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Abstract

Recently, the spread of the coronavirus disease 2019 (COVID-19) has increased among workers of
meat processing plants (MPPs) around the world. This study reviewed the possible routes of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) transmission and useful actions against it in
slaughterhouses. The results revealed that the main factors for the spread of the virus included low indoor
temperature, crowded area, wrong standing along production lines, contamination of high-touch surfaces,
difficult education of workers with diverse native languages, low financial income, large MPPs with
over 10 million Ib of packed meat per month, higher speed of production lines with 175 birds/minute,
temporary contract of the workers, and weak approach of some meat processing companies against
COVID-19 infection such as National Beef. COVID-19 transmission rate was 24 times higher among the
workers of MPPs than among the population of the US. The practical actions against the spread of the virus
were mainly marker using for remembering the previous location, mandatory mask use, especially FFP2/3
masks, and decentralization of large MPPs. By using the results of this study, slaughterhouse managers
would be able to significantly control the spread of SARS-CoV-2 and future bio-threats to workers of MPPs
and even to society.
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1. Introduction

In spite of the spread of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection
through respiratory system, it can enter the body through
other routes. Upon the entry, angiotensin-converting
enzyme 2 (ACE2), receptor of novel coronavirus,
indicated significant correlations with alveolar epithelial
II, epithelial cells, and epithelial enterocytes (1-3).
Many studies demonstrated the existence of the virus
through whole gastrointestinal tract during the SARS-
CoV-2 pandemic (4). It was found that the spread of the
coronavirus disease 2019 (COVID-19) is possible through
non-droplet transmission. Further, the existence of the
coronavirus in feces exhibited significant correlation with
gastrointestinal discomfort (5, 6).

Airborne transmission is possible during flushing the
toilet (7, 8). Generating fecal aerosols containing Torque
teno and adenoviruses were previously recorded in toilets
(9). Recent studies also suggested that COVID-19 could

spread through fecal aerosol (10, 11). Moreover, the
existence of the new coronavirus was potentially analyzed
through paper-based devices in municipal wastewater for
prediction of upcoming outbreak that could be cheaper
than polymerase chain reaction (PCR) test (12).

Oral transmission of coronavirus was previously
observed through the Middle East respiratory syndrome
coronavirus. Direct contact with respiratory droplets or
salvia of camels, drinking unpasteurized milk, or eating
undercooked meat resulted in the Middle East respiratory
syndrome coronavirus infection (13, 14). The novel
coronavirus is suspected for possible distribution in meat
processing facilities (15) and then correlated directly with
the number of infectious patients (16). At the beginning
of COVID-19 pandemic, the United States experienced
the largest epicenters of COVID-19 outbreaks in meat
processing facilities (17). Dozens of employees were
diagnosed with COVID-19 in South Dakota, USA,
Giitersloh in Germany, and Alberta in Canada (18). The

the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use,

2 ! © 2022 The Author(s); Published by Hamadan University of Medical Sciences. This is an open-access article distributed under

distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3593-4992
https://orcid.org/0000-0002-9820-2908
http://crossmark.crossref.org/dialog/?doi=10.34172/ajehe.2022.5270&domain=pdf&date_stamp=2022-12-29
https://doi.org/10.34172/ajehe.2022.5270
http://ajehe.umsha.ac.ir

mailto:heydarmaleki72@gmail.com
mailto:heydarmaleki72@gmail.com

distinctive reasons for being vulnerable against COVID-19
infection in meat processing plants (MPPs) are close
contacts (<2 meters), contact time, type of transmission,
low temperature, and different cultural backgrounds.
Regarding close contacts, it was observed that employees
alongside production lines work close to each other with
a distance of less than two meters. In addition, locker
rooms and break times increased the possibility of close
contacts (19). In terms of contact time, workers in meat
processing facilities were found to work 10 to 12 hours
per shift which increased the risk of transmission through
continuous contacts (20, 21). With respect to the type
of transmission, workers may be infected by breathing
droplets due to loud talking, sneezing, and coughing or
by touching contaminated objects or surfaces (15, 18).
Another reason is attributed to low temperature. Since
many parts of slaughterhouses have low temperature due
to food maintenance, coronavirus can survive for a longer
period of time compared with room temperature (18, 22).
Moreover, since considerable portion of employees in
MPPs are from different cultural backgrounds, it would
be difficult to explain the educational and protective
regulations to them (23, 24).

