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ABSTRACT 

The COVID-19 pandemic has greatly impacted the U.S. food supply and consumer behavior. Food production and 
processing are being disrupted as illnesses, proactive quarantines, and government-mandated movement restrictions cause labor 
shortages. In this environment, the food industry has been required to adopt new, additional practices to minimize the risk of 
COVID-19 cases and outbreaks among its workforce. Successfully overcoming these challenges requires a comprehensive 
approach that addresses COVID-19 transmission both within and outside the facility. Possible interventions include strategies (i) 
to vaccinate employees, (ii) to assure that employees practice social distancing, (iii) to assure that employees wear face 
coverings, (iv) to screen employees for COVID-19, (v) to assure that employees practice frequent hand washing and avoid 
touching their faces, (vi) to clean frequently touched surfaces, and (vii) to assure proper ventilation. Compliance with these 
control strategies must be veri fied, and an overall COVID-19 control culture must be established to implement an effective 
program. Despite some public misperceptions about the health risk of severe acute respiratory syndrome coronavirus 2 on foods 
or food packaging, both the virus biology and epidemiological data clearly support a negligible risk of COVID-19 transmission 
through food and food packing. However, COVID-19 pandemic-related supply chain and workforce disruptions and the shift in 
resources to protect food industry employees from COVID-19 may increase the actual food safety risks. The goal of this review 
was to describe the COVID-19 mitigation practices adopted by the food industry and the potential impact of these practices and 
COVID-19–related disruptions on the industry ’s food safety mission. A review of these impacts is necessary to ensure that the 
food industry is prepared to maintain a safe and nutritious food supply in the face of future global disruptions. 

Key words: COVID-19; Food industry; Food safety; Severe acute respiratory syndrome coronavirus 2 

CO V I D-19 has been a tr ue pand em ic w ith an 
unprecedented global impact, affecting more than 200 
countries and regions. According to the Institute for Health 
Metrics and Evaluation (78), the death toll is predicted to 
reach more than 4.5 million by October 2021 ( 57). In
addition to developing and executing an effective public 
health response to mitigate the spread of COVID-19, one of 
the major focuses for the affected countries has been 
maintaining a steady supply of high-quality and safe food 
for their citizens despite the social and economic disruptions 
caused by the pandemic. 

The disruptions that have occurred as a result of 
COVID-19 have affected all parts of the food supply chain, 
including farms, processors, distributors, retailers, restau-
rants, and consumers. At the beginning, the stay-at-home 
orders put in place by local governments resulted in a 
sudden cessation in the demand for food from restaurants 
and other food service operations, such as school kitchens. 

Many farms rely directly and indirectly on demand for fresh 
produce and meat from food service outlets, and some were 
initially forced to dump large portions of the food they 
produced before eventually fi nding ways to redirect their 
foods to other food access points. Many of the food 
processors that depended on the food service customers 
experienced large losses of manufactured products, with 
perishable foods being the most affected. Packaging was 
also an issue as processors had to procure materials to 
transition from bulk food service –oriented formats to those 
sized for the at-home consumer. The demand for shelf-
stable products, such as canned foods and flour, increased 
greatly due to consumers shifting to storing and preparing 
more food at home (46, 55). 

As countries closed their borders and reduced industry 
operations to a minimum, the food industry was faced with 
a challenge of procuring sufficient amounts of high-quality 
and safe raw materials and other supplies such as packaging 
a nd c le ani ng c he m ic al s . T he f o od in dus t r y w a s a ls o 
responsible for requisitioning a sufficient supply of face 
coverings and hand sanitizers to implement the COVID-19
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The COVID-19 pandemic has greatly impacted the U.S. food supply and consumer behavior. Food production and
processing are being disrupted as illnesses, proactive quarantines, and government-mandated movement restrictions cause labor
shortages. In this environment, the food industry has been required to adopt new, additional practices to minimize the risk of
COVID-19 cases and outbreaks among its workforce. Successfully overcoming these challenges requires a comprehensive
approach that addresses COVID-19 transmission both within and outside the facility. Possible interventions include strategies (i)
to vaccinate employees, (ii) to assure that employees practice social distancing, (iii) to assure that employees wear face
coverings, (iv) to screen employees for COVID-19, (v) to assure that employees practice frequent hand washing and avoid
touching their faces, (vi) to clean frequently touched surfaces, and (vii) to assure proper ventilation. Compliance with these
control strategies must be verified, and an overall COVID-19 control culture must be established to implement an effective
program. Despite some public misperceptions about the health risk of severe acute respiratory syndrome coronavirus 2 on foods
or food packaging, both the virus biology and epidemiological data clearly support a negligible risk of COVID-19 transmission
through food and food packing. However, COVID-19 pandemic-related supply chain and workforce disruptions and the shift in
resources to protect food industry employees from COVID-19 may increase the actual food safety risks. The goal of this review
was to describe the COVID-19 mitigation practices adopted by the food industry and the potential impact of these practices and
COVID-19–related disruptions on the industry’s food safety mission. A review of these impacts is necessary to ensure that the
food industry is prepared to maintain a safe and nutritious food supply in the face of future global disruptions.
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COVID-19 has been a true pandemic with an
unprecedented global impact, affecting more than 200
countries and regions. According to the Institute for Health
Metrics and Evaluation (78), the death toll is predicted to
reach more than 4.5 million by October 2021 (57). In
addition to developing and executing an effective public
health response to mitigate the spread of COVID-19, one of
the major focuses for the affected countries has been
maintaining a steady supply of high-quality and safe food
for their citizens despite the social and economic disruptions
caused by the pandemic.

The disruptions that have occurred as a result of
COVID-19 have affected all parts of the food supply chain,
including farms, processors, distributors, retailers, restau-
rants, and consumers. At the beginning, the stay-at-home
orders put in place by local governments resulted in a
sudden cessation in the demand for food from restaurants
and other food service operations, such as school kitchens.

Many farms rely directly and indirectly on demand for fresh
produce and meat from food service outlets, and some were
initially forced to dump large portions of the food they
produced before eventually finding ways to redirect their
foods to other food access points. Many of the food
processors that depended on the food service customers
experienced large losses of manufactured products, with
perishable foods being the most affected. Packaging was
also an issue as processors had to procure materials to
transition from bulk food service–oriented formats to those
sized for the at-home consumer. The demand for shelf-
stable products, such as canned foods and flour, increased
greatly due to consumers shifting to storing and preparing
more food at home (46, 55).

As countries closed their borders and reduced industry
operations to a minimum, the food industry was faced with
a challenge of procuring sufficient amounts of high-quality
and safe raw materials and other supplies such as packaging
and cleaning chemicals. The food industry was also
responsible for requisitioning a sufficient supply of face
coverings and hand sanitizers to implement the COVID-19
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m i ti ga ti on p r ac ti ce s nec e s s ar y t o pr o te ct e m pl oy ee s . 
Although local governments and communities eventually 
helped support face covering and hand sanitizer procure-
ment, the food industry made several changes to production 
plans to deal with the limited availability of other supplies. 
These changes included shifting the types of food products 
m ade, m odif ying pr oduct f orm ulations , and changing 
pa cka ging, ea ch chan ge r e pr es ent ing its ow n uni que 
challenge. Some of the changes implemented by the food 
industry were supported by regulatory changes regarding 
labeling and end users. For example, the U.S. Food and 
Dr ug Ad mini st ratio n (FDA ) (1 34) loo sene d nut ritio nal 
labeling information requirements and allowed shelled eggs 
originally meant for processing to be diverted to retail sales.

In addition to the disruption of the food supply chain, 
the food industry was also negatively impacted by overall 
labor shortages. COVID-19 drove labor shortages caused by 
le ngthy is olat ion of em ployee s due to inf ec tion or 
quarantine because of potential exposure. COVID-19 also 
impacted the supply of workers in less direct ways. Early in 
the pandemic, some workers were not showing up to work 
due to fear of being infected or after an outbreak at their 
facility. The available pool of workers for the food industry 
to hire from was also reduced because some individuals that 
had lost their jobs decided not to look for new work because 
the temporary federal and state COVID-19 unemployment 
relief programs provided bene fits that were comparable to 
food industry salaries. Remaining food employees were 
then required to take on new responsibilities, often adding 
to their regular responsibilities and working hours. For 
example, production managers had to operate processing 
equipment, and quality assurance managers had to develop 
and implement COVID-19 control plans and mitigation 
strategies in addition to their food safety and quality 
programs. As the pool of skilled workers shrank, the food 
industry was also forced to hire new employees that were 
less skilled, with no prior food industry experience or no 
prior training in food safety practices. Training these new 
em plo ye es als o re pr es ent e d cha ll eng es as so cia te d wit h 
practices needed to mitigate COVID-19 transmission. For 
example, shadowing a skilled employee is a common way 
of tr ain ing new em plo yee s, but the re qui re d phy si cal 
distancing made it difficult for close visual instruction, 
a nd fa ce cov er i ngs im ped ed ver bal com muni cat i on in 
already noisy food processing environments. New employ-
ees with limited experience in the food industry were also 
less likely to commit to staying long term after they have 
been trained. These labor challenges have further driven the 
food industry ’s interest in automation and the use of 
robotics to reduce the risk of spreading COVID-19 and the 
reliance on skilled labor (17). 

The aim of this article is to review the practices food 
c omp a nies have im plem ente d to m iti gate the r is k of 
COVID-19 transmission for their employees and to discuss 
the impact of these COVID-19 practices on the food safety 
m is s ion of t hes e com pani es . Com pan ies a r e r e so ur ce 
limited by money, time, and personnel, and these unprec-
edented disruptions and resulting resource demands can 
challenge the successful operation of even the most well-
funded businesses. Although many food companies look 

fo rwa rd t o a p o s t – C OV ID-1 9 re t u rn t o l e s s s t ra i n e d 
operations, this pandemic has highlighted the fragility of 
our global food supply chain. Many experts have tempered 
their post-COVID optimism, noting that future pandemics 
of equal or greater severity are possible in our lifetime and 
perhaps even more likely in our increasingly interconnected 
world. The food industry must both review the efficacy of 
the practices they have implemented within their facilities to 
control COVID-19 and critically assess the potential gaps 
their implementation has caused in other core business 
functions to ensure they can successfully deliver consistent, 
safe, and nutritious foods in the face of future global 
disruptions. 

BACKGROUND ON SARS-CO V-2 

Coronaviruses belong to the Coronaviridae family of 
enveloped, single-stranded, positive-strand RNA viruses 
that infect numerous animal species, including humans. 
Human coronaviruses were discovered in the mid-1960s as 
pathogens associated with cold symptoms, including sore 
throat, cough, and congestion (71 , 129 ) . This group of 
viruses has a characteristic “ fringe” of projections (i.e., 
spike glycoproteins) that are 200 Å long and resemble a 
solar corona; hence these viruses were named coronavirus 
(3). Since their initial discovery, specifi c coronaviruses 
associated with respiratory infections have been studied by 
s cientis ts ar ound the w or ld. P r ior to the CO V I D-19 
pandemic, two coronaviruses in particular were associated 
with large outbreaks of a more serious respiratory infection: 
severe acute respiratory syndrome coronavirus (SARS-
CoV) 1 in 2002 and Middle East respiratory syndrome 
coronavirus (MERS-CoV) in 2012 (113 , 156). 

The coronavirus structure and genome are important in 
development of COVID-19 detection assays and vaccines. 
The coronavirus virion is composed of an internal RNA and 
protein nucleocapsid surrounded by a host-acquired lipid 
bilayer envelope with imbedded viral glycoproteins. The 
coronaviral genome encodes several structural and non-
st r uc t u ra l pr o te i n s, i nc l u d in g pr ot e a se s a n d m e mb ra n e 
glycoproteins, that are believed to function in virus-host 
interactions (113 , 118 ) . The presence of the coronavirus 
envelope is a critical difference between SARS-CoV-2 and 
other enteric viruses, such as norovirus and hepatitis A 
virus, that are likely to be transmitted by contaminated food 
and water. This envelope is important for host infection but 
can easily deteriorate, which makes the virus less stable 
outside of the host, for example, on food and other surfaces 
(92 , 113 ). SARS-CoV-2 is rapidly inactivated outside of the 
host, with a half-life of 1 to 7 h depending on the surface 
(145 ) and is even more sensitive to acids, heat, detergents, 
and sanitizers (63). Although speci fic data on the stability of 
SARS-CoV-2 in a frozen state (e.g., at −208 C) is lacking, 
studies on other coronaviruses have indicated survival for 
up to 2 years in a frozen state; thus, extended survival of 
SARS-CoV-2 at temperatures used for storage and transport 
of frozen foods is possible (147). 

Viruses use fusion proteins to bind to the receptor 
molecules on host cells. Nonenveloped viruses have fusion 
proteins on their protein capsids, and enveloped viruses 
have fusion proteins on their envelopes. This distinction is

mitigation practices necessary to protect employees.
Although local governments and communities eventually
helped support face covering and hand sanitizer procure-
ment, the food industry made several changes to production
plans to deal with the limited availability of other supplies.
These changes included shifting the types of food products
made, modifying product formulations, and changing
packaging, each change representing its own unique
challenge. Some of the changes implemented by the food
industry were supported by regulatory changes regarding
labeling and end users. For example, the U.S. Food and
Drug Administration (FDA) (134) loosened nutritional
labeling information requirements and allowed shelled eggs
originally meant for processing to be diverted to retail sales.

In addition to the disruption of the food supply chain,
the food industry was also negatively impacted by overall
labor shortages. COVID-19 drove labor shortages caused by
lengthy isolation of employees due to infection or
quarantine because of potential exposure. COVID-19 also
impacted the supply of workers in less direct ways. Early in
the pandemic, some workers were not showing up to work
due to fear of being infected or after an outbreak at their
facility. The available pool of workers for the food industry
to hire from was also reduced because some individuals that
had lost their jobs decided not to look for new work because
the temporary federal and state COVID-19 unemployment
relief programs provided benefits that were comparable to
food industry salaries. Remaining food employees were
then required to take on new responsibilities, often adding
to their regular responsibilities and working hours. For
example, production managers had to operate processing
equipment, and quality assurance managers had to develop
and implement COVID-19 control plans and mitigation
strategies in addition to their food safety and quality
programs. As the pool of skilled workers shrank, the food
industry was also forced to hire new employees that were
less skilled, with no prior food industry experience or no
prior training in food safety practices. Training these new
employees also represented challenges associated with
practices needed to mitigate COVID-19 transmission. For
example, shadowing a skilled employee is a common way
of training new employees, but the required physical
distancing made it difficult for close visual instruction,
and face coverings impeded verbal communication in
already noisy food processing environments. New employ-
ees with limited experience in the food industry were also
less likely to commit to staying long term after they have
been trained. These labor challenges have further driven the
food industry’s interest in automation and the use of
robotics to reduce the risk of spreading COVID-19 and the
reliance on skilled labor (17).

