to the emergence of a
new strain of coronavirus, which was later named Severe Acute Respiratory Syndrome coronavirus
2 (SARS-CoV-2 or COVID-19) (1). Within a few months, this virus has spread worldwide from
its origin in Wuhan (China) to cause more than 11.9 million infected cases in 188 countries
and more than 545,000 deaths (2). The rapid COVID-19 outbreak drives the application, in
many countries, of rigorous sanitary measures as an attempt to control the spread of the virus,
including quarantines and social distancing, lockdowns, closure of transportation means, travel
bans and border control, restriction on import/export activity, and the shutting down of many
industrial/agricultural activities. These sudden changes in the socioeconomic status have caused a
severe disruption of social and human activities and the global economy, which in turn increased
the risk of food insecurity. Although it is still too early to draw a full view on COVID-19’s impact on
short- and long-term food security and the global economy, some effects are already being seen (3).
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Globally, the COVID-19 pandemic has had a direct impact
on food systems through changing the food supply-demand
system, and an indirect impact through decreasing purchasing
power and the capacity of food distribution and marketing, and
increasing healthcare tasks (4). Economic forecasts project a
0.5% fall in global economic growth in 2020 (2.4% in 2020 vs.
2.9% in 2019) as a result of disruptions to many production
and industrial supply chains (5). All these elements will evoke
differentiated impacts, putting many people at risk of poverty
and food insecurity (3). As a result, many economic activities
and industrial sectors are, and will be, negatively affected by the
COVID-19 outbreak, of which the livestock sector and related
industries are among the most impacted (4, 6).

Such a fact will cause severe effects worldwide, with larger
effects seen on both the economies and sociodemographics of
developing areas. The livestock sector is estimated to account
for about 40% of global agricultural output value and two-thirds
of the 600 million livestock keepers worldwide are women, so
the current situation compromises their economic empowerment
(7, 8). Farm animals, at all the different livestock farming systems,
play an essential role in maintaining food security and meeting
socioeconomic needs (farmer livelihoods and income) (Table 1).
Globally, farm animals contribute about 13% of calories and 28%
of protein demands directly by providing meat, milk, and eggs,
in addition to their contribution to crop production through
conferring transport and manure (12). The lockdown and other
restrictive actions taken to control the outbreak of the COVID-
19 pandemic have negatively impacted the livestock sector,
particularly the dairy and meat industries, and related processes
(13, 14). There were difficulties for moving live animals and
animal products (milk, meat, and eggs) to markets, limitations
for seasonal border crossings (transhumance) with ruminants,
reductions in the purchasing power of production logistics, and
shortages of labor and professional services (15). These obstacles
have led to substantial disruptions in the livestock supply
chain, decreasing the economic and productive efficiency of the
livestock industry (15). The Food and Agriculture Organization
(16) has recently published (June 11, 2020) the latest global Food
Outlook for 2020. The forecast estimates that the global total
meat production (including bovine, ovine, swine, and poultry)
is expected to fall by 1.7% (338.9 million tons in 2019 vs.
333.0 million tons in 2020) due to animal diseases and market
disruptions. The most impacted sector within meat production
is the pork production sector, with an expected drop of around
8.0% (109.8 million tons in 2019 vs. 101.0 million tons in 2020),
while the beef production sector is forecast to drop around 1%
(72.6 million tons in 2019 vs. 72.0 million tons in 2020). Such
a dramatic drop in the pork production sector is mainly driven
by the ongoing African swine fever (ASF) situation in Asia and
its negative impacts on pig production and trade, due to the
suspension of ASF control programs following the COVID-19
outbreak (16). Also, international meat prices have dropped by
8.6%, and the sharpest drop has been observed for ovine meat,
followed by poultry, pork, and beef (16-18).

The closure of meat and milk processing plants has also
contributed to the sharp disruption in the livestock supply chain,
leading to substantial losses in production capacity and animal

products. For instance, in the USA, the loss of production
capacity due to the closure of plants have reached up to 25
and 43% for beef slaughterhouses, respectively (19). The pork
industry was more affected by the crisis, with more than 10
million hogs removed from the supply chain between April and
September 2020. This equates to a reduction of more than 2
billion pounds of pork in the marketplace, or more than 7%
compared with total production in 2019 (19). Concomitantly, the
economic losses caused by COVID-19 in the beef industry are
expected to reach $13,617,418,450 (20). The same applies to the
milk industry, which expressed huge losses as thousands of fresh
milk gallons were dumped worldwide (21). The milk industry was
also hit by low milk prices, which declined by 4.6% on average
when estimated for 70 countries, and even reached 29 and 19% in
the USA and India, respectively (22).

