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The coronavirus disease 2019 (COVID-19) pandemic continues,
and healthcare workers (HCWs) are at increased risk of infec-
tion.1 In addition to the morbidity associated with initial illness,
persistent postviral symptoms, currently classified as postacute
sequelae of COVID-19 (PASC),2 also affect HCWs, causing fur-
ther disruptions in their work, home, and social lives.3 To further
characterize PASC in this population, who are otherwise expected
to be highly functional and in relatively good health, we sought to
identify predictors and functional status of HCWs with persistent
symptoms beyond 4 weeks after their initial COVID-19
diagnosis.

Methods

We conducted an observational cross-sectional study from
February 18 to April 10, 2021, within 3 healthcare systems in 2
Midwestern states (Froedtert & Medical College of Wisconsin,
University of Wisconsin Hospital and Clinics in Madison and
Swedish American Health in Illinois), with a total of 1,625 beds.
Eligible participants included all HCWs identified through occu-
pational health to have had at least 1 laboratory-confirmed severe
acute respiratory coronavirus virus 2 (SARS-CoV-2)–positive pol-
ymerase chain reaction (PCR) diagnosis of COVID-19 between
March 1, 2020, and January 15, 2021. Methods to identify
HCWs positive for COVID-19 by occupational health depart-
ments were similar across the 3 healthcare systems and captured
HCWs working in the outpatient and/or inpatient setting, regard-
less of symptom presence at the time of their initial positive
COVID-19 test.

Most HCWs received COVID-19 testing through their occu-
pational health departments. HCWs who underwent outside test-
ing were required to notify their occupational health departments
of any positive results. Eligible participants were invited to
respond to an anonymous online survey, with e-mails inviting

participation sent from occupational health departments on 2
occasions, 3 weeks apart. Each site’s institutional review board
exempted the study from approval because it involved deidenti-
fied participants.

Functional status in everyday life at the time of the survey was
assessed in relation to symptoms presence using the post–
COVID-19 functional status scale described by Klok et al.4

Respondents reporting persistent symptoms (either continued
from initial illness or newly developed after initial illness) for
longer than 4 weeks after initial positive test were compared with
respondents who remained asymptomatic or experienced symp-
toms ≤4 weeks after their initial positive test. Associations
between categorical variables were analyzed using χ2 tests, and
logistic regression was used to determine independent predictors
for persistent symptoms. Observations with missing data result-
ing from unanswered survey items were excluded from the analy-
sis of the corresponding affected variable. A 2-sided P value of .05
was considered statistically significant. All analyses were con-
ducted in Stata version 16 SE software (StataCorp, College
Station, TX).

Results

The survey response rate was 25% (1,012 of 4,029 HCWs). Most
survey participants (53%)were from theMilwaukee healthcare sys-
tems, followed by Madison (27%) and Illinois (20%) healthcare
systems, respectively. Demographics, underlying comorbidities,
and severity of initial illness were similar among participants,
except for a slightly higher incidence of age >50 years (P = .02)
and reported obesity (P = .02) among HCWs from one institution,
and a higher incidence of women among participants from another
institution (P = .01). Also, 701 respondents (70%) had duties that
involved direct patient contact, such as nurses, nurse practitioners,
and nurse aids (38%), physicians and physician assistants (6%),
medical assistants (6%), and others (ie, pharmacists, medical tech-
nologists, phlebotomists, dietary specialists, ambulatory clinic per-
sonnel, environmental specialists, 20%). Most HCW respondents
were female (87%), and most were aged 25–45 years (59%). The
race or ethnicity of study participants was white (84%),
Hispanic/Latino (6%), Black or African American (4%), or
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Table 1. Predictors of Persistent Symptoms Beyond 4 Weeks After Initial Infection Among Healthcare Workers, by Univariate and Multivariate Analysis

Characteristic

Persistent
Symptoms
(N=679),
No. (%)

No Persistent
Symptoms
(N=333),
No. (%)

