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Because there is a rapidly emerging risk that essential supply chains could collapse
during the COVID-19 pandemic, new strategies are urgently needed by governments
to protect workers regardless of whether or not they have symptoms. We propose
a “stochastic �ltrate” of such workers to reduce the risk of physical interactions with
workers infected with SARS-CoV-2. Here, we suggest the random real-time-RT-PCR
test of SARS-CoV-2 as a �ltrating agent, although other moreuseful tests developed in
the future to detect SARS-CoV-2 could also be used instead. Such a focused strategy,
when combined with other preventive measures, could be successfully replicated in
many countries to reactivate the world's economy safely. Our stochastic �ltrate concept
includes a mathematical framework and conceptual model. The simulations of this
stochastic �ltrate process support its viability.

Keywords: epidemic control, stochastic �ltrate, stochasti c processes, complex systems, social physics, collective
phenomena, essential supply chains, COVID-19

INTRODUCTION

Real-time reverse transcription-polymerase chain reaction (RT-PCR) testing is a method
commonly employed in molecular biology laboratories. It is one of the most widely used laboratory
techniques for detecting the severe acute respiratory syndrome-related coronavirus 2 (SARS-
CoV-2). The highly contagious SARS-CoV-2 has resulted in theCOVID-19 pandemic, which
is a�ecting the economy in an unprecedented way, despite extensive e�orts to use real-time-
RT-PCR testing of SARS-CoV-2 to mitigate virus propagation [1]. A possible reason for this
failure is that many countries are only administering thesetests to patients presenting COVID-
19-like symptoms, or to those who were in close contact with such patients, disregarding the
asymptomatic SARS-CoV-2 infected population [2]. Given the essential nature of supply chains
in meeting society's needs, “focused” strategies of RT-PCRtesting should be implemented to
test workers needed to maintain those supply chains. Here we propose an approach, termed
“stochastic �ltrate” with a �ltrating agent, which could be employed to timely identify and isolate,
under quarantine, essential workers infected with SARS-CoV-2. We propose focused real-time-
RT-PCR-testing as an optimal �ltrating agent (though other future tests for early detection of
SARS-CoV-2 could also be employed). Our method takes advantage of the random nature of
stochastic processes, as in randomized controlled trials [3]. Such random sampling has been
found to be e�ective in providing a “quick count” in elections, in which a random sample
of polling places is used to identify the “winner” without having to count all the votes. In
other words, instead of waiting for the healthcare sector tocarry out extensive testing on the
whole population, tests would be given to workers employed in essential businesses using a
random-sampling based on the stochastic �ltrate. Because workers could be infectious several days
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before showing symptoms, it will be vital to apply the stochastic
�ltrate to all workers regardless of symptoms. Therefore, we
propose that our approach provides a strategy that governments
could employ to optimize and speed up testing to protect
workers in essential supply chains all over the world. In this
article, we present a mathematical framework and simulation
to demonstrate that the stochastic �ltrate of essential workers
could contribute to a safe and productive workforce during
the pandemic.

METHODS

Stochastic Filtrate
Brie�y, to de�ne the concept of “stochastic �ltrate,” we �rst de�ne
a “�ltrating agent.” It is an abstract mathematical-instrument that
removes (isolates) only one particular distinctive elementfrom a
set of Z elements:

Z D
RX

jD0

Wv
j C

FX

jD0

Wj (1)

Wv
j D Wj D 1 (2)

where, Wv
j are elements to be removed andWj represent

elements to be �ltrated (Figure 1). Here, R is the number of

FIGURE 1 | Scheme to explain the mathematical concept of the stochastic �ltrate. (A) Absence of �ltrating agent. (B) Complete �ltrating agent. (C) Stochastic �ltrate.
We can use the stochastic method illustrated in(C) to obtain the deterministic processes shown in(A,B). Additional explanation is in the text. The elements to be
removed are the “�ltride” and the elements to be �ltered are the“�ltrate”.

elements to be removed, and F is the number of elements to
be �ltrated (Z D R C F, is the total number of elements in
the set). Thus, the �ltrating agent can be compared with a
“sieve,” a device able to remove a distinctive component from
a set of elements. In chemistry, the removed element is called
the “�ltride,” whereas the �ltrated element is the “�ltrate”(as a
noun). In our de�nition of “stochastic �ltrate,” we use “�ltrate”
as a verb.

