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Abstract
Background: Healthcare Workers (HCW) are repeatedly exposed to SARS-CoV-2 infection. The aim of this
study was to identify factors associated with SARS-CoV-2 infection among HCW in one of the largest
cities in Colombia.

Methods: We conducted a case-control study, where cases had a positive reverse transcription-
polymerase chain reaction and controls had a negative result. Participants were randomly selected and
interviewed by phone. Analyses were performed using logistic regression models.

Results: A total of 110 cases and 113 controls were included. Men (AdjOR 4.1 95%CI 1.7-10), Nurses
(AdjOR 11.2 95%CI 1.1-119.6), not using a high-performance �ltering mask (AdjOR 2.2 95%CI 1-5.1) and
inadequate use of personal protective equipment (AdjOR 4.8 95%CI 1.1-19.6) were identi�ed as risk
factors. Conversely, graduate (AdjOR 0.1 95%CI 0.01-0.5) and postgraduate (AdjOR 0.05 95%CI 0.004-0.5)
education, feeling scared or nervous (AdjOR 0.5 95%CI0.2-0.9), not wearing any of gloves, hat and
googles/face shields (AdjOR 0.1 95%CI0.02-0.4), and the use of high-performance �ltering or a
combination of fabric plus surgical mask (AdjOR 0.2 95%CI 0.1-0.8) outside the workplace were
protective factors.

Conclusion: This study highlights the protection provided by high-performance �ltering mask or double
masking among HCW. Individual factors and the di�culties of wearing other protective equipment needs
to be considered in designing, implementing and monitoring COVID-19 biosafety protocols for HCW. 

Introduction
Over 55 millions of people were infected worldwide by the Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) in 2020 (1). In previous coronavirus pandemic outbreaks, SARS-CoV-1 in
2003 and the Middle East Respiratory Syndrome in 2012, between 10–20% of infected people were
Healthcare Workers (HCW) (2, 3). In the current pandemic, the prevalence among HCW varies between
countries from 2 to 30% (4). The Coronavirus Infection Disease (COVID-19) caused by SARS-CoV-2,
affects people’s lives and threatens their biological (5, 6), physiological (7, 8), family and social health (9,
10). HCW are repeatedly exposed to the virus leading to an increased risk of the disease (11) and
sequelae (12) compared to the general population. Hence, COVID-19 could reduce the workforce
availability to respond to this emergency.

The �rst case of SARS-CoV-2 in Colombia was reported in March 2020. Seven months later, the
Colombian National Institute of Health has informed over 16,500 infected HCW, most of whom were
associated to the workplace (13). In a descriptive study of HCW in Cali, one of the largest cities in
Colombia, 65% of infections were related to the workplace and the most affected were women and
nursing assistants (14). To date, there is scarce evidence in Latin America, concerning risk factors for the
infection particularly among HCW, who are exposed to both, workplace and community transmission.
Studies are mostly from Asia, Europe and North America (15–18). They have focused on nurses and
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medical staff, and they have mainly evaluated the presence of symptoms and the exposures to
occupational factors, including aerosol-generating procedures (15). Cultural differences and availability
of resources between countries and institutions, limit a direct extrapolation of previous �ndings. Less is
known about the effect of factors related to potential community transmission or the risk among other
hospital workers. Moreover, there is controversy abound the appropriate types of masks for HCW in
community settings (19). Therefore, the aim of this study was to determine the factors associated with
SARS-CoV-2 infection among HCW in Cali, Colombia.

Subjects And Methods

Study design
We conducted a case-control study in HCW who served in health care institutions in Cali, Colombia.
Participants were identi�ed by merging the database of positive reverse transcription-polymerase chain
reaction (RT-PCR) results with the routine surveillance system of COVID-19 (event code 346) or acute
respiratory infections (event codes 345 and 348), who were reported with or without symptoms (as part of
cluster investigations), between June 10th and July 25th, 2020. This time framework matches the �rst
peak of the epidemic curve in Cali. Cases and controls were randomly (simple random sampling without
replacement) selected from those identi�ed as HCW with a positive and negative test, respectively. The
outcome status was con�rmed with the database of epidemiological investigation of COVID-19 in
hospitals compiled by the local health authorities of Cali and during the telephone interview. Sample size
was estimated as 111 participants for each group with 80% power, 95% level of con�dence, 18% of
exposure among controls, Odds Ratio (OR) of 2.5, 1:1 allocation ratio, and 10% of withdrawal.

