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Abstract

Background: This study evaluated the association between knowledge and management of ventilation and air-conditioning systems (VAC) to avoid the spread of the SARS-CoV-2 virus in health facilities by dentists and demographic variables.
Material and Methods: A cross-sectional digital media survey was administered to dentists as part of global research. The core questionnaire was used including four additional questions on VAC (Q1: knowledge, Q2: work
settings, Q3: temperature, and Q4: maintenance). A descriptive analysis was conducted for sociodemographic and
VAC variables, and bivariate analysis was carried out using different tests.
Results: 5,370 dentists answered the survey (median age of 45 years; 72.22% women). About half of the respondents said that they knew about the guidelines issued for the management of air conditioners (AC) during the
pandemic, and 16.77% have made modifications to their VAC systems during this period. The most frequent AC
temperature range used in the dentists’ offices during the pandemic was 18°C to 20°C. As age increased, self-reported knowledge about VAC guidelines expanded. Remote and rural regions were perceived to have less knowledge
of the guidelines.
Conclusions: Although perceptions of knowledge about VAC systems during the COVID-19 pandemic was high,
the temperature in dental offices was colder than that recommended. Greater disclosure of VAC management practices and adherence to VAC management guidelines are required.
Key words: Air conditioning, dentistry, coronavirus.

Introduction

droplets has been demonstrated (1), but airborne transmission has also been discussed, with many researchers
supporting the hypothesis of aerosol-driven infection
by SARS-CoV-2 as an important transmission pattern
and mechanism by which the disease spreads (2,3). The

The 2019 coronavirus disease (COVID-19) pandemic,
caused by infection from severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is seriously affecting the world. COVID-19 transmission via respiratory
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World Health Organization (WHO) recognized the possibility of airborne transmission indoors, especially in
crowded and poorly ventilated places (3).
Since the occurrence of the SARS epidemic in 2003,
the impact of heating, ventilation and air-conditioning
(HVAC) systems in hospital environments has been
widely studied (4-6). Researchers agreed that the ventilation and filtration provided by these systems can
reduce the airborne concentration of viruses, and thus,
the risk of transmission through the air. Inappropriate
usage, however, may contribute to virus propagation.
Ventilation enables air from the outdoors to flow into
a building or room by natural or mechanical means (7).
Diverse studies indicated that three elements of ventilation affecting airborne transmission are ventilation rate
(VR), flow direction, and airflow pattern (2,8,9). One of
the first cases of an outbreak associated with air conditioning-driven transmission of SARS-CoV-2 was in a
restaurant in Guangzhou, China and involved three family-based clusters (10).
Dental healthcare workers (DHWs) are at a high risk of
COVID-19 contagion because they are in close contact
with patients, which presents the possibility of transmission via droplets when patients cough, sneeze, or talk.
Virus carriers can also spread the disease via aerosolized saliva or aerosol-generating procedures. Despite the
important role of HVAC systems in the transmission of
SARS-CoV-2 in dental environments, few studies have
focused on it. Among them is the research of Zemouri et
al. (11), who constructed a mathematical model of the
transmission of coronaviruses and other viral diseases in
dental clinics. The authors concluded that improving indoor air quality through ventilation is the most important
factor to take into account when controlling the transmission of SARS-CoV-2.
The WHO and other organizations devoted to the control of HVAC systems, such as the American Society of
Heating, Refrigeration and Air Conditioning Engineers
(ASHRAE), the Federation of European Heating, Ventilation, and Air Conditioning Associations (REHVA), the
Colombian chapter of ASHRAE, and the Colombian Association of Air Conditioners (ACAIRE), among others,
has been issuing different guidelines on the use of HVAC
systems in health environments to avoid the spread of
viruses and disease transmission (12). Since the declaration of the COVID-19 pandemic, some of these guidelines have been adequate to prevent its spread (12).
However, it is not clear if dentists know them and/or
apply them in their offices. Having access to this information could help to consolidate public health policies
and their dissemination, reinforcement, and adherence
by DHWs in their practices could reinforce other measures to prevent the spread of different viruses in dental
settings. The aim of the present study was to evaluate
the association between knowledge and management of

ventilation and air-conditioning systems (VAC) to avoid
the spread of the SARS-CoV-2 virus in health facilities
by dentists and demographic variables.