The aim of this article is to review the practices food
companies have implemented to mitigate the risk of
COVID-19 transmission for their employees and to discuss
the impact of these COVID-19 practices on the food safety
mission of these companies. Companies are resource
limited by money, time, and personnel, and these unprec-
edented disruptions and resulting resource demands can
challenge the successful operation of even the most well-
funded businesses. Although many food companies look

forward to a post–COVID-19 return to less strained
operations, this pandemic has highlighted the fragility of
our global food supply chain. Many experts have tempered
their post-COVID optimism, noting that future pandemics
of equal or greater severity are possible in our lifetime and
perhaps even more likely in our increasingly interconnected
world. The food industry must both review the efficacy of
the practices they have implemented within their facilities to
control COVID-19 and critically assess the potential gaps
their implementation has caused in other core business
functions to ensure they can successfully deliver consistent,
safe, and nutritious foods in the face of future global
disruptions.

BACKGROUND ON SARS-COV-2

Coronaviruses belong to the Coronaviridae family of
enveloped, single-stranded, positive-strand RNA viruses
that infect numerous animal species, including humans.
Human coronaviruses were discovered in the mid-1960s as
pathogens associated with cold symptoms, including sore
throat, cough, and congestion (71, 129). This group of
viruses has a characteristic “fringe” of projections (i.e.,
spike glycoproteins) that are 200 Å long and resemble a
solar corona; hence these viruses were named coronavirus
(3). Since their initial discovery, specific coronaviruses
associated with respiratory infections have been studied by
scientists around the world. Prior to the COVID-19
pandemic, two coronaviruses in particular were associated
with large outbreaks of a more serious respiratory infection:
severe acute respiratory syndrome coronavirus (SARS-
CoV) 1 in 2002 and Middle East respiratory syndrome
coronavirus (MERS-CoV) in 2012 (113, 156).

The coronavirus structure and genome are important in 
development of COVID-19 detection assays and vaccines. 
The coronavirus virion is composed of an internal RNA and 
protein nucleocapsid surrounded by a host-acquired lipid 
bilayer envelope with imbedded viral glycoproteins. The 
coronaviral genome encodes several structural and non-
structural proteins, including proteases and membrane 
glycoproteins, that are believed to function in virus-host 
interactions (113, 118). The presence of the coronavirus 
envelope is a critical difference between SARS-CoV-2 and 
other enteric viruses, such as norovirus and hepatitis A 
virus, that are likely to be transmitted by contaminated food 
and water. This envelope is important for host infection but 
can easily deteriorate, which makes the virus less stable 
outside of the host, for example, on food and other surfaces 
(92, 113). SARS-CoV-2 is rapidly inactivated outside of the 
host, with a half-life of 1 to 7 h depending on the surface 
(145) and is even more sensitive to acids, heat, detergents, 
and sanitizers (63). Although specific data on the stability of 
SARS-CoV-2 in a frozen state (e.g., at −208C) is lacking, 
studies on other coronaviruses have indicated survival for 
up to 2 years in a frozen state; thus, extended survival of 
SARS-CoV-2 at temperatures used for storage and transport 
of frozen foods is possible (147).

Viruses use fusion proteins to bind to the receptor
molecules on host cells. Nonenveloped viruses have fusion
proteins on their protein capsids, and enveloped viruses
have fusion proteins on their envelopes. This distinction is
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an important reason why enveloped viruses typically lose 
their infectivity after disinfection treatment or contact with 
surfactants because their fusion proteins are lost due to 
changes in the virus envelopes (e.g., disintegration or 
conformational changes). Capsids of nonenveloped viruses, 
like those of norovirus and hepatitis A virus, are more stable 
outside of the host; therefore, these viruses retain functional 
fusion proteins and infectivity for longer outside of the host 
( 3, 92) . 

The principal mode by which people are infected with 
S A RS-CoV-2 is thro ugh per s on-t o-per s on contact and 
exposure to respiratory droplets carrying the virus. Al-
though the virus can be shed in the stool of individuals with 
COVID-19, which raises the potential of fecal transmission, 
limited evidence supports this type of transmission in the 
c om mu ni ty. T he u nli ke li ho od of f ec al t ra n sm is si on i s 
cons is tent with obs erved variations in fr equency and 
duration of shedding of replication-competent virus by 
infected individuals and the complexity of this type of 
transmission ( 20, 135) . Although people can be infected 
through contact with contaminated fomites, the Centers for 
Disease Control and Prevention (CDC) (34) considers this 
risk to be low. During this pandemic, few reported cases of 
COVID-19 have been attributed to fomite transmission ( 86, 
97), although difficulties associated with confi rmation of 
f om ite tr ans m is s ion a re exacer bated due t o potential 
asymptomatic individuals ( 9, 18, 153) . In a quantitative 
microbial risk assessment conducted to better characterize 
fomite transmission, the risk of SARS-CoV-2 infection via 
contaminated fomites was estimated as , 1 in 10,000 ( 73, 
109, 144 ) . This risk is likely to be signifi cantly lower 
because in some studies in this assessment exposure risks 
were estimated from RNA quantifi cation data rather than 
number of infectious virus particles, and in vitro studies 
have been criticized for using large amounts of virus that 
would likely not actually be found on surfaces. This risk 
assessment issue is compounded by the fact that at this time 
little is known about the infectious dose of SARS-CoV-2. 
However, more information is being gathered, including on 
how the cycle threshold (C T ) values from PCR tests for 
clinical infection are correlated with clinical signs and from 
in vivo cell culture and animal model studies assessing 
infectivity of wild-type SARS-CoV-2 and its variants. 

STRATEGIES TO CONTROL COVID-19 
TRANSMISSION AMONG FOOD INDUSTRY 

EMPLOYEES 

Various COVID-19 control strategies can be imple-
mented in food processing facilities to mitigate potential 
transmission and assure the safety and health of employees. 
Organi zed by pr ior ity and effecti ven es s, the se con tr ol 
strategies include (i) vaccinating employees, (ii) practicing 
s ocial dis tancing, ( iii) as s uring em ployees w ear f ace 
coverings, (iv) screening of employees for COVID-19, (v) 
assuring employees practice frequent hand washing and 
avoid touching their faces, (vi), cleaning frequently touched 
s u r f a ces , ( v ii) a s s u r i ng pr o per v en til ati on, an d ( v iii ) 
minimizing community spread ( Table 1 ). The hierarchy of 
these COVID-19 strategies may change as transmission 
rates change and as new scienti fic evidence emerges. 

Vaccination of employees. Research on coronaviruses 
tha t ca use cr itic al i llnes s es has a l ong his tor y, even 
predating the 2002 SARS outbreak. This established body 
of research on coronaviruses and vaccinology is in part what 
allowed the rapid developm ent of vaccines in 2020. 
Researchers currently are pursuing clinical trials of 97 
vaccines, according to the New York Times coronavirus 
vaccine tracker (158 ). Similar vaccine development infor-
mation is available through the Vaccine Centre at the 
London School of Hygiene & Tropical Medicine (121). The 
COVID-19 pandemic has resulted in a remarkable mobili-
zation of resources, skills, and dedication from vaccine 
researchers (108 ). Vaccines train the host ’s immune system 
to react and protect the host from a foreign agent (e.g., virus 
or bacterium) that could cause disease. Although some 
vaccines utilize whole, attenuated, or inactive virions to 
elicit an immune response, many of the COVID-19 vaccines 
initially developed have used only a subunit of SARS-CoV-
2 to trigger immunity. Early research indicates that the spike 
glycoprotein, located on the outer surface of the coronavi-
rus, is a suitable subunit of the virus to be used for vaccine 
development (74) . The body ’s immune response includes 
several mechanisms, one of which is production of T- and 
B-lymphocytes that will have speci fic memory of one or 
several viral subunits, depending on the type of vaccine. 
This specifi c memory, which typically takes several weeks 
to develop, allows the body to identify the virus or cells 
infected with it in the future and initiate a rapid immune 
response to stop or slow down the progression of infection 
and protect the individual from developing the disease. 
Although some vaccines provide long-term immunity after 
a single dose, other vaccines require a second dose and 
sometimes follow-up boosters to maintain the immune 
system ’s recognition of the virus. The dosing regimen will 
be informed by the data from the initial clinical trials on the 
effi cacy and safety of the vaccine. Any changes to the 
dosing regimen will need to be supported by subsequent 
clinical trials. The SARS-CoV-2 vaccines in use at this time 
have undergone extensive review for safety and efficacy 
before being authorized for early use or emergency use in 
various countries. 

With CO V I D-19 va ccine s becom ing incr e as ingly 
available and their importance in protecting employee 
health clearly demonstrated, a difficult question emerges: 
Should food processors require their employees to vacci-
nate? Although the importance of vaccination to protect 
individual health and reduce COVID-19 transmission is 
clear, m any bus ines s es are r eluctant to require their 
employees to receive the COVID-19 vaccine. An alternative 
is to engage employees in ways that encourage and support 
acces s to vaccination, w ith s om e com panies offering 
incentives and/or time off to get vaccinated. Red Rooster, 
a U.S. restaurant, offered its employees a vaccination 
incentive plan that included a monetary bonus plus 16 h of 
pai d time off ( 2) . Red Roos ter re port ed a succ ess ful 
re sp ons e to the ir pr ogr am , wit h . 85 % of the ir st aff 
vaccinated in a relatively short time. Many larger restaurant 
and grocery corporations also have been offering at least 2 h 
of paid time off and fi nancial incentives. To improve

an important reason why enveloped viruses typically lose
their infectivity after disinfection treatment or contact with
surfactants because their fusion proteins are lost due to
changes in the virus envelopes (e.g., disintegration or
conformational changes). Capsids of nonenveloped viruses,
like those of norovirus and hepatitis A virus, are more stable
outside of the host; therefore, these viruses retain functional
fusion proteins and infectivity for longer outside of the host
(3, 92).

The principal mode by which people are infected with
SARS-CoV-2 is through person-to-person contact and
exposure to respiratory droplets carrying the virus. Al-
though the virus can be shed in the stool of individuals with
COVID-19, which raises the potential of fecal transmission,
limited evidence supports this type of transmission in the
community. The unlikelihood of fecal transmission is
consistent with observed variations in frequency and
duration of shedding of replication-competent virus by
infected individuals and the complexity of this type of
transmission (20, 135). Although people can be infected
through contact with contaminated fomites, the Centers for
Disease Control and Prevention (CDC) (34) considers this
risk to be low. During this pandemic, few reported cases of
COVID-19 have been attributed to fomite transmission (86,
97), although difficulties associated with confirmation of
fomite transmission are exacerbated due to potential
asymptomatic individuals (9, 18, 153). In a quantitative
microbial risk assessment conducted to better characterize
fomite transmission, the risk of SARS-CoV-2 infection via
contaminated fomites was estimated as ,1 in 10,000 (73,
109, 144). This risk is likely to be significantly lower
because in some studies in this assessment exposure risks
were estimated from RNA quantification data rather than
number of infectious virus particles, and in vitro studies
have been criticized for using large amounts of virus that
would likely not actually be found on surfaces. This risk
assessment issue is compounded by the fact that at this time
little is known about the infectious dose of SARS-CoV-2.
However, more information is being gathered, including on
how the cycle threshold (CT) values from PCR tests for
clinical infection are correlated with clinical signs and from
in vivo cell culture and animal model studies assessing
infectivity of wild-type SARS-CoV-2 and its variants.

STRATEGIES TO CONTROL COVID-19
TRANSMISSION AMONG FOOD INDUSTRY

EMPLOYEES

Various COVID-19 control strategies can be imple-
mented in food processing facilities to mitigate potential
transmission and assure the safety and health of employees.
Organized by priority and effectiveness, these control
strategies include (i) vaccinating employees, (ii) practicing
social distancing, (iii) assuring employees wear face
coverings, (iv) screening of employees for COVID-19, (v)
assuring employees practice frequent hand washing and
avoid touching their faces, (vi), cleaning frequently touched
surfaces, (vii) assuring proper ventilation, and (viii)
minimizing community spread (Table 1). The hierarchy of
these COVID-19 strategies may change as transmission
rates change and as new scientific evidence emerges.

Vaccination of employees. Research on coronaviruses
that cause critical illnesses has a long history, even
predating the 2002 SARS outbreak. This established body
of research on coronaviruses and vaccinology is in part what
allowed the rapid development of vaccines in 2020.
Researchers currently are pursuing clinical trials of 97
vaccines, according to the New York Times coronavirus
vaccine tracker (158). Similar vaccine development infor-
mation is available through the Vaccine Centre at the
London School of Hygiene & Tropical Medicine (121). The
COVID-19 pandemic has resulted in a remarkable mobili-
zation of resources, skills, and dedication from vaccine
researchers (108). Vaccines train the host’s immune system
to react and protect the host from a foreign agent (e.g., virus
or bacterium) that could cause disease. Although some
vaccines utilize whole, attenuated, or inactive virions to
elicit an immune response, many of the COVID-19 vaccines
initially developed have used only a subunit of SARS-CoV-
2 to trigger immunity. Early research indicates that the spike
glycoprotein, located on the outer surface of the coronavi-
rus, is a suitable subunit of the virus to be used for vaccine
development (74). The body’s immune response includes
several mechanisms, one of which is production of T- and
B-lymphocytes that will have specific memory of one or
several viral subunits, depending on the type of vaccine.
This specific memory, which typically takes several weeks
to develop, allows the body to identify the virus or cells
infected with it in the future and initiate a rapid immune
response to stop or slow down the progression of infection
and protect the individual from developing the disease.
Although some vaccines provide long-term immunity after
a single dose, other vaccines require a second dose and
sometimes follow-up boosters to maintain the immune
system’s recognition of the virus. The dosing regimen will
be informed by the data from the initial clinical trials on the
efficacy and safety of the vaccine. Any changes to the
dosing regimen will need to be supported by subsequent
clinical trials. The SARS-CoV-2 vaccines in use at this time
have undergone extensive review for safety and efficacy
before being authorized for early use or emergency use in
various countries.

