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Background. There is mounting evidence for the presence of postacute sequelae of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection (PASC), but there is limited information on the spectrum, magnitude, duration, and patterns of
these sequelae as well as their influence on quality of life.

Methods. 'We assembled a cohort of adults with a documented history of SARS-CoV-2 RNA positivity at 22 weeks past onset of
coronavirus disease 2019 (COVID-19) symptoms or, if asymptomatic, first positive test. At 4-month intervals, we queried physical
and mental health symptoms and quality of life.

Results.  Of the first 179 participants enrolled, 10 were asymptomatic during the acute phase of SARS-CoV-2 infection, 125
were symptomatic but not hospitalized, and 44 were symptomatic and hospitalized. During the postacute phase, fatigue, shortness
of breath, concentration problems, headaches, trouble sleeping, and anosmia/dysgeusia were most common through 8 months of
observation. Symptoms were typically at least somewhat bothersome and sometimes exhibited a waxing-and-waning course. Some
participants experienced symptoms of depression, anxiety, and post-traumatic stress, as well as difficulties with performance of usual
activities. The median visual analogue scale rating of general health was lower at 4 and 8 months compared with pre-COVID-19. Two
clusters of symptom domains were identified.

Conclusions. Many participants report bothersome symptoms following onset of COVID-19 with variable patterns of persist-
ence and impact on quality of life. The substantial variability suggests the existence of multiple subphenotypes of PASC. A rigorous
approach to the prospective measurement of symptoms and functional manifestations sets the stage for the next phase of research
focusing on the pathophysiologic causes of the various subgroups of PASC.

Keywords. COVID-19; long COVID; post-acute sequelae of SARS-CoV-2 (PASC); quality of life; SARS-CoV-2.

Coronavirus disease 2019 (COVID-19), the condition caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),

was initially characterized as a time-limited illness [1-3]. Patients
were believed to either succumb to COVID-19 or return to their
usual health. Subsequently, anecdotal reports emerged stating

_ - that while recovery from the symptoms typically associated with
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an acute infection (eg, fever and chills) is near uniform, some in-
dividuals complain of persistent symptoms (eg, fatigue and pain)
well after the period of acute SARS-CoV-2 infection [4-6]. These
patients gave rise to the colloquial terms “long haulers” and
“long COVID” [7, 8]. Formal scientific investigation of what is
clinically known as postacute sequelae of SARS-CoV-2 infection
(PASC) has just begun and has been useful to establish the fre-
quency of the condition beyond anecdote and to demonstrate its
geographic and sociodemographic diversity. Early investigations
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were limited by studying populations who had not all been con-
firmed to have SARS-CoV-2 [9], were enriched with patients
who were hospitalized and may thus be more indicative of the
effects of hospitalization than COVID-19 [10, 11], or had short
follow-up [12]. Furthermore, there is little systematic informa-
tion on the magnitude or severity, longitudinal within-person
persistence, or co-occurrence of PASC symptoms. As millions of
individuals worldwide continue to become infected with SARS-
CoV-2, the public health implications of PASC and the need to
uncover interventions to prevent or treat it are self-evident.

To rapidly gain insights into PASC, we established a cohort
dedicated to the study of PASC. We intentionally sought to en-
roll patients with RNA-confirmed SARS-CoV-2 infection re-
covering from a wide spectrum of acute disease manifestations.
Herein, we describe the assembly of this cohort along with some
key methodologic approaches to study design, measurement of
self-reported aspects of PASC, and portrayal of findings that
could inform this nascent field of research. As a demonstration
of these approaches, we also describe our preliminary findings
in cohort participants regarding the spectrum, magnitude, du-
ration, and co-occurrence of physical and mental health symp-
toms, as well as their influence on quality of life through 8
months of observation following acute SARS-CoV-2 infection.

METHODS

Patient Consent

The institutional review board of the University of California,
San Francisco, approved this study. All participants provided
written informed consent.

Overall Design

We enrolled consecutive adults at 22 weeks past onset of
COVID-19 symptoms or, if asymptomatic, first positive diag-
nostic test for SARS-CoV-2 and who responded to notification
and advertisements regarding the study. Participants under-
went comprehensive questionnaire-based evaluation and bio-
logical specimen collection at an initial visit and every 4 months
thereafter.

Participants

Any individual age 218 years with documentation of SARS-
CoV-2 RNA detected on a prior nucleic acid amplification
test and ability to travel to our research site in San Francisco
was eligible to participate. Minimal duration of time following
symptom onset (or first positive RNA detection) depended on
local infection control guidelines, starting with 28 days and
subsequently shortening to 14 days. Participants were recruited
through clinician referral, mailings to consecutive patients
testing positive at University of California, San Francisco-affili-
ated testing sites, and response to medical center paper postings,
websites, and advertisements. Although quotas were not set for
distribution of acute SARS-CoV-2 disease manifestations, most

recruitment resources were dedicated to attracting persons who
had not been hospitalized, including asymptomatic individuals.