Material and Methods

Study setting and population: Following the protocol
and core global questionnaire described by Campus et
al. (13), a cross-sectional anonymous survey was administered online to dentists (general or specialists)
working in both national health systems and private or
public clinics in Colombia. A Colombian research team
for COVID-19, of which the researchers in the present
study are members, incorporated into the core questionnaire four additional questions regarding knowledge
(Q1), work settings (Q2), temperature (Q3), and maintenance of VAC systems (Q4) to avoid the spread of the
SARS-CoV-2 virus in health facilities (13).
-Sample size calculation: The sample was collected
by convenience sampling from the initial population
of 31,872 dentists registered to work in Colombia in
2019. The required sample size [calculated from the
data obtained in the pilot study, using the OpenEpi software (Open-source epidemiologic statistics for public
health version 3.01, AG Dean, KM Sullivan, MM Soe,
Atlanta, GA, USA)] of 2,510 subjects was obtained. A
99.9% confidence level was considered and an estimated prevalence of VAC knowledge of 20% was given
to establish an estimate within ±3% of this value. The
inclusion criteria included dentists who worked in Colombia. Surveys with errors in the information record
were excluded.
-Questionnaire development and evaluation: Three researchers formed the panel of experts who incorporated the four additional questions into the VAC systems
questionnaire and validated it. Thirty randomly selected
(simple random sampling) dentists who work in Colombia voluntarily participated in the pilot test. Amongst
them, 10 were instructed to assess face validity (Does
the test ‘look like’ a measure of the construct of interest?)
and semantic comprehension, whereas the remaining 20
were asked to assess test–retest reliability (application of
the instrument repeatedly at two time points, separated
by 4-7 days).
-Survey administration: Google Forms was used to create the questionnaire, and the survey sent required cutting
and pasting a web link into emails, social media posts,
or websites to be distributed by dental associations Facebook groups, WhatsApp messages, email messages, and
institutional invitations sent to different dental schools
in Colombia. The country’s dental unions, such as the
Colombian Dental Federation, and all specialist associations were convened. The survey was administered
along with a promotional video that was launched over
the aforementioned digital media. The Google Forms settings were adjusted in order to disallow unanswered or
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incomplete questions and modified to not show the link
again after the response was sent. To address the issue
of information bias, the questionnaire was forwarded by
mail only to dentists who had not previously opened it.
Additionally, in the introduction and final part of the survey, a warning was sent to not fill it out again if it had
been filled out previously. No incentives were offered to
the participants.
-Survey period: The survey was run from June 19 to July
24, 2020.
-Ethical approval: The survey was granted approval by
the Ethics Committee of UniCIEO University (Number
101, minute 62). Following the Campus et al. (13) protocol, all the respondents of the survey were asked to
answer an informed consent question on the first page of
the questionnaire. An answer of ‘yes’ automatically signified agreement to participate. The data were organized
on an Excel spreadsheet.
-Variables: The dependent variables were the four items
(knowledge, work settings, temperature, and maintenance) mentioned in the VAC systems questionnaire, and
the independent variables were sex, geographic region,
and age. Age was treated as a continuous variable, but
for purposes of statistical analysis, it was categorized
as follows: young adult (22–35 years old), adult (36–45
years old), mature adult (46–59 years old) and older
adult (≥60 years old).
-Statistical analyses: The completely anonymized data
were analyzed by one of the researchers and checked
for consistency and quality. Statistical analyses were
performed using STATA 16 (StataCorp, College Station,
Texas). A descriptive analysis was directed towards the

sociodemographic and VAC variables, and a bivariate
analysis was carried out using a chi-square test or Fisher’s exact test. In all the tests, a P<0.05 was considered indicative of significance, but this was adjusted in
the Bonferroni correction for multiple testing to P<0.004
as the significance cut-off point.

