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Objectives: To synthesize existing evidence on prevalence as well as clinical and socio-
economic aspects of Long COVID.

Methods: An umbrella review of reviews and a targeted evidence synthesis of their primary
studies, including searches in four electronic databases, reference lists of included reviews,
as well as related article lists of relevant publications.

Results: Synthesis included 23 reviews and 102 primary studies. Prevalence estimates
ranged from 7.5% to 41% in non-hospitalized adults, 2.3%-53% in mixed adult samples,
37.6% in hospitalized adults, and 2%-3.5% in primarily non-hospitalized children.
Preliminary evidence suggests that female sex, age, comorbidities, the severity of
acute disease, and obesity are associated with Long COVID. Almost 50% of primary
studies reported some degree of Long COVID-related social and family-life impairment,
long absence periods off work, adjusted workloads, and loss of employment.

Conclusion: Long COVID will likely have a substantial public health impact. Current
evidence is still heterogeneous and incomplete. To fully understand Long COVID, well-
designed prospective studies with representative samples will be essential.
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INTRODUCTION

Long COVID is a novel syndrome that is broadly defined by the persistence of physical and/or
psychological and cognitive symptoms following a probable or confirmed SARS-CoV-2 infection,
usually 3 months from acute infection and lasting longer than 2 months, with no probable alternative
diagnosis [1, 2]. The literature provides a very diverse set of descriptions and definitions. Some of the
commonly used terms include “long haulers,” “post-acute COVID-19,” “persistent COVID-19
symptoms,” “post COVID-19 manifestations,” “post COVID-19 syndrome,” “chronic COVID-19
syndrome,” “post-infectious COVID-19,” “post-acute sequelae of SARS-CoV-2 infection,” and “post
COVID-19 recovery syndrome” [1, 3-7]. The World Health Organization (WHO) now uses the term
Post COVID-19 condition [2]. The National Institute for Health and Care Excellence (NICE)
guidelines classifies Long COVID in two categories: 1) “ongoing symptomatic COVID-19” for
symptoms lasting from four to 12 weeks and 2) “Post-COVID-19 syndrome” for persisting
symptoms beyond 12 weeks after disease onset; both categories only hold if symptoms cannot be
explained by alternative diagnoses [1, 6, 8, 9]. The National Institute for Health Research (NIHR)
emphasizes that Long COVID might not be a single condition, but multiple syndromes, such as the
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post-intensive care syndrome, post-viral fatigue syndrome, and
long-term COVID syndrome [1]. Those affected describe
impairing, debilitating, and complex symptoms, sometimes
keeping them out of work and social life [10]. To fully
understand Long COVID and inform crucial healthcare and
policy responses, it is key to understand its public health
implications.

Aims and Research Questions

This study aimed to provide a summary of existing evidence on
the public health implications of Long COVID, focusing on
clinical, epidemiological, and socio-economic aspects. We
addressed the following questions:

a) What are the reported Long COVID symptoms, risks, and
protective factors?

b) What are the current prevalence estimates of Long COVID?

c) What are the potential social and economic implications of
Long COVID?

METHODS

We used a two-stage methodology consisting of an umbrella
review and a targeted evidence synthesis of the included primary
studies. The first research question was answered with
information reported in reviews, while the second and third
with information reported in the primary studies.

Umbrella Review

The first stage consisted of a review of reviews (umbrella review)
following PRISMA guidelines [11]. We searched the following
electronic  databases:  Medline  (EBSCOhost), = CINAHL
(EBSCOhost), WHO COVID-19 (including Elsevier, MedRxiv),
and Embase (excluding Medline). We developed a sensitive
search strategy using terms related to COVID-19 and long-term
consequences. The detailed strategy is provided in Supplementary
File S1. Keywords were combined and refined using Boolean
operators and truncations, adjusted to each of the databases. We
additionally searched Google Scholar, screening the first five result
pages. Finally, we manually screened the reference lists of all
included reviews. All references were screened in duplicate, at
title and abstract, as well as full-text level. All searches were
conducted on 15 March, 2021, and updated on 9 July, 2021. The
eligibility criteria for reviews are listed in Table 1.

Evidence Synthesis of Primary Studies

The second stage consisted of an evidence synthesis of primary
research. First, we identified all primary studies included in at least
one of the eligible systematic reviews. Second, using those primary
studies, we conducted related article searches in PubMed and
Google Scholar, capturing newer primary studies that have not
yet been included in one of our reviews. We then included and
synthesized primary studies from both stages that fulfilled all
eligibility criteria. Data synthesis for primary studies was focused
on 1) the prevalence and 2) the socio-economic impact of Long
COVID, as these two elements were not adequately addressed in
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TABLE 1 | Eligibility criteria for reviews and primary studies (Long COVID through a
public health lens: An Umbrella Review. Switzerland 2021).

Eligibility criteria for reviews

Reported a review methodology (systematic or scoping reviews, rapid reviews,
pragmatic reviews)
Thematically focused (entirely or partially) on Long COVID

Eligibility criteria for primary studies

Included in one of the reviews or identified through a related article search

Must be surveys, cross-sectional or cohort studies including laboratory or clinically
confirmed SARS-CoV-2 cases for at least 6 weeks (from acute disease, test,
hospital discharge, enrollment, or study start)

systematic reviews. Searches were conducted in May 2021. The
eligibility criteria for primary studies are listed in Table 1. To
capture the topic’s emerging nature, we decided to also include
primary studies at preprint stages. All preprint studies are marked
with a hashtag and should be viewed with caution, as peer review
might lead to substantial revisions. All preprint findings should be
considered provisional. To assess the impact of preprints on the
prevalence estimates reported, we temporarily deleted them and
compared ranges and median values with and without preprints.

