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IMPORTANCE Some individuals experience persistent symptoms after initial symptomatic
SARS-CoV-2 infection (often referred to as Long COVID).

OBJECTIVE To estimate the proportion of males and females with COVID-19, younger or older
than 20 years of age, who had Long COVID symptoms in 2020 and 2021 and assess their
symptom severity and expected Long COVID symptom duration.

DESIGN, SETTING, AND PARTICIPANTS Bayesian meta-regression and pooling of 54 studies and
2 medical record databases with data for 1.2 million individuals (from 22 countries) who had
symptomatic SARS-CoV-2 infection. Of the 54 studies, 44 were published and 10 were
collaborating cohorts (conducted in Austria, the Faroe Islands, Germany, Iran, Italy, the
Netherlands, Russia, Sweden, Switzerland, and the US). The participant data were derived
from the 44 published studies (10 501 hospitalized individuals and 42 891 nonhospitalized
individuals), the 10 collaborating cohort studies (10 526 and 1906), and the 2 US electronic
medical record databases (250 928 and 846 046). Data collection spanned March 2020 to
January 2022.

EXPOSURES Symptomatic SARS-CoV-2 infection.

MAIN OUTCOMES AND MEASURES Proportion of individuals with at least 1 of the 3
self-reported Long COVID symptom clusters (persistent fatigue with bodily pain or mood
swings; cognitive problems; or ongoing respiratory problems) 3 months after SARS-CoV-2
infection in 2020 and 2021, estimated separately for hospitalized and nonhospitalized
individuals aged 20 years or older by sex and for both sexes of nonhospitalized individuals
younger than 20 years of age.

RESULTS A total of 1.2 million individuals who had symptomatic SARS-CoV-2 infection were
included (mean age, 4-66 years; males, 26%-88%). In the modeled estimates, 6.2%
(95% uncertainty interval [UI], 2.4%-13.3%) of individuals who had symptomatic SARS-CoV-2
infection experienced at least 1 of the 3 Long COVID symptom clusters in 2020 and 2021,
including 3.2% (95% UI, 0.6%-10.0%) for persistent fatigue with bodily pain or mood swings,
3.7% (95% UI, 0.9%-9.6%) for ongoing respiratory problems, and 2.2% (95% UI, 0.3%-7.6%)
for cognitive problems after adjusting for health status before COVID-19, comprising an
estimated 51.0% (95% UI, 16.9%-92.4%), 60.4% (95% UI, 18.9%-89.1%), and 35.4%
(95% UI, 9.4%-75.1%), respectively, of Long COVID cases. The Long COVID symptom clusters
were more common in women aged 20 years or older (10.6% [95% UI, 4.3%-22.2%])
3 months after symptomatic SARS-CoV-2 infection than in men aged 20 years or older (5.4%
[95% UI, 2.2%-11.7%]). Both sexes younger than 20 years of age were estimated to be
affected in 2.8% (95% UI, 0.9%-7.0%) of symptomatic SARS-CoV-2 infections. The estimated
mean Long COVID symptom cluster duration was 9.0 months (95% UI, 7.0-12.0 months)
among hospitalized individuals and 4.0 months (95% UI, 3.6-4.6 months) among
nonhospitalized individuals. Among individuals with Long COVID symptoms 3 months after
symptomatic SARS-CoV-2 infection, an estimated 15.1% (95% UI, 10.3%-21.1%) continued to
experience symptoms at 12 months.

CONCLUSIONS AND RELEVANCE This study presents modeled estimates of the proportion of
individuals with at least 1 of 3 self-reported Long COVID symptom clusters (persistent fatigue
with bodily pain or mood swings; cognitive problems; or ongoing respiratory problems)
3 months after symptomatic SARS-CoV-2 infection.
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M uch of the attention on disease surveillance during
the COVID-19 pandemic has concentrated on the
number of SARS-CoV-2 infections, hospital admis-

sions, and deaths. Less attention has been given to quantify-
ing the risk for experiencing symptoms after the acute stage
of SARS-CoV-2 infection. In October 2021, the World Health
Organization (WHO) released a clinical case definition for the
post–COVID-19 condition as symptoms that are present 3
months after SARS-CoV-2 infection with a minimum dura-
tion of 2 months and cannot be explained by an alternative
diagnosis.1 This is often referred to as Long COVID.