HCW were de�ned as those working in healthcare environments regardless of whether they were directly
or indirectly involved in clinical activities such driving an ambulance or worked in a hospital or in
homecare. Potential participants were contacted by phone and eligibility criteria were con�rmed.
Eligibility criteria were: 18 years or older, not being pregnant or having a coagulopathy, and working in a
health care institution that have the potential to assist COVID-19 patients, or being in contact before they
had a RT-PCR test with infectious materials such as body �uids and contaminated surfaces and supplies.
The study protocol was approved by the Universidad Javeriana Cali Ethics Committee, and inform
consent was obtained online for all participants.

Data collection
Data was collected by two trained researchers via telephone and using a structured questionnaire. The
questionnaire included sociodemographic, clinical and lifestyle factors six months before the test result,
while psychological factors referred to one month before the test. Occupational, exposure to COVID-19
cases, social behavior and personal protection equipment (PPE) factors referred to two weeks before the
RT-PCR test. Height, weight and compliance to recommended PPE use were self-reported. The exposure to
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a positive person was evaluated by the question: “To your knowledge, were you in contact with a person
diagnosed with COVID-19, at least 2 weeks prior to the test?” A high-performance �ltering mask was
considered as the use of N95, P100 or M3. The use of medicines included hydroxychloroquine,
ivermectin, vitamins, nutritional supplements and hormonal contraceptives before the test. Interviewers
were blinded to the case status. At the end of each interview, blindness was broken to con�rm the status
of each participant as to prevent potential misclassi�cation bias due to controls having a positive test
after their report to the surveillance system.

Statistical analysis
Normality assumption was checked using Shapiro Wilk test. Then, study groups were described and
compared using median (interquartile range) and relative frequencies for quantitative and qualitative
variables, respectively. Body Mass Index (BMI) was estimated from self-reported weight and height and
categorized as obese (≥ 30 kg/m2), overweight (25 to < 30 kg/m2) and not overweight nor obese (< 25
kg/m2). Epidemiological weeks were calculated based on the date of the test result. To account for
correlation among exposures in multiple analysis, new variables were de�ned. The use of surgical hats,
googles/face shields, and gloves were grouped as single PPE. As HCW may have work in more than one
hospital area, these were classi�ed according to risk as “high-risk” if working in COVID-19-designated
zones and any of emergency room, inpatient ward or intensive care unit (ICU), as “middle risk” if did not
work in a COVID-19-designated zone but in emergency or ICU, and as “low risk” if did not work in COVID-
19-designated zone nor emergency nor ICU.

Mann-Whitney U-test and Chi-Square or Fisher test were used for comparisons as appropriate. Multiple
Logistic regression models were �tted using the backward strategy and the likelihood ratio test. A variable
remained in the model when partial F had a P ≤ 0.10, when confounding effect was observed, or by its
clinical relevance on the outcome (i.e; epidemiological weeks and hospital area). Model �t was evaluated
by Hosmer and Lemeshow test. Calibration, speci�city, and collinearity was also checked. The �nal model
was selected considering the highest explicative ability measured by PseudoR2. Analyses were performed
using Stata version 15 (StataCorp. LP, College Station,TX).

Results
A total of 316 cases and 597 controls were selected to reach the target sample size. Among those eligible,
7/117 cases and 19/132 controls declined to participate. Finally, 110 cases and 113 controls were
included (Fig. 1). RT-PCR was ordered because of symptoms in 59.2% of participants and the remaining
40.8% as part of contact tracing or institutional screening. A contact with a positive case was reported in
74% of participants; among them 61.2% have had contact with patients, 46.7% with coworkers and 14.5%
with family members or friends. At the time of the interview, all HCW reported to wear some type of
facemask in both the institutional and community settings. There were not differences between groups in
the epidemiological week of being tested (p = 0.18).
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Men and women using hormonal contraceptives were more frequent among cases compared to controls.
The difference in the use of hormonal contraceptives was observed mainly in symptomatic women (OR = 
2.05 95% Con�dence Interval (CI) 0.75–5.64). Oral contraceptives were the most common type of
hormonal contraception (82%). Level of education, the number of members in the household and feeling
scared or nervous were also statistically signi�cantly different between groups (Table 1). Regarding
occupational factors, working in high-risk areas and doing night shifts were more frequent among cases
than controls with statistical signi�cance. Conversely, keeping distance from positive cases was less
frequent among cases than controls (Table 2). For PPE, seldom wearing gloves face shield/googles or
surgical hat at the workplace compared to always wearing them was protective. In addition, the use of
high-performance mask or a combination of fabric plus surgical mask outside work reduced infection. By
contrast, not using PPE properly every time and receiving training for the use of PPE had a statistically
signi�cant association to the RT-PCR result (Table 3)
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Table 1
Association between sociodemographic, clinical, lifestyle and psychological characteristics with SARS-

