
M A J O R  A R T I C L E

PASC in Outpatients With COVID-19  •  ofid  •  1

Open Forum Infectious Diseases

 

Received 20 May 2021; editorial decision 26 June 2021; accepted 29 June 2021.
Correspondence: James B. O’Keefe, MD, Emory University, Emory Clinic A, 1365 Clifton Road 

NE, Atlanta, GA 30322 (jbokeef@emory.edu).

Open Forum Infectious Diseases®2021
© The Author(s) 2021. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any 
medium, provided the original work is not altered or transformed in any way, and that the 
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
https://doi.org/10.1093/ofid/ofab352

Postacute Sequelae of SARS-CoV-2 Infection and 
Impact on Quality of Life 1–6 Months After Illness and 
Association With Initial Symptom Severity
James B. O’Keefe,1,  H. Caroline Minton,2 Mary Morrow,3 Colin Johnson,4 Miranda A. Moore,5 Ghazala A. D. O’Keefe,6 Karima Benameur,7 Jason Higdon,1 
and Jessica K. Fairley8

1Division of General Internal Medicine, Department of Medicine, Emory University School of Medicine, Atlanta, Georgia, USA, 2Rollins School of Public Health, Emory University, Atlanta, Georgia, 
USA, 3Emory Healthcare, Atlanta, Georgia, USA, 4Department of General Surgery, Emory Bariatric Clinic, Emory Healthcare, Atlanta, Georgia, USA, 5Department of Family and Preventive Medicine, 
Emory University School of Medicine, Atlanta, Georgia, USA, 6Section of Vitreoretinal Surgery and Diseases, Section of Uveitis and Vasculitis, Department of Ophthalmology, Emory University 
School of Medicine, Atlanta, Georgia, USA, 7Department of Neurology, Emory University School of Medicine, Atlanta, Georgia, USA, and 8Division of Infectious Diseases, Department of Medicine, 
Emory University School of Medicine, Atlanta, Georgia, USA

Background.  Individuals with coronavirus disease 2019 (COVID-19) may have persistent symptoms following their acute ill-
ness. The prevalence and predictors of these symptoms, termed postacute sequelae of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2; PASC), have not been fully described.

Methods.  Participants discharged from an outpatient telemedicine program for COVID-19 were emailed a survey (1–6 months 
after discharge) about ongoing symptoms, acute illness severity, and quality of life. Standardized telemedicine notes from acute ill-
ness were used for covariates (comorbidities and provider-assessed symptom severity). Bivariate and multivariable analyses were 
performed to assess predictors of persistent symptoms.

Results.  Two hundred ninety patients completed the survey, of whom 115 (39.7%) reported persistent symptoms including fatigue 
(n = 59, 20.3%), dyspnea on exertion (n = 41, 14.1%), and mental fog (n = 39, 13.5%), among others. The proportion of persistent symp-
toms did not differ based on duration since illness (<90 days: n = 32, 37.2%; vs >90 days: n = 80, 40.4%; P = .61). Predictors of persistent 
symptoms included provider-assessed moderate–severe illness (adjusted odds ratio [aOR], 3.24; 95% CI, 1.75–6.02), female sex (aOR, 1.99; 
95% CI, 0.98–4.04; >90 days out: aOR, 2.24; 95% CI, 1.01–4.95), and middle age (aOR, 2.08; 95% CI, 1.07–4.03). Common symptoms as-
sociated with reports of worse physical health included weakness, fatigue, myalgias, and mental fog.

Conclusions.  Symptoms following acute COVID-19 are common and may be predicted by factors during the acute phase of 
illness. Fatigue and neuropsychiatric symptoms figured prominently. Select symptoms seem to be particularly associated with per-
ceptions of physical health following COVID-19 and warrant specific attention on future studies of PASC.

Keywords.   COVID-19; PASC; prolonged; SARS-CoV-2; symptoms.

In response to the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) pandemic, health systems in the United 
States rapidly reorganized in March 2020 to create home moni-
toring programs [1]. The resulting systems did not anticipate 
prolonged symptoms following acute coronavirus disease 
2019 (COVID-19) until reports arose in personal accounts 
and on social media [2]. Subsequent evidence emerged that 
persistent symptoms are common for both hospitalized [3] 
and nonhospitalized [4, 5] cohorts, and these patients have 

described challenges with stigma as well as difficulty accessing 
care for their symptoms [6]. Later reports indicate that dis-
ruption to usual activities and impaired quality of life may last 
months [7–9]. Postacute viral syndromes have been described 
for other viral illnesses including Ebola [10], Chikungunya 
[11], and dengue [12]. Of particular concern, survivors of se-
vere acute respiratory syndrome (SARS) hospitalized from 2001 
to 2003 showed persistent pulmonary dysfunction [13] as well 
as chronic fatigue and psychiatric illnesses [14] lasting years. In 
this context, there is a clear need to characterize the long-term 
outcomes of COVID-19. In addition to understanding pre-
dictors of postacute sequelae of SARS-CoV-2 infection (PASC), 
understanding the long-term impact on individuals’ health and 
well-being will inform future standards of care for treating pa-
tients with COVID-19.