Postinfection fatigue syndromes have been described for
other viruses and bacteria, including Ebola virus, Epstein-
Barr virus, and cytomegalovirus.2,3 Ongoing low-grade inflam-
mation has been postulated to cause these symptoms, but the
pathology remains largely unknown and treatments are pri-
marily based on symptom relief.4 The consequences for af-
fected individuals are substantial, and specialized clinics for
individuals with Long COVID have arisen to respond to an in-
creasing need for supportive and rehabilitative care.5,6

A systematic review7 of 45 follow-up studies of individu-
als with COVID-19, of which only 3 had follow-up longer than
3 months, found 84 long-term symptoms with shortness of
breath, fatigue, and sleep disorders or insomnia as the most
common. Studies have reported most frequently on indi-
vidual symptoms or counts of symptoms and have reported
less frequently on symptom severity, overlapping symp-
toms, and symptom duration.8-11

This study collated information on 3 common clusters of
Long COVID symptoms largely based on detailed data from
ongoing COVID-19 follow-up studies conducted in 10 coun-
tries (Austria, the Faroe Islands, Germany, Iran, Italy, the
Netherlands, Russia, Sweden, Switzerland, and the US),
supplemented by published data from 44 studies and data
from 2 medical record databases. From this pooled informa-
tion on the occurrence of 3 Long COVID symptom clusters
(persistent fatigue with bodily pain or mood swings; cogni-
tive problems; or ongoing respiratory problems), estimates
were made of the proportion of individuals who had sympto-
matic SARS-CoV-2 infection and at least 1 of the 3 symptom
clusters 3 months after infection, and the duration of these
symptom clusters was derived for 2020 and 2021.

Methods
This research was undertaken as part of the Global Burden of
Diseases, Injuries, and Risk Factors Study and used deidentified
data. A waiver of informed consent was reviewed and approved
by the University of Washington institutional review board.

Overview of the Analysis
The analysis comprised 5 components (Figure 1 and eFigure 1
in Supplement 1). First, the proportion of symptomatic survi-
vors with 1 or more of the 3 symptom clusters of Long COVID
(persistent fatigue with bodily pain or mood swings, cogni-
tive problems, or ongoing respiratory problems) and the key
symptoms of fatigue, cognitive problems, and shortness of

breath were extracted from 54 international cohort studies and
2 US medical record databases. Of the 10 collaborating cohort
studies with individual case records available, 4 did not re-
port on (1) excess risk of Long COVID symptom clusters com-
pared with controls or (2) self-reported health status prior to
COVID-19; therefore, these cohorts were adjusted by the ratio
of excess risk of Long COVID symptoms to total symptoms from
the 6 that reported both.

Second, the proportion of individuals with Long COVID
symptom clusters after acute SARS-CoV-2 infection were es-
timated using a bayesian meta-regression tool separately for
hospitalized and nonhospitalized individuals. Third, esti-
mates from the studies providing distributions of symptom
cluster overlap and severity gradients of cognitive and respi-
ratory problems were pooled.

Fourth, estimates of daily SARS-CoV-2 infections, hospital
admissions, intensive care unit (ICU) admissions, and deaths
due to SARS-CoV-2 infection were taken from the Institute for
Health Metrics and Evaluation at the University of Washington
COVID-19 statistical model.12,13 The number of SARS-CoV-2 in-
fections was multiplied by the pooled estimate of the propor-
tion of infections without symptoms, and then deaths were sub-
tracted from the estimate of symptomatic cases to get the
estimates by age, sex, and country for symptomatic survivors
of SARS-CoV-2 infection. Fifth, the global estimates of symp-
tomatic COVID-19 survivors were multiplied by the proportion
of individuals experiencing at least 1 of the 3 Long COVID symp-
tom clusters 3 months after SARS-CoV-2 infection.

Study Population
There were data from 54 studies (44 published studies and 10
collaborating cohort studies) and 2 medical record databases
for individuals who had symptomatic SARS-CoV-2 infection.
Data from the study populations ranged from a full account
of all cases of SARS-CoV-2 infection in the Faroe Islands to
cases identified at health facilities, volunteers reporting

Key Points
Question Among individuals who had symptomatic SARS-CoV-2
infection in 2020 and 2021, what proportion experienced
common self-reported Long COVID symptom clusters 3 months
after initial infection?

Findings This observational analysis involved bayesian
meta-regression and pooling of 54 studies and 2 medical record
databases with data for 1.2 million individuals (from 22 countries)
who had symptomatic SARS-CoV-2 infection. The modeled
estimated proportion with at least 1 of the 3 self-reported Long
COVID symptom clusters 3 months after symptomatic SARS-CoV-2
infection was 6.2%, including 3.7% for ongoing respiratory
problems, 3.2% for persistent fatigue with bodily pain or mood
swings, and 2.2% for cognitive problems after adjusting for health
status before COVID-19.

Meaning This study presents modeled estimates of the
proportion of individuals with at least 1 of the 3 self-reported
Long COVID symptom clusters (persistent fatigue with bodily pain
or mood swings; cognitive problems; or ongoing respiratory
problems) 3 months after symptomatic SARS-CoV-2 infection.
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symptoms in an app, and individuals enrolled in medical
insurance. Individuals with Long COVID had new-onset or
persisting symptoms 3 months after onset of symptomatic
SARS-CoV-2 infection and COVID-19 that were not preexist-
ing. This description aligns with the WHO clinical case defini-
tion of the post–COVID-19 condition, which is their preferred
term for Long COVID.1

Long COVID Symptom Clusters
The symptom clusters were selected based on reporting fre-
quency in published studies and the ability to characterize
them using health state descriptions from the Global Burden
of Disease Study. The 3 Long COVID symptom clusters se-
lected were (1) persistent fatigue with bodily pain (myalgia) or

mood swings; (2) cognitive problems (forgetfulness or diffi-
culty concentrating, commonly referred to as brain fog); and
(3) ongoing respiratory problems (shortness of breath and per-
sistent cough as the main symptoms). In addition, 2 severity
levels for cognitive problems were selected as well as 3 sever-
ity levels for ongoing respiratory symptoms. The health states
and corresponding symptom descriptions used for the 3 Long
COVID symptom clusters appear in Table 1.