Sinceadozen of studies evaluated the effect of COVID-19
in MPPs through limited aspects, it seems necessary to
provide a study containing relevant aspects all together. In
addition, the above-mentioned studies were all conducted
in Europe and North America; therefore, the present
study could provide a good guideline for managing
MPPs in other continents. In this study, all associated
papers and documents that represented a clue about the
two mentioned issues were reviewed chronologically to
demonstrate the current situation of MPPs.

2. Materials and Methods

2.1. Study Design

All published papers and reports that evaluated the
relationship between the COVID-19 incidence and MPPs
were gathered and reviewed to present a clear status
of SARS-CoV-2 in slaughterhouses. The documents
and data were gathered from Web of Science, Scopus,
PubMed, Google Scholar, newspaper websites, as well as
Worldometers and Macrotrends websites. The study was
conducted based on the all relevant documents published
until 1 July 2021. In the first step, the following items were
used to find documents associated with food, COVID-19
exposure, COVID-19 transmission, COVID-19 cases
and deaths, meat, large markets, fish, salmon, MPPs, the
US, Germany, Netherlands, ventilation, air temperature,
relative humidity, contaminated surface, and airborne
transmission (Fig. 1). Based on the search items, the
identification phase was completed by 102 documents.
After title and abstract checking, 44 documents were
found with irrelevant scope, which were removed through
screening step. Moreover, 10 out of the 61 remaining
documents were also removed in eligibility phase because
they were written in other languages, or after reading the

whole document, it was revealed that they generalized the
stability of SARS-CoV-2 in different places which were not
related to MPPs. In other words, documents that specifically
evaluated and illustrated the situation of MPPs during
COVID-19 outbreak were eligible and selected. Finally,
30 documents were included in results and discussion
sections, and the current study systematically evaluated
their data and findings. The result of the study was reviewed
in four subsections: 1) Environmental variables related to
the stability of SARS-CoV-2 in slaughterhouses; 2) Food
safety and COVID-19 transmission in slaughterhouses;
3) Different secretions and COVID-19 transmission
in slaughterhouses; and 4) Practical actions against
COVID-19 in slaughterhouses. Section 2 chronologically
reviewed the documents to demonstrate the infection
of SARS-CoV-2 in MPPs all over the world. This study
only used English documents. However, there were
some Chinese reports that seemed useful to utilize in the
study, but language limitation of the authors for Chinese
translation led to their elimination. Another limitation of
the current study was using data sources with different
structures since newspapers often qualitatively reported the
information, while scientific papers reported information
more quantitatively. Therefore, it was difficult to evaluate
them by the same pattern.

3. Results and Discussion

3.1. Environmental Variables Related to Stability of
SARS-CoV-2 in Slaughterhouses

Survival from COVID-19 mainly lasts less than a week, and
the survival time depends highly on the types of objects.
The virus even cannot multiply on the surface of food
packages. Therefore, the infectious droplets decrease in
number over time on surfaces. It is also limited mainly by
basic actions like surface disinfectant (25, 26). According
to WHO findings, SARS-CoV-2 is more likely to survive
in laboratory conditions compared to other types of
coronaviruses. Additionally, the virus survived more than
two days in urine and feces at room temperature. The
stability of the virus will increase until four days if the
feces have higher pH. It should be noted that cultivation
of the virus at 4'C and 80°C did not show any quantitative
significant difference after 21 days (27). However, Duan
et al found that SARS viruses survived longer days at 4°C
than 25°C.