Descriptions of the clinical syndrome of PASC have defined 
symptoms between 4 and 12 weeks as “ongoing symptomatic 
COVID-19” and >12 weeks as “post-COVID-19 syndrome” 
[15]. The underlying pathophysiology is not clear, with studies 
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highlighting possible roles of elevated inflammatory markers, 
lung dysfunction, muscle weakness, and hypometabolism seen 
on brain positron emission tomography [16–20]. One report 
using quantitative magnetic resonance imaging could not link 
specific symptoms to specific organ impairment [21]. A meta-
analysis of 47 910 patients found that the most frequent symp-
toms include fatigue, headache, attention disorder, hair loss, 
and dyspnea [22] and noted a high degree of heterogeneity in 
published studies, with a need for future studies to stratify re-
sults by patient baseline characteristics and disease severity. 
Individual cohort studies have reported a variety of specific risk 
factors for prolonged symptoms including female sex [23–25], 
higher body mass index (BMI) [23, 24], middle age [26], older 
age [24, 27], and underlying autoimmunity [9], while 1 study 
found no significant predictors [28]. Features of acute COVID-
19 may predict PASC, with cohort studies finding increasing 
risk for patients with >5 acute symptoms [24], specific acute 
symptoms (chest pain, fatigue, fever, olfactory impairment, 
headaches, or diarrhea) [25], severe acute symptoms [29], and 
hospitalization [26].

We previously described durations of symptoms in acute 
COVID-19 in a telemedicine cohort and found that they were 
significantly associated with the severity of symptoms at initial 
medical evaluation (5–6 days after onset) [30]. We also noted a 
higher rate of asthma among patients requiring ongoing tele-
medicine care for symptoms beyond 6 weeks (42%) compared 
with the whole cohort (13%) [31]. We hypothesize that initial 
symptom severity as well as select comorbidities such as asthma 
will also predict prolonged symptoms (>90 days). Lastly, using 
modified quality of life questions, we explored which persistent 
symptoms were associated with lower ratings of physical and 
emotional health.

METHODS

Study Population

Our study population consisted of patients enrolled in Emory 
Healthcare’s Virtual Outpatient Management Clinic (VOMC) 
in Atlanta, Georgia, between March 24 and September 20, 2020.

Patients were offered enrollment in VOMC during results 
notification calls following a positive SARS-CoV-2 naso-
pharyngeal reverse transcription polymerase chain reaction 
(RT-PCR) test at an Emory site (2 large throughput outpatient 
testing centers and the emergency departments of 4 acute care 
hospitals). Patients in VOMC underwent standardized tele-
medicine assessment (synchronous audio/video visit within 48 
hours of RT-PCR result, typically on illness day 5–6) by Emory 
Healthcare providers as previously described [32]. Most intake 
visits were performed by physicians (general internal medi-
cine), and the standard duration was 40 minutes to allow for 
both an assessment of risk for severe COVID-19 and symptom 
management advice. A  dedicated telephone team (advanced 

practice providers and registered nurses) called patients at reg-
ular intervals (every 12–48 hours based on acuity) for up to 
21  days depending on symptom severity and risk factors for 
hospitalization. Patients needing re-assessment could be seen 
by telemedicine (VOMC physicians or their primary care pro-
vider) or in person at an acute respiratory clinic. Patients were 
discharged from VOMC after completing home quarantine if 
their symptoms were improving in severity, or upon hospital 
admission (if admitted).

Our inclusion criteria were (a) adults at least 18 years of age, 
(b) previous positive test for SARS-CoV-2 (RT-PCR or rapid 
antigen test), (c) with a valid email address in the Emory elec-
tronic health record, and (d) discharge from the Emory VOMC. 
The majority of VOMC patients during the study period were 
tested by RT-PCR at Emory, but patients with a positive test at 
an outside site (rapid test or RT-PCR) were eligible if referred to 
VOMC by an Emory provider. Email was a standard method for 
patient communication during the study period (sending tele-
medicine visit login instructions, for example).

Data Collection

A quantitative, cross-sectional survey was created using 
Qualtrics Online Survey Software (Qualtrics, Provo, UT, USA) 
to collect participant-reported information on persistent 
COVID-19 symptoms and recall of acute symptoms. From 
August to November of 2020, an email was sent to eligible parti-
cipants inviting them to complete the survey using an identified 
link. Nonrespondent patients were sent 4 reminder emails at 
2-week intervals and called once by study staff in the final week 
before the survey was closed. The survey included research 
consent, general information (race, sex, education, income 
level), aspects of the participant’s experience with SARS-CoV-2 
infection such as severity of their acute disease, which symp-
toms were ongoing at the time of the survey (33 individual 
symptoms), physical and emotional quality of life, and access 
to health care. Specific symptoms of interest are listed in the 
tables. Data on specific comorbidities and provider-assessed se-
verity of acute illness at VOMC intake visit were extracted from 
the medical record for each participant. Provider-assessed se-
verity was defined as “mild”: cough without shortness of breath 
or wheeze and/or fever, chills, and other mild systemic symp-
toms; “moderate”: any mild symptoms plus dyspnea on exer-
tion, wheezing and/or midchest tightness; “severe”: shortness 
of breath at rest, pulse oximetry <92%, pleuritic pain and con-
cerning systemic symptoms like syncope, severe weakness, con-
fusion or acute decline in functional status [30, 32]. The survey 
was closed after 3 months of gathering responses.