Systematic Review and Data Extraction
A systematic review was conducted of the 44 published stud-
ies on the long-term symptoms after COVID-19 (eTable 1
and eFigures 2-3 in Supplement 1 and Supplement 2). The
published studies were supplemented with more detailed

Figure 1. Analytical Flowchart of Estimation Process for Long COVID Symptom Clusters

Input data

Data analysis: estimation procedures

Results

Multiplication

Data analysis

Among the 10 cohort studies with individual patient data, data adjustments for 4 studies 
with no pre–COVID-19 comparisons, using ratio of excess to total symptoms from 6 studies 
with pre–COVID-19 comparisons

Estimate of symptomatic hospitalized 
and nonhospitalized survivors
By:
• Age (<20 y or ≥20 y)
• Sex
• Country (204 countries and territories)

Estimated new cases with ≥1 Long COVID 
symptom clusters
By:
• Age (<20 y or ≥20 y)
• Sex
• Country (204 countries and territories)
• Year (2020 and 2021)

Proportions with ≥1 symptom clusters at 3 mo

• Hospitalized individuals all (all ages combined and by sex)
• Nonhospitalized individuals (aged <20 y and ≥20 y and by sex)

Duration of Long COVID

• Hospitalized individuals
• Nonhospitalized individuals

Sources:
10 cohort studies from 10 countries 
with individual patient data available
• 10 526 hospitalized individuals
• 1906 nonhospitalized individuals

Proportion with ≥1 Long COVID
symptom clusters

Duration and proportions of symptomatic survivors with ≥1 symptom clusters at 3 mo

Source:
Institute for Health Metrics and Evaluation 
at the University of Washington COVID-19 
statistical model

By:
• Age (<20 y or ≥20 y)
• Sex
• Country (204 countries and territories) 

Daily SARS-CoV-2 infections, deaths,
hospital admissions, and ICU admissions 

Individuals at risk for Long COVID

Estimate of symptomatic survivors among 
hospitalized and nonhospitalized individuals
• Asymptomatic proportion: meta-analysis
   from 6 studies with 22 177 individuals
• Deaths: meta-analysis of proportion of 
   667 928 deaths occurring in long-term
   care facilities in 3 European countries 
   and the US 
• Subtraction of asymptomatic individuals 
   from total survivors
• Subtraction of deaths from symptomatic
   individuals

Bayesian meta-regression of proportions with ≥1 symptom clusters during follow-up
• Hospitalized indviduals (all ages) with fixed effects for individual Long COVID symptoms,   
   sex, and ICU admission
• Nonhospitalized individuals with fixed effects for individual Long COVID symptoms,
   sex, and <20 y of age

Bayesian meta-regression with a fixed effect on hospitalized individuals vs nonhospitalized individuals 
• Overlap of proportions with 2 or 3 symptom clusters 
• Severity gradient of proportions with cognitive and respiratory symptom clusters

Sources:
Systematic review of 44 published studies 
from 18 countries 
• 10 501 hospitalized individuals
• 42 891 nonhospitalized individuals

2 US medical record databases
• 250 928 hospitalized individuals
• 846 046 nonhospitalized individuals

Proportion with individual Long COVID
symptoms

ICU indicates intensive care unit. The 3 Long COVID symptom clusters were persistent fatigue with bodily pain or mood swings; cognitive problems; or ongoing
respiratory problems and were self-reported 3 months after SARS-CoV-2 infection in 2020 and 2021.
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individual-level data from the 10 collaborating cohort stud-
ies (eTable 1 and eFigure 4 in Supplement 1) and data from 2
US medical record databases (eTables 1-2 in Supplement 1).

For the 10 collaborating cohort studies, algorithms were
developed and applied to extract the 3 Long COVID symptom
clusters by symptom severity level to most closely match the
symptom descriptions in Table 1 (additional information ap-
pears in eSection 1 in Supplement 1). Data from 4 of the col-
laborating cohort studies that did not report pre–COVID-19
health status were adjusted downward based on the ratio of
excess risk of Long COVID symptoms to total symptoms re-
ported from the 6 collaborating cohort studies with available
individual-level data on pre–COVID-19 health status (eTable 3
in Supplement 1).14-20 Respondents with insufficient
follow-up data to apply the algorithms were excluded. All ex-
tracted data used in the analyses appear in Supplement 3.
Data also were extracted from the 44 published follow-up stud-
ies reporting on the key defining symptoms of the 3 Long COVID
symptom clusters: fatigue, shortness of breath, and cognitive
dysfunction.