With COVID-19 vaccines becoming increasingly
available and their importance in protecting employee
health clearly demonstrated, a difficult question emerges:
Should food processors require their employees to vacci-
nate? Although the importance of vaccination to protect
individual health and reduce COVID-19 transmission is
clear, many businesses are reluctant to require their
employees to receive the COVID-19 vaccine. An alternative
is to engage employees in ways that encourage and support
access to vaccination, with some companies offering
incentives and/or time off to get vaccinated. Red Rooster,
a U.S. restaurant, offered its employees a vaccination
incentive plan that included a monetary bonus plus 16 h of
paid time off (2). Red Rooster reported a successful
response to their program, with .85% of their staff
vaccinated in a relatively short time. Many larger restaurant
and grocery corporations also have been offering at least 2 h
of paid time off and financial incentives. To improve
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vaccine access throughout the early months of 2021, several 
companies followed guidelines from the CDC ( 27) and 
formed partnerships with local pharmacy chains to hold 
va cci ne c lini cs f or e mp l oyee s. A ge ncie s su ch a s the 
National Center for Farmworker Health are working with 
growers to promote migrant health programs, including 
vaccination sites (100 ). Food company and government 
vaccination policies will likely further evolve following 
future full approval of vaccines that are currently being used 
under emergency use authorizations. Company policies will 
be in fl uence d by the cha ngi ng poli tica l and pe r so na l 
viewpoints on vaccination. Individual employees may have 
concerns around safety, access, differences between types, 
and actual need for the COVID-19 vaccine, and many may 
have concerns around personal freedoms in vaccination 
re qui re me nts . T hes e con cer ns wi ll evo lv e a s vac c ine s 
be com e m or e ava ila ble , and com pa nie s w il l ne ed to 
continually customize their communication strategies to 
address reasons for vaccine hesitancy and achieve full 
vaccination of their workforce. 

supply. The social distancing practices implemented by the 
food industry were focused on maintaining the physical 
distance between individuals occupying the same larger 
space. Physical distancing prevents transmission by (i) 
eliminating physical contact with an infected person, (ii) 
assuring that a healthy individual is exposed to a reduced 
num ber of large re sp ir ato ry dr opl et s gen er at ed by an 
infected person, and by (iii) reducing contact with surfaces 
that an infected person has recently contaminated through 
generated respiratory droplets and physical contact. Large 
respiratory droplets can carry sufficient amounts of active 
virus to cause an infection; however, due to their size, these 
droplets drop to the fl oor relatively quickly and do not travel 
far from the source ( 7, 141 ) . Recommendations regarding 
the safe physical distance between individuals currently 
lac ks co nsensus acro s s coun tr ie s and agen ci es. T hese 
differences in recommendations are in fluenced by (i) how 
available scienti fi c data are interpreted, (ii) how the risk and 
level of acceptable risk are determined, and (iii) how the 
level of acceptable uncertainty is determined. For example, 
the CDC guidelines recommend 2 m (6 ft) of distance, 
whereas World Health Organization (WHO) guidelines 
recommend only 1 m (3 ft) ( 23, 150 ) . Time spent within the 
range of respiratory droplets is an equally important factor 
for transmission of COVID-19, which is why close contact 
(i.e., contact likely to result in infection) is defined by both 
time with and distance from an infected person. As with

Practicing social distancing. Social distancing is often 
used in a broad sense to describe strategies that minimize 
social interactions between people within a community, for 
example, closing schools and stopping transit systems (47, 
91, 128). The food industry had to adopt social distancing in 
a stricter sense to continue operations and maintain the food 

TABLE 1. Priority list of mitigation strategies to control COVID-19 transmission among employees within and outside a food facility 

Mitigation strategy a What the employee can do What the employer can do References 

Vaccination of employees Get vaccinated Educate, encourage, provide 
incentives, be an example 

27 , 33 , 107 

Practicing social distancing Maintain appropriate social 
distance b 

Prepare the environment, educate, 
implement strategies, verify, be 
an example 

23, 25, 32 

Assuring that employees wear face 
coverings 

Wear face coverings, replace face 
coverings, avoid touching the 
face, continue physical distance 

Educate, provide face coverings, 
verify use, be an example, 
reinforce physical distance 

25 , 28 , 148 

Screening of employees for 
COVID-19 c 

Self-evaluate, report onset, stay 
home if sick, agree to test 

Arrange routine screening 
questionnaire, temperature 
checks, virus testing; consider 
legal requirements. 

30 , 31 , 60, 115 , 133 

Assuring frequent hand washing 
and avoidance of touching the 
face 

Practice hand washing Educate, provide facilities, verify 
use, be an example 

132 , 138, 146 , 151 

Cleaning frequently touched 
surfacesd 

  Routinely clean frequently touched 
surfaces 

Provide personal protection 
equipment and validated 
standard operating procedures, 
train, verify 

34 , 36 , 131 

Assuring proper ventilation Verify Provide proper ventilation, verify, 
validate 

4 , 22 , 35 

Minimizing community spread Be aware of local hotspots of 
COVID-19 cases, continue 
mitigation practices outside of 
work 

Be aware of local hotspots of 
COVID-19 cases, encourage 
mitigation practices outside of 
work 

25 , 26 , 152 

a Mitigation strategies arranged in descending order from the most important to least important.
b CDC, 6 ft (2 m); WHO, 3 ft (1 m).
c Screening employees for COVID-19 symptoms; testing employees for SARS-CoV-2.
d Cleaning of frequently touched surfaces does not replace established sanitation program. 

vaccine access throughout the early months of 2021, several
companies followed guidelines from the CDC (27) and
formed partnerships with local pharmacy chains to hold
vaccine clinics for employees. Agencies such as the
National Center for Farmworker Health are working with
growers to promote migrant health programs, including
vaccination sites (100). Food company and government
vaccination policies will likely further evolve following
future full approval of vaccines that are currently being used
under emergency use authorizations. Company policies will
be influenced by the changing political and personal
viewpoints on vaccination. Individual employees may have
concerns around safety, access, differences between types,
and actual need for the COVID-19 vaccine, and many may
have concerns around personal freedoms in vaccination
requirements. These concerns will evolve as vaccines
become more available, and companies will need to
continually customize their communication strategies to
address reasons for vaccine hesitancy and achieve full
vaccination of their workforce.

Practicing social distancing. Social distancing is often
used in a broad sense to describe strategies that minimize
social interactions between people within a community, for
example, closing schools and stopping transit systems (47,
91, 128). The food industry had to adopt social distancing in
a stricter sense to continue operations and maintain the food

supply. The social distancing practices implemented by the
food industry were focused on maintaining the physical
distance between individuals occupying the same larger
space. Physical distancing prevents transmission by (i)
eliminating physical contact with an infected person, (ii)
assuring that a healthy individual is exposed to a reduced
number of large respiratory droplets generated by an
infected person, and by (iii) reducing contact with surfaces
that an infected person has recently contaminated through
generated respiratory droplets and physical contact. Large
respiratory droplets can carry sufficient amounts of active
virus to cause an infection; however, due to their size, these
droplets drop to the floor relatively quickly and do not travel
far from the source (7, 141). Recommendations regarding
the safe physical distance between individuals currently
lacks consensus across countries and agencies. These
differences in recommendations are influenced by (i) how
available scientific data are interpreted, (ii) how the risk and
level of acceptable risk are determined, and (iii) how the
level of acceptable uncertainty is determined. For example,
the CDC guidelines recommend 2 m (6 ft) of distance,
whereas World Health Organization (WHO) guidelines
recommend only 1 m (3 ft) (23, 150). Time spent within the
range of respiratory droplets is an equally important factor
for transmission of COVID-19, which is why close contact
(i.e., contact likely to result in infection) is defined by both
time with and distance from an infected person. As with

TABLE 1. Priority list of mitigation strategies to control COVID-19 transmission among employees within and outside a food facility

Mitigation strategya What the employee can do What the employer can do References

Vaccination of employees Get vaccinated Educate, encourage, provide
incentives, be an example

27, 33, 107

Practicing social distancing Maintain appropriate social
distanceb

Prepare the environment, educate,
implement strategies, verify, be
an example

23, 25, 32

Assuring that employees wear face
coverings

Wear face coverings, replace face
coverings, avoid touching the
face, continue physical distance

Educate, provide face coverings,
verify use, be an example,
reinforce physical distance

25, 28, 148

Screening of employees for
COVID-19c

Self-evaluate, report onset, stay
home if sick, agree to test

Arrange routine screening
questionnaire, temperature
checks, virus testing; consider
legal requirements.

30, 31, 60, 115, 133

Assuring frequent hand washing
and avoidance of touching the
face

Practice hand washing Educate, provide facilities, verify
use, be an example

132, 138, 146, 151

Cleaning frequently touched
surfacesd

Routinely clean frequently touched
surfaces

Provide personal protection
equipment and validated
standard operating procedures,
train, verify

34, 36, 131

Assuring proper ventilation Verify Provide proper ventilation, verify,
validate

4, 22, 35

Minimizing community spread Be aware of local hotspots of
COVID-19 cases, continue
mitigation practices outside of
work

Be aware of local hotspots of
COVID-19 cases, encourage
mitigation practices outside of
work

25, 26, 152

a Mitigation strategies arranged in descending order from the most important to least important.
b CDC, 6 ft (2 m); WHO, 3 ft (1 m).
c Screening employees for COVID-19 symptoms; testing employees for SARS-CoV-2.
d Cleaning of frequently touched surfaces does not replace established sanitation program.
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distance, full consensus has not been reached on minimum 
time, but most recommendations mention a cumulative time 
of 10 or 15 min within a 24-h period ( 23, 60, 102 , 150) . 
Other important factors that influence increased risk of 
transmission during close interaction are activities and 
events that increase or decrease the generation of respiratory 
droplets, for example, talking, coughing, and use of face 
coverings ( 6, 56, 83). Scienti fi c data currently are limited on 
the infectious dose for SARS-CoV-2; however, even the 
high infectious dose predictions, with the number of virus 
particles needed to produce infection in 50% of exposed 
individuals estimated at 280 to 790, suggest that transmis-
sion is possible during common exposure to respiratory 
droplets generated during a single sneeze or face-to-face 
conversation ( 117) . Stadnytskyi et al. ( 124) estimated that as 
many as 100,000 viral particles can be emitted during 1 min 
of talking, and Schijven et al. ( 116 ) estimated that a single 
sneeze can emit up to 3,200,000 viral particles. 

Data on the effectiveness of maintaining physical 
dis tance ( e. g. ,  1 t o 2 m ) f or r educing CO V I D-19 
transmission are limited. In a meta-analysis of 44 relevant 
comparative studies in health care and non –health care 
settings to determine the effectiveness of different mitiga-
tion strategies for preventing transmission of SARS-CoV-2, 
SARS-CoV-1, or MERS-CoV (44), the authors concluded 
that transmission of these respiratory viruses was lower at a 
physical distance of ≥1 m than at a distance of , 1 m, with 
an odds ratio of 0.18 (95 % con fidence interval, 0.09 to 
0.38). They also concluded that overall protection increased 
as dist ance in cre as ed , w it h an appro xima tely two f ol d 
increase in protection per added 1 m (for a range of 0 to 
2 m). These results are consistent with other reports on 
mitigating COVID-19 spread in health care settings. In a 
study from Singapore General Hospital, where for . 1,500 
COVID-19 patients were cared for, improved physical 
distancing was one of the key components for mitigating 
COVID-19 spread, even among COVID-19 cases detected 
outside isolation ( 140) . In a separate report, the same 
researchers highlighted a case in which a COVID-19 patient 
that had a delayed positive diagnosis and was cared for in 
the general ward of the hospital did not transmit COVID-19 
to 26 others within the same area. The mitigation strategies 
followed by this COVID-19 patient were physical distanc-
ing of 1 m and wearing a surgical mask (139) . These reports 
indicate that physical distancing of 2 m, as recommended by 
the CDC and other public health agencies, includes a 
substantial margin of safety and is, together with wearing a 
proper face covering, an effective mitigation strategy when 
complete social separation is not possible, for example, in a 
food processing environment. 

The food processing environment needs to be properly 
con figured so that physical distancing can be successfully 
implemented and maintained. This process involves three 
steps: (i) reducing to a minimum the number of individuals 
present in the facility at any given moment, including 
employees, visitors, contractors, and inspectors; (ii) prepar-
ing the physical environment itself; and (iii) establishing 
temporal practices that support spatial distancing. Reducing 
employee density and maintaining production volumes may 

seem to be diametrically opposed goals, but opportunities 
exist for food companies willing to challenge traditionally 
defi ned roles. One food processor rethought their equipment 
operator roles and trained these operators to troubleshoot 
their equipment and resolve minor issues without the need 
f or m ai ntenance s taff , thus r ed ucing th e num ber o f 
employees needed in a space and potentially reducing the 
production time lost to simple problems (53) . Preparing the 
physical environment can involve finding or repurposing 
new areas where activities can be performed, organizing 
spaces to allow one-way foot traffic and prevent crowding, 
and introducing physical barriers where physical distancing 
is hard to achieve. Other examples of preparing the physical 
environment in a food facility are setting up outdoor tents to 
increase the space where employees can have their lunch 
breaks, increasing the number of restrooms to reduce the 
number of people per restroom and prevent crowding, and 
physical separation of work stations on the line with strip 
curtains, plexiglass, or similar materials ( 31). Managing 
time is another important strategy for supporting social 
distancing. Companies could stagger employee arrival times 
to prevent crowding at shift changes or increase the number 
of available breaks throughout the day to decrease the 
number of employees at any given break time. Clear 
communication and demonstration of spatial and temporal 
strategies for promoting physical distancing is important to 
encourage employee adherence to these practices. Physical 
distancing is an important mitigation strategy implemented 
by m any bus ines s es in the f ood indus tr y and when 
combined with the practices subsequently discussed can 
help create an effective COVID-19 control program. 

Assuring that employees wear face coverings. The 
use of face coverings was initially recommended as a 
mi t i ga t io n s tr at e gy t o c om p l e me nt ph ys ic a l d i st an c in g 
because in certain circumstances and environments, such 
as the dynamic environment within a food processing 
facility, physical distancing cannot be maintained consis-
tently. In some instances, physical distancing is consciously 
not followed by employees, such as during interactions 
between individuals who may think they are uninfected 
because they show no clear symptoms even though viral 
spread has been documented by presymptomatic, pauci-
s ym ptom ati c, an d as ym pto m atic i ndiv idu als ( 16 ). To  
address the risk associated with reduced physical distance 
and a s igni fi c an t nu m b er of i nf ec te d p eo pl e w i t hou t 
observable symptoms spreading COVID-19, the majority 
of world public health agencies have been recommending 
the use of face coverings as an important control strategy (8 , 
28, 148 ) . 