SARS-CoV-2 was stable about 4 days on plastic surface
at room temperature with relative humidity around 46%,
and its infectious feature could be totally disabled after
seven days (28). van Doremalen et al demonstrated that
COVID-19 stability on plastic surface was three days at
room temperature in which it could not be infectious
after four days. They also revealed that the stability time
of SARS-CoV-2 and SARS-CoV-1 was the same on plastic
objects. Compared to SARS-CoV-1, the novel coronavirus
was active for shorter time on copper objects. Generally,
survival of coronaviruses on zinc and stainless steel
surfaces was longer than survival on nickel, brass, and
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Search Items: Food, Covid-19 exposure, Covid-19 transmission, Covid-
19 cases and deaths, meat, large markets, fish, salmon, meat processing
plants, US, Germany, Netherland, ventilation, air temperature, relative
humidity, contaminated surface, airborne transmission

|
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Including: Evaluated
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Fig. 1. Preferred Reporting Items for Meta-analysis Flow Diagram of the Current Study

copper objects (29). A study on glass showed that SARS-
CoV-2 remained stable after two days at 25°C and 65%
relative humidity, and it completely degraded after four
days (28). Since clothes are made of porous materials, they
are not a possible route for COVID-19 transmission (30).
It was found that the immune system cannot remove
SARS-CoV-2, and the spread of the virus was potentially
high through asymptomatic infection (29, 31, 32). Half-
lives of the novel coronavirus and SARS-CoV-1 were
detected to be the same on copper objects and in aerosol.
Although, half-life of SARS-CoV-2 on cardboard was
recorded to be longer than that of SARS-CoV-1, half-lives
of the new virus and SARS-CoV-1 were estimated to be
around 5.6 hours and 4.2 hours on stainless steel surfaces
and 6.8 hours and 7.6 hours on plastic objects, respectively
(29). Therefore, being infected with COVID-19 is possible
through both droplets and contaminated surfaces.

3.2. Food Safety and COVID-19 Transmission in
Slaughterhouses

It was previously found that not only food and meat were
not associated with the transmission of SARS-CoV-2 (33)
but also food and meat packaging prevented the spread
of other diseases (34). Recently, COVID-19 spread has
been correlated with the biggest agricultural and seafood
market, Xinfadi. The collected samples from salmon in
Xinfadi were positive for the presence of SARS-CoV-2.
The main routes of transmission were suggested to be
through breathing droplets and touching surfaces. To
prevent the spread of the virus, it was suggested to eat
completely cooked food, and indirectly have contact
with raw fish and meat (35). The annual rate of imported
salmon to China is about 80000 tons per year, which can
increase annually. In another report, it was detected that
frozen salmon had active SARS-CoV-2 at Xinfadi market.
It was noted that the live salmon could not be a source of
COVID-19, but some active cells of chilled salmon could

be the routes of transmission. This was mainly because
of the contaminated environment for salmon processing,
packaging, and transportation (36).