Long COVID Outcomes
The main outcome was the proportion of individuals with at
least 1 of the 3 Long COVID symptom clusters (persistent fa-
tigue with bodily pain or mood swings; cognitive problems;
or ongoing respiratory problems) 3 months after sympto-
matic SARS-CoV-2 infection and 12 months after COVID-19 ill-
ness. Additional outcomes included the duration and relative
severity of the Long COVID symptom clusters.

Statistical Analysis
Bayesian meta-regression of the data was performed using the
Meta-Regression Tool (MRTool) version 0.0.1 (Institute for
Health Metrics and Evaluation at the University of Washington)
and R package MR-BRT 002 (R Foundation for Statistical Com-
puting) with tabulated data from each study on the propor-
tion of individuals who experienced at least 1 of the 3 Long
COVID symptom clusters during follow-up.21 Indicator vari-

ables for male and female sex and study-level random effects
were added. Separate models were run for hospitalized and
nonhospitalized individuals with an indicator variable for those
who were admitted to the ICU in the hospitalized model and
for individuals younger than 20 years of age in the nonhospi-
talized model (eSection 2, eTables 4-9, and eFigures 5-10 in
Supplement 1). The statistical differences between the pro-
portion of individuals by sex and age (<20 years or ≥20 years)
were determined by estimating the difference at each of 1000
draws of the posterior and presented as means with 95% un-
certainty intervals (UIs) and deemed statistically significant if
the full range of the 95% UI was either negative or positive.

The overlap of 2 or 3 Long COVID symptom clusters and
the severity gradients of the cognitive and respiratory clus-
ters were pooled using the MRTool with indicator variables
for individuals who were hospitalized and study-level ran-
dom effects (eSection 3, eTables 10-12, and eFigures 11-13 in
Supplement 1).

The Long COVID symptom cluster duration values for hos-
pitalized and nonhospitalized individuals were derived from
the final proportion models having at least 1 symptom cluster
(eSection 2 in Supplement 1).

The estimates of SARS-CoV-2 infection were taken from the
Institute for Health Metrics and Evaluation at the University
of Washington COVID-19 statistical model, which is a statisti-
cal susceptible, exposed, infected, and removed compartmen-
tal model used to fit data on the daily reported deaths, hospi-
talizations, and SARS-CoV-2 infections; seroprevalence; and
excess mortality data.12,13 The Institute for Health Metrics and
Evaluation at the University of Washington COVID-19 statis-
tical model used an ensemble modeling strategy selecting pre-
dictive covariate combinations that best accounted for input
data variance.

For this analysis, Long COVID was assumed to occur only
in those with symptomatic SARS-CoV-2 infection (eSection 4
in Supplement 1). Studies were selected from a published
review22 that estimated the proportion of asymptomatic SARS-
CoV-2 infections in representative samples screened with

Table 1. Health States, Symptom Descriptions, and Disability Weights Used for the 3 Long COVID Symptom Clusters

Symptom cluster Health state Symptom description Disability weight (95% UI)a

Ongoing respiratory
problems

Mild symptoms Mild chronic respiratory
problems

Cough and shortness of breath after heavy physical activity, but able to walk
long distances and climb stairs

0.02 (0.01-0.04)

Moderate symptoms Moderate chronic
respiratory problems

Cough, wheezing, and shortness of breath even after light physical activity;
feel tired and can only walk short distances or climb a few stairs

0.23 (0.15-0.31)

Severe symptoms Severe chronic respiratory
problems

Cough, wheezing, and shortness of breath all the time; great difficulty
walking even short distances or climbing any stairs, feel tired when at rest,
and have anxiety

0.41 (0.27-0.56)

Cognitive problems

Mild symptomsb Mild cognitive problems Some trouble remembering recent events and find it hard to concentrate
and make decisions and plans

0.07 (0.05-0.10)

Severe symptomsb Moderate cognitive
problems

Memory problems and confusion, feel disoriented, hear voices sometimes
that are not real, and need help with some daily activities

0.38 (0.25-0.51)

Persistent fatigue with
bodily pain or mood swings

Postacute consequences
of an infectious disease

Always tired and easily upset; feel pain all over the body and have
depression

0.22 (0.15-0.31)

Abbreviation: UI, uncertainty interval.
a Quantifies health loss as a fraction of time lived within a health state

(0 indicates full health; 1 indicates complete loss of health).

b Also used in the Global Burden of Disease Study for mild and moderate
dementia. Additional details appear in eSection 1 in Supplement 1.
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antibody testing (Supplement 3). The logit-transformed pro-
portion of individuals with asymptomatic SARS-CoV-2 infec-
tion was pooled from 6 studies in a random-effects meta-
analysis (eFigure 14 and eTable 13 in Supplement 1), and 1 minus
the pooled proportion was multiplied by the number of SARS-
CoV-2 infections to estimate the incidence of symptomatic
SARS-CoV-2 infections (eFigure 15 in Supplement 1). Deaths
were then subtracted from the number of symptomatic SARS-
CoV-2 infections to obtain the number of individuals who sur-
vived and had symptomatic infection separately for those need-
ing care in a general hospital ward or in the ICU and those not
needing such care (eFigures 16-17 in Supplement 1).