Processes

Once identified, participants deemed eligible by a phone inter-
view were examined in person at the research center. Participants
were administered structured questionnaires, asked to provide
whole unstimulated saliva and/or a swab of gingival crevice
fluid, and had peripheral blood collected, which was stored
as serum, plasma, and cryopreserved peripheral blood mono-
nuclear cells (PBMCs). Following the initial visit, participants
were invited to complete additional visits every 4 months.

Measurements
A battery of instruments was assembled by a team of infec-
tious disease clinicians and epidemiologists, aided by consul-
tation with content specialists from pulmonology, cardiology,
neurology, and mental health. Development of the instruments
was an iterative process as information emerged regarding
SARS-CoV-2 infection and recovery. These instruments
queried about sociodemographic characteristics, medical his-
tory and concomitant medications, SARS-CoV-2 exposure,
physical symptoms, quality of life, mental health, and substance
use. With the exception of the mental health questions, which
were self-administered, all questionnaires were interviewer-
administered. Interviews were conducted in English or Spanish
by bilingual research staff according to participant preference.
Study instruments were available in both English and Spanish.
The Patient Health Questionnaire (PHQ) somatic symptom
scale [13] was used to ascertain presence and magnitude of
physical symptoms. Participants were specifically asked to de-
scribe symptoms only if they were new or worse compared
with the period before COVID-19. In addition to this prede-
termined list of symptoms, participants were asked about any
other symptoms they were experiencing. At the initial visit, par-
ticipants were asked about symptoms experienced during the
acute phase of their SARS-CoV-2 infection (the first 3 weeks
after initial symptom onset) as well as the prior 2 days (ie, cur-
rent moment). At all subsequent visits, participants were asked
about any symptoms experienced since their last visit, with
separate ascertainment regarding the prior 2 days (ie, current
moment). Quality of life was measured using the EuroQol met-
rics [14], and mental health symptoms were measured using
a combination of the General Anxiety Disorder-7 (GAD-7)
[15], PHQ-8 [16], and an adaptive 4-item version of the Post-
traumatic Stress Disorder (PTSD) Checklist (PCL) 5 [17-19].
In contrast to physical symptoms, questions about quality of life
and mental health symptoms were not limited to new percep-
tions or feelings that occurred since onset of COVID-19; in-
stead, they were answered from the perspective of the time of
the interview, regardless of whether their presence predated the
SARS-CoV-2 diagnosis.
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Statistical Analysis

Participants were described according to severity of COVID-
19 during the first 21 days following onset of symptoms, which
was classified as asymptomatic, symptomatic but not hospital-
ized, and hospitalized for the purposes of management of severe
COVID-19. There were no hospitalizations solely for infection
control or nonacute care. For each of the domains of physical
symptoms, mental health symptoms, and quality of life, we
characterized 4 time periods: (1) acute illness (0-3 weeks), (2)
early recovery (centered at 6 weeks, range 3-10 weeks), (3) late
recovery 1 (centered at 16 weeks, range 12-20 weeks), and (4)
late recovery 2 (centered at 32 weeks, range 28-36 weeks).

To explore the extent to which patients cluster according to
their symptoms, we implemented a model-based approach and
focused on participants reporting at least 1 symptom present
during the first late recovery period. To decrease multidimen-
sionality, we first reduced 32 symptoms into 7 of domains of
complaints (fatigue, upper respiratory, cardiopulmonary, gas-
trointestinal, musculoskeletal, neurological, or sleep), each con-
taining between 1 and 8 symptoms. Participants were considered
to possess the domain if they reported at least 1 symptom. The
model-based approach attempted to cluster participants with
similar patterns of symptom domains into k groups, where the
number of groups and their associated distribution of domains
are estimated via a modified expectation-maximization algo-
rithm with model selection automatically performed via the
Bayesian Information Criterion (BIC) [20]. Given the limited
sample size, we performed a grid search between 2 and 6 clusters
(k=2,...,6).For a given k clusters, participants were assigned
to the estimated latent distribution most likely to generate their
observed symptom domains. Cluster performance was evalu-
ated using the average silhouette score, a measure quantifying
the internal validity of estimated cluster assignments within and
across a sample.

We used Stata (version 16.1; StataCorp, College Station, TX,
USA) throughout, with the exception of R for the alluvial plots
(alluvial) and clustering (VarSelLCM [21]).

RESULTS

Characteristics of Participants at Enroliment

From April 21, 2020, to January 4, 2021, we enrolled 179 adult
participants; most (60%) were enrolled between April and July
2020. At the time of enrollment, participants were a median (in-
terquartile range [IQR]) of 1.8 (1.2-2.7) days past the date of
symptom onset/first positive RNA detection. The cohort rep-
resented the full spectrum of illness severity during the acute
phase of SARS-CoV-2 infection (Table 1); 10 were asympto-
matic, 125 were symptomatic but not hospitalized, and 44 were
symptomatic and hospitalized. Among those who had been
hospitalized, 37 (88%) required supplemental oxygen, but only
6 (14%) required mechanical ventilation. Few participants had

received therapeutic interventions during acute SARS-CoV-2
infection; 6% received remdesivir, 10% glucocorticoids, and 2%
convalescent plasma.

