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Background: With millions of SARS-CoV-2 infections world-
wide, increasing numbers of patients are coming forward
with long-term clinical effects of the disease lasting several
weeks to months.

Objective: To characterize symptoms 7 to 9 months after
diagnosis of COVID-19.

Design: Self-reported surveys and semistructured telephone
interviews at enrollment and 30 to 45 days and 7 to 9
months from diagnosis.

Setting: From 18 March to 15 May 2020, symptomatic
persons who tested positive for SARS-CoV-2 at the Geneva
University Hospitals were followed by CoviCare, a virtual,
clinical, outpatient follow-up program. Persons were con-
tacted again at 30 to 45 days and 7 to 9 months from
diagnosis.

Participants: Persons who were a part of the CoviCare pro-
gram from 18 March to 15 May 2020.

Measurements: A standardized interview of symptoms con-
sistent with COVID-19, with grading of intensity.

Results:Of the 629 participants in the study who completed
the baseline interviews, 410 completed follow-up at 7 to 9

months after COVID-19 diagnosis; 39.0% reported residual
symptoms. Fatigue (20.7%) was the most common symptom
reported, followed by loss of taste or smell (16.8%), dyspnea
(11.7%), and headache (10.0%).

Limitation: Limitations include generalizability and missing
data for 34.8% of participants.

Conclusion: Residual symptoms after SARS-CoV-2 infection
are common among otherwise young and healthy persons
followed in an outpatient setting. These findings contribute
to the recognition of long-term effects in a disease mostly
counted by its death toll to date by promoting communica-
tion on postacute sequelae of SARS-CoV-2 and encourag-
ing physicians to continue long-term monitoring of their
patients.
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Long COVID, postacute sequelae of SARS-CoV-2 infec-
tion, or post–COVID-19 condition are terms intro-

duced in the literature (1–5) to describe illness in persons
who continue to report lasting effects several weeks to
months after SARS-CoV-2 infection. Several months after
the first cases of COVID-19, physicians, scientists, and
patients alike started reporting unrelenting symptoms
associated with COVID-19 that could be continuous or
fluctuating in nature (6–8). The National Institutes of
Health and World Health Organization have recently led
international workshops to describe and recognize long-
term effects and a lengthy course of the disease (1, 5). To
date, no clear predictors, pathophysiology, or even dis-
ease course has been identified. Recent studies show
persistent symptoms after hospitalization (7, 9) and in
outpatient settings (10–14). Patient-led advocacy groups
and the scientific community are trying to shed more
light on this condition by providing suggested defini-
tions (15, 16) and guidance for management (17) and
follow-up (18). The message so far has been consistent
in suggesting that symptoms and postacute sequelae of
SARS-CoV-2 can persist weeks to months after the infec-
tion, and potentially years, in both mild to moderate and
severe disease. The frequency of postacute sequelae of
SARS-CoV-2 infection should be recognized as such to
facilitate information, management, and follow-up (19).

Recently, we reported the prevalence and distribu-
tion of symptoms at 30 to 45 days from diagnosis in a
cohort of 669 outpatient persons with mostly mild to
moderate COVID-19 (11). Our earlier study showed that
even in a largely young and otherwise healthy popula-
tion with mild initial symptoms, at least a third of persons
reported persistent symptoms at 30 to 45 days, high-
lighting the importance of monitoring for long-term
COVID-19–related symptoms even in nonhospitalized
patients. Other studies showed that age and sex could
be associated with postacute sequelae of SARS-CoV-2
infection (18), although this association remains unclear,
and any generalization should be considered carefully.

The time course and evolution of post–COVID-19
symptoms are key elements for communication and
health care planning as well as to inform public health
decisions based on the overall burden of COVID-19 on
survivors. Identifying any potential risk factors for the

See also:

Web-Only
Supplement

Annals.org Annals of Internal Medicine © 2021 American College of Physicians 1

Annals of Internal Medicine ORIGINAL RESEARCH

http://www.annals.org
http://www.annals.org
http://www.annals.org
http://www.annals.org


persistence of symptoms could allow the health care sys-
tem, patients, and physicians alike to be better prepared
in managing and following this disease.

This study aims to characterize the prevalence and
longitudinal evolution of COVID-19 symptoms more
than 7 months after diagnosis.

METHODS

Study Design
After the enforced closure of primary care practices

in Geneva, Switzerland, on 18 March 2020 during the
first COVID-19 lockdown, persons testing positive for
SARS-CoV-2 at the Geneva University Hospitals were eli-
gible for virtual ambulatory care follow-up (CoviCare).
The CoviCare program was initially set up as a clinical
program to follow patients' symptoms during the first
10 days from diagnosis (date of positive result on reverse
transcriptase polymerase chain reaction test). The first
10 days were considered the acute phase of the disease,
as defined by the Swiss Federal Office of Public Health
(20), with the first contact considered as the baseline
interview. The role of CoviCare during that phase was to
look for deteriorating clinical signs and treat patients
quickly and appropriately (full description of CoviCare
processes available at www.covicare24.com). Participants
were contacted via telephone or video consultation every
2 days during the first 10 days (with the potential for miss-
ing data if not reached at any time during the first
10 days) and again at 30 to 45 days; details and results
were previously published (11). The same participants
were recontacted at 7 to 9 months from diagnosis.
Persons were first sent an online questionnaire, and those
who did not respond within 2 weeks were then called indi-
vidually. With their consent and according to their prefer-
ences, the questionnaire was then completed by
telephone or an e-mail was sent again for completion.
Participants who completed the interview did so within a
2-month time frame.

The study was approved by the Cantonal Research
Ethics Commission of Geneva (CER 2020-01273).

Study Setting
Geneva is a state (canton) of about 500000 resi-

dents, with 40% of the population made up of foreigners
from different nationalities. About 73% of foreigners are
European, 9.1% are from Africa, 9.0% are from the
Americas, and 8.5% are from Asia. From 18 March to 15
May 2020, the Geneva University Hospitals were 1 of the
5 available testing centers for the whole Geneva popula-
tion. Being the only public university hospital and the
largest health care facility in the canton, the Geneva
University Hospitals did more than 50% of the total num-
ber of SARS-CoV-2 tests for persons tested during that
period. Between 13 March and 29 March 2020, only
symptomatic patients with risk factors were tested. (Of
note, if patients with no risk factors presented to the
Geneva University Hospitals, they were still tested.) As of
30 March 2020, all symptomatic patients were tested.
Since March 2020, all test dates, results (positive and
negative), hospitalizations, and deaths for persons

positive for SARS-CoV-2 were recorded in the cantonal
Actionable Register of Geneva Outpatients with SARS-
CoV-2. During the study period, 30557 symptomatic
persons were tested for SARS-CoV-2. Among them,
18.1% tested positive (n = 5534), and 22.2% of these per-
sons were hospitalized (n = 1229) (21).

