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Abstract

COVID-19 has brought speculations on potential transmission routes of the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causal agent
of the pandemic. It is reported that the main route of virus transmission to be
person-to-person by respiratory droplets; however, people have raised concerns
on the possible transmission of SARS-CoV-2 to humans via food and packaging
and its potential effects on food safety. This review discusses food safety issues
in the COVID-19 pandemic and reveals its possible transmission in cold-chain
food. The first outbreak of COVID-19 in late 2019 was associated with a seafood
market in Wuhan, China, while the second outbreak of COVID-19 in June 2020
was also related to a seafood market in Beijing, China. As of 2020, several frozen
seafood products linked with SARS-CoV-2 have been reported in China.
According to the current survey and scientific studies, the risk of infection by
SARS-CoV-2 from cold-chain food, food products, and food packaging is thought
to be very low. However, studies on food cold chain contamination have shown
that SARS-CoV-2 remained highly stable under refrigerated (4°C) and even in
freezing conditions (—10 to —80°C). Since one mode of SARS-CoV-2 transmission
appears to be touching contaminated surfaces, it is important to clean and sanitize
food contact surfaces properly. Understanding food safety hazard risks is essen-
tial to avoid potential negative health effects and SARS-CoV-2 transmission in the

food supply chain during the COVID-19 pandemic.
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1 | INTRODUCTION

On December 31, 2019, the first case with pneumonia caused by a novel
coronavirus was detected in Wuhan, China (Huang et al., 2020). On
January 7, 2020, the new virus was identified as 2019-nCov
(Francesco, 2020). A few days later, China announced the first death of
COVID-19, which led to placing Wuhan under quarantine on January
23, 2020. Unfortunately, COVID-19 spread out worldwide rapidly due to
the extensive public transport network. On February 11, 2020, World
Health Organization (WHO) announced that the disease caused by the
novel coronavirus would be named COVID-19. On March 11, 2020,
WHO declared COVID-19 a pandemic and warned all countries to pre-
pare for this disease (Cucinotta & Vanelli, 2020). COVID-19 outbreaks
had been confirmed in 222 countries on the six continents in 2020. In
July 2021, the global COVID-19 cases exceeded 200 million, and the
death reached almost four milion (WHO; https://covid19.who.int/).
COVID-19 is becoming one of the deadliest pandemics in history.

2 | TRANSMISSION OF SARS-CoV-2IN
FOOD AND FOOD SUPPLY CHAIN

Although the coronavirus is mainly transmitted through respiratory drop-
lets from sneezing, coughing, and talking during close contact among
humans (Anderson, Turnham, Griffin, & Clarke, 2020; Galbadage, Peter-
son, & Gunasekera, 2020; Zhang et al., 2020), the possibility of transmis-
sion through water, bioaerosols, and food should not be ignored
(Carducci, Federigi, Liu, Thompson, & Verani, 2020). COVID-19 can also
be transmitted via the contact-oral route with contaminated objects and
surfaces, although it seems less significant (Chan et al, 2020; van
Doremalen et al., 2020). Nevertheless, it is possible that a person can get
COVID-19 by touching a surface or object, including food or food pack-
aging, that has the virus on it and then touching their own mouth, nose,
or possibly their eyes. Therefore, U.S. CDC (CDC, 2020) also reminded
the importance of following good food safety practices to reduce the risk.
One major question pertains to the survival of SARS-CoV-2, the causative
agent of COVID-19, on food and food contact surfaces, and the potential
risk to consumers and essential workers (Lacombe, Quintela, Liao, &
Wu, 2020).

In the previous outbreak of SARS-CoV (SARS outbreak in 2003)
and Middle East respiratory syndrome virus (MERS; an outbreak in
2012), food was considered less likely to be a route of transmission
(EFSA, 2020; Olaimat, Shahbaz, Fatima, Munir, & Holley, 2020).
According to authoritative literature, the general agreement is that
there is no evidence that SARS-CoV-2 is a food safety risk currently.
From a hazard-risk perspective, the overall potential risk of acquiring
COVID-19 from contaminated food or food packaging appears to be
very low (ANSES, 2020; FDA, 2020; FSA, 2020; WHO, 2020). SARS-
CoV-2 is, therefore, not considered a foodborne virus (Anelich, Lues,
Farber, & Parreira, 2020).

On the other side, much research has shown that SARS-CoV-2 is
more stable on plastic and stainless steel than copper and cardboard,

and the artificially contaminated virus can be detected within 72 hr

after being applied to these surfaces (van Doremalen et al., 2020).
Thus, as evidenced by positive results in solid surfaces (table, floor, or
window), the risk of transmission from infected persons to food prod-
ucts is likely high (Zhang, He, Zhu, Liu, & Wu, 2021). Food products
are often traded in supermarkets, wholesale markets, and chain stores
with large crowds in enclosed rooms, making it easy for the virus to
be transmitted through droplets or aerosols from infected humans
(Lacombe et al., 2020; Zhang et al., 2020). When one employee is
infected with SARS-CoV-2, it would be risky for people visiting the
area (Ahmed et al., 2020). An infected person can uncontrollably
sneeze or cough coronavirus on food products or food packaging. For
example, it was reported that contaminated SARS-CoV-2 RNA was
detected on the surface of a salmon chopping board (Hayashi, Aboko,
Mandan, Yaegashi, & Konishi, 2020). In this regard, the food supply
chain is likely to have the potential spread of the virus. However, lim-
ited attention has been focused on the transmission of SARS-CoV-2
in the food supply chain (Galanakis, 2020).

In addition, several studies have concluded that diarrhea is likely
caused when the virus infiltrates the body through other mechanisms,
for example, via the gastrointestinal tract from ingestion of contami-
nated food (Amirian, 2020; Wang, Zhou, Jiang, Zhou, & Ma, 2020;
Xiao et al., 2020). However, whether the COVID-19 virus resists pas-
sage through the gastrointestinal tract and the fecal-oral virus trans-
mission still needs to be explored (Bogler et al., 2020). During the
COVID-19 pandemic, therefore, the Agency for Food, Environmental,
and Occupational Health and Safety of many countries have con-
ducted one of the first risk assessments related to food safety and
SARS-CoV-2 (ANSES, 2020). Additional hygienic practices are listed in
all such standards to ensure that food handlers practice proper
hygiene to prevent transmission of any potential microbiological con-
tamination to food (ANSES, 2020; CAC, 2020). It has become com-
monly accepted that foods, packages, and food contact surfaces play
an insignificant role in transmitting SARS-CoV-2. The workers should
operate the food according to HACCP and GMP principles. Proper
wearing masks and frequent hand washing are sufficient to eliminate
the virus and other common foodborne pathogens from workers'
hands (Finger et al., 2021). Therefore, consumers absorbedly needed
to properly wash hands after touching potentially virus-contaminated

surfaces and especially before eating or touching the face.