Data Extraction and Synthesis

Review data was extracted with a predefined data extraction sheet
including methodological characteristics (type of review, number of
included primary studies, socio-demographic focus, geographic
distribution of primary studies) and three different sections, each
corresponding to one of the research questions. Primary study data
was extracted with a separate, predefined sheet including
information on study design, sample size, recruitment period, the
severity of acute SARS-CoV-2 infection, sample
demographics, follow-up lengths, socio-economic implications,
and prevalence estimates. Data extraction was conducted by one
reviewer and validated by three reviewers. EAW validated all data
regarding prevalence estimates. TB and DM quality-checked parts of
the risk of bias assessments.

In accordance with the NICE guidelines [9], prevalence estimates
for adults were only reported for studies with a mean follow-up at
12 weeks or above. For children, we report prevalence estimates at
4 weeks and beyond, as estimates at 12 weeks and beyond are
currently scarce. We only provided a detailed report of
prevalence estimates derived from studies with population-based
samples and/or control participants, as these studies are more likely
to yield more robust and less biased estimates. We report prevalence
estimates according to the study’s source population (hospitalized,
non-hospitalized, or mixed) and age groups (adults, children).
Studies were classified as population-based if they were based on
sampling procedures that are widely accepted to yield representative
samples (e.g., probability sampling or census data). For studies with
control groups, we report adjusted prevalence estimates (difference
between the estimate for cases and estimate for controls).

socio-

Risk of Bias (Quality) Assessment

The quality of reviews was assessed using the AMSTAR (Assessing
the Methodological Quality of Systematic Reviews) checklist
[12]. The quality of primary studies that report prevalence
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FIGURE 1 | PRISMA Flowchart for reviews and primary studies (Long COVID through a public health lens: An Umbrella Review. Switzerland 2021).

estimates (>12-week follow-up for adults, >4-week follow-up for
children) was evaluated with three items, adapted from the Hoy et al.
[13]. The first item assessed whether the target population is a good
representation of the national population. The second determined
whether the sample was selected with some form of random and/or
consecutive procedure. The third item assessed whether the
likelihood of non-response bias was minimized.

RESULTS

Our database searches yielded 673 references. 590 of those were
excluded at title and abstract screening, and 83 manuscripts were
screened full-text. This led to the exclusion of 66 further
references. Google Scholar and reference list searches yielded
an additional five references, leading to 22 included reviews.
During the second review stage, we included 102 primary studies,
69 of them retrieved from the 22 previously identified reviews and
33 identified through related article searches in PubMed and
Google Scholar. Figure 1 provides the PRISMA flowchart of all
our searches and screening processes.

Characteristics of Included Studies
One review was published in 2020 and 21 in 2021. Most were
traditional systematic reviews (n = 11), followed by rapid reviews

(n = 2), rapid living systematic reviews (n = 2), pragmatic reviews
(n = 3), systematic reviews with a meta-analyses (n = 3), and one
scoping review. The overall quality of included reviews was
assessed as low to moderate, with eight scoring critically low,
four scoring low, 10 scoring moderate, and one scoring high in
quality. The full quality assessment is provided in Supplementary
File S2.

Most primary studies (n = 60) were published in 2020,
followed by 42 publications in 2021. Most primary research
was based on prospective cohorts (n = 71), followed by cross-
sectional and survey designs (n = 19), retrospective cohorts (n =
10), case series, and case-control studies (n = 2). Most primary
studies included hospital-based samples (n = 48), seventeen
enrolled non-hospitalized participants, while the remaining 37
included mixed samples.

Symptoms, Risks, and Protective Factors
Symptoms and Manifestations

Current reviews report more than 50 distinct symptoms that are
potentially associated with Long COVID (see Figure 2). The
most prevalent symptoms were fatigue and breathing
difficulties, followed by smell and taste disturbances,
headache, chest pain, brain fog and memory loss, as well as
sleep disorders. Figure 2 visualizes all reported potential Long
COVID symptoms. Supplementary File S3 additionally
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fatigue, headache, fever, chest
pain, excessive sweating, chills

palpitations & arrhythmias, peri-,
myoperi- and myocarditis,
tachycardia, myocardial infarction,
venous/arterial thrombosis,
myocardial inflammation, limb
edema, stroke, cerebral venous
thrombosis, thromboembolism

dyspnea / breathlessness, cough,
pulmonary fibrosis, lung
hypoperfusion, impaired lung
function, sore throat, nasal
congestion, sputum

designed with powertemplate.com

FIGURE 2 | Reported potential Long COVID symptoms (Long COVID through a public health lens: An Umbrella Review. Switzerland 2021).

hyperesthesia, loss or altered smell,

loss or altered taste, numbness,

cognitive fatigue, apathy, neuropathy,
intracerebral hematoma, bladder
incontinence, swallowing difficulties,
encephalopathy, dizziness / vertigo, tinnitus,
earache, visual disorders / eye redness, brain
fog and memory loss, depression, sleep
disorders, attention disorders, anxiety,
posttraumatic symptoms, executive
functioning difficulties, muscle weakness,
myopathy, muscle pain (myalgia), joint pain
(arthralgia)

general gastrointestinal complaints,
diarrhea, vomiting, loss of appetite,
nausea, abdominal pain, bowel
incontinence, acid reflux

@ skin rashes, alopecia

provides the number of reviews in which each symptom is
reported.