Participants
Persons benefiting from the CoviCare follow-up

between 18 March and 15 May 2020 were included in
this study. Patients were excluded if they were younger
than 18 years, declined to provide consent, or lived out-
side the Geneva canton. Although none of our partici-
pants were hospitalized at baseline, 40 persons were
hospitalized during follow-up. To characterize the evolu-
tion of symptoms in an outpatient setting, we excluded
the 40 hospitalized persons from the analysis.

Measurements
A standardized interview was used to inquire about the

presence or absence of several symptoms (Supplement,
available at Annals.org). Approximately every 2 days during
the first 10 days of enrollment or the “baseline” period, par-
ticipants were asked to report any of the following symp-
toms: fatigue, anosmia or ageusia, dyspnea, headache,
cough, nausea or vomiting, abdominal pain, diarrhea, and
fever (temperature >38 �C). At the 30- to 45-day and 7- to 9-
month follow-ups, participants were first asked whether they
still had symptoms related to COVID-19 (yes or no). Those
who reported the presence of COVID-19–related symptoms
were then asked about the presence and intensity of each

Figure 1. Flow chart describing participation rate at each fol-
low-up.

Persons from initial
cohort (n = 703)

Excluded (n = 74)
   Declined participation: 31
   Administrative reasons: 3
   Hospitalized: 40

Participants at
baseline (n = 629)

Participants at
30–45 d (n = 479)

Participants at
7–9 mo (n = 410)

Missing at 7–9 mo (n = 219)
   Lost to follow-up: 51
   Called but not reached: 168

Missing at 30–45 d (n = 150)
   Lost to follow-up: 51
   Called but not reached: 99

Only outpatients were included. Missing participants were called but
not reached at 30 to 45 d or 7 to 9 mo, and 51 were completely lost to
follow-up at 30 to 45 d and 7 to 9 mo.
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symptom. The list of symptoms asked at the 30- to 45-day
and 7- to 9-month follow-ups included all of the symptoms
elicited at baseline in addition to symptoms of myalgia,
arthralgia, palpitations, chest pain, lack of equilibrium, neu-
ropathy, back pain, throat pain, loss of appetite, and rash
(Supplement). The symptoms of anosmia and ageusia, com-
bined at baseline, were separated at the 30- to 45-day and
7- to 9-month follow-ups. At the 7- to 9-month follow-up,
patients were also asked about difficulty concentrating
(brain fog), memory loss, insomnia, and hair loss. The symp-
toms of nausea, vomiting, abdominal pain, and diarrhea
were combined as “digestive symptoms.” Symptoms that
were asked about at all 3 time points (fatigue, anosmia or
ageusia, dyspnea, headache, cough, digestive symptoms,
and fever) were categorized as “any symptoms” at each time
point.

A Likert scale (mild, moderate, or severe) was used
to grade the intensity of each symptom, except for back
pain. The Eastern Cooperative Oncology Group (ECOG)
performance scale (22) was used for fatigue and the
modified Medical Research Council (mMRC) scale (23)
for dyspnea. The ECOG performance scale describes the
degree of functional status in terms of daily activities and
physical performance (22). In this study, the ECOG per-
formance scale was rated as 0 (no limitation in activities
of daily living), 1 (restricted in physically strenuous activ-
ity), 2 (unable to carry out any work activities, but up and
about more than 50% of waking hours), 3 (capable of
only limited self-care, confined to bed or chair more than
50% of waking hours), and 4 (completely disabled, totally
confined to bed or chair). The mMRC dyspnea scale
describes the degree of disability linked to shortness
of breath in terms of daily activities and physical

performance (23). In this study, the mMRC scale was
rated as 0 (breathless with strenuous exercise), 1 (breath-
less walking up a slight hill or hurrying on level ground),
2 (walks slower than persons of the same age or has to
stop for breath when walking at own pace), 3 (stops for
breath after about 100 yd [90 m] or after a few minutes
on level ground), and 4 (too breathless to leave the
house or breathless when dressing).

Statistical Analysis
We used the statistical software Stata, version 15.1

(StataCorp), and RStudio, version 4.0.2 (R Foundation).
Age was categorized on the basis of the distribution in
our sample and previous studies suggesting that middle
age, defined as between 40 and 60 years, may be a pre-
dictor of persistent symptoms (24). Standardized differen-
ces were used to compare the characteristics of groups of
participants versus nonparticipants at each time point.
We used the cantonal Actionable Register of Geneva
Outpatients with SARS-CoV-2 to compare the characteris-
tics of our cohort with those of persons who tested
positive in the canton of Geneva, outside the Geneva
University Hospitals, during the same time period.

Two estimates of the prevalence of symptoms at 7 to 9
months, stratified by sex (male or female) and age (18 to
39 years, 40 to 59 years, and ≥60 years), were computed.
The first was obtained by calculating the proportion of
symptoms of participants still followed at 7 to 9 months
and reported with 95% CIs. The second was obtained
using the marginal prediction of a logistic regression
adjusted for age, sex, and the number of symptoms at
baseline (<2 symptoms or ≥2 symptoms), corrected for
attrition using inverse probability weighting. Inverse

Table 1. Participant Characteristics at Baseline, 30- to 45-Day Follow-up, and 7- to 9-Month Follow-up

Characteristic Baseline (n = 629) 30–45 Days (n = 479) 7–9 Months (n = 410)

Mean age (SD), y 42.1 (13.5) 42.5 (13.2) 42.7 (12.9)

Age, n (%)
<50 y 449 (71.4) 335 (69.9) 287 (70)
≥50 y 180 (28.6) 144 (30.1) 123 (30)

Sex, n (%)
Female 383 (60.9) 296 (61.8) 275 (67.1)
Male 246 (39.1) 183 (38.2) 135 (32.9)