Follow-up of Cohort

Longitudinal observation was scheduled every 4 months fol-
lowing onset of symptoms/date of first detected SARS-CoV-2
RNA. At 4 montbhs, of the 165 participants who were evaluable
(ie, whose duration since symptom onset was at least 20.5
weeks, the outer boundary of the window for this visit), 143
(87%) completed the study visit. At 8 months, of the 111 parti-
cipants who were evaluable (ie, whose duration since symptom
onset was at least 36.5 weeks), 68 (61%) completed the study
visit. Twenty-five individuals (23%) missed their 8-month
visit but had a subsequent visit and thus were not lost to fol-
low-up. Reasons for such visit delays included reduced avail-
ability during the winter holidays, re-implementation of local
stay-at-home orders, reduced staffing density due to medical
center guidelines before the SARS-CoV-2 vaccine rollout, and
participant concerns related to the winter 2020 COVID-19
surge. Of the remaining 18 individuals (16% of the 111 who
are theoretically evaluable), 13 have formally withdrawn from
the study (no time because of family obligations related to de-
pendent care [n = 3], inability to tolerate blood draws [n = 3],
moved out of region [n = 2], and declined to provide a reason
[n =5]), 3 were withdrawn by study investigators because of
behavioral issues, and 2 remain in contact with the study but
have not decided whether they wish to resume. No participant
is known to have died. No participants were vaccinated against
SARS-CoV-2 during the study period.

Physical and Mental Health Symptoms

The most common physical symptoms during the acute phase
of SARS-CoV-2 infection were fatigue, fever, myalgia, cough,
and anosmia/dysgeusia (Figure 1). In the postacute phase, fa-
tigue, shortness of breath, concentration problems, headaches,
trouble sleeping, and anosmia/dysgeusia were the most com-
monly reported, but a variety of other symptoms were endorsed
by at least some participants at each time point. Not all parti-
cipants, however, complained of symptoms. At early recovery
(3-10 weeks), 61 of 126 participants reported no current symp-
toms. At the late recovery time points, 54 of 143 reported no
current symptoms at the first late follow-up time point (12-20
weeks), and 16 of 68 reported no symptoms at the second late
follow-up time point (28-36 weeks). When symptoms were
present, very few participants stated that the symptom did not
bother them (Table 2). For some symptoms (eg, “trouble concen-
trating, trouble with thinking, or trouble with memory”), >50%
of the participants in the 2 late recovery periods who endorsed
the symptom reported that it bothered them “a lot” Among the
subset of participants with complete data at all 3 time periods
(n = 38), there was substantial within-individual variation in the
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Table 1. Characteristics at Time of SARS-CoV-2 Infection Among Participants Enrolled in a Study of Postacute Sequelae of SARS-CoV-2 Infection

Asymptomatic Symptomatic Not Hospitalized Symptomatic Hospitalized All
Characteristic (n =10) (n=125) (n =44) (n=179)
Age, y 45.5 (38-55)° 46 (46-57) 49 (37-57) 48 (37-57)
(29-70)° (19-76) (19-85) (19-85)
Female birth sex 2 (20) 62 (50) 15 (34) 79 (44)
Gender identity
Female 2 (20) 61 (49) 15 (34) 78 (44)
Male 8 (80) 52 (50) 28 (64) 98 (55)
Transgender male 0(0) 1(0.8) 1(2) 2 (1.0
Transgender female 0(0) 0(0) 0(0) 0(0)
Prefer not to answer 0 (0) 1(0.8) 0 (0) 1(0.5)
Race/ethnicity®
Hispanic/Latino 3(30) 29 (24) 24 (55) 56 (32)
Hawaiian/Pacific Islander 0(0) 2 (1.7) 2 (4.6) 4(2.3)
White 5 (50) 75 (62) 9(20) 89 (51)
Black/African American 1(10) 6 (5.0) 2 (4.6) 9(5.1)
Asian 1(10) 9 (74) 7 (16) 17.(9.7)
Native American/Alaska Native 01(0) 0(0) 0(0) 0(0)
Education
Any HS or less 1(10) 16 (13) 26 (59) 43 (24)
Any college 5 (50) 53 (42) 12 (27) 70 (39)
Any graduate school 4 (40) 56 (45) 6 (14) 66 (37)
Sexual orientation®
Asexual 01(0) 0(0) 1(4.2) 1(1.0)
Bisexual 0(0) 2 (1.9) 0(0) 2 (1.5)
Gay/lesbian 3(33) 28 (27) 4(17) 35 (25)
Straight/heterosexual 5 (56) 71 (68) 19 (79) 95 (69)
Other 1(11) 3(2.9) 0(0) 4(2.9)
Annual household income®
<$50000 4 (40) 25 (23) 16 (52) 45 (30)
$50001-$100000 1(10) 15 (14) 7 (23) 23 (15)
$100001-$300000 4 (40) 36 (33) 6 (19) 46 (31)
>$300000 1(10) 32 (30) 2 (6.5) 35 (23)
Body mass index, kg/m?*
<24.9 3(30) 49 (39) 4(9.1) 56 (31)
25-29.9 3(30) 35 (28) 17 (39) 55 (31)
>30 4 (40) 41 (33) 23 (52) 68 (38)
Self-reported comorbid conditions
Autoimmune 2 (20) 3(2.4) 6 (14) 1 (6.2)
Cancer®® 2 (20) 4(3.2) 1(2.3) 7(3.9)
Diabetes® 0(0) 7 (5.7) 14 (32) 21 (12)
HIVe 4 (40) 25 (20) 3(7.0) 32 (18)
Heart attack or heart failure 1(10) 2 (1.6) 1(2.3) 4(2.2)
Hypertension® 3(30) 19 (15) 15 (32) 36 (20)
Lung problems®® 0(0) 17 (14) 11 (25) 28 (16)
Kidney disease 0 (0) 1(0.8) 1(2.3) 2 (1.1)
Ever used tobacco’ 5 (50) 36 (39) 13 (30) 54 (30)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