Several types of face coverings have been recommend-
ed for use, ranging from simple cloth face coverings 
modi fied from household items to respirator masks (e.g., 
N95, KN95, and FFP2). All face coverings have primarily 
been recommended as source control to prevent transmis-
sion of the virus through respiratory droplets from the 
person wearing the face covering to others. Although 
diff er en t f ace co ver ing s ar e s o m ew h at eff ec tive f o r 
protecting the wearer from respiratory droplets, respirator
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distance, full consensus has not been reached on minimum
time, but most recommendations mention a cumulative time
of 10 or 15 min within a 24-h period (23, 60, 102, 150).
Other important factors that influence increased risk of
transmission during close interaction are activities and
events that increase or decrease the generation of respiratory
droplets, for example, talking, coughing, and use of face
coverings (6, 56, 83). Scientific data currently are limited on
the infectious dose for SARS-CoV-2; however, even the
high infectious dose predictions, with the number of virus
particles needed to produce infection in 50% of exposed
individuals estimated at 280 to 790, suggest that transmis-
sion is possible during common exposure to respiratory
droplets generated during a single sneeze or face-to-face
conversation (117). Stadnytskyi et al. (124) estimated that as
many as 100,000 viral particles can be emitted during 1 min
of talking, and Schijven et al. (116) estimated that a single
sneeze can emit up to 3,200,000 viral particles.

Data on the effectiveness of maintaining physical 
distance (e.g., 1 to 2 m) for reducing COVID-19 
transmission are limited. In a meta-analysis of 44 relevant 
comparative studies in health care and non–health care 
settings to determine the effectiveness of different mitiga-
tion strategies for preventing transmission of SARS-CoV-2, 
SARS-CoV-1, or MERS-CoV (44), the authors concluded 
that transmission of these respiratory viruses was lower at a 
physical distance of ≥1 m than at a distance of ,1 m, with 
an odds ratio of 0.18 (95% confidence interval, 0.09 to 
0.38). They also concluded that overall protection increased 
as distance increased, with an approximately twofold 
increase in protection per added 1 m (for a range of 0 to 
2 m). These results are consistent with other reports on 
mitigating COVID-19 spread in health care settings. In a 
study from Singapore General Hospital, where for .1,500 
COVID-19 patients were cared for, improved physical 
distancing was one of the key components for mitigating 
COVID-19 spread, even among COVID-19 cases detected 
outside isolation (140). In a separate report, the same 
researchers highlighted a case in which a COVID-19 patient 
that had a delayed positive diagnosis and was cared for in 
the general ward of the hospital did not transmit COVID-19 
to 26 others within the same area. The mitigation strategies 
followed by this COVID-19 patient were physical distanc-
ing of 1 m and wearing a surgical mask (139). These reports 
indicate that physical distancing of 2 m, as recommended by 
the CDC and other public health agencies, includes a 
substantial margin of safety and is, together with wearing a 
proper face covering, an effective mitigation strategy when 
complete social separation is not possible, for example, in a 
food processing environment.

The food processing environment needs to be properly
configured so that physical distancing can be successfully
implemented and maintained. This process involves three
steps: (i) reducing to a minimum the number of individuals
present in the facility at any given moment, including
employees, visitors, contractors, and inspectors; (ii) prepar-
ing the physical environment itself; and (iii) establishing
temporal practices that support spatial distancing. Reducing
employee density and maintaining production volumes may

seem to be diametrically opposed goals, but opportunities
exist for food companies willing to challenge traditionally
defined roles. One food processor rethought their equipment
operator roles and trained these operators to troubleshoot
their equipment and resolve minor issues without the need
for maintenance staff, thus reducing the number of
employees needed in a space and potentially reducing the
production time lost to simple problems (53). Preparing the
physical environment can involve finding or repurposing
new areas where activities can be performed, organizing
spaces to allow one-way foot traffic and prevent crowding,
and introducing physical barriers where physical distancing
is hard to achieve. Other examples of preparing the physical
environment in a food facility are setting up outdoor tents to
increase the space where employees can have their lunch
breaks, increasing the number of restrooms to reduce the
number of people per restroom and prevent crowding, and
physical separation of work stations on the line with strip
curtains, plexiglass, or similar materials (31). Managing
time is another important strategy for supporting social
distancing. Companies could stagger employee arrival times
to prevent crowding at shift changes or increase the number
of available breaks throughout the day to decrease the
number of employees at any given break time. Clear
communication and demonstration of spatial and temporal
strategies for promoting physical distancing is important to
encourage employee adherence to these practices. Physical
distancing is an important mitigation strategy implemented
by many businesses in the food industry and when
combined with the practices subsequently discussed can
help create an effective COVID-19 control program.

Assuring that employees wear face coverings. The
use of face coverings was initially recommended as a
mitigation strategy to complement physical distancing
because in certain circumstances and environments, such
as the dynamic environment within a food processing
facility, physical distancing cannot be maintained consis-
tently. In some instances, physical distancing is consciously
not followed by employees, such as during interactions
between individuals who may think they are uninfected
because they show no clear symptoms even though viral
spread has been documented by presymptomatic, pauci-
symptomatic, and asymptomatic individuals (16). To
address the risk associated with reduced physical distance
and a significant number of infected people without
observable symptoms spreading COVID-19, the majority
of world public health agencies have been recommending
the use of face coverings as an important control strategy (8,
28, 148).

Several types of face coverings have been recommend-
ed for use, ranging from simple cloth face coverings
modified from household items to respirator masks (e.g.,
N95, KN95, and FFP2). All face coverings have primarily
been recommended as source control to prevent transmis-
sion of the virus through respiratory droplets from the
person wearing the face covering to others. Although
different face coverings are somewhat effective for
protecting the wearer from respiratory droplets, respirator
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masks are the only face covings speci fically designed for 
this purpose (e.g., N95 respirators approved in the United 
States). The use of respirator masks has been recommended 
for only high-risk environments such as hospitals due to 
their limited availability, user training needed, and custom 
fi t and thus have not been recommended for use in the food 
industry. To improve protection of the wearer when using a 
c loth f ac e cove r ing or a di sp os able m as k, t he C D C 
published recommendations on how to achieve a better fit 
to a person ’s face, including advice on double masking and 
using mask fi tters or knotting the ear loops (29, 114 ). Early 
in the pandemic some food companies opted for face shields 
as an option because they are easier to wear than face 
coverings; however, the CDC has advised against the use of 
these shields, noting that although they are considered good 
for eye protection they are not designed to be used as source 
control (28, 93) . Despite the wide variety of approved face 
c over ing s, f ood com pani es s hould f eel con fi de nt t hat 
whichever type they are able to implement, all act as 
effective source controls that minimize the risk of spreading 
COVID-19 through large respiratory droplets. 

Studies in the laboratory and clinical environment have 
validated the effectiveness of face coverings for reducing 
the transmission of COVID-19. Howard et al. (75 ) reviewed 
some of these studies and several population-level studies 
from various countries and regions (e.g., U.S. states). The 
authors concluded that although true randomized control 
trials for investigating the effectiveness of various face 
cov er ings hav e not been con duc ted for log isti cal and 
ethnical reasons, results of observational trials offer some 
direct evidence of the effectiveness of face coverings. In one 
cohort study on secondary transmission of SARS-CoV-2 
within households, face masks were 79% effective (137). 
Population-level studies provide more data, and results 
suggest that the use of face coverings has a substantial 
im pact on r educing the s pr ead of CO V I D-19 in the 
population in agreement with studies in which predictive 
modeling has been used to test effectiveness of various 
control strategies (75) . In one study in which the number of 
COVID-19 cases in the mask-wearing setting inside a 
workplace environment was compared with the number of 
cas es in the no-m as k s ettin g outs ide the w or kplace 
environment, a significant difference (P , 0.05) in the 
number of cases was found between the two settings (39 ) . 
These and other studies highlight the importance of wearing 
f a ce co ver in gs in w o r k en vir on m e nts s uc h as f oo d 
p ro c es si ng f ac il it ie s an d th e ri sk t ha t t he c om mu ni ty 
e nvir onm en t r ep r e s e nts . A n im por t ant f acto r in t he 
effectiveness of face coverings as a control strategy is 
widespread compliance with wearing these coverings in the 
workplace and the community. Use of face coverings should 
be communicated as one part of a larger, multipronged 
strategy to prevent the transmission of COVID-19 within a 
food processing facility. 

Screening employees for COVID-19. People are the 
main reservoir of viable SARS-CoV-2 and are most likely 
the only route through which the virus can be introduced 
into the working environment. Thus, screening people 

entering the work environment is the first line of defense for 
preventing introduction and spread of the virus in the 
working environment. Two general types of screening can 
be used based on the situation: questionnaires and testing. 
These screening options may be implemented individually 
but are more effective when used in combination. 

Questionnaire-based screening consists of a set of 
questions asked daily to anyone entering the facility to 
determine (i)  the presence of  any COVID-19  – re l a t e d 
symptoms, (ii) recent travel to high-risk areas, and (iii) 
potential exposure to individuals positive for COVID-19. 
This type of screening relies on an employee ’s ability to 
self-assess for COVID-19 symptoms and willingness to 
s e l f-re p o rt t h e n e c e s sa ry i n fo rm a t i o n . T h u s , s u ffi cient 
information, such as a list of symptoms, clear de finitions 
o f hi gh-r i sk t ra ve l, an d wh a t co ns ti tu te s a re p or t a bl e 
expo s u r e, m us t be p r ov ided s o that in divid uals can 
accurately fi ll out the questionnaire. Employee education, 
training, overall company relationship with the employees, 
and fi nancial consequences are all factors in the success of a 
questionnaire-based screening program. For example, a 
reliable and rapid sick leave policy will contribute to an 
overall positive relationship with employees by eliminating 
any negative fi nancial consequences should the employee 
be required to leave work because of truthfully answering 
the ques tions . A com m on addition to the s ym ptom s 
screening questions is the direct measurement of each 
individual ’s body temperature before they enter the food 
facility, preferably using a contactless infrared thermometer. 
Although measuring body temperature has its limitations, 
such as dependence on ambient temperature and potential 
use of antipyretic medication (11, 55, 115), this quick and 
cost-effective approach can complement the overall em-
ployee screening program (19, 38 ). 

Some food facilities and institutions have implemented 
SARS-CoV-2 testing to identify individuals infected with 
the virus and remove the individual from the environment 
until they no longer represent a risk of spreading the virus. 
T he s e t es t in g pr ogr am s ar e ty pi ca l ly i m pl em e nt ed in 
add itio n to r ath er tha n in plac e of th e ques ti onn air e 
screening. Two general types of virus tests are used to 
detect a current infection with SARS-CoV-2: nucleic acid 
ampli fication tests and antigen tests. Antibody or serolog-
ical tests are used to determine previous infection with 
SARS-CoV-2 and are not recommended for screening for 
individuals who are currently infected and thus can spread 
COVID-19 (30) . Testing for the current infection has three 
stages: (i) collect a sample from the tested person (e.g., 
nasal swab or saliva), (ii) prepare the sample for testing, and 
(iii) perform the assay on the sample. Some virus tests are 
appropriate for use at the point of care, whereas others, 
speci fically nucleic acid amplifi cation tests, might require 
trained individuals, specialized equipment, and materials 
(30 ) . These potential requirements and associated costs 
might limit the ability to use testing for routine daily 
screening. However, maintaining at least a weekly test-
based screening program is still recommended to validate 
the questionnaire-based screening program and potentially 
identify any asymptomatic or presymptomatic employees.

masks are the only face covings specifically designed for
this purpose (e.g., N95 respirators approved in the United
States). The use of respirator masks has been recommended
for only high-risk environments such as hospitals due to
their limited availability, user training needed, and custom
fit and thus have not been recommended for use in the food
industry. To improve protection of the wearer when using a
cloth face covering or a disposable mask, the CDC
published recommendations on how to achieve a better fit
to a person’s face, including advice on double masking and
using mask fitters or knotting the ear loops (29, 114). Early
in the pandemic some food companies opted for face shields
as an option because they are easier to wear than face
coverings; however, the CDC has advised against the use of
these shields, noting that although they are considered good
for eye protection they are not designed to be used as source
control (28, 93). Despite the wide variety of approved face
coverings, food companies should feel confident that
whichever type they are able to implement, all act as
effective source controls that minimize the risk of spreading
COVID-19 through large respiratory droplets.

Studies in the laboratory and clinical environment have
validated the effectiveness of face coverings for reducing
the transmission of COVID-19. Howard et al. (75) reviewed
some of these studies and several population-level studies
from various countries and regions (e.g., U.S. states). The
authors concluded that although true randomized control
trials for investigating the effectiveness of various face
coverings have not been conducted for logistical and
ethnical reasons, results of observational trials offer some
direct evidence of the effectiveness of face coverings. In one
cohort study on secondary transmission of SARS-CoV-2
within households, face masks were 79% effective (137).
Population-level studies provide more data, and results
suggest that the use of face coverings has a substantial
impact on reducing the spread of COVID-19 in the
population in agreement with studies in which predictive
modeling has been used to test effectiveness of various
control strategies (75). In one study in which the number of
COVID-19 cases in the mask-wearing setting inside a
workplace environment was compared with the number of
cases in the no-mask setting outside the workplace
environment, a significant difference (P , 0.05) in the
number of cases was found between the two settings (39).
These and other studies highlight the importance of wearing
face coverings in work environments such as food
processing facilities and the risk that the community
environment represents. An important factor in the
effectiveness of face coverings as a control strategy is
widespread compliance with wearing these coverings in the
workplace and the community. Use of face coverings should
be communicated as one part of a larger, multipronged
strategy to prevent the transmission of COVID-19 within a
food processing facility.

Screening employees for COVID-19. People are the
main reservoir of viable SARS-CoV-2 and are most likely
the only route through which the virus can be introduced
into the working environment. Thus, screening people

entering the work environment is the first line of defense for
preventing introduction and spread of the virus in the
working environment. Two general types of screening can
be used based on the situation: questionnaires and testing.
These screening options may be implemented individually
but are more effective when used in combination.

Questionnaire-based screening consists of a set of
questions asked daily to anyone entering the facility to
determine (i) the presence of any COVID-19–related
symptoms, (ii) recent travel to high-risk areas, and (iii)
potential exposure to individuals positive for COVID-19.
This type of screening relies on an employee’s ability to
self-assess for COVID-19 symptoms and willingness to
self-report the necessary information. Thus, sufficient
information, such as a list of symptoms, clear definitions
of high-risk travel, and what constitutes a reportable
exposure, must be provided so that individuals can
accurately fill out the questionnaire. Employee education,
training, overall company relationship with the employees,
and financial consequences are all factors in the success of a
questionnaire-based screening program. For example, a
reliable and rapid sick leave policy will contribute to an
overall positive relationship with employees by eliminating
any negative financial consequences should the employee
be required to leave work because of truthfully answering
the questions. A common addition to the symptoms
screening questions is the direct measurement of each
individual’s body temperature before they enter the food
facility, preferably using a contactless infrared thermometer.
Although measuring body temperature has its limitations,
such as dependence on ambient temperature and potential
use of antipyretic medication (11, 55, 115), this quick and
cost-effective approach can complement the overall em-
ployee screening program (19, 38).

