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Abstract: We measured the indoor CO, concentration in occupied areas with
ventilation systems that recirculate air without an external air supply. The
average time required to achieve the highest probability of contagion was
also measured based on the number of participants in the group. Three
different experimental groups were evaluated: Group One (G1), which
included 5 participants; Group Two (G2), with 10 participants; and Group
Three (G3), with 15 participants. Before the measurements, the CO;
concentration was measured to be homogeneous and its sampled value was
given by the difference between the indoor and outdoor CO, measurements
(>5000 ppm or 0.5% CO: in air) averaged over an 8-h work day Time-
Weighted Average (TWA.). G1 and G3 group participants performed low-
intensity daily office activities, such as reading and talking. In contrast,
Group Two (G2) was asked to perform moderate intensity activities, such
as frequently lifting 10 kg items and walking quickly. The CO, concentration
was measured with two instruments to compare the outdoor and indoor

measurements. Both devices were configured to take one reading every
second for 30 min. A mathematical model was developed from the CO;
concentrations measured, the group size, and the retention factor of the mask
being worn to determine the probability of inhaled air contaminated with an
aerosol of SARS-CoV-2. We concluded that the likelihood of contagion in
enclosed areas such as study areas, offices, and meeting rooms, among
others, which use ventilation without a circulation of fresh air, is high.
Despite proper distancing and masking, there is a 99% chance of contagion
in one of the modeled extreme case scenarios in less than 10 min of exposure.
The study took place in Albrook, Republic of Panama, which is a tropical
developing coastal geographic location where split air conditioning units are
widely used and, like many other countries in Latin America, where indoor
air quality has only recently started being discussed publicly and enforced.

Keywords: Air Quality Monitoring, CO, Concentration, Instrument
Accuracy, Pathogens, Environmental Monitoring, Ventilation, Mathematical
Model, COVID-19

(Wardhani and Susan 2021) SARS-CoV-2 virus
transmission through respiratory aerosols has been
established, by now, as one of the main contagion routes
during the pandemic (Watson et al., 2022) Space
occupancy, duration of exposure, mask use, aerosol

Introduction

The COVID-19 pandemic has emphasized the
importance of air quality and its impact on viral
prevalence in the environment and human health
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generating actions (e.g., cough, sneeze, vocalization,
laughter, breathing), ventilation (or lack thereof) and
other factors can all affect the likelihood of indoor
transmission by modulating the amount of infectious
"doses" generated by infected individuals in a space, that can
then infect other susceptible individuals (Morawska and
Cao, 2020; Morawska et al., 2009) Public buy-in to
comply with interventions focusing on these variables is a
big hurdle in the third year of the pandemic, partly due to
lower mortality rates and many severe cases attributed to
vaccinations and the  beforementioned indoor
transmission-limiting interventions (Watson et al., 2022).
Thus, studies that can help visualize the air quality in
terms of the probability of COVID-19 transmission could
greatly inform the population and help maintain low
infection rates even during routine indoor activities.

For decades, carbon dioxide measurements have been
used to quantify airflow and zonal mixing in buildings and
inform the design of HVAC systems (Fisk, 2000;
Seppanen et al., 1999). Since O sensors are affordable,
they have been used as a natural data source for indoor air
quality, considering that CO; levels in indoor
environments have been linked to harmful health in
general (Satish et al., 2012). This includes using CO
levels as a biomarker for the probability of indoor airborne
viral contagion (Rudnick and Milton, 2003). CO- levelsin
offices (Milton et al., 2000; Seppénen et al., 1999) can be
directly proportional to illness-related absenteeism. Direct
relationships between CO; levels and airborne bacteria
concentrations have also been discovered (Li et al.,
2007). A link between outdoor air exchange rates and
dorm respiratory illnesses has also been reported (Sun et al.,
2011). Despite the overwhelming evidence of such
correlations and numerous economic analyses highlighting
the negative societal consequences of bad air quality
(Fisk, 2000; Milton et al., 2000) the use of CO, monitors
to make quantitative assessments of the risk of indoor
disease transmission is a relatively new concept (Li et al.,
2007), especially in developing countries.