One review reported that Long COVID symptoms can occur
in symptom clusters, while some patients experience multiple and
multi-system outcomes [1]. Two reviews did highlight that Long
COVID can have a relapsing-remitting nature, characterized by
periods of improvements and flare-ups [1, 6]. Long COVID
symptoms were often reported as debilitating, having a strong
negative impact on mental health and quality of life [1, 6, 7]. Eight
reviews highlighted emerging evidence of potentially associated
organ impairment, primarily of the heart, lungs, kidneys, and
brain, with associations remaining ambiguous. The evidence for
pediatric Long COVID patients remains limited. However, there
are indications of multisystem inflammatory syndrome
development, as well as a range of symptoms that are also
common among adults, including fatigue, breathing
difficulties, heart palpitations, headaches, concentration
difficulties, and cognitive deficits, muscle weakness and pain,
dizziness, sore throat, abdominal pain, depression, and skin
rashes [14]. Most existing reviews did not classify disease and
symptom severity based on indicators such as the number of
medical visits or inability to work. These are important indicators,
which, if combined with lived experience of symptoms, their
duration, as well as their interference with social life can provide a
holistic picture of disease burden.

Risk and Protective Factors
Some studies suggested that the following factors might increase
the risk for Long COVID development: 1) female sex, 2) age, 3)

comorbidities (mental and physical), 4) severity of acute disease
(e.g., hospitalization, higher chest imaging scores, duration of
oxygen supplementation, pneumonia), and 5) obesity [1, 3, 6, 8,
14]. For some of these factors, the evidence seems to be
inconsistent. Three reviews reported that individuals
experiencing more than five symptoms during acute
disease—among which fatigue, headache, dyspnea, chest pain,
sensitive skin, hoarse voice, and myalgia—had a higher risk of
subsequently developing Long COVID [6, 7, 15, 16].
Psychological symptoms, especially those associated with
posttraumatic stress, seem to be affecting younger people,
women, and those with responsibilities for others [7]. Beyond
physical activity level [3], none of the reviews reported on
protective factors regarding the development of Long COVID.

Prevalence of Long COVID

Current Long COVID prevalence estimates vary. This is due to
large methodological variation of primary studies, including their
sample recruitment methods (e.g., hospital, non-hospital, self-
selection), follow-up periods, definitions of Long COVID and the
distinction between symptoms directly related to SARS-CoV-2
from unrelated symptoms (e.g., from pre-existing conditions) [1].
Thus, all current estimates need to be viewed with caution and
along with their respective definitions.

We identified 40 out of 102 (39%) primary studies that
reported prevalence estimates of Long COVID or some of the
associated symptoms. Thirteen studies included population-
based samples and/or control groups and are reported in
detail. Prevalence estimates reported in the 27 primary studies
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Study provides multiple prevalence estimates, according to symptom groups. 49.6% is the highest reported prevalence (generally symptoms).
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without control groups or population-based samples are provided
in Supplementary File S4.

Adults

We identified 10 population-based and/or control group studies
reporting Long COVID prevalence estimates (>12 week follow-
up) in adults, summarized in Table 2.

Non-Hospitalized Adults

Only one study included a population-based sample of
exclusively  non-hospitalized  participants, reporting a
prevalence 41% [17]. The study included 451 previously
diagnosed participants from a large catchment area of two
hospitals in Norway. The sample was predominantly female
and over 50 years of age, and overall findings were subject to
risk of recall bias. The remaining estimates for non-hospitalized
adults come from studies with control groups, however without
population-based samples. Three studies included only non-
hospitalized participants, reporting estimates of 7.5% [18], 12%
[19], and 16% [20]. Some of their limitations include 1) small
sample sizes, 2) the use of serology testing, not allowing for an
accurate identification of infection start and 3) recall bias.

Hospitalized and Non-Hospitalized Adults

Two studies included population-based samples with hospitalized,
as well as non-hospitalized participants, reporting Long COVID
prevalence rates of 26% [21] (19% hospitalized) and 53.1% [22]
(4% hospitalized). Both studies did not assess pre-COVID physical
or mental health, and thus are not able to accurately distinguish
between COVID-19-related and pre-existing symptoms. Three
studies included control groups and hospitalized, as well as
non-hospitalized, participants reporting estimates of 2.3% [23]
(14% hospitalized), 7.8% [24] (3% hospitalized) and 28% [25]
(9% hospitalized). Some of their limitations include 1) not
differentiating between symptoms occurring before and after
test results, 2) large losses to follow-up, 3) small sample sizes
and 4) recall bias. The very low estimate (2.3%) might be due to
lacking representation of elderly subgroups (>70) and the
interference of Long COVID symptoms while using the app [23].