Results

Test-retest reliability was high with a kappa coefficient
from 0.84 to 0.96 (CI:0.61;0.98). In total, 5,375 completed surveys were obtained; however, five surveys were
discarded due to errors in the information record, leaving 5,370 viable surveys. With a total of 31,872 dentists
registered to work in the Colombian territory, the corresponding response rate of the survey was of 16.84%.
The descriptive statistics are presented in Table 1, which
shows that participants had a median age of 45 years
(range: 22-82 years), and the majority were women
(72.22%).
With regard to questions about the knowledge and management of VAC systems to avoid the spread of the
SARS-CoV-2 virus in their clinical practices, the researchers excluded the response ‘not applicable (N/A)’ as
the participating dentists were limited to those with dental practices (clinicians). About half of the dentists said
that they knew about the guidelines for the management
of air conditioners during the COVID-19 pandemic. Of
the clinicians who had air conditioning (AC) in their
offices (37.81%), half operated the systems with windows open, whereas the other half did so with windows
closed. Only 16.77% have made modifications to their
AC systems during the COVID-19 pandemic. Among

Table 1: Descriptive characteristics of the sample.

a. Qualitative variables
Variable name

Absolute frequency (n)

Relative frequency (%)

Sex
Male
Female

1,491
3,878

27.77
72.22

Age categorized
Young Adult (22-35 years old)
Adult (36-45 years old)
Mature Adult (46-59 years old)
Older Adult (≥60 years old)

1,341
1,488
2,111
430

24.97
27.71
39.31
8.01

Geographic Region
Atlantic
Eastern
Bogotá DC
Central
Pacific
Amazons and Orinoquía

580
878
1,819
1,472
563
58

10.80
16.35
33.87
27.41
10.48
1.08

b. Continuous Variables
Variable name

Median

min-max

Age

45

22-82
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the clinicians, 44.19% did not use AC and worked with
windows open (Table 2).
Tables 3, 3 cont. and 4, 4 cont. show the results of the association between sociodemographic variables (sex, categorized age, and region) and the questionnaire items.
We found evidence of association (P<0.04) for most of
the studied variables, except with respect to Q1 and Q3
and sex. A higher percentage of women (49.56%) than
men (46.88%) reported awareness of the guidelines for
the management of air conditioners in clinical areas
as a means of preventing SARS-CoV-2 transmission
(Q1). As regards Q3 (‘What is the average temperature used in your dental practice?’), a higher percentage
of men (36.04%) used the recommended temperature
range for AC in health facilities (21°C–24°C) compared with women (29.32%), but these associations were
not significant. Of the dentists who used AC, a higher
percentage of men worked with windows open (21.88%
vs. 17.67%), and among those who did not use AC,
more women worked in the aforementioned conditions
(57.45% Vs 51.25%) (Q4). More women (21.21%) than

men (13.34%) did not know whether they had made any
modifications to their AC systems during the COVID-19
pandemic (Q4).
We found that as age increased, the perceived knowledge about the guidelines for the management of air conditioners in clinical areas increased. In the dental clinics
with no AC and closed windows, an inverse relationship
between knowledge and age was found. The older age
group who did not use AC tended to work with windows open. A higher percentage of the clinicians aged
between 36 and 59 years who worked with AC and windows open, as well as the older groups, tended to work
in conformity with the recommended temperature range
to avoid the spread of the SARS-CoV-2 virus in health
facilities.
The remote regions of Colombia (Amazons and Orinoquía) were perceived to have less knowledge of the
recommended guidelines for AC in health facilities,
whereas the urban regions, as central areas of the country, were regarded as having greater knowledge. More
frequent use of AC was observed in the Atlantic region

Table 2: Dentists knowledge and management of VAC systems.

Variable name
Q1. Do you know the guidelines for the management of air conditioners in clinical
areas, to prevent the transmission of the SARS-CoV-2 virus?
Yes
No
Q2. During the COVID-19 Pandemic, you worked at your dental practice:
With air conditioning and open windows
With air conditioning and closed windows
No air conditioning and open windows
No air conditioning and closed windows
Total clinicians
Does not apply (Non-clinicians) n=1,104
Q3. If you have air conditioning, what is the average temperature used in your dental
practice?
Less than 18 ° C
Between 18-20 ° C
Between 21-24 ° C
Greater than 24 ° C
Total clinicians
Does not apply (I do not use it in clinical practice) n=2,513
Does not apply (Non-clinician) n=1,026
Q4. If you have air conditioning in your dental practice, have you made any
modifications to it
during the COVID-19 pandemic?
Yes
Not
I do not know
Total clinicians
Does not apply (I do not have air conditioning) n=2,401
Does not apply (Non-clinician) n=997
e695