Some food facilities and institutions have implemented
SARS-CoV-2 testing to identify individuals infected with
the virus and remove the individual from the environment
until they no longer represent a risk of spreading the virus.
These testing programs are typically implemented in
addition to rather than in place of the questionnaire
screening. Two general types of virus tests are used to
detect a current infection with SARS-CoV-2: nucleic acid
amplification tests and antigen tests. Antibody or serolog-
ical tests are used to determine previous infection with
SARS-CoV-2 and are not recommended for screening for
individuals who are currently infected and thus can spread
COVID-19 (30). Testing for the current infection has three
stages: (i) collect a sample from the tested person (e.g.,
nasal swab or saliva), (ii) prepare the sample for testing, and
(iii) perform the assay on the sample. Some virus tests are
appropriate for use at the point of care, whereas others,
specifically nucleic acid amplification tests, might require
trained individuals, specialized equipment, and materials
(30). These potential requirements and associated costs
might limit the ability to use testing for routine daily
screening. However, maintaining at least a weekly test-
based screening program is still recommended to validate
the questionnaire-based screening program and potentially
identify any asymptomatic or presymptomatic employees.

1978 TRMČIĆ ET AL. J. Food Prot., Vol. 84, No. 11



J. Food Prot., Vol. 84, No. 11 FOOD SAFETY AND EMPLOYEE HEALTH IMPLICATIONS OF COVID-19 1979

Frequency of testing should be determined by individual 
facilities based on factors such as community spread, cases 
in the facility, employee travel, and risk status of employees 
and their family members. For example, when an employee 
has had close contact with an infected person or lives in the 
same household with a medical worker that works directly 
with COVID-19 patients, this employee may constitute a 
higher risk and thus might be monitored through more 
frequent testing (30). Employee testing is also subject to 
regulatory and reporting requirements, including assuring 
con fidentiality, preventing discrimination, and establishing 
proper record retention protocols (11 , 101 , 130) . 

After a questionnaire-based or test-based screening 
i den ti fi e s a COV ID-1 9 – pos i tiv e or pot ent ial ly pos iti ve 
employee, the employer should follow up with contact 
tracing to identify any potentially exposed employees. 
Results of contact tracing can be used to perform additional 
employee testing or initiate quarantine of employees to 
p re ve nt se c on da ry t ra ns mi ss i on s o f CO VI D-1 9 i n t he 
workplace (11 ) . Depending on the circumstances, contact 
tracing can be performed by the local health department 
either in parallel or in collaboration with the employer. 
When the number of new daily cases in the community is 
high, support from the local health department might be 
delayed or absent, which is why all food facilities should 
establish appropriate protocols as part of their COVID-19 
control program to be able to perform contact tracing 
independently when a COVID-19 case is identi fied among 
employees. 

Currently, no studies have been conducted to specifi-
cally evaluate the effectiveness of questionnaire-based and/ 
or test-based screening to mitigate COVID-19 spread within 
a food production or processing facility. In some studies, 
c om pute r m ode ling ha s bee n us ed to eva lua te the 
e ffe c t iv e n es s o f di ffe r en t ty p e s of sc re e ni n g i n ot h e r 
community settings. In one study of screening performance 
standards that would permit the safe return of students to 
U . S. r es identia l coll ege ca mp us es , qu est ionnair e-bas ed 
screening was not suffi cient as a stand-alone strategy to 
contain an outbreak under any of the tested scenarios ( 106). 
Although in the same study, test-based screening was 
identi fied as a possible cost-effective strategy for limiting 
the spread of infections, the success of testing depended 
heavily on strict adherence to other mitigation strategies 
(e.g., hand washing, indoor masking, and limiting close 
interactions). The researchers also found that test frequency 
was more strongly associated with reducing spread of 
COVID-19 than was test sensitivity. The need for various 
screening procedures as part of a larger COVID-19 control 
p ro gr am r a ther than as s ta nd-al one st r ate gies i s als o 
apparent from some of the studies in which mathematical 
modeling was used to evaluate travel-related spread of 
COVID-19 ( 40, 64 , 65). The researchers also recognized the 
dependence of questionnaire-based screening on people ’s 
willingness to report the necessary information, which 
highlights the importance of creating a work environment 
wh ere self-rep ortin g is enable d and enc oura ged. Food 
companies must critically assess the robustness of any 
screening model they choose and emphasize to employees 

that these programs are not 100% effective and adherence to 
other mitigation practices is necessary to reduce the risk of 
contracting COVID-19. 

Assuring that employees practice frequent hand 
washing and avoid touching their faces. Hand washing is 
well established as a key intervention that helps prevent the 
transmission of respiratory viruses through contact and 
reduces microbial contamination ( 72, 80 , 146, 151 ). SARS-
CoV-2 is primarily transmitted from person to person 
through respiratory droplets, when infectious viral particles 
come into contact with another person’s nose, mouth, or 
eyes. Although the CDC (34) has noted that transmission 
through contact with contaminated surfaces is considered to 
be lower risk, contact with a recently contaminated surface 
or dir ec t co nta c t wit h an inf e cte d per so n (e .g. , h and 
shaking) are sufficiently high risk to require appropriate 
control strategies to prevent transmission ( 54) . The two 
basic control strategies are frequent hand washing and 
avoiding touching the f ace. T he se tw o s tra tegie s ar e 
effective for limiting the transfer of active viral particles 
at several steps along the transfer chain from an infected to 
a susceptible person. A person should frequently wash 
hands for at least 20 s with soap and water, especially before 
preparing and eating food or before and after touching the 
face (24). Although hand washing is a more effective 
control strategy, hand sanitizers with at least 60% alcohol 
also can be used when soap and water are not available (24 , 
85, 122 , 146 ) . Hand s anitizer s are s ubs tantially les s 
effective on soiled hands and should be used in combination 
with hand washing when hands are visibly soiled (62 ) . 

Food industry workers should be familiar with hand 
washing procedures as part of employee health and hygiene 
re g u l a t o ry re q u i re m e n t s a s p a rt o f t h e c u r re n t g o o d 
manufacturing practices (CGMPs) listed in the FDA’s Food 
Safety Modernization Act (FSMA) Preventive Controls for 
Human Food (PCHF) rule (132 ). Although proper hand 
washing and CGMPs are targeted to control potential routes 
of transmission of foodborne viruses and bacterial patho-
gens, the same principles will also control the minimal, 
nonfood s afety ris k pres ented by potential routes of 
transmission of SARS-CoV-2 within a food facility. In a 
food facility, workers should wash their hands in dedicated 
hand washing stations before starting work, whenever they 
leave and return to their work station, and any time their 
hands become dirty or contaminated. Application of hand 
sanitizer cannot take the place of hand washing in a food 
facility but can be used as part of the hand hygiene protocol. 
Gloves are also not a substitute for hand washing. If used, 
gloves must be maintained to remain intact and in sanitary 
condition (132 ). 

Food facilities and farms operating during the COVID-
19 p andem ic need to com m unicate and tr ain th eir 
em plo y ees on upd a ted p oli cie s re gar din g pr ope r han d 
wash ing pr otoco ls , inc ludin g freq uen cy. Prot oco ls a lso 
should include measures instituted to ensure hand washing 
facilities provide enough space for employees to maintain 
phy sical distanc e (2 5 , 1 33) . Ad di ti ona l h an d wa sh i ng 
stations may be needed to ensure that employees and farm

Frequency of testing should be determined by individual
facilities based on factors such as community spread, cases
in the facility, employee travel, and risk status of employees
and their family members. For example, when an employee
has had close contact with an infected person or lives in the
same household with a medical worker that works directly
with COVID-19 patients, this employee may constitute a
higher risk and thus might be monitored through more
frequent testing (30). Employee testing is also subject to
regulatory and reporting requirements, including assuring
confidentiality, preventing discrimination, and establishing
proper record retention protocols (11, 101, 130).

After a questionnaire-based or test-based screening
identifies a COVID-19–positive or potentially positive
employee, the employer should follow up with contact
tracing to identify any potentially exposed employees.
Results of contact tracing can be used to perform additional
employee testing or initiate quarantine of employees to
prevent secondary transmissions of COVID-19 in the
workplace (11). Depending on the circumstances, contact
tracing can be performed by the local health department
either in parallel or in collaboration with the employer.
When the number of new daily cases in the community is
high, support from the local health department might be
delayed or absent, which is why all food facilities should
establish appropriate protocols as part of their COVID-19
control program to be able to perform contact tracing
independently when a COVID-19 case is identified among
employees.

Currently, no studies have been conducted to specifi-
cally evaluate the effectiveness of questionnaire-based and/
or test-based screening to mitigate COVID-19 spread within
a food production or processing facility. In some studies,
computer modeling has been used to evaluate the
effectiveness of different types of screening in other
community settings. In one study of screening performance
standards that would permit the safe return of students to
U.S. residential college campuses, questionnaire-based
screening was not sufficient as a stand-alone strategy to
contain an outbreak under any of the tested scenarios (106).
Although in the same study, test-based screening was
identified as a possible cost-effective strategy for limiting
the spread of infections, the success of testing depended
heavily on strict adherence to other mitigation strategies
(e.g., hand washing, indoor masking, and limiting close
interactions). The researchers also found that test frequency
was more strongly associated with reducing spread of
COVID-19 than was test sensitivity. The need for various
screening procedures as part of a larger COVID-19 control
program rather than as stand-alone strategies is also
apparent from some of the studies in which mathematical
modeling was used to evaluate travel-related spread of
COVID-19 (40, 64, 65). The researchers also recognized the
dependence of questionnaire-based screening on people’s
willingness to report the necessary information, which
highlights the importance of creating a work environment
where self-reporting is enabled and encouraged. Food
companies must critically assess the robustness of any
screening model they choose and emphasize to employees

that these programs are not 100% effective and adherence to
other mitigation practices is necessary to reduce the risk of
contracting COVID-19.

Assuring that employees practice frequent hand
washing and avoid touching their faces. Hand washing is
well established as a key intervention that helps prevent the
transmission of respiratory viruses through contact and
reduces microbial contamination (72, 80, 146, 151). SARS-
CoV-2 is primarily transmitted from person to person
through respiratory droplets, when infectious viral particles
come into contact with another person’s nose, mouth, or
eyes. Although the CDC (34) has noted that transmission
through contact with contaminated surfaces is considered to
be lower risk, contact with a recently contaminated surface
or direct contact with an infected person (e.g., hand
shaking) are sufficiently high risk to require appropriate
control strategies to prevent transmission (54). The two
basic control strategies are frequent hand washing and
avoiding touching the face. These two strategies are
effective for limiting the transfer of active viral particles
at several steps along the transfer chain from an infected to
a susceptible person. A person should frequently wash
hands for at least 20 s with soap and water, especially before
preparing and eating food or before and after touching the
face (24). Although hand washing is a more effective
control strategy, hand sanitizers with at least 60% alcohol
also can be used when soap and water are not available (24,
85, 122, 146). Hand sanitizers are substantially less
effective on soiled hands and should be used in combination
with hand washing when hands are visibly soiled (62).

Food industry workers should be familiar with hand
washing procedures as part of employee health and hygiene
regulatory requirements as part of the current good
manufacturing practices (CGMPs) listed in the FDA’s Food
Safety Modernization Act (FSMA) Preventive Controls for
Human Food (PCHF) rule (132). Although proper hand
washing and CGMPs are targeted to control potential routes
of transmission of foodborne viruses and bacterial patho-
gens, the same principles will also control the minimal,
nonfood safety risk presented by potential routes of
transmission of SARS-CoV-2 within a food facility. In a
food facility, workers should wash their hands in dedicated
hand washing stations before starting work, whenever they
leave and return to their work station, and any time their
hands become dirty or contaminated. Application of hand
sanitizer cannot take the place of hand washing in a food
facility but can be used as part of the hand hygiene protocol.
Gloves are also not a substitute for hand washing. If used,
gloves must be maintained to remain intact and in sanitary
condition (132).

Food facilities and farms operating during the COVID-
19 pandemic need to communicate and train their
employees on updated policies regarding proper hand
washing protocols, including frequency. Protocols also
should include measures instituted to ensure hand washing
facilities provide enough space for employees to maintain
physical distance (25, 133). Additional hand washing
stations may be needed to ensure that employees and farm
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workers are able to meet updated requirements for the 
fr equ en cy of ha nd wa sh i ng. F ood fa ci li ti es al so ma y 
c on si d er i ns ta l li ng t ouc hl e ss d ev ic es at ha nd wa sh i ng 
s tations (e . g. , w ater f aucets , s oap and hand s anitizer 
dispensers, and trash receptacles) ( 21) . 

C le a ning o f f reque nt ly t o uc he d s ur f a c e s. Ma n y 
surfaces in food facilities and on farms, such as door 
handles, light switches, shared tools, and equipment, are 
frequently touched by multiple people throughout the day. 
These frequently touched surfaces have some potential for 
rapid transfer of active viral particles between infected and 
susceptible people ( 13, 45, 63, 109, 144) . The CDC (34) 
recommends at least daily cleaning of these frequently 
touched surfaces with soap or detergent, because the lipid 
envelope of SARS-CoV-2 is readily disrupted by these 
cleaning agents. In response to high-risk events, such as 
when an infected person is known to have occupied a room 
for an extended period of time, the CDC recommends a 
more thorough cleaning procedures with an additional 
d is inf e cti on s tep . T he U . S . E n vir on m e nta l P r ote cti on 
Agency ( 131) has developed a list of disinfectants that are 
active against SARS-CoV-2 for use on frequently touched 
surfaces, and several of these agents have now been directly 
tested against SARS-CoV-2 (42) . Some frequently touched 
surfaces have a higher risk of transmission because of the 
way they are used close to the mouth, eyes, and nose. These 
surfaces and devices such as phones, headsets, micro-
phones, and shared personal protective equipment require 
additional procedures for use and proper cleaning. 

Food manufacturing facilities already have established 
sanitation procedures as required in the CGMPs of the 
FSMA PCHF rule (132 ). In registered food facilities, 
buildings, fixtures, utensils, and equipment require general 
maintenance to keep them in a clean and sanitary. Sanitation 
requirements also exist for all food contact and nonfood 
contact surfaces for wet processing and for processing, 
packing, and holding of low-moisture foods. Cleaning of 
frequently touched surfaces as a mitigatio n practice to 
prevent the spread of COVID-19 is not a replacement for 
these established sanitation procedures. 

Currently, no evidence has been found for COVID-19 
transmission through food, so SARS-CoV-2 is not consid-
ered a biological hazard that would need to be assessed 
through a facility ’s environmental monitoring program. 
Preexisting sanitation programs are effective for inactivat-
ing the already highly unstable SARS-CoV-2, which makes 
persistence of this virus in the environment a highly 
u nli kel y s ce na r io and an y e nvi r onm en tal m on ito r ing 
unnecessary. Resources should be prioritized for measures 
such as physical distancing, wearing face coverings, hand 
washing, and employee screening that will address the main 
risks in the food facility (e.g., person-to-person transmis-
sion). 