This review discusses how the COVID-19 outbreak may affect
animal welfare and livestock, the dairy and meat industry, and
supply chains by using available scientific/organizational reports,
and cited observations and complaints of farmers. Such data may
help in taking suitable measures to improve the current status
and to pose lessons for the future, avoiding the emergence of
food insecurity.

CORONAVIRUSES TRANSMISSION
THROUGH FARM ANIMALS

Sixty percent of emerging contagious diseases have a zoonotic
origin. Coronaviruses (CoVs) were first identified in the mid-
1960s and are known to infect humans (Homo sapiens) and other
animals, including birds and mammals (1). CoVs are single-
strand RNA viruses that mainly target epithelial cells in the
respiratory system and alimentary tract. Some of these viruses,
such as infectious bronchitis virus (IBV), swine enteric CoVs,
and bovine coronavirus (BCoV), can cause diseases that have
a significant impact on the livestock industry. Other CoVs,
such as ferret systemic coronavirus (FRSCV), feline infectious
peritonitis virus (FIPV), and mouse hepatitis virus (MHYV), target
companion (ferrets, Mustelaputorius furo, and cats, Feliscatus)
and laboratory (mice, genus Mus) animals (Table 2). In farm
animals, these viruses can induce significant negative impacts
on farm animals’ health, well-being, and productivity. As
an example, BCoV affects cattle and other livestock species,
including horses (Equus ferus caballus) and camels (genus
Camelus), inducing diarrhea, fever, and respiratory diseases, and
thus causes negative impacts on animal welfare/productivity and
farm profitability (1, 27).

The newly identified COVID-19 is a member of
the order Nidovirales, family Coronaviridae, sub-family
Orthocoronavirinae, genera Betacoronavirus, and subgenus
Sarbecovirus (29). The invasion of this virus to the host cells
depends on the ability of glycoprotein spike proteins on its
envelope surface to bind with specific receptors in host cells,
namely angiotensin-converting enzyme 2 (ACE2) receptors,
and can affect humans and some animals (30). After the first
detection of this virus in humans and the emergence of the
terrible pandemic events, many studies have been carried out to
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TABLE 1 | State and change (absolute change, AB and relative change, RC) of the livestock sector before the COVID-19 outbreak shows global animal population
(1961-2014), global and regional meat and milk productions (1961-2018), and share of livestock sector in human nutrition (1961-2013).

State Period Total change

Global animal population? (millions) 1961 2014 AC (million tons) RC (%)
Cattle 942.18 1470.0 +532.35 +57
Buffalo 88.32 194.46 +106.14 +120
Sheep 994.27 1200.0 +201.36 +20
Goats 48.73 1010.0 +662.53 +190
Pigs 406.18 985.67 +579.49 +143
Poultry 8.95 127.31 +118.36 +1,323
Meat production® (million tons) 1961 2018 AC (million tons) RC (%)
Africa 3.91 20.17 +16.26 +416
Asia 9.05 143.71 +134.66 +1,489
Europe 30.00 63.85 +33.84 +113
Americas 26.10 108.01 +81.90 +314
South America 6.52 46.12 +39.60 +608
Australia and New Zealand 2.14 6.11 +3.97 +185
Global production 71.36 342.42 +271.06 +380
Milk production® (million tons) 1961 2018 AC (million tons) RC (%)
Africa 11.01 46.65 +35.65 +324
Asia 42.76 352.78 +310.02 +725
Europe 194.98 226.53 +31.54 +16
Americas 83.92 185.17 +101.26 +121
South America 14.36 61.17 +46.81 +326
Australia & New Zealand 11.49 30.68 +19.19 +167
Global production 344.18 841.84 +497.66 +145
Livestock share in human nutrition® 1916 2013 AC (million tons) RC (%)
Global meat consumption (kg/capita/year) 23.08 43.22 +20.14 +87
Global milk consumption (kg/capita/year) 75.55 90.00 +14.45 +19
Animal protein share (g/capita/year) 19.66 32.13 +12.47 +63
Plant protein share (g/capita/year) 41.80 49.10 +7.30 +17

aSource: (9).
bSource: (10).
¢Source: (11).