Hospitalized Adults

Finally, one study included a sample of only previously hospitalized
participants, reporting an estimate of 37.6% [26]. The study
enrolled 538 previously hospitalized SARS-CoV-2 cases from a
single hospital in Wuhan (discharged by March 1st, 2020) as well as
184 healthy non-hospitalized controls [26]. The study included
primarily severe cases and was subject to risk of recall bias.

Children and Teenagers

We identified three population-based and/or control group
studies reporting Long COVID prevalence estimates (>4-week
follow-up) in children and teenagers, summarized in Table 3.

Non-Hospitalized Children

One study explored Long COVID in non-hospitalized children,
reporting prevalence estimates of 2% and 2.9%. The first was the
Swiss Ciao Corona cohort, a population-based study that
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TABLE 3 | Reported prevalence estimates for children and teenagers (Long COVID through a public health lens: An Umbrella Review. Switzerland 2021).

Authors Cases [% symptomatic; % Controls Follow-up period Symptom Symptom Adjusted prevalence

(References) (n=) hospitalized] (n=) [follow-up start] prevalence prevalence (% cases—%
cases (%) controls (%) controls)

Non-hospitalized children

Radtke et al. [27] 109 NA 1246 >12 [October 2020] 4 2 2

[p; cl

aMiller et al. [28] [c] 175 NA 4503 >4 [February 2020] 46 17 29

Hospitalized and non-hospitalized children

Molteni et al. 1734 2 1734 >4 [symptom onset] 4.4 0.9 3.5

(29 [c]

2= still at preprint stage at time of data extraction; P = population-based sample; C = includes control participants;, NA , not applicable.

explored the long-term symptoms (>12 weeks) after a SARS-
CoV-2 infection in school children. The sample of 109
seropositive children and 1246 seronegative controls was
recruited through a randomly selected sample of 55 schools
across the canton of Zurich [27]. Based on seroprevalence, the
study does not distinguish between symptoms before and after
SARS-CoV-2 infection, as the actual time points of infection were
not assessed. The study’s small sample size is an additional
limitation. The second study was a household cohort study in
England and Wales, including 173 children with a history of
SARS-CoV-2 infection and 4503 controls. Again, the small
number of cases is a strong study limitation [28].

Non-Hospitalized and Hospitalized Children
Two studies explored Long COVID in a sample of non-
hospitalized, as well as hospitalized (3%) children, reporting a
prevalence of 3.5% [29]. The study was based on UK data of
children aged five to 17 years, retrieved from the COVID
Symptom study. The sample consisted of 1734 cases and an
equal number of controls, either reported by adult contributors
(by proxy) or teenagers aged 16-17 years. The study’s design
(symptom questions) was primarily informed by research in
adults, while the mobile self-reporting nature might have
introduced self-report bias and other errors.

Risk of Bias Assessment for Studies

Reporting Prevalence Estimates

Regarding our risk of bias assessment, only three studies
scored “low risk” for the first item (“is the target population
representative of the national population”), three studies
scored “low risk” for the second item (“is some sort of
random selection used to select the sample”), and five
scored “low risk” for the third item (“is the likelihood of
non-response bias minimized”) [13]. Supplementary File
S5 provides a summary of all risk of bias scores for studies
with control groups and/or population-based samples (for all
studies listed in Tables 1, 2). Deleting all preprints did not
have any substantial impact on our findings (prevalence
estimates or median values).

Social and Economic Implications
Family Life and Social Functioning

About 29% (n = 29) of all included primary studies reported some
degree of daily life, family, and social functioning, as well as
quality of life impairment related to Long COVID [18, 19, 21, 25,
26, 30-53]. Many reported functional restrictions that often
require lifestyle changes, changes in physical activity levels,
restricted social life, and role limitations [34, 37, 38, 54].
Neurological, cognitive, and psychological symptoms, such as
anxiety or memory impairment, strongly impact daily living and
quality of life, while routine activities, such as driving and cooking
can become very difficult or even impossible [25, 26, 35, 39]. Two
cohort studies reported that 12% (n = 1250) and 44% (n = 100) of
their participants had difficulties or were unable to perform usual
daily activities at about 2 months after being hospitalized with a
SARS-CoV-2 infection [50, 55]. This is also the case for those
living with Long COVID after mild to moderately severe
infections, with studies reporting that about 50% of their
participants were facing daily activity impairments after
2 months and 5 months [39, 40], and about 15% still reporting
social and home disruptions 8 months after disease onset [19,
50, 55].

For some, even those who were completely independent
before, these limitations are often severe enough that they
required daily assistance, or had at least some form of
dependency [19, 49-51]. At 8months after mild acute
infection, 11% of 323 Swedish cohort participants reported
some degree of disruption in at least one disability scale
category [19]. Two cohort studies, both following up
previously hospitalized participants for about 2 months,
reported that 16% of participants faced reduced self-care
capacity due to Long COVID [50, 52]. A US-based case series
with a sample size of 247 previously hospitalized SARS-CoV-2
patients reported that about one-third of participants required
post-acute care and indicated some form of dependency [49]. A
cross-sectional observational study of 183 previously hospitalized
patients (6-month follow-up) in Spain reported significant
everyday life functioning limitations among 56% of intensive
care unit patients and 17.9% among individuals not requiring
intensive care [45].
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Work-Related Implications
Inevitably, Long COVID is also expected to have a considerable