Assuring proper ventilation. The main routes of 
SARS-CoV-2 transmission are via person-to-person spread 
through close contact or respiratory droplets of .5 to  10  μ m 
in diameter released by infected individuals when they talk, 

laugh, cough, sneeze, or sing. Much discussion has centered 
on the role of aerosolized droplets (those with a diameter of 
, 5 μm) and their ability to spread infectious virions across 
larger distances and times and the need for ventilation 
systems to mitigate this potential route of transmission ( 5, 
98 ). Modeling studies have been conducted on various 
factors such as droplet size, viral shedding rate, air flow, 
room dimensions, and types of ventilation systems to 
predict and highlight the potential risk of aerosolized 
transmission and infection in indoor environments (49, 89, 
123 , 125 ). In the real world, unambiguous evidence of 
aerosolized transmission is difficult to obtain, but in a 
number of outbreak studies poor ventilation and air fl ow 
were implicated as contributing factors in SARS-CoV-2 
transmission in a wide range of environments, including 
food processing facilities (69), restaurants ( 96), apartment 
buildings ( 77), nursing homes (52), and hospitals ( 43) . 
Environments such as hospitals, where infected individuals 
shedding high amounts of virus undergo procedures that 
would promote aerosolization, are a greater risk for such 
transmission. 

No studies have yet documented a reduction in SARS-
CoV-2 via air ventilation and puri fi cation systems ( 155 ), but 
such systems can be used to prevent airborne transmission 
of other viral disease (51) . Organizations such as the CDC 
and the American Society of Heating, Refrigerating and 
Air-Condition ing Engine ers (ASHRA E) hav e pub lished 
recommendations for ventilation. At the most basic level, 
the CDC (35) recommends allowing intake of outdoor air 
and increased directional air flow for indoor environments. 
In many food processing facilities, this air flow will require a 
special heating, ventilation, and air-conditioning system 
wit h prop er fi ltr ati on tha t me ets hyg ien ic food safe ty 
standards. The ASHRAE ( 4) recommends using MERV-13 
fi l te r s f or ou td oor a ir an d be tt er fi l te r s w he n us i ng 
recirculated air. The CDC also mentions the use of UV 
germicidal irradiation systems as supplemental treatments 
that can further bring down airborne viral loads ( 12, 126) . 
The appropriateness and cost of ventilation modi fication 
must be carefully evaluated by each food facility, with the 
awareness that COVID-19 transmission primarily occurs 
over short distances that would not be impacted by these 
systems ( 56) . Thus, ventilation systems must be part of a 
food facility ’s multilayered approach to COVID-19 mitiga-
tion rather than a stand-alone strategy. 

Minimizing community spread. Controlling COVID-
19 within a food facility is enough of a challenging task for 
businesses; control beyond those walls might appear to be 
out of reach by many. However, food facilities and their 
employees are essential components of communities and 
can have an important influence on the community spread of 
COVID-19 through their practices. The influence also goes 
in the other direction; increase in the community spread is 
likely to increase the risk of spread within the food facility. 
Thus, because community spread is the main way the virus 
is transmitted ( 48, 58, 152), food businesses must evaluate 
how their practices can contribute to minimizing commu-
nity spread.

workers are able to meet updated requirements for the
frequency of hand washing. Food facilities also may
consider installing touchless devices at hand washing
stations (e.g., water faucets, soap and hand sanitizer
dispensers, and trash receptacles) (21).

Cleaning of frequently touched surfaces. Many
surfaces in food facilities and on farms, such as door
handles, light switches, shared tools, and equipment, are
frequently touched by multiple people throughout the day.
These frequently touched surfaces have some potential for
rapid transfer of active viral particles between infected and
susceptible people (13, 45, 63, 109, 144). The CDC (34)
recommends at least daily cleaning of these frequently
touched surfaces with soap or detergent, because the lipid
envelope of SARS-CoV-2 is readily disrupted by these
cleaning agents. In response to high-risk events, such as
when an infected person is known to have occupied a room
for an extended period of time, the CDC recommends a
more thorough cleaning procedures with an additional
disinfection step. The U.S. Environmental Protection
Agency (131) has developed a list of disinfectants that are
active against SARS-CoV-2 for use on frequently touched
surfaces, and several of these agents have now been directly
tested against SARS-CoV-2 (42). Some frequently touched
surfaces have a higher risk of transmission because of the
way they are used close to the mouth, eyes, and nose. These
surfaces and devices such as phones, headsets, micro-
phones, and shared personal protective equipment require
additional procedures for use and proper cleaning.

Food manufacturing facilities already have established
sanitation procedures as required in the CGMPs of the
FSMA PCHF rule (132). In registered food facilities,
buildings, fixtures, utensils, and equipment require general
maintenance to keep them in a clean and sanitary. Sanitation
requirements also exist for all food contact and nonfood
contact surfaces for wet processing and for processing,
packing, and holding of low-moisture foods. Cleaning of
frequently touched surfaces as a mitigation practice to
prevent the spread of COVID-19 is not a replacement for
these established sanitation procedures.

Currently, no evidence has been found for COVID-19
transmission through food, so SARS-CoV-2 is not consid-
ered a biological hazard that would need to be assessed
through a facility’s environmental monitoring program.
Preexisting sanitation programs are effective for inactivat-
ing the already highly unstable SARS-CoV-2, which makes
persistence of this virus in the environment a highly
unlikely scenario and any environmental monitoring
unnecessary. Resources should be prioritized for measures
such as physical distancing, wearing face coverings, hand
washing, and employee screening that will address the main
risks in the food facility (e.g., person-to-person transmis-
sion).

Assuring proper ventilation. The main routes of
SARS-CoV-2 transmission are via person-to-person spread
through close contact or respiratory droplets of.5 to 10 μm
in diameter released by infected individuals when they talk,

laugh, cough, sneeze, or sing. Much discussion has centered
on the role of aerosolized droplets (those with a diameter of
,5 μm) and their ability to spread infectious virions across
larger distances and times and the need for ventilation
systems to mitigate this potential route of transmission (5,
98). Modeling studies have been conducted on various
factors such as droplet size, viral shedding rate, air flow,
room dimensions, and types of ventilation systems to
predict and highlight the potential risk of aerosolized
transmission and infection in indoor environments (49, 89,
123, 125). In the real world, unambiguous evidence of
aerosolized transmission is difficult to obtain, but in a
number of outbreak studies poor ventilation and air flow
were implicated as contributing factors in SARS-CoV-2
transmission in a wide range of environments, including
food processing facilities (69), restaurants (96), apartment
buildings (77), nursing homes (52), and hospitals (43).
Environments such as hospitals, where infected individuals
shedding high amounts of virus undergo procedures that
would promote aerosolization, are a greater risk for such
transmission.

No studies have yet documented a reduction in SARS-
CoV-2 via air ventilation and purification systems (155), but
such systems can be used to prevent airborne transmission
of other viral disease (51). Organizations such as the CDC
and the American Society of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE) have published
recommendations for ventilation. At the most basic level,
the CDC (35) recommends allowing intake of outdoor air
and increased directional airflow for indoor environments.
In many food processing facilities, this airflow will require a
special heating, ventilation, and air-conditioning system
with proper filtration that meets hygienic food safety
standards. The ASHRAE (4) recommends using MERV-13
filters for outdoor air and better filters when using
recirculated air. The CDC also mentions the use of UV
germicidal irradiation systems as supplemental treatments
that can further bring down airborne viral loads (12, 126).
The appropriateness and cost of ventilation modification
must be carefully evaluated by each food facility, with the
awareness that COVID-19 transmission primarily occurs
over short distances that would not be impacted by these
systems (56). Thus, ventilation systems must be part of a
food facility’s multilayered approach to COVID-19 mitiga-
tion rather than a stand-alone strategy.

Minimizing community spread. Controlling COVID-
19 within a food facility is enough of a challenging task for
businesses; control beyond those walls might appear to be
out of reach by many. However, food facilities and their
employees are essential components of communities and
can have an important influence on the community spread of
COVID-19 through their practices. The influence also goes
in the other direction; increase in the community spread is
likely to increase the risk of spread within the food facility.
Thus, because community spread is the main way the virus
is transmitted (48, 58, 152), food businesses must evaluate
how their practices can contribute to minimizing commu-
nity spread.
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Food busi nes ses shou ld re cogni ze tha t COV ID-19 
mitigation strategies implemented within the facility and 
the COV ID-19 education bus ines s es provide to their 
employees will have an impact in the greater community. 
Internal COVID-19 control practices such as social distanc-
ing, mask wearing, and frequent hand washing will be the 
same mitigation practices that employees will need to follow 
outside of the facility to prevent the spread of COVID-19 
( 58, 152). By educating their employees on COVID-19 and 
why specific practices are effective for controlling the spread, 
companies will create COVID-19–cognizant individuals who 
will then share their COVID-19 knowledge with and model 
COVID-19 control practices for family and friends in the 
greater community. This chain of education will help spread 
safe COVID-19 practices within the community while aiding 
in reducing community spread of COVID-19. 

Food industry employees are essential workers, main-
taining the country’s food supply, and must travel to and from 
the workplace while many other workers in the community 
remain at home. Both public and private transportation have 
been linked to the community spread of COVID-19 due to 
the enclosed spatially confined conditions of transportation 
vehicles that promote person-to-person transmission and the 
role of travel as a route that can introduce individuals with 
COVID-19 into communities that were previously free of the 
virus (76, 119 , 120 , 157). Food companies should review 
how their employees travel to a facility (e.g., personal 
v eh ic le , ca rp ool , or pub li c tr a ns p or t at io n) or b et we en 
multiple facilities if relevant and then evaluate ways to 
modify employee travel arrangements to reduce the risk of 
these employees being nodes of COVID-19 community 
spread. Some examples of modifying employee travel could 
include paying for employee car services, providing company 
vehicles to individual employees, or instituting a policy of no 
m ult if ami ly carp ools. T he m et hods cho se n to chang e 
employee travel will depend on the location of and resources 
available to a given food facility. 

The housing situations of food workers will vary 
widely by the specifi c food industry and business location, 
but com panies s hould be awar e that s har ed hous ing 
s itua tions can incr eas e t he like lihood of C O V I D-19 
tr ans m is s ion (1 , 41 , 70 , 127) . A t a mi n imu m, f oo d 
companies should review the shared housing situations of 
t he ir e mp lo ye es . C om pan ie s sh ou ld c ons i de r gr o upi ng 
individuals who live in the same dwelling into cohorts 
and minimizing the contact between cohorts to reduce or 
mitigate the potential spread of COVID-19. In some cases, 
food businesses may support employees who choose to 
move into housing situations that reduce dwelling density 
and reduce the frequency that employees will come into 
close contact with nonfamily or work-related individuals 
who might be sources of COVID-19. How companies 
address this community risk will depend on their resources 
and the community housing situations. 

MANAGEMENT OF FOOD OPERATION 

Developing a COVID-19 control plan. A risk-based 
methodology, founded on scienti fic knowledge, is critical to 

effectively control emerging hazards such as COVID-19 
and reduce the business risk. For example, presence of a 
proper control plan can reduce legal liability by demon-
strating that appropriate practices to prevent COVID-19 and 
protect employees within the facility have been instituted. A 
well-established plan may also help a company refute the 
rare case in which a customer or importing country fi nds a 
fo od pr odu ct th at is pos it ive fo r SA R S-Co V-2 R NA . 
Fortunately for the food industry, such risk-based approach-
es are commonplace with the widespread adoption of other 
risked-based programs such as hazard analysis and critical 
control point systems and PCHF (10, 67). The principles of 
these methodologies can be readily applied to development 
of a COVID-19 safety plan. As in a food safety plan, 
individuals responsible for plan development must think 
through and identify (i) the hazard (SARS-CoV-2), (ii) 
reasonably foreseeable sources of the hazard (e.g., employ-
ees, visitors, and commonly touched surfaces), (iii) unlikely 
sources of the hazard (e.g., food and packaging), and (iv) 
effective control measures (e.g., social distancing, barriers, 
mask wearing, and screening) to prevent the spread of 
COVID-19 within the facility. When possible, critical limits 
should be defined for identi fied controls such as a minimum 
so c ia l d i st a n ce of 2 m, f or e h ea d su rf ac e t e mp er at u re 
, 100.4 8F (, 38 8 C), and a face covering worn appropriately 
a t a ll t i me s. Co rr e c ti ve ac ti on s (e . g ., co nt ac t t ra ci ng , 
cleaning , and quarantine protocols) to be taken when 
individuals who interact with the facility test positive for 
COVID-19 should be documented. As with food safety 
plans, methods for monitoring these controls, such as 
t h e rm o m e t e rs fo r b o d y t e m p e ra t u re s o r d e fi ned tim e 
intervals for visual checks of face coverings, will also be 
necessary to ensure that safety guidelines are followed and 
documented. Development and implementation of COVID-
19 safety plans should be accomplished by a multidisci-
plinary team of food safety and quality managers and 
representatives from various business functions, including 
hum an r es our ces , m aint enance, and the f r ont o f fi ce. 
Appropriate training of all employees on COVID-19 and 
the safety plan is critical for success. Although the details of 
a COVID-19 safety plan will be speci fic to an individual 
food facility and thus cannot be readily copied by other 
facilities, several guidance documents from the CDC ( 21) 
and the FDA (133 ) and templates by state agencies are 
available to aid food facilities in the development and 
implementation of effective COVID-19 safety plans ( 103, 
138 ) . 

Verifying COVID-19 control strategies. As with food 
safety plans, COVID-19 safety plans must be implemented 
as intended. Veri fication activities will differ depending on 
the controls implemented and resources available to each 
business. For example, a weekly review of the production 
fl oor mask wearing observation logs by a designated person 
would be sufficient to ensure that observations were being 
made and no gaps in mask usage were noted. In businesses 
with sufficient resources, semiroutine surveillance testing of 
employees for COVID-19 could be a way to verify that the 
da ily s c r e eni ng o f em pl oy ee s w a s b ein g eff e cti ve ly

Food businesses should recognize that COVID-19
mitigation strategies implemented within the facility and
the COVID-19 education businesses provide to their
employees will have an impact in the greater community.
Internal COVID-19 control practices such as social distanc-
ing, mask wearing, and frequent hand washing will be the
same mitigation practices that employees will need to follow
outside of the facility to prevent the spread of COVID-19
(58, 152). By educating their employees on COVID-19 and
why specific practices are effective for controlling the spread,
companies will create COVID-19–cognizant individuals who
will then share their COVID-19 knowledge with and model
COVID-19 control practices for family and friends in the
greater community. This chain of education will help spread
safe COVID-19 practices within the community while aiding
in reducing community spread of COVID-19.