3 | COLD-CHAIN AND FOOD
CONTAMINATION IN CHINA

A cold chain is a temperature-controlled supply chain. A complete cold
chain is an uninterrupted series of refrigerated production, storage,
and distribution activities, along with associated equipment and logis-
tics, which can maintain quality via a desired low-temperature range.
It is used to preserve, extend, and ensure the shelf life of products,
such as fresh agricultural produce (Kohli, 2020), seafood, frozen food,
chemicals, and pharmaceutical products (Gyesley, 1991). As the pri-
mary method for extending shelf life and providing high-quality food,
cold-chain food means to control the temperature through
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FIGURE 1

refrigeration in the food supply chain during transport, storage, and
distribution (Duret et al., 2019). This temperature-controlled measure
covers a series of steps from harvesting to consumption, and the con-
tamination risk of SARS-CoV-2 exists throughout the whole proce-
dure (Han, Zhang, He, & Jia, 2020; Figure 1).

The first outbreak of COVID-19 in late 2019 and early 2020 was
associated with the Huanan Seafood Market in Wuhan, China, while
the second outbreak of COVID-19 in June of 2020 was also related
to the Xinfadi Seafood Market in Beijing, China (Global Times, 2020).
Most recently, in China, several frozen seafood products contami-
nated with SARS-CoV-2 have been reported (IntraFish, 2020), raising
the concern that imported frozen seafood and meats with SARS-
CoV-2 could be a source of international transmission (Dai
et al, 2021). Since June 2020, more than 10 provinces and cities,
including Beijing, Liaoning, Anhui, Fujian, Jiangxi, Shandong, Guang-
dong, Shaanxi, and Jiangsu in China, have discovered SARS-CoV-
2-positive samples taken from imported frozen food or food packaging
(Table 1). To prevent imported food from potentially infecting people,
the State Council of China required all imported cold-chain food to be
thoroughly disinfected before going to the market. Related equipment
and warehouses, including loading and transporting carriers, are also
required to be thoroughly sanitized (Chi, Zheng, Liu, & Wang, 2021).
However, in the XFDM event, the investigation ignored the possibility
that the retailing workers may get the SARS-CoV-2 infection from inter-
national traders. As pointed out by Finger et al. (2021), the COVID-19
contamination could have happened via international workers that
came into close contact with local personnel, including retailing workers
in the market.

Cold-chain contamination as the possible origin of COVID-19 resur-
gence in Beijing city (China) since June has been investigated and scientif-
ically reported by Pang et al. (2020) and Xing, Wong, Ni, Hu, and
Xing (2020). On June 11, 2020, a retailing worker at Xinfadi Market
(XFDM) was diagnosed with COVID-19 in Beijing after a 56-day zero
new case interval (Ceylan, Meral, & Cetinkaya, 2020; European
Commission, 2020). One hundred twelve close contacts of the index case

and 242 environmental samples collected from the places he had visited
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Probable route of transmission for SARS-CoV-2 through cold-chain transportation in the frozen food industry

were tested by quantitative reverse transcription-polymerase chain reac-
tion (QRT-PCR). All close contacts were negative, but two environmental
samples from Xinfadi Market (XFDM) were positive for SARS-CoV-2. The
results led to an in-depth investigation to confirm the role of XFDM in
virus spread. Therefore, a large-scale screening campaign of SARS-CoV-2
infection was implemented over the city by Beijing Center for Disease
Prevention and Control. A total of more than 10 million citizens and
5,342 environmental samples were screened and analyzed. The results
indicated the infections demonstrated spatial clusters in the basement,
and highly clustered cases were identified in the seafood section (Pang
et al.,, 2020). Pang et al. (2020) speculated that the COVID-19 resurgence
in Beijing was likely initiated by an environment-to-human transmission
originating from contaminated imported food via cold-chain logistics.
Cold-chain food contamination had raised an alert in China even before
this cluster of cases was reported (Sun, Cheng, Zhao, Chen, &
Ayaz, 2021). However, they did not provide evidence of whether the viral
load on the frozen salmon surface is sufficient to establish an infection,
but the risk from the cold-chain food and environment contamination
exists (Fisher, Reilly, Zheng, Cook, & Anderson, 2020; Hoseinzadeh
et al., 2020).

On July 3, 2020, the Dalian and Xiamen Customs in China claimed
that the container surface of the frozen South American white shrimp
manufactured by an Ecuadorian enterprise was detected with SARS-
CoV-2 (GAC, 2020). Three local COVID-19 cases were reported in
Dalian City, Liaoning Province, China. All three patients informed that
they did not leave Dalian 14 days before the onset of the disease and
had no COVID-19 case contact history and no foreign personnel con-
tact history. Throat swab samples were taken from COVID-19
patients, and asymptomatic infections were collected for the phyloge-
netic analysis of virus genomic sequences. Judging from the timing
and phylogenetic analysis, the virus was likely to be imported from
outside of Dalian City. The report suggested that the Dalian outbreak
was probably related to the processing of cold-chain seafood prod-
ucts, especially those contaminated imported products (Zhao
et al., 2020). After epidemic investigation, 87 confirmed cases were
reported between July 9, 2020, and August 3, 2020; among those
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TABLE 1 Imported cold-chain food tested positive for COVID-19 virus in China in 2020
Date Product From Found by
June 11 Frozen salmon Not reported Xinfadi market
(XFDM), Beijing
city
July 3to August 13  Frozen white shrimp Ecuador Dalian, Xiamen, and
five other cities in
Shandong Province
August 9 A variety of frozen Not reported Dalian in Liaoning
seafood Province, Yantai in
Shandong Province
August 13 Frozen chicken wings Brazil Guangdong Province
September 18 Frozen hairtail Indonesia
September 23 Frozen deepwater Norway
redfish
September 24 Frozen cod outer Not reported Qingdao city,
package's surface Shandong Province
September 25 Frozen hairtail Brazil
October 1 Frozen boneless beef Brazil
October 17 Frozen cod Not reported Qingdao Port,
Shandong Province
October 31 Frozen pomfret Ecuador
November 6 Aquatic product Russia and Netherlands

November 7-8

Frozen pork and
frozen hairtail

Germany and India

November 10 Frozen pomfret Indonesia
December 9 Frozen boneless beef Brazil
December 17 Frozen cod Not reported

Tianjin city

Dalian in Liaoning
Province

Note

SARS-CoV-2 was found on frozen seafood in
China for the first time.

For the second time, SARS-CoV-2 was found on
frozen seafood in China following a month
after the COVID-19 outbreak in Beijing.

This is the first time worldwide, SARS-CoV-2 was
isolated from the frozen fish outer package's
surface.

The virus has not been isolated due to the low
nucleic acid concentration of the samples
(from the outer package's surface) tested.

No community transmission has occurred.

No community transmission has occurred.

Note: Most of the messages have been reported on the globaltimes, China (https://www.globaltimes.cn/).

infected, at least 38 individuals had links to local seafood importing
companies (CGTN, 2020).

