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Abstract 

At the beginning of the COVID-19 pandemic, several contamination clusters were reported in food-

processing plants in France and several countries worldwide. Therefore, a need arose to better 

understand viral transmission in such occupational environments from multiple perspectives: the 

protection of workers in hotspots of viral circulation; the prevention of supply disruption due to the 

closure of plants; and the prevention of cluster expansion due to exports of food products 

contaminated by the virus to other locations. This paper outlines a simulation-based approach (using 

agent-based models) to study the effects of measures taken to prevent the contamination of workers, 

surfaces, and food products. The model includes user-defined parameters to integrate characteristics 

relating to SARS-CoV-2 (variant of concern to be considered, symptom onset...), food-processing plants 

(dimensions, ventilation...), and other sociodemographic transmission factors based on laboratory 

experiments as well as industrial and epidemiological investigations. Simulations were performed for 

a typical meat-processing plant in different scenarios for illustration purposes. The results suggested 

that increasing the mask-wearing ratio led to great reductions in the probability of observing clusters 

of more than 25 infections. In the case of clusters, masks being worn by all workers limited the 

presence of contamination (defined as levels of at least 5 log10 viral RNA copies) on meat cuts at less 

than 0.05% and maintained the production capacity of the plant at optimal levels. Increasing the 

average distance between two workers from less than 1m to more than 2m decreased the cluster-

occurrence probability by up to 15% as well as contamination of food products during cluster 

situations. The developed approach can open up several perspectives in terms of potential 

communication-support tools for the agri-food sector and further reuses or adaptations for other 

hazards and occupational environments. 

Keywords 

Coronavirus, viral transmission, occupational environment, preventive measure  
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Abbreviations 

 ABM  Agent-based model / Agent-based modeling 

Colors should be used for all figures in print  
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1 Introduction 

During the first months of the COVID-19 pandemic in 2020, several contamination clusters were 

observed in the occupational environments of essential sectors in different countries, such as 

healthcare centers (Airoldi et al., 2020; Magnusson et al., 2021), public establishments with social 

gatherings such as schools (Fontanet et al., 2021), and food-processing plants (Dyal et al., 2020; Mallet 

et al., 2021; Steinberg et al., 2020). In France, from the first lockdown period (March to May 2020), 

workers in the food-production sector were considered an essential workforce, since food-processing 

plants’ activities had to remain uninterrupted in order to avoid any disruption occurring in the food-

supply chain. In its national report of August 2020, the French National Public Health Agency reported 

28 clusters in food-processing plants (20 of those being in meat-processing plants) out of the 189 

clusters in occupational environments registered from May 9th to August 12th, 2020 (Santé Publique 

France, 2020). Preventing SARS-CoV-2 clusters in food-processing plants presents a great challenge, 

since viral transmission in these occupational environments is poorly understood. Indeed, workers in 

food-processing plants might be exposed to a high risk of infection mainly due to their close contact 

with each other in their working environment. However, infections caused by respiratory viruses like 

SARS-CoV-2 might be influenced by multiple factors. One can cite, for example, influences from 

variations in the plants’ characteristics, such as their airflow, ventilation, temperature, etc. (Bazant and 

Bush, 2021; Chaudhuri et al., 2020; Kennedy et al., 2021); inter-individual differences in terms of 

infectiousness or symptom onset (Alene et al., 2021; He et al., 2021; Jones et al., 2021; Teyssou et al., 

2021); and also the introduction of preventive and control measures like mask-wearing and physical 

distancing (Backer et al., 2021; Leech et al., 2022). In addition, clusters in food-processing plants could 

hypothetically spread to other, distant locations due to exports of food products possibly being 

contaminated by the virus. This hypothesis has been suggested to explain the reappearance of COVID-

19 in cities with no observed cases for more than 90 days (Han et al., 2020). Thus, there was a need to 

carefully study viral transmission in food-processing plants from three perspectives: (i) to protect 
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workers and prevent these plants from becoming hotspots of viral transmission; (ii) to prevent closure 

of food plants and ensure supplies; and (iii) to prevent food contamination and avoid potential export 

of the virus to other locations. 

This paper aimed to gain insights into the circulation of SARS-CoV-2 in food-processing plants by 

developing a simulation-based modeling approach capable of studying the effects of preventive 

measures carried out simultaneously against the contamination of workers, surfaces, and food 

products present in the plants. As surfaces and food portions can be contaminated due to the virus 

spreading between workers at the plant, an original agent-based model (ABM) was developed that 

included various possible routes of transmission (aerosol sedimentation of small droplets, direct 

contamination by larger droplet projections and transfer by contact from surface to surface while 

including different worker behaviors and operating conditions (mask-wearing ratio, distance between 

workers, air renewal, coughing, sneezing…). A simulation workflow with a detailed analysis of this 

contamination is illustrated in this paper, as well as the effect of two preventive measures. In numerical 

simulations, it is possible to include different characteristics relating to both SARS-CoV-2 and food-

processing plants. Considering the clusters reported in the literature, we chose the application case of 

a meat-processing plant. For this paper, this simulation-based approach was used and is illustrated 

herein for the purpose of pointing out the potential effects of the implementation of two preventive 

measures regarding contamination inside a meat-processing plant, namely raising the mask-wearing 

ratio and increasing the physical distancing between workers. 

2 Materials and methods 

2.1 Overview of the model description 

The modeling work presented in this paper was part of a collaborative multidisciplinary project 

(SACADA Project, Grant ANR-21-CO13-0001, funded by the French National Research Agency). The 
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outline of the ABMapproach developed is schematized in Figure 1. This model simulated the 

transmission of SARS-CoV-2 in a multi-room meat-processing plant and provided, as simulation 

outputs, several indicators describing possible infections of the workers as well as the food and/or 

contamination of surfaces. A short description is presented below to provide readers with an overview 

of the model. The mathematical formalization is not detailed herein since it goes beyond the scope of 

this paper (currently the subject of an ongoing article submission, a detailed description of which can 

be accessed at ndmluong.quarto.pub/sacada-project. The accessibility of this online model description 

is susceptible to change according to the peer-review-process status). 