impact on the workforce. About 13% (1 = 13) of all included primary
studies reported employment-related consequences of Long COVID
[19, 26, 35, 39, 40, 44, 47, 50, 55-59]. In studies on previously
hospitalized participants, absence from work due to Long COVID
was reported in 9%-40% of those previously employed at two to
3 months after discharge [50, 55, 56, 59]. Research on primarily mild
to moderate and non-hospitalized SARS-CoV-2 cases reported that
about 12%-23% remained absent from work (or had long absence
periods) at three to 7 months after acute disease [35, 39]. A cohort
study with a mixed sample (hospitalized and non-hospitalized)
reported that 70% of participants were absent from work for a
period of 13 weeks or more, while another one (hospitalized and
non-hospitalized) reported that 31% were still out of work at 6 weeks
after acute illness [40, 57]. Besides full absence, studies reported that
many of those living with Long COVID are forced to adjust or
reduce their workload. Two cohort studies following up on
previously hospitalized participants for about 2 months reported
that 15% and 40% of their employed participants adjusted their
employment to their current circumstances [50, 55]. At follow-up of
three to 8 months, proportions ranged from 8% to 45% for
previously mild to moderate cases [19, 35, 39]. Finally, two
studies reported permanent employment loss in relation to
deteriorating health, with one reporting that 11% and the other
13.8% of their previously employed participants were unemployed at
2 months after acute disease [55, 58].

DISCUSSION

Given the recent emergence of Long COVID and the premature
state of ongoing research, the current literature inevitably
provides a still patchy, heterogeneous, and thus inconclusive
picture of its overall burden and broader public health
implications. This heterogeneity is well reflected in currently
reported prevalence estimates for adults, which range from
7.5% to 41% for samples of non-hospitalized participants, and
2.3%-53% for samples with hospitalized and non-hospitalized
participants. This is due to several factors and currently prevailing
methodological limitations.

First, much of the earlier research on SARS-CoV-2 was
designed and implemented quickly at the onset of the
pandemic, with a focus on conveniently sampled hospital and
outpatient participants, rather than larger, randomly sampled
studies. The samples recruited during the early phase of the
pandemic were also often not as widespread and captured cases
were likely more severe. We only identified four population-based
studies reporting prevalence estimates.

Second, the prevalence of certain symptoms is rarely placed in
relation to their prevalence in persons without SARS-CoV-2
infection before or during the pandemic. Most studies fail to
accurately distinguish between SARS-CoV-2 related symptoms
to those linked to other (often pre-existing) conditions. This is
particularly important for severe and potentially life-threatening
outcomes that involve vital organ impairment, such as the heart or
lungs. Most primary studies reporting organ involvement are not

Long COVID and Public Health

able to unambiguous associations yet [34, 40, 56]. Third, certain
population subgroups, including the elderly, people with
disabilities, children as well as a large proportion of
asymptomatic SARS-COV-2 patients remain underrepresented
[1]. Only three of all primary studies in this review provided
some estimates on the prevalence of Long COVID in children and
teenagers, ranging from 2% to 3.5%. These estimates need to be
viewed with caution as they are largely derived from very small
samples and bias-prone reporting methods.

While evidence on risk factors is still emerging, only one
review discussed the protective factors, suggesting that good
physical activity might reduce the risk of developing Long
COVID [3]. Research on protective factors and risk-mitigating
behaviors, as well as on the mechanisms through which different
treatment options may potentially affect the risk for and severity
of Long COVID will be key to future prevention approaches.
Similarly, as vaccines become widespread globally, research will
need to shift towards understanding the effects (if any) of
vaccination on Long COVID symptoms, and whether any
long-term protective effect exists for those who are vaccinated
and still contract SARS-CoV-2.

The identified evidence demonstrates that Long COVID can
have debilitating consequences on quality of life, social and family
life, as well as on employment. Many of those living with Long
COVID face various degrees of impairment and disability,
impacting daily living, social functioning, and mental health.
Similarly, many affected individuals face longer periods off work,
reduced working hours, and potentially higher risk of
unemployment and financial hardship, adding to an overall
socio-economic burden. While there is no clear evidence
regarding the broader economic implications of Long COVID,
there is evidence that it affects a significant proportion of the
formerly healthy working population, which may lead to long-
term economic consequences as well as healthcare system strains
[1, 54]. The long-term economic burden of a substantially large
affected population will emerge over time and is expected to have
a heavy impact on healthcare utilization costs.

Overcoming remaining uncertainties will ultimately require
some future studies with some of the following methodological
features: 1) large, prospective population-based samples and
representative control groups, 2) carefully captured symptoms
before infection, 3) stronger emphasis on potentially protective
factors, 4) inclusion of socio-economic data, 5) and longer follow-
up times (>12 months). These should be complemented by
qualitative studies that capture the lived experiences of people
with Long COVID. Fully understanding such complex and
multifaceted health conditions requires approaches that
capture and amplify the voices of those affected. Citizen
science projects, co-designed with those affected provide an
ideal medium to capture that additional, yet much-needed
perspective.

