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Objectives This study aimed to assess if, during the second wave of the COVID-19 pandemic, healthcare work-
ers had increased severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection rates, following
close contact with patients, co-workers and persons outside work with COVID-19.

Methods A follow-up study of 5985 healthcare workers from Denmark was conducted between November
2020 and April 2021 and provided day-to-day information on COVID-19 contacts. SARS-CoV-2 infection was
defined by the first positive polymerase chain reaction (PCR) test ever. Data was analyzed in multivariable Pois-
son regression models.

Results The SARS-CoV-2 infection rates following close contact 3—7 days earlier with patients, co-workers and
persons outside work with COVID-19 were 153.7, 240.8, and 728.1 per 100 000 person-days, respectively. This
corresponded with age, sex, month, number of PCR tests and mutually adjusted incidence rate ratios of 3.17 [40
cases, 95% confidence interval (CI) 2.15-4.66], 2.54 (10 cases, 95% CI 1.30-4.96) and 17.79 (35 cases, 95% CI
12.05-26.28). The risk of SARS-CoV-2 infection was thus lower, but the absolute numbers affected was higher
following COVID-19 contact at work than COVID-19 contact off work.

Conclusions Despite strong focus on preventive measures during the second wave of the pandemic, healthcare
workers were still at increased risk of SARS-CoV-2 infection when in close contact with patients or co-workers
with COVID-19. There is a need for increased focus on infection control measures in order to secure healthcare
workers’ health and reduce transmission into the community during ongoing and future waves of SARS-CoV-2
and other infections.

Keyterms coronavirus; COVID-19; epidemiology; infectious disease; longitudinal study; loss of taste and smell;
occupational safety; PCR; polymerase chain reaction; risk factor.

The first wave of the SARS-CoV-2 pandemic was glob- mortality of COVID-19 (2—-6). From January to October
ally characterized by widespread lack of personal pro- 2020, healthcare workers from four UK teaching hospi-
tective equipment (PPE), confusing PPE guidelines and tals exposed to patients and healthcare workers infected
lack of SARS-CoV-2 testing and contact tracing (1). with SARS-CoV-2 had infection rates of 0.8 and 0.6 per
Healthcare workers were at highly increased risk and 1000 person-days at risk, respectively, well above the
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background rate of 0.1 per 1000 person-days at risk (7).
From March to April 2020, front-line healthcare workers
in the UK and USA reporting adequate PPE use when in
direct contact with COVID-19 patients showed a five-
fold increased self-reported positive polymerase chain
reaction (PCR) testing rate for SARS-CoV-2 of 553 per
100 000 (2). Increased SARS-CoV-2 seropositivity was
reported among healthcare workers in close contact with
patients (8—11), co-workers (8, 9), household members
and other persons outside work with COVID-19 (8, 9,
12—15), but not consistently (13—16).

A considerable increase in preventive measures was
initiated in multiple countries including Denmark (13),
and it was expected that the pandemic afflicting so many
healthcare workers was brought under control during the
second wave. Our main objective was to study if, during
the second wave of the COVID-19 pandemic, healthcare
workers had increased SARS-CoV-2 infection rates
following close contact with patients, co-workers and
persons outside work with COVID-19.

Methods

Study design and population

This is a dynamic follow-up study with day-to-day self-
reported information on COVID-19 contacts. Outcome
is incident SARS-CoV-2 infection. Person-day at risk
is the unit of analysis. The study population comprised
healthcare workers at hospitals and related technical,
administrative and other staff of the Central Denmark
Region (hereafter referred to as healthcare workers).

General surveillance and infection control recommendations

PCR testing for SARS-CoV-2 was freely accessible at
no cost for all Danish citizens independent of symptoms.
All hospital workers with any patient contact were urged
to be PCR tested bi-weekly until 26 January 2021, there-
after weekly. PCR test results were provided on aver-
age 24-36 hours after sample collection. SARS-CoV-2
infection rates in the second wave of the pandemic
peaked in Denmark on 16 December 2020, with 4387
PCR-verified cases in a population of 5 771 877 citizens.

All healthcare workers were instructed to follow
general guidelines for infection control and wear sur-
gical masks in all indoor areas with public or patient
access and maintain physical distance to other persons
whenever possible. All workers with non-critical func-
tions were sent home on 11 December 2021, and for the
remaining study period.

During care for patients diagnosed with or under
suspicion of COVID-19, all staff were instructed to wear
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a fluid-repellent disposable gown with long sleeves,
disposable medical gloves, surgical mask and protective
glasses or visor. Moreover, during procedures with risk
of aerosol generation (eg, high flow oxygen therapy)
the surgical mask should be replaced by a filtering face
piece 2 or 3 (FFP2, FFP3) respirator. The healthcare
workers were instructed how to do a positive pressure
seal check of the respirators, but no formal fit test was
done as recommended by Center for Disease Control
(18). There was sufficient supply of PPE during the
study period.

Following close contact with persons diagnosed with
COVID-19 without prescribed PPE for >15 minutes,
individuals were required to go into self-isolation and
be PCR tested at day four and six. Self-isolation could
be cancelled following two negative tests or, in case
of a positive test, 48 hours after symptom cessation
or seven days after the positive test if asymptomatic.
Detailed infection control for COVID-19 for employees
of the Central Denmark Region during the COVID-19
pandemic can be found in the supplementary material
(www.sjweh.fi/article/4049).

Exposure assessment of COVID-19 contacts

Each day during follow-up at 15:30 hours, study partici-
pants received a text message linking to a questionnaire.
They were asked to report any incident of close contact
within a one-meter distance with patients and persons
outside work with COVID-19 during the current and the
previous 1-2 and 3—4 days. Participants were also asked
to report incidents of close contact with co-workers with
COVID-19 during the previous 1-2 and 3—4 days, but
not the current day, because co-workers with known
COVID-19 would not be present at work.

We classified each day of follow-up as exposed to
contact with COVID-19 patients if participants reported
such contact at least once during the previous 3—7 days.
Otherwise, each day of follow up was classified with
no close contact with COVID-19 patients if participants
reported this for >3 days during the previous 3-7 days.
Days of follow-up not fulfilling these two criteria were
classified with unknown close contact with COVID-19
patients. A similar approach was used to assign expo-
sure status following close contact with co-workers and
persons outside work. Thus, each day of follow-up was
classified as exposed (yes, no, unknown) to patients, co-
workers and persons outside work with COVID-19. To
account for the incubation period, we decided to focus
on the 5-day exposure window 3—7 days earlier (19).