The individuals who survived were multiplied by the es-
timated proportion of individuals who were either hospital-
ized or not hospitalized with each Long COVID symptom clus-
ter at 3 months (eSection 5 in Supplement 1). Uncertainty was
propagated through 1000 posterior draws of every stage of the
analysis. The 95% UIs are presented for all estimates based on
the 25th and 975th values of the ordered 1000 draws of the
final posterior distributions.

To quantify what proportion of cases with Long COVID
symptoms would be missed by concentrating on the 3 large
symptom clusters, the most detailed and largest cohort with
individual records available from Russia was further
scrutinized.20 Reported symptoms were tabulated among
cases who reported not having recovered from COVID-19 and
who reported worse overall health status on the 5-dimension
EuroQol 5L index measure compared with their rating using
the same measure before having SARS-CoV-2 infection. A
sensitivity analysis was conducted to estimate symptom
duration using all available data rather than limiting the
symptom duration model input data to studies with multiple
follow-up points.

This analysis complies with the Guidelines for Accurate and
Transparent Health Estimates Reporting23 (Supplement 4).

Results
This observational analysis involved bayesian meta-
regression and pooling of 54 studies and 2 medical record da-
tabases with data for 1.2 million individuals (from 22 coun-
tries) who had symptomatic SARS-CoV-2 infection (mean age
range among the data sources, 4-66 years; range for propor-
tion of males, 26%-88%). The participant data were derived
from 44 published studies (10 501 hospitalized individuals
and 42 891 nonhospitalized individuals), 10 collaborating
cohort studies (10 526 hospitalized individuals and 1906 non-
hospitalized individuals with COVID-19), and 2 US electronic
medical record databases (250 928 hospitalized individuals
and 846 046 nonhospitalized individuals) (Table 2,24-74

eTable 1 in Supplement 1, and Supplement 3).
For data extraction in the 2 US electronic medical record

databases, International Classification of Diseases, 10th Revi-
sion, codes were used for cognitive symptoms, fatigue, and re-
spiratory symptoms (eTable 2 in Supplement 1). Of the 10 col-
laborating cohort studies, 3 included individuals who were
younger than 20 years of age. Of the 12 432 participants in these
collaborating cohort studies, 203 did not have responses re-
quired by the Long COVID symptom cluster algorithms and
were excluded.

An estimated 6.2% (95% UI, 2.4%-13.3%) of individuals
with symptomatic SARS-CoV-2 infection who survived the
acute episode experienced at least 1 of the 3 Long COVID symp-
tom clusters (Table 3). The estimated proportion of individu-
als with at least 1 of the 3 Long COVID symptom clusters was

Table 2. Summary Characteristics of the Data Sourcesa

Studies with access to individual-level data Studies without access to individual-level data Medical claims
databasesc: matched
COVID-19–negative
controls

Data on health status
before COVID-19

No data on health status
before COVID-19b

COVID-19–negative
control group No control group

Age, mean (SD), y 53.7 (20.6) 48.6 (18.6) 35.8 (12.8) 47.2 (14.9) 52.6 (21.7)

Sex, %

Male 50.0 53.8 45.8 48.0 44.7

Female 50.0 46.2 54.2 52.0 55.3

Countries with input
datad

Austria,19 Iran,15 Italy,18

the Netherlands,16

Russia,17,20

Switzerland14

Faroe Islands,24

Germany,25,26

Sweden,27,28 US29

China,30 Denmark,31

Norway,32 UK,10,33,34

US35

Australia,36 Belgium,37

China,38 France,39-42

India,43,44 Iran,45

Israel,46,47 Italy,48-53

the Netherlands,54

Norway,55 Saudi Arabia,56

South Africa,57 Spain,58-62

Switzerland,63 Turkey,64

UK,11,65-69 US9,70-72

US73,74

Hospitalizede 10 198 328 8516 9915 250 928

Not hospitalized 1355 551 34 375 586 846 046
a Stratified by method of controlling for non–COVID-attributable symptoms.

Details of each study appear in eTable 1 in Supplement 1.
b Data were adjusted by the ratio of excess risk of Long COVID symptoms to

total symptoms from the 6 collaborating cohort studies that reported these
types of data.

c Based on a range of demographic and comorbid conditions, 2 US administrative

databases were used to match controls to cases with a positive polymerase chain
reaction test for COVID-19. The difference between the cases and controls was
used as the proportion of symptoms attributable to COVID-19.

d All extracted data used in the analyses appear in Supplement 3.
e Received care in general hospital ward or intensive care unit.
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greater in those who were admitted to ICUs (43.1% [95% UI,
22.6%-65.2%]) and in those who were admitted to general hos-
pital wards (27.5% [95% UI, 12.1%-47.8%]) than in those who
were not hospitalized (5.7% [95% UI, 1.9%-13.1%]), with higher
proportions among females than males (Table 3 and eTable 14
in Supplement 1).