The United States (U.S.) Environmental Protection
Agency (EPA) specifies that the concentration of CO; in
enclosed spaces can be 10-100 times greater than in
outdoor or open spaces (OSHA, 2001). This becomes
relevant because the urban population, representing more
than 85% of the total population in a country like the U.S.,
invests between 80 and 90% of their time in enclosed
environments (Parker et al., 2018). Hence, the analysis of
indoor CO, concentrations as an air quality indicator
seems considerably relevant in these pandemic times.
Therefore, modeling CO- as an indicator for SARS-CoV-2
virus transmission and other respiratory diseases (Peng and
Jimenez, 2021) is of great interest to the general public.
Particular attention should be given to retirement homes,
libraries, meeting rooms, classrooms, offices, and other
places where high levels of CO; are generated and require
good air quality (Salud, 2020). Air conditioning, heating,
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and ventilation systems can become hotspots for SARS-
CoV-2 transmission, depending on how (or if) these
systems exchange, sterilize or recirculate air in the room
where they are installed (ASHRAE, 2019). A
comparative study was recently published between
aerosols containing SARS-CoV-2 and SARS-CoV-1
and their surface stability (Schéne-Seifert and Van Aken
2020). It determined decay rates on different surfaces or
environments. Among the evaluated spaces (e.g.,
aerosols, stainless steel, plastic, copper, and cardboard),
more excellent stability of SARS-CoV-2 was detected on
plastic and stainless steel. The virus remained viable even
72 h after being deposited on the surface. In the case of
aerosols, the study showed that the SARS-CoV-2 virus
could be infectious up to 3 h later, with a high
probability of causing health effects. Thus, the
presence of SARS-CoV-2 in aerosols leads to the most
significant risk of spreading the virus to multiple
people, with poorly ventilated indoor spaces presenting
the highest risk compared to well-ventilated indoor
areas or outdoors. Proper ventilation of indoor spaces
largely depends on the design of the building and the type
of wventilation used: Natural ventilation or forced
ventilation employing ventilation/air conditioning systems
(Atkinson, 2009; Shahzad et al., 2021; Bocharov et al., 2018;
Peter et al., 2021; Ivorra et al., 2020; Pinto Neto et al., 2021;
Ali et al., 2021; Adak et al., 2021). Most countries in
Latin America, in general, and Panama does not strictly
enforce indoor air quality guidelines and regulations,
and only in the last 5-0 years has the topic received
more attention (Moreno-Rangel et al., 2021).

This study proposes a distribution model for the
probability of contagion by COVID-19 based on the type
of mask, number of people, growth rate of indoor CO;and
time. The study occurred in Panama City, Republic of
Panama, a tropical developing coastal country with
mostly lowlands (89%). During the day, the average
temperature is 30° degrees with an average relative
humidity of 80% (Corella et al., 2021).

Materials and Methods

The CO. concentration was measured in spaces
occupied by three different groups. All participants were
of legal age, exercising their routine office functions.
Group One (G1) had five people, Group Two (G2) had 10
people, and group three (G3) had 15 people. The groups
worked in offices of 24.8 (4x3.1x2 m), 49.2 (4x6.2x2 m),
and 75.92 m® (5.2x7.3x2 m), respectively. The density of
people per square meter was the same. G1 and G3
participants were asked to perform low-intensity daily
office activities like reading and talking. In contrast, G2
participants were asked to perform high-intensity
activities, such as frequently lifting 10 kg and walking
quickly for 5 min.
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All offices had a split air conditioning unit that
recirculated air and did not have access to a fresh air
source (i.e., no central ventilation). The study collected
CO; measurements during a 30 min window, with a
sampling rate of 2 min and independently repeated every
two days for two months. The measurements started being
collected 10 min after the rooms were occupied by the
designated number of participants and repeated for each
group under the same conditions.

Two instruments were used to measure CO;
concentrations: A HOBO data logger MX1102 and an
L211-D04508, each with an accuracy of +/-50 ppm.