SARS-CoV-2 infection, vaccination and COVID-19 symptoms

The primary outcome measure was incident SARS-
CoV-2 infection defined as the first positive PCR test
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ever recorded in a regional register with complete cov-
erage of all tests conducted in the population since
27 February 2020. A regional register also provided
information about all COVID-19 vaccinations since 27
December 2020. As a secondary outcome measure, we
included first report of loss of taste and smell as asked
for in the daily questionnaire because this was a key
symptom of COVID-19 during the early waves of the
pandemic and should be unaffected by potential biases
related to being PCR tested for SARS-CoV-2 (20).

Population characteristics

Information on age, sex, occupation and department of
employment was obtained from the personnel records of
the Central Denmark Region. At baseline, participants
reported information on smoking, height and weight that
allowed calculation of body mass index (BMI), airways
disease (chronic obstructive pulmonary disease, asthma,
rhinitis). Participants reported non-compliance with PPE
guidelines in the daily questionnaire by responding to
the following two questions: "Has there within the last
24 hours been situations where you did not use the
recommended personal protective equipment? If yes,
during which tasks did you not use the recommended
personal protective equipment?".

Statistical analyses

Study participants were followed daily from seven
days after the first daily questionnaire response — 25
November 2020 — at the earliest, until first positive test
for SARS-CoV-2, seven days after full vaccination (21)
or 30 April 2021. Each day of follow-up was classified
according to close contact (yes, no, unknown) with
patients, co-workers and persons outside work with
COVID-19 according to the previously defined criteria.
Participants may have experienced all contact forms
several times during follow-up and thus move in and
out of exposures.

Study population characteristics were described for
the person-days at risk. Sex, age, occupation, depart-
ment, smoking, BMI, and lung disease were reported at
baseline and did not vary during follow up. PCR test-
ing, on the other hand like close contact with patients,
co-workers and persons outside work with COVID-
19, varied day-to-day, and we therefore reported PCR
testing for three time windows: 1-2, 3—7 and >8 days
earlier reflecting time after, during, and before the 5-day
COVID-19 exposure window.

We used generalized linear models with log-link
assuming a Poisson distribution with person-days as
offset representing the time at risk to derive incidence
rate ratios (IRR) with 95% confidence intervals (CI) for
SARS-CoV-2 infection following close contact versus
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no close contact with patients, co-workers and persons
outside work with COVID-19. Adjusted IRR were
mutually adjusted for the other types of COVID-19
contact, sex, age (continuous) and month (6 categories,
November 2020—April 2021) as decided a priori. We fur-
thermore adjusted for number of PCR tests made before,
during, and after the 5-day exposure window (>8, 3-7
and 1-2 days previously). However, this only affected
IRR estimates marginally, and in the final models, we
included the cumulative number of earlier PCR tests as
a continuous variable. In the analyses, number of pre-
vious PCR tests and contact with patients, co-workers
and persons outside work were treated as time-varying
day-to-day.

We excluded person-days with missing information
on close contact with patients, co-workers and persons
outside work diagnosed with COVID-19. We abstained
from imputing the missing values. This was because a
high fraction of participants worked part time or irregu-
lar shifts with at least two days off work with no close
contact with patients or co-workers at unpredictable
days during a given week. Information on the covariates
of the adjusted models were complete.

In a sub-analysis, we restricted the data to person-
days at risk with close contact either with patients,
co-workers or persons outside work with COVID-19,
excluding person-days with combined close contacts.
Based on this data, we estimated the IRR of SARS-
CoV-2 infection following close contact with either
patients or co-workers using close contact with persons
outside work as the reference.

Analyses of loss of taste and smell followed a simi-
lar setup as analyses of SARS-CoV-2 infection, but we
did not censor subjects when testing PCR positive for
SARS-CoV-2 and did not include number of earlier PCR
tests in the adjusted models.

In sensitivity analyses of possible differential recall
of close COVID-19 contacts, we excluded contact
information obtained after a given day of follow-up (ie,
based on questionnaire reports for the previous 1-2 and
3—4 days), when PCR test results were available for
the participants. This excluded all information on close
contact with co-workers with COVID-19 because this
was only reported for the previous 1-2 and 3—4 days.

Results

A total of 26 089 healthcare workers were invited to
the study on 17 November 2020. After excluding 724
who tested positive for SARS-CoV-2 before the start of
follow-up, 25 365 healthcare workers (3 253 671 person-
days) were candidates for inclusion and 6337 (753 607
person-days) participated (table 1). After excluding



person-days with missing information on close contact
with patients, co-workers or persons outside work with
COVID-19, the study population included 5985 health-
care workers providing 514 165 person-days at risk. The
daily testing rates were 5.5% for the invited population
and 7.1% for the study population. Altogether, 448 748
daily questionnaire responses were collected from the
study population during follow-up, corresponding with
an 87.3% coverage. SARS-CoV-2 infection rates in the
invited population and the study population were 28.6
and 30.9 per 100 000 person-days.

Table 2 presents characteristics (person-days) of
the invited population and the study population by
COVID-19 contacts 3—7 days earlier. The study popu-
lation included 88.6% women and the mean age was
48.0 years compared with 83% women and a mean
age of 43.6 years for the invited population. Com-
pared to the invited healthcare workers, more study
participants had been PCR tested earlier. Only minor
occupation and department differences between the
invited and the participating populations were seen,
except for relatively more participants from depart-
ments with less frequent patient contact.

Participants who reported one type of close
COVID-19 contact more often reported the other types
of close COVID-19 contact. All types of COVID-19
contact were associated with more frequent PCR test-
ing, especially during the previous 1-2 days. More
nurses had close contact with patients and co-workers
with COVID-19 than other occupations. Only small
differences were seen for department, smoking status,
BMI and lung diseases.

After having close contact with COVID-19
patients 3—7 days earlier, 40 participants tested posi-
tive for SARS-CoV-2, while 119 tested positive after
no such known contact (table 3). This corresponded
with infection rates of 153.7 and 24.4 per 100 000
person-days and an adjusted IRR of 3.17 (95% CI
2.15-4.66). After having close contact with co-work-
ers and persons outside work with COVID-19 3-7
days earlier, 10 and 35 participants tested positive cor-

Table 1. Study profile.
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responding with infection rates of 240.8 and 728.1 per
100 000 person-days, respectively. The infection rates
among those with no such known contacts were 29.2
and 24.3 per 100 000 person-days and the adjusted
IRR were 2.54 (95% CI 1.30-4.96) and 17.79 (95%
CI 12.05-26.28), respectively.