Among individuals who were hospitalized, the estimated
mean Long COVID symptom duration was 9.0 months (95%
UI, 7.0-12.0 months) based on data from 6 studies (conducted
in 5 high-income countries and in 1 upper-middle-income
country) with 8660 respondents with symptomatic SARS-
CoV-2 infection (eFigure 5 in Supplement 1). Among individu-
als who were not hospitalized, the estimated mean Long
COVID symptom duration was 4.0 months (95% UI, 3.6-4.6
months) based data from 4 studies (conducted in 4 high-
income countries) with 4918 participants with symptomatic
SARS-CoV-2 infection.

Of individuals with symptomatic SARS-CoV-2 infection, an
estimated 3.2% (95% UI, 0.6%-10.0%) had persistent fatigue
with bodily pain or mood swings, 3.7% (95% UI, 0.9%-9.6%)
had ongoing respiratory problems, and 2.2% (95% UI, 0.3%-
7.6%) had cognitive problems after adjusting for health sta-
tus before COVID-19, comprising an estimated 51.0% (95% UI,
16.9%-92.4%), 60.4% (95% UI, 18.9%-89.1%), and 35.4%
(95% UI, 9.4%-75.1%), respectively, of Long COVID cases. In
an estimated 38.4% (95% UI, 7.94%-96.0%) of Long COVID
cases, 2 or all 3 of the symptom clusters overlapped (Figure 2
and eTable 15 in Supplement 1).

Globally, an estimated 63.2% (95% UI, 59.7%-66.3%) of
individuals with Long COVID were female. The estimated
risk of Long COVID at 3 months was lower in individuals with
symptomatic SARS-CoV-2 infection who were not hospital-
ized and were younger than 20 years of age (2.7% [95% UI,
0.8%-6.7%]) than in those aged 20 years or older for both
men (4.8% [95% UI, 1.5%-11.3%]) and women (9.9% [95% UI,
3.4%-21.2%]) (Table 3 and eTable 14 in Supplement 1). The
difference in the estimated risk of Long COVID between indi-
viduals who were younger than 20 years of age and men aged
20 years or older was 2.0% (95% UI, 0.7%-4.6%), the differ-
ence between those younger than 20 years of age and women
aged 20 years or older was 7.2% (95% UI, 2.6%-15.1%), and
the difference between men and women aged 20 years or
older was 5.1% (95% UI, 1.8-10.9), which were statistically sig-
nificant differences.

Among COVID-19 survivors who developed Long COVID
in 2020 and 2021 and had symptoms 3 months after SARS-
CoV-2 infection, an estimated 15.1% (95% UI, 10.3%-21.1%) con-
tinued to have persistent symptoms at 12 months (Table 3). The
global new cases with Long COVID symptom clusters by sex
and severity of SARS-CoV-2 infection appear in eTable 16 in
Supplement 1. The global counts of symptomatic SARS-
CoV-2 infection and cases of Long COVID by country appear
in eTable 17 in Supplement 1.

The detailed analysis of the Russian cohort found that the
3 Long COVID symptom clusters were present in 136 of 198 in-
dividuals reporting not having recovered and having worse gen-
eral health status than before COVID-19 (eTable 18 in Supple-
ment 1). The majority (48 of 62 persons) of those in the Russian

cohort not covered by the 3 Long COVID symptom clusters de-
fined in this article reported fatigue, respiratory, and cogni-
tive symptoms but did not get included by the study’s algo-
rithm because they reported no worsening in their ability to
carry out usual activities.

In the sensitivity analysis with all data incorporated into
the duration models rather than only studies with follow-up
at multiple time points, the length of Long COVID increased
slightly from 9.0 months (95% UI, 7.0-12.0 months) to 9.1
months (95% UI, 6.9-12.1 months) for individuals who were
hospitalized and increased slightly from 4.0 months (95% UI,
3.6-4.6 months) to 4.7 months (95% UI, 4.0-5.4 months) for
individuals who were not hospitalized and the proportion of
Long COVID symptom clusters remained stable (eTable 19 in
Supplement 1).

Discussion
This modeling study estimated that among patients with symp-
tomatic SARS-CoV-2 infections who survived the acute phase
in 2020 and 2021, 6.2% experienced at least 1 of the 3 Long
COVID symptom clusters (persistent fatigue with bodily pain
or mood swings; cognitive problems; or ongoing respiratory
problems) 3 months after acute infection onset. The risk of

Table 3. Global Proportion of Individuals With at Least 1
of the 3 Long COVID Symptom Clusters

Proportion with Long COVID symptom clusters
among survivors, % (95% UI)a

3 mo after
symptom onset

12 mo after
symptom onset

All individuals 6.2 (2.4-13.3) 0.9 (0.3-2.0)b

Both sexes aged <20 yc 2.8 (0.9-7.0) 0.3 (0.1-0.8)

Women aged ≥20 y 10.6 (4.3-22.2) 1.7 (0.7-3.6)

Men aged ≥20 y 5.4 (2.2-11.7) 0.8 (0.3-1.8)

