
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



CLINICAL INVESTIGATION
Copyright © 2022 Sout
www.amjmedsci.com
Perception, Prevalence, and Prediction
of Severe Infection and Post-acute

Sequelae of COVID-19
Dacre R.T. Knight, MD1, Bala Munipalli, MD1, Ilana I. Logvinov, DNP2,

Meghana G. Halkar, MBBS.1, Ghada Mitri, MD1,
Abd Moain Abu Dabrh, MB, BCh.1 and Stephanie L. Hines, MD1

1Division of General Internal Medicine, Mayo Clinic, Jacksonville, FL, USA;
2 Department of Anesthesiology and Perioperative Medicine, Mayo Clinic,

Jacksonville, FL, USA
ABSTRACT

Background: The aim of the study was to assess, characterize, and describe the prevalence and predicting factors of
patient-reported severe coronavirus disease 2019 (COVID-19) infection and post-acute sequelae of COVID-19 (PASC).

Methods: We prospectively surveyed patients who received care in our outpatient clinic for COVID-19 from March 13, 2020,
through August 17, 2020, and then retrospectively reviewed their electronic health records. We collected data for age, sex,
and persistence of symptoms and compared data for hospitalized and nonhospitalized patients. Continuous and categorical
variables were summarized, including time from COVID-19 onset, time to resuming normal activities, and length of time away
from work.

Results: Of those receiving the survey, 437 adult patients with different degrees of severity of COVID-19 illness responded:
77% were between 3 and 6 months from the onset of infection. In total, 34.9% had persistent symptoms, and 11.5% were
hospitalized. The most common symptom was fatigue (75.9%), followed by poor sleep quality (60.3%), anosmia (56.8%), dys-
geusia (55%), and dyspnea (54.6%). Predicting factors for PASC were female sex and a negative psychological impact of the
disease. Age, hospitalization, persistent symptoms, psychological impact (e.g., anxiety and depression), and time missed
from work were significantly associated with perception of having severe COVID-19 illness. Hospitalization was not signifi-
cantly associated with PASC.

Conclusions: Over one-third of patients in our study had PASC. Persistent symptoms correlated with severity of disease
and were significantly more common for women, for patients who had psychological symptoms (depression and/or anxiety),
and for patients reporting inability to resume normal activities.

Key Indexing Terms: Epidemiology; Fatigue; Infectious diseases; SARS. [Am J Med Sci 2022;363(4):295–304.]
INTRODUCTION
T he coronavirus disease 2019 (COVID-19) pan-
demic has affected every country in the world.
Although most persons recover from the acute

disease quickly, others do not and may continue to have
symptoms or develop new symptoms after the initial
illness.1,2 Risk factors for severe disease along with the
potential of severe disease to be associated with chronic
sequelae, have both been reported,3,4 which aligns with
the reported symptomatic persistence of other coronavi-
rus infections.5−7 Long COVID-19 or post−COVID-19
syndrome were the terms originally given to disease that
lingered well after patients had recovered from the acute
infection. More recently, the terminology has been
updated. Post COVID-19 condition is now defined as a
condition that persists 3 months from the onset of symp-
toms and lasts for at least 2 months; post-acute sequelae
of COVID-19 (PASC) describes the syndrome of
hern Society for Clinical Investigation. Published by Elsev
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persistent symptoms, generally for more than 4 weeks
after recovery from acute COVID-19.8−10

With PASC, patients usually have either nonspecific
symptoms, such as fatigue and shortness of breath, or
serious single or multisystem sequelae including cardio-
pulmonary, thromboembolic, renal, psychiatric, and neu-
rologic complications.11 An initial study reported up to
76% of patients discharged from the hospital had at least
1 remaining symptom 6 months after the onset of
COVID-19, with more women affected than men.12 A
recent study showed that just 65% of persons had
returned to their usual state of health 14 to 21 days after
a positive COVID-19 test.4

Understanding the prevalence and predisposing fac-
tors for chronic sequelae can help in early identification,
intervention, and support of patients at higher risk for
developing PASC. However, the more commonly
reported symptoms of PASC, such as fatigue, cognitive
ier Inc. All rights reserved. 295
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impairment, and sleep disorders, are difficult to quanti-
tate, making it important to study patient perceptions of
illness severity as well as the prevalence and severity of
PASC symptoms. Therefore, we prospectively surveyed
patients to describe and characterize the prevalence and
predictive factors of severe COVID-19. We also assessed
the association between patient perceptions of symptom
severity and the clinical presentation of PASC. Herein,
we report the prevalence of PASC in our patient popula-
tion and specific predicting factors for development of
PASC.
METHODS
The survey study was deemed exempt by the Mayo