On September 24, 2020, two stevedores at Qingdao Port were
identified as asymptomatic infected patients. After epidemiological
investigation, it revealed that both cases had no COVID-19 case con-
tact history and no foreign personnel contact history. However, both
carried out loading and unloading works of frozen cod in bulk on
September 19, 2020. Subsequently, the surface swab samples of the
frozen cod outer package were collected and tested; out of 421 sur-
face samples, 50 were tested SARS-CoV-2 nucleic acid positive (Liu
et al, 2020). This is the first time worldwide wherein SARS-CoV-2
was isolated from the imported frozen cod outer packaging surface.
However, the live virus has not been isolated from the samples of the
outer packaging surface due to the low nucleic acid concentration of
the samples tested. A total of 10.9 million people had been tested by
gRT-PCR before October 16, and another nine cases related to the
initial cluster were identified for a total of 12 cases (Xing et al., 2020).

Presumably, the frozen food-importing industry could bring in the

SARS-CoV-2 virus (Liu et al., 2020; Pang et al., 2020; Sun et al., 2021).
Despite this, SARS-CoV-2 has been isolated from the samples of the
outer packaging surface of frozen cod and its packages. It is still a lack
of directly strong evidence of cold-chain food contamination with the
COVID-19 virus. It is well established that the main route of virus
transmission to be person-to-person by respiratory droplets
(Anderson et al., 2020; Zhang et al., 2020). Therefore, it cannot be
excluded that the cold-chain food contamination is transmitted by the

stevedores or international workers in Qingdao Port.

4 | SURVIVAL AND INACTIVATION OF
SARS-CoV-2IN FOOD

WHO has recommended hand hygiene formulations and alcohol-
based sanitizers to inactivate SARS-CoV-2 (Kratzel et al., 2020;
Suchomel et al., 2020). SARS-CoV-2 appears to be stable at different
pH (3-10) at room temperature. Heat, sunlight, and UV light appear
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TABLE 2 Inactivation of SARS-CoV-2 by different types of disinfecting agents or treatments
Working
Disinfectants/ concentration or
methods condition Treatment time Reduction of the virus titer
Heat treatment >75°C 45 s to 5 min N/A
Sodium 0.05% (500 ppm) 5 min SARS-CoV-2 reduced by about
hypochlorite three logs
Simulated sunlight Simulated saliva on ~7 min 90% of the virus inactivated
stainless steel
coupons
Silicon nitride 15 wt% aqueous 1 min Inactivate 99% of SARS-CoV-2
suspensions
Heat treatment 70°C 5 min SARS-CoV-2 reduced by about
seven logs
Short-wavelength Irradiation 15 min >99.9% reduction of infectious
ultraviolet light titers
(UV-C)
Uv-C Irradiation Accumulated Three-log inactivation for
3.7/16.9 mJ/cm? irradiation by 3.7 mJ/cm? and complete
3.7/16.9 mJ/cm? inactivation by 16.9 mJ/cm?
Ozone (O3) 4 ppm (gas exposure) 90 min >98.2% viral titer reduction
275 nm UV-C LEDs 83.1 J/m? (irradiation) 1 min

Abbreviation: N/A, not applicable.

to inactivate the virus (Chin et al, 2020; Pressman, Naidu, &
Clemens, 2020). At refrigeration temperatures (4°C), no loss of infectious
titer for SARS-CoV-1 was found (Rabenau et al., 2005). Similarly, there
was hardly any reduction in infectious SARS-CoV-2 noted in transport
medium held at 4°C for 14 days (Chin et al., 2020; Harbourt et al., 2020).
Dai et al. (2021) reported that SARS-CoV-2 in fish products could still be
detected for more than 1 week at 4°C. Moreover, the virus may exist in
food for a long time, and the virus infectivity may remain up to 2 years
during frozen storage and transport at —20°C (Chin et al., 2020; Ling
et al., 2020). Even so, a lack of enough evidence supports that cold-chain
food can transmit SARS-CoV-2 (Finger et al., 2021). Therefore, some
experts on food safety assume that it is highly unlikely that food
consumption or touching food packages will result in the spread of
SARS-CoV-2 (FDA, 2021; ICMSF, 2020). Therefore, the possibility of
transmission of the COVID-19 virus through the food chain still needs to
be investigated.

The U.S. Environmental Protection Agency, Health Canada, and
the European Union Open Data Portal (EU ODP 2020) have a list of
approved disinfectants for use to control or destroy harmful microor-
ganisms, for example, SARS-CoV-2. SARS-CoV-2, like other viruses,
cannot propagate in food; therefore, the number of infectious virions
is expected to decrease if the virus is present on the surface of a food
product (Pressman et al., 2020). Air disinfection could be considered
in food-related environments. There are two practical methods,
including room air cleaners, such as filters or UV light, and upper-room
germicidal UV fixtures (Nardell & Nathavitharana, 2020). It has been
shown that SARS-CoV-2 is sensitive to artificial sunlight when
suspended in simulated saliva on stainless steel coupons; that is, 90%

of the virus was inactivated in ~7 min (Ratnesar-Shumate

Inactivate 99.9% of SARS-CoV-2 Trivellin et al. (2021)

et al., 2020). Irradiation by short-wavelength ultraviolet light (UV-C) is
an effective method to inactive SARS-CoV-2 on solid surfaces, such
as glass and gauze (Biasin et al., 2021; Criscuolo et al., 2021). A
275 nm UV-C LED has been used to inactivate 99.9% of SARS-CoV-2
by 83.1 J/m? irradiation for only 1 min (Trivellin et al., 2021; Table 2).

It was found that SARS-CoV-2 could be reduced by about seven
logs after heat treatment of 70°C for 5 min (Chin & Poon, 2020). Fur-
thermore, ANSES (2020) reported sufficient heat treatment and con-
cluded that exposing food to 63°C for 4 min would be adequate to kill
the virus (Table 2). A qualitative risk assessment conducted by the
Food Standards Agency of the United Kingdom acknowledged that
despite several uncertainties, temperatures used for cooking should
be sufficient to inactivate any virus present in food (Anelich
et al,, 2020; FSA, 2020).

The issue of survival and inactivation of SARS-CoV-2 on inanimate
surfaces is also important (Anelich et al., 2020), although the U.S. CDC
and the New Zealand Food Safety Science & Research Centre
(NZFSSRC) do not consider contracting SARS-CoV-2 via contaminated
surfaces a main route of transmission (CDC, 2021; NZFSSRC, 2020).
Therefore, many disinfectants for inactivating SARS-CoV-2 are under
investigation. The results have shown that silicon nitride (SizN,4) can inac-
tivate 99% of the SARS-CoV-2 virus after exposure for 1 min, which
showed it to be as effective as copper (Pezzotti et al., 2020). Thus,
placing SisN4 particles into the fabric of personal protective equip-
ment or other materials could effectively limit viral spread and
transmission. Sodium hypochlorite is also a potential virus disinfec-
tant; 0.05% (500 ppm) treatment for 5 min could reduce SARS-
CoV-2 to around three logs (Chen, 2020). Ozone (O3) exposure is
another alternative method to treat SARS-CoV-2 contaminated
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goods that 4 ppm of O3 exposure for 90 min can reach >98.2%
viral titer reduction (Criscuolo et al., 2021; Table 2).