CoV-2 infection among HCW
Characteristics Negative RT-

PCR

n = 113

Positive RT-
PCR

n = 110

Unadjusted OR
(95%CI)

P
value

Sociodemographic

Age, years 30(26–34) 30(27–34) 0.98(0.95–1.02) 0.40

Gender, n (%)

Female, not taking hormonal
contraceptives

82(72.6) 57(51.8) Ref  

Female, taking hormonal
contraceptives

11(9.7) 16(14.6) 2.09(0.90–4.84) 0.08

Male 20(17.7) 37(33.6) 2.66(1.40–5.04) < 0.01

Socioeconomic stratum, n (%)

Low (1–2) 37(32.7) 31(28.18)    

Middle (3–4) 56(49.56) 68(61.82) 1.44(0.80–2.63) 0.22

High (≥ 5) 20(17.70) 11(10) 0.65 (0.27–1.57) 0.35

Ethnicity, n (%)

Afro-colombian or indigenous 21(18.6) 24(21.8) Ref  

No ethnic group identi�ed 92(81.4) 86(78.2) 0.82(0.42–1.58) 0.55

Race, n (%)        

White 37(32.7) 31(28.2) Ref  

Mestizo 63(55.8) 62(56.4) 1.17(0.65–2.12) 0.59

Black 13(11.5) 17(15.5) 1.56(0.66–3.71) 0.31

Highest educational level, n (%)

Non-college education 50(44.2) 62(56.4) Ref  

College graduate 40(35.4) 36(32.7) 0.72(0.40–1.30 0.28

Postgraduate education 23(20.4) 12(10.9) 0.42(0.19–0.93) 0.03

Marital status, n (%)

Married or in common law 41(36.3) 45(40.9) Ref  

HBP: High Blood Pressure, DM: Diabetes Mellitus
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Characteristics Negative RT-
PCR

n = 113

Positive RT-
PCR

n = 110

Unadjusted OR
(95%CI)

P
value

Single or Divorced 72(63.7) 65(59.1) 0.82(0.48–1.41) 0.48

Number of members in household, n (%)

<=1 24(21.2) 37(33.6) Ref  

> 2 89(78.8) 73(66.4) 0.53(0.29–0.97) 0.04

Epidemiological weeks, weeks 27(25–28) 27(26–28) 1.11(0.95–1.30) 0.18

Clinical, Life Style and Psychological risk factors

Obesity, n (%)

Not overweight nor obese 53(47.7) 44(40.4) Ref  

Overweight 41(36.9) 49(45.0) 1.44(0.81–2.56) 0.22

Obese 17(15.3) 16(14.7) 1.13(0.51–2.5) 0.76

Chronic disease, n (%)

No 100(88.50) 95(86.36) Ref  

Yes (HBP, DM, Asthma
Hypothyroidism)

13(11.50) 15(13.64) 1.21(0.54–2.68) 0.63

Medication intake, n (%)        

Vitamins or supplements (yes) 20(26.55) 20(18.88) 0.61(0.32–1.16) 0.14

Chloroquine or Ivermectin (yes) 14(12.4) 7(6.4) 0.48(0.19–1.24) 0.13

Smoking habit, n (%)

No 92(81.42) 85(77.27) Ref  

Former or current smoker 21(18.58) 25(22.73) 1.28(0.67–2.47) 0.44

Alcohol intake, n (%)        

Never 32(28.3) 44(40.0) Ref  

Monthly intake 71(62.8) 57(51.8) 0.58(0.33–1.04) 0.07

Weekly intake 10(8.8) 9(8.2) 0.65(0.24–1.8) 0.41

Feeling scared or nervous, n (%)