Clinic Institutional Review Board on December 30, 2020
(IRB application # 20−012275).
Study design and patients
We conducted a single-center, prospective survey

study with a retrospective review of the electronic health
record (EHR) at Mayo Clinic in Jacksonville, Florida.
Patients were evaluated at their intake in the COVID-19
virtual clinic; testing results, demographic characteris-
tics, and contact information were obtained. We used
the following eligibility criteria for inclusion in the study:
(1) every patient who had positive test results for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
by reverse transcription polymerase chain reaction; (2)
patients at least 18 years old; and (3) patients who
received care in the COVID-19 virtual clinic from March
13, 2020, through August 17, 2020. The patients were
then followed up prospectively and surveyed thereafter.

Email invitations for the survey were sent on Decem-
ber 31, 2020, to patients who met the above inclusion
criteria. Each patient received a dedicated link to com-
plete the survey, which could not be completed multiple
times. A follow-up reminder was sent to those who had
not completed the survey on January 13, 2021. The sur-
vey was closed 2 weeks after the last reminder was sent.
Survey completion served as implied consent per
detailed instructions included in the invitation email. The
survey was distributed using REDCap Software, Version
10.0.33 (Vanderbilt University).
Survey
The email invitation to complete the survey instructed

patients to reflect on their COVID-19 illness experience.
The survey included 3 main sections. The first section
focused on basic demographic questions about age and
sex. The second section included questions focused on
the patient’s acute infection experience. Patients were
asked to rate their perception of the severity of their ill-
ness using a 5-point Likert scale (from 1, very mild; to 5,
very severe) and to indicate whether they had been hos-
pitalized for COVID-19. Time since initial diagnosis was
determined by a question using the following ranges: 1
296
to 4 weeks, 1 to 3 months, 3 to 6 months, or greater than
9 months. The third section included questions focused
on long-term effects, specifically the presence and
length of persistent or chronic symptoms from COVID-
19 illness. If patients indicated that they still had some
residual symptoms of COVID-19 illness, they were
prompted with a list of 19 symptoms that have been pre-
viously reported.13 The patients were asked to rate these
symptoms using a 6-point scale (1, none; 2, very mild; 3,
mild; 4, moderate; 5, severe; and 6, very severe). The final
symptom option was open-ended to allow patients to
add any other unlisted symptoms. The remainder of
questions in the third section focused on identifying the
length of time patients experienced persistent symp-
toms; whether patients were symptom free for any period
before onset of new symptoms; the length of time before
they were able to resume normal activities; and the
amount of time missed from work (if applicable). The
length of time was divided into the following periods:
less than 1 week, 1 to 2 weeks, 3 to 4 weeks, 1 to 3
months, more than 3 to 6 months, and greater than 6
months. We also asked patients to indicate if they experi-
enced any negative psychological issues, specifically
anxiety and/or depression from COVID-19 illness and if
they were diagnosed with PASC (“yes” or “no” option for
both questions).
Aims
Our aim was to characterize the prevalence of PASC

and to describe specific predisposing factors in our pop-
ulation. Our secondary aim was to assess the associa-
tion between patients’ perceptions of severity of COVID-
19 disease and PASC. Patient report of hospitalization
was used to determine disease severity. We hypothe-
sized that PASC would be more prevalent in patients
who had severe acute COVID-19. We also hypothesized
that age and sex would be predictable and associated
with severe acute COVID-19 and PASC. We also com-
pared self-reported perceptions of severity of acute
COVID-19 and the presence of PASC in the patients who
were hospitalized (a measure of disease severity) to test
our hypothesis that patients who had more severe illness
would also have a higher incidence of PASC.
Statistical analysis
Continuous variables were summarized with median