 

Figure 1 – Outline of the agent-based model to simulate the transmission of SARS-CoV-2 in multi-room meat-processing plants 

The developed model was composed of several separate modules for describing the different agents 

present in the processing plants as well as possible interactions between them. These agents belonged 

to four main modules, corresponding, respectively, to (i) the workers, (ii) the droplets present in the 

air and/or on surfaces, (iii) the different small fractions of inert surfaces, and (iv) the food (meat) 

portions present in the plant. As shown in Figure 1, the model described the viral transmission through 

possible interactions between these agents. These interactions included, firstly, the transfer of 

droplets (containing or free from infectious viral particles) between the workers and the air through 
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respiratory activities such as exhalation and inhalation during the working day. Depending on the 

ventilation system, a portion of the droplets emitted by infectious workers can settle on different inert 

surfaces as well as on food portions present in the plant. These surfaces and food portions could also 

become contaminated due to direct projections of large droplets emitted due to SARS-CoV-2 

symptoms such as frequent coughing and/or sneezing events. Finally, transfers of contaminated 

droplets were also possible due to contact between inert surfaces and food portions.  

Several parameters were taken into account in the model (the parameter table is provided online in 

Supplementary materials, Table S1). On the one hand, there were parameters considered as input data 

and identified from the literature data/assumptions or preliminary laboratory experiments regarding 

the characteristics of SARS-CoV-2. One can cite, for example, the development of symptoms depending 

on the variant of the virus under consideration. On the other hand, based on industrial and 

epidemiological investigations, other parameters were included to simulate the behavior of the model 

in different scenarios. These scenarios were determined by defining extrinsic environmental 

parameters (such as the plant dimensions, ventilation, etc.). Worker behaviors, such as mask-wearing 

or physical distancing, were also specified and varied in the defined scenarios, which could be useful 

for evaluating the potential effects of control measures relating to viral transmission. 

Based on prior data and knowledge, spatiotemporal rules were defined to simulate the interactions 

between modules and the properties of every agent at successive time points distanced by a 

predefined short time step. These step-by-step simulations were performed afterward for longer 

periods (days, weeks, etc.). At the end of these periods, balances were calculated for different 

properties of the agents, e.g. the total number of aerosolized or fallen droplets, the number of viral 

gene copies inhaled by each worker possibly triggering an infection. Based on these balances, several 

contamination indicators were estimated, such as the total number of infected workers over a several-

day period and the daily number of contaminated food portions and surfaces in the plant. The results 
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of these estimated indicators were explored in this paper for comparison purposes between the 

studied scenarios.  

2.2 Scenario analysis 

The sections below describe the main parameters necessary for analyzing the scenarios simulated for 

this paper. The scenarios are schematized in Figure 2 (as mentioned, the mathematical formalization 

of the ABM is not detailed in this paper).    

2.2.1 Main input data and parameters 

i. Food-processing plant 

The configuration of the multi-room meat-processing plant presented in this study was implemented 

based on our observations and investigations of industrial facilities. Such implementation can be easily 

adapted to any other user-defined configuration (additional rooms, production lines and/or 

equipment) by adapting the source codes provided with the paper. The dimensions of the meat-

processing plant simulated herein (schematized in Figure 2) were 21m x 26m x 5m (w x l x h). Several 

spaces were modeled, including a main cutting room with an arrival gate (for the arrival of the raw 

carcasses to be processed) and a connected cooling area (for the storage of the final product), as well 

as several annex spaces. In general, these annex spaces are not directly connected to the main cutting 

room but are still accessible through an entrance hall whose dimensions and structures may vary from 

one plant to another. The following spaces were modeled herein: a changing room (for workers) with 

a connected restroom area, an office space, and a waste area. The main cutting room was configured 

with two successive conveyor belts located at the center of the room as well as packaging equipment 

located at the end of the second conveyor. Such configuration enabled the forward successive meat-

processing steps, comprising the cutting steps, packaging, and storage (for more details on the 

dimensions of these objects, spaces, and their respective ventilation characteristics, see online model 

description, section Food-processing plant). 
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Figure 2 - Illustration of the modeled meat-processing plant and schema of the scenario analysis 
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ii. Workers 

In our simulation, a total number of 100 workers were considered, with pre-defined proportions for 

the different worker types, estimated from preliminary studies and the literature. Three worker types 

were considered: (i) cutters (83%), especially located around the conveyors during their working day, 

in charge of carrying out the different processing/cutting steps (deboning, etc.) (Günther et al., 2020; 

Mallet et al., 2021); (ii) logistics workers in charge of transporting meat products between different 

areas of the plant (Günther et al., 2020; Mallet et al., 2021); and (iii) transverse workers, in other words 

the administrative staff, quality-control managers, or workers from the cleaning team (Mallet et al., 

2021). These workers were attributed to different teams according to their working shift as well as 

their daily and weekly schedule. Based on industrial investigations, in order to ensure the continuity 

of the production lines, the working schedule considered possible team overlaps and team changes 

between different types of workers in case of absences (cf. online model description, sections Type of 

workers, Working days and schedule). 

iii. Air 

Based on data obtained by Buonanno et al. (2020), the ABM model considered six size classes of the 

droplets with the midpoint diameters between 0.8 and 100 µm. In each room, depending on the size 

and airflow conditions, the droplets were considered in two groups: (i) those being aerosolized (small 

droplets in rooms with high air velocities), and (ii) those directly contaminating other workers or falling 

directly on the surfaces around the emission source (large droplets in rooms with low air velocities). 

For the aerosolized droplets (group i), the evolution of the contaminated-droplet concentration in the 

air of each room between two successive time points was computed by accumulating the 

contaminated droplets exhaled by infectious workers and removing the ones inhaled by other workers, 

sedimented on surfaces/food, or lost via the air-renewal system. The concentration of aerosolized 

droplets was assumed to be homogeneous in the room, therefore implying the distance from the 

source (infectious worker) regarding the exposure to aerosolized droplets (group i) in the room had no 
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impact. For the large droplets in rooms with low air velocity (group ii), the effect of the distance from 

the source was taken into account with droplets that contaminated the workers and surfaces around 

the source (more details are provided in the online model description, section Air).  

iv. Exposure pathways and dose response 

The model considered two sources of worker contamination. The first was the exposure to SARS-CoV-

2 linked to their respiratory activities inside the food-processing plant. The total number of SARS-CoV-

2 particles inhaled by each worker was computed at the end of each working day. For each worker, 

the dose-response relationship developed by Watanabe et al. (2010) was then used to estimate the 

probability of becoming infected knowing the exposure. The second contamination source considered 

related to possible infections outside the plant by taking into account the local COVID-19 epidemic 

situation (regional/national incidence) and socio-community activities of the workers (for more details 

on the parameters characterizing the two sources of infection, see the online model description, 

sections Infection probability, Dose-response parameters).     