Speci�cally, we de�ne “stochastic �ltrate” as a process in
which a �lter of N non-�ltrating agents and M �ltrating agents,
randomly allocated, remove a particular number of distinctive
elementsWv

j in a set of size Z, while the rest of the elementsWv
j

and Wj from the set pass through such a �lter. The following
relationships combine the number of elements in the set and the
stochastic �lter:

Z � N C M (3)

RC F � N C M (4)

The stochastic �ltrate is a process related to a stochastic �ltrating
agent. For clarity, inFigure 1, we illustrate the �ltrating agent
with a sieve symbol, and the non-�ltrating agent with white
circles, whereas each �ltrating instrument is depicted by a vertical
gray rectangle.
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There are three types of possible �lters, depending on values
N and M:

1. When ND Z and M D 0, we obtain a �lter with the “absence
of a �ltrating agent.” In this case, there is no �ltering process,
and the distinct elements (�ltrides) remain mixed without
separation from the original set (Figure 1A).

2. When ND 0 and MD Z, we obtain a �lter with a “complete
�ltrating agent.” In this case, there is a separation of all
distinctive elements (�ltrides) from the set in a single trial
(Figure 1B).

3. When N6D0 and M6D0, we obtain a �lter with a “stochastic
�ltrating agent” (stochastic �ltrate). In this case, M �ltrating
agents randomly remove one or several distinctive elements
(�ltrides) from the set. We de�ne M as the “random sampling
size” (RSS) of our stochastic �ltrate. For instance, if the
random sample size is two, then up to two elements from the
set can be randomly separated (Figure 1C). A characteristic
of this stochastic �ltrate is that it requires several trials to
remove all distinctive elements from the set. The number of
trials needed for the complete extinction of unique elements
is inversely proportional to M. Moreover, when MD 0, the
number of trials needed for complete removal is inde�nite.
Additionally, when M is equal to the number of elements
in the set, then the number of trials necessary for complete
disappearance is one.

Note that the abovementioned stochastic �ltrate in the thirdtype
of �lter is a general class of �ltering that reproduces the �rst
and second types of �lters, depending on the value of parameter
RSS. Thus, it is interesting that these twodeterministic�lters
derive from astochasticone, with the level of uncertainty in
the stochastic �ltrate being a function of RSS. Furthermore,if
we set RSS to the “random sampling size” M for the stochastic
�ltrate, then:

RSSD M (5)

RSS�
RX

jD0

Wv
j C

FX

jD0

Wj � N (6)

To our knowledge, this is the �rst time that this formalism
and method of “stochastic �ltrate” is introduced. In the next
section, we will explain how to employ this approach, as a strategy
to opportunely identify and isolate, under quarantine, essential
workers infected with SARS-CoV-2. For such a purpose, we will
suggest the use of the focused real-time-RT-PCR-testing asa
�ltrating agent.

RESULTS

Stochastic Filtrate of Workers From an
Essential Company
We adapted the general conceptual framework illustrated in
Figure 1, to SARS-CoV-2-infected and non-infected workers (see
Figure 2). Figure 2A shows the scenario in which a focused
�ltrating agent is lacking for workers from a particular company.
Such a scenario is similar to the current world situation of
unfocused usage of real-time RT-PCR testing, as these testsare

performed only on patients with COVID-19 symptoms, or those
persons who were in close contact with such patients. Current
testing is not focused on the population sector without COVID-
19 symptoms, including essential supply chain workers.

The scheme inFigure 2A illustrates �ve consecutive vertical
rectangles with white circles, each depicting a lack of �ltrating
agents. The space around the vertical boxes represents the
scenario of contagion between workers each successive day (see
numbers) after they come into the company. Note that an
infection occurred on day 2 resulting from the close interaction
between workers on day 1 (see the new orange circle). On day
3, another contagion occurred and there was the addition of
another infected worker outside the company (orange circle
highlighted with a ring). Note that in this scenario, there is a
collapse of the company on day 4.