Never 41(36.3) 57(51.8) Ref  

HBP: High Blood Pressure, DM: Diabetes Mellitus
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Characteristics Negative RT-
PCR

n = 113

Positive RT-
PCR

n = 110

Unadjusted OR
(95%CI)

P
value

Sometimes 72(63.7) 53(48.2) 0.53(0.31–0.9) 0.02

Insomnia, n (%)

Never 49(43.4) 52(47.3) Ref  

Sometimes 64(56.6) 58(52.7) 0.85(0.5–1.45) 0.56

HBP: High Blood Pressure, DM: Diabetes Mellitus
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Table 2
Association between occupational, exposure and social behavior factors and SARS-CoV-2 infection

among HCW
Characteristics Negative RT-PCR n 

= 113
Positive

RT-PCR n = 
110

Unadjusted OR
(95%CI

P
value

Occupational factors

Occupation, n (%)

Nursing Assistant 31(27.4) 38(34.5) Ref  

Nurse 18(15.9) 19(17.3) 0.86(0.39–1.91) 0.71

Physician 25(22.12) 18(16.36) 0.58(0.27–1.27) 0.17

Other healthcare professionalsa 12(10.62) 10(22.7) 0.68(0.26–1.78) 0.43

Technicians 12(10.62) 15(13.64) 1.01(0.42–2.49) 0.96

Administrative Staff 15(13.3) 10(9.1) 0.54(0.21–1.37) 0.19

Workplace risk area, n (%)

Worked in a COVID-19 zone
(yes)

47(41.6) 52(47.3) 1.25(0.74–2.13) 0.39

Worked in a high-risk area (yes) 54(47.8) 70(63.6) 1.91(1.12–3.27) 0.02

Number of institutions working, n (%)

1 104(92.0) 101(91.8) Ref  

≥ 2 9(8.0) 9(8.2) 1.03(0.39–2.7) 0.95

Work hours per day, hrs 10(8–12) 12(8–12) 1.1(0.98–1.22) 0.10

Night shifts, n (%)

No 61(53.98) 42(38.18) Ref  

Yes 52(46.02) 68(61.82) 1.89(1.11–3.23) 0.02

SARS-COV-2 Exposure and Social Behavior Factors

Contact with a positive case, n (%)

No contact 29(25.7) 29(26.4) Ref  

Yes, family or work colleagues 42(37.2) 22(20.0) 0.52(0.25–1.09) 0.08

Yes, patients 42(37.2) 59(53.6) 1.4(0.73–2.69) 0.30

amainly dentists and physiotherapists
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Characteristics Negative RT-PCR n 
= 113

Positive

RT-PCR n = 
110

Unadjusted OR
(95%CI

P
value

Kept distance from the positive case (< 1 meter), n (%)

Does not apply 29(25.66) 29(26.36) Ref  

No 74(65.49) 79(71.82) 1.06(0.58–1.95) 0.83

Yes 10(8.85) 2(1.82) 0.20(0.04–0.99) 0.05

Shared Closed Spaces with the Positive Case, n (%)

Does not apply 29(25.7) 29(26.4) Ref  

No 15(13.3) 5(4.5) 0.33(0.11–1.04) 0.06

Yes 69(61.1) 76(69.1) 1.1(0.6–2.03) 0.76

Shared more than 15 minutes with the positive case, n (%)

Does not apply 29(25.7) 29(26.4) Ref  

No 17(15.0) 14(12.7) 0.82(0.34–1.98) 0.66

Yes 67(59.3) 67(60.9) 1(0.54–1.85) 1

Was exposed to secretions of the positive case, n (%)

Does not apply 29(25.7) 29(26.4) Ref  

No 71(62.8) 56(50.9) 0.79(0.42–1.47) 0.45

Yes 13(11.5) 25(22.7) 1.92(0.83–4.48) 0.13

Was in contact with positive case belongings, n (%)

Does not apply 29(25.7) 29(26.4) Ref  

No 53(46.9) 42(38.2) 0.79(0.41–1.53) 0.49

Yes 31(27.4) 39(35.5) 1.26(0.63–2.53) 0.52

Was in contact with surfaces around the positive case, n (%)

