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ABSTRACT
Background: Risk factors for coronavirus disease (COVID-19) and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
asymptomatic carriage (AC) in healthcare workers (HCWs) have been scarcely characterized. Objective: The objective of the
study was to study factors associated with COVID-19 and AC in HCWs of a COVID-19 academic medical center. Methods: This
is a case-control study. Cases were either symptomatic or asymptomatic HCWs with a positive SARS-CoV-2 polymerase chain
reaction (PCR) test result between March 16 and May 21 of 2020. Adjusted odds ratios (aOR) were calculated by means of
multivariable logistic regression. In addition, each subject was followed for 14 days to inform outcomes. Results: One hundred
thirty of 249 (52.2%) symptomatic HCWs had COVID-19; 10 were hospitalized but none died. Of 987 asymptomatic HCWs,
37 (3.7%) were AC; 6 of the remaining 950 asymptomatic HCWs with a negative PCR test result were found to be presymptomatic COVID-19 cases the following 14 days. Nurses were more frequently present in the COVID-19 group (51.5% vs. 37.0%),
but multivariable analysis rendered non-significant results. After adjustment for age, comorbidities, and working place, factors
found to be associated with AC were: working in wards as a nurse (aOR = 9.19, 95% confidence interval [CI] = 1.05-80.22,
p = 0.045), kitchen personnel (aOR = 4.09, 95% CI = 1.55-10.83, p = 0.005), and being a physician (aOR = 0.12, 95%
CI = 0.03-0.54, p = 0.006). Conclusions: HCW category was the predominant factor associated with AC of SARS-CoV-2 in this
study. (REV INVEST CLIN. 2021;73(2):65-71)
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INTRODUCTION

Cases were defined as either symptomatic HCWs
with a positive severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) polymerase chain reaction (PCR) test result (analysis #1, factors associated with COVID-19), or asymptomatic HCWs with
a positive PCR test result (analysis #2, factors associated with AC). Corresponding unmatched controls were symptomatic or asymptomatic HCWs
with negative PCR test results, respectively. Only
subjects with tests done between March 16 and May
21, 2020, were included in the analysis. All subjects
were followed for 14 days after testing date to inform outcomes (hospitalization or death in HCWs
with COVID-19, and progression to COVID-19 in ACs
and HCWs with negative PCR test results). Asymptomatic and symptomatic subjects with initial negative test results were followed remotely through telephone calls without repeat tests, unless symptoms
suggestive of COVID-19 appeared after 14 days of
follow-up, in which case, they were treated as new
suspect cases.

Coronavirus disease (COVID-19) is a newly identified
viral disease that is present worldwide and is associated with an ever-increasing number of cases as well
as deaths. Previous studies have reported a high risk
of infection for healthcare workers (HCWs). Early in
the pandemic, 1.1% of HCWs in Wuhan, China, were
found to be infected as compared to 0.2% of the
people living in the community1. In the United States
and England, HCWs had a 12-fold higher risk of having a positive test compared to the general population2. In Mexico, HCWs accounted for 14.5% of total
national confirmed cases as of November 23, 20203,4.
Finally, prevalences of asymptomatic carriers (AC)
have been estimated to be as high as 6.5% in
HCWs1,5,6.
Identification of risk factors for being either a COVID-19 case or an AC is deemed important for control
purposes (i.e., to halt transmission). Although it is
generally assumed that HCWs in direct contact with
COVID-19 patients (e.g., physicians and nurses) are
the most at risk for COVID-19, some studies have
found a higher risk in HCWs not working in clinical
areas1,7,8. Interestingly, a higher incidence of infection
in nurses working in non-clinical areas9 and a higher
frequency of disease or antibody positivity in HCWs
exposed to ill family members10, as noted by previous
studies, point to associated factors present in the
community. On the other hand, relatively little is
known regarding factors associated with ACs; being
a young woman9 and a HCW from COVID-19 healthcare centers6 were identified as risk factors in prior
reports. The objective of this research was to study
factors associated with COVID-19 and AC in HCWs
of a COVID-19 academic medical center, as well as
related outcomes.

Symptomatic HCWs had at least one highly suggestive symptom (fever, headache, cough, or dyspnea)
plus another symptom (malaise, myalgias, arthralgias, rhinorrhea, throat pain, conjunctivitis, vomiting,
or diarrhea). Asymptomatic HCWs lacked any symptom and were identified from a database of a voluntary surveillance program that consisted of a 1-time
questionnaire plus a free PCR test. The following data
were recorded in the database: sex, age, comorbidities, worker category, working area, date of screening
(asymptomatic HCWs), and date of symptom onset
(symptomatic HCWs).