Data Analysis

Data from the survey were exported from Qualtrics into 
Microsoft Excel and analyzed using SAS, version 9.4 (Cary, NC, 
USA). A P value of .05 was considered statistically significant 
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for all analyses. Summary statistics were reported using fre-
quencies and means/medians where appropriate. Bivariate ana-
lyses using the chi-square test, t test, or crude logistic regression 
(single variable) were performed between the main outcome 
(persistent symptoms), the main exposure (provider-assessed 
severity of acute illness), and all covariates. For the main lo-
gistic regression, we analyzed the occurrence of “any” persistent 
symptom of all the symptoms queried. For those who reported 
persistent symptoms at the time of the survey, we divided 
these respondents into early chronic (<90 days) and prolonged 
chronic symptoms (>90 days). This cutoff was chosen due the 
literature, including more recent NICE guidelines, using >12 
weeks as falling into PASC [15, 33]. Covariates included age, 
sex, race, comorbid conditions, hospitalization, and income. 
Age was divided into 3 categories for the regression: young 
(18–39 years), middle-aged (40–59 years), and older (60 years 
and older). These groupings contained similar numbers of years 
across groups and represented clinically meaningful age groups: 
young, middle-aged, and older adults. Multivariate logistic re-
gression was then performed using any persistent symptom as 
an outcome, with provider-assessed severity (mild vs moderate 
or severe) as the main exposure and age (grouped in categories), 
sex, hospitalization, and all comorbidities as confounders in the 
initial model. Tests of collinearity and interactions were per-
formed, and variables were dropped if necessary. Backward 
stepwise elimination was then undertaken to determine the 
final model. A second model was conducted limited to partici-
pants who answered the survey at ≥90 days.

To determine if certain categories of symptoms had unique 
associations with potential risk factors for persistence of these 
symptoms, we divided them into respiratory (dry or wet cough, 
dyspnea on exertion, shortness of breath at rest, chest tightness 
or pain), systemic (fatigue, chills, weakness, joint pains, muscle 
pains, dizziness), neuropsychiatric (headache, mental fog, dif-
ficulty sleeping, irritability, feeling depressed, feeling anxious), 
and loss of taste and/or smell. We then performed bivariate ana-
lyses with these outcomes and all main predictors as per the 
initial analyses above. Also compared with these categories of 
symptoms were individual ratings of severity of acute symp-
toms related to that specific persistent symptom (like lower res-
piratory symptoms for persistent respiratory symptoms).

Multivariate logistic regression was performed for each cat-
egory of symptom using the main exposure of provider-rated 
illness severity and other covariates as listed above. Model diag-
nostics were also undertaken including testing of collinearity, 
interactions, and confounding. Individual ratings of symptom 
severity were not included in the multivariate model.

Lastly, all symptoms were compared with measures of phys-
ical and emotional health to determine associations with per-
sistent symptoms and 3 different self-reported markers of 
quality of physical and emotional health—whether they report 
their physical health as worse or much worse than before their 

COVID-19 (vs same or better), whether their physical health 
limits their daily activities, and whether their emotional health 
limits their daily activities (yes or no). Bivariate chi-square ana-
lyses were performed with each symptom except for those per-
sistent symptoms that were reported in <5 individuals.

Ethical Approvals

The study was approved by the Emory University Institutional 
Review Board. All participants provided electronic consent at 
the outset of the emailed survey.

RESULTS

Basic Descriptive Factors

The survey was emailed to 1111 eligible patients. Two hundred 
ninety individuals (26.1%) consented and completed the ques-
tionnaire, of whom 216 (75%) were women and 194 (67.4%) 
reported a comorbid condition (Table 1). All respondents ex-
cept 1 had documented positive RT-PCR for SARS-CoV-2; a 
single patient had documented positive rapid antigen test. The 
median age (range) was 44 (18–84) years, and 125 (43.1%) were 
Black. The median length of time after diagnosis of their acute 
COVID-19 (range) was 119 (26–220) days, with 70% responding 
at >90 days after their acute illness (Figure 1). Of the sample, 
35 (12.6%) were hospitalized, and at the initial intake VOMC 
visit, 182 (68.7%) were determined to have mild or resolved 
symptoms, 81 (30.1%) moderate, and 2 (0.8%) severe. The most 
common comorbid condition was obesity (BMI >30  kg/ m2), 
followed by hypertension and asthma/chronic obstructive pul-
monary disease (Table 1). Half of the study sample experienced 
self-reported weight loss during their illness, with a mean loss 
(SD) of 10.7 (7.4) lbs (Supplementary Table 1). About 25% of 
individuals said their thinking was worse or much worse than 
before their acute COVID-19 illness, and 25.6% said their phys-
ical health was somewhat or much worse than before their acute 
illness (Supplementary Table 1).