“Median (interquartile range).
°Absolute range.

“Missing and nonresponse. Race/ethnicity: 3 missing, 1 prefer not to answer; sexual orientation: 41 missing, 1 prefer not to answer; income: 1 missing, 29 prefer not to answer; BMI: 6

missing; cancer: 1 missing; diabetes: 3 missing; HIV: 1 missing; hypertension: 1 missing; lung problems: 1 missing.

9Cancer requiring treatment within the 2 years before COVID-19.

°Asthma, COPD, emphysema, or bronchitis experienced in the 5 years before COVID-19.

‘Cigarettes, cigars, or any product containing tobacco in a hookah.
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Figure 1.

Prevalence of symptoms reported by participants in a study of individuals with SARS-CoV-2 infection during acute infection and 3 time points in the postacute

phase. Endorsement is defined as presence of a symptom that either started or worsened at or after initial COVID-19 symptoms. Concentration problems refers to “trouble
concentrating, trouble with your thinking, or trouble with your memory.” Vision problems refers to “trouble with vision, for example double vision, blurry vision, or other visual
issues.” Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

presence of many symptoms over the study period (Figure 2).
While most participants reported consistency in the presence
or absence of each symptom over time, some participants re-
ported the resolution of previously present symptoms, some
reported the onset of previously absent symptoms, and some
reported variability in the presence of symptoms.

Regarding mental health, some participants experienced
symptoms of depression, anxiety, and post-traumatic stress
during the late recovery phase (Table 3). Most of these symp-
toms were described as minimal or mild, but a small number of

individuals experienced moderate or severe symptoms.

Clustering of Symptoms

Among 82 participants experiencing atleast 1 physical symptom
in the late recovery period, model-based clustering identified 2
groups of participants (Cluster 1 = 40 participants and Cluster
2 =42 participants) in whom presence of symptoms within
group members was more similar to each other than to those
in the other group. The clusters are characterized by the pro-
portion of participants experiencing each of the 7 domains of
symptoms (Table 4). Silhouette scores suggest that the cluster

configuration for the first cluster is strong while the second
cluster is poorly configured. Participants in Cluster 1 have
higher prevalence of all symptom domains except for respira-
tory, indicating that symptom presence across the 7 domains
is, in general, positively correlated. Cluster 1 is particularly dis-
tinguished from Cluster 2 in its greater absolute difference in
prevalence of fatigue, cardiopulmonary symptoms, and gastro-
intestinal symptoms.

Quality of Life

Measures of quality of life, which integrate across physical
and mental health symptoms to depict functional impair-
ments, showed expected high frequencies of inability to am-
bulate, perform self-care, and perform usual activities during
the worst point of acute SARS-CoV-2 infection (Table 5).
These frequencies were substantially higher than what partici-
pants reported before COVID-19. During the 2 late recovery
periods, very few participants expressed moderate or more se-
vere problems in self-care, but some reported difficulties with
ambulation and performance of usual activities. Participant-
rated health on a visual analogue scale of 0 to 100 was, again,
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Table 2. Magnitude of Symptom Burden Among Participants who Reported Presence of Symptoms at 6, 16, and 32 Weeks After Onset of COVID-19
Symptoms; Only Symptoms That Were Endorsed by >5 Participants Are Shown

Characteristic Week 6, No. (%) Week 16, No. (%) Week 32, No. (%)
Feeling tired or having low energy

Not bothered at all® 1(5.0) 1(5.0) 1(3.3)

Bothered a little 7 (35) 6 (30) 16 (563)

Bothered a lot 12 (60) 13 (65) 13 (43)
Cough

Not bothered at all 1(17) 2 (29) 2 (18)

Bothered a little 1(17) 3(43) 6 (55)

Bothered a lot 4 (67) 2 (29) 3(27)
Shortness of breath

Not bothered at all 1(8.3) 0(0) 0(0)

Bothered a little 4 (33) 7 (44) 8 (62)

Bothered a lot 7 (68) 9 (56) 5(38)
Chest pain

Not bothered at all 01(0) 2 (14) 2 (20)