In contrast, with the use of a complete �ltrating agent from
days 1 to 5 (i.e., periodic testing using focused real-time-RT-
PCR for all workers; seeFigure 2B), the contagion is controlled
inside the company, and the workforce is not a�ected. Although
this approach is intuitive, it could be unpractical and expensive
for companies with thousands of workers. However, there is
a more feasible approach, as illustrated inFigure 2C. With
this approach, the �ltrating agent (real-time-RT-PCR test) is
adequate to mitigate the contagion and maintain the workforce,
as expected from the theory of “stochastic �ltrate.” In this
last scenario, the number of real-time-RT-PCR tests (i.e.,RSS)
could be empirically adjusted depending on the number of
workers. This would save money and the human resources
needed to perform such focused and periodical tests. Note that
the e�ectiveness of the strategy described inFigure 2Cis between
that of the procedures depicted inFigures 2A,B.

It is clear that the �ltrating agent randomly changes its
position across trials, from days 1 to 5 (see vertical rectangles
with circles, and the horizontal yellow line inFigure 2C).
When the �ltrating agent detects an infected worker (an
orange circle), then it “sieves” such an infected worker from
the rest of the workers and isolates it under quarantine
(horizontal blue lines). The “sieve” (i.e., the �ltrating agent)
changes its position in each trial according to a stochastic
process. In this way, there is a chance that in repeated
tests, any infected worker could be identi�ed and timely
separated. Note that the �ltrating agent does not separate
non-infected workers (black circles), who continue working
in the company installations. In this example, there are three
workers who are infected, but two others continue working
(workforce), maintaining the company economically active.
This is an advantage compared with the scenario illustrated
in Figure 2A, in which all workers quickly become infected,
possibly leading to the company's collapse. After quarantine,
all workers could return to the company, with the exception
of those with potential long-term health problems associated
with COVID-19.

It is clear that the cases shown inFigures 2B,C, the complete
and the stochastic �ltrate, respectively, were useful in avoiding
the company's collapse, allowing a safe economic reactivation
maintained by non-infected workers. The model introduced in
Figure 2 could be generalized to any number of workers and
random-sampling size across trials.
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FIGURE 2 | Strategies with real-time-RT-PCR as a �ltrating agent, including the stochastic �ltrate. (A) There is no �ltration process when a �ltrating agent is absent.
(B) The �ltrate is highly effective when there is a complete �ltrating agent (real-time-RT-PCR testing for all workers).(C) The case of the stochastic �ltrate. Here the
infected workers are the “�ltride,” and the non-infected workers are the “�ltrate.” Note that (C) is similar toFigure 1C , but for infection between workers. The blue line
indicates that an infected worker is in quarantine. The �ltrating agent randomly selects subjects (see vertical rectangles containing white circles and sieve circles). For
this example, the random sampling size (RSS, number of �ltrating agents) is two in a population of �ve complete �ltrating agents (i.e., RSSD 40%). Interestingly, when
the RSS is equal to the number of complete �ltrating agents (100%), then we obtain the scenario illustrated in(B). However, when the RSS is zero %, we get the
situation depicted in(A). Thus, our method shown in(C) reproduces the three scenarios. RSS is expressed as percentage of the total number of �ltrating agents; i.e.,
when the �lter is in the “complete �ltrating agent” condition (N D 0 and M D Z, see Methods).
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Conceptual Model of a Stochastic Process
To validate the proposal that stochastic �ltrate is useful in
mitigating COVID-19 contagion, we developed a conceptual
model of a stochastic process for risky physical interactions
between workers in the three scenarios explained inFigure 2.
We hypothesize that asymptomatic workers carrying the virus
“v” can be timely identi�ed and isolated in focused tests with
the complete �ltrating agent and stochastic �ltrate with real-time-
RT-PCR testing.

Brie�y, our conceptual model consists of two compartments
in Cartesian space: “company” and “street.” We also included a
restrictive criterion for entering the company (i.e., when aworker
tests positive). With these assumptions, we generated the three
scenarios mentioned above for a random walk of infected and
non-infected workers:

Wv
j (xv,yv, t), j D 1,: : : , R (7)

Wj (x,y, t), j D 1,: : : , F (8)

These are matricial representations for worker “j” as a function
of Cartesian coordinates “xy” and time “t,” where the superscript
“v” indicates a “j” worker infected with the virus SARS-CoV-2.
Here R is the number of workers put under quarantine and F is
the number of non-infected workers to be �ltrated and allowed
to work at the company building.