identify its origin, modes of transmission, and jumping potency
among species. Investigations revealed that wild animals, such
as bats (Rhinolophus species), rodents (order Rodentia), civets
(Civettictis civetta), cats, pangolins (Family Manidea), minks
(Neovisonvison), and tigers (Panther atigris), were found to
test positive for COVID-19 (1). Also, pets living closely with
COVID-19-infected households, such as dogs (Canis Iupus
familiaris) and cats (23), and farmed animals, such as minks
(24), have been shown to be susceptible to the virus infection.
On the other hand, a serological survey that tested pigs (Sus
scrofa), cattle and sheep (Family Bovidae), horses, and poultry
for antibodies of COVID-19 revealed negative results (25, 26).
The overall findings of these studies led to the conclusion
that: (1) the main reservoir of COVID-19 are bats; (2) some
wild (bats, tiger, and civets), farmed (mink), and domestic (cats
and dogs) animals can be a reservoir; (3) there is a possibility
for the transmission of COVID-19 from humans to animals,
animals to humans, and human to human; and (4) livestock
belonging to the family Bovidae (cattle and small ruminants) or

Suidae (pigs) as well as poultry are not COVID-19 reservoirs
(1, 28). Despite the range of evidence suggesting that farm
animals are not COVID-19 reservoir/hosts, caution should be
taken regarding farm-animals-humans contact. Lessons from
previous pandemics related to farm animals, and the ability of
CoVs to express genetic mutations and modifications allowing
them to jump among species, highlight the possibility of farm
animals to be one of the COVID-19 hosts. For instance,
the swine acute diarrhea syndrome coronavirus (SADS-CoV)
isolated from piglets had a 95% genomic identity with horseshoe
bat (Rhinolophus species) coronavirus HKU2, suggesting both a
bat origin of the pig virus and a jumping across species (31, 32).
Another example of the ability of CoVs to change among animal
species or from animals to humans is the transformation of
human coronavirus-229E and -OC43 (HCoV-229E and HCoV-
OC43) in their intermediate hosts), alpacas and cattle, respectively
before infecting final human hosts (29). Accordingly, some
virologists did not exclude farm animals from the list of expected
hosts for the new COVID-19 virus (29, 31). Hence, due to the
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TABLE 2 | Examples of coronavirus (CoVs) strains and accompanying symptoms in different animal species.

Virus synonym (CoVs) Genus? Host Symptoms References
Sever acute respiratory syndrome Betacoronavirus Humans rodents, Fever, dry cough, tiredness, shortness of (23-26)
coronavirus-2 (SARS-CoV-2 or civets, cats, pangolins, breath, sore throat, headache, diarrhea,
COVID-19) minks, dogs and cats and vomiting.
Swine enteric CoVs: Alphacoronavirus Swine e Diarrhea, vomiting, rapid weight loss, (22, 27, 28)
® Transmissible gastroenteritis virus high mortality in young pigs.
(TGEV). e Same TGEV symptoms but with lower
e Porcine epidemic diarrhea virus spreading and mortality rates.
(PEDV). e Acute enteritis and mortality.
e (c) Swine acute diarrhea syndrome
coronavirus (SADS-CoV).
Swine enteric CoVs: Betacoronavirus Swine e Subclinical neurotropic symptoms and
¢ Porcine hemagglutinating high mortality and morbidity rates in
encephalomyelitis virus (PHEV) young piglets (<4 weeks of age).
Swine enteric CoVs: Deltacoronavirus Swine e Clinical severity of PDCoV is mild than
e Porcine deltacoronavirus (PDCoV). other porcine CoVs.
Bovine coronavirus (BCoV) Betacoronavirus Bovine species (cattle), Bloody diarrhea, respiratory form of (1,27, 29)
horses and camels shipping fever, and high mortality rate.
Infectious Bronchitis Virus (IBV) Gammacoronavirus Avian/Poultry Respiratory illness, urinary tract infection, (1,27)
reproductive disturbances, and high
mortality and morbidity rates.
Ferret systemic coronavirus (FRSCV) Alphacoronavirus Ferret Anorexia, weight loss, diarrhea, and (28)
hypergammaglobulinemia.
Feline infectious peritonitis virus (FIPV) Alphacoronavirus Feline Diarrhea and mild or upper respiratory (25)
signs.
Mouse hepatitis virus (MHV) Betacoronavirus Mice, ferrets and cats Respiratory illness, neurotropic symptoms, (24)

and damages in vascular endothelium,
hemopoietic tissue and liver.

aGenome size range of Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and Deltacoronavirus is 27-29, 26-32, 27-32, and 26-26.5 kb, respectively.

possible role played by farm and wild animals in SARS-CoV-2
(COVID-19) infection, the World Health Organization (WHO)
recommended the avoidance of unprotected contact with both
farm and wild animals in their recent coronavirus (COVID-19)
situation report (31).