Does not apply 29(25.7) 29(26.4) Ref  

No 25(22.1) 12(10.9) 0.48(0.2–1.13) 0.09

Yes 59(52.2) 69(62.7) 1.17(0.63–2.18) 0.62

Handwashing with alcohol, n (%)

amainly dentists and physiotherapists
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Characteristics Negative RT-PCR n 
= 113

Positive

RT-PCR n = 
110

Unadjusted OR
(95%CI

P
value

Always 91(80.5) 89(80.9) Ref  

Sometimes /few times 22(19.5) 21(19.1) 0.98(0.5–1.9) 0.94

Handwashing with soap, n (%)

Always 98(86.7) 97(88.2) Ref  

Sometimes /few times 15(13.3) 13(11.8) 0.88(0.4–1.94) 0.74

Shared spaces at work, n (%)

Cafeteria (yes) 42(37.2) 38(34.5) 0.89(0.52–1.54) 0.68

Resting places (yes) 14(12.4) 22(20.0) 1.77(0.85–3.66) 0.13

Elevator (yes) 29(25.7) 23(20.9) 0.77(0.41–1.43) 0.40

Shared food with peers, n (%)    

No 88(77.9) 84(76.4) Ref  

Yes 25(22.1) 26(23.6) 1.09(0.58–2.04) 0.79

Means of transportation to work, n (%)

None or private 84(74.34) 77(70) Ref  

Taxi, Ridesharing, Public
transportation

29(25.66) 33(30) 1.24(0.69–2.23) 0.47

Outings besides work, n(%)

To the bank (yes) 14(12.4) 23(20.9) 1.87(0.91–3.86) 0.09

To the supermarket/store (yes) 81(71.7) 66(60) 0.59(0.34–1.03) 0.07

To the drugstore (yes) 8(7.1) 4(3.6) 0.5(0.14–1.69) 0.26

Social gatherings at own house, n (%)

Never 70(61.9) 67(60.9) Ref  

Few/ seldom times 30(26.5) 31(28.2) 1.08(0.59–1.97) 0.80

Sometimes/ always 13(11.5) 12(10.9) 0.96(0.41–2.26) 0.93

Social gatherings at someone else's house, n (%)

Never 67(59.3) 65(59.1) Ref  

amainly dentists and physiotherapists
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Characteristics Negative RT-PCR n 
= 113

Positive

RT-PCR n = 
110

Unadjusted OR
(95%CI

P
value

Few/ seldom 35(31.0) 34(30.9) 1(0.56–1.79) 1

Sometimes/ always 11(9.7) 11(10.0) 1.03(0.42–2.54) 0.95

amainly dentists and physiotherapists
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Table 3
Association between personal protection equipment at work and in the community and SARS-CoV-2

infection among HCW
Characteristics Negative RT-PCR

n = 113
Positive

RT-PCR n 
= 110

Unadjusted OR
(95%CI

P
value

Use of High-performance �ltering mask, n (%)

Always 51(45.13) 47(42.73) Ref  

Not always or another mask 62(54.87) 63(57.27) 1.1(0.65–1.86) 0.72

Gloves, n(%)

Always 58(51.3) 72(65.5)    

Not always 55(48.7) 38(34.5) 0.56(0.32–0.95) 0.03

Face shield or goggles, n (%)

Always 65(57.5) 77(70.0)    

Not always 48(42.5) 33(30.0) 0.58(0.33–1.01) 0.05

Surgical hat, n (%)

Always 52(46) 73(66.4) Ref  

Not always 61(54) 35(33.6) 0.43(0.25–0.74) < 
0.01

Shoe covers, n (%)        

Always 18(15.93) 21(19.09) Ref  

Not always 95(84.07) 89(80.91) 0.80(0.40–1.60) 0.53

Coveralls, suit, or anti-�uid gown, n (%)

Always 19(16.81) 13(11.8) Ref  

Not always 94(83.19) 97(88.2) 1.51(0.71–3.22) 0.29

Gowns including disposable gowns, n (%)

Always 52(46.02) 48(43.6) Ref  

Not always 61(53.98) 62(56.4) 1.10(0.65–1.87) 0.72

Used PPE properly, n (%)