and range, and categorical variables were summarized
with frequency and percent. Differences among severity
levels were evaluated using the Kruskal-Wallis rank sum
test for continuous measures and the x2 test for categor-
ical measures. We used a trend test to evaluate the 3
ordinal variables: (1) How long has it been since you
were diagnosed with COVID-19? (2) How long was it
before you felt able to resume normal activities? and (3)
How much time did you miss from work because of your
illness? All tests were 2-sided, and P values less than
0.05 were considered statistically significant. All analysis
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programming was done in RStudio, version 3.6.2 (R Proj-
ect).
RESULTS
The invitation for the survey was sent to 1697

patients whose email addresses were documented in the
EHR. Of those, 25 invitations were undeliverable because
of incorrect email addresses. The invited population
included 795 women (47%) and 902 men (53%), and
their ages ranged between 18 and 99 years (median, 43
years; mean [SD], 43.5 [18.1] years). A total of 448 anony-
mized patients responded to the survey. Upon review of
the responses, we learned that 11 patients were under
the age of 18 years. These 11 patients were excluded,
leaving 437 patients included in the study. Demographic
and clinical characteristics of the study population are
summarized in Table 1. The median (range) age was 54
(18−99) years. Severity level did not differ for women or
men (P = 0.71). Patients with severe/very severe disease
were more likely to be hospitalized (48.2%) than patients
with mild/very mild disease (1.4%) or moderate disease
(4.9%) (P < 0.001). There were significant differences
between severity levels for persistent symptoms, time
before resuming normal activities, time missed from
work, and negative psychological issues from COVID-19
(P < 0.001). Although results were not significant, almost
one-third of respondents were symptom free for a period
of time before new symptoms started. Of these respond-
ents, the highest percentage was in the milder disease
category: 40 of 116 (34.5%).

Table 2 summarizes symptoms by severity level. Of
illness severity levels, 211 patients (48.3%) had mild or
very mild illness, 142 patients (32.5%) had moderate ill-
ness, and 84 patients (19.2%) had severe or very severe
illness. Most patients had symptoms for at least 3
months (Figure 1). Fatigue (75.9%), poor sleep quality
(60.3%), anosmia (56.8%), dysgeusia (55%), and dys-
pnea (54.6%) were the most reported symptoms of
patients at all levels of COVID-19 (Figure 2).

Age, sex, and hospitalization were compared
between patients with and without persistent symptoms
(Table 3). Women were significantly more likely to have
persistent symptoms than men (P < .001). The associa-
tion between persistence of symptoms and time to
resume normal activities (more than 1 month) was signifi-
cant: 50.7% for patients with persistent symptoms and
17.5% for patients without persistent symptoms
(P < 0.001). Persistence of symptoms was not signifi-
cantly associated with hospitalization as a clinical mea-
sure of disease severity (P = 0.08).
DISCUSSION
The results of our study showed a high prevalence of

prolonged symptoms (fatigue, dyspnea, anosmia, poor
sleep) for women and for patients with self-reported
severe illness. Our study also showed that patients with
self-reported mild disease at onset may experience
Copyright © 2022 Southern Society for Clinical Investigation. Published by Elsev
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prolonged symptoms and later develop new symptoms.
Female sex, psychological symptoms (depression and/
or anxiety), and inability to resume normal activities at 1
month were predictive factors for PASC. There was a
significant association between patient-reported severe
illness and hospitalization.

Although most COVID-19 cases are mild, many
patients are ill much longer than expected. At the time
of this writing, 239 million such cases have been
reported.14 The Centers for Disease Control and Pre-
vention has estimated that 10% to 30% of persons who
have survived COVID-19 have long-term issues, includ-
ing psychological,9 with various consequences such as
lost workdays, reduced productivity, and increased use
of health care resources. However, not much has been
published that describes the occurrence and character-
istics of prolonged symptoms in patients who do not
require hospitalization;15 hence, there is a critical need
for further research about this population. For example,
in our study, about 35% of patients reported prolonged
symptoms, which is comparable to percentages in
other US studies16,17 and less than that from a study
from Wuhan, China, which reported that up to 76% of
patients had prolonged symptoms.12 That study and
others13,18,19 included only patients who had been dis-
charged from the hospital. Sudre et al.3 used a mobile
phone application in a study that included nonhospital-
ized patients and showed only 2.3% of patients
reported symptoms lasting over 3 months. A recent
report by Havervall et al.15 evaluated outcomes of mild
cases of COVID-19, but the study was limited to health
care professionals only. They showed that 26% of per-
sons had at least 1 moderate to severe symptom that
lasted for 2 months, and 15% of patients had a symp-
tom that lasted for 8 months. The most common symp-
toms lasting for 2 months were anosmia, fatigue,
ageusia, and dyspnea.