v. Infection phases 

The duration of the different infection phases was taken into account in the model. In summary, once 

infected, individuals first enter a pre-symptomatic phase that comprises: (i) a latent period lasting 

approximately 3.3 days, during which no virus can be detected (Zhao et al., 2021), and (ii) a period of 

2 days during which individuals become infectious before symptom onset (Byrne et al., 2020; Lau and 

Leung, 2020). At the end of the pre-symptomatic period, a proportion of the individuals will develop 

symptoms. Based on several studies from the literature, the proportion of asymptomatic individuals 

was estimated to be 33.5% (Alene et al., 2021; He et al., 2021; Ma et al., 2021; Sah et al., 2021). The 

duration of this symptomatic period was estimated to be about 8 days (van Kampen et al., 2021). From 

symptom onset to recovery (negative RT-PCR tests), a period of approximatively 13 days can be 

considered (Byrne et al., 2020). Possible absences of the workers from work were also taken into 

account in the model, since these absences could have direct influence on viral transmission and 
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potential production losses at the plant. For that, the model considered that the symptomatic workers 

had a probability of being absent from work (arbitrarily set at more than 80% herein) during a 

predefined period of absence fixed by health authorities. 

vi. Inert surfaces and food portions 

In our study, the different surface agents were defined as the 1m2 tiles that make up the surfaces of 

the equipment present in the plant (conveyors and packaging machine). On working days, SARS-CoV-

2 infectious particles could accumulate on these surface tiles during the different time steps. This 

accumulation was due to possible droplet sedimentation from the air, projection by nearby workers 

through their respiratory activities/symptoms, or transfer from other food portions (Duret et al., 2017) 

transported from one location to another in the plant. Due to the lack of data from the literature, this 

accumulation of infectious particles was estimated by considering a ratio over the accumulation of 

viral RNA copies (Miller et al., 2020; Pitol and Julian, 2021). At the end of the day, a balance of this 

accumulation of SARS-CoV-2 particles was computed for each surface tile. Since it was assumed all 

surfaces were cleaned and disinfected at the end of each day, the number of SARS-CoV-2 infectious 

particles of each tile was reset to zero. 

The different food agents were defined by all final food portions processed in the plant, generated 

daily depending on the number of workers present. Several spatiotemporal rules were implemented 

for describing the meat-cutting process from carcass to final product, thus providing the movements 

and locations of the different food portions at the different time steps (see details in the online model 

description, section Food – cutting process). Therefore, with regard to the surfaces’ tiles, it’s possible 

SARS-CoV-2 particles can accumulate on food due to droplet sedimentation, projection, or transfers 

between inert surfaces and food by contact (online model description, section Transfers by contact). 

2.2.2 Computing 

All the parameters’ values included for the simulations are detailed in Supplementary materials (Table 

S1). It is worth noting that, for a given scenario with a predefined set of input parameters, the output 
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results could differ from one simulation to the next because of the different stochastic parameters. 

The model was implemented entirely under an R environment (R Core Team, 2022). A convergence 

analysis was carried out for one reference scenario to determine the required number of simulations 

and thus obtain credibility intervals associated with output results. The convergence of the model was 

estimated at about 100 simulations per scenario. Since the computing time could be significant for 

each scenario due to an important number of simulations, the latter were performed in parallel using 

an online R platform (Migale, 2020), migale.inrae.fr). All source codes for model implementation can 

be found on Github (github.com/ndmluong/sacada). 

2.2.3 Scenarios 

In this paper, the scenario analysis aimed to study the potential effects of taking two preventive 

measures with regard to viral transmission: raising the mask-wearing proportion of workers and 

increasing the physical distancing between them. The considered proportions of mask-wearing among 

the workers were 0, 25, 50, 80, and 100%. The physical distancing was artificially implemented in the 

model by increasing the length of the conveyors present in the plant and then varying the distances 

between the workers located around these conveyors. In our scenario analysis, the distances between 

workers were computed from approximately 1m to 2m by varying the length of the conveyors from 

11m to 20m in the simulated plant configuration. In total, 20 scenarios were considered according to 

combinations across the two measures above (cf. Figure 2). The scenarios illustrated in this paper was 

simulated for facilities processing pork meat with a theoretical production capacity of the 100-person 

plant estimated at around 2000 processed carcasses in total per day, which was very close to our 

observations in industrial facilities. All simulations were carried out according to the situation in 2020 

by setting parameters characterizing the original variant of concern, while all workers were assumed 

to be susceptible to the virus. For each scenario, 100 independent simulations were performed 

(𝑁𝑠𝑖𝑚 = 100) with five-minute time steps and for a total duration of 42 days (𝑁𝑑𝑎𝑦𝑠 = 42). For all the 
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scenarios mentioned above, the model was initialized with one infected worker on the first working 

day, corresponding to the first infection source.  

2.3 Output indicators 

The contamination of the workers, inert surfaces, and food was determined daily and/or during the 

overall 42-day period by estimating several numeric indicators. Below, we provide some indicators 

extracted from our scenario analysis. 

Worker contamination 

The number of newly infected workers was calculated daily for each performed simulation, thus giving 

the different epidemic curves corresponding to each simulation. Based on these new daily infections, 

the cumulative number of infected workers was calculated over time and at the end of the 42-day 

period. It is worth noting that, for each scenario, despite the same initializing point, the shape of the 

epidemic curves can be completely different from one scenario to the next due to the probabilistic 

model parameters. To illustrate this point, for the same given scenario, the cumulative number of 

infections after 42 days can be 16, 35 or 45 workers in three different simulations. Based on the criteria 

of French national epidemiological investigations, a cluster was defined by the occurrence of at least 

three cases during a seven-day period. However, after the first lockdown period in 2020, because of 

the quickly increasing number of infection cases, the local Regional Health Agencies were instructed 

to prioritize their investigations. In the framework of our overall research project, a minimum 

cumulative number of 25 infected workers was chosen, since this threshold value enabled us to obtain 

mostly exhaustive information in terms of investigations that would be useful for further comparison 

purposes. For this reason, in this paper, we defined the occurrence of a cluster situation (respectively 

a non-cluster situation) when it presented at least 25 cases (respectively fewer than 25 cases). Thus, 

for each scenario, denoted 𝑆, the cluster-occurrence probability was estimated as the ratio between 

the number of simulations giving at least 25 infected workers and the total number of performed 
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simulations: 𝑝𝑟𝑜𝑏𝑐𝑙𝑢𝑠𝑡𝑒𝑟,𝑆 =
𝑛𝑠𝑖𝑚(≥ 25 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛𝑠),𝑆

𝑁𝑠𝑖𝑚
. Since the different infection phases were integrated in 

the model (from newly infected to recovered), the simulated epidemic curves over the 42-day period 

can be shaped with an increasing phase followed by a decreasing one. The peak values of each curve, 

expressed at the highest daily number of infected workers during the simulated period, can once again 

be more or less important from one simulation to the next. These peak values were estimated and are 

discussed below, both for situations that present a cluster occurrence and those that do not.  