Absolute
frequency (n)

Relative
frequency (%)

2,714
2,656

50.54
49.46

806
807
2,373
280
4,266

18.89
18.92
44.19
6.56
100.00

287
890
578
76
1,831

5.67
48.61
31.57
1.42
100.00

334
1,288
370
1,992

16.77
64.66
18.57
100.00
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63 (5.07)

No AC and closed windows

Greater than 24 ° C

P value

No Apply (Not use AC) =2,513

48 (3.95)

356 (29.32)

598 (49.26)

212 (17.46)

0.003†*

28 (4.55)

Between 21-24 ° C

No Apply (No clinical practice) =1,026

292 (47.40)
222 (36.04)

Between 18-20 ° C

74 (12.01)

Less than 18 ° C

Q3. If you have air conditioning, what is the average temperature used in your dental
practice?

P value

216 (7.15)

1,736 (57.45)

536 (17.74)

534 (17.67)

P<0.0001†*

637 (51.25)

271 (21.80)

With AC and closed windows

No AC and open windows

272 (21.88)

Not Apply =1,104

1,956 (50.44)

0.020†*

With AC and open windows

Q2. During the COVID-19 Pandemic, you work in your dental practice:

P value

699 (53.12)

No

1,922 (49.56)

n (%)

n (%)

792 (46.88)

Female

Male

Gender

Yes

Q1. Do you know the guidelines for the management of air conditioners in clinical
areas, to prevent the transmission of the SARS-CoV-2 virus?

VAC Questions

Table 3: Bivariate analysis between VAC questions and gender and age.

19 (3.99)

107 (22.48)

246 (51.68)

104 (21.85)

103 (9.71)

510 (48.07)

272 (25.64)

176 (16.59)

809 (60.33)

532 (39.67)

n (%)

22-35

898 (42.54)

1,213 (57.46)

n (%)

46-59

91 (5.44)

1,011 (60.39)

237 (14.16)

335 (20.01)

26 (3.85)

251 (37.13)

314 (46.45)

85 (12.57)

P<0.0001†*

21 (3.65)

176 (30.361

290 (50.43)

88 (15.30)

P<0.0001†*

76 (6.19)

640 (52.16)

261 (21.27)

250 (20.37)

P<0.0001†*

779 (52.35)

709 (47.65)

n (%)

36-45

Age categorized (years old)

10 (9.62)

44 (42.31)

40 (38.46)

10 (9.62)

10 (3.29)

212 (69.74)

37 (12.17)

45 (14.80)

170 (39.53)

260 (60.47)

n (%)

≥60
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89 (13.34)

I don´t know
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13 (3.16)

258 (62.77)

With AC and closed windows

No AC and open windows

138 (33.58)

With AC and open windows

Q2. During the COVID-19 Pandemic, you work in your dental practice:

P value

270 (46.55)

No

411 (57.89)

125 (17.61)

118 (16.62)

440 (50.11)

438 (49.89)

n (%)

n (%)

310 (53.45)

Eastern

Atlantic

Yes

Q1. Do you know the guidelines for the management of air conditioners in clinical
areas, to prevent the transmission of the SARS-CoV-2 virus?

VAC Questions

Table 4: Bivariate analysis between VAC questions and geographic regions.

Statistically significant at * P< 0.004 with Bonferroni correction for multiple test; †: Chi2 test; ‡: Exact Fisher test

P value

No Apply (Not use AC) =2,401

281 (21.21)

822 (62.04)

222 (16.75)

P<0.0001†*

466 (69.87)

No

No Apply (No clinical practice) =997

112 (16.79)

Yes

Q4. If you have air conditioning in your dental practice, have you made any modifications to it during the COVID-19 pandemic?

Table 3 cont.: Bivariate analysis between VAC questions and gender and age.