Based on the findings of this review, we believe that the public
health implications of Long COVID are equally multi-faceted as
Long COVID itself. Its complex manifestation, but also its broad
range of severity, requires interdisciplinary and holistic
healthcare approaches. The National Health Service (NHS) of
the UK may pave the way for other countries by providing
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information, support, and care at different levels for patients and
providers. For example, the website https://yourcovidrecovery.
nhs.ch informs about the condition and its many manifestations,
and provides easily accessible practical support for patients and
families. The NHS together with NICE early on guided the
diagnosis and management of Long Covid in primary care.
Primary practitioners will likely be able to care for most
patients with Long Covid and act as gatekeepers, which is
particularly important for a multifaceted condition like Long
Covid. Finally, those with complex clinical manifestations can be
referred to an NHS Long Covid clinic, where an interdisciplinary
team provides thorough assessments and disease management
plans. Such a concerted effort does require significant resources
but appears promising to counter the under- and overtreatment
of Long Covid. The challenges around Long Covid go beyond
medical needs. Although not yet clear, preliminary evidence
suggests the socio-economic implications of Long COVID can
be substantial. For those most affected, the financial constraints
that come with lost or reduced employment may further
negatively impact overall well-being and mental health. That
will ultimately require broader safety nets and support
structures in place, ensuring that those affected by Long
COVID are not discriminated against or further disadvantaged.

The findings of this review need to be viewed with the
following limitations in mind. The heterogeneity and
premature state of current research does not allow for
confident statements on Long COVID’s prevalence, neither
on its broader public health nor an economic burden. We
navigated through this uncertainty in a narrative and
structured way, highlighting those studies that provided the
highest methodological robustness. While we developed a
sensitive research strategy and believe to have captured all
reviews published at that point in time, this is a rapidly
emerging topic, for which our findings merely provide a
snapshot of preliminary evidence. Primary studies were
extracted from included systematic reviews and not
captured through a separate search strategy, which
inevitably excludes those that have been published after the
systematic reviews. We counteracted that limitation through
additional related article searches in PubMed and Google
Scholar, ensuring an updated and representative sample of
available primary evidence. In line with NICE’s classification,
we only included primary studies with follow-up periods at
6 weeks or beyond and only reported prevalence estimates at
12 weeks and beyond. In light of a lacking commonly agreed-
upon definition of Long COVID, prevalence estimates should
always be interpreted in relation to the chosen follow-up
periods and definitions used in the respective studies. A
prospective protocol of this review has not been registered
or published.

Conclusion
Our review summarizes the current evidence on the prevalence of
Long COVID among previously infected individuals and outlines
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the multifaceted nature of its symptoms, as well as the remaining
uncertainty around their progression, underlying risk factors, and
broader socio-economic implications. As primary studies and
reviews emerge at a fast pace, current evidence is inevitably bound
by methodological variation and limitations. Improving our
knowledge of Long COVID will ultimately require well-
designed prospective studies, with clearly reported Long
COVID definitions, accurate distinction of SARS-CoV-2-
related  symptoms, and adequate follow-up  times.
Representative and large samples, across severity levels of
acute infection, are vital along with the inclusivity of currently
underrepresented groups, including children and various
minorities. This shall be accompanied by qualitative, person-
centered research, ensuring that the full complexity of living with
Long COVID is explored and understood.

AUTHOR CONTRIBUTIONS

VN conceptualised the study, conducted the searches and screening
and wrote the manuscript. MG conducted the searches and
screening and revised the manuscript. EAW conducted the
searches and screening and revised the manuscript. TB, DM, and
SWH contributed to data synthesis and revised the manuscript.
MAP conceptualised and supervised the study, contributed to data
synthesis and revised the manuscript.

FUNDING

This work was commissioned to the Swiss School of Public Health
and funded by the Swiss Federal Office of Public Health.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

ACKNOWLEDGMENTS

The University of Zurich is a member of the Swiss School of
Public Health and took on this review mandate that informs the
Swiss Federal Office of Public Health and the Swiss Covid Science
Task Force.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.ssph-journal.org/articles/10.3389/phrs.2022.1604501/
full#supplementary-material

Public Health Reviews | Owned by SSPH+ | Published by Frontiers

March 2022 | Volume 43 | Article 1604501


https://yourcovidrecovery.nhs.ch
https://yourcovidrecovery.nhs.ch
https://www.ssph-journal.org/articles/10.3389/phrs.2022.1604501/full#supplementary-material
https://www.ssph-journal.org/articles/10.3389/phrs.2022.1604501/full#supplementary-material

Nittas et al.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

NIHR. Living with COVID19. Second Review (2021). Available from:
https://evidence.nihr.ac.uk/themedreview/living-with-covid19-second-
review/ (Accessed March 28, 2021).

. WHO. A Clinical Case Definition of Post COVID-19 Condition by a Delphi

Consencus (2021). Available from: https://www.who.int/publications/i/item/
WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-
2021.1 (Accessed October 10, 2021).

. de Sire A, Andrenelli E, Negrini F, Patrini M, Lazzarini SG, Ceravolo MG, et al.

Rehabilitation and COVID-19: a Rapid Living Systematic Review by Cochrane
Rehabilitation Field Updated as of December 31st, 2020 and Synthesis of the
Scientific Literature of 2020. Eur ] Phys Rehabil Med (2021) 57:642-561. doi:10.
23736/s1973-9087.21.06870-2

. Kovoor JG, Scott NA, Tivey DR, Babidge W], Scott DA, Beavis VS, et al.