Many times 108(95.6) 97(88.2) Ref  

Sometimes /few times 5(4.4) 13(11.8) 2.89(1-8.42) 0.05
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Characteristics Negative RT-PCR
n = 113

Positive

RT-PCR n 
= 110

Unadjusted OR
(95%CI

P
value

Training PPE support, n (%)

None 20(17.7) 9(8.2) Ref  

< 2 hours 60(53.1) 62(56.4) 2.3(0.97–5.44) 0.06

≥ 2 hours 33(29.2) 39(35.5) 2.63(1.05–6.54) 0.04

Type of facemask outside of work, n (%)

Surgical mask 69(61.06) 79(71.82) Ref  

High-performance or fabric plus
surgical mask

27(23.89) 12(10.91) 0.39(0.18–
0.82)

0.01

Only fabric mask 17(15.04) 19(17.27) 0.98(0.47–
2.02)

0.95

 

In the multivariate model, gender was an independent factor associated with infection: being a man or a
woman using hormonal contraceptives, although the later did not reach statistical signi�cance. To be a
nurse was signi�cantly associated with a positive RT-PCR, but the con�dence interval was wide. Other
healthcare professionals, physicians, and administrative staff showed an increased risk when compared
to nursing assistants; however, p-values were above 0.05. A statistically signi�cant association was
observed between PPE use and the RT-PCR result when HCW did not always wear a high-performance
�ltering mask or did not use PPE properly. Receiving training remained in the model as a risk for infection
but without statistically signi�cance. The protective factors were postgraduate education, the use of a
high-performance mask outside the workplace, not wearing any of surgical hat, face shields/goggles or
gloves, and feeling scared or nervous sometimes. (Table 4).
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Table 4
Multiple regression model of factors associated with SARS-CoV-2 infection in HCW.

(Model also adjusted by epidemiological week and hospital area)
Characteristics Adjusted OR (95% CI) P value

Gender    

Female, not taking hormonal contraceptives Ref  

Female, taking hormonal contraceptives 2.72(0.91–8.13) 0.07

Male 4.13(1.70-10.05) < 0.01

Highest educational level,    

Non-college education Ref  

College graduate 0.06(0.01–0.53) 0.01

Postgraduate education 0.05(0.005–0.47) < 0.01

Number of members in the household  

<=1 Ref  

> 2 0.47(0.21–1.04) 0.06

Feeling scared or nervous    

Never Ref  

Sometimes 0.45(0.22–0.91) 0.03

Alcohol intake    

Never Ref  

Monthly intake 0.50(0.23–1.07) 0.08

Weekly intake 0.58(0.16–2.16) 0.42

Occupation    

Nursing Assistant Ref  

Nurse 11.24(1.05-119.63) < 0.05

Physician 8.36(0.81–85.36) 0.07

Other healthcare professionalsa 11.44(0.88–148.70) 0.06

Technicians 2.49(0.71–8.67) 0.15

Administrative Staff 3.99(0.91–17.66) 0.07

amainly dentists and physical therapists
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Characteristics Adjusted OR (95% CI) P value