Slaughterhouses (i.e., houses for pigs, poultry, and
cattle) were detected as one of the corresponding factors
for half of the SARS-CoV-2 infections in the US (37). The
majority of infected employees were mainly from ethnic
minority workers and migrants (38). About 40% (66
employees) of infected people consisted of Romanian and
Polish workers in pig processing facilities in Netherlands
(39). The cutting and deboning areas contained 21%
and 50% of the positive SARS-CoV-2 tests among the
employees, respectively. Moreover, 3 out of 22 surface
samples in productive sections and 3 out of 17 samples
in non-productive areas demonstrated active presence of
SARS-CoV-2 on high-touch tools in slaughterhouses (39).
It was also revealed that mean indoor air temperature was
around 6°C in MPPs. The number of infected workers was
close to each other in Pokora et al (40) and Herstein et al’s
(41) studies, while the numbers of investigated MPPs were
22 and 13 in these studies. Effect of ventilation (i.e., 364-
1885 m’/(employee* hour)) is probably the reason that
the number of infected workers in 22 MPPs in Gemany
was the same as the number of workers in 13 MPPs in the
US. In addition, 11% of collected samples in Razi hospital
in Ahvaz were positive for the presence of SARS-CoV-2
where ventilation systems did not work (42). The majority
of studies illustrated that MPP staff were mostly infected
symptomatically (Table 1). According to Waltenburg et
al’ s study, the ratio of confirmed COVID-19 cases per
number of MPP workers in the US was 0.144 until May 31,
2020, while the general ratio of confirmed COVID-19 cases
(1907 370) in the US per its 2020-population (331002 651)
was 0.006 until May 31, 2020 (43, 44). Therefore, as
presented in Fig. 2, a significance difference was found
between the ratios in MPPs and the whole country.

Asobserved, there wasasignificantand direct correlation

Avicenna J Environ Health Eng, 2022, Volume 9, Issue 2 | 111



Table 1. Main Features of Poultry and MPPs Across the World During the Study Period

. . o RH e No. of Infected .
Type of MPPs Country, City  Study Period T(°O %) Ventilation W rnGr Reh Symptoms Type Action Reference
Proper and
regular use of
personal protective
Beef, bison, Symptomatic  equipment, workers’
lamb, pork, 23 states in . 16233 (14.4% of  (90%) and temperature
poultry, and veal  the US April-May 2020 ) T all workers) Asymptomatic  screening and 135
processing plants (10%) physical barriers;
Hispanic workers
were the most at risk
workers.
Meat processing
facilities 270000 infected Shifting to more
and large The US July-2020 0-12  90-95 - cases and 4700 - decentralization of (17)
meatpacking deaths large MPPs
companies
Cleaning floors with
The US, sluice water and
rubber squeegees
Canada, 150+ workers in rather than brushes
MPPs Germany, March-June 2020  Low - - - (18)
) Anglesey, Wales and hoses; Use
France, Spain,
of FFP2/3 masks;
and the UK .
regular screening of
the workers
Maior Avoiding from
) Beijing, China  before June 2020 - - - No one - directly touching fish (35)
supermarkets
and meat
Major .
L f P fi
supermarkets and  Beijing, China  before June 2020 - - - ow number o - reventing from (36)
. wholesalers selling salmon
sushi restaurant
8-meter distance in
Large pig Netherlands  June-2020 59 - - 27 out of 76 Dominantly —production rooms (39)
processing plant asymptomatic  and good ventilation
systems;
Increasing the
amount of
outdoor air flow
364- (pii;e?’?nalaﬁiil:g
! 3
22 meatand Germany June-September 2-12+ - 1885 m?/ 6522 - area in MPPs; More (40)
poultry plants 2020 (employee* .
important role of
hour) .
outdoor air flow per
employee than air
temperature was
observed.
Use of masks by
all employees and
Nebraska, The ) Symptomatic ~ physical partitioning
13 MPPs Us April-July 2020 Low - - 5002 (85%) significantly reduced (41)
COVID-19 cases in
8 out 13 MPPs.
The US,
Canada,
Ireland Proper and regular
M | !
fa::;itt?er;d pouttry Germany, Before May 2020  4-6  >50 - >15689 - use of personal (45)
Australia, protective equipment
France, Brazil,
and Spain
Proper and
regular use of
personal protective
A questionnaire Symptomatic equipment and
from MPP The US May-2020 - - - 244 ymp physical barriers; (46)
(52%)
workers The MPP managers

only care about
meat production not
health of workers.