5 | CONCLUSION

While more data on how long the SARS-CoV-2 could remain viable
and infectious under refrigerated and frozen temperatures are
needed, we should still be highly alert to the possible risk of spreading
SARS-CoV-2 through contaminated refrigerated or frozen food. At
the community level, people may be exposed to contaminated food
when buying groceries. At the national or regional level, the risk of
transmission by cold-chain logistics of food between countries and
regions cannot be completely ruled out. Therefore, the enhanced sur-
veillance, regular SARS-CoV-2 detection, and fast identification of
SARS-CoV-2-infected individuals among food industry workers may
be warranted (Lacombe et al., 2020; Sun et al., 2021).

The successful SARS-CoV-2 virus isolation from the cold-chain
seafood and the packaging surface proves that the imported virus that
re-infected humans and caused the outbreaks through cold-chain
transportation is possible. In the future, we should strengthen the
inspection and quarantine of imported cold-chain food and pay more
attention to the personal protection of relevant workers to better pre-
vent and control COVID-19 (Liu et al., 2020; Pang et al., 2020).

According to the current survey and scientific studies, below are
six key points that outline the impact of COVID-19 on cold-chain food

contamination and food safety.

1. Cold-chain transportation in the frozen food industry may have
caused the recurrence of COVID-19 cases in shipping destinations
primarily due to the isolated SARS-CoV-2 from the imported fro-
zen food and food package surfaces that were tested.

2. Although SARS-CoV-2 has previously infected some people who
work in food production and processing facilities, no evidence
showed that the virus spread and infected consumers via food or
food packaging handled by those workers in these facilities.

3. Currently, there is no evidence that food is associated with the
spreading of SARS-CoV-2, the virus that causes COVID-19.

4. The risk of infection by the virus from food products, food packag-
ing, or bags is thought to be very low. Currently, no cases of
COVID-19 have been identified as infected by touching food, food
packaging, or shopping bags.

5. The current consensus is that SARS-CoV-2 will not or rarely spread
through food or food packaging materials. However, it is very impor-
tant to clean and sanitize food contact surfaces properly, since one
mode of transmission of SARS-CoV-2 appears to be touching contam-
inated surfaces and then touching the mouth, nose, or eyes.

6. It is always important to follow good food safety practices to
reduce the risk of illness from the COVID-19 virus and common

foodborne pathogens.

In summary, although current evidence suggests that SARS-

CoV-2 does not cause foodborne illness, the virus has caused

significant disruptions to the global food supply chain. Thus, issues
such as food security and food sustainability have been brought to
the forefront in this pandemic, as well as the health of food workers
from the farm through to retail and foodservice. For preventing the
potential spread of the COVID-19 virus in the food chain, laws and
regulations related to the production and sales of foods should be
evaluated. Relevant departments of the food enterprise should
strengthen the training of employees on epidemic prevention knowl-
edge, using the epidemic prevention equipment rationally to avoid

personal and food infection.

ACKNOWLEDGMENTS

This work was supported by the grants of MOST 107-2313-B-
009-002-MY3 and MOST 110-2313-B-A49-001-MY3 from the Min-
istry of Science and Technology (MOST), Taiwan. This work was also
financially supported by the “Center for Intelligent Drug Systems and
Smart Bio-devices (IDS2B)” from The Featured Areas Research Center
Program within the framework of the Higher Education Sprout Project
of the National Yang Ming Chiao Tung University and Ministry of
Education (MOE), Taiwan. The authors would also like to acknowledge
the United States Department of Agriculture (USDA NIFA AFRI) food
safety grant under award number 2015-69003-32075.

DATA AVAILABILITY STATEMENT
Data openly available in a public repository that issues datasets
with DOls

ORCID

Chih-Sheng Lin "= https://orcid.org/0000-0003-1140-7933

REFERENCES

Ahmed, W., Angel, N., Edson, J., Bibby, K., Bivins, A., O'Brien, J. W,, ...
Mueller, J. F. (2020). First confirmed detection of SARS-CoV-2 in
untreated wastewater in Australia: A proof of concept for the waste-
water surveillance of COVID-19 in the community. Science of the Total
Environment, 1(728), 138764. https://doi.org/10.1016/j.scitotenv.
2020.138764

Amirian, S. E. (2020). Potential faecal transmission of SARS-CoV-2: Cur-
rent evidence and implications for public health. International Journal
of Infectious Diseases, 95, 363-370. https://doi.org/10.1016/j.ijid.
2020.04.057

Anderson, E. L., Turnham, P., Griffin, J. R.,, & Clarke, C. C. (2020).
Consideration of the aerosol transmission for COVID-19 and
public health. Risk Analysis, 40(5), 902-907. https://doi.org/10.
1111/risa.13500

Anelich, L. E. C. M., Lues, R., Farber, J. M., & Parreira, V. R. (2020). SARS-
CoV-2 and risk to food safety. Frontiers in Nutrition, 2(7), 580551.
https://doi.org/10.3389/fnut.2020.580551

ANSES (French Agency for Food, Environmental and Occupational Health
and Safety). (2020). Opinion on an Urgent Request to Assess Certain
Risks Associated with COVID-19. https://www.anses.fr/en/system/
files/SABA2020SA0037EN-1.pdf

Biasin, M., Bianco, A., Pareschi, G., Cavalleri, A., Cavatorta, C., Fenizia, C.,
... Clerici, M. (2021). UV-C irradiation is highly effective in inactivating
SARS-CoV-2 replication. Scientific Reports, 11(1), 6260. https://doi.
org/10.1038/s41598-021-85425-w

Bogler, A., Packman, A., Furman, A., Gross, A., Kushmaro, A., Ronen, A, ...
Bar-Zeev, E. (2020). Rethinking wastewater risks and monitoring in


https://orcid.org/0000-0003-1140-7933
https://orcid.org/0000-0003-1140-7933
https://doi.org/10.1016/j.scitotenv.2020.138764
https://doi.org/10.1016/j.scitotenv.2020.138764
https://doi.org/10.1016/j.ijid.2020.04.057
https://doi.org/10.1016/j.ijid.2020.04.057
https://doi.org/10.1111/risa.13500
https://doi.org/10.1111/risa.13500
https://doi.org/10.3389/fnut.2020.580551
https://www.anses.fr/en/system/files/SABA2020SA0037EN-1.pdf
https://www.anses.fr/en/system/files/SABA2020SA0037EN-1.pdf
https://doi.org/10.1038/s41598-021-85425-w
https://doi.org/10.1038/s41598-021-85425-w

LU ET AL.