The more cogent hypotheses on causes of pro-
longed symptoms from COVID-19 suggest they are due
to 1 or more mechanisms, such as a single but severe
immunologic response, reactivation of the virus, or per-
sistent immunologic response to the initial viral
exposure.11,20 It is also possible that prolonged symp-
toms result from recirculation of viral particles with a sub-
sequent immunologic response that leads to recurrent
pathologic effects. Evidence shows that persistent viral
shedding can be present for over 3 weeks,21 so if there is
smoldering immunologic activity, symptoms could last
for at least this amount of time. Prolonged symptoms
could also result from any combination of the above
hypotheses. Immunity from COVID-19 reinfection has
been determined to be present for at least 3 months22

and possibly for up to 5 to 8 months, with 95% of
patients showing immune memory in that time frame.23

One study showed protection against reinfection to be
approximately 80% after 6 months.24 For some patients
with PASC, this immunity could come with a cost of per-
sistent viral shedding and complications of prolonged
ier Inc. All rights reserved. 297
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TABLE 1. Patient characteristics and baseline variables by degree of severity.

No. (%)a

Characteristic
Mild/very mild

(n = 211)
Moderate
(n = 142)

Severe/very severe
(n = 84)

Total (N = 437) P valueb

Age <0.001
Median (range) 51 (18−90) 54 (19−99) 59 (23−79) 54 (18−99)

Sex 0.71
Female 123 (58.3) 89 (62.7) 51 (60.7) 263 (60.2)

Male 88 (41.7) 53 (37.3) 33 (39.3) 174 (39.8)

Were you hospitalized for your illness? <0.001

No. missing 0 0 1 1
No 208 (98.6) 135 (95.1) 43 (51.8) 386 (88.5)

Yes 3 (1.4) 7 (4.9) 40 (48.2) 50 (11.5)

How long has it been since you were diag-
nosed with COVID-19?

0.20

1−4 wk 4 (1.9) 0 (0.0) 3 (3.6) 7 (1.6)
1−3 mo 20 (9.5) 7 (4.9) 9 (10.7) 36 (8.2)

3−6 mo 163 (77.3) 115 (81.0) 60 (71.4) 338 (77.3)

>9 mo 24 (11.4) 20 (14.1) 12 (14.3) 56 (12.8)

Do you have any persistent symptoms
from COVID-19?

<0.001

No. missing 1 1 0 2

No 165 (78.6) 77 (54.6) 41 (48.8) 283 (65.1)

Yes 45 (21.4) 64 (45.4) 43 (51.2) 152 (34.9)

Were you symptom free for any period
before new symptoms started?

0.23

No. missing 95 45 22 162

No 76 (65.5) 70 (72.2) 48 (77.4) 194 (70.5)
Yes 40 (34.5) 27 (27.8) 14 (22.6) 81 (29.5)

How long was it before you felt able to
resume normal activities?

<0.001

No. missing 3 2 2 7

<1 wk 88 (42.3) 4 (2.9) 2 (2.4) 94 (21.9)
1−2 wk 59 (28.4) 30 (21.4) 5 (6.1) 94 (21.9)

3−4 wk 38 (18.3) 56 (40.0) 24 (29.3) 118 (27.4)

1−3 mo 15 (7.2) 39 (27.9) 32 (39.0) 86 (20.0)

3−6 mo 7 (3.4) 6 (4.3) 17 (20.7) 30 (7.0)
>6 mo 1 (0.5) 5 (3.6) 2 (2.4) 8 (1.9)

How much work time did you miss
because of your infection?

<0.001

No. missing 68 35 36 139

<1 wk 43 (30.1) 12 (11.2) 1 (2.1) 56 (18.8)
1−2 wk 68 (47.6) 42 (39.3) 9 (18.8) 119 (39.9)

3−4 wk 22 (15.4) 34 (31.8) 20 (41.7) 76 (25.5)
1−3 mo 7 (4.9) 16 (15.0) 7 (14.6) 30 (10.1)

3−6 mo 3 (2.1) 3 (2.8) 6 (12.5) 12 (4.0)

>6 mo 0 (0.0) 0 (0.0) 5 (10.4) 5 (1.7)

Did you experience any negative psycho-
logical effects of COVID-19, such as
anxiety or depression?