When comparing the risk of SARS-CoV-2 infec-
tion following close contact with either patients or
co-workers with close contact with persons outside
work with COVID-19, excluding person-days and cases
with combined exposures, we observed IRR of 0.17
(34 cases, 95% CI 0.10-0.28) for patients and 0.21 (5
cases, 95% CI 0.08-0.54) for co-workers (table 4). This
analysis included 34 cases in the reference group with
COVID-19 contact outside work.

A total of 24 participants with incident loss of taste
and smell had experienced close contact with COVID-
19 patients (table 5). This corresponded with an IRR of
41.4 per 100 000 person-days and an adjusted IRR of
1.48 (95% CI 0.95-2.29). Following close contact with
co-workers and persons outside work with COVID-19,
the adjusted IRR of loss of taste and smell were 2.56
(95% CI 1.24-5.30) and 10.82 (95% CI 7.33-15.98).
Among those reporting loss of taste and smell, 36% had
a positive PCR test earlier.

The infection rate in the study population declined
from January to April 2021, increased by number of
PCR tests 3—7 days earlier and were higher for depart-
ments of medicine and among nurses compared with
other departments and occupations. No clear infection
rate patterns were seen for the other population charac-
teristics (supplementary table S1).

Participants reported an overall 2% non-compliance
with PPE guidelines during 187 413 daily procedures.
For respiratory procedures with potential for higher
exposure levels, this percentage was 4.8% (supplemen-
tary table S2).

Sensitivity analyses that only included COVID-19
contact information obtained before results of the PCR
tests were available, showed an infection rate of 155.2
per 100 000 person-days and an adjusted IRR of 3.52

Populations Persons Person-days Daily Fullyvaccinated ~ Negative Positive Daily SARS-CoV-2

(N) (N) questionnaire persons PCR tests PCR tests testing infection rate

responses (N) (N) (N) rate (%) per 100 000

(N) person-days
Invited with follow-up data® 25365 3253671 17815 177511 929 55 28.6
Participants® 6337 753607 471986 5082 53266 213 71 28.3
Missing data on COVID-19 352 239442 23238 261 17270 54 71 226

contact ¢

Study population 5985 514165 448748 4821 35996 159 7.1 30.9

aFollow-up from 25 November 2020 until the first positive PCR test, 7 days after full vaccination or 30 April 2021.
®Follow-up from 7 days after first questionnaire response until first positive PCR test, 7 days after full vaccination or 30 April 2021.
¢ Person-days at risk with missing information on close contact 3-7 days earlier with patients, co-workers or persons outside work with COVID-19 that were not in-

cluded in the analyses.
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Table 2. Population characteristics (person-days) according to participation status and contact 3-7 days earlier with patients, co-workers and
persons outside work with COVID-19. [COPD=chronic obstructive pulmonary disease]

Characteristics Invited COVID-19 contact among participants

population Patients Co-workers Persons outside work
N=3253671 No(N=488147) Yes(N=26018) No(N=510012)  Yes(N=4153)  No(N=509358) Yes(N=4807)
Meanage43.4 Meanage49.5 Meanage47.3 Meanage49.4 Meanage49.2 Meanage49.4 Meanage48.4
(SD12.1)years  (SD 10.3)years  (SD11.1)years  (SD10.4)years  (SD10.6)years  (SD 10.4)years  (SD 10.5)years