Regarding the handling and consumption of animal products,
there is no direct evidence on food-borne infection, including
meat and milk. Precautions and hygienic measures are advisable
since there is a possibility that contamination of food materials
can occur through the handling of food by infected individuals.
These precautions and sanitary measures include hand washing
or sanitizing following the processing of fresh and packaged
animal products, avoiding contact between fresh and cooked food
materials, consuming well-done cooked meat, and extending
meat and meat-processed materials’ freezing time by more than 2
days before consumption (14).

IMPACTS OF COVID-19 ON THE WELFARE
OF FARM ANIMALS AND LIVESTOCK
FARMING SYSTEMS

It is expected that the sudden restriction on human activities and
the economic crisis will affect farming and veterinary services,
and therefore, affect animal health (6). The COVID-19 outbreak
negatively disrupted activities related to livestock welfare. The

sudden restrictions on the activities of farmers, workers, and
veterinary professionals led to insufficient applications of daily
routine farming work. Such a situation limits a close monitoring
of animal requirements and health status and thus impedes
the right intervention to tackle any rising problems. Under
such conditions, many farmers have taken to overstocking
their animals, which increases crowding related-stress and
devastates the immune system functions. Thus, the risk of animal
disease prevalence is highly increased, affecting the welfare and
productivity of stocking animals (30). Some farmers have had
to cull their animals or to apply measures which conflict with
animal welfare, such as inducing abortion and slaughtering, to
decrease the population of animals inside their farms and to limit
the excess production of animal products (meat and milk). Some
pig farmers have been forced to abort their animals due to the
short breeding-marketing cycle of these animals and the fall of
consumers demand (33). Some farmers have used cruel methods
to kill thousands of pigs, such as the ventilation shutdown
method. This method depends on shutting down the ventilation
sources with a rise in the temperature of barns, which decreases
oxygen levels and thus suffocation (34, 35).

Furthermore, some associations, such as the Canadian
Cattlemen’s Association, has called farmers to put cattle on
maintenance rations rather than finishing rations to limit feedlot
placements, coping with the closure of processing plants, and
limited market capacities (36). Also, the shortage of available
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feed resources due to the limitations of diet ingredients (mainly
grains and seeds, such as soybean and corn) and the restriction
on animal movements in pastures drive some farmers to
keep animals on a marginal maintenance plan of nutrition
or to use alternative feed resources, which represents another
animal welfare conflict (37). Indeed, many farmers failed to
obtain essential veterinary services, including routine health
check-ins, drugs, vaccines, and testing and diagnostic tools.
Thus, disease control of animals has become an additional
challenge conflicting with animal welfare aspects. Unfortunately,
the effect of COVID-19 on the activities related to animal
healthcare is not restricted only on the farm-scale, but there
are also national and international restrictions. Many national
and international animal health care programs/projects are
post-poned and suspended due to budget restrictions, which
limits the success of controlling disease eradication (15). In a
recent commentary, Gortdzar and de la Fuente (6) indicated
that the COVID-19 outbreak would drive negative impacts
on the control of diseases that are already present in Europe,
mainly ASF. This forecast was ascribed to the possibility of
increased wildlife-livestock contacts due to human confinement,
and thus increased numbers of wildlife reservoirs (wild pigs),
disruption of ongoing testing schemes for endemic diseases, and
lower disease surveillance efforts. Overall, funds and programs
directed to control outbreaks of many current transboundary
animal diseases, such as ASE, foot and mouth disease, avian
influenza, and other infectious animal diseases, have been
severely compromised worldwide (38, 39). These events are
caused by indirect effects of the COVID-19 pandemic on
livestock health and productivity, as seen with other zoonotic
diseases (39).