<0.001

No. missing 0 2 0 2

No 160 (75.8) 84 (60.0) 43 (51.2) 287 (66.0)

Yes 51 (24.2) 56 (40.0) 41 (48.8) 148 (34.0)

Have you ever been diagnosed with post-
COVID-19 syndrome?

0.22

No. missing 1 0 0 1

No 207 (98.6) 139 (97.9) 80 (95.2) 426 (97.7)

Yes 3 (1.4) 3 (2.1) 4 (4.8) 10 (2.3)

a Data are presented as No. (%) unless otherwise indicated.
b The Kruskal-Wallis test was used for numerical variables, the trend test for ordinal variables, and the x2 test for categorical variables.

Knight et al
symptoms. A subset of our patients reported new com-
plications after recovery from the acute infection, sug-
gesting much about the pathophysiology of this virus
that remains to be learned.
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Little is also known regarding the reasons why some
people have a prolonged recovery after COVID-19. Pro-
longed viremia, absence of antibody response, relapse,
reinfection, immune reactions, deconditioning, and
THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES
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TABLE 2. Specific symptoms by degree of severity.

No. (%)

Symptom Mild/very mild (n = 211) Moderate (n = 142) Severe/very severe (n = 84) Total (N = 437)

Fever

No. missing 177 89 48 314

None 32 (94.1) 48 (90.6) 29 (80.6) 109 (88.6)

Mild/very mild 2 (5.9) 2 (3.8) 2 (5.6) 6 (4.9)

Moderate 0 (0.0) 3 (5.7) 2 (5.6) 5 (4.1)

Severe/very severe 0 (0.0) 0 (0.0) 3 (8.3) 3 (2.4)

Fatigue

No. missing 174 84 42 300

None 18 (48.6) 10 (17.2) 5 (11.9) 33 (24.1)

Mild/very mild 16 (43.2) 23 (39.7) 10 (23.8) 49 (35.8)

Moderate 3 (8.1) 21 (36.2) 11 (26.2) 35 (25.5)

Severe/very severe 0 (0.0) 4 (6.9) 16 (38.1) 20 (14.6)

Dyspnea

No. missing 174 87 46 307

None 23 (62.2) 25 (45.5) 11 (28.9) 59 (45.4)

Mild/very mild 12 (32.4) 19 (34.5) 8 (21.1) 39 (30.0)

Moderate 2 (5.4) 9 (16.4) 17 (44.7) 28 (21.5)

Severe/very severe 0 (0.0) 2 (3.6) 2 (5.3) 4 (3.1)

Joint pain

No. missing 177 85 45 307

None 24 (70.6) 28 (49.1) 8 (20.5) 60 (46.2)

Mild/very mild 4 (11.8) 17 (29.8) 12 (30.8) 33 (25.4)

Moderate 5 (14.7) 11 (19.3) 9 (23.1) 25 (19.2)

Severe/very severe 1 (2.9) 1 (1.8) 10 (25.6) 12 (9.2)

Chest pain

No. missing 176 88 47 311

None 27 (77.1) 39 (72.2) 25 (67.6) 91 (72.2)

Mild/very mild 7 (20.0) 12 (22.2) 5 (13.5) 24 (19.0)

Moderate 1 (2.9) 2 (3.7) 5 (13.5) 8 (6.3)

Severe/very severe 0 (0.0) 1 (1.9) 2 (5.4) 3 (2.4)

Cough

No. missing 175 86 45 306

None 29 (80.6) 35 (62.5) 21 (53.8) 85 (64.9)

Mild/very mild 6 (16.7) 16 (28.6) 10 (25.6) 32 (24.4)

Moderate 0 (0.0) 4 (7.1) 4 (10.3) 8 (6.1)

Severe/very severe 1 (2.8) 1 (1.8) 4 (10.3) 6 (4.6)

Anosmia

No. missing 173 84 48 305

None 9 (23.7) 28 (48.3) 20 (55.6) 57 (43.2)

Mild/very mild 9 (23.7) 10 (17.2) 2 (5.6) 21 (15.9)