We generated a stochastic process by assigning random
numbers to thexy coordinates. Then we obtained random walk-
like trajectories for each subject, with the possibility of emulating
a more realistic walking behavior using �lters to smooth such
paths. We included the option of persons walking on the street
infected with SARS-CoV-2, who are represented by:

Pv
j (xv,yv, t), j D 1,: : : , C (9)

We assumed that some “C” citizens could potentially infect
workers in the street. To simplify, we de�ned a risky interaction
of non-infected workers with infected workers and persons
walking on the road as the case when the �rst crossing between
trajectories occurs in proximity, and one of the workers carries
the SARS-CoV-2.

�
xv,yv, t

�
�

�
x,y, t

�
D �� (10)

Here,�� is a proximity value of social distancing. We employed
trajectory crossings to estimate the incidence of infectedworkers
in the three scenarios. We also considered that the trajectory
crossing represents infection with a determined probability. This
last point is necessary because not all persons who are walking in
proximity will be infected; it will depend on various preventive
measures (see Discussion section).

Furthermore, RSS is the number of real-time-RT-PCR tests
performed during the stochastic �ltrate of workers from a

particular company, where:

RSSD # of 00Real_Time_RT_PCR_test00 (11)

RSS�
RX

jD0

Wv
j

�
xv,yv, t

�
C

FX

jD0

Wj
�
x,y, t

�
� N (12)

N D # of workers� RSS (13)

Workforce.D/ D
DX

dayD1

[
FX

jD0

Wj
�
x,y, t

�
]day (14)

Here the workforce is de�ned as the number of non-infected
workers to testing day D, who are still working after the successive
stochastic �ltrate. In our model, RSS can be expressed as the
percentage of the total number of �ltrating agents; i.e., when the
�lter is in the “complete �ltrating agent” condition (ND 0 and M
D Z, see Methods).

Python Simulation
To illustrate the viability of the conceptual model, we employed
Python to simulate the three scenarios with a di�erent number
of workers (infected and non-infected) and infected-persons
walking on the street. The software can emulate the number
of workers in companies around the world. The simulation
was based on the mathematical framework and conceptual
model described in the previous section.Figures 3A–Cshow
representative elements of the simulation. Black traces represent
the random walk of non-infected workers, and orange and red
marks indicate the random walk of infected workers and persons
walking on the street, respectively. The green circles indicate
the Cartesian coordinates of the occurrence of a contagion,and
blue rectangles show those infected workers in quarantine after
a positive result of a real-time-RT-PCR test. As an example,
Figures 3D–Fshow simulated trajectories for ZD 49 workers
on a working day. The initial conditions are 48 workers not
infected (F D 48), one worker infected (RD 1), and one infected
person (C D 1) walking on the street. This means that for these
simulations, we used the following set of parameters and initial
conditions: ZD 49,F D 48,RD 1, andC D 1. In Figures 3D–F,
we also considered a random sampling size (RSS)D 40%. In
the computer simulation RSS was expressed as a percentage
of the total number of �ltrating agents, i.e., when the �lter
is in the “complete �ltrating agent” condition (ND 0 and M
D Z, see Methods). We also included that the probability of
contagion by proximity isD 20% inside and outside the company.
In the previous section, we de�ned the parameters: F, R, C,
and RSS.

To analyze our proposed concept in more detail, we ran
the simulation 15 times to compute the infection incidence for
15 di�erent companies with ZD 49 workers. We assigned an
RSSD 40% for ten companies and RSSD 75% for another
�ve companies. Then we calculated the cumulative number of
cases of infected workers with SARS-CoV-2 for these companies.
We obtained a graph of the grand average for the cumulative
number of cases (expressed as a percentage of the total number
of workers) in the three scenarios for 5 days (Figure 4A). Such
a graph shows that the number of infected workers in the �rst
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FIGURE 3 | Simulated strategies with real-time-RT-PCR as a �ltrating agent. (A–C) Scheme of trajectories for two workers, one infected and another non-infected,
and for one infected-person walking on the street.(D–F) The same as(A–C), but for superimposed trajectories of 48 non-infected workers and one infected worker
as initial conditions. In this case, there is also one infected-person walking on the street (more explanations in the text). Note that each approach yields different
scenarios, with more contagions (orange circles) in situation (D) than in scenarios(E,F). In the Supplementary Material , we included two movies and the Python
code with detailed explanations (for purposes of reproducing or extending the analysis). The �rst movie simulates in sequence the three scenarios during 5 working
days in real time:(D) Absence of a �ltrating agent with RSSD 0%, (E) Complete �ltrating agent RSSD 100%, and (F) Stochastic �ltrating agent, where RSSD 40%.
The second movie is similar to(D–F), but for RSSD 75%. RSS is expressed as percentage of the total number of �ltrating agents; i.e., when the �lter is in the
“complete �ltrating agent” condition (seeFigure 2 ).