Theory

The categorization of indoor air quality, according to
the Department of environmental health of Spain (Salud,
2020) is given by the following Eq. (1):

[c0.], ~[cO,],, <500ppm @

where, [CO;] is the concentration of CO; in parts per
million inside an enclosure and [CO2]ex the outdoor CO,
concentration in parts per million. A risk model for
airborne contagion was used based on the Wells-Ridley
model, as shown in Eq. (2):

where, p is the probability that the virus will infect a
person in an hour, I is the number of infectious sources in
the enclosure, t is the time of exposure to the pathogen in
hours, q is the infectious dose, f is the fraction of indoor
air that is exhaled or expelled, n is the number of people
exposed and R is the fraction of particles in the air that
do not venture into the airways. The distribution of the
infectious and contagious particles in the air is assumed
to have a Poisson distribution, with f being the fraction
of the air exhaled, which is defined by Eq. (3):
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_[co,-[co]

oL, “

exh

[CO2]exn is the fraction of the exhaled air. Note that all
parameters in (Egs. 2-3) are measurable. The equation
focuses on the transportation of viral load and the
likelihood of it being inhaled regardless of whether it may
or may not infect the person. The level of immunization
of the population affects the rate of infection. Peng and
Jimenez (2021) consider the level of immunity of the
people, the average concentration of the virus in real-time,
the average breathing of a susceptible adult, and the
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virus's loss rate, variables considered negligible at the
time of this research (Peng and Jimenez 2021).

Equation (2) also considers particle retention capacity
in masks. Asadi et al. (2020) analyzed the retention
capacity of particles 0.3-0.5 pm in diameter while
breathing, speaking, and coughing. For KN95 masks, a
retention factor of approximately 79.5% was presented:;
however, this value is affected if the leakage phenomenon
in the mask seal is considered, which is between 5 and 20%
Patel et al., (2016). In the case of our study, we considered
an average leak of 12.5%, where smaller particles can enter
the airways. Thus, in (Eg. 2), the R parameter using the above
considerations was estimated to be R = 79.5%-12.5% = 67%,
representing an intermediate risk. For a low risk, R = 79.5-5
=74.5 and for a high risk, R = 79.5%-20% = 59.5%.

Results

Data corresponding to the infectious dose (q) were
considered from the contributions made by other studies,
including that the contagious amount tends to be
distributed randomly in the air in confined spaces and
each room within the enclosure would have the same
probability of containing the pathogen; thus, the
infectious dose is constant in the enclosure (Lai and
Cheng, 2007). There is currently no way to determine
the infectious amount of SARS-CoV-2 as the causative
agent of COVID-19. Still, studies indicate that the form
of transmission will be comparable to other coronaviruses
(Doremalen et al., 2020). Table 1 presents data from other
studies that were used for our calculations.

The other parameters necessary for the calculations in
the mathematical model were obtained through field
evaluations, using instruments for measuring the CO;
concentration both indoors and outdoors. The averaged
results of the measurements given by the measurement
instruments were recorded for each test time for 30 min,
as shown in Table 2. The CO, measurements for the three
groups evaluated were carried out under the same ambient
temperature conditions. Humidity and ventilation
conditions. The number of participants per group
increased proportionally to the size of the room to
maintain the same density of people per square meter.

From our analysis, the CO; concentration obtained
through a randomized block design (sample group) depends
on the test time (treatment), resulting in the model:
Yij:/u+ri+ﬂj+8ij (4)
where, vj represents the [CO2] in ppm; p is the global
average of the [CO;] in ppm; 7 is the sampling time in
minutes; £ refers to the size of the groups (i.e., j = 5, 10-15);
and g; corresponds to the experimental error in group j of
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time i. Table 3 shows the analysis of variance for the CO; of freedom for the error. On the other hand, in the analysis
concentration in different groups: For this case, 3 degrees of the other, they indicate that the proposed model is
of freedom were considered for the model and 47 degrees statistically significant.

Table 1: Summary of previously established parameters considered in this study

Input parameters value Sensitivity of analysis values
Low-risk Intermediate ~ High-risk Low limit High limit
Parameters Description (LR) (HR) (H.R) (-75%) (+75) Source
[CO2] exhaled Exhaled CO> 37,500 37,500 37,500 - - Rudnick and
fraction in ppm Milton (2003)
The outdoor CO2
[CO2] exhaled level in ppm 400 400 400 - - ASHRAE (2019)
q Infectious dose 114 28.94 295.5 7.23 50.65 Park et al. (2023)

due to coronavirus

Table 2: CO2 concentration data according to occupied space

Sampling time (min) G1. CO2 (ppm) G2. CO2 (ppm) G3. CO2 (ppm)
0 500 594 857
2 589 659 957
4 646 728 1050
6 708 773 1117
8 762 829 1193
10 822 878 1262
12 878 921 1321
14 943 950 1406
16 996 986 1463
18 1035 1020 1533
20 1087 1077 1587
22 1148 1117 1627
24 1192 1193 1626
26 1238 1230 1695
28 1312 1346 1783
30 1314 1355 1799