Food industry employees are essential workers, main-
taining the country’s food supply, and must travel to and from
the workplace while many other workers in the community
remain at home. Both public and private transportation have
been linked to the community spread of COVID-19 due to
the enclosed spatially confined conditions of transportation
vehicles that promote person-to-person transmission and the
role of travel as a route that can introduce individuals with
COVID-19 into communities that were previously free of the
virus (76, 119, 120, 157). Food companies should review
how their employees travel to a facility (e.g., personal
vehicle, carpool, or public transportation) or between
multiple facilities if relevant and then evaluate ways to
modify employee travel arrangements to reduce the risk of
these employees being nodes of COVID-19 community
spread. Some examples of modifying employee travel could
include paying for employee car services, providing company
vehicles to individual employees, or instituting a policy of no
multifamily carpools. The methods chosen to change
employee travel will depend on the location of and resources
available to a given food facility.

The housing situations of food workers will vary
widely by the specific food industry and business location,
but companies should be aware that shared housing
situations can increase the likelihood of COVID-19
transmission (1, 41, 70, 127). At a minimum, food
companies should review the shared housing situations of
their employees. Companies should consider grouping
individuals who live in the same dwelling into cohorts
and minimizing the contact between cohorts to reduce or
mitigate the potential spread of COVID-19. In some cases,
food businesses may support employees who choose to
move into housing situations that reduce dwelling density
and reduce the frequency that employees will come into
close contact with nonfamily or work-related individuals
who might be sources of COVID-19. How companies
address this community risk will depend on their resources
and the community housing situations.

MANAGEMENT OF FOOD OPERATION

Developing a COVID-19 control plan. A risk-based
methodology, founded on scientific knowledge, is critical to

effectively control emerging hazards such as COVID-19
and reduce the business risk. For example, presence of a
proper control plan can reduce legal liability by demon-
strating that appropriate practices to prevent COVID-19 and
protect employees within the facility have been instituted. A
well-established plan may also help a company refute the
rare case in which a customer or importing country finds a
food product that is positive for SARS-CoV-2 RNA.
Fortunately for the food industry, such risk-based approach-
es are commonplace with the widespread adoption of other
risked-based programs such as hazard analysis and critical
control point systems and PCHF (10, 67). The principles of
these methodologies can be readily applied to development
of a COVID-19 safety plan. As in a food safety plan,
individuals responsible for plan development must think
through and identify (i) the hazard (SARS-CoV-2), (ii)
reasonably foreseeable sources of the hazard (e.g., employ-
ees, visitors, and commonly touched surfaces), (iii) unlikely
sources of the hazard (e.g., food and packaging), and (iv)
effective control measures (e.g., social distancing, barriers,
mask wearing, and screening) to prevent the spread of
COVID-19 within the facility. When possible, critical limits
should be defined for identified controls such as a minimum
social distance of 2 m, forehead surface temperature
,100.48F (,388C), and a face covering worn appropriately
at all times. Corrective actions (e.g., contact tracing,
cleaning, and quarantine protocols) to be taken when
individuals who interact with the facility test positive for
COVID-19 should be documented. As with food safety
plans, methods for monitoring these controls, such as
thermometers for body temperatures or defined time
intervals for visual checks of face coverings, will also be
necessary to ensure that safety guidelines are followed and
documented. Development and implementation of COVID-
19 safety plans should be accomplished by a multidisci-
plinary team of food safety and quality managers and
representatives from various business functions, including
human resources, maintenance, and the front office.
Appropriate training of all employees on COVID-19 and
the safety plan is critical for success. Although the details of
a COVID-19 safety plan will be specific to an individual
food facility and thus cannot be readily copied by other
facilities, several guidance documents from the CDC (21)
and the FDA (133) and templates by state agencies are
available to aid food facilities in the development and
implementation of effective COVID-19 safety plans (103,
138).

Verifying COVID-19 control strategies. As with food
safety plans, COVID-19 safety plans must be implemented
as intended. Verification activities will differ depending on
the controls implemented and resources available to each
business. For example, a weekly review of the production
floor mask wearing observation logs by a designated person
would be sufficient to ensure that observations were being
made and no gaps in mask usage were noted. In businesses
with sufficient resources, semiroutine surveillance testing of
employees for COVID-19 could be a way to verify that the
daily screening of employees was being effectively
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i m pl e m en te d. A s w it h m o ni to r in g, t he s e v er i fi cat io n 
act ivi ti es s ho ul d b e d oc um en ted an d r e vi ew e d w it h 
appropriate frequency. Multiple positive COVID-19 tests 
should be a warning to the business that the current 
COVID-19 safety plan is insufficient or is not being 
implemented correctly, and the business should review its 
COVID-19 plan and records. 

Building a COVID-19 control culture. Over the last 
decade, the concept of a food safety culture has generated 
much discussion ( 154). The organizational and behavioral 
concepts of a successful food safety culture can be readily 
applied to effectively manage COVID-19 within a food 
facility. A company ’s culture is the knowledge, attitudes, 
and behaviors shared by managers and employees (110), 
and a COVID-19 control culture would encompass practices 
related to mitigating the spread of SARS-CoV-2. A weak 
food safety culture has been considered a factor that leads to 
an increased food safety risk for a given food facility ( 66, 
105 ) . A weak company COVID-19 control culture will 
likely increase the risk of a COVID-19 outbreak within a 
food facility. With an emerging risk such as COVID-19, 
where there are many unknowns and thus potential changes 
in scientifi c guidance as more is learned by public health 
experts, many managers might fi nd it difficult to develop 
and implement a robust COVID-19 control plan. Thus, 
managers must focus on clear, transparent communications 
with employees that define the risk of COVID-19, explain 
the uncertainties, and establish the need for and methods of 
a unifi ed, company-wide approach. Concise and frequent 
trainings are needed to keep employees within the company 
informed of changes in knowledge without overwhelming 
them. The practices and behaviors outlined in the trainings 
must be consistently modeled by management both within 
the facility and in the broader community to reenforce and 
pr om ot e be havior a l ch anges a cr os s the organi zat ion. 
Metrics that can be tracked and rewarded company wide, 
similar to what some food facilities do for occupational 
safety and numbers of days since the last incident, may be 
useful for creating uni fied commitment to the COVID-19 
control culture. The maturation of an organization ’s culture 
occurs in several stages (81), but as of the time of this 
writing companies have only had a short time to develop 
their COVID-19 control cultures. It will be interesting to see 
how these cultures have matured under the intense pressure 
of the pandemic, how previously established food safety 
cult ur es w ithin a f acili ty in fl ue nced the adoption of 
successful COVID-19 control cultures, and how well the 
development of a COVID-19 control culture improves the 
resiliency of food companies to future pandemics. 

EVIDENCE FOR NEGLIGIBLE RISK OF COVID-19 
TRANSMISSION THROUGH FOOD AND FOOD 

PACKAGING 

Current international consensus is that the risk of 
COVID-19 transmission through food and food packaging 
is ext reme ly low ( 6 1, 87, 145, 149 ). This con sens us 
includes frozen food and is based on strong epidemiological 
evidence that shows the pattern of spread of COVID-19 to 

be consistent with community transmission observed for 
other respiratory viruses (e.g., fl u and common cold viruses) 
( 104). No direct scienti fic evidence of nonfrozen food, 
frozen food, or food packaging as a source of SARS-CoV-2 
transmission has been presented ( 79, 145) despite . 180 
million human SARS-CoV-2 infections as of July 2021 
(82) . 

Epidemiological evidence indicating that nonfrozen 
food, frozen food, and food packaging are not a likely 
s ourc e of S A RS-CoV-2 is also c onsi s tent w ith other 
obs er vations , including low s tability of S ARS-CoV-2 
outside of the human host (92) and low likelihood (in virus 
surro gate studies) of viru s transfer from contami nated 
surfaces to specifi c receptors in the nose, mouth, and eyes 
of a susceptible person. The virus must go through several 
transfer steps from an infected person ’s face, to their hands, 
to the food or food packaging, and then to a susceptible 
person ’s hands and then face. Because the transfer rate of 
the virus in each step is relatively low ( 84, 95), the number 
of viral particles reaching the susceptible person’s face is 
most likely too low to cause an infection. The number of 
viral particles reaching the susceptible person ’s face is even 
lower because of the fragile structure of SARS-CoV-2. 
Unlike true foodborne viruses (e.g., norovirus and hepatitis 
A virus) that have a protective protein capsid that makes 
them highly stable outside of the host (92, 111), the lipid 
envelope of SARS-CoV-2 makes it highly unstable outside 
of the host (42, 136), and the virus is inactivated quickly on 
the surface of foods and food packaging. Low stability of 
SARS-CoV-2 has been reported on various porous and 
nonporous surfaces ( 37, 94, 112, 136) . Although no studies 
ha ve bee n pub lis he d s pe ci fi c all y on th e s ta bil ity on 
nonfrozen or frozen food, one study with a surrogate 
coronavirus (e.g., coronavirus 229E) revealed low stability 
on fresh produce ( 14). The authors found a short half-life 
for this surrogate similar to that previously reported for 
nonporous surfaces: 2.05, 2.30, and 9.05 h on tomatoes, 
apples , and cucum bers , res pectively. For com par is on, 
Escudero et al. ( 59) estimated the half-life of norovirus on 
lettuce at almost 3 days, whereas in another study in oysters 
the half-life was 18 days (90) . Based on these observations, 
the overall chain of events that would have to occur for 
transmission of SARS-CoV-2 is highly unlikely. Transmis-
sion would require (i) contamination of food and food 
packaging with high levels of SARS-CoV-2 (essentially a 
person sneezing on a product within a short time frame 
before customer contact), (ii) contact between food and a 
person (typically manual contact) soon after a high-level 
contamination event, (iii) transfer of virus from surface to 
ha nd du r in g t hi s co nt ac t, a nd ( iv ) a lm os t i m me di at e 
subsequent contact between the hands and a surface that 
allows for infection (e.g., mucous membranes of the nose). 
Although survival of SARS-CoV-2 is expected to be longer 
at temperatures used for storage and transport of frozen 
foods (e.g.,−20 8C) and the virus may remain viable longer 
in fish under refrigeration conditions (50), the risk of 
transmission from frozen foods is still considered negligible 
because the chain of events outlined above is still highly 
unlikely.

implemented. As with monitoring, these verification
activities should be documented and reviewed with
appropriate frequency. Multiple positive COVID-19 tests
should be a warning to the business that the current
COVID-19 safety plan is insufficient or is not being
implemented correctly, and the business should review its
COVID-19 plan and records.

Building a COVID-19 control culture. Over the last
decade, the concept of a food safety culture has generated
much discussion (154). The organizational and behavioral
concepts of a successful food safety culture can be readily
applied to effectively manage COVID-19 within a food
facility. A company’s culture is the knowledge, attitudes,
and behaviors shared by managers and employees (110),
and a COVID-19 control culture would encompass practices
related to mitigating the spread of SARS-CoV-2. A weak
food safety culture has been considered a factor that leads to
an increased food safety risk for a given food facility (66,
105). A weak company COVID-19 control culture will
likely increase the risk of a COVID-19 outbreak within a
food facility. With an emerging risk such as COVID-19,
where there are many unknowns and thus potential changes
in scientific guidance as more is learned by public health
experts, many managers might find it difficult to develop
and implement a robust COVID-19 control plan. Thus,
managers must focus on clear, transparent communications
with employees that define the risk of COVID-19, explain
the uncertainties, and establish the need for and methods of
a unified, company-wide approach. Concise and frequent
trainings are needed to keep employees within the company
informed of changes in knowledge without overwhelming
them. The practices and behaviors outlined in the trainings
must be consistently modeled by management both within
the facility and in the broader community to reenforce and
promote behavioral changes across the organization.
Metrics that can be tracked and rewarded company wide,
similar to what some food facilities do for occupational
safety and numbers of days since the last incident, may be
useful for creating unified commitment to the COVID-19
control culture. The maturation of an organization’s culture
occurs in several stages (81), but as of the time of this
writing companies have only had a short time to develop
their COVID-19 control cultures. It will be interesting to see
how these cultures have matured under the intense pressure
of the pandemic, how previously established food safety
cultures within a facility influenced the adoption of
successful COVID-19 control cultures, and how well the
development of a COVID-19 control culture improves the
resiliency of food companies to future pandemics.

EVIDENCE FOR NEGLIGIBLE RISK OF COVID-19
TRANSMISSION THROUGH FOOD AND FOOD

PACKAGING

Current international consensus is that the risk of
COVID-19 transmission through food and food packaging
is extremely low (61, 87, 145, 149). This consensus
includes frozen food and is based on strong epidemiological
evidence that shows the pattern of spread of COVID-19 to

be consistent with community transmission observed for
other respiratory viruses (e.g., flu and common cold viruses)
(104). No direct scientific evidence of nonfrozen food,
frozen food, or food packaging as a source of SARS-CoV-2
transmission has been presented (79, 145) despite .180
million human SARS-CoV-2 infections as of July 2021
(82).

Epidemiological evidence indicating that nonfrozen 
food, frozen food, and food packaging are not a likely 
source of SARS-CoV-2 is also consistent with other 
observations, including low stability of SARS-CoV-2 
outside of the human host (92) and low likelihood (in virus 
surrogate studies) of virus transfer from contaminated 
surfaces to specific receptors in the nose, mouth, and eyes 
of a susceptible person. The virus must go through several 
transfer steps from an infected person’s face, to their hands, 
to the food or food packaging, and then to a susceptible 
person’s hands and then face. Because the transfer rate of 
the virus in each step is relatively low (84, 95), the number 
of viral particles reaching the susceptible person’s face is 
most likely too low to cause an infection. The number of 
viral particles reaching the susceptible person’s face is even 
lower because of the fragile structure of SARS-CoV-2. 
Unlike true foodborne viruses (e.g., norovirus and hepatitis 
A virus) that have a protective protein capsid that makes 
them highly stable outside of the host (92, 111), the lipid 
envelope of SARS-CoV-2 makes it highly unstable outside 
of the host (42, 136), and the virus is inactivated quickly on 
the surface of foods and food packaging. Low stability of 
SARS-CoV-2 has been reported on various porous and 
nonporous surfaces (37, 94, 112, 136). Although no studies 
have been published specifically on the stability on 
nonfrozen or frozen food, one study with a surrogate 
coronavirus (e.g., coronavirus 229E) revealed low stability 
on fresh produce (14). The authors found a short half-life 
for this surrogate similar to that previously reported for 
nonporous surfaces: 2.05, 2.30, and 9.05 h on tomatoes, 
apples, and cucumbers, respectively. For comparison, 
Escudero et al. (59) estimated the half-life of norovirus on 
lettuce at almost 3 days, whereas in another study in oysters 
the half-life was 18 days (90). Based on these observations, 
the overall chain of events that would have to occur for 
transmission of SARS-CoV-2 is highly unlikely. Transmis-
sion would require (i) contamination of food and food 
packaging with high levels of SARS-CoV-2 (essentially a 
person sneezing on a product within a short time frame 
before customer contact), (ii) contact between food and a 
person (typically manual contact) soon after a high-level 
contamination event, (iii) transfer of virus from surface to 
hand during this contact, and (iv) almost immediate 
subsequent contact between the hands and a surface that 
allows for infection (e.g., mucous membranes of the nose). 
Although survival of SARS-CoV-2 is expected to be longer 
at temperatures used for storage and transport of frozen 
foods (e.g., −208C) and the virus may remain viable longer 
in fish under refrigeration conditions (50), the risk of 
transmission from frozen foods is still considered negligible 
because the chain of events outlined above is still highly 
unlikely.
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Overall, both the available scienti fic and epidemiolog-
ical evidence support the assumption that the risk of 
COVID-19 transmission through food and food packaging 
is very low and does not need active management beyond 
good food safety practices, regular hand washing when 
han dli ng fo od. C OVID-19 mi tig ati on st ra teg ies shou ld 
continue to f ocus on the ma in r is ks as so ciated wi th 
person-to-person contact and direct transmission through 
respiratory droplets. 