Moderate 9 (23.7) 11 (19.0) 4 (11.1) 24 (18.2)

Severe/very severe 11 (28.9) 9 (15.5) 10 (27.8) 30 (22.7)

Sicca syndrome

No. missing 177 87 43 307

None 23 (67.6) 37 (67.3) 10 (24.4) 70 (53.8)

Mild/very mild 9 (26.5) 10 (18.2) 10 (24.4) 29 (22.3)

Moderate 1 (2.9) 6 (10.9) 12 (29.3) 19 (14.6)

Severe/very severe 1 (2.9) 2 (3.6) 9 (22.0) 12 (9.2)

Rhinitis

No. missing 177 88 46 311

None 27 (79.4) 35 (64.8) 18 (47.4) 80 (63.5)

Mild/very mild 6 (17.6) 16 (29.6) 13 (34.2) 35 (27.8)

Moderate 1 (2.9) 3 (5.6) 4 (10.5) 8 (6.3)

Severe/very severe 0 (0.0) 0 (0.0) 3 (7.9) 3 (2.4)

Red eyes

No. missing 176 88 47 311

None 32 (91.4) 44 (81.5) 24 (64.9) 100 (79.4)

Mild/very mild 3 (8.6) 7 (13.0) 10 (27.0) 20 (15.9)

Moderate 0 (0.0) 3 (5.6) 1 (2.7) 4 (3.2)

Severe/very severe 0 (0.0) 0 (0.0) 2 (5.4) 2 (1.6)

Dysgeusia

No. missing 173 86 47 306

None 12 (31.6) 29 (51.8) 18 (48.6) 59 (45.0)

Mild/very mild 11 (28.9) 13 (23.2) 7 (18.9) 31 (23.7)

(continued )
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TABLE 2. (continued)

No. (%)

Symptom Mild/very mild (n = 211) Moderate (n = 142) Severe/very severe (n = 84) Total (N = 437)

Moderate 7 (18.4) 6 (10.7) 7 (18.9) 20 (15.3)

Severe/very severe 8 (21.1) 8 (14.3) 5 (13.5) 21 (16.0)

Headache

No. missing 176 86 44 306

None 22 (62.9) 29 (51.8) 15 (37.5) 66 (50.4)

Mild/very mild 8 (22.9) 14 (25.0) 5 (12.5) 27 (20.6)

Moderate 5 (14.3) 8 (14.3) 9 (22.5) 22 (16.8)

Severe/very severe 0 (0.0) 5 (8.9) 11 (27.5) 16 (12.2)

Sputum production

No. missing 177 89 48 314

None 26 (76.5) 42 (79.2) 20 (55.6) 88 (71.5)

Mild/very mild 7 (20.6) 11 (20.8) 9 (25.0) 27 (22.0)

Moderate 1 (2.9) 0 (0.0) 5 (13.9) 6 (4.9)

Severe/very severe 0 (0.0) 0 (0.0) 2 (5.6) 2 (1.6)

Lack of appetite

No. missing 177 88 46 311

None 27 (79.4) 39 (72.2) 26 (68.4) 92 (73.0)

Mild/very mild 4 (11.8) 9 (16.7) 4 (10.5) 17 (13.5)

Moderate 2 (5.9) 5 (9.3) 3 (7.9) 10 (7.9)

Severe/very severe 1 (2.9) 1 (1.9) 5 (13.2) 7 (5.6)

Sore throat

No. missing 178 89 47 314

None 29 (87.9) 44 (83.0) 25 (67.6) 98 (79.7)

Mild/very mild 3 (9.1) 7 (13.2) 8 (21.6) 18 (14.6)

Moderate 1 (3.0) 2 (3.8) 2 (5.4) 5 (4.1)

Severe/very severe 0 (0.0) 0 (0.0) 2 (5.4) 2 (1.6)

Vertigo

No. missing 176 86 46 308

None 26 (74.3) 30 (53.6) 19 (50.0) 75 (58.1)

Mild/very mild 7 (20.0) 19 (33.9) 12 (31.6) 38 (29.5)

Moderate 2 (5.7) 5 (8.9) 2 (5.3) 9 (7.0)

Severe/very severe 0 (0.0) 2 (3.6) 5 (13.2) 7 (5.4)