Symptoms

Overall, 115 (39.7%) had persistent symptoms at the time of the 
survey (Supplementary Table 2), with the majority of these in-
dividuals (n = 67, 58.8%) reporting 4 or more symptoms. Only 
16 (14%) reported 1 symptom, 20 (17.5) reported 2 symptoms, 
11 (9.7%) reported 3 symptoms, and 1 individual did not re-
port which symptom(s) they had. The most common persistent 
symptom was fatigue (n = 59, 20.3%), followed by dyspnea 
on exertion (n = 41, 14.1%) and mental fog (n = 39, 13.5%) 
(Supplementary Table 2). Table 2 shows the study sample split 
into 2 time periods: 26–90 days after the acute COVID-19 phase 
(“early,” about 1–3  months) and 90–220  days after the acute 
COVID-19 phase (“late,” >3 months). There were similar pro-
portions of patients with continued symptoms in the early group 
(n = 34, 38.6%) and the late group (n = 79, 39.9%; P = .84). 
Twenty-nine symptoms are tabulated in Table 2, and all of them 
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were very similarly ranked in frequency whether the partici-
pant was in the early or late group. Loss of smell was common at 
11.9% (n = 33) even in the late group (n = 21, 10.6%), twice as 
frequent as loss of taste (n = 18, 6.3%). To account for the wide 
range of days post-COVID-19 that participants answered the 
survey, t test analyses were performed for all symptoms based on 
days postillness; these tests did not show statistically significant 
differences based on when participants took the survey.

Predictors of Persistent Symptoms

Since the 2 time periods (early and late) did not differ in the fre-
quency of persistent symptoms or frequency of specific symp-
toms, we analyzed the study sample first in aggregate. In addition, 
we repeated the logistic regression model with only those “late” 

participants who answered the survey at ≥90 days from acute ill-
ness. Our main predicted exposure of moderate to severe disease 
severity at the time of diagnosis (intake visit) was highly associ-
ated with persistent symptoms on both unadjusted and adjusted 
models (Table 3), with an adjusted odds ratio (aOR) of 3.24 (95% 
CI, 1.75–6.02). This was similar in the ≥90  days group. Being 
hospitalized was also more common in those with persistent 
symptoms but did not reach statistical significance on the ad-
justed logistic regression models. In the overall group, female sex 
was not statistically significantly associated with persistent symp-
toms, but when the model was limited to the late reporters, female 
sex (aOR, 2.73; 95% CI, 1.10–6.79) was associated. Middle age 
(aOR, 2.08; 95% CI, 1.07–4.03) was associated with having per-
sistent symptoms in both adjusted models. The only comorbid 

Table 1.  Basic Demographics and Baseline Factors for Persistent Symptoms vs No Persistent Symptoms at Time of Survey (Ranging 1–7 Months Post–
Acute Illness); Table 2 Has These Broken Down by Early (<90 Days) and Late (>90 Days)

Persistent Symptoms No Persistent Symptoms Total

n = 115 n = 175 n = 290

Age, median (range), y 46 (20–84) 40 (18–83) 44 (18–84)

Sex,a No. (%)    

  Male 22 (19.3) 50 (28.7) 72 (25)

  Female 92 (80.7) 124 (71.3) 216 (75)

Race/ethnicity,b No. (%)    

  White 50 (44.6) 70 (41.4) 120 (42.7)

  Black 46 (41.1) 79 (46.8) 125 (44.5)

  Hispanic/Latinx 9 (5.3) 4 (3.6) 13 (4.6)

  Asian 6 (5.4) 6 (3.6) 12 (4.3)

  Native Hawaiian, Pacific Islander 0 (0) 1 (0.6) 1 (0.4)

  Other 4 (2.4) 6 (5.4) 10 (3.6)

Provider rated moderate—severe dx,c No. (%) 51 (48.1) 32 (20.1) 83 (31.3)

Hospitalized,d No. (%) 20 (18.4) 15 (8.9) 35 (12.6)

Any comorbidity,e No. (%) 76 (67.3) 118 (67.4) 194 (67.4)

  Lung diseasef 24 (23.5) 25 (16) 49 (19)

  Obesity 54 (47.8) 81 (46.3) 113 (39.2)

  Hypertension 27 (26.5) 47 (30.1) 74 (28.7)

  Heart diseaseg 7 (6.9) 9 (5.8) 16 (6.2)

  Cancer 6 (5.9) 15 (9.6) 21 (8.1)

  Diabetes 11 (10.8) 14 (9.0) 25 (9.7)

  Immune suppressionh 12 (11.8) 19 (12.2) 31 (12)

  Kidney disease 5 (4.9) 3 (1.9) 8 (3.1)

Incomei    

  <$30 000 8 (7.5) 24 (15.4) 32 (12.2)

  $30 000–$60 000 32 (29.9) 54 (36.6) 86 (32.7)

  $60 000–$100 000 31 (29.0) 34 (21.8) 65 (24.7)

  >$100 000 (ref) 36 (33.6) 44 (28.2) 80 (30.4)

Abbreviation: COPD, chronic obstructive pulmonary disease. 
aAvailable for 288 participants.
bAvailable for 281 participants. 
cAvailable for 265 participants. 
dAvailable for 278 participants. 
eComorbidities available for 258 participants, except for obesity, which is available for 288.
fDefined as asthma, COPD, or other chronic lung disease. 
gDefined as coronary artery disease or heart failure.
hDefined as biologic or other immunosuppressive medications including chronic corticosteroid at ≥20 mg prednisone daily, detectable HIV VL, or CD4 count <200 cells/mm3) or other spe-
cified immunodeficiency.
iAvailable for 263 participants.
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condition to have a significant result in the model was hyperten-
sion, which had a negative association with persistent symptoms 
(aOR, 0.45; 95% CI, 0.22–0.94) that remained when limited to the 
longer duration of symptoms (Table 3).