scenario was signi�cantly higher than the number of infected
workers in the second and third scenarios. We also calculated the
level of uncertainty (95% con�dence intervals) in our simulation,

utilizing the percentage of infected workers at the end of 5
days vs. four di�erent RSS values (Figure 4B). This graph shows
that at intermediate levels of RSS, there is an intermediate
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FIGURE 4 | Cumulative mean number of cases of infected workers in the
three scenarios: absence of a �ltrating agent, complete �ltrating, and
stochastic �ltrate. Quantitative results from the Python simulation for 15
different companies.(A) Superimposed graphs show the number of infected
workers (as a percentage of the total number of workers) in the absence of a
�ltrating agent, complete �ltrating, and stochastic �ltrate. Note the effectivity of
the stochastic �ltrate of workers compared with the lack of a �ltrating agent.
Gray lines indicate the standard error of the mean. In the realsituation, the
time between “working days” could be de�ned empirically. These are
simulated strategies with real-time-RT-PCR as a �ltrating agent, but other
�ltrate agents detecting SARS-CoV-2 could be employed.(B) Number of
infected workers (as a percentage of the total number of workers) vs. random
sampling size (RSS in %) employed to generate the three scenarios in the
Python simulation. Note that the number of infected workersis inversely
proportional to RSS. The graph also shows that the stochastic process is
between two deterministic situations: “absence of a �ltrateagent” and
“complete �ltrate agent,” with an uncertainty range to quantify the number of
infected workers for intermediate values of RSS (with 95% con�dence
intervals, dashed lines). Vertical bars represent the standard error.

uncertainty-level to calculate the number of infected workers.
The graph inFigure 4B also illustrates a signi�cant tendency
with a low number of infected workers for high values of RSS.

Finally, we de�ned the workforce as the number of non-infected
workers, and we obtained the graph of the workforce vs. the
number of working days (Figure 5A). In a real context, the
periodicity of such “working days” could be de�ned empirically
(see Discussion section). Note that the workforce is 100% for the
ideal case of a complete �ltrating agent and no contagion from
outside the company. This result indicates that both the complete
�ltrating agent and the stochastic �ltrate strategies could help
to maintain an active workforce in essential companies. We
also found that the mean workforce for the three scenarios
was: Absence of a Filtrating AgentD 3.0 � 0.6%, Complete
Filtrating Agent D 74.8 � 6.7%, Stochastic FiltrateD 32.4 �
5.6% for RSSD 40% and Stochastic FiltrateD 50.4� 9% for
RSSD 75% (Mean� SE). Figure 5B shows this workforce
vs. RSS.

The results clearly illustrate how the stochastic �ltrate
strategy could be useful for mitigating the risk of COVID-19
infection in simulated data, thus supporting our proposal. In
theSupplementary Material, we included the source code of the
simulation software and two movies illustrating the computer
simulation in operation.

DISCUSSION

Here, we introduced for the �rst time the concept of “stochastic
�ltrate,” in which a mathematical instrument of non-�ltrating
and �ltrating agents, randomly allocated, removes a particular
number of distinctive elements in a set. In contrast, the rest
of the items from the collection pass through such a �lter.
We de�ned “�ltrating agent” as an abstract mathematical-
instrument that isolates only one particular distinctive element
from a group. We extended this mathematical framework to
show in a model that the stochastic �ltrate of workers could
be employed to mitigate SARS-CoV-2 propagation in essential
supply chains. For this purpose, we used focused real-time-
RT-PCR-testing as an optimal �ltrating agent, although other
more e�ective tests or procedures developed in the future
could be implemented instead. We compared three scenarios:
“absence of a �ltrating agent,” “complete �ltrating agent,” and
“stochastic �ltrate.” The �rst scenario represented the caseof
“unfocused,” RT-PCR testing to any person in a country, but
not speci�cally targeting workers of essential companies. The
second scenario illustrated the case of focused RT-PCR testing
for all workers at an essential company. Finally, the third
scenario involved random focused-RT-PCR testing. Our results
support the hypothesis, and thus our proposed concept that
both the “complete �ltrating agent” and “stochastic �ltrate”could
be useful to mitigate the risk of SARS-CoV-2 contagion in
simulated data.