Journal of

_ WILEY_L 7°®

light of the COVID-19 pandemic. Nature Sustainability, 3, 981-990.
https://doi.org/10.1038/s41893-020-00605-2

CAC (Codex Alimentarius Commission). (2020). General Principles of
Food Hygiene CAC/RCP 1-1969. http://www.fao.org/fao-who-
codexalimentarius/sh-proxy/en/?Ink=1&url=https%253A%252F%
252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%
252FCXC%2B1-1969%252FCXC_001e.pdf

Carducci, A., Federigi, I., Liu, D., Thompson, J. R., & Verani, M. (2020). Mak-
ing waves: Coronavirus detection, presence and persistence in the
water environment: State of the art and knowledge needs for public
health. Water Research, 179, 115907. https://doi.org/10.1016/j.
watres.2020.115907

Ceylan, Z., Meral, R., & Cetinkaya, T. (2020). Relevance of SARS-CoV-2 in
food safety and food hygiene: Potential preventive measures, sugges-
tions and nanotechnological approaches. Virus, 31(2), 154-160.
https://doi.org/10.1007/s13337-020-00611-0

CGTN (China Global Television Network). (2020). Officials rule out domes-
tic transmission as origin of Dalian COVID-19 cluster. https://news.
cgtn.com/news/2020-08-03/Epidemic-in-Dalian-is-presumed-to-be-
caused-by-overseas-imports-SEiVRpdoEE/idex.html.

Chan, J. F,, Yuan, S., Kok, K. H., ToK, K., Chu, H., Yang, J., ... Yuen, K. Y.
(2020). A familial cluster of pneumonia associated with the 2019 novel
corona virus indicating person-to-person transmission: A study of a
family cluster. The Lancet, 395(10223), 514-523. https://doi.org/10.
1016/50140-6736(20)30154-9

Chen, T. (2020). Reducing COVID-19 transmission through cleaning and
disinfecting household surfaces: Appropriate use of cleaners, sanitizers
and disinfectants against SARS-CoV-2. National Collaborating Centre
for Environmental Health, 1-18. https://ncceh.ca/sites/default/files/
Reducing%20COVID-19%20Transmission%20Through%20Cleaning%
20and%20Disinfecting%20Household%20Surfaces%20Final%20Apr%
2028.pdf

Chi, Y., Zheng, S., Liu, C., & Wang, Q. (2021). Transmission of SARS-CoV-2
on cold-chain food overpacks: A new challenge. Journal of Global
Health, 11, 03071. https://doi.org/10.7189/jogh.11.03071

Chin, A. W. H., Chu, J. T. S., Perera, M. R. A,, Hui, K. P. Y., Yen, H. L,
Chan, M. C. W.,, ... Poon, L. L. M. (2020). Stability of SARS-CoV-2 in
different environmental conditions. The Lancet Microbe, 1(1), e10.
https://doi.org/10.1016/52666-5247(20)30003-3

Chin, A. W. H., & Poon, L. L. M. (2020). Stability of SARS-CoV-2 in differ-
ent environmental conditions-Authors' reply. The Lancet Microbe, 1(4),
e146. https://doi.org/10.1016/52666-5247(20)30095-1

Criscuolo, E., Diotti, R. A. Ferrarese, R, Alippi, C., Viscardi, G,
Signorelli, C., ... Clementi, N. (2021). Fast inactivation of SARS-CoV-2
by UV-C and ozone exposure on different materials. Emerging
Microbes & Infections, 10(1), 206-210. https://doi.org/10.1080/
22221751.2021.1872354

Cucinotta, D., & Vanelli, M. (2020). WHO declares COVID-19 a pandemic.
Acta BioMedica, 91(1), 157-160. https://doi.org/10.23750/abm.v91i1.
9397

Dai, M., Li, H., Yan, N., Huang, J., Zhao, L., Xu, S, ... Liao, M. (2021). Long-
term survival of SARS-CoV-2 on salmon as a source for international
transmission. The Journal of Infectious Diseases, 223(3), 537-539.
https://doi.org/10.1093/infdis/jiaa712

Duret, S., Hoang, H. M., Derens-Bertheau, E., Delahaye, A., Laguerre, O., &
Guillier, L. (2019). Combining quantitative risk assessment of human
health, food waste, and energy consumption: The next step in the
development of the food cold chain? Risk Analysis, 39(4), 906-925.
https://doi.org/10.1111/risa.13199

EFSA (European Food Safety Authority). (2020). Coronavirus: No Evi-
dence That Food is a Source or Transmission Route. https://www.
efsa.europa.eu/en/news/coronavirus-no-evidence-food-source-or-
transmission-route

European Commission. (2020). Food Safety and the Coronavirus
Disease 2019 (COVID-19). https://www.fda.gov/food/food-

safety-duringemergencies/food-safety-and-coronavirusdisease-2019-
covid-19

FDA (Food and Drug Administration USA). (2020). Food Safety and Covid-
19. https://www.fda.gov/news-events/fda-insight/fda-insight-food-
safety-and-covid-19

FDA (Food and Drug Administration USA). (2021). COVID-19 update:
USDA, FDA underscore current epidemiologic and scientific informa-
tion indicating No transmission of COVID-19 through food or food
packaging. https://bit.ly/38c47Db. Accessed on March 4, 2021.

Finger, J. A. F. F., Lima, E. M. F,, Coelho, K. S., Behrens, J. H., Landgraf, M.,
Franco, B. D. G. M., & Pinto, U. M. (2021). Adherence to food hygiene
and personal protection recommendations for prevention of COVID-
19. Trends in Food Science Technology, 112, 847-852. https://doi.org/
10.1016/j.tifs.2021.03.016

Fisher, D., Reilly, A., Zheng, A. K. E., Cook, A. R., & Anderson, D. E. (2020).
Seeding of outbreaks of COVID-19 by contaminated fresh and frozen
food. bioRxiv, doi: https://doi.org/10.1101/2020.08.17.255166.

Francesco, C. (2020). 2019-nCoV - Towards a 4th generation
vaccine. Bioinformation, 16(2), 139-144. https://doi.org/10.6026/
97320630016139

FSA (Food Standards Agency UK). (2020). Qualitative risk assessment:
What is the risk of food or food contact materials being a source or
transmission route of SARS-CoV-2 for UK Consumers? https://www.
food.gov.uk/research/research-projects/qualitative-risk-assessment-
on-the-risk-of-food-or-food-contact-materials-as-a-transmission-route-
for-sars-cov-2

GAC (General Administration of Customs of the People's Republic of
China). (2020). Press Conference of the Joint Prevention and Control
Mechanism of Epidemic Import the State Council. http://fangtan.
customs.gov.cn/tabid/1071/Default.aspx

Galanakis, C. M. (2020). The food systems in the era of the coronavirus
(COVID-19) pandemic crisis. Food, 9(4), 523. https://doi.org/10.3390/
foods9040523

Galbadage, T., Peterson, B. M., & Gunasekera, R. S. (2020). Does
COVID-19 spread through droplets alone? Frontiers in Public
Health, 8, 163. https://doi.org/10.3389/fpubh.2020.00163

Global Times. (2020). COVID-19 outbreaks in Wuhan, Beijing and Dalian
share certain similarities: China's top epidemiologist. https://www.
globaltimes.cn/content/1196130.shtml

Gyesley, S. W. (1991, 1991). Total systems approach to predict shelf life of
packaged foods. ASTM STP 1113-EB (pp. 46-50). Conshohocken, PA:
American Society for Testing Methods International.