When persistent symptoms were divided into categories of 
symptoms (respiratory, neuropsychiatric, systemic, and loss 
of taste/smell), the provider-assessed severity at VOMC in-
take visit remained associated with these persistent symptoms 
(Supplementary Table 3) in unadjusted bivariate analyses. Also 
included were individual patient ratings of severity of acute 
symptoms (recall at time of survey) related to that specific 
persistent symptom (eg, patient-rated severity of acute lower 
respiratory symptoms for persistent respiratory symptoms). 
Severe ratings for these were also consistently associated with 
the persistent chronic system-based symptoms. Interestingly, 
comorbid lung disease was associated with persistent systemic 
symptoms (OR, 2.18; 95% CI, 1.13–4.22) and taste/smell symp-
toms on bivariate analyses (OR, 2.23; 95% CI, 1.01–4.94), but 
not with persistent respiratory symptoms (OR, 0.88; 95% CI, 
0.41–1.90). These did not hold in the final logistic models, how-
ever. For those who reported moderate to severe taste and smell 
disturbance during their acute illness (n = 190, 65.5%), 81% 
had resolution of their symptoms at the time of their comple-
tion of this survey (Supplementary Table 3).

Symptoms Associated With Physical and Mental Health

Table 4 shows associations with individual symptoms and 3 
different markers of quality of physical and emotional health. 

For physical health being worse than before acute COVID-19, 
the commonly reported persistent symptoms most associated 
were fatigue (OR, 10.48; 95% CI, 5.47–20.07), muscle aches 
(OR, 10.47; 95% CI, 3.95–27.81), weakness (OR, 10.76; 95% CI, 
3.75–30.84), feeling depressed (OR, 10.35; 95% CI, 4.14–25.9), 
and mental fog (OR, 9.82; 95% CI, 4.63–20.85). Although less 
commonly reported and with wide confidence intervals, joint 
pains (OR, 17.1; 95% CI, 5.56–52.59) and shortness of breath 
at rest (OR, 11.19; 95% CI, 2.27–55.18) had even stronger as-
sociations. For physical health–limiting daily activities, the 
common symptoms most associated were dyspnea on exertion 
(OR, 13.68; 95% CI, 5.98–31.28), mental fog (OR, 12.41; 95% 
CI, 5.41–28.48), headache (OR, 12.24; 95% CI, 4.81–31.17), 
and joint pains (OR, 12.06; 95% CI, 3.95–36.85). While not a 
commonly reported symptom, heart palpitations (OR, 16.17; 
95% CI, 4.62–56.53) was strongly associated with limitation of 
daily activities. For emotional health–limiting daily activities, 
the following symptoms were most associated: irritability (OR, 
6.02; 95% CI, 2.02–17.9), feeling depressed (OR, 5.53; 95% CI, 
2.35–12.99), back pain (OR, 5.40; 95% CI, 1.78–16.32), feeling 
anxious (OR, 4.71; 95% CI, 1.78–12.43), and ear fullness (OR, 
3.86; 95% CI, 1.06–14.04).

DISCUSSION

Principal Findings

We find that chronic symptoms are common in a follow-up 
survey of patients previously enrolled in a COVID-19 outpa-
tient telemedicine monitoring program, with 40% of patients 
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Figure 1.  Distribution of the time from onset of COVID-19 to completion of survey by study participants.
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reporting persistence of at least 1 symptom. We hypothesized 
based on prior work [30] that initial symptom severity (at the 
time of telemedicine intake visit) would predict the likelihood 
of long-term symptoms, and we found this association to be sig-
nificant. Patient recall of symptom severity (reported at time 
of survey) had a similar relation, strengthening the internal va-
lidity of this finding. We did not find an association between 
other factors such as demographics or comorbidities and the 
presence of symptoms at the time of follow-up survey, except 
for female sex (increased likelihood) and hypertension (de-
creased likelihood), nor did we find a significant difference be-
tween patients responding to the survey closer to their acute 
illness vs those farther out from their acute illness.

The mechanism(s) underlying the persistence of symptoms 
beyond acute COVID-19 remains unclear; the finding of a re-
lationship between the severity of acute symptoms (recorded at 
the end of the first week of illness) and the prevalence of symp-
toms months later suggests a possible role for acute inflam-
mation and/or viral burden. Subsequent hospitalization may 
predict risk in the unadjusted comparison but is not significant 
in the adjusted model. This may be due to the low number of 
hospitalizations in our cohort, but also to risk factors for hospi-
talization (age, male sex, comorbidities) not being directly asso-
ciated with risk of long-term symptoms.

These findings are significant in public health messaging and 
individual risk communication. In addition to baseline patient 
characteristics that may predict PASC, there are likely disease char-
acteristics (such as severity of acute symptoms), meaning the risk of 
PASC may not be clear until one has acute COVID-19. Therefore, 
adults naïve to SARS-CoV-2 cannot be reassured that their risk of 
PASC is low before having the infection. Furthermore, we did not 
find a difference in the frequency of persistent symptoms in our 
“early” (day 26–89) and “late” (day 90–220) groups. While it is pos-
sible that there are differences between these groups based on the 
“wave” of the pandemic, our results suggest that there is not a clear 
time for expected resolution of symptoms that persist, and further 
study will be needed to determine long-term outcomes.