IMPACT OF COVID-19 ON FOOD CHAIN
SUSTAINABILITY

Livestock production farming systems and their supply chains
are challenged by many logistical supply interruptions, like
most other agricultural enterprises. The COVID-19 outbreak
interrupted livestock chain sustainability in different areas,
from the production process to marketing and consumption of
animal products (Figure 1). The primary production logistical
interrupter was the shortage of accessing farming inputs, such
as animal feed resources (23), livestock movements for pasture
and water, and animal equipment, such as milking machines,
vaccines, and other pivotal production inputs. Indeed, calls to
stay at home and social distance have affected the humanitarian-
dependent services in farms, affecting the routine work and
animal husbandry (low number of laborers, veterinarian visits
and services, and workers in product processing). Additionally,
processing of animal products, such as milk and meat (delivery
failure and decreasing processing and slaughtering capacities),
presents another obstacle to the completion of the production
cycle, forcing farmers to reduce production capacity and waste
products (6). The pandemic’s impact on the livestock supply
chain continue to affect local and global marketing process
(reduced marketing opportunities, block of import/export

activity, and lower purchasing power) and consumers> demand
(misconception regarding animal products safety and reduced
consumers’ income). All of these interruptions in the livestock
supply chain put the producers (farmers) at risk of not being
able to continue in the field. This situation has dramatically
threatened the sustainability of livestock production systems and
global food security, particularly animal protein resources (40).

Production Facilities and Farming Inputs
Restrictions on import/export activities and local movements
have prevented farmers from accessing livestock production
inputs and given them limited marketing opportunities. The
limitation of movements and the disruption of national and
international trade routes drive to a substantial decrease in vital
livestock farming materials and facilities, such as feed materials,
replacement stocks (e.g., day-old chicks, piglets, gilts, heifers,
and semen straws), drugs and vaccines, feed additives, and other
livestock farming inputs (41). For instance, Argentina, the world’s
biggest soybean meal exporter, has reduced its exportation by
about 50% to feed manufacturing factories, which could affect the
availability of one of the most critical feed ingredients in the diets
of farm animals (13). A similar situation has occurred in Brazil
and the USA, where the COVID-19 pandemic restricted both
soybean and corn exports, leading to a shortage of animal diet
ingredients (13, 40). Movement restrictions have not only limited
international trade activity, but have also constrained access to
national/local production inputs; as an example, pastoralists in
Africa’s drylands, who depend on natural plants in pastures to
feed their animals, have lost this vital natural production input
and therefore pastoralist livelihoods (40).

Several companies working on vaccines, animal health
products, feed additives, milk testing kits, and spare parts
of pasteurization equipment to small-scale meat and dairy
producers have indicated that the reductions in fluidity and
foreign exchange were other significant factors affecting the
sustainability of the livestock supply chain, specifically in
developing countries (42). There is no doubt that such reductions
in the production inputs and their trade can easily hamper
the productivity of animals, the profitability of livestock
producers’ (specifically small-scale meat and dairy holders),
and the profitability and commercial sustainability of these
companies themselves.

Human Activity and Workforce

It is widely believed that agricultural sectors, including meat and
dairy production sectors, are heavily labor-dependent sectors.
The COVID-19 outbreak has caused a severe shortage of labor
numbers and workforce in both developed and developing
countries, which is more problematic for countries that depend
on an imported workforce, such as European countries (43).
This shortage of domestic and seasonal and migrant laborers
was ascribed to several factors. Many laborers/workers have been
infected and isolated in quarantine, while some have not had
the ability to pass across borders due to border control and
suspension of visas (44, 45). Some laborers have left their work
due to social aspects, such as family commitments or avoidance
of contagion (37, 46). In France, staff shortages ascribed to the
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FIGURE 1 | Impacts of the COVID-19 pandemic on the livestock supply chain.
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spillover of infection among stuff, quarantine, and childcare have
reached 30% in some slaughterhouses, with similar instances in
Italy, Egypt, Tunisia, and Jordan (46).

The lack of laborers and human activities drive significant
disruptions in the worldwide sustainability of the supply chains
for livestock, meat, and milk. For example, in China, the
presence of some employees under quarantine has decreased
the number of operating slaughterhouses in many provinces;
even the operating ones cannot work at full capacity, leading
to a shortage of meat supplies and sharp increases in meat
prices in local Chinese meat markets, such as the Xinfadi market
in Beijing’s largest wholesale market (47). Also, a shortage of
laborers working in meat processing farms and plants was one of
the primary concerns in Canada and the USA, particularly when
the visa of foreign workers was suspended (44). In the USA, about
20% of pork production and 10% of beef production have been
stopped due to the COVID-19 spillover among staff (37, 38). In
Austria, the meat processing industry depends to a large extent
(80%) on the foreign workforce (migrants from eastern European
countries). Any restrictions on free movement at borders has an
impact on the processing chain (48). The same applies to dairy
farms, since trucking companies distributing milk products from
dairy farms have suffered from a shortage of drivers, as many of
them have stopped working to avoid contagion probability (21).