Han, J.,, Zhang, X., He, S., & Jia, P. (2020). Can the coronavirus disease be
transmitted from food? A review of evidence, risks, policies and
knowledge gaps. Environmental Chemistry Letters, 1, 1-12. https://doi.
org/10.1007/s10311-020-01101-x

Harbourt, D. E., Haddow, A. D., Piper, A. E., Bloomfield, H., Kearney, B. J.,
Fetterer, D., ... Minogue, T. (2020). Modeling the stability of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on skin, cur-
rency, and clothing. PLoS Neglected Tropical Diseases, 14(11),
e€0008831. https://doi.org/10.1371/journal.pntd.0008831

Hayashi, T., Aboko, K., Mandan, M., Yaegashi, N., & Konishi, 1. (2020).
Molecular analysis of binding region of an ACE2 as a receptor for
SARS-CoV-2 between humans and mammals. bioRxiv, July 9, 2020.
196378, doi: https://doi.org/10.1101/2020.07.09.196378

Hoseinzadeh, E., Safoura, J., Farzadkia, M., Mohammadi, F., Hossini, H., &
Taghavi, M. (2020). An updated min-review on environmental route of
the SARS-CoV-2 transmission. Ecotoxicology and Environmental Safety,
202, 111015. https://doi.org/10.1016/j.ecoenv.2020.111015

Huang, C., Wang, Y., Li, X,, Ren, L., Zhao, J., Hu, Y., ... Cao, B. (2020). Clini-
cal features of patients infected with 2019 novel coronavirus in
Wuhan, China. The Lancet, 395(10223), 497-506. https://doi.org/10.
1016/50140-6736(20)30183-5

ICMSF (International Commission on Microbiological Specifications for
food safety). (2020). ICMSF opinion on SARS-CoV-2 and its


https://doi.org/10.1038/s41893-020-00605-2
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B1-1969%252FCXC_001e.pdf
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B1-1969%252FCXC_001e.pdf
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B1-1969%252FCXC_001e.pdf
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B1-1969%252FCXC_001e.pdf
https://doi.org/10.1016/j.watres.2020.115907
https://doi.org/10.1016/j.watres.2020.115907
https://doi.org/10.1007/s13337-020-00611-0
https://news.cgtn.com/news/2020-08-03/Epidemic-in-Dalian-is-presumed-to-be-caused-by-overseas-imports-SEiVRpdoEE/idex.html
https://news.cgtn.com/news/2020-08-03/Epidemic-in-Dalian-is-presumed-to-be-caused-by-overseas-imports-SEiVRpdoEE/idex.html
https://news.cgtn.com/news/2020-08-03/Epidemic-in-Dalian-is-presumed-to-be-caused-by-overseas-imports-SEiVRpdoEE/idex.html
https://doi.org/10.1016/S0140-6736(20)30154-9
https://doi.org/10.1016/S0140-6736(20)30154-9
https://ncceh.ca/sites/default/files/Reducing%20COVID-19%20Transmission%20Through%20Cleaning%20and%20Disinfecting%20Household%20Surfaces%20Final%20Apr%2028.pdf
https://ncceh.ca/sites/default/files/Reducing%20COVID-19%20Transmission%20Through%20Cleaning%20and%20Disinfecting%20Household%20Surfaces%20Final%20Apr%2028.pdf
https://ncceh.ca/sites/default/files/Reducing%20COVID-19%20Transmission%20Through%20Cleaning%20and%20Disinfecting%20Household%20Surfaces%20Final%20Apr%2028.pdf
https://ncceh.ca/sites/default/files/Reducing%20COVID-19%20Transmission%20Through%20Cleaning%20and%20Disinfecting%20Household%20Surfaces%20Final%20Apr%2028.pdf
https://doi.org/10.7189/jogh.11.03071
https://doi.org/10.1016/S2666-5247(20)30003-3
https://doi.org/10.1016/S2666-5247(20)30095-1
https://doi.org/10.1080/22221751.2021.1872354
https://doi.org/10.1080/22221751.2021.1872354
https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.1093/infdis/jiaa712
https://doi.org/10.1111/risa.13199
https://www.efsa.europa.eu/en/news/coronavirus-no-evidence-food-source-or-transmission-route
https://www.efsa.europa.eu/en/news/coronavirus-no-evidence-food-source-or-transmission-route
https://www.efsa.europa.eu/en/news/coronavirus-no-evidence-food-source-or-transmission-route
https://www.fda.gov/food/food-safety-duringemergencies/food-safety-and-coronavirusdisease-2019-covid-19
https://www.fda.gov/food/food-safety-duringemergencies/food-safety-and-coronavirusdisease-2019-covid-19
https://www.fda.gov/food/food-safety-duringemergencies/food-safety-and-coronavirusdisease-2019-covid-19
https://www.fda.gov/news-events/fda-insight/fda-insight-food-safety-and-covid-19
https://www.fda.gov/news-events/fda-insight/fda-insight-food-safety-and-covid-19
https://bit.ly/38c47Db
https://doi.org/10.1016/j.tifs.2021.03.016
https://doi.org/10.1016/j.tifs.2021.03.016
https://doi.org/10.1101/2020.08.17.255166
https://doi.org/10.6026/97320630016139
https://doi.org/10.6026/97320630016139
https://www.food.gov.uk/research/research-projects/qualitative-risk-assessment-on-the-risk-of-food-or-food-contact-materials-as-a-transmission-route-for-sars-cov-2
https://www.food.gov.uk/research/research-projects/qualitative-risk-assessment-on-the-risk-of-food-or-food-contact-materials-as-a-transmission-route-for-sars-cov-2
https://www.food.gov.uk/research/research-projects/qualitative-risk-assessment-on-the-risk-of-food-or-food-contact-materials-as-a-transmission-route-for-sars-cov-2
https://www.food.gov.uk/research/research-projects/qualitative-risk-assessment-on-the-risk-of-food-or-food-contact-materials-as-a-transmission-route-for-sars-cov-2
http://fangtan.customs.gov.cn/tabid/1071/Default.aspx
http://fangtan.customs.gov.cn/tabid/1071/Default.aspx
https://doi.org/10.3390/foods9040523
https://doi.org/10.3390/foods9040523
https://doi.org/10.3389/fpubh.2020.00163
https://www.globaltimes.cn/content/1196130.shtml
https://www.globaltimes.cn/content/1196130.shtml
https://doi.org/10.1007/s10311-020-01101-x
https://doi.org/10.1007/s10311-020-01101-x
https://doi.org/10.1371/journal.pntd.0008831
https://doi.org/10.1101/2020.07.09.196378
https://doi.org/10.1016/j.ecoenv.2020.111015
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5

8of 8 Wl LEY_ Journal of

LU ET AL.

relationship to food safety. https://www.icmsf.org/wp-content/
uploads/2020/09/ICMSF2020-Letterhead-COVID-19-opinion-final-03-
Sept-2020.BF_.pdf. Accessed on August 25, 2020.