Use of High-performance �ltering mask  

Always Ref  

Not always or another face mask 2.27(1.02–5.05) 0.04

Always wear a hat, face shield/goggles or gloves  

Yes, all three of them Ref  

Yes, only two 0.69(0.25–1.96) 0.49

Yes, only one 0.35(0.13–0.98) < 0.05

None 0.10(0.02–0.41) < 0.01

Used PPE properly    

Yes Ref  

No 4.82(1.18–19.65) 0.03

Type of facemask outside of work    

Surgical mask Ref  

High-performance or fabric plus surgical mask 0.27(0.09–0.80) 0.02

Only fabric mask 0.84(0.32–2.20) 0.73

Training PPE support,    

None Ref  

< 2 hours 2.73(0.83–8.92) 0.10

≥ 2 hours 3.42(0.97–12.01) 0.06

amainly dentists and physical therapists

Discussion
This study sought to identify factors associated with SARS-CoV-2 infection among HCW to improve
interventions aimed at reducing the risk in these front-line workers. After considering a wide range of
characteristics, we found sociodemographic, lifestyle, psychological factors, and PPE use in and outside
the workplace were the most relevant to have a positive RT-PCR. In particular, the results highlight the
effectiveness of PPE in this population, demonstrating a greater protective effect of high-e�ciency
masks when compared to other types of masks when use in and outside the workplace. However, we
observed unexpected results regarding the impact of PPE usage training as well as the effectiveness of
some PPE elements such as surgical hats, face shields/googles and gloves.
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In this study, all HCW wore some type of facemask at work. Based on our results, those always-wearing
high-performance �ltering masks had a better protection when compared to those wearing them
occasionally or wearing other types of facemasks. This is in line with a previous meta-analysis
suggesting that N95 mask could be more strongly associated with protection from viral transmission
than surgical masks (20). However, low certainty evidence suggests that surgical masks and N95
respirators offer similar protection against coronavirus in non-aerosol-generating care (21). One study
even reported an increased risk of N95 compared to surgical mask, but that study only adjusted for age
as a potential confounder (22). Different types of masks, manufacturer standards, and the evaluation of
potential confounders may explain discordances between studies.

There is not clear recommendation for the type of mask that HCW need to wear in “low risk” areas in the
hospitals or even outside the workplace. For example, the evidence comparing the e�cacy of N95
respirators to surgical masks in the outpatient setting is scarce (19, 23). Our results suggest that fabric
and surgical masks performed similarly, while wearing high-performance �ltering masks or a
combination of fabric plus surgical mask reduces the risk of infection compared to the use of surgical
mask exclusively (24). A recent experiment demonstrated that the combination of the fabric mask
covering the surgical mask blocked 92.5% of the cough particles, which double the �ltration capacity of
each mask alone (25). Therefore, HCW could be advised to wear high-performance mask even when they
are not directly taking care of COVID-19 patients, or in case of a shortage, low resource settings or high
cost of high-performing masks, a combination of fabric plus surgical mask as an alternative. In any case,
emphasis needs to be given to the proper use of PPE as previously stated (15, 26, 27). PPE �t is an
important component in their functional e�cacy. Surgical masks and fabric masks do not require special
�tting. Nonetheless, it has been shown that even non-�t-tested N95 respirators were signi�cantly more
protective than surgical masks (28).

It is expected that the use of PPE including face masks, hats, gowns, shoe covers, gloves, or face shields
are associated with decreased risk, but there are not necessarily so when included in multiple regression
models (29). In general, the evidence for the effectiveness of face shields in preventing transmission of
viral respiratory diseases is limited (23). Controversially, our study reported a greater risk among those
who always wore face shields/goggles, gloves and surgical hats. We believe that certain behaviors for
example, sharing reusable PPE e.g; face shields, without appropriate cleaning and disinfection protocols,
or relaxing their use while taking rest, might contribute to the transmission. PPE could also provide a false
sense of security resulting in self-contamination during patient´s care and do�ng process (30). It has
been reported that half of HCW correctly remove their PPE, and very few dispose them in the proper
location (31, 32). Common reported errors are do�ng gown from the front, removing face shield, and
touching potentially contaminated surfaces during do�ng (33). Glove and gown removal simulations
showed that self-contamination of skin or clothing occurred in 46% of simulations (34). Then, respiratory
hygiene programs including adequate training activities and on-site PPE monitoring strategies, are
required to decrease the risk of inappropriate use of PPE. In this regard, an unexpected �nding of our
study was the almost signi�cant association between being trained and being positive. More than 50% or
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HCW had received PPE training for less than 2 hours, which could be insu�cient and might explain, at
least in part, this result.

We also showed a differential effect of gender and hypothesized about the potential role of hormonal
contraceptives intake in infection. Our results support a greater risk of having a positive RT-PCR among
men. Testosterone suppresses the innate immune responses (35), and seems to increase renin-
angiotensin protein system and angiotensin converting enzyme (ACE) activity, while estrogen decreases
them (36). Additionally, ACE2 is also present in testicles (37). These �ndings may suggest that a
differential expression of ACE2 between males and females and could explain, at least in part, the gender
differences in COVID-19 susceptibility. On the other hand, a previous meta-analysis showed that women
are about 50% more likely than men to adopt and practice non-pharmaceutical interventions (38),
suggesting a better compliance with biosafety measures among women. The greater risk of SARS-CoV-2
among men was also reported in HCW in India (26); however, some studies in the general population have
reported a greater risk among women (17, 39). Differences in the amount and type of contact patterns
could explain these discrepancies, as could be the case of women having predominant roles as
caregivers in the general population.