Sampling and testing for
SARS-CoV-2
Naso/oropharyngeal swab samples were obtained
and sent to the laboratory in a universal transport
medium for viruses. Nucleic acid extraction was done
using the NucliSens easyMAG system (bioMérieux,
Boxtel, Netherlands). Real-time reverse-transcription PCR was carried out in the Applied Biosystems
7500 thermocycler (Applied Biosystems, Foster City,
CA, USA) using primers and conditions described
elsewhere11; the cycle threshold value for positivity
was 38.

METHODS
Study design
A case-control study was done. The need for informed consent was waived by the Institutional Review Board as this study was deemed non-experimental in nature.
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Statistical analysis

patient care. Universal use of face masks was not
mandatory in non-clinical hospital areas during the
study time period.

Electronic databases were anonymized before conducting analyses and are available only to investigators
of this study. Data were summarized using percentages for categorical variables, and medians and interquartile ranges for numerical data. Missing data were
not replaced. For comparisons between groups, either
the Chi-square test or Fisher’s exact test were used
for categorical variables, as appropriate; and Wilcoxon’s rank sum test was used for numerical variables.
Variables with a p ≤ 0.05 were analyzed by logistic
regression to identify factors associated with being a
COVID-19 case or an AC; adjusted odds ratios (aORs)
with their respective 95% confidence intervals (95%
CI) were calculated after adjusting for variables previously mentioned (sex, age, comorbidities, worker category, and working area). Stata version 14.0 (StataCorp, College Station, TX, USA) was used for the
aforementioned analyses.

RESULTS
Of 249 symptomatic HCWs, 130 (52.2%) were diagnosed with COVID-19. Of the symptomatic HCWs
with negative PCR test results, no one was subsequently diagnosed with COVID-19 at the end of the
14-day follow-up. Of 987 asymptomatic HCWs, 37
(3.7%) were positive to SARS-CoV-2, and none of
the latter were diagnosed with COVID-19 after completing the 14-day follow-up. Of 950 HCWs with
initial negative test results, 6 (0.6%) were later diagnosed with COVID-19 a median of 11 days (range,
5-19 days) after screening. Therefore, there were
136 COVID-19 cases and 37 ACs that were compared to 119 symptomatic and 944 asymptomatic
controls, respectively.
Ten out of 136 (7.4%) HCWs with COVID-19 were
admitted to hospitalization (median length of stay =
9 days; interquartile range = 8-10 days) and ultimately discharged alive without the need for admission to
the ICU or assisted mechanical ventilation.

Epidemic curve
The hospital’s COVID-19 epidemic curve was compared to that reported for the Mexico City metropolitan area during the same time period12, using the
date of symptom onset.

Of the 1236 subjects included in this study, 41.8%
were male and the median age was 34 years (interquartile range = 28-45). Physicians (35.4%) and
nurses (31.8%) comprised the majority of the study
population. Systemic hypertension (4.1%) was the
most prevalent comorbidity, followed by lung disease (2.8%), which included asthma and chronic
obstructive pulmonary disease. The majority of subjects (30.1%) worked in the ICU or the ER, and
20.0% worked in non-clinical areas. The vast majority lived in Mexico City; 9.7% of subjects lived in
other states.

Infection prevention and control
measures
After March 16, 2020, in line with hospital conversion,
infection prevention and control policies were modified. First, use of personal protective equipment was
mandatory for any HCW treating COVID-19 patients:
universal use of a face mask, goggles, gowns, and
gloves was instituted; surgical face masks were worn
if treating patients hospitalized in wards, and N95/
KN95 respirators were used if treating patients in the
Intensive Care Unit (ICU) or Emergency Room (ER) or
if performing aerosolizing procedures (especially, endotracheal intubation or suction of airway secretions).
Hand hygiene with alcohol hand rubs was especially
enforced and was preferred over the use of 2%
chlorhexidine soap. Each HCW was given a full kit with
these items at the start of each working day, besides
having access to extra equipment at the point of

Nurses were more prevalent in the group of
COVID-19 cases according to bivariate analysis #1
(Table 1). However, this finding lost statistical significance in a multivariable analysis after adjusting for
age, comorbidities, and working place (aOR = 1.44,
95% CI = 0.74-2.79, p = 0.283).
Bivariate analysis #2 showed significant differences
in the proportion of nurses working in wards, kitchen
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Table 1. Factors associated with being a COVID-19 case in bivariate analysis
Variable
Male sex