N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Women 2708710(83) 435986 (89) 22650 (87) 455003 (89) 3633(87) 454 360 (89) 4276(89)
COVID-19 contact
Patients 24658 (5) 1360 (33) 25504 (5) 514(11)
Co-workers 2793(1) 1360 (5) 4039(1) 114(2)
Persons outside work 4293(1) 514(2) 4693 (1) 114(3)
Months
November 760392 (23) 15286 (3) 922 (4) 16039 (3) 169 (4) 16005 (3) 203 (4)
December 571757(18) 129 414(27) 9527 (37) 136 712(27) 2229(54) 135885(27) 3056 (64)
January 535177(16) 126 987 (26) 11459 (44) 136899 (27) 1547 (37) 137 437(27) 1009 (21)
February 456 640 (14) 85888(18) 2507(10) 88306(17) 89(2) 88222(17) 173 (4)
March 152046 (5) 73007 (15) 913(4) 73861(14) 59(1) 73759 (14) 161(3)
April 777659 (24) 57565 (12) 690 (3) 58195(11) 60(1) 58050(11) 205 (4)
PCR tests (1-2 days earlier)
0 2909 178(89) 421861 (86) 21117(81) 440408 (86) 2570(62) 439936 (86) 3042(63)
1-2 343106 (11) 66 108 (14) 4808(19) 69362 (14) 1554 (38) 69176 (14) 1740(37)
PCR tests (3-7 days earlier)
0 2460903 (76) 334339 (68) 15461(59) 347771(68) 2029 (49) 347 449 (68) 2351(49)
1 753731(23) 147 119(30) 9269 (36) 154 621(30) 1767 (43) 154 484 (30) 1904 (40)
>2 39037(1) 6689 (1) 1288 (5) 7620(1) 357(9) 7425(1) 552(11)
PCR tests (> 8 days earlier)
0 647158 (20) 53070(11) 1921(7) 54586 (11) 405(10) 54415(11) 576(12)
1-4 1346 111(41) 215792 (44) 11404 (44) 224818 (44) 2378(57) 224339 (44) 2857 (59)
5-9 861939 (26) 141699 (29) 9720(37) 150303 (29) 1116 (27) 150374 (30) 1045(22)
210 398463 (12) 77586 (16) 2973(11) 80305(16) 254(6) 80230(16) 329(7)
Occupation
Nursing staff 2 1264494 (39) 180659 (37) 13532(52) 192065 (38) 2126 (51) 192077 (38) 2114 (44)
Medical doctors 451218(14) 43574(9) 3092(12) 46275(9) 391(9) 46184 (9) 482(10)
Biomedical Laboratory 156073 (5) 36657 (8) 3398(13) 39788(8) 267 (6) 39769 (8) 286 (6)
Medical secretaries 277011(9) 61854 (13) 864(3) 62357(12) 361(9) 62091(12) 627(13)
Other 1094 735(34) 165260 (34) 5127(20) 169379(33) 1008 (24) 169089 (33) 1298(27)
Missing 10140(0) 143(0) 5(0) 148 (0) 0(0) 148 (0) 0(0)
Department
Emergency 120912 (4) 9413(2) 2509(10) 11602(2) 320(8) 11686(2) 236 (5)
Medicine® 776923 (24) 123542 (25) 6557 (25) 128932 (25) 1167 (28) 128827(25) 1272(26)
Surgery© 603097 (19) 86542(18) 2897(11) 88877(17) 562(14) 88581(17) 858(18)
Biochemistry 184158 (6) 38959 (8) 3273(13) 42018(8) 214(5) 41942 (8) 290 (6)
Service ¢ 109284 (3) 6509 (1) 651(3) 7104 (1) 56 (1) 7137(1) 23(0)
Anaesthesiology 123557 (4) 16121(3) 3325(13) 19169 (4) 277(7) 19246 (4) 200 (4)
Radiology and nuclear 134114 (4) 21574 (4) 1500 (6) 22826 (4) 248 (6) 22821(4) 253(5)
medicine
Psychiatry 427205(13) 61721(13) 1266 (5) 62474(12) 513(12) 62343(12) 644(13)
Departments with less 455684 (14) 92302(19) 2483(10) 94281(18) 504(12) 94051(18) 734(15)
frequent patient contact®
Other' 308597 (9) 31321(6) 552 (6) 32581 (6) 292(7) 32576 (6) 297(6)
Missing 10140(0) 143(0) 5(0) 148 (0) (0) 148(0) 0(0)
Smoking
Current smoker 26498 (5) 1951(7) 28222 (6) 227(5) 28150 (6) 299 (6)
Previous smoker 142 411(29) 7660 (29) 148 682 (29) 1389 (33) 148 549 (29) 1522(32)
Never smoker 315544 (65) 16 251(62) 329287 (65) 2508 (60) 328822 (65) 2973(62)
Missing 3694 (1) 156 (1) 3821(1) 29(1) 3837(1) 13(0)
BMI (kg/m?)
<20 32317(7) 1710(7) 33764(7) 263(6) 33715(7) 312(6)
20-24 228612 (47) 11608 (45) 238506 (47) 1714(41) 237771(47) 2449 (51)
25-29 146 236 (30) 7777(30) 152586 (30) 1427 (34) 152662 (30) 1351(28)
>30 77116(16) 4734(18) 81143(16) 707(17) 81168(16) 682(14)
Missing 3866 (1) 189 (1) 4013(1) 42(1) 4042 (1) 13(0)
Lung disease
Hay fever 100096 (21) 4827(19) 104107 (20) 816(20) 103924 (20) 999(21)
Asthma 34659 (7) 1668 (6) 36036 (7) 291(7) 35900(7) 427(9)
COPD 3091(1) 188(1) 3232(1) 47(1) 3231(1) 48(1)

2Nurses, social- and healthcare assistants and radiographers

® Internal medicine, paediatrics, oncology and neurology

¢All surgical departments, including: obstetrics and gynaecology; otorhinolaryngology, head and neck surgery; and ophthalmology

d4Cleaning services; hospital porters; clothing and waste management; depot and archive; telephone switchboard; and guidance for patients, relatives and staff
¢ Qccupational and social medicine; physio- and occupational therapy; administration; department of technical services; and kitchen

f Administrative, technical and pedagogical staff
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Table 3. Close contact 3-7 days earlier with patients, co-workers and persons outside work with COVID-19 and incidence rate ratios (IRR) of SARS-

CoV-2. [Cl=confidence interval.]

Contact with Person-days First positive Infection rate Model 1 Model 22 Model 3° Model 4°¢
persons with SARS-CoV-2 per 100,000
COVvID-19 PCRtests  person-days IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI)
Patients
No contact 488 147 119 24.4 Reference Reference Reference Reference
Contact 26018 40 153.7 6.31(4.41-9.02) 4.62(3.21-6.65) 3.72(2.55-5.44) 3.17(2.15-4.66)
Co-workers
No contact 510012 149 29.2 Reference Reference Reference Reference
Contact 4153 10 240.8 8.24(4.34-15.63) 5.44(2.86-10.35) 2.68(1.37-5.24) 2.54(1.30-4.96)
Persons outside work
No contact 509 358 124 243 Reference Reference Reference Reference
Contact 4807 35 7281 29.91(20.55-43.52) 21.75(14.75-32.06) 18.87(12.78-27.88) 17.79(12.05-26.28)

2Model 1 adjusted for age (continuous), sex and month (6 categories, November 2020-April 2021)
b As model 2 and additionally adjusted for the other types of COVID-19 contact
¢As model 3 and additionally adjusted for number of previous PCR tests.

Table 4. Incidence rate ratios (IRR) of SARS-CoV-2 following close contact 3-7 days earlier with either patients or co-workers compared with contact

with persons outside work with COVID-19.2[Cl=confidence interval.]

Contact with Person-days First positive Infection rate Model 1 Model 2° Model 3¢
persons with SARS-CoV-2 per 100 000

COVID-19 PCR tests person-days IRR (95% CI) IRR (95% Cl) IRR (95% Cl)
Patients 24203 34 140.5 0.18(0.11-0.28) 0.16(0.10-0.27) 0.17(0.10-0.28)
Co-workers 2738 5 182.6 0.23(0.09-0.58) 0.21(0.08-0.54) 0.21(0.08-0.54)
Persons outside work 4238 34 802.3 Reference Reference Reference

20nly person-days at risk with contact either with patients, co-workers or persons outside work with COVID-19 are included
®Model 1 adjusted for age (continuous), sex and month (6 categories, November 2020-April 2021)
¢As model 2 and additionally adjusted for number of previous PCR tests.

Table 5. Close contact 3-7 days earlier with patients, co-workers and persons outside work with COVID-19 and incidence rate ratios (IRR) of loss of

taste and smell. [Cl=confidence interval.]