Advantages of the Stochastic Filtrate
An advantage of our concept is that it does not require
the RT-PCR testing, and it could be implemented with other
clinically approved tests for SARS-CoV-2 that will be available
after this publication. Another advantage is that governments,
companies, and citizens would most certainly bene�t from this
concept, given the current emergency and the long time before
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FIGURE 5 | Cumulative mean number of cases of non-infected workers
(“workforce”) in the three scenarios: absence of a �ltratingagent, complete
�ltrating, and stochastic �ltrate. (A) The same as inFigure 4 , but for the
workforce (as a percentage of the total number of workers).(B) Workforce vs.
random sampling size (RSS in %) employed to generate the three scenarios in
the Python simulation. Note that a higher RSS ensures a higher workforce
(with 95% con�dence intervals, dashed lines). Vertical barsrepresent the
standard error. The graph also shows that the stochastic process is between
two deterministic situations: “absence of a �ltrate agent” and “complete �ltrate
agent.” The �ltrate agent could be the real-time-RT-PCR.

a vaccine for COVID-19 is available [4]. Another advantage
is the random nature of the sampling, necessitating only a
few RT-PCR assays per day (depending on the RSS). Such
a strategy is economically convenient, given that supplies
for RT-PCR analyses are scarce and overpriced in some
countries. Therefore, it would be ideal if governments could
freely provide, as a human right, this type of periodic test
to workers involved in essential supply chains during the

COVID-19 pandemic. Then, the proposed strategy of random
focused-RT-PCR testing, when combined with other preventive
measures against COVID-19 [5–7] and future vaccines, could
be successfully implemented. Some additional precautionary
measures are frequent handwashing, the combined use of
medical face shields and masks [8], social distancing, body
temperature sensors, and targeted isolation [9]. Because many
experts warn that SARS-CoV-2 spreads through the air in
respiratory aerosols (see references in the last paragraph
of this section), then air-conditioning systems should be
temporarily shut down and replaced by natural ventilation
through open windows and doors. Another logical preventive
measure is the implementation of monitoring stations outside
the company doors to detect a quick response (QR) code for
every worker.

Such a QR code could contain timely information about the
results of RT-PCR testing of each worker, as well as of their
possible risky physical interactions with others within company
installations. You Only Look Once (YOLO) based human action
recognition and localization software [10] combined with a
QR code, for instance, could be employed to analyze walking
trajectories. Alternative technologies are available from many
private companies and universities, such as social distancing
software [11] with contact data tracing and a variety of
monitoring devices to mitigate the COVID-19 pandemic.
Recently entries to the market include wearable badge holders
based on proximity sensors with an alarm and contact tracing
with mapping software to be used inside the workplace [12].
Also, there has been a proposal to employ prediction methods
to forecast the number of COVID-19 cases, which could
be useful to government decision-making on the measures
to impose [13, 14]. All of these new technological devices
and prevention methods could be implemented together with
the stochastic �ltrate for essential worker populations. We
hypothesize that the combined and rigorous implementation
of such measures could keep the number of infected workers
low in order to maintain a highly productive workforce, as
illustrated by the horizontal dashed lines inFigures 4A, 5A.
Another signi�cant advantage of our method is that it could allow
us to choose, as a �ltrating agent, another simpler and quicker
testing-technique in the future to detect SARS-CoV-2 with the
best precision.

Limitations of the Stochastic Filtering With
a Filtrating Agent
The �rst limitation of our proposal is that empirical research is
needed to determine the number of days between the working
days illustrated inFigures 4, 5. A possibility could be to employ
a 10-4 cyclic strategy, i.e., a cyclic schedule of a 4-day work
period and 10-day lockdown, or similar variants, as suggested
in recent models [7]. Another limitation is that some workers
will not agree to the privacy and data protection policy necessary
for QR information, or the complementary use of wearable
proximity sensors and video surveillance in o�ces and other
workplace environments. The contributions of psychologists
and social scientists would be very helpful in addressing these
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challenges. Governments could also assist by fostering empathy
campaigns during the “new reality” in the COVID-19 pandemic.
Another concerning limitation is that some governments may
disregard the proposal described here due to political issues or
con�icts of interest with the selective distribution of funds to
protect essential workers with random focused-RT-PCR testing.
However, it would be crucial to highlight that the proportion of
resources necessary for such tests would be only a small part of
the total funds used for all citizens. This means that the useof
random focused-RT-PCR assays for the rest of the population
would still be available.