Myalgia

No. missing 177 86 44 307

None 26 (76.5) 34 (60.7) 13 (32.5) 73 (56.2)

Mild/very mild 6 (17.6) 12 (21.4) 10 (25.0) 28 (21.5)

Moderate 1 (2.9) 7 (12.5) 7 (17.5) 15 (11.5)

Severe/very severe 1 (2.9) 3 (5.4) 10 (25.0) 14 (10.8)

Diarrhea

No. missing 178 89 46 313

None 30 (90.9) 40 (75.5) 20 (52.6) 90 (72.6)

Mild/very mild 1 (3.0) 9 (17.0) 7 (18.4) 17 (13.7)

Moderate 1 (3.0) 4 (7.5) 7 (18.4) 12 (9.7)

Severe/very severe 1 (3.0) 0 (0.0) 4 (10.5) 5 (4.0)

Poor sleep

No. missing 177 88 46 311

None 21 (61.8) 20 (37.0) 9 (23.7) 50 (39.7)

Mild/very mild 4 (11.8) 24 (44.4) 12 (31.6) 40 (31.7)

Moderate 7 (20.6) 5 (9.3) 8 (21.1) 20 (15.9)

Severe/very severe 2 (5.9) 5 (9.3) 9 (23.7) 16 (12.7)

Other

No. missing 178 93 59 330

None 26 (78.8) 32 (65.3) 13 (52.0) 71 (66.4)

Mild/very mild 2 (6.1) 8 (16.3) 2 (8.0) 12 (11.2)

Moderate 2 (6.1) 1 (2.0) 4 (16.0) 7 (6.5)

Severe/very severe 3 (9.1) 8 (16.3) 6 (24.0) 17 (15.9)
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mental health factors, such as posttraumatic stress, have
all been cited as possible reasons.11,25,26 Asthma and
early signs of ageusia or myalgia have been associated
with a longer duration of viral shedding.27 Most of our
respondents reported symptoms for 3 to 6 months after
300
infection. Longer term sequelae for this study were lim-
ited by the newness of this pandemic; this time frame is
also congruent with case surges in our area at the time
of study. If data from our study are combined with data
from other studies, the results may lead to a clearer
THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES
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FIGURE 1. Persistent symptoms by numbers of patients.
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prediction for which patients can be expected to have
prolonged symptoms. This information would be impor-
tant for patients, employers, policy makers, and educa-
tors. Ordinal scales for COVID-19 functional outcomes
have also been proposed to aid in predicting functional
status.28 Combined with other studies, our data can also
help guide the standardization of such scales to improve
their accuracy.

Post-acute COVID-19 symptoms may vary. Symp-
toms may include cough, low-grade fever, fatigue that
varies in intensity, skin rashes, thromboembolic condi-
tions, shortness of breath, headaches, muscle pains
and weakness, gastrointestinal symptoms, chest pain,
FIGURE 2. Severity levels for most commo

Copyright © 2022 Southern Society for Clinical Investigation. Published by Elsev
www.amjmedsci.com � www.ssciweb.org
neurocognitive disorders, and mental health disorders
such as depression.29 For these reasons, evaluation for
PASC should include laboratory work, imaging studies,
and consultations for interdisciplinary care.30,31 Of the
symptoms reported in this and other studies, fatigue was
the most common symptom after severe COVID-19
infection,13,16,17,32 with dyspnea second and poor sleep
quality third. Most patients hospitalized for COVID-19 (i.
e., in the severe disease category) had respiratory com-
plications, which can explain the high response of dys-
pnea in this group. Fatigue is a nonspecific symptom
with multifactorial causes, and further research may help
differentiate which aspects of COVID-19 lead to this
n symptoms by time since diagnosis.
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TABLE 3. Characteristics and baseline variables for patients with and without persistent symptoms.

No. (%)a

Characteristic Persistent symptoms (n = 152) No persistent symptoms (n = 283) Total (N = 435)b P value

Age 0.50
Median (range) 52 (20−99) 55 (18−90) 54 (18−99)

Sex <0.001
Female 110 (72.4) 152 (53.7) 262 (60.2)
Male 42 (27.6) 131 (46.3) 173 (39.8)

Were you hospitalized for your illness? 0.08
No. missing 1 0 1
No 128 (84.8) 256 (90.5) 384 (88.5)
Yes 23 (15.2) 27 (9.5) 50 (11.5)

Did you experience any negative
psychological impact, such as anxiety
or depression, from COVID-19?