Many respondents to the survey reported lower quality 
of life on questions regarding limitations due to physical and 
emotional health, similar to a prior report indicating disrupted 

Table 2.  Descriptive Variables Stratified by Time Since Acute COVID-19 
Illness; P Value Shown Based on Chi-square or T Test Where Appropriate; 
Significant Values <.05; Table Based on 286 Participants as 4 Were 
Missing Dates of Acute Illness

.

26–89 (Median, 
61) Days Post–

Acute COVID-19

90–220 (Median, 
139) Days Post–
Acute COVID-19 Total

P 
Valuen = 88 n = 198 n = 286

Age, mean (SD), y 46 (16) 45 (14) 45 (15) .35

Female sex 67 (76.1) 147 (74.2) 214 (74.8) .73

Racea (279)    .26

  White 41 (47.7) 79 (40.9) 120 (43)

  Black/African 
American

33 (38.4) 90 (46.6) 123 (44.1)

  Hispanic/Latinx 3 (3.5) 10 (5.2) 13 (4.7)

  Asian 3 (3.5) 9 (4.7) 12 (4.3)

  Native Hawaiian/
Pacific Islander

0 1 (0.5) 1 (0.4)

  Other 6 (7) 4 (2.1) 10 (3.6)

Hospitalized 9 (10.6) 25 (13.3) 34 (12.4) .54

Provider-defined  
disease severityb

   .78

  Mild  56 (67.5) 126 (69.2) 182 (68.7)

  Moderate 27 (32.5) 54 (29.7) 81 (30.6)

  Severe 0 2 (1.1) 2 (0.8)

Persistent  
symptoms

    

  Any 34 (38.6) 79 (39.9) 113 (39.5) .84

  Fatigue 17 (19.3) 42 (21.2) 59 (20.6) .71

  Dyspnea on  
exertion

16 (18.2) 25 (12.6) 41 (14.3) .22

  Mental fog 12 (13.6) 27 (13.6) 39 (13.6) 1.0

  Difficulty sleeping 10 (11.4) 22 (11.1) 32 (11.2) .95

  Loss of smell 12 (13.6) 21 (10.6) 33 (11.5) .46

  Headache 8 (9.1) 23 (11.6) 31 (10.8) .53

  Dry cough 8 (9.1) 17 (8.6) 25 (8.7) .89

  Feeling depressed 7 (8.0) 19 (9.6) 26 (9.1) .66

  Muscle aches 7 (8.0) 17 (8.6) 24 (8.4) .86

  Joint pains 6 (6.8) 16 (8.1) 22 (7.7) .71

  Weakness 9 (10.2) 12 (6.1) 21 (7.3) .21

  Heart palpitations 5 (5.7) 16 (8.1) 21 (7.3) .47

  Anxiety/ 
nervousness

4 (4.6) 15 (7.6) 19 (6.6) .34

  Chest tightness/
pain

6 (6.8) 13 (6.6) 19 (6.6) .94

  Loss/change in 
taste

7 (8.0) 11 (5.6) 18 (6.3) .44

  Sinus congestion 4 (4.6) 13 (6.6) 17 (5.9) .51

  Irritability 5 (5.7) 11 (5.7) 16 (5.7) .97

  Back pain 4 (4.6) 11 (5.6) 15 (5.2) .72

  Dizziness 3 (3.5) 8 (4.0) 12 (4.2) .84

  Rhinorrhea 2 (2.3) 9 (4.6) 11 (3.9) .36

  Ear fullness 2 (2.3) 8 (4.0) 10 (3.5) .45

  Heartburn 2 (2.3) 8 (4.0) 10 (3.5) .45

  Shortness of 
breath at rest

2 (2.3) 7 (3.5) 9 (3.2) .57

  Nausea 1 (1.1) 4 (2.0) 5 (1.8) .60

  Rash 1 (1.1) 3 (1.5) 4 (1.4) .80

  Abdominal pain 0 (0) 4 (2.0) 4 (1.4) .18

  Chills 1 (1.1) 2 (1.0) 3 (1.1) .92

  Sore throat 1 (1.1) 1 (0.5) 2 (0.7) .55

.

26–89 (Median, 
61) Days Post–

Acute COVID-19

90–220 (Median, 
139) Days Post–
Acute COVID-19 Total

P 
Valuen = 88 n = 198 n = 286

  Diarrhea 0 (0) 2 (1.0) 2 (0.7) .34

  Loss of appetite 1 (1.1) 0 (0) 1 (0.4) —

  Other symptoms 3 (3.4) 11 (5.6) 14 (4.9) .44

Abbreviation: COVID-19, coronavirus disease 2019.
aAvailable for 279 participants. 
bAvailable for 265 participants.

Table 2.  Continued
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home, work, and social life for patients after acute COVID-
19 [7]. These responses were associated with certain common 
symptoms (eg, fatigue, dyspnea on exertion, mental fog) more 
than others (eg, cough, change in smell or taste). These findings 
may suggest that specific symptom profiles are more significant 
in quality of life and may warrant particular emphasis in studies 
of PASC. More than half of participants with ongoing symp-
toms reported seeking care (or planning to seek care) for their 
symptoms, indicating a level of concern leading to medical at-
tention. Prior work indicates that patients seek care at higher 
rates after COVID-19 than with other viral lower respiratory 
infections [5] and encounter challenges due to limited recog-
nition of PASC [6, 34], and providers should be aware of the 
likelihood of PASC and evolving treatment guidelines.