Hospitalized

Needed care in a general
hospital ward

27.5 (12.1-47.8) 11.1 (4.7-19.7)

Females 34.8 (16.5-57.3) 15.1 (5.8-29.7)

Males 21.6 (8.9-40.3) 8.2 (2.9-17.7)

Needed care in an ICU 43.1 (22.6-65.2) 20.5 (9.8-32.9)

Females 51.9 (29.7-73.6) 26.6 (11.5-47.8)

Males 35.8 (17.1-58.1) 15.7 (6.0-31.9)

Not hospitalized

All individuals 5.7 (1.9-13.1) 0.7 (0.2-1.5)

Both sexes aged <20 yc 2.7 (0.8-6.7) 0.3 (0-0.8)

Women aged ≥20 y 9.9 (3.4-21.2) 1.3 (0.3-3.4)

Men aged ≥20 y 4.8 (1.5-11.3) 0.6 (0.1-1.5)

Abbreviations: ICU, intensive care unit; UI, uncertainty interval.
a Long COVID was defined as having at least 1 of the 3 symptom clusters

(persistent fatigue with bodily pain or mood swings; cognitive problems; or
ongoing respiratory problems) 3 months after symptomatic SARS-CoV-2
infection. Additional details appear in eTables 14-16 in Supplement 1.

b Among individuals with Long COVID symptoms 3 months after symptomatic
SARS-CoV-2 infection, 15.1% (95% UI, 10.3%-21.2%) continued to experience
symptoms at 12 months.

c Data were insufficient to stratify proportion estimates by sex.
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Long COVID was greater in females and in those who needed
hospitalization for the initial SARS-CoV-2 infection, particu-
larly among those needing ICU care.

The pattern of Long COVID symptoms by sex is distinct
from that of severe acute SARS-CoV-2 infection, which tends
to affect more males (eFigure 15 in Supplement 1).13 This dif-
ference suggests that the underlying mechanism of Long COVID
may be different from that of the severity of acute SARS-
CoV-2 infection. In general, women respond to viral infec-
tions with less severe disease and mount higher antibody re-
sponses but also have higher rates of adverse reactions to
vaccinations and antiviral drugs; X chromosome–linked genes
are thought to influence susceptibility to viral infections as well
as autoimmune diseases, lending support to autoimmune pro-
cesses playing a role in the development of Long COVID.75

A prolonged state of low-grade infection with a hyperim-
mune response, coagulation or vasculopathy, endocrine and
autonomic dysregulation, and a maladaptation of the angio-
tensin-converting enzyme 2 pathway have been postulated as
the underlying pathophysiology of Long COVID.76 Decondi-
tioning due to prolonged immobilization during hospitaliza-
tion may compound these problems.77

The analyses in this study are based on the WHO case defi-
nition that stipulates a minimum period of 3 months after SARS-
CoV-2 infection before referring to ongoing symptoms as Long
COVID or post–COVID-19 condition. Others have suggested a
threshold of 3 weeks to define a case of Long COVID, arguing
that no competent virus has been replicated beyond 3 weeks
of infection, but periods of up to 12 weeks have been sug-
gested to define the start of Long COVID.76,78,79 This analysis
accounts for symptomatic SARS-CoV-2 infections through the
end of 2021 and therefore does not cover the Omicron variant
wave. Based on data from the UK COVID Symptom Study,80 a
reduced odds of Long COVID symptoms between 0.24 and
0.50, depending on time since the last vaccination, was found
for the Omicron variants compared with the Delta variants.

The estimated decline in reporting for any of the 3 Long
COVID symptom clusters during follow-up among individu-
als not hospitalized suggests that the majority of Long COVID
cases resolve. It is not yet clear if there is a smaller proportion

of individuals, especially among those hospitalized for the
acute episode of SARS-CoV-2 infection, who develop a more
chronic course of Long COVID. Given that the longest follow-up
among the included studies was 12 months, the true long-
term pattern of symptom persistence for Long COVID will only
be revealed as studies conduct longer follow-up. The time-
limited course of Long COVID in most people has led to some
recommendations to provide rehabilitative support in the com-
munity, with specialist rehabilitation services required only for
those with protracted and more severe problems, particu-
larly when compounded by postintensive care syndrome.78,81

Quantifying the number of individuals with Long COVID
may help policy makers ensure adequate access to services to
guide people toward recovery, return to the workplace or
school, and restore their mental health and social life. The large
number of individuals with Long COVID may provide in-
sights into phenotypical and genotypical characteristics, po-
tentially leading to treatments and predictors of postacute dis-
ease syndromes, including those known to occur after other
infectious diseases and intensive care for other critical ill-
nesses. Postinfection fatigue syndrome has been previously
reported for the Influenza A (H1N1) pandemic in 1918 and SARS-
CoV-1 in 2003 and after the Ebola epidemic in West Africa in
2014. Similar symptoms have been reported after other viral
infections including the Epstein-Barr virus, mononucleosis,
and dengue as well as after nonviral infections such as Q fe-
ver, Lyme disease, and giardiasis.82