DC

657 (44.63)

815 (55.37)

n (%)

Central

1,197 (87.05)

22 (1.60)

15 (1.09)

574 (44.98)

275 (21.55)

372 (29.15)

P<0.0001†*

990 (54.43)

829 (45.57)

n (%)

99 (13.64)

485 (66.80)

142 (19.56)

165 (37.25)

112 (25.28)

141 (31.83)

264 (46.89)

299 (53.11)

n (%)

Pacific

P<0.0001†*

109 (17.75)

417 (67.92)

88 (14.33)

Geographic Region

155 (29.08)

304 (57.04)

74 (13.88)

13 (25.49)

15 (29.41)

22 (43.14)

35 (60.34)

23 (39.66)

n (%)

Amazons

7 (5.88)

82 (68.91)

30 (25.21)
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170 (41.56)
158 (38.63)
28 (6.85)

Between 18-20 ° C

Between 21-24 ° C

Greater than 24 ° C

e698

298 (68.66)
56 (12.90)

No

I don´t know

Statistically significant at * P< 0.004 with Bonferroni correction for multiple test; †: Chi2 test; ‡: Exact Fisher test

P value

No Apply (Not use AC) =2,401

No Apply (No clinical practice) =997

80 (18.43)

Yes

Q4. If you have air conditioning in your dental practice, have you made any modifications to it during the COVID-19 pandemic?

P value

No Apply (Not use AC) =2,513

No Apply (No clinical practice) =1,026

53 (12.96)

2 (0.49)

Less than 18 ° C

Q3. If you have air conditioning, what is the average temperature used in your dental practice?

P value

Not Apply =1,104

No AC and closed windows

Table 4 cont.: Bivariate analysis between VAC questions and geographic regions.

43 (14.58)

215 (72.88)

37 (12.54)

19 (6.83)

94 (33.81)

123 (44.24)

42 (15.11)

56 (7.89)

55 (4.31)

18 (2.47)

222 (30.49)

386 (53.02)

102 (14.01)

177 (21.72)

507 (62.21)

131 (16.07)

P<0.0001‡*

31 (31.00)

53 (53.00)

16 (16.00)

P<0.0001‡*

1 (1.06)

21 (22.34)

45 (47.87)

27 (28.72)

P<0.0001‡*

141 (10.25)

60 (19.35)

184 (59.35)

66 (21.29)

7 (2.46)

75 (26.41)

149 (52.46)

53 (18.66)

25 (5.69)

3 (7.89)

31 (81.58)

4 (10.53)

3 (7.89)

8 (21.05)

17 (44.74)

10 (26.32)

1 (1.96)
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(96.35%), whereas less frequent use was registered in
Bogotá (2.69%). Most of the clinicians in Bogotá worked with windows open (87.05%). In all regions, the
most frequently applied AC temperatures fell between
18°C and 20°C.

ggestion meant to increase ventilation (18). Another important consideration is energy consumption when AC is
running while windows are left open (19). This reduces
operating efficiency and undermines efforts to maintain
mean temperatures in rooms. However, Sihwan Lee (18)
explored the energy loss that occurs through doors in
commercial stores and found that it does not result in
increased electric power consumption.
With respect to the maintenance of or modifications
to AC systems during the COVID-19 pandemic, only
16.77% of the dentists who had AC have implemented these measures, and more women than men did not
know whether these measures were carried out in their
clinics. In general, knowledge of technical specifications
for VAC systems among clinicians is rare because of the
technical language and numerous settings associated
with such equipment. This could be a limitation for clinicians’ adherence to the guidelines.
We also found that age was associated with the knowledge and practice of AC and COVID-19 regulations. With
more perceived knowledge about the recommended guidelines on the management of air conditioners in clinical areas, the majority of the older age group conformed
to the recommended temperatures, used AC while their
windows were open, and implemented AC maintenance. One aspect that can explain the greater self-reported knowledge of the recommended guidelines of VAC
systems management during the COVID-19 pandemic
among the older dentists in the current work is the nature
of COVID-19, with the disease exerting a more serious
impact on older individuals (20).
Colombia is located slightly north of the Equator and
has different climatic areas and relative humidity and
very little variation in a given year. The country’s geographical make-up factored somewhat into the results of
the study because VAC systems are commonly used in
some areas of the country, such as the Atlantic and Pacific regions where temperatures fall between 27°C and
34°C. In other regions, such as Bogotá, VAC systems
are not necessary as these locations have a mean temperature falling between 9°C and 18°C. This could explain
the greater use of AC in the Atlantic region (96.35%)
and the less frequent use in Bogotá (2.69%) as well as
the most frequently adopted AC temperatures of 18°C to
24°C in all the regions of the country.
As for perceived knowledge about the recommended
guidelines, we found that rural regions, such as the
Amazon and Orinoquía, had less perceived knowledge
of the guidelines than that observed in urban/central
areas. Rural areas have limited access to information given restrictions on Wi-Fi services and reduced Internet
connection speeds. A valuable strategy is to ensure that
hard-copy documents with recommended instructions
and government regulations are physically sent to remote regions with connectivity problems. The findings also