<0.001

No. missing 1 1 2
No 72 (47.7) 213 (75.5) 285 (65.8)
Yes 79 (52.3) 69 (24.5) 148 (34.2)

Were you symptom free for any period
before new symptoms started?

0.48

No. missing 20 142 162
No 96 (72.7) 97 (68.8) 193 (70.7)
Yes 36 (27.3) 44 (31.2) 80 (29.3)

Was it less or more than 1 month
before you felt able to resume
normal activities?

<0.001

No. missing 4 3 7
Less than 1 month 73 (49.3) 231 (82.5) 304 (71.0)
More than 1 month 75 (50.7) 49 (17.5) 124 (29.0)

a Data are presented as No. (%) unless otherwise indicated.
b Two patients did not record persistent symptoms, leaving 435 patients to be included in this analysis.
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adverse outcome. It would not be far-fetched to think
that other secondary effects of the illness could be caus-
ative. The reported psychological impact of COVID-19
was high in our cohort and was as high as 33% in other
study cohorts.33,34 Could prolonged fatigue be caused
by secondary effects such as increased stress, job loss,
economic downturn, and isolation? In most cases, it
would be reasonable to think so. However, other second-
ary physical conditions also need to be considered, such
as myocarditis, pulmonary complications, venous throm-
boembolism, renal injuries, and neurologic insults. Cen-
tral sensitization syndrome has a well-known connection
to fatigue and chronic disease. It also likely has a strong
role in PASC. Postinfectious inflammation (e.g., pro-
longed symptoms) has been reported for other diseases
such as mononucleosis, herpes zoster, and
Borrelia infections. In some ways COVID-19−related
fatigue is similar to chronic fatigue syndrome, which has
been described after SARS-CoV-2.6

Our study has limitations. Sex of patients and age
range were well represented; however, risk factors for
mental illness were not included. We studied patient self-
reports of illness severity rather than clinical markers,
which risks recall bias. However, we believe patient per-
spectives were important to analyze because most
302
PASC symptoms are self-reported and affect whether
persons can function at their normal level of activity after
COVID-19. In addition, we had a modest sample size,
although it was substantially larger than sample sizes for
most studies published about PASC to date. Because
the sample was small, we were unable to analyze certain
demographic characteristics, including race and socio-
economic status. In addition, our nonresponse rate was
74%, which may have been related to the difficulties
patients were having recovering from their illness.

Although the study has limitations, it also has
strengths. To our knowledge, this is the first outpatient
study in the US with a prospective follow-up design for
studying PASC. In addition, we report the largest number
of PASC symptoms assessed in outpatients (i.e., 19 dis-
tinct symptoms). We believe the study is also the first to
report perceptions of illness severity by hospitalized and
nonhospitalized patients with PASC, which may facilitate
additional research that would identify prognostic factors
and strategies useful for monitoring long-term conse-
quences of disease.

CONCLUSIONS
We have described the prevalence of patient-

reported COVID-19 severity and PASC and associated
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long-term symptoms and quality-of-life−related out-
comes for hospitalized and nonhospitalized patients. Our
data showed that age and hospitalization were signifi-
cant determinants of COVID-19 severity, whereas female
sex, psychological symptoms (depression and/or anxi-
ety), and inability to resume normal activities 1 month
after illness onset were predictive of PASC. Our results
provide a framework for early recognition of patients at
increased risk for PASC, highlight certain demographic
risk factors for developing PASC, and provide an initial
understanding of the natural history of PASC. Further
research will lead to improved screening tools and guide
the necessary steps in evaluation and treatment of
PASC. Further global and collaborative research is
needed to address the spectrum of recovery from acute
COVID-19 infection, predictors of severity and persis-
tence of symptoms, pathophysiology, and consequen-
ces of living with PASC.

CLINICAL SIGNIFICANCE
To date, 180 million cases of COVID-19 have been

reported worldwide. Over one-third of patients have per-
sistent symptoms.

Age is associated with severity of illness and long-
term symptoms.

Women are more likely to have persistent symptoms,
fatigue being most common.

Identifying at-risk patients is important because inter-
vention can reduce severity of persistent symptoms.
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