IntraFish. (2020). China finds more imported frozen seafood products
tainted with COVID-19. https://www.intrafish.com/trade/china-finds-
more-imported-frozen-seafood-products-tainted-with-covid-19/2-1-
855829.

Kohli, P. (2020). “Fruits and vegetables post-harvest care: The basics.”
CrossTree techno-visors. http://crosstree.info/Documents/Care%
200f%20F%20n%20V.pdf

Kratzel, A., Todt, D., V'kovski, P., Steiner, S., Gultom, M., Thao, T. T. N,, ...
Pfaender, S. (2020). Inactivation of severe acute respiratory syndrome
coronavirus 2 by WHO-recommended hand rub formulations and
alcohols. Emerging Infectious Diseases Journal, 26(7), 1592-1595.
https://doi.org/10.3201/eid2607.200915

Lacombe, A., Quintela, I, Liao, Y. T., & Wu, V. C. H. (2020). Food safety les-
sons learned from the COVID-19 pandemic. Journal of Food Safety, 41,
e12878. https://doi.org/10.1111/jfs.12878

Ling, Y., Xu, S. B, Lin, Y. X,, Tian, D., Zhu, Z. Q., Dai, F. H., ... Lu, H. Z.
(2020). Persistence and clearance of viral RNA in 2019 novel coronavi-
rus disease rehabilitation patients. Chinese Medical Journal, 133(9),
1039-1043. https://doi.org/10.1097/CM9%.0000000000000774

Liu, P, Yang, M., Zhao, X., Guo, Y., Wang, L., Zhang, J., ... Wu, G. (2020).
Cold-chain transportation in the frozen food industry may have caused
a recurrence of COVID-19 cases in destination: Successful isolation of
SARS-CoV-2 virus from the imported frozen cod package surface. Bio-
safety and Health, 2(4), 199-201. https://doi.org/10.1016/].bsheal.
2020.11.003

Nardell, E. A., & Nathavitharana, R. R. (2020). Airborne spread of SARS-
CoV-2 and a potential role for air disinfection. Journal of the American
Medical Association, 324(2), 141-142. https://doi.org/10.1001/jama.
2020.7603

NZFSSRC (New Zealand Food Safety Science and Research Centre).
(2020). Potential for Foodborne Transmission of Covid-19: Literature
Review Update. https://mia.co.nz/assets/Covid-19/2021-01-14-
NZFSSRC-COVID-19-foodborne-transmission-final-Kingsbury.pdf

Olaimat, A. N., Shahbaz, H. M., Fatima, N., Munir, S., & Holley, R. A. (2020).
Food safety during and after the era of COVID-19 pandemic. Frontiers
in Microbiology, 11, 1854. https://doi.org/10.3389/fmicb.2020.01854

Pang, X., Ren, L, Wu, S., Ma, W,, Yang, J, Di, L, ... Wang, J. (2020).
COVID-19 field response group, COVID-19 laboratory testing group.
Cold-chain food contamination as the possible origin of Covid-19
resurgence in Beijing. National Science Review, 7(12), 1861-1864.
https://doi.org/10.1093/nsr/nwaa264

Pezzotti, G., Ohgitani, E., Shin-Ya, M., Adachi, T., Marin, E., Boschetto, F.,
... Mazda, O. (2020). Rapid inactivation of SARS-CoV-2 by silicon
nitride, copper, and aluminum nitride. bioRxiv, June 19, 2020. 159970.
doi: https://doi.org/10.1101/2020.06.19.159970

Pressman, P., Naidu, A. S., & Clemens, R. (2020). COVID-19 and food safety:
Risk management and future considerations. Netherlands: Wolters Kluwer.
https://www.nursingcenter.com/wkhlrp/Handlers/articleContent.pdf?
key=pdf_00017285-202005000-00006

Rabenau, H. F., Cinatl, J.,, Morgenstern, B., Bauer, G., Preiser, W., &
Doerr, H. W. (2005). Stability and inactivation of SARS coronavirus.
Medlical Microbiology and Immunology, 194(1-2), 1-6. https://doi.org/
10.1007/s00430-004-0219-0

Ratnesar-Shumate, S., Williams, G., Green, B., Krause, M., Holland, B.,
Wood, S., ... Dabisch, P. (2020). Simulated sunlight rapidly inactivates
SARS-CoV-2 on surfaces. Journal of Infectious Diseases, 222(2), 214-
222. https://doi.org/10.1093/infdis/jiaa274

Suchomel, M., Eggers, M., Maier, S., Kramer, A., Dancer, S. J., & Pittet, D.
(2020). Evaluation of World Health Organization-recommended hand
hygiene formulations. Emerging Infectious Diseases, 26(9), 2064-2068.
https://doi.org/10.3201/€id2609.201761

Sun, C., Cheng, C., Zhao, T., Chen, Y., & Ayaz, A. M. (2021). Frozen food: Is
it safe to eat during COVID-19 pandemic? Public Health, 190, e26.
https://doi.org/10.1016/j.puhe.2020.11.019

Trivellin, N., Buffolo, M. Onelia, F., Pizzolato, A., Barbato, M.,
Orlandi, V. T, ... Meneghini, M. (2021). Inactivating SARS-CoV-2 using
275 nm UV-C LEDs through a spherical irradiation box: Design, char-
acterization and validation. Materials (Basel), 14(9), 2315. https://doi.
org/10.3390/ma14092315

U.S. CDC (Centers for Disease Control and Prevention). (2020). Food and
Coronavirus Disease 2019 (COVID-19). https://www.cdc.gov/
coronavirus/2019-ncov/daily-life-coping/food-and-COVID-19.html

U.S. CDC (Centers for Disease Control and Prevention). (2021). How
COVID-19 Spreads. https://www.cdc.gov/coronavirus/2019-ncov/
transmission/index.html

van Doremalen, N., Bushmaker, T., Morris, D. H., Holbrook, M. G.,
Gamble, A., Williamson, B. N., ... Munster, V. J. (2020). Aerosol and
surface stability of SARS-CoV-2 as compared with SARS-CoV-1. The
New England Journal of Medicine, 382(16), 1564-1567. https://doi.
org/10.1056/NEJMc2004973