Odds
Ratio 95% CI

P
Value

Adjusted Odds
Ratioa 95% CI

P
Value

Demographics

Age

18–24 y 42 (6) 31 (9) 0.64 0.39–1.08 .07

25–35 y 202 (30) 112 (34) 0.83 0.63–1.12 .21

36–45 y 200 (29) 86 (26) 1.19 0.88 – 1.63 .23

46–55 y 129 (19) 51 (15) 1.29 0.89–1.89 .15

56–65 y 100 (15) 49 (15) 1.00 0.68–1.48 1.00

>65 y 5 (1) 4 (1) 0.61 0.13–3.08 .46

Sex, female 606 (89) 273 (82) 1.82 1.24–2.68 .001 1.75 1.17–
2.62

.007

Race/Ethnicity

White 574 (85) 276 (83) 1.13 0.78–1.63 .50

African American 32 (5) 8 (2) 2.01 0.89–5.10 .08

Hispanic/Latino 39 (6) 21 (6) 0.91 0.51–1.65 .72

Duties with direct patient
contact

461 (68) 240 (72) 0.88 0.59–1.09 .14

Underlying conditions

None 346 (51) 214 (64) 0.58 0.44–0.76 <.001 0.81 0.57–
1.15

.24

Diabetes mellitus 20 (3) 15 (5) 0.64 0.31–1.37 .20

Hypertension 90 (13) 41 (12) 1.08 0.72–1.66 .67

Cardiovascular disease 10 (1) 4 (1) 1.23 0.35–5.41 .78

Asthma 105 (15) 28 (8) 1.99 1.27–3.21 .002 1.47 0.88–
2.47

.14

Obstructive sleep apnea 33 (5) 8 (2) 2.08 0.93–5.27 .06

Obesityb 144 (21) 41 (12) 1.92 1.30–2.86 <.001 1.50 0.96–
2.33

.07

Pregnancy 11 (2) 22 (7) 0.23 0.10–0.051 <.001

Immune suppressed 25 (4) 2 (1) 6.33 1.56–55.36 .004

Severity of initial illness

Medical evaluation/treatment:

In-person encounter 74 (11) 11 (3) 3.58 1.85–7.58 <.001 2.49 1.27–
4.88

.008

Telemedicine encounter 121 (18) 28 (8) 2.36 1.51–3.78 <.001 1.84 1.16–
2.90

.009

Urgent care clinic 58 (9) 5 (2) 6.13 2.44–19.74 <.001

Emergency department 62 (9) 6 (2) 5.47 2.34–15.64 <.001

Hospitalized 18 (3) 1 (0) 9.04 1.41–377.73 .01

Experienced ≥ 7 symptoms c 423 (62) 93 (28) 4.26 3.18–5.74 <.001 3.65 2.72–
4.90

< .001

Clinical symptoms during acute infection

Asymptomatic 0 (0) 17 (5) ** ** <.001

Fever 365 (54) 126 (38) 1.91 1.45–2.52 <.001

Chills 402 (59) 107 (32) 3.07 2.30–4.08 <.001

Sinus congestion 463 (68) 186 (56) 1.69 1.28–2.24 <.001

Sore throat 296 (44) 118 (35) 1.41 1.06–1.85 .01

(Continued)
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Asian (3%). For comparison, among all 33,009 HCWs employed
by the participating institutions, 79% were women and 64% per-
formed direct patient-care duties.

Persistent symptoms beyond the initial 4 weeks were reported
by 679 (67%) of participants and included anosmia or ageusia
(36%), excessive fatigue (34%), dyspnea (24%), difficulty concen-
trating in (21%), insomnia (14%), anxiety (13%), memory loss
(13%), palpitations or tachycardia (12%), diffuse myalgias
(11%), depression (10%), and chest pain (8%). Persistent symp-
toms lasted up to 6 weeks in 161 survey respondents (16%), up
to 3 months in 119 HCW respondents (12%), and up to 6 months
in 41 HCWs (4%). Furthermore, 353 HCWs (35%) reported
ongoing symptoms at the time of the survey (range, 44 days–11
months). Only 333 HCWs (33%) reported no symptoms beyond
the initial 4 weeks.

Demographic and clinical characteristics between HCWs with
and without persistent symptoms beyond the initial 4 weeks are
summarized in Table 1. The survey results indicated several inde-
pendent predictors of persistent symptoms: ≥7 symptoms during
initial infection, an initial evaluation and treatment though an in-
person or a telemedicine encounter, and female sex. The area under
the receiver operating curve for this model was 0.73.