Profession, n (%)
Non–health care worker 470 (74.7) 361 (75.4) 302 (73.7)
Health care worker 159 (25.3) 118 (24.6) 108 (26.3)

Risk factors for complications from COVID-19, n (%)
No risk factor 445 (70.7) 340 (70.1) 297 (72.4)
Cardiovascular disease 16 (2.5) 15 (3.1) 11 (2.7)
Hypertension 49 (7.8) 37 (7.7) 30 (7.3)
Chronic respiratory disease 33 (5.2) 25 (5.2) 23 (5.6)
Diabetes 23 (3.7) 18 (3.8) 12 (2.9)
Cancer 7 (1.1) 7 (1.5) 7(1.7)
Immunosuppression 5 (0.8) 4 (0.8) 4 (1)
Other chronic disease 12 (1.9) 8 (1.7) 10 (2.4)
Pregnancy 2 (0.3) 1 (0.2) 1 (0.2)
Other risk factor 18 (2.9) 13 (2.7) 12 (2.9)

Prevalence of Symptoms More Than 7 Months After Symptomatic COVID-19 ORIGINAL RESEARCH

Annals.org Annals of Internal Medicine 3

http://www.annals.org


probability weights were calculated considering baseline
characteristics (age; sex; profession, defined as health care
professional vs. non–health care professional; and risk
factors for complications from COVID-19, including
cardiovascular disease, hypertension, diabetes, respiratory
disease, and cancer). We computed CIs using bootstrap
with 10000 samples.

Role of the Funding Source
This study received no external funding.

RESULTS

Of the 703 persons from the initial cohort, 629 were
included in the study (Figure 1). The mean age was 42.1
years (SD, 13.5), and the median age was 41 years; 60.9%
were women, 25.3% were health care workers, and 70.7%
had no underlying risk factors (Table 1). Using the canto-
nal register, outpatients who tested positive for SARS-
CoV-2 elsewhere in the Geneva canton during the same
time period (n = 2272) had a mean age of 47.7 years (SD,
17); 56.6% of them were women, and 67.3% had no
underlying risk factors.

Of the 629 participants, 410 answered the question-
naire at 7 to 9 months (65.2% response rate). Participants
who were lost to follow-up had overall similar baseline
characteristics, except that men were more likely to be
lost to follow-up (Appendix Table 1, available at Annals.
org).

Table 2 presents the prevalence of COVID-19–
related symptoms at all 3 time points. Of the participants

who answered the questionnaire at 7 to 9 months, 39.0%
reported some symptoms, with the most common being
fatigue, followed by loss of taste or smell, dyspnea, and
headache. Of the 174 participants who reported symp-
toms at 7 to 9 months, 27.6% had only 1 symptom,
26.4% had 2 symptoms, 18.4% had 3 symptoms, 10.9%
had 4 symptoms, 4.0% had 5 symptoms, and 12.6% had
6 or more symptoms. Appendix Table 2 (available at
Annals.org) presents the prevalence of symptoms at all 3
time points stratified by sex (male or female) and age
(18 to 39 years, 40 to 59 years, and ≥60 years). Table 3
presents the symptoms by sex, age, and the number of
symptoms at baseline (<2 symptoms or≥2 symptoms) af-
ter inverse probability weighting.

Figure 2 presents the evolution of symptoms in our
study sample. Of the 311 participants with data at all 3
follow-up time points, 37% reported symptom resolution
by 30 to 45 days and an additional 19% reported symp-
tom resolution by 7 to 9 months (total of 56% with symp-
tom resolution). On the other hand, 27% had symptoms
at all 3 time points, and 10% reported symptoms at base-
line and at 7 to 9 months but not at 30 to 45 days. Finally,
4% of participants reported no symptoms at all 3 time
points, 2% had no symptoms at baseline but had symp-
toms at 30 to 45 days and 7 to 9 months, and 1 person
had no symptoms at baseline and 30 to 45 days but had
symptoms at 7 to 9 months.

Figure 3 presents the severity of symptoms at 7 to 9
months. Of the participants who reported fatigue, 70.6%
(60 of 85) graded their fatigue on the ECOG perform-
ance scale as 0 (no limitations) and 27.0% (23 of 85)

Table 2. Prevalence of Symptoms Among Participants at Each Follow-up*

Symptoms Baseline (n = 629) 30–45 Days (n = 479) 7–9 Months (n = 410) 7–9 Months (IPW-Adjusted)†

Primary symptoms
Any symptoms‡ 91.6 (89.1–93.6) 44.0 (39.5–48.6) 39.0 (34.3–43.9) 39.2 (34.5–44.0)
Fatigue 61.7 (57.8–65.5) 17.9 (14.6–21.7) 20.7 (16.9–25.0) 21.0 (17.0–25.0)
Anosmia and/or ageusia 73.3 (69.6–76.7) 16.7 (13.5–20.3) 16.8 (13.3–20.8) 16.8 (13.3–20.5)
Dyspnea 26.7 (23.4–30.5) 11.1 (8.4–14.2) 11.7 (8.8–15.2) 11.6 (8.6–14.8)
Headache 71.4 (67.7–74.9) 4.4 (2.7–6.6) 10.0 (7.3–13.3) 10.1 (7.1–13.0)
Cough 76.9 (73.4–80.2) 7.1 (5.0–9.8) 3.7 (2.1–6.0) 3.7 (2.0–5.6)
Digestive symptoms 31.6 (28.0–35.4) 1.9 (0.9–3.5) 2.2 (1.0–4.2) 2.2 (1.0–3.7)
Fever 46.7 (42.8–50.7) 0.6 (0.1–1.8) 0.0 (0) 0.0 (0)