Bothered a little 3(38) 5 (36) 4 (40)

Bothered a lot 5 (63) 7 (50) 4 (40)
Feeling heart pound or race

Not bothered at all 01(0) 3(25) 1(9.1)

Bothered a little 4 (57) 6 (50) 5 (45)

Bothered a lot 3(43) 3(25) 5 (45)
Runny nose or congestion

Not bothered at all - 2 (25) 1(10)

Bothered a little - 3(38) 6 (60)

Bothered a lot - 3 (38) 3 (30)
Muscle aches

Not bothered at all 0(0) 0 (0) 0(0)

Bothered a little 2 (25) 5 (71) 5(42)

Bothered a lot 6 (75) 2 (29) 7 (58)
Loss of appetite

Not bothered at all - 7 (78) -

Bothered a little - 2(22) =

Bothered a lot - 0(0) -
Nausea, gas, indigestion

Not bothered at all - 2 (25) 2 (13)

Bothered a little - 3(38) 6 (40)

Bothered a lot - 3(38) 7 (47)
Stomach pain

Not bothered at all - - 0(0)

Bothered a little - - 2 (29)

Bothered a lot - - 5 (71)
Constipation

Not bothered at all - - 3(38)

Bothered a little - - 3(38)

Bothered a lot - - 2 (25)
Diarrhea or loose bowels

Not bothered at all - 1(17) 3(25)

Bothered a little - 2 (33) 8 (67)

Bothered a lot - 3 (50) 1(8.3)
New spots or rash on skin

Not bothered at all - 3 (43) 3 (25)

Bothered a little = 0(0) 1(8.3)

Bothered a lot - 4 (57) 8 (67)
Trouble with smell or taste

Not bothered at all 2 (25) 5 (50) 5 (29)

Bothered a little 2 (25) 3(30) 4 (24)

Bothered a lot 4 (50) 2 (20) 8 (47)
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Table 2. Continued

Characteristic Week 6, No. (%)

Week 16, No. (%) Week 32, No. (%)

Smelling an odor that is not actually there
Not bothered at all -
Bothered a little -
Bothered a lot -
Trouble concentrating, trouble with thinking, or trouble with memory

Not bothered at all 1(7.1)

Bothered a little 7 (50)

Bothered a lot 6 (43)
Headache

Not bothered at all 0(0)

Bothered a little 4 (40)

Bothered a lot 6 (60)

Trouble with vision, for example double vision, blurry vision, or other visual issues
Not bothered at all -
Bothered a little -
Bothered a lot -
Dizziness
Not bothered at all -
Bothered a little -
Bothered a lot -
Trouble with balance or feeling unsteady

Not bothered at all 0(0)
Bothered a little 4 (67)
Bothered a lot 2 (33)

Numbness, tingling, or pins and needles in arms or legs
Not bothered at all -
Bothered a little -
Bothered a lot -

Pain in arms, legs, or joints such as knees and hips
Not bothered at all -
Bothered a little -
Bothered a lot -

Back pain
Not bothered at all -
Bothered a little -
Bothered a lot -

Trouble sleeping
Not bothered at all
Bothered a little
Bothered a lot

1(11)
2 (22)
6 (66)

- 4 (36)
= 3(27)
- 4 (36)
1(4) 0(0)
10 (40) 9 (35)
14 (56) 17 (65)
8 (47) 0(0)
8 (47) 4(27)
1(5.9) 1(73)
0(0) 1(9.1)
4 (33) 1(9.1)
8 (67) 9(82)
0(0) 1(9.1)
4 (33) 1(9.1)
8 (67) 9 (82)
1(9.1) 0(0)
6 (55) 4 (36)
4 (36) 7 (64)
1(10) 0(0)
7 (70) 3(23)
2 (20) 10 (76)
0(0) 0(0)
1(17) 6 (38)
5(83) 10 (63)
- 1(11)
= 3(33)
- 5 (56)
3(19) 1(5.6)
3(19) 7(39)
10 (63) 10 (56)

Abbreviation: COVID-19, coronavirus disease 2019.

“Responses to “When the symptom was at its worst, how much did it/does it bother you? Would you say you were not bothered at all, bothered a little, or bothered a lot?” Note: the total
number of individuals experiencing each symptom at the time point can be calculated by adding the numbers of each response for the symptom at that time point.

much lower during the worst point of acute infection com-
pared with before COVID-19 (Table 5). In the 2 late recovery
periods, the median visual analogue scale value was lower
than before COVID-19.