Cases
(n = 136)*

Controls
(n = 119)*

OR
(95% CI)

p

52 (38.2)

47 (39.5)

0.95 (0.56-1.62)

0.837

37 (28.6-46.8)

36 (29.5-42)

1.01 (0.99-1.04)

0.355

Physician

29 (21.3)

35 (29.4)

0.65 (0.35-1.19)

0.137

Nurse

Age, years (median, IQR)
Working category

70 (51.5)

44 (37.0)

1.81 (1.06-3.08)

0.020

Laboratory worker

4 (2.9)

2 (1.7)

1.77 (0.25-19.89)

0.508

Kitchen personnel

1 (0.7)

1 (0.8)

0.87 (0.01-69.18)

0.924

Office personnel

9 (6.6)

16 (13.5)

0.46 (0.17-1.15)

0.067

Other category

23 (17.0)

21 (17.6)

0.95 (0.47-1.93)

0.877

6/133 (4.5)

1 (0.8)

5.57 (0.66-258.51)

0.077

Comorbidities
Diabetes mellitus
Lung disease

1/133 (0.8)

5 (4.2)

0.17 (0.0-1.59)

0.073

Systemic hypertension

8/133 (6.0)

10 (8.4)

0.70 (0.23-2.04)

0.462

Cardiovascular disease

0/133 (0)

1 (0.8)

0

0.290

19/121 (15.7)

17/117 (14.5)

1.10 (0.51-2.39)

0.801

4/133 (3.0)

5 (4.2)

0.71 (0.14-3.38)

0.610

15/130 (11.5)

5/111 (4.5)

2.77 (0.91-10.03)

0.049

Obesity (BMI≥30)
Current smoker
Working place
ICU/ER
Wards (Nurses)

50/130 (38.5)

36/111 (32.5)

1.30 (0.74-2.30)

0.330

Wards (Physicians)

19/130 (14.6)

25/111 (22.5)

0.59 (0.29-1.20)

0.113

Non-COVID-19 clinical area

22/130 (16.9)

19/111 (17.1)

0.99 (0.48-2.06)

0.968

Non-clinical area

18/130 (13.9)

25/111 (22.5)

0.55 (0.27-1.13)

0.080

6/130 (4.6)

1/111 (0.9)

5.32 (0.63-246.97)

0.087

Other area

*n(%), unless otherwise specified. OR: odds ratio; 95% CI: 95% confidence interval; IQR: interquartile range; BMI: body mass index;
ICU: intensive care unit; ER: emergency room.

personnel, and physicians between cases and controls (Table 2). After adjustment for age, comorbidities, and working place, the corresponding aORs,
95% CIs and p values were as follows: aOR = 9.19,
95% CI = 1.05-80.22, p = 0.045 (nurses in wards);
aOR = 4.09, 95% CI = 1.55-10.83, p = 0.005 (kitchen personnel); and aOR = 0.12, 95% CI = 0.03-0.54,
p = 0.006 (physicians).

DISCUSSION

The hospital epidemic curve of COVID-19 closely resembled that of the Mexico City metropolitan area in
the same time period, and no discernible intrahospital
clusters of COVID-19 cases were found by means of
visual analysis (Fig. 1).

In general, the data presented in this report point to
the nurse as a particular risk HCW category in our
setting, a finding that has been mentioned previously1. However, notwithstanding the obvious risk
posed by close proximity to infected patients, the

This study showed that certain working categories
were positively (nurses, kitchen workers) or negatively (physicians) associated with being an AC of
SARS-CoV-2; furthermore, a tendency in nurses being
diagnosed with COVID-19 was noticed (statistically
non-significant finding).
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Table 2. Factors associated with being an asymptomatic carrier in bivariate analysis
Variable
Male sex
Age, years (median, IQR)

Cases
(n = 37)*

Controls
(n = 944)*

OR
(95% CI)

p

20 (54.1)

397 (42.1)

1.62 (0.79-3.34)

0.148

39 (26-43)

33 (28-45)

1.0 (0.97-1.03)

0.842

3 (8.1)

371 (39.3)

0.14 (0.03-0.44)

<0.001

Working category:
Physician
Nurse

15 (40.6)

264 (27.9)

1.76 (0.83-3.60)