Additional symptoms
Anosmia (separately) NA 13.2 (10.3–16.5) 15.6 (12.2–19.5) 16.8 (12.5–21.4)
Ageusia (separately) NA 10.0 (7.5–13.1) 8.3 (12.2–19.5) 8.2 (5.8–10.9)
Myalgia NA 1.7 (0.7–3.2) 6.3 (4.2–9.1) 6.3 (4.1–8.7)
Arthralgia NA 1.5 (0.6–3.0) 3.4 (1.9–5.7) 3.4 (1.7–5.3)
Palpitations NA 1.3 (0.5–2.7) 3.4 (1.9–5.7) 3.4 (1.7–5.2)
Chest pain NA 3.1 (1.8–5.1) 3.2 (1.7–5.4) 3.1 (1.7–4.8)
Lack of equilibrium NA 0.2 (0.0–1.1) 3.4 (1.9–5.7) 3.4 (1.7–5.3)
Neuropathy NA 0.2 (0.0–1.1) 2.2 (1.0–4.1) 2.2 (0.9–3.7)
Back pain NA 0.2 (0.0–1.1) 2.7 (1.3–4.7) 2.7 (1.2–4.4)
Throat pain NA 1.5 (0.6–3.0) 2.4 (1.2–4.4) 2.4 (1.0–4.0)
Loss of appetite NA 0.2 (0.0–1.1) 2.2 (1.0–4.1) 2.2 (0.9–3.6)
Rash NA 0.2 (0.0–1.1) 1.5 (0.5–3.2) 1.5 (0.5–2.7)
Difficulty concentrating NA NA 5.9 (3.8–8.6) 5.9 (3.7–8.3)
Memory loss NA NA 5.6 (3.6–8.3) 5.6 (3.4–7.9)
Insomnia NA NA 5.6 (3.6–8.3) 5.7 (3.5–8.1)
Hair loss NA NA 3.2 (1.7–5.4) 3.2 (1.7–5.0)

IPW = inverse probability weight; NA = not available/not collected.
* Values are percentages (95% CIs). Percentages are calculated out of participants who answered at each time point.
† Estimates at 7 to 9 mo were marginally adjusted for age, sex, and number of symptoms (<2 symptoms or ≥2 symptoms).
‡ Symptoms collected consistently at all time points: fatigue, anosmia and/or ageusia, dyspnea, headache, cough, digestive symptoms, and fever.
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graded their fatigue as 1 (restricted in physically strenu-
ous activity). Dyspnea was graded as 0 (breathless with
strenuous exercise) on the mMRC dyspnea scale (22) in
29.2% (14 of 48) of cases and as 1 (breathless walking up
a slight hill or hurrying on ground level) in 60.4% (29 of
48) of cases. Most patients who reported loss of smell,
headache, loss of taste, insomnia, myalgia, hair loss,
cough, or loss of appetite reported their symptoms as at
least moderate. Most participants with remaining symp-
toms rated them as mild.

DISCUSSION

Almost a third of persons with mild to moderate,
acute COVID-19 in an outpatient setting have long-term
symptoms at 30 to 45 days and 7 to 9 months from diag-
nosis. Persons are most likely to report fatigue, loss of
taste or smell, dyspnea, and headache. Our study shows
that even though the prevalence of overall symptoms
decreased with time (37% had resolution of symptoms at
30 to 45 days and an additional 19% at 7 to 9 months),
several symptoms are still reported, with a high preva-
lence at 7 to 9 months. When self-reporting symptom se-
verity, participants in our cohort indicated mostly mild to
moderate symptoms at 7 to 9 months from diagnosis.

A recent viewpoint (25) described mechanisms that
could lead to long-term symptoms. These mechanisms
include direct tissue invasion, profound inflammation,
and a related immune system response (25). Sequelae
have been identified in several organ systems, including

the pulmonary, cardiac, renal, and central nervous sys-
tems (2, 8, 26).

The long-lasting nature of symptoms we report is in
line with the results of recent studies (27, 28). A survey of
234 participants with COVID-19 showed persisting symp-
toms in 32.7% of outpatient cases at 6 months from diag-
nosis. A meta-analysis of 15 studies on postacute
sequelae of SARS-CoV-2 showed that an estimated 80%
of patients (aged 17 to 87 years) developed 1 or more
long-term symptoms, with mostly fatigue, attention disor-
der, hair loss, and dyspnea being reported (13). Another
meta-analysis recently showed the persistence of symp-
toms in 73% of persons, with varying follow-up times (14).
A patient-led online survey found that several patients
had persistent symptoms at 7months, experiencing relap-
ses with exercise, physical or mental activity, and stress
(29); 45.2% of participants required a reduced work
schedule compared with before their illness, and 22.3%
were not working at the time of the survey because of
their health conditions (29). Our study adds to the
ongoing research on postacute sequelae of SARS-CoV-2
by following outpatients prospectively over time, with a
long follow-up period. More than half of participants have
symptom resolution by 7 to 9 months; however, 11%
reported worsening symptoms after initially reporting re-
solution of symptoms, and 39% of participants had symp-
toms at 7 to 9 months from diagnosis. Our study also
indicates the need to determine the severity of symptoms
because mild, moderate, and severe symptoms could
have a varying effect on daily life. Finally, predictors of

Table 3. Prevalence of Symptoms at 7 to 9 Months After Adjustment and Inverse Probability Weighting* for Missing Data

Symptoms Sex (95% CI), % Age Group (95% CI), % Symptoms at Baseline (95% CI), %

Female Male 18–39 y 40–59 y ≥60 y <2 Symptoms ≥2 Symptoms

Primary symptoms
Any symptoms† 43.2 (37.3–49.2) 31.1 (23.2–39.3) 37.2 (30.1–44.4) 39.7 (32.9–46.6) 45.9 (29.8–62.5) 38.7 (31.1–46.3) 39.6 (33.6–45.8)
Fatigue 23.9 (18.9–29.2) 15.0 (9.1–21.2) 17.1 (11.7–22.8) 21.8 (16.1–27.7) 33.8 (18.8–49.8) 18.3 (12.3–24.4) 22.6 (17.6–28.0)
Anosmia and/or ageusia 18.2 (13.7–22.9) 13.9 (8.4–20.2) 19.1 (13.5–25.0) 15.5 (10.6–20.7) 13.2 (3.5–24.8) 18.0 (12.3–24.2) 16.1 (11.7–20.8)
Dyspnea 13.8 (9.8–17.9) 7.3 (2.9–12.2) 9.7 (5.6–14.2) 13.1 (8.5–18.0) 12.9 (3.5–23.8) 9.5 (5.3–14.1) 13.0 (9.1–17.2)
Headache 10.6 (7.1–14.4) 8.9 (4.2–14.1) 11.4 (6.8–16.3) 9.5 (5.4–13.8) 7.2 (0.0–16.3) 9.3 (5.0–14.3) 10.5 (6.8–14.5)
Cough 3.9 (1.8–6.3) 3.2 (0.7–6.2) 1.6 (0.03–3.6) 5.6 (2.5–8.9) 3.4 (0.0–10.8) 3.9 (1.2–7.1) 3.6 (1.5–6.0)
Digestive symptoms 2.9 (1.1–5.0) 0.8 (0.0–2.7) 2.3 (0.4–4.7) 2.5 (0.6–4.9) 0.4 (0.0–1.2) 0.8 (0.0–2.3) 3.1 (1.2–5.4)
Fever 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0)