Note. MPPs: Meat processing plants; T: Air temperature; RH: Relative humidity; COVID-19: Coronavirus disease 2019.

between infected cases in slaughterhouses and the spread
of SARS-CoV-2 in the US. Increased COVID-19 cases and
associated deaths were demonstrated about 7% (270000

cases) and 3.5% (4750 deaths) in the US due to polluted
MPPs (17). It was also found that large meat processing
and packaging plants had higher association with the
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* %

% of the ratio of Covid-19 spread in place
[r=]

% of mfected workers by
Covid-19 1in MPP per 1is
whole workers

% of mfected people by
Cowvid-19 1n the US per its
whole population

Fig. 2. Percentage of the Ratios of Confirmed COVID-19 Cases Among the
MPP Workers and the Whole US Population Until May 31, 2020. Note.
COVID-19: Coronavirus disease 2019; MPP: Meat processing plant

spread of SARS-CoV-2. Further, counties that had plants
with processing rate over 10 million Ib of meat per month
present 35% higher cases of COVID-19 compared to
other counties, while no significant correlation was found
between COVID-19 cases and plants with processing rate
of one million Ib of meat per month. Moreover, closure of
MPPs led to reduction of COVID-19 cases. Increasing the
speed of production lines also caused higher infected cases
in counties. Poultry plants in the US have been allowed
to increase the speed of production lines from 140 birds
per minute to 175 since 2018. Accordingly, the spread
of SARS-CoV-2 virus was two times higher in cities that
increased the speed of production lines compared to cities
with previous speed of production lines. In addition, the
spread of SARS-CoV-2 was detected to be different even
among meat processing companies including National
Beef, JBS, Tyson, Cargill, and Smithfield. Further, the
COVID-19 incidence rate in National Beef was five times
higher than that in other meat processing companies (17).

Incidence of COVID-19 cases was observed to be about
12% in seven MPPs in Germany. The highest percent
was 16% in cutting and deboning sections. Improving
ventilation rate, physical distancing, and rooms with
high temperature resulted in lower infections of the virus.
Although medical masks were the most frequent type of
face covering in all slaughterhouses, plants in which the
majority used FFP2 masks demonstrated no infected
workers. The type of employees’ contract also showed
significant difference in terms of COVID-19 incidences.
Accordingly, the infectious rate of SARS-CoV-2 was 71%
higher among workers with temporary contracts than that
of workers with permanent contract (40).

3.3. Different Secretions and COVID-19 Transmission in
Slaughterhouses
The novel coronavirus is mainly transmitted through high-

touch contaminated surfaces (47). The contaminating
approaches are fecal-oral transmission and breathing
droplets. SARS-CoV-2 could spread during eating food
or drinking beverage since they can be contaminated by
infectious feces (6). It can also be transmitted through
respiratory droplets which are the result of loud talking,
sneezing, and coughing in MPPs (45). Workers usually
talk loudly in MPPs because the constant sound of
processing machines prevent them from hearing normal
conversation, and the minimum sound level in MPPs
belongs to packing equipment rooms with 85 dB (18, 40);
furthermore, large processing rooms persuade workers to
talk loudly (17). Durand-Moreau et al investigated the use
of laser light scattering to depict each droplet as one flash.
They found that there is a direct relationship between
the number of flashes (i.e., droplets) and the loudness
of staff conversations (45). Other studies also revealed
that breathing droplets could lead to the infection with
COVID-19 among people who are close to each other (i.e.,
distance of no less than 1.5 meters) (26). Infected tools
such as thermometer also yielded the same result (48, 49).