Distribution and Retail

Distribution and retail are essential livestock supply chain
elements, successful delivery and retail guarantee the connection
between the producers and consumers, completing the
production-demand chain. This part of the livestock supply
chain has been dramatically affected and challenged by many
logistical obstacles under the impact of the COVID-19 outbreak.
One of the major impediments that have faced distribution and
retail processes was related to local vehicles’ movement and road
traffic controls, as well as the lockdown of vast areas.

In the specific case of China, transportation bottlenecks in
main roads have affected the local meat supply, and family farms
cannot market hogs as trucks cannot enter villages due to the
lockdown (5). In the Philippines, delays of vehicles transporting
raw materials for processing meat threatened to cause a shortage
until movement bans were loosened. Similarly, milk distribution
was disrupted by tight road traffic controls, leading to milk
dumping (46).

Also, alimited processing capacity for meat and milk products
has negative impacts on the distribution and retail of animal
products. The Beef Farmers of Ontario organization has asked its
members to delay the sale of cull cows because the beef processing
sector doesn’t have the adequate capacity for processing meat
products (37). In the USA and Canada, pig farmers have culled or
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aborted their animals due to the closure of processing facilities,
which is a barrier to the completion of selling and shipping
operations (33).

Another challenge is the dramatic increase in cargo shipping
charges accompanied with low product prices. Some export firms
have complained of the high delivery transport costs of live
animals and frozen meat products (42). In context, the USA dairy
farmers have suffered from substantial production costs and low
prices of raw milk due to the reductions in distribution and retail
of milk processing industries and processed milk products for
markets (48).

Trade and Marketing Opportunities

The COVID-19 pandemic’s impact on livestock supply chain
sustainability have continued to affect local and global trades
and marketing opportunities. To imagine how the COVID-19
pandemic affects global trade, it is enough to know that global
trade has decreased by 13-22% during the few months of the
pandemic emergence (49). Many livestock producers and traders
have lost their global or local market opportunities, and thus
their incomes. Because the world is currently one unit, global
movement restrictions have impacted trade worldwide. In Asia,
movement restrictions have stopped livestock trade to China
from the Lao People’s Democratic Republic, Thailand, Myanmar,
and Vietnam. In Latin America, especially in Argentina and
Uruguay, meat export drops have reduced farmer revenues (46,
49). Similarly, in Northern America, the USA pig prices dropped
by roughly 27% in just over a week as a result of limited access
to markets and slaughterhouses/processing plants. Within the
European Union (EU), ~4.3 million head of cattle, 3.5 million
sheep and goat heads, 33.4 million pigs, and 1,000 million
poultry were traded alive between EU countries in 2018. More
than 1.8 million head of cattle are exchanged between Belgium,
Ireland, Spain, Greece, France, and Italy (50). Transport of live
animals has been affected by the reintroduction of border checks,
disrupting business but also delaying times for transportation
which, in turn, is against animal welfare (50).

This situation has resulted in a specific decrease in farm
gate prices in some EU countries, such as Poland, where
domestic consumption only represents 15% of production (46).
In Denmark, the beef and veal sectors reported a significant
decrease in exports to the southern part of Europe during the
outbreak. The same applies to dairy sectors, as some dairy
producers have lost access to export markets [e.g., Austria dairy
producers and their target spot market in Italy; (48)].

The situation has become even worse in developing countries
and for household breeders, who are challenged by poverty
and low individual incomes. Taking East Africa as an example,
many livestock producers’ revenues, mainly pastoralists, rely on
seasonal exports of live animals and frozen meat during specific
marketing seasons, such as Ramadan, pilgrim season, and Eid
to the Middle Eastern countries. Thus, movement restrictions
have threatened their yearly income and livelihood (3). The
impact of COVID-related movement restrictions have continued
to increase the challenge of some marginalized producers, such
as rural women, who are unable to access markets under the
lockdown restrictions to earn their household incomes from

informal trading of small livestock, dairy products, and poultry
in local markets (3, 40).

In general, the COVID-19 outbreak has diminished many
marketing opportunities by minimizing the demand of many
routine consumers, such as schools, restaurants, local markets,
hotels, the institutional sector, and the tourism industry.