*Data was taken every second. Table 2 displays only measurements recorded every 2 min

Table 3: Analysis of variance of CO2 concentration for groups

Source DoF Sum of squares Average squares F Pr>F
Model 3 5193310,833 1731103,611 1240,201 <0,0001
Error 47 65603,756 1395,825 - -

Total corrected 50 5258914,588 - - -

Table 4: Model parameters for CO2 concentration using Eg. 5

Source Value Standard error  t Pr> |t Lower limit (95%) Upper limit (95%)
Intercept 982,096 12,443 78,926 <0,0001 957,063 1007,129
Time 27,369 0,580 47,196 <0,0001 26,203 28,536
Group-G1 -412,000 12,815 -32,151 <0,0001 -437,780 -386,220
Group-G2 -443,882 12,815 -34,639 <0,0001 -469,662 -418,103
Group-G3 0,000 0,000 - - - -

Table 5: Comparison of CO: averages

Category L.S. average Standard error Lower limit (95%) Upper limit (95%)
Gl 940,706 9,061 922,477 958,935
G2 972,588 9,061 954,359 990,817
G3 1384,588f 9,061 1366,359 1402,817
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At a significance level of 5%, the results suggest that
the model is appropriate to explain the CO, concentration
in the three sample groups and that the model would
generally be given by:

CO, =982.096 + 27.37.7 — 412G, — 443.882G, (5)

Table 4 shows the parameters of the generalized model
according to Eq. 5: For example, the value obtained for
the intercept is approximately 982.096, for a standard
error of 12.443 and the value of Pr is less than 0.0001,
which indicates that the intercept is highly significant,
just like time. In the case of Group-G1 and Group-G2,
the estimated values for the coefficients were -412.0
and -437.78 respectively with very similar standard
errors and both presented a negative impact on the
concentration of carbon dioxide; for Group-G3 the
estimated value was zero, which means that it does not have
a statistically significant effect on the CO, concentration.

The R2 = 0,988 coefficient of determination indicates
that 98.8% of CO, variability is explained by the time and
sample groups in the proposed model. As can be seen, all
groups are essential in the model and the sampling time.
Table 5 shows a comparison of the means of CO;
concentration for different groups (G1, G2, and G3). The
results show that there are significant differences in the
measurements of CO, concentration between the groups

studied. Note that the confidence intervals provide a range
in which the true mean of the CO, concentration measured
by the instruments is likely to lie. Group 3 has the highest
CO, concentration, while Group 2 has the lowest
concentration; all groups are statistically different.

According to (Egs. 2-3), the probability of virus
contagion was estimated for each group's low,
intermediate, and high-risk scenario. The parameter
values considered | = 1 since the analysis was only
pondered for the COVID-19 virus, assuming this was the
only infectious source. For q and [CO-] exhaled, we used
the values cited in Table 1 and the data for t between 0-30
min from Table 2, and the results are shown in Table 6.

When we calculated the risk of contagion with the
proposed mathematical model, we found that the risk of
contagion with COVID-19 increases with time, as well
as with group size, following a logarithmic curve, in
most cases (Fig. 1A-C). The behavior of the curve also
depended on the risk scenario used to calculate R (i.e.,
low, intermediate, or high), which we defined as the
fraction of particles in the air that do not venture into the
airways and that correlate with mask use. The slope of
the curves in their linear region and how fast they
approached the exponential saturation region around the
maximum probability value (i.e., p = 1), were directly
related to the size of the group and the fraction of
particles trapped by masks, R.

Table 6: The probability of COVID-19 virus affectation was assessed for low, intermediate, and high risk for the different sample groups

Probabilities for a low-risk Probabilities for an intermediate risk Probabilities for a high risk