Surface contamination 

As mentioned above, the surface agents were defined as the different 1m2 tiles that make up the 

surfaces of the equipment present in the plant (conveyors and packaging equipment). In our study, 

each surface tile was considered contaminated at the end of a given day if the number of SARS-CoV-2 

particles that had accumulated on it exceeded a threshold value equivalent to 5 log10 RNA copies. This 

accumulation of viral particles was due to possible droplet sedimentation and projection or transfers. 

For a given day, the surface contamination, expressed in %, was defined as the ratio between the 

number of surface tiles exceeding the contamination threshold above and the total number of surface 

tiles in the plant. Since all surfaces were assumed to be cleaned and disinfected daily, for a given 

simulation, the overall surface-contamination indicator during the simulated period was estimated by 

averaging the daily values across all working days (weekend days were not considered). 

Food contamination 

As for surface contamination, the same threshold value of 5 log10 RNA copies was chosen for the 

equivalent of food contamination by SARS-CoV-2 particles. For a given day, the food contamination, 

expressed in %, was defined as the ratio between the number of food portions exceeding this threshold 

and the total number of food portions processed during the day in question. The overall food-

contamination indicator during the simulated period was estimated by averaging the daily ratio values 

across all working days (weekend days were not considered). 
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It is worth noting that the possible absences of one or more workers from work can directly influence 

the total quantity of processed food. Therefore, we also introduced a metric to estimate possible losses 

regarding production by the plant. For a given simulated period, this metric, expressed in %, was 

defined as the ratio between the total quantities of processed food on the days when workers were 

most absent and when they were most present (equivalent to the maximum amount of food produced 

daily by the plant). This metric enabled us to estimate the amplitude of production losses between 

these two most extreme days. 

3 Results 

The developed ABM was computed to study the effects of preventive measures with regard to the 

contamination of workers, surfaces, and food products in a meat-processing plant. Several parameters 

were defined, as presented in previous sections, to establish illustrative scenarios of a typical food-

processing-plant operation. The results presented below correspond with the analysis of 100 

simulations per same scenario.  

3.1 Worker contamination 

3.1.1 Cumulative number of infections after 42 days 

Starting with one infected worker (out of 100) from the first day, the distribution of the cumulative 

numbers of infections after the 42-day simulation period in every scenario is described in Table 1. On 

average, the highest cumulative number of infections was estimated to be about 50 out of 100 workers 

and seemed to be associated with the scenarios in which no or few workers were wearing a mask. In 

contrast, the lowest average cumulative number of infections was observed in scenarios with the 

maximal mask-wearing ratio (100%) and was estimated to be about 6 infected workers (out of 100). 
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Table 1 - Cumulative number of infections after 42 days depending on the mask-wearing ratio and the distance between 
workers: average values and distribution (5% quantile, median values, 95% quantile, maximum values). The total number of 
workers considered for each simulation: N = 100. The highlighted cases correspond to the three situations with the highest 
cumulative number of infections (average across simulations) 

Mask-wearing (%) 
0% 25% 50% 80% 100% 

Distance between workers 

1 m 
57 

[1; 84; 99; 100] 
53 

[1; 72; 98; 99] 
30 

[1; 7; 94; 99] 
18 

[1; 5; 80; 90] 
6 

[1; 4; 16; 38] 

1.3 m 
56 

[1; 82; 100; 100] 
44 

[1; 11; 98; 100] 
31 

[1; 7; 95; 99] 
16 

[1; 6; 64; 86] 
5 

[1; 4; 16; 32] 

1.6 m 
47 

[1; 18; 100; 100] 
44 

[2; 17; 97; 100] 
31 

[1; 8; 94; 96] 
13 

[1; 5; 67; 80] 
6 

[1; 4; 14; 48] 

2 m 
45 

[1; 12; 99; 100]  
40 

[1; 12; 98; 100] 
26 

[1; 6; 93; 98] 
11 

[1; 5; 41; 81] 
6 

[1; 4; 18; 46] 

Considering the full distribution of the estimated cumulative number of infections in every scenario, 

an important difference was observed between the average (in bold) and the median (underlined) 

values (Table 1). These observations could probably be associated with the fact that, for a same given 

scenario, some simulations could provide an exceptionally high (or low) cumulative number of 

infections unlike the other ones providing much fewer (or more) infections. It is interesting to note the 

distribution of cases over the 100 simulations generated for the three highlighted situations (0% or 

25% mask-wearing with a distance of 1m and 0% mask-wearing with a distance of 1.3m): the median 

values were very high, indicating that 50% of simulations generated more than 72 cases after 42 days.  

It would also be interesting to study the amplitude of the epidemic curve in order to gain insights into 

the maximal number of infected workers at the same given time point. The distribution of the peak 

values observed in the epidemic curves across the different simulations are provided in Supplementary 

materials (Supplementary materials, Figure S1). In situations with more than 25 cases, increasing the 

mask-wearing ratio had an effect on the amplitude of the peak, which decreased from about 80 

infected workers to a peak close to 25. In the cases of fewer than 25 cumulative infections after 42 

days, whatever the scenarios, the epidemic peaks very rarely exceeded 6 infections (Supplementary 

materials, Figure S1). Overall, no clear effect of the distance between the workers in the plant was 

graphically observed on the intensity of the peak.  
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3.1.2 Cluster-occurrence probability 

The probabilities of observing a cluster with at least 25 infections estimated from the simulations 

depending on the mask-wearing ratio and the physical distancing are plotted in Figure 3. On the one 

hand, the highest probability of occurrence was estimated to be between 43% and 61% and observed 

in the situation where no workers wore a mask. In this situation, the occurring clusters also presented 

peak values at mainly more than 80 infected workers (Supplementary materials, Figure S1). On the 

other hand, the situation where all workers wore a mask (100%) presented the lowest cluster-

occurrence probabilities, all estimated at less than 3%. Globally, increasing the mask-wearing ratio 

could lead to an observable decrease in cluster-occurrence probability, no matter the distance 

between the workers. The influence of physical distancing was not clearly observed for all situations. 