Role of Consumer and Livestock Supply
Chain Sustainability

Consumers play a critical dual role in the creation and
completion of any food supply chain. The consumer is the
primary and final target of any food supply chain, and thus
the final product of the supply chain has to satisfy consumer
demand and ambition. At the same time, the continuation of
the food supply chain depends on the demand and purchasing
power of the final product by the consumer. Under the effect of
the COVID-19 pandemic, the directions of the consumer toward
consumption of livestock products, meat, and milk have been
reconsidered, taking into account two main aspects: purchasing
power and food staple priorities, and general awareness regarding
the safety of animal products. Comparing demand for meat and
dairy staples with other food staples, such as grains, sugar, roots,
and tubers, reveals that the demand for meat and dairy staples
is less elastic. This is mainly due to the high prices of animal
product staples compared to other staples, particularly those of
carbohydrate origin, which is not suitable for the consumer under
the pandemic conditions as many consumers have lost their
income or have a low budget (5, 40). Regardless of the impact
of the purchasing power of consumers on the sustainability of
livestock supply chain, consumers’ misconception regarding the
ability of food, including livestock products (meat and milk),
to be a vehicle for the virus transmission plays a critical role
in maintaining the demand for animal products, increasing
demand-side shocks (51).

IMPACTS ON THE GLOBAL ECONOMY
AND FOOD SECURITY

The disruption in the livestock supply chain and accompanying
imbalances between production and demand sides have crucially
impacted livestock sector economies. However, it is too early
to draw a real overview of the size of the economic crisis that
will affect livestock sector economics. Early reports have shown
that the imbalance in livestock sector economics will be long-
term and will continue into 2021. According to the National
Cattleman’s Beef Association, the cattle industry in the USA is
expected to lose about $13.6 billion through 2021 as a result of the
COVID-19 spillover (52). Peel et al. (20) have expected losses in
the cow-calf sector by estimating weighted average damage. They
expected that this sector might lose about $3.7 billion due to low
sales values (low prices). In addition to the loss in calf sales value,
the loss in value of the breeding stock is estimated at $4.45 billion
($142 per mature breeding female). Similarly, the hog industry is
expected to lose around $5 billion (20).

A significant waste in food resources, specifically meat and
milk, was one of the consequences of the COVID-19 outbreak.
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For instance, dairy farmers have been forced to throw out a
million gallons of milk due to the decline in demand for milk
and dairy products (53). Under the new global food security
situation, such waste in food resources is a horrible further crisis
in addition to the health crisis. At the beginning of 2020, there
were 27 million acutely food-insecure people in 35 countries
in “emergency” conditions, who could potentially be on the
brink of famine due to the direct and indirect impacts of the
COVID-19 pandemic. In April 2020, the Famine Early Warning
Systems Network Global Food Security Alert warned of the
risk that populations in developing countries (such as those
in northeastern Nigeria, South Sudan, and Yemen) could be
challenged by famine due to the COVID-19 pandemic (3, 54).
In light of this scenario, there is an urgent need to find measures
and unconventional solutions to control the negative impacts of
the pandemic on global food security. Specifically, the current
crisis has shown the fragility of the worldwide economy even in
developed countries and the possibility of an increased risk of
food insecurity.

CURRENT AND PROSPECTIVE
ALLEVIATION MEASURES

Facing the repercussions of the COVID-19 outbreak on the
sustainability of food supply chains has become an urgent
mission to guarantee global food security. Taking the livestock
supply chain as an example, as shown in this overview,
there are risks at each point of the supply chain threatening
its sustainability. Mitigation of these risks requires specific
collaboration between different entities, including governments,
policymakers, non-governmental institutions/organizations, and
scientists. From governmental and institutional sides, various
actions have been taken to support livestock farming systems
as an attempt to keep livestock supply chains functioning.
These measures rely on: (1) facilitating the direct distribution of
food/animal products to consumers (Brazil, Italy, Ghana, and the
Philippines) and offering electronic marketing platforms (China
and Morocco); (2) providing livestock production inputs, such
as animal feeds, drugs, and machines [e.g., the Italian authorities
have purchased ultra-high-temperature (UHT) milk from dairy
farmers]; (3) supporting the resumption of meat/milk processing
enterprises (China); (4) creating agricultural, healthcare, and
animal diseases control extension programs; and (5) providing
direct funding support to seasonal and informal labors (Egypt,
Tunisia, and Morocco) (46, 49, 55).