Moreover, common washing and brushing of the
floors and surfaces by high-pressure water increased
the generation rate of droplet and aerosol in MPPs.
Aerosolization of the novel coronavirus would be an
unwelcomed result of washing contaminated surfaces
using such procedures. In addition, MPPs have chilly
environment that causes longer period of exposure to
airborne infection of SARS-CoV-2 (18). A study in the
Netherlands reported less significant levels of SARS-
CoV-2 through air samples of cooled environments in
slaughterhouses. Moreover, active viruses were detected
through stationary atmospheric samples from the area
with COVID-19 hotspots in MPPs (39).
3.4. Practical Actions COVID-19 in
Slaughterhouses
Using outdoor environment for break times and
installation of physical barriers between workers that are
close to each other decrease the rate of SARS-CoV-2 spread
(Fig. 3). Innovative methods should be applied to educate
workers with various native languages in slaughterhouses.
Less than half of the employees were educated to use the
masks properly and to cover their mouth and nose in
Nebraska, the US (46). In addition, employees who were
infected by the virus can be provided with medical aids
and regular salary to prevent them from working and
contaminating other employees. Workers often share
their vehicles for the transportation between living areas
and slaughterhouses; therefore, the number of passenger
per vehicle should be limited, and the volume of public
transportation should increase to lessen the spread of the
virus. Moreover, frequently touched surfaces including
handles, railings, and buttons should be disinfected
regularly (15, 50, 51).

Since the prevalence of SARS-CoV-2 is higher in large
MPPs, an approach for small meat processing facilities

Against
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Fig. 3. Proper and Wrong Standing of Workers Along Production Lines in Meat Processing Plants

and more decentralized plants is required (17). Further,
the use of water sluicing, rubber squeegees, and steam
hoses is suggested rather than brushes and pressurized
hoses to prevent aerosolization. FFP2 and FFP3 masks
could also significantly lessen the spread of SARS-CoV-2
among workers of MPPs (18). Additionally, countless and
efficient disinfection of hand is recommended during
meat processing, manufacturing and marketing (25).
Mandatory use of masks and physical barriers caused
significant decrease of COVID-19 cases in 8 out of 13
MPPs in Nebraska, the US, during 10 days. Other three
MPPs demonstrated non-significant reduction of infected
incidence (41). Moreover, well-experienced coordinators
are required at each meat processing factory so that all
employers and employees can easily raise their COVID-19
questions, and health plans and regulations should be
implemented for all staff in MPPs (24).

3.5. Other Engineering Controls

Employees should stand next to each other with a distance
of at least two meters in operating areas, especially along
production lines. Employers should be prevented from
face to face standing of along processing lines. Further,
markers can be used to easily remember the previous
location of workers, and the direction of air conditioning
systems should be designed in such a way that it blows to
workers indirectly. In addition, hand sanitizing stations,
preferably free touch facilities, with 60% alcohol can be
used in different places. Further, the number of in and out
shifts and stations as well as the number of break times
should be increased in order to decrease the crowded
spots during working hours (24).

4. Conclusion
Prevalence of COVID-19 was significantly high in
MPPs. The ratio of COVID-19 transmission in workers

of MPPs was 24 times higher than the ratio of infected
people in the US per whole population. Various factors
contributed to this fact such as low indoor temperature,
crowded area, wrong standing along with operation lines,
contamination of high-touch surfaces, difficult education
of ethnic minority employees and migrants, low financial
income, large MPPs with 10+ million Ib of meat per
month, higher speed of production lines with 175 birds/
minute, temporary contract of the employees, and weak
performance of some meat processing companies such
as National Beef. The practical solutions to this spread
were also partitioning the operating areas, using marker
for remembering the previous location, using mandatory
mask, especially FFP2/3, decentralizing large MPPs,
increasing the number of public transportation as well as
the number of in and out stations and shifts, employing
COVID-19 coordinating experts, indirect blow of air
conditioners, and financial aids for ill workers. Therefore,
controlling the spread of SARS-CoV-2 is more achievable
through the implementation of the suggested solutions.

The main limitation of the current study was that
many generalized papers that evaluated COVID-19
spread in MPPs merely based on the title reported
general information about the situation of MPPs during
COVID-19 outbreak in the context rather than providing
specific analysis. Another limitation was related to two
Chinese reports that were not considered in this study.
Different structure of documents (e.g., newspapers and
original papers) was another obstacle for yielding the
results.
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