However, in the cases where no or few workers wore a mask (0% or 25% of mask-wearing ratio), 

increasing the average distance between two workers from less than 1m to more than 2m decreased 

the cluster-occurrence probability by up to 15%.  

 

Figure 3 – Cluster-occurrence probability depending on the mask-wearing ratio and the physical-distancing measure 
(artificially implemented by varying the length of the conveyors). The mask-wearing ratio was expressed as the proportion of 
the present workers wearing a surgical mask. The minimal (resp. maximal) distance between workers was set at about 1m 
(resp. 2m) by computing the conveyors’ lengths at 11m (resp. 20m) in the simulated configuration. The probability estimated 
for each scenario was expressed as the ratio between the number of simulations, giving at least 25 infections and the total 
number of simulations per scenario (N = 100) 
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3.1.3 Production losses 

Loss of food-production capacity was a direct consequence of the workers’ contamination, especially 

in cluster situations, since their absence from work during a given period led to a decrease in the total 

number of processed food portions. The metric used compares the production of a normal working 

day (with the most present workers) with the one with the highest number of absences related to 

COVID-19 over the simulated period of 42 days. The comparison of these potential losses between the 

cluster and non-cluster situations is graphically represented in Figure 4. In non-cluster situations (fewer 

than 25 infections), the estimated production-capacity metric seemed stable at about 83%-85% on 

average, suggesting a potential reduction of about 15% of the regular production capacity due to 

absences, no matter the mask-wearing ratio and the distance between the workers. In contrast, in the 

scenarios without mask-wearing and leading to cluster occurrence, the metrics were estimated at less 

than 60%, corresponding to potential losses of more than 40% of the production capacity compared 

to regular working conditions. No clear direct influence of the physical-distancing measure was 

graphically observed on the production capacity; however, once again, increasing the mask-wearing 

ratio seemed globally to maintain the production capacity at optimal levels. 
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Figure 4 – Production-capacity metric depending on the mask-wearing ratio and the physical-distancing measure, in cluster 
(thick lines) and non-cluster (dotted lines) situations (presenting more and fewer than 25 infections, respectively). For a given 
simulation, the production capacity of the simulated period, expressed in percentage, was defined as the ratio between the 
quantities of processed food on the days with the most absent workers and those with the most present workers. Points: 
average values across different simulations. The minimal (resp. maximal) distance between workers was set at about 1m 
(resp. 2m) by computing the conveyors’ lengths at 11m (resp. 20m) in the simulated configuration 

3.2 Contamination of inert surfaces and food 

3.2.1 Surface contamination 

As described in the previous sections, the considered surfaces herein corresponded to the 1m2 tiles 

that make up the inert surfaces of the equipment present in the plant, including the conveyors and the 

packaging machine. Each surface tile was defined as being contaminated by SARS-CoV-2 particles if it 

exceeded an equivalent value of 5 log10 of viral RNA copies accumulated at the end of the working day. 

The distribution of average surface contamination across the simulated 42-day period depending on 

the mask-wearing ratio and the physical-distancing measure is plotted in Figure 5.   

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



21 
 

 

Figure 5 – Distribution of the average daily surface contamination depending on the mask-wearing ratio and the physical-
distancing measure for simulations presenting more (left) and fewer (right) than 25 infections. The box represents the values 
between the 1st and 3rd quartiles of the distribution. The daily surface contamination, expressed in %, was defined as the 
ratio between the number of surface tiles exceeding the contamination threshold (5 log10 of viral RNA copies) and the total 
number of surface tiles in the plant. The minimal (resp. maximal) distance between workers was computed at about 1m (resp. 
2m) by computing the conveyors’ lengths at 11m (resp. 20m) in the simulated configuration. 

As shown in Figure 5, a considerable difference in the surface contamination was observed between 

the cluster and non-cluster situations (more and fewer than 25 infections after 42 days, respectively). 

Considering the equivalent contamination threshold fixed at 5 log10 of viral RNA copies per m2, in the 

case of cluster occurrences, the daily surface contamination might reach in median more than 30% of 

the overall surfaces if no worker wore a mask in the plant. The contamination was likely reduced with 

the increase of the mask-wearing ratio. With a mask-wearing ratio of 100%, this contamination was 

estimated at less than 20% in the rare situations of cluster occurrences (𝑛 ≤ 3, cf. Figure 5). In non-

cluster situations, the observed daily surface contamination remained at a very low level, no matter 

the mask-wearing ratio and the distance between workers. Indeed, despite several observed outlier 

points in the boxplots corresponding to these situations shown in Figure 5, the contaminations were 

all estimated as being below 3% in median, with narrow interquartile value ranges. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



22 
 

3.2.2 Food contamination 

The food portions present in the plant were modeled as agents of the ABM following several successive 

processing steps (transport, meat-cutting steps, packaging, and storage). The contamination of each 

food portion was computed at its final step, i.e. storage in the cooling area, as results of accumulation 

of viral particles on it due to sedimentation and projection of droplets, as well as possible transfers 

from other contact surfaces. As for the inert surfaces, a food portion (meat cut) was defined as 

contaminated by SARS-CoV-2 particles if it presented at least an equivalent value of 5 log10 of viral RNA 

copies. The distribution of average daily food contamination across the simulated 42-day period is 

plotted in Figure 6, for both cluster and non-cluster situations. 

 

Figure 6 – Distribution of the average daily food contamination depending on the mask-wearing ratio and the physical-
distancing measure, for simulations presenting more (left) and fewer (right) than 25 infections. The box represents the values 
between the first and third quartiles of the distribution. The food contamination at a given day, expressed in %, was defined 
as the ratio between the number of food portions (meat cuts) exceeding the predefined contamination threshold (5 log10 of 
viral RNA copies) and total number of processed-food portions of the day, varying depending on the number of present 
workers. The minimal (resp. maximal) distance between workers was computed at about 1m (resp. 2m) by computing the 
conveyors’ lengths at 11m (resp. 20m) in the simulated configuration 

Similar patterns in food contamination were observed for the surfaces, especially concerning the great 

difference between the cluster and non-cluster situations. In cluster situations, the most notable daily 

food contamination was estimated at about 0.19% in median value and 0.39% as the maximum. This 

contamination level corresponded to the worst-case scenario, which had no worker wearing a mask, a 
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distance of 1m between workers, and presented more than 80 workers observed at the infection peaks 

(Figure 6, Supplementary materials Figure S1). As for the surfaces, increasing the mask-wearing ratio 

led to a great reduction in food contamination: when all workers wore a mask, the food contamination 

was estimated to be about 0.03-0.04%. In cluster situations, the distance between employees enabled 

a reduction in the number of contaminated food portions, particularly with a low mask-wearing ratio 

(0-25%). Finally, in the case of non-cluster situations (fewer than 25 infections), food contamination 

remained at very low levels, estimated to be, on average, less than 0.002%, no matter the mask-

wearing ratio and the distance between the workers. 