Additional symptoms
Anosmia (separately) 16.8 (12.5–21.4) 13.1 (7.7–19.2) 18.5 (13.0–24.5) 13.5 (8.9–18.4) 13.0 (3.4–24.4) 16.8 (11.1–22.8) 14.8 (10.5–19.3)
Ageusia (separately) 8.7 (5.5–12.1) 7.4 (3.4–11.9) 8.9 (5.0–13.3) 8.2 (4.7–12.1) 5.1 (0.0–13.0) 11.4 (6.5–16.5) 6.3 (3.4–9.5)
Myalgia 7.1 (4.2–10.2) 4.7 (1.5–8.5) 5.0 (2.1–8.4) 7.6 (4.2–11.5) 5.0 (0.0–12.2) 1.3 (0.0–3.2) 9.4 (6.0–13.2)
Arthralgia 3.5 (1.5–5.9) 3.1 (0.6–6.4) 0.5 (0.0–1.8) 5.7 (2.6–9.2) 4.5 (0.0–11.8) 2.4 (0.4–5.0) 4.0 (1.7–6.5)
Palpitations 3.9 (1.8–6.3) 2.4 (0.1–5.3) 2.9 (0.6–5.7) 4.5 (1.8–7.7) 0.3 (0.0–1.1) 3.8 (1.2–7.1) 3.2 (1.2–5.5)
Chest pain 3.3 (1.4–5.5) 2.8 (0.3–6.1) 2.7 (0.5–5.3) 3.2 (1.0–6.0) 4.5 (0.0–11.8) 1.3 (0.0–3.2) 4.3 (2.0–6.9)
Lack of equilibrium 3.6 (1.4–5.9) 3.0 (0.6–6.1) 3.5 (1.1–6.4) 3.5 (1.1–6.2) 2.4 (0.0–8.0) 2.0 (0.1–4.5) 4.3 (1.9–7.0)
Neuropathy 1.4 (0.2–2.8) 3.9 (0.9–7.4) 0.5 (0.0–2.0) 4.2 (1.5–7.3) 0.0 (0.0–0.2) 1.9 (0.0–4.4) 2.4 (0.7–4.4)
Back pain 3.2 (1.4–5.5) 1.5 (0.0–3.9) 1.7 (0.1–3.8) 3.6 (1.2–6.3) 2.4 (0.0–7.6) 3.1 (0.7–5.8) 2.4 (0.8–4.4)
Throat pain 2.9 (1.1–5.1) 1.5 (0.0–4.0) 2.7 (0.5–5.2) 2.3 (0.5–4.6) 2.3 (0.0–7.3) 1.4 (0.1–3.4) 3.1 (1.1–5.2)
Loss of appetite 2.6 (0.8–4.6) 1.4 (0.0–3.2) 1.1 (0.0–2.9) 2.5 (0.6–4.9) 5.5 (0.0–13.7) 1.2 (0.0–3.42) 2.8 (0.9–5.0)
Rash 2.2 (0.7–4.1) 0.0 (0.0–0.1) 2.3 (0.5–4.6) 1.0 (0.0–2.4) 0.4 (0.0–1.0) 1.4 (0.0–3.3) 1.5 (0.3–3.1)
Difficulty concentrating 5.0 (2.5–7.8) 7.6 (3.4–12.30 4.6 (1.6–8.1) 7.1 (3.7–11.0) 5.1 (0.0–14.0) 5.2 (1.9–9.0) 6.3 (3.4–9.5)
Memory loss 6.8 (4.0–10.0) 3.1 (0.5–6.3) 6.4 (3.0–10.1) 5.9 (2.9–9.4) 0.7 (0.0–1.9) 5.8 (2.6–9.6) 5.5 (2.8–8.4)
Insomnia 5.2 (2.7–8.0) 6.8 (2.8–11.3) 2.7 (0.4–5.5) 8.1 (4.3–12.2) 7.5 (0.0–16.9) 6.2 (2.6–10.3) 5.4 (2.8–8.4)
Hair loss 4.8 (2.5–7.6) 0.0 (0.0–0.2) 3.5 (1.2–6.5) 2.4 (0.6–4.6) 5.6 (0.4–13.1) 3.3 (0.9–6.3) 3.1 (1.2–5.3)

* Estimates at 7 to 9 mo were marginally adjusted for age, sex, and number of symptoms (<2 symptoms or ≥2 symptoms).
† Symptoms collected consistently at all time points: fatigue, anosmia and/or ageusia, dyspnea, headache, cough, digestive symptoms, and fever.
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Figure 2. Evolution of COVID-19 symptoms over time for all persons included in the study (n= 629).
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symptom persistence are still unclear, with several studies
showing different results.

Persons treated on an outpatient basis should be
informed about the potential long-term effects of COVID-
19. Those more at risk for persistent symptoms should be
followed regularly and provided support and manage-
ment. To date, treatment includes a multidisciplinary
approach with physical therapy, respiratory therapy, and
nonpharmaceutical interventions (2, 17), and long-term
studies are needed to prove treatment efficacy as well as
to elucidate the pathophysiology of the disease to provide
the appropriate management. Physicians should also be
aware of other causes of such symptoms as fatigue, cogni-
tive and neurologic symptoms, and dyspnea and look for a
differential diagnosis to avoidmisinterpretation (30).

This study has several limitations. First, at baseline,
only symptomatic patients had access to testing and were
subsequently included in the study. Including asymptom-
atic persons can give a more thorough picture of the dis-
ease spectrum over time. The persistence of symptoms at

30 days from diagnosis has now been seen even in initially
asymptomatic persons (28). Second, ascertainment bias is
possible. This was mitigated by accounting for informative
missingness; in addition, baseline characteristics were
similar overall between persons lost to follow-up at 7
months and those participating. Third, although partici-
pants were asked whether their symptoms were related to
COVID-19, we cannot exclude the possibility that these
symptoms were related to other conditions that may have
occurred in the months after diagnosis, especially for
symptoms that were not asked about at baseline. Fourth,
more women participated in the questionnaire than men,
raising the issue of generalizability; this limitation was
partly addressed by adjusting prevalence and stratifica-
tion for differential attrition. Fifth, we did not have socioe-
conomic or race/ethnicity information on participants. Of
note, all participants resided in Geneva, were tested at the
same testing center, and had a similar follow-up, thus miti-
gating differential access to care as a potential con-
founder leading to symptom persistence.