DISCUSSION

Within 2 months of the first documented case of community
transmission of SARS-CoV-2 in the United States, we initi-
ated a research cohort dedicated to studying the long-term
impact of the infection. Overcoming some of the limitations
of earlier work, we limited our population to participants with

RNA-confirmed SARS-CoV-2 infection, included a large frac-
tion of participants who had not been hospitalized, and ex-
tended observation to 8 months post-COVID-19 onset. We
found that in the postacute phase of infection, there is a large
spectrum of symptoms, ranging from generalized complaints
such as fatigue to organ system-specific manifestations such
as cardiopulmonary and neurocognitive symptoms to mental
health symptoms of anxiety and depression. While few parti-
cipants endorsed major alterations in quality of life, some indi-
viduals have not resumed normal function. Our data support
emerging clinical anecdotes regarding the severity of symptoms
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Figure 2. Alluvial plots representing within-person changes in symptoms over time for a subset of individuals with complete data for all 3 recovery periods (n = 38). Y refers
to the endorsement of the symptom at the respective time point, and N refers to absence. Endorsement is defined as presence of a symptom that either started or worsened
at or after initial COVID-19 symptoms. Symptoms showing no variability among participants are not shown. Concentration problems refers to “trouble concentrating, trouble
with your thinking, or trouble with your memory.” Vision problems refers to “trouble with vision, for example double vision, blurry vision, or other visual issues.” Abbreviation:

COVID-19, coronavirus disease 2019.

and their variability over time by providing evidence that these
symptoms are of significant magnitude for many individuals,
are not uniformly improving or worsening, and may cluster into
distinct phenotypes. We believe that our approach to the self-
reported aspects of phenotypic characterization of individuals
with PASC will be critical to designing studies regarding the un-
derlying pathogenesis of this complex condition.

Requiring an RNA-positive confirmed SARS-CoV-2 diag-
nosis for participation in PASC research is controversial. At
certain times and places, access to testing has been limited and
has disproportionately affected certain populations. Thus, ex-
cluding persons without a documented diagnosis could result
in nonrepresentative study samples. On the other hand, recent
work found that persistent physical symptoms were more com-
monly reported by persons with self-reported SARS-CoV-2
infection than those with objectively confirmed infection [22],
suggesting that self-report may be misclassified. We contend that

requiring a documented diagnosis depends upon the research
objective. For research aimed at unraveling etiopathogenesis,
like our study, we believe that specificity in eligibility criteria
is paramount in order to optimize validity in the ultimate in-
ferences. In treatment studies, more flexibility is encouraged,
especially to give affected populations access to experimental
therapy. In any case, any study enrolling both persons with and
without documented SARS-CoV-2 infection should report
findings stratified by diagnosis documentation status.

Several aspects of our symptom measurement provide
greater context regarding their meaning, relevance, and utility.
Throughout our interviews, we focus participants on limiting
report of symptoms to those that started (or worsened) since
COVID-19 onset. Interviewer-administered questionnaires
allow us to achieve this emphasis. By limiting to symptoms
starting (or worsening) after COVID-19 onset, we subtract
the non-0 prevalence of symptoms present in any population.
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Table 3. Responses Regarding Symptoms of Anxiety, Depression, and Post-traumatic Stress at 16 and 32 Weeks Following Onset of COVID-19 Among
Participants Enrolled in a Study of Postacute Sequelae of SARS-CoV-2 Infection

Week 16 Week 32

Mental Health Symptoms and Severity

(n=119),* No. (%)

(n =65),° No. (%)

Symptoms of anxiety (GAD-7 total score)®
Minimal (0-4)
Mild (5-9)
Moderate (10-14)
Severe (15-21)
Symptoms of depression (PHQ-8 total score)®
None (0-4)
Mild (56-9)
Moderate (10-14)
Moderately severe (15-19)
Severe (20-24)
Symptoms of post-traumatic stress disorder (PCL:5 total score)>*
Score 210

68 (44) 33 (61)
86 (56) 32 (49)
010 0(0)
0(0) 0 (0)
70 (54) 39 (64)
19 (17) 12 (20)
13 (12) 5(8.0)
4(3.5) 3 (5.0
4(3.5) 2 (3.0
6 (6.0) 7 (11)

Abbreviations: COVID-19, coronavirus disease 2019; GAD-7, General Anxiety Disorder-7; PCL:5, Post-traumatic Stress Disorder Checklist; PHQ-8, patient health questionnaire-8; SARS-CoV-2,

severe acute respiratory syndrome coronavirus 2.

“Twenty-four responses at week 16 and 3 responses at week 32 are not expected due to differences in form versions used at the time of participant visit.

®Missing and nonresponse. GAD-7: 2 missing at week 16; PHQ-8: 3 responses missing at week 16, 5 missing at week 32; PCL:5: 8 missing at week 16, 1 missing at week 32.

“Four-item version of Post-Traumatic Stress Disorder Checklist 5; cutoff of 10 has 76% sensitivity and 52% specificity for meeting the diagnostic criteria for post-traumatic stress disorder.