Notably, we observed a differential but no signi�cant risk among women according to the use of
hormonal contraceptives. Like testosterone, progesterone generally inhibits in�ammatory innate immune
responses by promoting an anti-in�ammatory state and suppressing the activation of macrophages and
dendritic cells (40). This anti-in�ammatory environment contributes to a greater bacterial burden of
Mycobacterium tuberculosis (41) (40) and might play a similar role in SARS-CoV-2. However, estrogens at
low dose have an immune stimulatory activity, which is the case of oral contraceptives (42). Therefore,
combine birth control pills, might contribute to symptomatic infections (43). This could explain the higher
prevalence of cases particularly among those symptomatic women who had used hormonal
contraceptives. However, we did not evaluate whether the contraceptive was progestogen or combined
based. Therefore, this speci�c result should be considered as exploratory and requires further evaluation.

Psychological factors such as feeling scared or nervous showed a protective effect. Notwithstanding
stress is a negative consequence of the pandemic, our study supports that certain amount of stress
might confer protection. Despite we did not evaluated the source of stress, anxious individuals are less
con�dent in their abilities to managing threated situations (44). Therefore, they are more sensitive to
feedback and to be hyper vigilant in monitoring their surroundings and themselves which leads to
strategic actions to avoid harm (45). However, it is not clear whether this apparent protective effect
observed before the �rst peak of cases could persist through the duration of the pandemic. On the other
hand, the greater risk among less-educated adults compared to university graduated is consistent with a
previous report (46). We also observed a trend to a lower risk among those living with more than two
persons in the household. One reason could be that HCW adhere more to biosafety measures if they feel
responsible for their family. On the contrary, comorbidities previously associated with severity (47–49)
were not associated with the infection in our study (50).
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Despite nursing assistants represented the largest proportion of HCW among those who tested positive
(14), our study reports a greater risk among nurses when compared to them; however, the precision of this
estimation was low. Nurses directly care positive patients and practice procedures including bronchial
aspiration. Other healthcare professionals such as respiratory therapists and physicians are also at high
risk of exposure. Administrative staff are not expose to such procedures; however, they could be less
supported concerning the use of PPE and biosafety measures. Other occupational characteristics
previously reported as risks factors were not independently associated, such as sharing spaces for food
consumption (51), night shift (52) or daily work hours (18).

Strategies to minimize potential biases included blindness of interviewers to prevent the observer bias,
and con�rming the participant status to avoid misclassi�cation of cases and controls were implemented.
However, we acknowledge that recall bias could have been present, though we anticipate its impact to be
non-differential given that the time between the RT-PCR results and the interview were similar between
groups. The proportion of proper PPE use may have been overestimated in both cases and controls, since
this variable was self-reported. The quality of training, whether donning and do�ng procedures were both
included, or whether training prioritize certain PPE, was not evaluated and warrants further studies. This
study was performed close to the �rst peak of cases in Colombia when personal and institutional
biosafety measures were reinforced to prevent contagion. This might explain the homogeneity of cases
and controls in certain COVID-19 related exposures and PPE use. In this context, the sample size could be
insu�cient to detect small differences between the groups. Residual confounding could also be present
for certain variables such as the type of alcoholic beverage or number of mask layers. Other variables as
the reuse or sharing PPE, do�ng practices, or the prevalence of the infection in the place of residence
were not evaluated. The employed workforce tends to have fewer sick people and may behave differently
regarding the PPE use, which limit the extrapolation of our result to the general population.

In conclusion, high-performance �ltering masks used in and outside workplace were protective for SARS-
CoV-2 infection among HCW independent of the level of exposure. Gender, level of education together
with occupational and personal characteristics, in�uence the risk of infection and need to be considered
when planning public health and hospital infection prevention strategies. As the pandemic progresses,
the quality of training and monitoring strategies of PPE use becomes more relevant for HCW both in and
outside the workplace. Further research is warranted 1) to identify the types of errors that might occur in
using PPE, 2) to evaluate and improve adherence to recommended protocols for PPE donning and
do�ng, 3) to identify effective means, contents and quality standards of training, and 4) to identify the
potential risk of hormonal contraceptives in symptomatic SARS-CoV-2 infection.
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Figure 1

Flowchart of the study participants