0.096

Laboratory worker

0 (0)

63 (6.7)

0 (0-1.46)

0.104

Kitchen personnel

8 (21.6)

50 (5.3)

4.93 (1.85-11.76)

Office personnel

4 (10.8)

84 (8.9)

1.24 (0.31-3.61)

0.690

Other category

7 (18.9)

112 (11.9)

1.73 (0.63-4.15)

0.197

0 (0)

8 (0.8)

0 (0-12.42)

0.574

<0.001

Comorbidities:
Diabetes mellitus
Lung disease (any)

1 (2.7)

28 (3.0)

0.91 (0.02-5.83)

0.926

Systemic hypertension

0 (0)

33 (3.5)

0 (0-2.89)

0.247

Cardiovascular disease

0 (0)

3 (0.3)

0 (0-33.44)

0.731

Obesity (BMI ≥ 30)

8 (21.6)

150/922 (16.3)

1.42 (0.55-3.26)

0.390

Current smokers

8 (21.6)

142 (15.0)

1.56 (0.60-3.58)

0.275

10 (27.0)

342 (36.2)

0.65 (0.28-1.41)

0.252

6 (16.2)

66 (7.0)

2.57 (0.84-6.58)

0.035

1 (2.7)

100 (10.6)

0.23 (0.0-1.43)

0.121

9 (24.3)

191 (20.2)

1.27 (0.52-2.82)

0.545

11 (29.7)

193 (20.4)

1.65 (0.72-3.52)

0.172

0 (0)

52 (5.5)

0 (0-1.79)

0.142

Working place:
ICU/ER
Wards (Nurses)
Wards (Physicians)
Non-COVID-19 clinical area
Non-clinical area
Other area

*n(%), unless otherwise specified. OR: odds ratio; 95% CI: 95% confidence interval; IQR: interquartile range; BMI: body mass index;
ICU: intensive care unit; ER: emergency room

presymptomatic cases was much lower in this study
as compared to that of another report9.

influence of behavior and social interactions inside
the hospital could not be ruled out; for instance, it
was frequently observed that nurses tended to meet
each other in crowded places and neglect protective
regulations when outside the clinical area, although
this could not be measured or compared to other
groups.

In this study, a hint as to the influence of external
factors was suggested by closely resembling epidemic curves for the hospital and the community,
although no firm conclusions can be further drawn.
Previous studies have noted that a high proportion
of COVID-19 cases in HCWs was actually related to
household or community contacts5,13-15, and that the
latter seemed to be related to higher attack rates
than exposures in healthcare centers16. An observation that further supported the possible existence of
external factors in this study is that COVID-19

The identification of kitchen workers as a factor
related to ACs was due to a heightened probability
of detection, since massive voluntary screening was
undertaken after a COVID-19 case was diagnosed
in the hospital kitchen; however, no ACs in the kitchen ultimately developed COVID-19. The rate of
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Figure 1. Comparison of the coronavirus disease-19 epidemic curves for Mexico City metropolitan area and the study hospital,
February 22-May 21, 2020.
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patients were admitted to our hospital a median of
7 days after symptom onset (interquartile range,
5-10 days), at a time when the majority of them
would theoretically be expected to represent a low
risk for intrahospital transmission17-19.

3.

4.

Although this study found that some of the factors
associated with being a case or an AC are consistent
with other reports, social and behavioral factors unaccounted for are undoubtedly intermingled, and further
studies will aid to better define their importance.

5.

6.

7.

We acknowledge limitations. First, the study sample
was not random and included consecutive subjects in
a defined time frame. Second, generalization is not
possible due to important differences in the pandemic behavior across countries, regions, and hospitals.
Third, although the adherence rate to hand hygiene
and proper use of personal protective equipment was
not measured, distribution of kits to HCWs as mentioned above was universal, purportedly facilitating
HCW prevention behaviors when in contact with patients, although behavior beyond the clinical area was
not measured. Two major strengths of this study are
the complete assessment and follow-up of the included subjects, providing a reliable categorization of
health status, and the exhaustive testing of all subjects, which provides a precise estimate of the initial
behavior of the COVID-19 epidemic in this Mexican
hospital.

8.

9.

10.

11.
12.

13.
14.

In summary, HCW category was the predominant factor associated with being an AC of SARS-CoV-2 in this
study, and being a COVID-19 case tended to be more
frequent in nurses, although this finding was not statistically significant in multivariable analysis.

15.

16.
17.
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