Measuring self-reported magnitude of bother caused by symp-
toms is more informative than a simple present vs absent.
Specifically, symptoms are inherently subjective, and what, for
example, “presence of fatigue” means varies by person. Degree
of bother, in contrast, provides better characterization and may,
when focusing only on those with the highest level of bother,
sharpen analyses seeking causes of symptoms. We also evalu-
ated within-participant variability in symptoms over time and
found some participants to have a waxing and waning course.
This suggests that symptom course is not merely persistent or
monotonically improving or worsening. Finally, quality of life
is the ultimate integral of symptoms and, usually, what matters
most to patients. We expect that quality-of-life measurements
will become requisite in PASC research, and its importance

means that electronic medical record-based ascertainment
based on routine clinical care will typically not be sufficient.
Similar to findings about symptom clustering during acute
SARS-CoV-2 infection [23], we found in a preliminary anal-
ysis that domains of symptoms clustered among those who
reported symptoms during the postacute phase. While our
sample size precluded an analysis of clustering of more gran-
ular symptoms or the identification of specific organ system-
based phenotypes, we found that participants either tended to
report many symptom domains (particularly fatigue, cardio-
pulmonary symptoms, and gastrointestinal symptoms) or just
a few. This finding provides further support to the anecdotal
observation that some patients are experiencing an extensive
magnitude of symptom burden. Despite the limitations of our

Table 4. Proportion of Participants Endorsing Presence of at Least 1 Symptom

in the Symptom Domain, According to Cluster Status®

Symptom Domain Specific Symptoms in Domain

Cluster 1 Cluster 2

(n'=40), % (95% ClI) (n=42), % (95% Cl)

Fatigue Fatigue 90 (75-97)° 0 (0-10)
Upper respiratory Runny nose and sore throat 20 (10-36) 21 (11-37)
Cardiopulmonary Cough, chest pain, palpitation, and shortness of breath 80 (64-90) 31 (18-47)
Gastrointestinal Abdominal pain, diarrhea, loss of appetite, and nausea 52 (36-68) 12 (4-26)
Musculoskeletal Back pain, myalgia, and pain in the arms, legs, and joints 40 (25-57) 14 (6-29)
Neurologic Anosmia, difficulty with concentration or memory, dizziness, dysgeusia 92 (79-98) 69 (563-82)
headache, numbness, trouble with balance, and trouble with vision
Sleep Trouble with sleep 42 (27-59) 26 (14-42)

“Clusters (or groups) derived from model-based clustering using the method of Marbac and Sedki [21]. Average silhouette score was 0.22; cluster-specific silhouette scores were 0.39 and

0.05 for Clusters 1 and 2, respectively.
®Proportion (95% Cl) endorsing at least 1 symptom in the symptom domain.
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Table 5.

of COVID-19 Among Participants Enrolled in a Study of Postacute Sequelae of SARS-CoV-2 Infection

Responses Regarding Quality of Life Before COVID-19, at the Self-Described Worst Point of COVID-19, and at Weeks 16 and 32 Following Onset

Before lliness Worst Point Week 16 Week 32
Quality of Life Domain Response (n=92) (n=179) (n=117) (n=66)
Mobility No problems, % 91 39 85 77
“Which of the following best describes your ability to Slight problems, % 6.0 10 9.0 1
e bt Moderate problems, % 20 29 40 8.0
Severe problems, % 0 4.0 1.0 4.0
Unable to walk, % 1.0 18 0.0 0.0
Self-care No problems, % 95 60 96 90
“Which of the following describes your ability to wash Slight problems, % 1.0 6.5 1.0 6.0
and dress yourself?" Moderate problems, % 4.0 17 2.0 4.0
Severe problems, % 0 1.5 1.0 0
Unable to wash or dress, % 0 15 0 0
Usual activities No problems, % 95 31 81 77
“Which of the following describes your ability to Slight problems, % 2.0 1 1 14
perform your usual activities?” Moderate|probloms, % 10 23 6.0 10
Severe problems, % 2.0 70 2.0 5.0
Unable to do usual activities, % 0 28 0 3.0
Pain/discomfort? No pain or discomfort, % 70 27 65 52
“Which of the following describes how much pain or Slight pain or discomfort, % 20 13 14 26
discomfort you felt?" Moderate pain or discomfort, % 70 26 17 15
Severe pain or discomfort, % 3.0 24 3.0 2.0
Extreme pain or discomfort, % 0 10 1.0 5.0
Unable to wash or dress, % 0 15 0 0
Anxiety/depression? No anxiety or depression, % 51 18 48 43
“Which of the following describes how anxious or de- Slight anxiety or depression, % 27 23 31 32
pressed you felt?* Moderate anxiety or depression, % 17 24 15 14
Severe anxiety or depression, % 2.0 17 4.0 6.0
Extreme anxiety or depression, % 3.0 18 2.0 5.0
Visual analogue scale
“On a scale of 0 to 100, we would like to know how good or bad your health was..."” 85 50 80 80
(75-90) (25-65) (70-90) (75-90)

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

“Not administered due to differences in form versions used at the time of participant visit: pain/discomfort: 22 from week 16 and 1 from week 32; anxiety/depression: 29 from week 16 and

1 from week 32.