4 Discussion 

Within the framework of good hygiene practices at food-processing premises and food-safety culture 

during the COVID-19 pandemic, this paper aimed to better understand the potential effects of 

management measures on the transmission of SARS-CoV-2 using a simulation-based approach. The 

studied measures, which included mask-wearing and physical distancing, were chosen as illustration 

for our simulations because of their simple practical implementation in food-processing plants and 

their wide application during the pandemic in closed environments. The developed ABM took place in 

a global research project, and so enabled the inclusion of many input data and parameters. These were 

collected from the literature and multiple investigations in order to outline the different characteristics 

related to the plant and the virus, and to be as close as possible to realistic conditions. Our simulation-

based approach also enabled us to define several output indicators for simultaneously monitoring the 

contamination of the workers, surfaces, and food portions processed in the plant in different scenarios. 

Studying scenarios was also facilitated, since the model was implemented using generic structures, 

thus providing flexibility for user-defined changes in one or several input parameters of interest. 

As illustrated by the simulations shown in this paper for a given typical meat-cutting plant, 

unsurprisingly the results pointed to the influence of the mask-wearing ratio on viral transmission. 
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Increasing the mask-wearing ratio in the plant led to a great reduction in the probability of observing 

a cluster, and in the case of clusters, a reduction in the contamination of inert surfaces and food 

portions and maintenance of the plant’s production capacity at optimal levels. The similar patterns 

observed in surface and food contamination were also expected, since these two modules were 

intimately linked due to transfer between contact surfaces, as well as similar possible interactions with 

the air in the plant caused by, for example, droplet sedimentation and/or projection. Only a slight 

reduction in the risk of infection was observed when the distance between workers was increased 

from 1m to 2m. The results of our study also suggested that increasing the distance between 

employees reduced the incidence of contamination of food products for a low mask-wearing ratio 

during cluster situations. 

The relative effects of the two measures tested in our study were quite consistent with the findings in 

the literature, in particular the effects of mask-wearing on the decrease of infections. A meta-analysis 

on epidemiological measures conducted by Chu et al. (2020) has pointed to a great reduction in the 

risk of infection, estimated at 14.3%. The authors also observed only a slight reduction in the risk of 

infection when increasing the distance between individuals from 1m to 2m, as observed in our 

simulations.  

The literature has mentioned reductions in activities, or even closures, of several processing plants or 

food facilities due to cases (epidemics) among their staff and problems relating to absences. These 

partial or total closures had consequences on the entire value chain, both upstream in terms of supply 

flows, and downstream on food retailers and supply volumes (Hobbs, 2021; Pokora et al., 2021; 

Weersink et al., 2020). Our simulations showed there could be a high rate of absences, and thus a 

possible loss of production, between the two most extreme days (Figure 4). The metric used herein 

enabled a scenario comparison between two days, independently, and illustrated an influence on the 

economic loss by absences. Hence, this metric can allow us to identify the situations where the loss of 

production will be the most critical between two days compared to the normal situation. For further 
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studies, it would also be interesting to define other metrics, for example to characterize the effects on 

the cumulative lost production over the total duration of the epidemic period compared to the normal 

situation.  

The low ratios in the presence of viral RNA on food and surfaces simulated by the model were quite 

expected in view of some data reported in the literature. A study by Li et al. (2022) registered 1,398 

food samples as positive for SARS-CoV-2 nucleic acid out of 20,517,959 tested food samples, 

corresponding to a ratio of 0.007%. Ming et al. (2021) found that 1.23% (278 of 22,643) of the total 

environmental samples collected in food-processing plants were SARS-CoV-2 positive, which was close 

to our estimated surface-contamination ratio in non-cluster situations (about 1-3%; Figure 6). Ming et 

al. (2021)  also reported a particular case associated with an establishment monitored during the 

period March to September 2020, when restrictions like mask-wearing or quarantine were applicable. 

This establishment presented a positive result for 10.9% human samples (of 1,248 collected) and 9.2% 

environmental samples: this positivity corresponded strongly with our simulations in some rare cases, 

where the mask-wearing ratio was at 100%, presenting more than 25 infections (Figure 5).             

The simulated results did not show clear influence of the physical-distancing measure for all the 

estimated indicators. At first sight, this measure seemed to reduce surface and food contamination. 

However, one should interpret these observed reductions with caution. It is worth remembering that, 

in this paper, the distancing measure was artificially implemented by varying the length of the 

conveyors in the plant. The contamination ratio for the inert surfaces and food by transfer was 

determined based on the total surface. Thus, a reduction in the contamination ratio while increasing 

the conveyor length might be associated not only with the effects of the measure but also with a 

“dilution” effect simply due to the implemented numerical formalization. However, the choice to vary 

the length of the conveyors for artificially modeling the physical-distancing measure was made in order 

to maintain the same total number of workers across the different scenarios. Finally, the fact that the 

effects of the distancing measure were not clearly observed might also be due to an insufficient 
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variation amplitude between the tested lengths of the conveyors. In this paper, these lengths were 

computed at 11 and 20m, corresponding to about 1m and a little more than 2m between two workers 

in the simulated plant configuration, respectively. Increasing these hypothetical lengths to more than 

20m might not be appropriate or realistic for simulations, especially due to constraints on the 

dimensions of the plant, fixed at 21m x 26m, as shown in Figure 2, based on observations and 

investigations. All the constraints mentioned above might therefore explain the encountered 

difficulties in simulating and studying the effects of physical distancing on viral transmission. For 

further studies, it would also be interesting to simulate other workforce-management measures, such 

as placing barriers between workers. Such implementation is possible by adjusting the input 

parameters characterizing the spatial distribution of droplets emitted by infectious workers to nearby 

environments. 