Accuracy of the �ltrating agent (real-time-RT-PCR test) is
another relevant issue of concern. False-negative cases could
a�ect the valuable utility of RT-PCR assays to correctly identify
and isolate infected workers. There is evidence that 29% of
patients infected with SARS-CoV-2 could receive an initial RT-
PCR false-negative result [15]. Therefore, such �ndings reinforce
the need for repeated testing in persons with suspicion of
SARS-CoV-2 [16]. Another alternative is the combined use of
other types of available tests to detect SARS-CoV-2, or IgM
antibodies against the virus, thus raising the quality of diagnostic
accuracy. Importantly, correct sampling procedures with high-
quality extraction of viral RNA and the real-time RT-PCR kit
performed by experts in biomolecular assays could also improve
the e�ciency and reduce inaccurate results [16].

Simulation Limitations, Advantages, and
Challenges
A limitation of our Python simulation is that it is simple, dueto
the use of only two compartments and one restriction parameter.
However, simplicity in simulation also o�ers advantages. For
example, simple simulations are easy to understand, and they
motivate more sophisticated uses. Nevertheless, other simulation
studies of our conceptual model and method could include
more compartments of di�erent sizes within the company
boundaries, a di�erent number of workers in di�erent working
spaces, and more detailed probabilities of incorrect use of
masks or incomplete handwashing, quanti�ed by YOLO-
like approaches. Other more sophisticated parameters could
include decision making in emulated workers via arti�cial
intelligence procedures, big data strategies, and 3D avatar-
based representations. In this form, walking trajectories and
physical interactions among several emulated workers may be
more realistic. Inclusion of “decision making” with avatars,
based on social networks with positive and negative prevention
information, could also be useful to quantify a more realistic
epidemic propagation [17]. It would also be interesting to
extend our simulation by using epidemiologic models of two-
layer multiplex networks, where the upper layer represents
the awareness di�usion regarding epidemics, and the lower
layer expresses the epidemic propagation [18]. On the other
hand, future simulations should consider preventive measures
to eliminate respiratory aerosols with SARS-CoV-2, a form of
virulent particulate matter (PM) 2.5 in the air [19]. The computer
simulation of these respiratory aerosols is relevant, giventhat

essential workers very often share close spaces. It would be
convenient to simulate far-UVC light [20] and electrostatic
precipitators [21, 22] to eliminate SARS-CoV-2 in virulent PM
2.5 to control the air quality in such spaces. This new realistic
computer simulation could help to capture real-world situations
and thus examine more e�ective measures to prevent and
control infectious spreading among essential workers during the
COVID-19 pandemic.

CONCLUSION

The stochastic �ltrate of essential workers could undoubtedly
contribute to protect and e�ciently improve each country's
economy during the di�erent stages of the “new reality” in the
COVID-19 pandemic.
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simulated action after 4 s. The �rst �ve trials reproduce scenarios as illustrated in
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Figure 3E . The last �ve trials reproduce a scene as illustrated inFigure 3F . Green
symbols indicate the moment of occurrence of new infectionsand orange circles
represent the infected workers. The blue rectangles represent the infected
workers in quarantine. We considered the same parameters mentioned in the
Results section.

Supplementary Video 2 | Video 2.MP4. Movie of the Python simulation for RSS
D 75%. Note that the stochastic �ltrating agent could be most ef�cient for RSS D
75% than for RSSD 40%.

Simulation Code | SimulationCode-40percentRSS.py (to reproduce random
scenarios similar to those illustrated in Video 1.MP4) (Here we used porTestD 40
in the main Python code).
SimulationCode-75percentRSS.py (to reproduce random scenarios similar to
those illustrated in Video 2.MP4) (Here we used porTestD 75 in the main
Python code). actors.py positions.py. The code is in the Data Sheet 1.ZIP �le and
is open to any researcher for purposes of reproducing or extending
the analysis.
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