Comparison to Prior Studies

Similar to previous studies [23, 25–27, 35, 36], this study rep-
resents a single-institution report of persistent symptoms in 

patients after acute COVID-19 and finds a high rate of persistent 
symptoms. A novel aspect of this work is the standardized tel-
emedicine assessment of participants by medical providers 
during the acute phase of illness, such that risk factors for later 
outcomes could be systematically analyzed. We found that the 
severity of symptoms at the time of the acute telemedicine visit 
was a significant predictor, which corroborates the prior reports 
relating acute illness profile to prolonged symptoms [24–26, 29]. 
We did not find a strong association with hospitalization, sug-
gesting that the term “severity” may need further clarification 
as a symptom descriptor distinct from “disease severity” (often 
referring to the highest level of care, which is more strongly as-
sociated with age, sex, and medical comorbidities). The use of 
the physical health questions also gives more description and 
nuance to our findings, which is an added strength over large 
cohort studies of reported frequency of persistent symptoms.

We found that female gender was associated with PASC in 
our cohort, especially in the later group, similar to prior studies 

Table 3.  Bivariate Analyses and Multivariate Logistic Regression Showing Unadjusted and Adjusted Odds Ratio, Respectively, for the Outcome of 
Persistent Symptoms, With Moderate–Severe Acute Illness as the Main Exposure; Bolded Values Are Significant With a P Value of <.05

Variable

Persistent  
Symptoms  
OR 95% CI Adjusted OR 95% CI aOR Limited to >90 Days 95% CI

Provider-rated moderate–severe dx (265) 3.68 2.14–6.34 3.24 1.75–6.02 3.00 1.40–6.41

Hospitalized (278) 2.31 1.12–4.73 2.22 0.82–6.07 2.15 0.66–7.02

Age, y       

  18–39 1 (ref)    1  

  40–59 1.89 1.11–3.21 2.08 1.07–4.03 2.24 1.01–4.95

  ≥60 1.36 0.70–2.65 1.80 0.77–4.20 1.85 0.60–5.74

Sex (288)       

  Male 1 (ref)  1  1  

  Female 1.69 0.95–2.98 1.99 0.98–4.04 2.73 1.10–6.79

Race/ethnicity   — —   

  White 1 (ref)      

  Black 0.82 0.49–1.36     

  Latinx 0.62 0.18–2.13     

  Asian 1.40 0.43–4.59     

  Other 1.68 0.49–5.81     

Comorbidity  
 (ref: no comorbidity)

      

  Any 0.99 0.60–1.64 —    

  Obesity 1.06 0.66–1.71 —    

  Hypertension 0.84 0.48–1.46 0.45 0.22–0.94 0.33 0.13–0.82

  Lung disease 1.61 0.86–3.02 1.26 0.62–2.55 1.30 0.55–3.08

  Heart disease 1.20 0.43–3.34 1.29 0.39–4.65 0.97 0.12–7.59

  Diabetes 1.23 0.53–2.82 —    

  Cancer 0.59 0.22–1.57 —    

  Immune suppression 0.96 0.45–2.08 —    

  Renal disease 2.63 0.61–11.25 —    

Annual income       

  <$30 000 0.41 0.16–1.02 —    

  $30 000–$60 000 0.72 0.39–1.35 —    

  $60 000–$100 000 1.11 0.58–2.15     

  >$100 000 (ref) 1 —     

Abbreviations: aOR, adjusted odds ratio; OR, odds ratio.
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[23–25]. It has been well described that males are at higher risk 
for severe acute COVID-19 [37], and it has been proposed that 
genetic differences (including expression of Toll-like receptor 7 
on the X chromosome) may account for this [38], but a mech-
anism relating to increased risk for PASC is not clear. There 
may be a common mechanism with other postinfectious syn-
dromes: Female gender has been reported as associated with 
lower 6-minute walk distance in survivors of SARS [13] as well 
higher rates of postdengue fatigue [12] and post-Chikungunya 
arthralgia [11], but not consistently for post-Ebola symptoms 
[10].

Middle age (40–59) was significant in the adjusted model, 
similar to a prior report [26]. Given the strong association of 
illness severity (ie, risk of hospitalization and death) with age 
[37], hypothesized to relate to immune system changes across 
age groups [38], it is plausible that immune system–mediated 

factors during acute illness increase the risk for PASC in indi-
viduals in middle age more than other age categories.

The role of hypertension in acute COVID-19 is not clear; in-
itially reported as a possible risk factor for severe COVID-19 
(in excess in severe vs nonsevere cases) [39], it has not been 
shown to be a robust predictor of severity, with age–hyper-
tension interactions even decreasing risk [37] and improved 
blood pressure control correlating to worse outcomes [40]. 
Antihypertensive medications may impact disease course, with 
preliminary results indicating that effects that may vary by race 
[41]. In this context, it is possible that there is a blood pressure 
(or antihypertensive) correlation with PASC, and this relation-
ship merits further study.