IMPACT OF COVID-19 ON FOOD SAFETY 

Although SARS-CoV-2 is not a direct food safety 
h aza rd , the COV ID-1 9 pa nde mi c h ad a nd lik e ly wil l 
continue to have an impact on food safety. Although most 
information on the impact of the COVID-19 pandemic on 
food safety is anecdotal, the impact can be grouped into 
s e ver al cate gor ies : ( i ) s u ppl y c hain di s r u ptio ns , ( ii ) 
disruptions of food safety practices in processing facilities 
and other food-associated establishments, (iii) disruption of 
private and government food safety audits, inspections, and 
surveillance systems, and (iv) changes in consumer food 
safety practices. Food safety consequences of global supply 
chain disruptions can be due to (i) the need to source from 
new suppliers, including the fact that travel restrictions may 
impact the ability to appropriately audit and approve new 
suppliers, (ii) disruptions forcing suppliers shipping from 
different nonapproved facilities, and (iii) food fraud due to 
shortages of certain products (e.g., replacement or cutting of 
spices with cheaper and more easily sourced ingredients) 
( 142). Disruptions of practices in processing facilities and 
other food-associated establishments that may lead to food 
safety issues include (i) reductions in sanitation crews (e.g., 
because staff have been reassigned to COVID-19– related 
tasks), (ii) the need to hire new staff without appropriate 
food safety training (e.g., because in-person training has 
been suspended), and (iii) loss of food safety staff (e.g., due 
t o the s tr es s of addit ional CO V ID-19 – re l a t e d t a s k s ). 
Although the importance of audits and inspections for 
assuring food safety may be controversial, suspension of 
(in-person) audits and inspections has reduced compliance 
with food safety practices, at least in some establishments 
( 143). Reassignment of public health staff and possibly of 
laboratory space due to COVID-19– associated activities 
could lead to reduced surveillance capacity, which may 
have resulted in reduced detection of foodborne disease 
outbreaks and reduced case reporting ( 15) . However, the 
quanti fication of impacts of possible reduced foodborne 
disease surveillance is challenging because other changes to 
the food system and food consumption patterns during 
COVID-19 may have impacted foodborne disease frequen-
cy ( 15 ) . C hanging f ood prac tices m ay als o inc rea s e 
c ons um er r is k o f f ood bor ne dis e as e. A lt hough not a 
microbial food safety issue, an increased use of sanitizers 
for cleaning foods and food packages may have been 
prompted by overreactions to unfounded concerns about 
foodborne transmission of COVID-19, which led to an 
increase in intoxication reports at U.S. poison control 
centers ( 36) . In summary, the COVID-19 pandemic likely 
has had considerable impacts on food safety, many of which 

may never be documented or may not be documented until 
later. 

LONG-TERM IMPACT OF THE COVID-19 
PANDEMIC ON FOOD SAFETY AND QUALITY 

SYSTEMS 

In addition to the actual food safety impacts during the 
COVID-19 pandemic (as detailed in the previous section), 
this pandemic also may have long-term impacts on food 
safety and quality due to (i) changes in food production and 
processing practices, (ii) changes in behaviors and attitudes 
toward food safety and food safety practices, and (iii) long-
term changes in regulatory approaches and policies. These 
C O VI D-19 im pacts l ikely w ill be bot h nega tive and 
positive. Changes in food production and processing that 
will impact food safety and quality may include improved 
cleaning of frequently touched surfaces, which could reduce 
transmission of some foodborne diseases, such as norovirus 
infections ( 99) . In a recent study with data from nine U.S. 
states between July 2012 and July 2020, a signi ficant 
decline in norovirus infection outbreaks began in spring 
2020, and this decline probably was not due to seasonality 
or underreporting of cases (88) . A reduction in 2020 
norovirus positivity rates compared with those in 2019 was 
found in Philadelphia, suggesting that COVID-19 mitiga-
tion practices may have had a role in this reduction ( 99) . 
However, a reallocation of resources to cleaning frequently 
touched surfaces may reduce the intensity and thoroughness 
of cleaning practices for other critical areas in the food 
processing environment and thus result in greater food 
safety risks. No published data currently suggest that such 
incidents have occurred often or that they have resulted in 
foodborne outbreaks. Relevant changes in behaviors and 
attitudes may include increased wearing of face masks, 
which also could reduce food safety risks associated with 
human carriage and shedding of foodborne pathogens. The 
COVID-19 pandemic, at least in some cases, may lead to 
increased availability of paid sick leave and an improved 
appreciation of hidden factors that may increase the risk of 
sick food workers reporting to work. A continuing emphasis 
on assuring that sick workers do not report to work could 
con side ra bly redu ce the ri sk of tr ansm iss ion of som e 
foodborne diseases, probably most noteworthily norovirus 
infection and hepatitis A. This pandemic may increase 
willingness to use vaccinations (e.g., against hepatitis A 
virus) to improve our ability to prevent foodborne disease 
transmission and may lead to or accelerate long-term 
changes in regulatory approaches and policies. Remote 
audits and inspections may continue to be utilized, at least 
to some degree ( 68), although the impact of this shift on 
food safety is hard to predict. The use of remote audits and 
inspections could facilitate increased frequency of these 
acti v i ties , w hich m ay pos itively im pac t f ood s af ety. 
H ow e v er, r em o te au di t s a nd in sp e c ti on s m ay b e l es s 
effective than in-person audits and inspections, which could 
negatively affect food safety. The COVID-19 pandemic 
may have increased our appreciation for the importance of 
b a la n c in g be n e fi t s a nd ri sk s (i n cl u di n g e c o no mi c an d 
business risks) in risk management strategies that address 
pu blic hea lth is s u es and coul d ac cel er at e ef f o r ts to

Overall, both the available scientific and epidemiolog-
ical evidence support the assumption that the risk of
COVID-19 transmission through food and food packaging
is very low and does not need active management beyond
good food safety practices, regular hand washing when
handling food. COVID-19 mitigation strategies should
continue to focus on the main risks associated with
person-to-person contact and direct transmission through
respiratory droplets.

IMPACT OF COVID-19 ON FOOD SAFETY

Although SARS-CoV-2 is not a direct food safety
hazard, the COVID-19 pandemic had and likely will
continue to have an impact on food safety. Although most
information on the impact of the COVID-19 pandemic on
food safety is anecdotal, the impact can be grouped into
several categories: (i) supply chain disruptions, (ii)
disruptions of food safety practices in processing facilities
and other food-associated establishments, (iii) disruption of
private and government food safety audits, inspections, and
surveillance systems, and (iv) changes in consumer food
safety practices. Food safety consequences of global supply
chain disruptions can be due to (i) the need to source from
new suppliers, including the fact that travel restrictions may
impact the ability to appropriately audit and approve new
suppliers, (ii) disruptions forcing suppliers shipping from
different nonapproved facilities, and (iii) food fraud due to
shortages of certain products (e.g., replacement or cutting of
spices with cheaper and more easily sourced ingredients)
(142). Disruptions of practices in processing facilities and
other food-associated establishments that may lead to food
safety issues include (i) reductions in sanitation crews (e.g.,
because staff have been reassigned to COVID-19–related
tasks), (ii) the need to hire new staff without appropriate
food safety training (e.g., because in-person training has
been suspended), and (iii) loss of food safety staff (e.g., due
to the stress of additional COVID-19–related tasks).
Although the importance of audits and inspections for
assuring food safety may be controversial, suspension of
(in-person) audits and inspections has reduced compliance
with food safety practices, at least in some establishments
(143). Reassignment of public health staff and possibly of
laboratory space due to COVID-19–associated activities
could lead to reduced surveillance capacity, which may
have resulted in reduced detection of foodborne disease
outbreaks and reduced case reporting (15). However, the
quantification of impacts of possible reduced foodborne
disease surveillance is challenging because other changes to
the food system and food consumption patterns during
COVID-19 may have impacted foodborne disease frequen-
cy (15). Changing food practices may also increase
consumer risk of foodborne disease. Although not a
microbial food safety issue, an increased use of sanitizers
for cleaning foods and food packages may have been
prompted by overreactions to unfounded concerns about
foodborne transmission of COVID-19, which led to an
increase in intoxication reports at U.S. poison control
centers (36). In summary, the COVID-19 pandemic likely
has had considerable impacts on food safety, many of which

may never be documented or may not be documented until
later.

LONG-TERM IMPACT OF THE COVID-19
PANDEMIC ON FOOD SAFETY AND QUALITY

SYSTEMS

In addition to the actual food safety impacts during the
COVID-19 pandemic (as detailed in the previous section),
this pandemic also may have long-term impacts on food
safety and quality due to (i) changes in food production and
processing practices, (ii) changes in behaviors and attitudes
toward food safety and food safety practices, and (iii) long-
term changes in regulatory approaches and policies. These
COVID-19 impacts likely will be both negative and
positive. Changes in food production and processing that
will impact food safety and quality may include improved
cleaning of frequently touched surfaces, which could reduce
transmission of some foodborne diseases, such as norovirus
infections (99). In a recent study with data from nine U.S.
states between July 2012 and July 2020, a significant
decline in norovirus infection outbreaks began in spring
2020, and this decline probably was not due to seasonality
or underreporting of cases (88). A reduction in 2020
norovirus positivity rates compared with those in 2019 was
found in Philadelphia, suggesting that COVID-19 mitiga-
tion practices may have had a role in this reduction (99).
However, a reallocation of resources to cleaning frequently
touched surfaces may reduce the intensity and thoroughness
of cleaning practices for other critical areas in the food
processing environment and thus result in greater food
safety risks. No published data currently suggest that such
incidents have occurred often or that they have resulted in
foodborne outbreaks. Relevant changes in behaviors and
attitudes may include increased wearing of face masks,
which also could reduce food safety risks associated with
human carriage and shedding of foodborne pathogens. The
COVID-19 pandemic, at least in some cases, may lead to
increased availability of paid sick leave and an improved
appreciation of hidden factors that may increase the risk of
sick food workers reporting to work. A continuing emphasis
on assuring that sick workers do not report to work could
considerably reduce the risk of transmission of some
foodborne diseases, probably most noteworthily norovirus
infection and hepatitis A. This pandemic may increase
willingness to use vaccinations (e.g., against hepatitis A
virus) to improve our ability to prevent foodborne disease
transmission and may lead to or accelerate long-term
changes in regulatory approaches and policies. Remote
audits and inspections may continue to be utilized, at least
to some degree (68), although the impact of this shift on
food safety is hard to predict. The use of remote audits and
inspections could facilitate increased frequency of these
activities, which may positively impact food safety.
However, remote audits and inspections may be less
effective than in-person audits and inspections, which could
negatively affect food safety. The COVID-19 pandemic
may have increased our appreciation for the importance of
balancing benefits and risks (including economic and
business risks) in risk management strategies that address
public health issues and could accelerate efforts to
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implement risk-based food safety approaches rather than a 
“ zer o r is k ” ap pr o ach ( 159 ) . I n the lo ng ter m , the 
development of an improved public health infrastructure 
as a consequence of the pandemic will increase our overall 
ability to detect foodborne disease outbreaks and to translate 
these findings into improved prevention strategies. Overall, 
development and implementation of appropriate surveil-
lance systems that can be used to assess and quantify 
impacts of COVID-19 –related changes in food safety and 
public health practices will allow accurate assessment of 
positive and negative impacts of changes to our food safety 
system as a consequence of this pandemic. 

CONCLUSIONS 

A lt houg h t he r is k of f oo dbor n e tr an s m is s ion of 
C O V I D-19 is negligi ble, this pand em i c has ha d a 
considerable impact on the food industry and most likely 
on the industry ’s food safety practices. However, clear 
quantitative data on the actual impact of this pandemic on 
food safety are still extremely limited. Some mitigation 
pr a cti ces em pha si zed by t he pan d em ic, su ch as h and 
w as hing and cleaning of s urf aces , reinf orce indus tr y 
standard food safety practices, and other practices, such as 
face coverings and social distancing, may also reduce the 
transmission of foodborne disease agents. The COVID-19 
pandemic is not over and will not be the last pandemic to 
impact the food industry. Future quantitative assessments of 
the food safety impacts of the pandemic and internal 
reviews by food companies of the performance of their food 
safety systems are essential to minimize long-term negative 
consequences of this and future pandemics on food safety. 
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implement risk-based food safety approaches rather than a
“zero risk” approach (159). In the long term, the
development of an improved public health infrastructure
as a consequence of the pandemic will increase our overall
ability to detect foodborne disease outbreaks and to translate
these findings into improved prevention strategies. Overall,
development and implementation of appropriate surveil-
lance systems that can be used to assess and quantify
impacts of COVID-19–related changes in food safety and
public health practices will allow accurate assessment of
positive and negative impacts of changes to our food safety
system as a consequence of this pandemic.

CONCLUSIONS

Although the risk of foodborne transmission of
COVID-19 is negligible, this pandemic has had a
considerable impact on the food industry and most likely
on the industry’s food safety practices. However, clear
quantitative data on the actual impact of this pandemic on
food safety are still extremely limited. Some mitigation
practices emphasized by the pandemic, such as hand
washing and cleaning of surfaces, reinforce industry
standard food safety practices, and other practices, such as
face coverings and social distancing, may also reduce the
transmission of foodborne disease agents. The COVID-19
pandemic is not over and will not be the last pandemic to
impact the food industry. Future quantitative assessments of
the food safety impacts of the pandemic and internal
reviews by food companies of the performance of their food
safety systems are essential to minimize long-term negative
consequences of this and future pandemics on food safety.
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