Figure 3. Symptoms of COVID-19, with the severity of each symptom in absolute numbers at 7 to 9 months from diagnosis.

23

Primary Symptoms

Fatigue* (n = 85)

Dyspnea* (n = 48)

Headache (n = 41)

Cough (n = 15)

Digestive symptoms (n = 9)

Fever (n = 0)

Additional Symptoms

Loss of taste or smell (n = 69)

Loss of smell (n = 64)

Loss of taste (n = 34)

Loss of appetite (n = 9)

Rash (n = 6)

Difficulty concentrating (n = 24)

Myalgia (n = 26)

Arthralgia (n = 14)

Palpitations (n = 14)

Chest pain (n = 13)

Neuropathy (n = 9)

Throat pain (n = 10)

Lack of equilibrium (n = 13)

29

6

6

0

21

11

11

1

1

12

8

16

13

11

7

7

9

18

13

3414

3

2

6

3

0 7

1

1

93

3

3

2 4

1

8

7

3

4

11

Severe Moderate Mild

Grade 4 Grade 3 Grade 2 Grade 1 Grade 0

0

0

1

11

10

4

15

5 25

14

33

60

* Fatigue intensity is based on the Eastern Cooperative Oncology Group performance scale (17), and dyspnea intensity is based on the modified
Medical Research Council scale (18).

Prevalence of Symptoms More Than 7 Months After Symptomatic COVID-19 ORIGINAL RESEARCH

Annals.org Annals of Internal Medicine 7

http://www.annals.org


Future research should continue studying the preva-
lence of postacute sequelae of SARS-CoV-2 and their
potential effect on functioning and quality of life.

In conclusion, our study suggests that COVID-19–related
symptoms persist more than 7 months after diagnosis in a
large subset of ambulatory patients. Recognition of posta-
cute sequelae of SARS-CoV-2 and potential predictors is im-
portant in reaching a more thorough understanding of the
disease and its long-term effects. With a high prevalence of
symptoms at 7 to 9 months, physicians should continue to
monitor patients with COVID-19 over the long term.
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Appendix Table 1. Characteristics of Participants and Nonparticipants at Baseline, 30- to 45-Day Follow-up, and 7- to 9-Month
Follow-up

Characteristic Baseline
(n = 629)

30–45 Days 7–9 Months

Participants
(n = 479)

Missing
(n = 150)

Standardized
Difference

Participants
(n = 410)

Missing
(n = 219)

Standardized
Difference

Mean age (SD), y 42.1 (13.5) 42.5 (13.2) 40.7 (14.3) 0.13 42.7 (12.9) 41.0 (14.5) 0.12

Age, n (%) 0.14 0.09
<50 y 449 (71.4) 335 (69.9) 114 (76) 287 (70) 162 (74)
≥50 y 180 (28.6) 144 (30.1) 36 (24) 123 (30) 57 (26)

Sex, n (%) 0.77 0.36
Female 383 (60.9) 296 (61.8) 87 (58) 275 (67.1) 108 (49.3)
Male 246 (39.1) 183 (38.2) 63 (42) 135 (32.9) 111 (50.7)

Profession, n (%) −0.06 0.07
Non–health care
worker

470 (74.7) 361 (75.4) 109 (72.7) 302 (73.7) 168 (76.7)

Health care worker 159 (25.3) 118 (24.6) 41 (27.3) 108 (26.3) 51 (23.3)

Risk factors for complications from COVID-19, n (%)
No risk factor 445 (70.7) 340 (70.1) 105 (70) 0.02 297 (72.4) 148 (67.6) 0.11
Cardiovascular
disease

16 (2.5) 15 (3.1) 1 (0.7) 0.18 11 (2.7) 5 (2.3) 0.03

Hypertension 49 (7.8) 37 (7.7) 12 (8) −0.01 30 (7.3) 19 (8.7) −0.05
Chronic respiratory

disease
33 (5.2) 25 (5.2) 8 (5.3) 0 23 (5.6) 10 (4.6) 0.05

Diabetes 23 (3.7) 18 (3.8) 5 (3.3) 0.23 12 (2.9) 11 (5) −0.11
Cancer 7 (1.1) 7 (1.5) NA 0.17 7 (1.7) NA 0.19
Immunosuppression 5 (0.8) 4 (0.8) 1 (0.7) 0.02 4 (1) 1 (0.4) 0.06
Other chronic disease 12 (1.9) 8 (1.7) 4 (2.7) −0.07 10 (2.4) 2 (0.9) 0.12
Pregnancy 2 (0.3) 1 (0.2) 1 (0.7) −0.07 1 (0.2) 1 (0.5) −0.04
Other risk factor 18 (2.9) 13 (2.7) 5 (3.3) −0.04 12 (2.9) 6 (2.7) 0.01

NA = not available/not collected.
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Appendix Table 2. Prevalence of Symptoms at Baseline, 30 to 45 Days, and 7 to 9 Months, Stratified by Sex and Age Group*

Symptoms Sex, n (%) [95% CI] Age Group, n (%) [95% CI]