sample size, we believe that this is a first step in defining dif-
ferent subphenotypes of PASC, which is important not only
for a comprehensive clinical description of the disorder but
also for investigation of pathogenesis. That is, PASC may rep-
resent several different pathophysiologic conditions. Greater
specificity in outcome classification using detailed measure-
ments as outlined here will greatly increase the efficiency and
accuracy of translational research that seeks to determine
biochemical causes of the various subphenotypes [24]. As a
practical example, our cluster analysis supports a strategy of
grouping individuals based on the number of reported symp-
toms for pathophysiologic studies, at least until larger data sets
can be used to identify more granular phenotypic clusters.
There are multiple mechanisms that might contribute to
PASC. While SARS-CoV-2 infection definitionally initiates the
pathogenesis of PASC, it is unclear whether viral antigen per-
sists beyond the acute period, either in the form of persistent
virus replication [25] or persistence of noninfectious genetic

material or protein in the tissues [26]. Regardless of whether the
virus persists, several mechanisms that are active in the recovery
phase could explain PASC. First, systemic immune activation
with alterations in B- and T-cell phenotypes and elevations in
plasma cytokines and inflammatory markers could underlie at
least some postacute sequelae [27-29]. Second, even in the ab-
sence of systemic inflammation, local tissue inflammation or
ongoing immune cell infiltration into the tissues could result in
tissue injury and remodeling, which could drive PASC through
processes like microbial translocation in the gut [30] or tissue
fibrosis in the heart or lungs [31, 32]. Third, multiple studies,
including autopsy studies, have demonstrated endotheliitis and
microvascular thrombosis in acute COVID-19, with neutrophil
extracellular traps as one contributing mechanism [33-38]; in
addition to explaining severe disease, ongoing microvascular
dysfunction may contribute to the pathobiology of PASC.
Fourth, autoreactive immunity may be a significant contributor,
as immunoglobulin G autoantibodies are highly prevalent in
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acute infection, including those associated with clinical disease
entities similar to PASC [33, 39-42]. Importantly, some mech-
anisms may contribute to certain organ-specific morbidity,
whereas others might cause other PASC phenotypes.

Our approach has several potential limitations that we believe
will be of interest to investigators seeking to study PASC. One
concern is the retrospective nature of the questioning about the
acute phase of illness. It is our experience that participants who
received formal RNA-confirmed diagnoses of SARS-CoV-2 in-
fection claim no difficulty in remembering what symptoms they
felt during the acute period. We believe this is the case because
the sociocultural context associated with SARS-CoV-2 makes it
different from other common infections (eg, influenza or rhino-
virus). We concede, however, that recall may be imperfect. Yet,
if memory is faulty, it is not obvious that symptoms reported
a few months in retrospect would be systematically over- or
underestimated or that current symptom status would influence
recall. Because many studies of PASC will face this same issue,
the field would benefit from formal investigation of retrospec-
tive patient reports compared with clinical notes made at the
time of diagnosis.

More importantly, the nature of our participant sampling
process limits what we can infer about PASC. It is axiomatic
that our predominantly self-referred study population might be
enriched for persons experiencing persistent symptoms because
they were seeking answers for this condition. This may overes-
timate the parameter that all patients, clinicians, and scientists
wish to know, which is the prevalence (at, eg, 4 or 8 months)
of persistent symptoms among all persons infected with SARS-
CoV-2. Alternatively, but less likely, it may be that persons who
are most severely affected may be so debilitated that they were
unable to travel to our research site. Relatedly, losses during
longitudinal follow-up also pose a threat to artifactually enrich
the study population for those with persistent symptoms. While
most of our participants who missed their 32-week window
did ultimately return to the study, it remains possible that the
presence or absence of persistent symptoms systematically in-
fluenced who was able to attend an on-time visit. Therefore, it
will only be through population-based probability samples and
high longitudinal retention that researchers can be confident
that their study populations are representative of the relevant
targets for descriptive research, such as the prevalence of var-
ious sequelae. For these reasons, we are not emphasizing abso-
lute percentages of the symptoms in this report. Likewise, the
percentage of study participants with persistent symptoms that
others [43-45] calculate cannot be interpreted as meaningful
population-level prevalence. More recent reports have studied
more representative populations [46-48], but there are far too
few to form a consensus on true prevalence. While our sam-
pling approach precludes estimation of population-level preva-
lence of symptoms, it will support biologically oriented research
on the causes of PASC, which has already begun [29, 45, 49-54].

In summary, we have established a cohort of participants en-
rolled in the postacute phase of SARS-CoV-2 infection and have
described our approach to research-level characterization of
PASC symptoms and quality of life. We found that a large array
of physical and mental health symptoms are reported up to 8
months following COVID-19 onset, many patients report these
symptoms to be at least somewhat bothersome, and some re-
port these symptoms intermittently over time. In a preliminary
evaluation of symptom clustering, we found at least 2 groups.
Collectively, these findings suggest that PASC is not monolithic
and that multiple subphenotypes may exist. The convenience
nature of our sampling—like many other nascent cohorts of
PASC—precludes estimation of the population-level prevalence
of these persistent symptoms, but it will allow for analytic work
to study the pathogenesis of PASC. Larger population-based
samples will be needed for unbiased estimates of prevalence
of symptoms and quality of life, robust inferences regarding
symptom clustering, and comprehensive assessment of the
socio-behavioral determinants of PASC.
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