The collaborative structure of this study helped to pro-
vide consistent approaches in dealing with the diverse study
methods and instruments used. It led to a definition of Long
COVID symptom clusters and quantifying overlap among the
symptom clusters. A key step was to correct for overreporting
from studies that did not have a comparison with previous
health status, leveraging information from the cohort studies
that explicitly asked respondents to recall their pre–
COVID-19 health status or existence of symptoms. In addi-
tion, the large US health insurance databases enabled identi-
fication of controls matched on demographic and disease
characteristics and thus correct for the occurrence of these
symptoms unrelated to SARS-CoV-2 infection. This may in part

Figure 2. Proportion of Individuals Who Survived Symptomatic SARS-CoV-2 Infection and Who Experienced
at Least 1 of the 3 Long COVID Symptom Clusters in 2020 and 2021
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explain why these estimates of Long COVID are lower than the
estimates often reported in the literature. Direct compari-
sons are unavailable because the Long COVID symptom clus-
ters defined for this study have not been reported by others.

Limitations
This study has several limitations. First, the 95% UIs around the
estimates are wide, reflecting limited and heterogeneous data.

Second, separate algorithms had to be formulated for each
contributing study to achieve consistency in the case defini-
tions of the 3 chosen Long COVID symptom clusters (persis-
tent fatigue with bodily pain or mood swings, cognitive prob-
lems, and ongoing respiratory problems). Efforts to achieve
standardization of questions and instruments for studies of
Long COVID are underway.1,83 This would make pooling esti-
mates among studies less prone to measurement bias.

Third, it was assumed that Long COVID follows a similar
course in all countries and territories. Data were used from
western European countries, Australia, China, India, Iran,
Israel, Russia, Saudi Arabia, South Africa, Turkey, and the US.
Additional reports from Brazil and Bangladesh suggest that
Long COVID similarly affects people in other parts of the
world.84,85 As more information becomes available, any geo-
graphical variation in the occurrence or severity of Long COVID
could be explored. The duration estimates for Long COVID re-
lied on studies from high-income countries only. With re-
peated follow-up being planned in many of the studies, and
with new studies being conducted, it should become clearer
whether the findings related to the duration of Long COVID
are generalizable.

Fourth, apart from the symptoms and Long COVID symp-
tom clusters, new diseases and events have been reported to
occur more frequently in patients after COVID-19 diagnosis,
including cardiovascular complications like myocarditis,
acute myocardial infarction, and thromboembolic events as
well as kidney, liver, gastrointestinal, endocrine, and skin
disorders.86-88 The data sources to quantify these COVID-19–
related changes may not yet be sufficient due to lags in the re-
porting of clinical informatics data, disease registries, and sur-
veys that form the basis of estimation for such diseases.

Fifth, it was assumed that Long COVID only affects those
with a symptomatic course of the initial SARS-CoV-2 infec-

tion. The participating cohorts included few people with
asymptomatic SARS-CoV-2 infection. The study from the Faroe
Islands observed 22 individuals with fully asymptomatic SARS-
CoV-2 infection, the study from Italy included 53, the study
from Switzerland included 182, and the study from the US in-
cluded 9.14,18,24,29 Long COVID was not identified among any
individuals who were followed up in the Italy and US cohorts.
In the Faroe Islands and Swiss cohorts, 3 individuals and 5 in-
dividuals, respectively, developed at least 1 of the 3 Long COVID
symptom clusters during follow-up. The total number of in-
dividuals with asymptomatic SARS-CoV-2 infection followed
up in these studies was low and, to be cautious, these indi-
viduals were excluded from calculations in this study. If Long
COVID symptoms do occur in those who have an asymptom-
atic SARS-CoV-2 infection, the estimates would be higher.

Sixth, the analyses are based on 3 commonly reported Long
COVID symptom clusters (persistent fatigue with bodily pain
or mood swings, cognitive problems, or ongoing respiratory
problems) but not for other common symptoms reported as
Long COVID. The main symptoms of the 3 Long COVID symp-
tom clusters are those that reached the highest degree of con-
sensus in the Delphi process that the WHO used to create a clini-
cal case definition for the post–COVID-19 condition.1 The
detailed analysis of the most complete cohort from Russia sug-
gested that two-thirds of individuals who were reported as not
having recovered or being worse off than before COVID-19 were
captured by the 3 Long COVID symptom clusters included in
this analysis, whereas most of the remaining one-third of in-
dividuals were reported as having the same symptoms but at
a less severe level by which the symptoms did not interfere with
the ability to perform usual activities (eSection 4 and eTable 18
in Supplement 1).20 The estimates, therefore, do not reflect the
burden of the full range of Long COVID outcomes.

Conclusions
This study presents modeled estimates of the proportion of in-
dividuals with at least 1 of the 3 self-reported Long COVID
symptom clusters (persistent fatigue with bodily pain or mood
swings; cognitive problems; or ongoing respiratory prob-
lems) 3 months after symptomatic SARS-CoV-2 infection.
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