Limitations

This report was conducted within a specific cohort (outpatient 
telemedicine clinic in Atlanta, GA, USA) early in the COVID-19 
pandemic. To enter this cohort, patients must have had symp-
toms consistent with COVID-19 and consented to telemedicine 
visit; few asymptomatic (or minimally symptomatic) patients 
are represented, thus limiting generalizability. A  related con-
cern is the relatively low response rate to the survey and related 
ascertainment bias. However, the study invitation did not indi-
cate that the survey would ask about prolonged symptoms, and 
we do not have reason to believe respondents would be more 
symptomatic than nonrespondents. A  third limitation is the 
cross-sectional nature of the study; while the groups responding 
at <90 days and ≥90 days appear to be similar in terms of demo-
graphic data, there is a possibility of residual confounding (such 
as response bias). This lessens the strength of any conclusion 
that symptoms present at <90 would be likely to persist beyond 
90 days, which would require a longitudinal study. A final con-
sideration interpreting our results is the uncertainty regarding 
the definition and grading of PASC. This was not a known en-
tity at the time of survey design, and the questions addressed 
the presence of ongoing symptoms and overall health-related 
quality of life, but not the impact of individual symptoms on 
functional status. For this reason, we have analyzed the associ-
ation of symptoms with functional limitations (Supplementary 
Table 3) as a prompt for further study.

Future study is needed to clarify the risk factors, mechan-
isms, duration, and subtypes of PASC. This preliminary work 
indicates that there are features of acute COVID-19 that may be 
predictive, and prospective study including objective measures 
(eg, inflammatory markers) as well as patient-reported meas-
ures (eg, symptom severity) may clarify this further. We found a 
high rate of PASC in an outpatient cohort with impact on many 
individuals’ quality of life, and ongoing follow-up for this im-
portant entity is warranted.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 

Table 4.  Associations, Measured by Odds Ratios, and 95% CIs, Between 
Individual Persistent Symptoms and Physical and Emotional Health 
Indicators; Limited to Symptoms That Were Reported by at Least 5 
Participants

Persistent 
Symptoms

Physical Health 
Worse Than Before 

Acute COVID-19

Physical Health 
Affects Daily Ac-

tivities

Emotional Health 
Affects Daily 

Activities

 OR (95% CI) OR (95% CI) OR (95% CI)

  Fatigue 10.48 (5.47–20.07) 10.35 (5.36–19.98) 2.56 (1.41–4.64)

  Dyspnea on 
exertion

8.34 (4.06–17.15) 13.68 (5.98–31.28) 2.16 (1.09–4.25)

  Mental fog 9.83 (4.63–20.85) 12.41 (5.41–28.48) 3.06 (1.53–6.10)

  Difficulty 
sleeping

7.42 (3.36–16.35) 7.17 (3.16–16.27) 3.21 (1.52–6.79)

  Loss of smell 4.32 (2.05–9.12) 4.69 (2.19–10.05) 1.46 (0.68–3.12)

  Headache 3.99 (1.84–8.66) 12.24 (4.81–31.17) 3.46 (1.62–7.40)

  Dry cough 2.34 (1.02–5.36) 2.01 (0.89–4.54) 1.09 (0.45–2.62)

  Feeling  
depressed

10.35 (4.14–25.9) 7.26 (2.93–18.02) 5.53 (2.35–12.99)

  Muscle aches 10.47 (3.95–27.81) 6.32 (2.52–15.87) 2.68 (1.15–6.23)

  Joint pains 17.1 (5.56–52.59) 12.06 (3.95–36.85) 1.77 (0.73–4.31)

  Weakness 10.76 (3.75–30.84) 11.24 (3.66–34.51) 1.55 (0.62–3.89)

  Heart  
palpitations

4.46 (1.79–11.08) 16.17 (4.62–56.53) 2.38 (0.97–5.84)

  Anxiety/ 
nervousness

3.60 (1.40–9.25) 7.07 (2.46–20.32) 4.71 (1.78. 12.43)

  Chest  
tightness/pain

7.48 (2.73–20.51) 5.38 (1.97–14.65) 1.85 (0.72–4.79)

  Loss/change 
in taste

4.67 (1.71–12.78) 2.95 (1.12–7.76) 1.60 (0.60–4.28)

  Sinus  
congestion

2.79 (1.03–7.53) 5.91 (2.01–17.32) 1.77 (0.65–4.82)

  Irritability 3.15 (1.14–8.74) 7.42 (2.32–23.72) 6.02 (2.02–17.9)

  Back pain 4.85 (1.66–14.15) 9.95 (2.73–36.22) 5.40 (1.78–16.32)

  Dizziness 6.43 (1.88–22.05) 7.19 (1.90–27.22) 3.63 (1.12–11.78)

  Rhinorrhea 3.73 (1.10–12.60) 6.31 (1.63–24.37) 2.09 (0.62–7.06)

  Ear fullness 4.68 (1.28–17.08) 9.51 (1.98–45.76) 3.86 (1.06–14.04)

  Heartburn 3.06 (0.86–10.89) 5.45 (1.38–21.61) 2.53 (0.71–8.97)

  Shortness of 
breath at rest

11.19 (2.27–55.18) 4.62 (1.13–18.91) 1.23 (0.30–5.02)

Abbreviations: COVID-19, coronavirus disease 2019; OR, odds ratio.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab352#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab352#supplementary-data
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the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
corresponding author.
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