Proposed Delay for Safe Surgery after COVID -19. ANZ ] Surg (2021) 91:
495-506. doi:10.1111/ans.16682

. SeyedAlinaghi S, Afsahi AM, MohsseniPour M, Behnezhad F, Salehi MA,

Barzegary A, et al. Late Complications of COVID-19; a Systematic Review of
Current Evidence. Arch Acad Emerg Med (2021) 9:e14. doi:10.22037/aaem.
v9i1.105810.1002/iid3.497

. Zapatero DC, Hanquet G, Heede K. Epidemiology of Long Covid. a Pragmatic

Review of the Literature. (Brussels) (2021).

. Akbarialiabad H, Taghrir MH, Abdollahi A, Ghahramani N, Kumar M, Paydar

S, et al. Long COVID, a Comprehensive Systematic Scoping Review. Infection
(2021) 49:1163-86. oi:. doi:10.1007/s15010-021-01666-x

. Michelen M, Cheng V, Manoharan L, Elkheir N, Dagens D, Hastie C, et al.

Characterising Long Term Covid-19: A Living Systematic Review. medRxiv
(2020) [Epub ahead of print]. doi:10.1101/2020.12.08.20246025

. NICE. COVID-19 Rapid Guideline: Managing the Long-Term Effects of

COVID-19 (2020). Available from: https://www.nice.org.uk/guidance/
ng188 (Accessed March 22, 2021).

Rajan S, Khunti K, Alwan N, Steves C, Greenhalgh T, MacDermott N, et al. In
the Wake of the Pandemic Preparing for Long COVID (2021). Available from:
https://apps.who.int/iris/bitstream/handle/10665/339629icy-brief-39-1997-
8073-eng.pdf (Accessed March 28, 2021).

Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
PRISMA 2020 Explanation and Elaboration: Updated Guidance and
Exemplars for Reporting Systematic Reviews. BMJ (2021): n160. doi:10.
1136/bmj.n160

AMSTAR. Assessing the Methodological Quality of Systematic Reviews
(2021). Available from: https://amstar.ca/Amstar_Checklist.php (Accessed
July 10, 2021).

Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, et al. Assessing Risk of
Bias in Prevalence Studies: Modification of an Existing Tool and Evidence of
Interrater Agreement. J Clin Epidemiol (2012) 65:934-9. doi:10.1016/j.jclinepi.
2011.11.014

Ludvigsson JF. Case Report and Systematic Review Suggest that Children May
Experience Similar Long-term Effects to Adults after Clinical COVID-19. Acta
Paediatr (2020) 110:914-21. doi:10.1111/apa.15673

Yong S]J. Long COVID or post-COVID-19 Syndrome: Putative
Pathophysiology, Risk Factors, and Treatments. Infect Dis (2021) 53:
737-54. doi:10.1080/23744235.2021.1924397

Igbal FM, Lam K, Sounderajah V, Clarke JM, Ashrafian H, Darzi A.
of Acute and Chronic post-COVID
Syndrome: A Systematic Review and Meta-Analysis. EClinicalMedicine
(2021) 36:100899. doi:10.1016/j.eclinm.2021.100899

Stavem K, Ghanima W, Olsen MK, Gilboe HM, Einvik G. Persistent
Symptoms 1.5-6 Months after COVID-19 in Non-hospitalised Subjects: A
Population-Based Cohort Study. Thorax (2021) 76:405-7. doi:10.1136/
thoraxjnl-2020-216377

Graham EL, Clark JR, Orban ZS, Lim PH, Szymanski AL, Taylor C, et al.
Persistent Neurologic Symptoms and Cognitive Dysfunction in Non-
hospitalized Covid-19 “long Haulers”. Ann Clin Transl Neurol (2021) 8:
1073-85. doi:10.1002/acn3.51350

Havervall S, Rosell A, Phillipson M, Mangsbo SM, Nilsson P, Hober S, et al.
Symptoms and Functional Impairment Assessed 8 Months after Mild COVID-

Characteristics and Predictors

20.

21.

22.

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Long COVID and Public Health

19 Among Health Care Workers. JAMA (2021) 325:2015. doi:10.1001/jama.
2021.5612

Desgranges F, Tadini E, Munting A, Regina ], Filippidis P, Viala B, et al. Post -
COVID - 19 Syndrome in Outpatients : A Cohort Study. medRxiv (2021) [Epub
ahead of print]. doi:10.1101/2021.04.19.21255742

Menges D, Ballouz T, Anagnostopoulos A, Aschmann HE, Domenghino A,
Fehr JS, et al. Burden of post-COVID-19 Syndrome and Implications for
Healthcare Service Planning: A Population-Based Cohort Study. PLoS One
(2021) 16:€0254523-19. doi:10.1371/journal.pone.0254523

Petersen MS, Kristiansen MF, Hanusson KD, Danielsen ME, 4 Steig B, Gaini S,
et al. Long COVID in the Faroe Islands: A Longitudinal Study Among
Nonbhospitalized Patients. Clin Inf (2020) 73:e4058-e4063. doi:10.1093/cid/
ciaal792

Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC, et al.
Attributes and Predictors of Long COVID. Nat Med (2021) 27:626-31. doi:10.
1038/s41591-021-01292-y