From the scientific community side, prospective alleviation
strategies that may improve the resilience of the livestock supply
chain have been proposed. Introducing new protein sources,
such as insects, algae, and dairy-processing by-products (e.g.,
whey proteins), to the food supply chain as alternatives to
animal protein sources is one of the suggested strategies (14,
56). Another ambitious option relies on the application of
tissue culture biotechnology to grow animal muscle in vitro
as an eco-friendly production technique, as methane emission
by farm animals will be reduced (57, 58). However, these
strategies seem not sustainable enough and may need ethical

TABLE 3 | Summary of simple management plans to avoid negative impacts of
COVID-19 on livestock farming system.

Item
(References)

Measure(s)

Farm biosecurity
(4, 15)

Maintain general hygiene of the premises

Clean and sanitize all machines and solid surfaces
Limit contact between wild animals (mice, dogs, birds,
etc.) and farmed animals

Limit the presence of foreign visitors

Minimize joining new animals to the herd

Human health and e Follow healthcare recommendations and social
safety (17, 59) distancing instructions

Monitor and ensure the health status of workers
Isolate infected workers

Follow biosecurity instructions for safe

human-animal contact

Animal health and e Maintain good animal husbandry (proper housing
welfare (1, 50) system) and management (e.g., milking hygiene).
Ensure the continuation of sanitary and prophylactic
programs for the farm animals against common
diseases

Use precision farming livestock tools for real time
monitoring of animals

Follow animal well-being standards during all the
production cycle, transportation, and marketing

Livestock supply e Ensure the availability of different production inputs
chain (55, 68) ® Focus in using available and local feed resources

Try to use technology and online marketing platforms
Monitor the market demands and adjust production
quantity and quality

Minimize sources of production wastes, e.g., in dairy
farms using simple measures to control surplus
milk production:

decrease milking frequency 2 instead of 3

extend dry off period, 65 instead of 45 days

extend the time of calves weaning

and social acceptance; other alleviation strategies would be
more realistic. Farm animals as the main element of this food
supply chain should be more adaptable to environmental stresses,
such as diseases, poor management, and non-standard well-
being conditions. In this term, improving immunity and the
withstanding of animals to diseases and harsh conditions, while
concomitantly maintaining adequate production potentials,
should be one of the practical applications. Creating animals with
a more efficient immune system may indirectly contribute to
decreasing the cost of production as the utilization of medications
and drugs, specifically antibiotics, could therefore be minimized
(59). This also will benefit consumers and human health by
reducing veterinary drug residues in animal products (60, 61).
Furthermore, improving the immune system functioning of
animals may help in maintaining the biodiversity of farm
animals by eliminating the need to cull or kill infected or
suspected animals under pandemic outbreak circumstances (17).
Recently, genetic improvements using advanced transgenesis and
genome editing technologies, such as CRISPR-Cas, may facilitate
rapid modulation of the genome of farm animals, creating
animals that can efficiently adapt to the environmental and
breeding challenges (62). In this term, scientists have shown the
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opportunity of these techniques to control many farm animals’
infectious diseases, such as ASF and bovine tuberculosis (62).

The availability of animals> feed ingredients, either through
foraging or concentrate ingredients, was an additional challenge
confronting the sustainability of the livestock supply chain. Data
presented in our overview illustrated that one of the livestock
supply chain’s major disruptors was the inability of farmers to
access animal feed. The restriction on import/export activity has
negatively impacted the availability of essential feed ingredients
[soybean and corn; (13, 40)]. Accordingly, strengthening the
livestock supply chain through alternative feed resources is one
of the most critical measures that can improve the resilience
of this food supply chain. An emphasis on harnessing local
feed resources and/or introducing agro-industrial by-products as
alternative feed resources may present an effective solution (63).
That could be achieved by applying different feeding strategies,
such as increasing the forage-to-concentrate ratio, use of straw-
based feed blocks, recycling of human food waste and human-
inedible food components to feed, and recycling of agricultural
wastes/byproducts (64). Also, in regions where the feeding of
animals depends on natural pastures, reforming of pastures by
introducing permanent growing plant species may contribute to
providing sustainable feed resources for grazing animals (65).

The experience acquired through the COVID-19 crisis
may also contribute to optimizing the part of the livestock
supply chain that includes processing, retail, and marketing
through strengthening the connection between producers,
retailers, targeted markets, and consumers (66). The inefficient
relationship between these key elements has resulted in
significant waste in animal products (milk and meat), which
could be avoided through establishing online marketing
platforms and internet technology services (67).
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