In this paper, based on the different simulations performed, several indicators were estimated to 

describe the contamination of the workers (e.g. the cumulative number of infections after 42 days, 

infections peaks, and cluster-occurrence probability). Other indicators could also be calculated without 

having to repeat any simulations: one can cite, for example, the effective or initial transmission rate, 

widely used in the epidemiological study framework. The calculation of these rates was also carried 

out herein (results not shown). However, for some simulations, the estimations were not always 

numerically possible and could present considerable uncertainty ranges, leading to difficulties with 

comparison between scenarios. Unlike large-scale epidemiological studies in the literature (generally 

at population or meta-population scales), the number of infections observed in our illustrative 

simulations did not seem high enough to obtain plausible estimations of the transmission rates (fewer 

than 100 workers during a 42-day period). Wide uncertainty ranges associated with estimation of the 

transmission rates have been already identified in the literature, e.g. the study proposed by de Laval 

et al. (2022). Therefore, considering viral transmission in relatively small and closed environments such 

as food-processing plants could be interesting for scenarios with a greater population size or a longer 
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simulation period, although that might require additional methodological adaptations for the 

estimation step. 

Surface and food contamination by SARS-CoV-2 particles was presented in this paper using an 

equivalence of a contamination-threshold value fixed at 5 log10 of RNA copies per unit of surfaces 

(1m2). This level was set based on the expected limit of detection (LOD) for experiments on surfaces: 

Parker et al. (2020) estimated the LOD at 1,000 viral particles per 25cm2, corresponding to a limit of 

between 5 and 6 log10 particles per m2. In this paper, the model was implemented in a way whereby 

one can consider the contamination at different levels (from 3 to 9 log10 RNA copies) for any further 

potential adaptation purposes due to new LOD estimations. As for the contamination-threshold value 

discussed above, some other model parameters and assumptions were arbitrarily chosen for our 

illustrative scenario analysis, mainly due to the lack of data enabling plausible estimation for their 

values and the wide uncertainty ranges. One can cite, for example, the absence probability arbitrarily 

computed in this paper at more than 80% for the symptomatic workers. The ratio between the quantity 

of the RNA copies and the infectious viral concentration was set at 500 according to existing 

hypotheses used in other risk-assessment studies but could present wide uncertainty ranges (Miller et 

al., 2020; Pitol and Julian, 2021). It is worth noting that such parameters might have a large influence 

on the simulated outputs. Thus, it would be interesting to perform supplementary analyses by 

considering the uncertainty ranges of these parameters in order to identify their potential influence 

and to better refine the model.  

Although ABMs, as used in this study, provide the possibility to include several input data to get as 

close as possible to realistic conditions, simulations might require significant computing duration 

(several hours, days, etc., depending on the time step, periods, and number of simulations per 

scenario). Thus, parallel computing using an online server was necessary in this project to perform the 

simulation for the different considered scenarios as well as other preliminary tests and convergence 

analyses. These computing jobs were done in a way that meant every simulated characteristic for every 
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agent could be stored, thus enabling estimation a posteriori of the different contamination 

indicators/metrics of interest. Based on these obtained indicators summarizing the different scenarios, 

it would be interesting to implement a simplified empirical model focusing only on the indicators/input 

parameters of interest. Such a simplified model could represent a base for building a quick, ready-to-

use simulation tool that would be helpful as a communication-support tool for professionals in the 

food-processing sector. 

In this paper, we would like to illustrate our ABM approach for describing viral transmission in food-

processing plants with a focus on food and surface contamination. In view of the discussion, we are 

convinced that the developed workflow can open up multiple perspectives in terms of refining the 

model, adjusting model parameters, reuse in other user-defined scenarios, and comparing simulations 

with epidemiological data. Exhaustively exploring the simulated results could enable identification of 

other transmission factors, such as the co-occurrence of superspreading events and high peaks of 

surface or food contamination. Finally, for further studies, validating the model illustrated herein using 

epidemiological data could undoubtedly be of primary interest. Collecting these epidemiological data 

combined with available information concerning the investigated food-processing plants (production 

capacity, size, preventive measures, etc.) could be undertaken for model-validation purposes in the 

estimation of cluster-occurrence probabilities at regional or national scales. 
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Supplementary materials 

 All source codes for model implementation can be found in Github 

(github.com/ndmluong/sacada). 

 Supplementary materials – Figure S1: 

 

Figure S 1 – Distribution of the peak values of the observed epidemic curves (expressed as number of infected workers), 
depending on the mask wearing ratio and the physical distancing measure, for both simulations that presented more and 
fewer than 25 infections. Distribution of these peak values: the points correspond to the median, the bold lines correspond 
to the interquartile ranges, and the transparent lines correspond to the ranges between the 5% and 95% quantiles. The 
annotated values of n correspond to the number of simulations giving the cumulative number of infections of more or fewer 
than 25 infections after 42 days. The mask-wearing ratio was expressed at the proportion of the present worker wearing a 
surgical mask. The minimal (resp. maximal) distance between workers was computed at around 1m (resp. 2m) by computing 
the conveyors’ length at 11m (resp. 20m) in the simulated configuration. 

 Supplementary materials / Table S1 – Values of the model parameters used for scenario 

analysis
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Definition Unit Value References 

Food processing plant 
Spaces     

Main cutting room width x length x height m 26 x 21 x 5 User-defined input 

 air renewal rate m3/h 2400 Regulation 

 air flow rate m3/h 90000 Assumption 

Changing room width x length x height m 5 x 4 x 3 User-defined input 

 air renewal rate m3/h 90 User-defined input 

 air flow rate m3/h 90 User-defined input 

Restroom width x length x height m 2 x 2 x 2.5 User-defined input 

 air renewal rate m3/h 30 Assumption 

 air flow rate m3/h 30 Assumption 

Cooling area width x length x height m 5 x 5 x 3 User-defined input 

 air renewal rate m3/h 120 Assumption 

 air flow rate m3/h 500 Assumption 

Arrival gate width x length x height m 2 x 2 x 3 User-defined input 

 air renewal rate m3/h 30 Assumption 

 air flow rate m3/h 200 Assumption 

Waste area width x length x height m 2 x 3 x 3 User-defined input 

 air renewal rate m3/h 30 Assumption 

 air flow rate m3/h 200 Assumption 

Office width x length x height m 5 x 4 x 3 User-defined input 

 air renewal rate m3/h 120 Assumption 

 air flow rate m3/h 200 Assumption 

Objects 

Conveyor 1 length m 11; 14; 17; 20 Input (scenarios) 

 width m 1 User-defined input 

Conveyor 2 length m 11; 14; 17; 20 Input (scenarios) 

 width m 1 User-defined input 

Packaging equipment length x width m 1 User-defined input 

Workers 
Total number of workers  # workers 100 User-defined input 

Ratio of daily number of workers  ratio 1.25 French legislation 

Proportion of each type of workers cutter1 ratio 0.36 Mallet et al. (2021) 

 cutter2 ratio 0.47 Mallet et al. (2021) 
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 logistic1 ratio 0.04 Gunther et al. (2020) 

 logistic2 ratio 0.04 Mallet et al. (2021) 

 transverse1 ratio 0.045 Mallet et al. (2021) 

 transverse2 ratio 0.045 Mallet et al. (2021) 