Time

(min) G1 G2 G3 Gl

G2 G3 Gl G2 G3

1 0.00569646 0.00711550  0.04281994 0.01599645

2 0.01411333 0.01872888  0.09366016 0.03932821

3 0.02428548 0.03191973  0.15051030 0.06704509

4 0.03710699 0.05192249  0.20913728 0.10123821

5 0.05053520 0.07491555  0.26813637 0.13617041

6 0.06377615 0.09992560  0.32494135 0.16974491

7 0.08102937 0.12562826  0.38246123 0.21221261

8 0.09796465 0.15612452  0.44343154 0.25250807

9 0.11386494 0.18738294  0.49863798 0.28910663
10 0.13544396 0.22352691  0.55194785 0.33689585
11 0.15555042 0.25583975  0.60243839 0.37951015
12 0.17485264 0.29481420  0.64500099 0.41871669
13 0.19261621 0.33179285  0.69403171 0.45335109
14 0.21182199 0.37462122  0.73542829 0.48926639
15 0.23726578 0.41406730  0.77264325 0.53444933
16 0.25294941 0.44795525  0.80063704 0.56096767
17 0.27738503 0.48561716  0.82739908 0.60030649
18 0.29452638 051136243  0.85668978 0.62649500
19 0.32003418 0.55292188  0.87978972 0.66337223
20 0.34715537 0.57955180  0.89656155 0.69991023
21  0.37133771 0.61646105  0.90824601 0.73023900
22 0.39285137 0.64807789  0.92463620 0.75549251
23 0.42249388 0.66960214  0.93091693 0.78770995
24 0.45467198 0.70213156  0.94027585 0.81942976
25 0.47768554 0.72949699  0.95042632 0.84012238
26 0.49822865 0.75176201  0.96067386 0.85724294
27 0.52724906 0.77976565  0.96794168 0.87934013
28 0.54756916 0.80107044  0.97364682 0.89341309
29 0.57428636 0.81769241  0.97772942 0.91023955
30 0.60276271 0.82843481  0.98261197 0.92617367

0.01995542  0.11620923 0.16923787  0.20686728 0.75837940
0.05196952  0.24239537 0.36955044  0.45861502 0.95889934
0.08750379  0.36899933 0.54974121  0.65106651  0.99497921
0.13972846  0.48434042 0.70690231  0.82280595 0.99950706
0.19732840  0.58569722 0.81419420  0.92012872  0.99996019
0.25708595  0.67018477 0.88221062  0.96718514  0.99999711
0.31542401  0.74349624 0.93559403  0.98718548  0.99999984
0.38070019  0.80872505 0.96478351  0.99595138  0.99999999
0.44329012  0.85757142 0.98022715  0.99881074  1.00000000
0.51038764  0.89629934 0.99111673  0.99972838  1.00000000
0.56574559  0.92600340 0.99586102  0.99993163  1.00000000
0.62692497  0.94624787 0.99804581  0.99998807  1.00000000
0.67954669  0.96466672 0.99903570  0.99999792  1.00000000
0.73419727  0.97655911 0.99955857  0.99999976  1.00000000
0.77884942  0.98471957 0.99984783  0.99999997  1.00000000
0.81308105  0.98945470 0.99992247  1.00000000  1.00000000
0.84688111  0.99297979 0.99997365  1.00000000  1.00000000
0.86754080  0.99584696 0.99998791  1.00000000  1.00000000
0.89693443  0.99747135 0.99999634  1.00000000  1.00000000
0.91333819  0.99834546 0.99999902  1.00000000  1.00000000
0.93313624  0.99882041 0.99999971  1.00000000  1.00000000
0.94755260  0.99932315 0.99999991  1.00000000  1.00000000
0.95611119  0.99947056 0.99999998  1.00000000  1.00000000
0.96724382  0.99964896 1.00000000  1.00000000 1.00000000
0.97504522  0.99979251 1.00000000  1.00000000 1.00000000
0.98041815  0.99989208 1.00000000  1.00000000  1.00000000
0.98603255  0.99993938 1.00000000  1.00000000 1.00000000
0.98951928  0.99996514 1.00000000  1.00000000 1.00000000
0.99180737  0.99997832 1.00000000  1.00000000  1.00000000
0.99309806  0.99998922 1.00000000  1.00000000  1.00000000
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Fig. 1: (A) CO2 concentration (ppm) against time for the different groups. Probability curves were plotted

scenarios; (B) Low; (C) Intermediate and; (D) High

For instance, in the case of a COVID-19 infectious
individual among the participants, the risk of contagion in
low-risk conditions resulted in 60% for G1, 80% for G2,
and 99% for G3 at the end of the 30 min of evaluation
(Fig. 1B). In the case of an intermediate-risk scenario, the
probability assessment yielded 98 (at 30 min), 99 (at 30 min)
and 100% (at 20 min) for groups G1, G2 and G3,
respectively (Fig. 1C). For a high-risk scenario, all groups
achieved a 100% probability in 24, 16 and 9 min for groups
G1, G2 and G3, respectively (Fig. 1D).