Close contact with Person-days?® Incidentloss Incidence rate Model 1 Model 2° Model 3¢
persons with COVID-19 oftasteand  per 100,000
smell person-days IRR (95% Cl) IRR (95% Cl) IRR (95% Cl)

Patients

No contact 488451 202 414 Reference Reference Reference

Contact 26748 24 89.7 2.17(1.42-3.31) 1.70(1.11-2.61) 1.48(0.95-2.29)
Co-workers

No contact 511010 218 42.7 Reference Reference Reference

Contact 4189 8 191.0 4.48(2.21-9.07) 3.20(1.57-6.49) 2.56(1.24-5.30)
Persons outside work

No contact 510123 195 38.2 Reference Reference Reference

Contact 5076 31 610.7 15.98(10.94-23.34) 11.21(7.60-16.54) 10.82(7.33-15.98)

2This population was slightly different from that of table 3 because of the different outcome.
b Adjusted for age (continuous), sex and month (6 categories, November 2020-April 2021).
¢ As model 2 and additionally adjusted for the other types of COVID-19 contact.
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(95% 2.41-5.13) following close contact with COVID-
19 patients (supplementary table S3). The IRR following
close contact with persons outside work with COVID-19
was 14.19 (95% CI 8.27-24.33). No results were avail-
able for close contact with co-workers with COVID-19
because this information was obtained after PCR test
results were available for those tested.

Discussion
Principal findings

This follow-up study of healthcare workers was con-
ducted from 25 November 2020 to 30 April 2021 dur-
ing the second wave of the pandemic in Denmark. The
SARS-CoV-2 infection rates following close contact
with patients, co-workers, and persons outside work
with COVID-19 were, respectively, 153.7, 240.8 and
728.1 per 100 000 person-days. This corresponded to
about 3, 2.5 and 18-fold increased adjusted IRR when
compared with no such contacts representing the back-
ground risk. When compared with close contacts outside
work, the adjusted IRR of close contacts with patients
and co-workers with COVID-19 were about 5-fold
decreased. Among all healthcare workers, the absolute
numbers affected following close contact with patients
or co-workers was higher than the absolute numbers
following close contact with persons outside work with
COVID-19. Comparable patterns of increased risks of
loss of taste and smell were seen for all three types of
COVID-19 contact. Participants reported high but not
complete day-to-day compliance with PPE guidelines.

Strengths and limitations

Strengths of this study are the follow-up design with
day-to-day information that allowed precise account
for incubation period and daily change in exposure, the
complete follow-up for PCR test results, and information
on incident loss of taste and smell that was a key symp-
tom of SARS-CoV-2 infection (22). During spring 2020,
in this population, persistent loss of taste and smell was
strongly associated with a positive PCR test for SARS-
CoV-2 with an odds ratio of 57.16 (95% CI 16.71-195),
corresponding with a specificity of 98% and a positive
predictive value of 84% (16). Other strengths are the
free access to PCR testing and the high testing rate. The
decision to be PCR tested was therefore unlikely to be
strongly associated with COVID-19 contact and result
of the PCR test, and we regard collider bias a minor
problem (23).

Participants reporting one type of close COVID-19
contact (patients, co-workers or persons outside work)
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more often experienced the other types of contact and
the mutually adjusted IRR estimates were substantially
reduced and are expected to provide the best estimates
of the separate effects, supported by our finding in the
direct comparison between the three types of contact.

Participants with close COVID contacts had been
PCR tested for SARS-CoV-2 infection more often than
those with no such contacts. However, earlier PCR tests
(all negative) should not be causally associated with
SARS-CoV-2 infection as detected by a positive PCR
test on a given day of follow-up but may be indicators
of unobserved risk factors of SARS-CoV-2 infection that
may confound associations. Our analyses indicated no
such confounding. Furthermore, analyses of loss of taste
and smell, which is a key symptom of SARS-CoV-2
infection unaffected by PCR testing frequency, showed
results in line with those seen for SARS-CoV-2 infection.

Participants were about five years older than the
invited population. The risk of SARS-CoV-2 infection
has been suggested to increase with age, but we previ-
ously observed the highest SARS-CoV-2 sero-preva-
lence among the young participants of 18 000 healthcare
workers from the source population of this study (24,
25). Participation was higher among healthcare workers
from departments with less frequent patient contact, and
we thus have no obvious explanation for the slightly
higher incidence rate of SARS-CoV-2 infection in the
study compared to source population.

Analyses were mutually adjusted for other COVID-
19 contact forms, sex, age, month and number of PCR
tests. The likelihood of exposure to patients and co-
workers with COVID-19 varied across departments and
occupations, but because we had individual information
on contact with patients and co-workers with COVID-19
for each day of follow-up, department and occupation
were not included in the adjusted models.

COVID-19 contact information was partly obtained
after the results of the PCR test results were available
for the tested participants, which may have introduced
recall bias and inflated results. However, sensitivity
analyses relying only on contact information obtained
before results of the PCR tests were available indicated
no substantial recall bias. Knowledge of PCR test results
as well as COVID-19 contact may, on the other hand,
have inflated results for loss of taste and smell.

Being classified with no close COVID-19 contact
during the 5-day exposure window allowed missing
information for two of the five days. Because there may
have been COVID-19 contact during these days, this
may have attenuated IRR.

Our study population included mainly hospital
healthcare workers, and findings may be less represen-
tative for healthcare workers in primary care because
overall incidence of SARS-CoV-2 infection has been
reported lower for general practitioners (3.50%) and



nursing home staff (3.92%) than for hospital workers
(5.32%) when the second wave of the pandemic peaked
in Denmark in December 2020 (26).

Comparisons with other studies

Numerous studies during the last two years have docu-
mented increased risk and mortality of COVID-19 as
well as hospitalization among healthcare workers as
shown by several reviews (4, 6, 16). Lower risk for
healthcare workers during the second than the first wave
of the pandemic has been shown (27).

This study showed an overall SARS-CoV-2 infection
rate of 30.9 per 100 000 person-days during the second
wave, which was well below the self-reported posi-
tive PCR testing rate of 132 per 100 000 person-days
observed in a prospective cohort of frontline healthcare
worker during the first wave by Nugyen et al (2). Our
observed infection rates of 153.7 and 240.8 per 100 000
person-days following contact with patients and col-
leagues with COVID-19 were, however, slightly higher
than the infection rates of about 90 and 70 per 100 000
person-days reported by Mo et al (7) for healthcare
workers with similar contacts at UK hospitals during the
first wave. On the other hand, Nguyen et al (2) reported a
higher infection rate of 553 per 100 000 person-days fol-
lowing contact with COVID-19 patients for healthcare
workers reporting that they always had the PPE they
needed (with no further specification).