Workers proportion in teams team A ratio 0.5 Assumption 

 team B ratio 0.5 Assumption 

Proportion of workers which change the team weekly ratio 0.05 Assumption 

Proportion of workers having community activities ratio 0.21 Mallet et al. (2021) 

Average number of workers per community # workers 5 Assumption 

Secondary attack rate (SAR) Unvaccinated – Original 

variant 

rate 0.17 Fung et al. (2021) 

Daily secondary attack rate Unvaccinated – Original 

variant 

rate 0.017 Estimated from SAR 

Mask type   surgical mask User-defined input 

Mask wearing ratio  ratio 0; 0.25; 0.5; 

0.8; 1 

Input (scenarios) 

Mask efficacy  ratio 0.9 Assumption 

Number of initial infected workers  # workers 1 User-defined input 

Regional prevalence  rate 100/100000 User-defined input 

Duration of the infection phases Latent phase day 3 Zhao et al. (2021) 

 Pre-symptomatic day 2 Byrne et al. (2020) 

 Symptomatic day 8 Byrne et al., (2020), van Kampen et al. 

(2021) 

 Asymptomatic day 8 Byrne et al. (2020) 

 Non-infectious - 

Symptomatic 

day 4 Byrne et al. (2020) 

 Non-infectious - 

Asymptomatic 

day 4 Byrne et al. (2020) 

Probability of symptoms development rate 0.335 Alene et al. (2021), Ma et al. (2021), Sah 

et al. (2021) 

Probability to be absent if symptomatic % 83 Arbitrarily set 

Duration of the absence period  day 10 Fixed by health authorities 

Air 
Droplet size classes (median size)  µm 0.8; 1.8; 3.5; 

5.5; 20; 100 

Buonnanno et al. (2020) 
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Droplet concentration through activities (for different size classes respectively) Breathing cm-3 0.084; 0.009; 

0.003; 0.002; 

0; 0 

Morawska et al. (2009), Kenedy et al. 

(2020) 

Voice counting cm-3 0.236; 0.068; 

0.007; 0.011; 

0; 0 

Morawska et al. (2009), Kenedy et al. 

(2020) 

Unmodulated cm-3 0.751; 0.139; 

0.139; 0.059; 

0; 0 

Morawska et al. (2009), Kenedy et al. 

(2020) 

Coughing cm-3 0; 0.025; 

0.145; 0.48; 

2.51; 6.65 

Duguid (1946) 

Sneezing cm-3 0; 13; 80; 

175; 230; 489 

Duguid (1946) 

Respiratory rate depending on working activities Resting m3/h 0.49 Adams (1993) 

Standing m3/h 0.54 Adams (1993) 

Light exercise m3/h 1.38 Adams (1993) 

Moderate exercise m3/h 2.35 Adams (1993) 

Heavy exercise m3/h 3.3 Adams (1993) 

Symptoms frequency Coughing (infectious) occurrence/

min 

0.003 Birrong et al. (2006) 

 Coughing 

(symptomatic) 

occurrence/

min 

0.783 Birrong et al. (2006) 

 Coughing 

(asymptomatic) 

occurrence/

min 

0.033 Birrong et al. (2006) 

 Sneezing (infectious) occurrence/

min 

0.002 Hansen and Mygind (2002) 

 Sneezing (symptomatic) occurrence/

min 

0.017 Musch et al. (2021) 

 Sneezing 

(asymptomatic) 

occurrence/

min 

0.08 Hansen and Mygind (2002) 

Droplets distribution from emission sources onto nearby locations (from the nearest 

to the farthest zones) 

same zone ratio 0.2 Estimation based on Li et al. (2021) 

adjacent zone 1 ratio 0.05 Estimation based on Li et al. (2021) 

adjacent zone 2 ratio 0.03 Estimation based on Li et al. (2021) 

adjacent zone 3 ratio 0.015 Estimation based on Li et al. (2021) 

Droplets distribution from emission sources to exposed nearby workers (from the 

nearest to the farthest zones) 

same zone ratio 1 Estimation based on Li et al. (2021) 

adjacent zone 1 ratio 0.11 Estimation based on Li et al. (2021) 
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adjacent zone 2 ratio 0.045 Estimation based on Li et al. (2021) 

adjacent zone 3 ratio 0.015 Estimation based on Li et al. (2021) 

Surfaces 
Proportion of the surfaces tiles exposed to droplets inert surfaces ratio 1/3 Assumption 

meat cuts ratio 2/3 Assumption 

number of exposed 

meat cuts 

# portions 10 Assumption 

Transfer rate from meat cuts to inert 

surfaces 

rate 0.99 Duret et al. (2017) 

from inert surfaces to 

meat cuts 

rate 0.28 Duret et al. (2017) 

Contamination threshold  # RNA 

copies 

5 log Miller et al. (2020), Pitol and Julian 

(2021) 

Meat cuts 
Type of meat   porcine User-defined input 

Worker rhythm (porcine) porcine - logistic1 carcasses/

min 

1 Expert knowledge 

porcine - cutter1 carcasses/

min 

0.2 Expert knowledge 

porcine - cutter2 carcasses/

min 

0.1 Expert knowledge 

porcine - logistic2 carcasses/

min 

0.5 Expert knowledge 

Raw carcass weight (porcine) porcine kg 75 Expert knowledge / Data 

Net weight ratio porcine ratio 0.59 Expert knowledge / Data 

Consumer sales unit  porcine kg 0.5 Assumption 
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Highlight 

 Mask-wearing reduces the contamination of surfaces and meat cuts by SARS-CoV-2 

 Production losses can be important if no COVID-19 preventive measures are taken 

 Mask-wearing has strong influence on COVID-19 cluster occurrence in food facilities 
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