Discussion

This research describes the knowledge and management
of ventilation and air-conditioning systems (VAC) by
dentists in Colombia during the COVID-19 pandemic
to avoid the spread of the SARS-CoV-2 virus in health
facilities and its association with sex, age, and geographic region. Our sample consisted of a very high percentage of women (72.22%), which may be related to
the higher proportion of registered female dentists in
Colombia. Regarding age, the representation observed
in all age groups in the sample is similar to that reported
by the special registry of health providers (REPS) in Colombia. Therefore, the sample of the present study could
be considered representative of the dentists working in
Colombia.
We found that 50.54% of the participants perceived
themselves to have good knowledge of the recommended guidelines, but only 31.57% followed the recommended mean AC temperatures (21°C–24°C), with these
practitioners preferring cooler temperatures. Given that
dentistry is considered a high-risk profession because of
the easy spread of viral agents in the air during dental
procedures and the persistence of biological agents in
operating rooms (14), new recommendations for biosecurity protocols and the use of personal protective
equipment (PPE) have been proposed (15, 16). Among
these recommendations is the use of particulate respirators, eye protection, gowns, and gloves during dental
procedures (17). Although studies have shown that using
N95 masks does not result in significant clinical changes
in body temperature (14), wearing all necessary PPE at
the same time could cause an increase in body temperature. This can explain the preference for cooler temperatures among the clinicians in our study. According to
the Amoatey et al. study (9), the lack of indoor building
ventilation and the low indoor air temperature due to the
excessive use of air conditioning systems increase infection by SARS-CoV-2.
The current results showed that among the surveyed dentists who have been using AC (n=1,613) at work during
the COVID-19 pandemic, almost 50% (n=806) worked
with windows open, and more of these individuals were
men. Out of those who did not use AC (n=2,642), a higher percentage (89.8%) worked with windows open, especially women. These findings suggest that dentists in
Colombia have more effectively managed natural ventilation than mechanical ventilation during the pandemic.
However, scientific evidence indicates that the use of AC
and the opening of windows are not obligatory, but a sue699
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indicated that in cold regions, such as Bogotá and some
cites in the central region, where AC systems are not
needed, dentists preferred to work with windows open.
Natural ventilation is very important in controlling virus
proliferation in health care settings (4,6,11).
Knowledge and application of aspects such as modifications to VAC airflow patterns, ventilation, humidity,
temperatures, and filter types, among others, are critical
for clinicians because they can contribute to the control
of virus proliferation, specifically in building service
operation (8). This, despite being an aspect unrelated to
dental practice, requires consideration by clinicians, because performing dental procedures in a well-ventilated
location may help prevent the spread of infections (2).
One limitation of our study was the potential of sampling
bias, because the sample was chosen by convenience, as
well as the response and non-response bias. Another limitation could be that the survey was collected during a
concise period of time, when the COVID-19 outbreak in
the country was at a specific stage, and this could have
affected the responses of those surveyed since some regions had higher response rates than others. These limitations of the study could affect the generalizability of
the results.
Our study gave particular attention to temperature range,
rather than ventilation rates. This could be a limitation as
ventilation rates play an important role in spread. However, dentists may not be familiar with this information. It
could be suggested to dentists that they seek advice from
professional engineers to ensure the proper settings of
the VAC systems in their clinics.
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Conclusions

Although the perception of knowledge about the management of VAC systems to avoid the spread of SARSCoV-2 virus in health facilities was high, it is necessary
for clinicians to follow recommended guidelines and
maintain and monitor all VAC systems in their offices
and clinics.
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