Wang, X., Zhou, Y., Jiang, N., Zhou, Q., & Ma, W. L. (2020). Persistence of
intestinal SARS-CoV-2 infection in patients with COVID-19 leads to re-
admission after pneumonia resolved. International Journal of Infectious
Diseases, 95, 433-435. https://doi.org/10.1016/i.ijid.2020.04.063

WHO (World Health Organization). (2020). COVID-19 and Food Safety:
Guidance for Food Businesses: Interim Guidance. https://apps.who.
int/iris/bitstream/handle/10665/331705/WHO-2019-nCoV-Food_
Safety-2020.1-eng.pdf?sequence=1&isAllowed=y

Xiao, F., Tang, M., Zheng, X,, Liu, Y., Li, X., & Shan, H. (2020). Evidence for
gastrointestinal infection of SARS-CoV-2. Gastroenterology, 158(6),
1831-1833.e3. https://doi.org/10.1053/j.gastro.2020.02.055

Xing, Y., Wong, G. W. K., Ni, W., Hu, X., & Xing, Q. (2020). Rapid response
to an outbreak in Qingdao, China. The New England Journal of Medicine,
383(23), €129. https://doi.org/10.1056/NEJMc2032361

Zhang, N., Chen, W,, Chan, P. T. J,, Yen, H. L, Tang, J. W. T., & Li, VY.
(2020). Close contact behavior in indoor environment and transmis-
sion of respiratory infection. Indoor Air, 30(4), 645-661. https://doi.
org/10.1111/ina.12673

Zhang, W., He, H., Zhu, L., Liu, G., & Wu, L. (2021). Food safety in post-
COVID-19 pandemic: Challenges and countermeasures. Biosensors
(Basel), 11(3), 71. https://doi.org/10.3390/bios11030071

Zhao, X., Mao, L., Zhang, J., Zhang, Y., Song, Y., Bo, Z., ... Yao, W. (2020).
Notes from the field: Reemergent cases of COVID-19 — Dalian City,
Liaoning Province, China, July 22, 2020. China CDC Weekly, 2(34),
658-660. https://doi.org/10.46234/ccdcw2020.182

How to cite this article: Lu, L.-C., Quintela, I, Lin, C.-H., Lin,
T.-C., Lin, C.-H., Wu, V. C. H,, & Lin, C.-S. (2021). A review of
epidemic investigation on cold-chain food-mediated
SARS-CoV-2 transmission and food safety consideration
during COVID-19 pandemic. Journal of Food Safety, 41(6),
€12932. https://doi.org/10.1111/jfs.12932



https://www.icmsf.org/wp-content/uploads/2020/09/ICMSF2020-Letterhead-COVID-19-opinion-final-03-Sept-2020.BF_.pdf
https://www.icmsf.org/wp-content/uploads/2020/09/ICMSF2020-Letterhead-COVID-19-opinion-final-03-Sept-2020.BF_.pdf
https://www.icmsf.org/wp-content/uploads/2020/09/ICMSF2020-Letterhead-COVID-19-opinion-final-03-Sept-2020.BF_.pdf
https://www.intrafish.com/trade/china-finds-more-imported-frozen-seafood-products-tainted-with-covid-19/2-1-855829
https://www.intrafish.com/trade/china-finds-more-imported-frozen-seafood-products-tainted-with-covid-19/2-1-855829
https://www.intrafish.com/trade/china-finds-more-imported-frozen-seafood-products-tainted-with-covid-19/2-1-855829
http://crosstree.info/Documents/Care%20of%20F%20n%20V.pdf
http://crosstree.info/Documents/Care%20of%20F%20n%20V.pdf
https://doi.org/10.3201/eid2607.200915
https://doi.org/10.1111/jfs.12878
https://doi.org/10.1097/CM9.0000000000000774
https://doi.org/10.1016/j.bsheal.2020.11.003
https://doi.org/10.1016/j.bsheal.2020.11.003
https://doi.org/10.1001/jama.2020.7603
https://doi.org/10.1001/jama.2020.7603
https://mia.co.nz/assets/Covid-19/2021-01-14-NZFSSRC-COVID-19-foodborne-transmission-final-Kingsbury.pdf
https://mia.co.nz/assets/Covid-19/2021-01-14-NZFSSRC-COVID-19-foodborne-transmission-final-Kingsbury.pdf
https://doi.org/10.3389/fmicb.2020.01854
https://doi.org/10.1093/nsr/nwaa264
https://doi.org/10.1101/2020.06.19.159970
https://www.nursingcenter.com/wkhlrp/Handlers/articleContent.pdf?key=pdf_00017285-202005000-00006
https://www.nursingcenter.com/wkhlrp/Handlers/articleContent.pdf?key=pdf_00017285-202005000-00006
https://doi.org/10.1007/s00430-004-0219-0
https://doi.org/10.1007/s00430-004-0219-0
https://doi.org/10.1093/infdis/jiaa274
https://doi.org/10.3201/eid2609.201761
https://doi.org/10.1016/j.puhe.2020.11.019
https://doi.org/10.3390/ma14092315
https://doi.org/10.3390/ma14092315
https://www.cdc.gov/coronavirus/2019-ncov/daily-life-coping/food-and-COVID-19.html
https://www.cdc.gov/coronavirus/2019-ncov/daily-life-coping/food-and-COVID-19.html
https://www.cdc.gov/coronavirus/2019-ncov/transmission/index.html
https://www.cdc.gov/coronavirus/2019-ncov/transmission/index.html
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1016/j.ijid.2020.04.063
https://apps.who.int/iris/bitstream/handle/10665/331705/WHO-2019-nCoV-Food_Safety-2020.1-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/331705/WHO-2019-nCoV-Food_Safety-2020.1-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/331705/WHO-2019-nCoV-Food_Safety-2020.1-eng.pdf?sequence=1&isAllowed=y
https://doi.org/10.1053/j.gastro.2020.02.055
https://doi.org/10.1056/NEJMc2032361
https://doi.org/10.1111/ina.12673
https://doi.org/10.1111/ina.12673
https://doi.org/10.3390/bios11030071
https://doi.org/10.46234/ccdcw2020.182
https://doi.org/10.1111/jfs.12932

	A review of epidemic investigation on cold-chain food-mediated SARS-CoV-2 transmission and food safety consideration during...
	1  INTRODUCTION
	2  TRANSMISSION OF SARS-CoV-2 IN FOOD AND FOOD SUPPLY CHAIN
	3  COLD-CHAIN AND FOOD CONTAMINATION IN CHINA
	4  SURVIVAL AND INACTIVATION OF SARS-CoV-2 IN FOOD
	5  CONCLUSION
	ACKNOWLEDGMENTS
	  DATA AVAILABILITY STATEMENT

	REFERENCES