We observed a SARS-CoV-2 infection rate of 728.1
per 100 000 person-days following close contact with
persons outside work with COVID-19, which was half
the average household infection rate of 1660 per 100
000 person-days reported for the first wave (12). This
may partly reflect that we included any close contact
with a person outside work with COVID-19 and not
only household contacts that are expected to be closer
and last longer.

Several serological studies have provided results in
line with ours for contact with patients (8—11), co-work-
ers (8, 9) and persons outside work with COVID-19 (8,
9, 12—15). But there are also findings of no association
(13-16).

The findings of these studies are, however, not
directly comparable because of differences in population
compositions, background incidence rates, definitions
of COVID-19 contact and SARS-CoV-2 infection. We
are not aware of other studies comparing the incidence
rates of SARS-CoV-2 infection following exposure to
patients or co-workers at work with persons outside
work with COVID-19.

During a 17-day period around New Year 2021, a
subset of the healthcare workers of the current study
had used a new respirator with frequent defects during
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contact with COVID-19 patients that may partly have
contributed to the increased risk we observed (28).

Concluding remarks

During the second wave of the pandemic, this healthcare
worker population was at increased risk of SARS-CoV-2
infection when in close contact with patients and col-
leagues with COVID-19, but the risk was not as high as
after contact with persons outside work with COVID-
19. However, the absolute numbers affected following
contact with patients and co-workers were higher than
the absolute numbers affected following COVID-19
contact outside work. PPE was not in shortage in the
healthcare sector, guidelines for PPE use and other
infection control measures were implemented but did
not include a fit test. Compliance with required PPE was
high but not complete.

The current findings thus stress the need for increased
focus on use of recommended PPE, correct donning,
doffing, fit test and other procedures (18, 29-31), train-
ing (32) and ventilation (33). The aim is to secure
healthcare workers’ health and reduce transmission into
the community (34) during ongoing and future waves of
SARS-CoV-2 and other infections.

Acknowledgements

This research has received funding from Central
Denmark Region (grant number RR 20200527) and
Danish Working Environment Fund (grant number
20205100734).

The authors declare no conflicts of interest.

References

1. Godlee F. Covid-19: Indian government vows to protect
healthcare workers from violence amid rising cases. BMJ
2020;369:m1324. https://doi.org/10.1136/bmj.m1324.

2. Nguyen LH, Drew DA, Graham MS, Joshi AD, Guo CG, Ma
W et al.; COronavirus Pandemic Epidemiology Consortium.
Risk of COVID-19 among front-line health-care workers
and the general community: a prospective cohort study.
Lancet Public Health 2020 Sep;5(9):e475-83. https://doi.
org/10.1016/S2468-2667(20)30164-X.

3. Mutambudzi M, Niedwiedz C, Macdonald EB, Leyland
A, Mair F, Anderson J et al. Occupation and risk of severe
COVID-19: prospective cohort study of 120 075 UK
Biobank participants. Occup Environ Med. 2020 Dec
9,78(5):307-314. https://doi/10.1136/0emed-2020-106731.

Scand J Work Environ Health 2022, vol 48, no 7 537


https://pubmed.ncbi.nlm.nih.gov/32327409
https://doi.org/10.1136/bmj.m1324
https://pubmed.ncbi.nlm.nih.gov/32745512
https://doi.org/10.1016/S2468-2667(20)30164-X
https://doi.org/10.1016/S2468-2667(20)30164-X
https://doi/10.1136/oemed-2020-106731http://

Healthcare workers' SARS-CoV-2 infection rates

10.

11.

12.

13.

538

Dzinamarira T, Nkambule SJ, Hlongwa M, Mhango M,
Iradukunda PG, Chitungo I et al. Risk factors for COVID-19
infection among healthcare workers. A first report from
a living systematic review and meta-analysis. Saf Health
Work 2022 Apr. https://doi.org/10.1016/j.shaw.2022.04.001.

Matz M, Allemani C, van Tongeren M, Nafilyan V,
Rhodes S, van Veldhoven K, et al. Excess mortality
among essential workers in England and Wales during the
COVID-19 pandemic. J Epidemiol Community Health.
2022 Jul;76(7):660-666. https://doi.org/10.1136/jech-2022-
218786.

Chou R, Dana T, Buckley DI, Selph S, Fu R, Totten AM.
Update Alert 10: Epidemiology of and Risk Factors for
Coronavirus Infection in Health Care Workers. Ann Intern
Med 2022 Jan;175(1):W8-9. https://doi.org/10.7326/M21-
4294,

Mo Y, Eyre DW, Lumley SF, Walker TM, Shaw RH,
O’Donnell D et al.; Oxford COVID infection review team.
Transmission of community- and hospital-acquired SARS-
CoV-2 in hospital settings in the UK: A cohort study. PLoS
Med 2021 Oct;18(10):e1003816. https://doi.org/10.1371/
journal.pmed.1003816.

Akinbami LJ, Chan PA, Vuong N, Sami S, Lewis D,
Sheridan PE et al. Severe Acute Respiratory Syndrome
Coronavirus 2 Seropositivity among Healthcare Personnel
in Hospitals and Nursing Homes, Rhode Island, USA, July-
August 2020. Emerg Infect Dis 2021 Mar;27(3):823-34.
https://doi.org/10.3201/eid2703.204508.

Naesens R, Mertes H, Clukers J, Herzog S, Brands C,
Vets P et al. SARS-CoV-2 seroprevalence survey among
health care providers in a Belgian public multiple-site
hospital. Epidemiol Infect 2021 Aug;149:e172. https://doi.
org/10.1017/S0950268821001497.

Nygren D, Norén J, De Marinis Y, Holmberg A, Fraenkel
CJ, Rasmussen M. Association between SARS-CoV-2
and exposure risks in health care workers and university
employees - a cross-sectional study. Infect Dis (Lond) 2021
Jun;53(6):460-8. https://doi.org/10.1080/23744235.2021.1
892819.

Poletti P, Tirani M, Cereda D, Guzzetta G, Trentini F,
Marziano V et al. Seroprevalence of and Risk Factors
Associated With SARS-CoV-2 Infection in Health Care
Workers During the Early COVID-19 Pandemic in Italy.
JAMA Netw Open 2021 Jul;4(7):¢2115699. https://doi.
org/10.1001/jamanetworkopen.2021.15699.