After COVID-19 diagnosis, 987 HCW respondents (98%)
resumed all previous duties at work; 19 HCWs (1.89%) required
work duty restrictions, and 1 HCW (0.1%) who was hospitalized
in the intensive care unit was not able to return to work.
Functional status descriptions and scores among HCWs with
and without persistent symptoms are summarized in Table 2.
None of theHCWswithout persistent symptoms reported any lim-
itations in their everyday duties or activities. Severe limitations in

Table 1. (Continued )

Characteristic

Persistent
Symptoms
(N=679),
No. (%)

No Persistent
Symptoms
(N=333),
No. (%)

Odds
Ratio 95% CI

P
Value

Adjusted Odds
Ratioa 95% CI

P
Value

Headache 548 (81) 208 (62) 2.51 1.86–3.40 <.001

Myalgias 504 (74) 153 (46) 3.39 2.55–4.51 < .001

Cough 429 (63) 145 (44) 2.22 1.69–2.93 < .001

Dyspnea 358 (53) 62 (19) 4.87 3.53–6.78 <.001

Need for oxygen 17 (3) 0 (0) d d .004

Nausea and/or vomiting 186 (27) 40 (12) 2.76 1.89–4.11 <.001

Diarrhea 243 (36) 69 (21) 2.13 1.56–2.95 <.001

Fatigue 565 (83) 198 (59) 3.38 2.48–4.60 <.001

Altered smell and/or taste 530 (78) 178 (53) 3.09 2.31–4.15 <.001

Note. CI, confidence interval; BMI, body mass index.
aCalculated by logistic regression, adjusted for: sex, no underlying illnesses, asthma, obesity, in-person or telemedicine healthcare evaluation during acute infection, and≥ 7 symptoms during
acute infection.
bSelf-reported as “obesity” (BMI, height or weight measurements not collected).
cMean and median number of initial symptoms= 6.35 and 7, respectively.
dCannot be calculated.

Table 2. Differences in Reported Everyday Functional Status Among Healthcare Workers With andWithout Persistent Symptoms>4Weeks Beyond Initial Infection, by
Univariate Analysisa

Functional Status

Corresponding
PCFS Scale
Gradeb

Persistent
Symptoms
(N=677),
No. (%)

No Persistent
Symptoms
(N=331),
No. (%) P Value

No limitations in everyday life, and no symptoms, pain,
depression or anxiety related to infection

0 353 (52) 331 (100) < .001

Negligible limitations in everyday life, can perform all usual duties,
although I still have persistent symptoms, pain, depression or anxiety

1 258 (38) 0 (0) < .001

Limitations in everyday life, with occasional need to avoid/reduce usual duties, or
need to spread them over time due to symptoms; can perform all activities
without assistance

2 50 (7) 0 (0) < .001

Limitations in everyday life, not able to perform all usual duties due to
symptoms; able to care for self without any assistance.

3 16 (2) 0 < .001

Note. PCFS, post–COVID-19 functional status scale.
aExcludes 4 participants who did not respond to this question.
bPost COVID-19 functional status scale adapted from Klok et al.4
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everyday life with dependence on others for care (scale grade 4)
were not reported by any repondent.

Discussion

Approximately two-thirds of HCWs in our study reported persis-
tent symptoms consistent with PASC. This incidence was higher
than the 26% reported in a Swedish HCW cohort3 but lower than
the 73% reported in a multicenter, prospective HCW cohort from
Switzerland.5 Although functional status was generally good, 9% of
HCWs with PASC reported significant limitations in performing
their routine daily activities, suggesting that some HCW with
PASC would benefit from workplace accommodations.
Developing workplace policies that are best suited to the needs
of those returning to demanding healthcare professions after initial
infection is particularly important in preserving the well-being of a
workforce at high risk of exhaustion and burnout5 that continues
to be stressed beyond limits during this pandemic.6,7

Female sex and more severe initial illness (ie, ≥7 initial symp-
toms and need for medical evaluation and treatment via in-person
or telemedicine encounters) were predictors of PASC, confirming
that the previously reported model by Sudre et al,8 which identified
≥5 symptoms during the first week of illness as a predictor of PASC
for the general population is applicable to HCWs. Age ≥50 years,
number of pre-existing comorbidities,9 asthma,8 and obesity10 have
also been identified as risk factors for PASC in recent studies. Both
asthma and obesity were associated with persistent symptoms in
our univariate analysis. These findings highlight a high-risk
HCW subset that should be closely monitored for PASC develop-
ment, with prompt evaluation and management of persistent
symptoms.

Our study was limited by possible recall bias and the subjective
nature of symptom reporting associated with survey design. Given
the 25% response rate, selection bias was also possible, although
respondent demographics reflected those of the HCWs in the
region. The study was performed before HCW COVID-19 vacci-
nation was completed and before the δ (delta) and o (omicron)
pandemic waves. These latter variants may have had different epi-
demiologies, risk factors, clinical manifestations, and outcomes in
fully vaccinated HCWs.

In summary, the PASC burden in HCWs is substantial and
underscores the urgent need for interventions and resources to
mitigate the persistent effects of SARS-CoV-2 infection in this
critical workforce.
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