Female Male 18–39 y 40–59 y ≥60 y

Baseline
Primary symptoms

Any symptoms† 359 (99.2) [97.6–99.9] 217 (99.1) [96.7–99.9] 251 (99.2) [97.1–99.9] 268 (99.3) [97.3–99.9] 57 (98.3) [90.8–99.9]
Fatigue 246 (86.3) [81.8–90.1] 142 (84.5) [78.1–89.6] 159 (87.4) [81.6–91.8] 188 (84.3) [78.8–88.8] 41 (85.4) [72.2–93.9]
Anosmia and/or ageusia 301 (91.8) [88.2–94.5] 160 (87.4) [81.7–91.9] 215 (94.7) [90.9–97.2] 208 (89.3) [84.6–92.9] 38 (74.5) [60.4–85.6]
Dyspnea 118 (50.6) [44.0–57.2] 51 (39.5) [31.0–48.5] 77 (52.4) [44.0–60.7] 79 (44.1) [36.7–51.7] 13 (36.1) [20.8–53.8]
Headache 283 (83.0) [78.6–86.8] 166 (80.6) [74.5–85.7] 200 (84.4) [79.1–88.8] 206 (81.1) [75.7–85.7] 43 (76.8) [63.6–87.0]
Cough 302 (84.6) [80.4–88.2] 182 (86.3) [80.9–90.6] 208 (84.6) [79.4–88.8] 225 (85.2) [80.4–89.3] 51 (87.9) [76.7–95.0]
Digestive symptoms 132 (56.4) [49.8–62.9] 67 (51.1) [42.3–60.0] 72 (51.1) [42.5–59.6] 101 (55.2) [47.7–62.5] 26 (63.4) [46.9–77.9]
Fever 174 (56.1) [50.4–61.7] 120 (63.2) [55.9–70.0] 134 (62.6) [55.8–69.1] 131 (55.7) [49.1–62.2] 29 (56.9) [42.2–70.6]

Additional symptoms
Anosmia (separately) NA NA NA NA NA
Ageusia (separately) NA NA NA NA NA
Myalgia NA NA NA NA NA
Arthralgia NA NA NA NA NA
Palpitations NA NA NA NA NA
Chest pain NA NA NA NA NA
Lack of equilibrium NA NA NA NA NA
Neuropathy NA NA NA NA NA
Back pain NA NA NA NA NA
Throat pain NA NA NA NA NA
Loss of appetite NA NA NA NA NA
Rash NA NA NA NA NA
Difficulty concentrating NA NA NA NA NA
Memory loss NA NA NA NA NA
Insomnia NA NA NA NA NA
Hair loss NA NA NA NA NA

30–45 d
Primary symptoms

Any symptoms† 147 (49.7) [43.8–55.5] 64 (35.0) [28.1–42.3] 70 (33.8) [27.4–40.7] 114 (51.6) [44.8–58.3] 27 (52.9) [38.5–67.1]
Fatigue 66 (22.3) [17.7–27.5] 20 (10.9) [6.8–16.4] 25 (12.1) [8.0–17.3] 49 (22.2) [16.9–28.2] 12 (23.5) [12.8–37.5]
Anosmia and/or ageusia 56 (18.9) [14.6–23.8] 24 (13.1) [8.6–18.9] 28 (13.5) [9.2–18.9] 42 (19) [14.0–24.8] 10 (19.6) [9.8–33.1]
Dyspnea 37 (12.5) [9.0–16.8] 16 (8.7) [5.1–13.8] 16 (7.7) [4.5–12.2] 32 (14.5) [10.1–19.8] 5 (9.8) [3.2–21.4]
Headache 16 (5.4) [3.1–8.6] 5 (2.7) [0.9–6.3] 6 (2.9) [1.1–6.2] 12 (5.4) [2.8–9.3] 3 (5.9) [1.2–16.2]
Cough 20 (6.8) [4.1–10.2] 14 (7.7) [4.2–12.5] 8 (3.9) [1.7–7.5] 21 (9.5) [6.0–14.1] 5 (9.8) [3.2–21.4]
Digestive symptoms 7 (2.4) [0.9–4.8] 2 (1.1) [0.1–3.9] 3 (1.4) [0.3–4.2] 6 (2.7) [1.0–5.8] 0 (0.0) [0.0–0.7]
Fever 3 (1.0) [0.2–2.9] 0 (0.0) [0.0–2.0] 1 (0.5) [0.0–2.7] 2 (0.9) [0.1–3.2] 0 (0.0) [0.0–0.7]

Additional symptoms
Anosmia (separately) 42 (14.2) [10.4–18.7] 21 (11.5) [7.2–17.0] 27 (13.0) [8.8–18.4] 29 (13.1) [9.0–18.3] 7 (13.7) [5.7–26.2]
Ageusia (separately) 37 (12.5) [8.9–16.8] 11 (6) [3.1–10.5] 14 (6.8) [3.7–11.1] 28 (12.7) [8.6–17.8] 6 (11.8) [4.4–12.9]
Myalgia 7 (2.4) [0.9–4.8] 1 (0.5) [0.0–3.0] 3 (1.4) [0.3–4.2] 5 (2.3) [0.7–5.2] 0 (0) [0.0–0.7]
Arthralgia 5 (1.7) [0.0–3.9] 2 (1.1) [0.0–3.9] 2 (1.0) [0.1–3.4] 3 (1.4) [0.3–3.9] 2 (3.9) [0.5–13.4]
Palpitations 4 (1.4) [0.4–3.4] 2 (1.1) [0.1–3.9] 2 (1) [0.1–3.4] 3 (1.4) [0.3–3.9] 1 (2) [0.0–10.4]
Chest pain 11 (3.7) [1.9–6.5] 4 (2.2) [0.6–5.5] 4 (1.9) [0.5-4.9] 9 (4.1) [1.9–7.6] 2 (3.9) [0.5–13.4]
Lack of equilibrium 1 (0.3) [0.0–1.8] 0 (0.0) [0.0–2.0] 0 (0.0) [0.0–1.8] 1 (0.5) [0.0–2.5] 0 (0.0) [0.0–0.7]
Neuropathy 0 (0.0) [0.0–1.2] 1 (0.5) [0.0–3.0] 1 (0.5) [0.0–2.7] 0 (0.0) [0.0–1.6] 0 (0.0) [0.0–0.7]
Back pain 1 (0.3) [0.0–1.9] 0 (0.0) [0.0–2.0] 0 (0.0) [0.0–1.8] 1 (0.5) [0.0–2.5] 0 (0.0) [0.0–0.7]
Throat pain 5 (1.7) [0.5–3.9] 2 (1.1) [0.1–3.9] 0 (0.0) [0.0–1.8] 6 (2.7) [1.0–5.8] 1 (2.0) [0.0–10.4]
Loss of appetite 0 (0.0) [0.0–1.2] 1 (0.5) [0.0–3.0] 0 (0.0) [0.0–1.8] 0 (0.0) [0.0–1.6] 1 (2.0) [0.0–10.4]
Rash 0 (0.0) [0.0–1.2] 1 (0.5) [0.0–3.0] 0 (0.0) [0.0–1.8] 1 (0.5) [0.0–2.5] 0 (0.0) [0.0–0.7]
Difficulty concentrating NA NA NA NA NA
Memory loss NA NA NA NA NA
Insomnia NA NA NA NA NA
Hair loss NA NA NA NA NA