Madewell ZJ, Yang Y, Longini IM Jr, Halloran ME,
Dean NE. Houschold Transmission of SARS-CoV-2:
A Systematic Review and Meta-analysis. JAMA Netw
Open 2020 Dec;3(12):e2031756. https://doi.org/10.1001/
jamanetworkopen.2020.31756.

Baker JM, Nelson KN, Overton E, Lopman BA, Lash
TL, Photakis M et al. Quantification of Occupational and
Community Risk Factors for SARS-CoV-2 Seropositivity
Among Health Care Workers in a Large U.S. Health Care
System. Ann Intern Med 2021 May;174(5):649-54. https://

Scand J Work Environ Health 2022, vol 48, no 7

20.

21.

22.

23.

doi.org/10.7326/M20-7145.

Milazzo L, Lai A, Pezzati L, Oreni L, Bergna A, Conti F,
et al. Dynamics of the seroprevalence of SARS-CoV-2
antibodies among healthcare workers at a COVID-19
referral hospital in Milan, Italy. Occup Environ Med. 2021.

. Jacob JT, Baker JM, Fridkin SK, Lopman BA, Steinberg JP,

Christenson RH et al. Risk Factors Associated With SARS-
CoV-2 Seropositivity Among US Health Care Personnel.
JAMA Netw Open 2021 Mar;4(3):¢211283. https://doi.
org/10.1001/jamanetworkopen.2021.1283.

Kay1 I, Madran B, Keske S, Karanfil O, Arribas JR,
Pshenichnaya N et al. The seroprevalence of SARS-CoV-2
antibodies among health care workers before the era of
vaccination: a systematic review and meta-analysis. Clin
Microbiol Infect 2021 Sep;27(9):1242-9. https://doi.
org/10.1016/j.cmi.2021.05.036.

. Statens Serum Institut. Instructions for handling COVID-19

in the health care system (in Danish) 2020 [Available from:
https://www.sst.dk/da/Udgivelser/2020/Retningslinjer-for-
haandtering-at-COVID-19].

. Williams DL, Kave B, Lee K, Segal R, Krieser RB,

Mezzavia PM et al. A randomised crossover study to
compare the user seal check and quantitative fit test
between two types of duckbill N95 particulate respirator
masks: The Halyard Fluidshield® N95 and the BSN
Medical ProShield® N-95 particulate respirator masks.
Anaesth Intensive Care 2021 Mar;49(2):112-8. https://doi.
org/10.1177/0310057X20974022.

. Lauer SA, Grantz KH, Bi Q, Jones FK, Zheng Q, Meredith

HR et al. The Incubation Period of Coronavirus Disease
2019 (COVID-19) From Publicly Reported Confirmed
Cases: estimation and Application. Ann Intern Med 2020
May;172(9):577-82. https://doi.org/10.7326/M20-0504

Nielsen KJ, Vestergaard JM, Schliinssen V, Bonde JP,
Kaspersen KA, Biering K et al. Day-to-day symptoms
following positive and negative PCR tests for SARS-CoV-2
in non-hospitalized healthcare workers: A 90-day follow-
up study. Int J Infect Dis 2021 Jul;108:382-90. https://doi.
org/10.1016/j.ijid.2021.05.032.

Moustsen-Helms IR, Emborg HD, Nielsen J, Nielsen KF,
Krause TG, Mglbak K et al. Vaccine effectiveness after 1st
and 2nd dose of the BNT162b2 mRNA Covid-19 Vaccine in
long-term care facility residents and healthcare workers — a
Danish cohort study. medRxiv. 2021:2021.03.08.21252200.
https://doi.org/10.1101/2021.03.08.21252200.

Menni C, Valdes AM, Freidin MB, Sudre CH, Nguyen
LH, Drew DA et al. Real-time tracking of self-reported
symptoms to predict potential COVID-19. Nat Med 2020
Jul;26(7):1037-40. https://doi.org/10.1038/s41591-020-
0916-2.

Griffith G, Morris TT, Tudball M, Herbert A, Mancano G,
Pike L et al. Collider bias undermines our understanding
of COVID-19 disease risk and severity. medRxiv.
2020:2020.05.04.20090506. https://doi.org/10.1101/2020.0
5.04.20090506.


https://pubmed.ncbi.nlm.nih.gov/35433073
https://doi.org/10.1016/j.shaw.2022.04.001
https://doi.org/10.1136/jech-2022-218786.
https://doi.org/10.1136/jech-2022-218786.
https://pubmed.ncbi.nlm.nih.gov/34781714
https://doi.org/10.7326/M21-4294
https://doi.org/10.7326/M21-4294
https://pubmed.ncbi.nlm.nih.gov/34637439
https://doi.org/10.1371/journal.pmed.1003816
https://doi.org/10.1371/journal.pmed.1003816
https://pubmed.ncbi.nlm.nih.gov/33622481
https://doi.org/10.3201/eid2703.204508
https://pubmed.ncbi.nlm.nih.gov/34372955
https://doi.org/10.1017/S0950268821001497
https://doi.org/10.1017/S0950268821001497
https://pubmed.ncbi.nlm.nih.gov/33689558
https://doi.org/10.1080/23744235.2021.1892819
https://doi.org/10.1080/23744235.2021.1892819
https://pubmed.ncbi.nlm.nih.gov/34228126
https://doi.org/10.1001/jamanetworkopen.2021.15699
https://doi.org/10.1001/jamanetworkopen.2021.15699
https://pubmed.ncbi.nlm.nih.gov/33315116
https://doi.org/10.1001/jamanetworkopen.2020.31756
https://doi.org/10.1001/jamanetworkopen.2020.31756
https://pubmed.ncbi.nlm.nih.gov/33513035
https://doi.org/10.7326/M20-7145
https://doi.org/10.7326/M20-7145
https://pubmed.ncbi.nlm.nih.gov/33688967
https://doi.org/10.1001/jamanetworkopen.2021.1283
https://doi.org/10.1001/jamanetworkopen.2021.1283
https://pubmed.ncbi.nlm.nih.gov/34116205
https://doi.org/10.1016/j.cmi.2021.05.036
https://doi.org/10.1016/j.cmi.2021.05.036
https://www.sst.dk/da/Udgivelser/2020/Retningslinjer-for-haandtering-af-COVID-19
https://www.sst.dk/da/Udgivelser/2020/Retningslinjer-for-haandtering-af-COVID-19
https://pubmed.ncbi.nlm.nih.gov/33818131
https://doi.org/10.1177/0310057X20974022
https://doi.org/10.1177/0310057X20974022
https://pubmed.ncbi.nlm.nih.gov/32150748
https://doi.org/10.7326/M20-0504
https://pubmed.ncbi.nlm.nih.gov/34022336
https://doi.org/10.1016/j.ijid.2021.05.032
https://doi.org/10.1016/j.ijid.2021.05.032
https://doi.org/10.1101/2021.03.08.21252200
https://pubmed.ncbi.nlm.nih.gov/32393804
https://doi.org/10.1038/s41591-020-0916-2
https://doi.org/10.1038/s41591-020-0916-2
https://doi.org/10.1101/2020.05.04.20090506
https://doi.org/10.1101/2020.05.04.20090506

24.