Discussion

COVID-19, caused by the novel coronavirus SARS-
CoV-2, primarily infects respiratory epithelial cells through
the binding of the viral spike protein to the ACE2 receptor
(Zhou et al., 2020). Following entry, the virus replicates and
spreads, leading to local inflammation and damage to the
respiratory tract (Zeng et al., 2020). This triggers an immune
response characterized by the release of pro-inflammatory
cytokines, causing a cytokine storm that further contributes
to tissue damage and systemic inflammation (Mehta et al.,
2020). Additionally, SARS-CoV-2 can induce endothelial
dysfunction, leading to microvascular thrombosis and organ
damage (Varga et al., 2020). The pathogenesis of

30

23

15
t (minutes)

20 25 30

against different risk

COVID-19 involves complex interactions between viral
replication, immune response dysregulation, and
endothelial dysfunction, contributing to the diverse
clinical manifestations observed in infected individuals
(Chen et al., 2020).

Our results showed that the CO, concentration
increases directly proportional to the elapsed time. The
CO; concentration did not show a directly proportional
relationship with the size of the group of participants or
the intensity of the activities carried out. Instead, in
terms of group size, there seemed to be a threshold above
10 participants that needed to be crossed to see an
increase in CO, concentration levels. Regarding the
level of physical activity in the room, the result seemed
contradictory: The higher intensity of physical activity
exerted by the participants in G2 did not significantly
affect the CO; levels due to exhalation and resulted in a
lower average CO, concentration (Wiryasaputra et al.,
2023; Rowe et al., 2022).

It is important to consider that the study took into
account the following variables: Number of people,
occupied space, time, and type of ventilation, among
others. The size of the groups had an effect on the
experimental results since the equations included
coefficients for each group, which implies that each group
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tended to contribute differently to the concentration of
carbon dioxide, time was a variable that allowed to
visualize the variation of the CO, concentration and its
relationship with the exposure time.

Table 6 shows the results of the probability calculation
considering (Eqg. 2) for low, medium, and high risk: It is
observed that despite the fact that CO, concentrations
tended to increase in groups G1 and G2, the risk of
contagion showed a direct relationship with the size of the
group, with G1 having the lowest contagion probability
and G3 exhibiting the exponentially higher contagion
probability. The risk scenario, which was correlated with
the use and effectiveness of the mask, also had a great
impact on the probability of contagion. One of the
assumptions of our study is that all participants are
susceptible to the virus and that the concentration of the
virus is distributed homogeneously in the environment.
We must also assume that the environmental conditions
during the measurement, such as ambient temperature,
relative humidity, and air speed, make it possible to
become infected with the virus.

The CO; production rate is higher when larger groups
share the same closed-ventilated room with a split unit,
without air exchange. Intuitively, since the measurements
were made 10 min after the room was occupied, the initial
CO; concentration was higher for the larger groups. The
results suggest that indoor spaces with a density of
approximately 0.2 people per square meter and a
recirculating forced ventilation system, as typically found
in offices and classrooms throughout Latin America,
achieve CO; concentrations above 500 ppm (that is, that is,
exterior-interior difference) in less than 20 min, even with
the recommended distancing and masking interventions. It
is imperative to consider the entry of outside or fresh air in
closed spaces to minimize the risk of contagion.

Conclusion

Finally, our results suggest the importance of
minimizing people's length of stay in poorly ventilated
indoor spaces. If occupants carry out activities that
increase their breathing frequency, this could lead to
higher exhaled gas concentrations and, thus, higher CO-
concentrations; however, our study could not find
differences in groups with ten or fewer participants,
regardless of their level of physical activity (i.e., low vs
moderate) during 30 min of recorded measurements.

The increase in CO; concentration indicates the
probability of contagion with pathogens capable of
traveling through aerosols. It is vitally important to
communicate and make visible the connection between
the length of stay, space, and activity carried out by people
in confined indoor spaces. The COVID-19 pandemic has
made clear that to achieve proper public health, enclosed
indoor spaces such as study areas, offices and meeting
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rooms, among others, require ventilation designs that
allow good air quality since contagion may occur through
aerosols containing microorganisms generated by the
exhalation of infected people.
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