7–9 mo
Primary symptoms

Any symptoms† 118 (42.9) [37.0–49.0] 42 (31.1) [23.4–39.6] 65 (37.6) [30.3–45.2] 78 (39.4) [32.5–46.6] 17 (43.6) [27.8–60.4]
Fatigue 65 (23.6) [18.7–29.1] 20 (14.8) [9.3–21.9] 30 (17.3) [12.0–23.8] 43 (21.7) [16.2–28.1] 12 (30.8) [17.0–47.6]
Anosmia and/or ageusia 50 (18.2) [13.8–23.2] 19 (14.1) [8.7–21.1] 33 (19.1) [13.5–25.7] 31 (15.7) [10.9–21.5] 5 (12.8) [4.3–27.4]
Dyspnea 38 (13.8) [10.0–18.5] 10 (7.4) [3.6–13.2] 18 (10.4) [6.3–15.9] 25 (12.6) [8.3–18.1] 5 (12.8) [4.3–27.4]
Headache 29 (10.5) [7.2–14.8] 12 (8.9) [4.7–15.0] 20 (11.6) [7.2–17.3] 18 (9.1) [5.5–14.0] 3 (7.7) [1.6–20.9]
Cough 11 (4.0) [2.0–7.0] 4 (3.0) [0.8–7.4] 3 (1.7) [0.4–5.0] 11 (5.6) [2.8–9.7] 1 (2.6) [0.0–13.5]
Digestive symptoms 8 (2.9) [1.2–5.6] 1 (0.7) [0.0–4.1] 4 (2.3) [0.6–5.8] 5 (2.5) [0.8–5.8] 0 (0.0) [0.0–0.9]
Fever 0 (0.0) [0.0–1.3] 0 (0.0) [0.0–2.7] 0 (0.0) [0.0–2.1] 0 (0.0) [0.0–1.8] 0 (0.0) [0.0–0.9]
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–Continued

Symptoms Sex, n (%) [95% CI] Age Group, n (%) [95% CI]

Female Male 18–39 y 40–59 y ≥60 y

Additional symptoms
Anosmia (separately) 46 (16.7) [12.5–21.7] 18 (13.3) [8.1–20.2] 32 (18.5) [13.0–25.1] 27 (13.6) [9.2–19.2] 5 (12.8) [4.3–27.4]
Ageusia (separately) 24 (8.7) [5.7–12.7] 10 (7.4) [3.6–13.2] 15 (8.7) [4.9–13.9] 17 (8.6) [5.1–13.4] 2 (5.1) [0.6–17.3]
Myalgia 20 (7.3) [4.5–11.0] 6 (4.4) [1.6–9.4] 9 (5.2) [2.4–9.6] 15 (7.6) [4.3–12.2] 2 (5.1) [0.6–17.3]
Arthralgia 10 (3.6) [1.7–6.6] 4 (3.0) [0.8–7.4] 1 (0.6) [0.0–3.2] 11 (5.6) [2.8–9.7] 2 (5.1) [0.6–17.3]
Palpitations 11 (4.0) [2.0–7.0] 3 (2.2) [0.5–6.3] 5 (2.9) [0.9–6.6] 9 (4.5) [2.1–8.4] 0 (0.0) [0.0–0.9]
Chest pain 9 (3.3) [1.5–6.1] 4 (3.0) [0.8–7.4] 5 (2.9) [0.9–6.6] 6 (3.0) [1.1–6.5] 2 (5.1) [0.6–17.3]
Lack of equilibrium 10 (3.6) [1.7–6.6] 4 (3.0) [0.8–7.4] 6 (3.5) [1.3–7.4] 7 (3.5) [1.3–7.1] 1 (2.6) [0.0–13.5]
Neuropathy 4 (1.5) [0.4–3.7] 5 (3.7) [1.2–8.4] 1 (0.6) [0.0–3.2] 8 (4.0) [1.8–7.8] 0 (0.0) [0.0–0.9]
Back pain 9 (3.3) [1.5–6.1] 2 (1.5) [1.8–5.2] 3 (1.7) [0.4–5.0] 7 (3.5) [1.4–7.1] 1 (2.6) [0.0–13.5]
Throat pain 8 (2.9) [1.3–5.6] 2 (1.5) [0.2–5.2] 5 (2.9) [0.9–6.6] 4 (2.0) [0.5–5.1] 1 (2.6) [0.0–13.5]
Loss of appetite 7 (2.5) [1.0–5.2] 2 (1.5) [0.2–5.2] 2 (1.2) [0.1–4.1] 5 (2.5) [0.8–5.8] 2 (5.1) [0.6–17.3]
Rash 6 (2.2) [0.8–4.7] 0 (0.0) [0.0–2.7 4 (2.3) [0.6–5.8] 2 (1.0) [0.1–3.6] 0 (0.0) [0.0–0.9]
Difficulty concentrating 14 (5.1) [2.8–8.4] 10 (7.4) [3.6–13.2] 8 (4.6) [2.1–8.9] 14 (7.1) [3.9–11.6] 2 (5.1) [0.6–17.3]
Memory loss 19 (6.9) [4.2–10.6] 4 (3.0) [0.8–7.4] 11 (6.4) [3.2–11.1] 12 (6.1) [3.2–10.3] 0 (0.0) [0.0–0.9]
Insomnia 14 (5.1) [2.8–8.4] 9 (6.7) [3.1–12.3] 5 (2.9) [0.9–6.6] 15 (7.6) [4.3–12.2] 3 (7.7) [1.6–20.9]
Hair loss 13 (4.7) [2.5–7.9] 0 (0.0) [0.0–2.7] 6 (3.5) [1.3–7.4] 5 (2.5) [8.2–5.8] 2 (5.1) [0.6–17.3]

NA = not available/not collected.
* Percentages are calculated out of participants who answered at each time point.
† Symptoms collected consistently at all time points: fatigue, anosmia and/or ageusia, dyspnea, headache, cough, digestive symptoms, and fever.
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