25.

26.

27.

28.

Jing QL, Liu MJ, Zhang ZB, Fang LQ, Yuan J, Zhang
AR et al. Household secondary attack rate of COVID-19
and associated determinants in Guangzhou, China:
a retrospective cohort study. Lancet Infect Dis 2020
Oct;20(10):1141-50. https://doi.org/10.1016/S1473-
3099(20)30471-0.

Jespersen S, Mikkelsen S, Greve T, Kaspersen KA,
Tolstrup M, Boldsen JK et al. Severe Acute Respiratory
Syndrome Coronavirus 2 Seroprevalence Survey Among 17
971 Healthcare and Administrative Personnel at Hospitals,
Prehospital Services, and Specialist Practitioners in the
Central Denmark Region. Clin Infect Dis. 2021 Nov
2;73(9):¢2853-e2860. https://doi.org/10.1093/cid/ciaal471..

Statens Serum Institut. COVID-19 and employees within
social and health care services 22 December 2020 (in
Danish) Copenhagen: Statens Serum Institut; 2020
[Available from: https://files.ssi.dk/covid19/brancher/
sundhed/covid-19-ansatte-social-og-sundhedsvsenet-
uge52-amz8§].

Magnusson K, Nygird K, Methi F, Vold L, Telle K.
Occupational risk of COVID-19 in the first versus
second epidemic wave in Norway, 2020. Euro Surveill
2021 Oct;26(40). https://doi.org/10.2807/1560-7917.
ES.2021.26.40.2001875.

Kolstad HA, Frydenberg M, Nielsen KJ, Schliinssen V,
Biering K, Kjersgaard M et al. SARS-CoV-2 Infection
Rates Following Use of Regular Compared With Defective
Respirators When Caring for COVID-19 Patients: A
Retrospective Follow-up Study. Ann Work Expo Health
2022 Apr;wxac031. https://doi.org/10.1093/annweh/
wxac031.

29.

30.

31

32.

33.

34.

Wiirtz et al

Kang J, O’Donnell JM, Colaianne B, Bircher N, Ren D,
Smith KJ. Use of personal protective equipment among
health care personnel: results of clinical observations and
simulations. Am J Infect Control 2017 Jan;45(1):17-23.
https://doi.org/10.1016/j.ajic.2016.08.011.

Suen LK, Guo YP, Tong DW, Leung PH, Lung D, Ng
MS et al. Self-contamination during doffing of personal
protective equipment by healthcare workers to prevent
Ebola transmission. Antimicrob Resist Infect Control 2018
Dec;7:157. https://doi.org/10.1186/s13756-018-0433-y.

McCarthy R, Gino B, d’Entremont P, Barari A, Renouf
TS. The Importance of Personal Protective Equipment
Design and Donning and Doffing Technique in Mitigating
Infectious Disease Spread: A Technical Report. Cureus 2020
Dec;12(12):e12084. https://doi.org/10.7759/cureus.12084.

Houghton C, Meskell P, Delaney H, Smalle M, Glenton
C, Booth A et al. Barriers and facilitators to healthcare
workers’ adherence with infection prevention and control
(IPC) guidelines for respiratory infectious diseases: a rapid
qualitative evidence synthesis. Cochrane Database Syst Rev
2020 Apr;4(4):CD013582.

Tang JW, Marr LC, LiY, Dancer SJ. Covid-19 has redefined
airborne transmission. BMJ 2021 Apr;373(913):n913.
https://doi.org/10.1136/bmj.n913.

Adams JG, Walls RM. Supporting the Health Care
Workforce During the COVID-19 Global Epidemic. JAMA
2020 Apr;323(15):1439-40. https://doi.org/10.1001/
jama.2020.3972.

Received for publication: 23 December 2021

539

Scand J Work Environ Health 2022, vol 48, no 7


https://pubmed.ncbi.nlm.nih.gov/32562601
https://doi.org/10.1016/S1473-3099(20)30471-0
https://doi.org/10.1016/S1473-3099(20)30471-0
https://doi.org/10.1093/cid/ciaa1471
https://files.ssi.dk/covid19/brancher/sundhed/covid-19-ansatte-social-og-sundhedsvsenet-uge52-amz8
https://files.ssi.dk/covid19/brancher/sundhed/covid-19-ansatte-social-og-sundhedsvsenet-uge52-amz8
https://files.ssi.dk/covid19/brancher/sundhed/covid-19-ansatte-social-og-sundhedsvsenet-uge52-amz8
https://pubmed.ncbi.nlm.nih.gov/34622761
https://doi.org/10.2807/1560-7917.ES.2021.26.40.2001875
https://doi.org/10.2807/1560-7917.ES.2021.26.40.2001875
https://pubmed.ncbi.nlm.nih.gov/35488370
https://doi.org/10.1093/annweh/wxac031
https://doi.org/10.1093/annweh/wxac031
https://pubmed.ncbi.nlm.nih.gov/28065328
https://doi.org/10.1016/j.ajic.2016.08.011
https://pubmed.ncbi.nlm.nih.gov/30607244
https://doi.org/10.1186/s13756-018-0433-y
https://pubmed.ncbi.nlm.nih.gov/33489502
https://doi.org/10.7759/cureus.12084
https://pubmed.ncbi.nlm.nih.gov/32315451
https://pubmed.ncbi.nlm.nih.gov/33853842
https://doi.org/10.1136/bmj.n913
https://pubmed.ncbi.nlm.nih.gov/32163102
https://doi.org/10.1001/jama.2020.3972
https://doi.org/10.1001/jama.2020.3972