Cirulli ET, Schiabor Barrett KM, Riffle S, Bolze A, Neveux I, Dabe S, et al.
Long-term COVID-19 Symptoms in a Large Unselected Population. medRxiv
(2020) [Epub ahead of print]. doi:10.1101/2020.10.07.20208702

. Logue JK, Franko NM, McCulloch DJ, McDonald D, Magedson A, Wolf CR,

et al. Sequelae in Adults at 6 Months after COVID-19 Infection. JAMA Netw
Open () 4:€210830. doi:10.1001/jamanetworkopen.2021.0830

Xiong Q, XuM, LiJ, Liu Y, ZhangJ, Xu Y, et al. Clinical Sequelae of COVID-19
Survivors in Wuhan, China: a Single-centre Longitudinal Study. Clin Microbiol
Infect (2021) 27(1):89-95. doi:10.1016/j.cmi.2020.09.023

Radtke T, Ulyte A, Puhan MA, Kriemler S. Long-term SymptomsAfter SARS-
CoV-2 Infection in Children and Adolescents. JAMA (2021) 326(9):2603-15.
doi:10.1001/jama.2021.11880

Miller F, Nguyen V, Navaratnam AM, Shrotri M, Kovar J, Hayward AC, et al.
Prevalence of Persistent Symptoms in Children during the COVID-19
Pandemic: Evidence from a Household Cohort Study in England and
Wales. medRxiv (2021) [Epub ahead of print]. doi:10.1101/2021.05.28.
21257602

Molteni E, Sudre CH, Canas LS, Bhopal SS, Hughes RC, Antonelli M, et al.
Illness Duration and Symptom Profile in a Large Cohort of Symptomatic UK
School-Aged Children Tested for SARS- CoV-2. The Lancet (2021). doi:10.1016/
$2352-4642(21)00198-X

Arnold DT, Hamilton FW, Milne A, Morley AJ, Viner J, Attwood M, et al.
Patient Outcomes after Hospitalisation with COVID-19 and Implications for
Follow-Up: Results from a Prospective UK Cohort. Thorax (2020) 76(0):
399-401. doi:10.1136/thoraxjnl-2020-216086

Carfi A, Bernabei R, Landi F. Persistent Symptoms in Patients after Acute
COVID-19. JAMA (2020) 324:603. doi:10.1001/jama.2020.12603

Munblit D, Bobkova P, Spiridonova E, Shikhaleva A, Gamirova A, Blyuss O,
et al. Incidence and Risk Factors for Persistent Symptoms in Adults Previously
Hospitalized for COVID-19. Clin Exp Allergy (2021) 51:1107-20. doi:10.1111/
cea.13997

D’Cruz RF, Waller MD, Perrin F, Periselneris ], Norton S, Smith L-J, et al.
Chest Radiography Is a Poor Predictor of Respiratory Symptoms and
Functional Impairment in Survivors of Severe COVID-19 Pneumonia.
ER] Open Res (2021) 7:00655-2020. doi:10.1183/23120541.00655-2020
Raman B, Cassar MP, Tunnicliffe EM, Filippini N, Griffanti L, Alfaro-Almagro
F, et al. Medium-term Effects of SARS-CoV-2 Infection on Multiple Vital
Organs, Exercise Capacity, Cognition, Quality of Life and Mental Health, post-
hospital Discharge. EClinicalMedicine (2021) 31:100683. doi:10.1016/j.eclinm.
2020.100683

Davis HE, Assaf GS, McCorkell L, Wei H, Low RJ, Re’em Y, et al
Characterizing Long COVID in an International Cohort: 7 Months of
Symptoms and Their Impact. eClinicalMedicine (2021) 38:101019. doi:10.
1016/j.eclinm.2021.101019

van der Sar - van der Brugge S, Talman S, Boonman - de Winter L, de Mol M,
Hoefman E, van Etten RW, et al. Pulmonary Function and Health-Related
Quality of Life after COVID-19 Pneumonia. Respir Med (2021) 176:106272.
doi:10.1016/j.rmed.2020.106272

Lerum TV, Aalokken TM, Brenstad E, Aarli B, Ikdahl E, Lund KMA, et al.
Dyspnoea, Lung Function and CT Findings 3 Months after Hospital
Admission for COVID-19. Eur Respir ] (2020) 57:2003448. doi:10.1183/
13993003.03448-2020

Public Health Reviews | Owned by SSPH+ | Published by Frontiers

March 2022 | Volume 43 | Article 1604501


https://evidence.nihr.ac.uk/themedreview/living-with-covid19-second-review/
https://evidence.nihr.ac.uk/themedreview/living-with-covid19-second-review/
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://doi.org/10.23736/s1973-9087.21.06870-2
https://doi.org/10.23736/s1973-9087.21.06870-2
https://doi.org/10.1111/ans.16682
https://doi.org/10.22037/aaem.v9i1.105810.1002/iid3.497
https://doi.org/10.22037/aaem.v9i1.105810.1002/iid3.497
https://doi.org/10.1007/s15010-021-01666-x
https://doi.org/10.1101/2020.12.08.20246025
https://www.nice.org.uk/guidance/ng188
https://www.nice.org.uk/guidance/ng188
https://apps.who.int/iris/bitstream/handle/10665/339629icy-brief-39-1997-8073-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/339629icy-brief-39-1997-8073-eng.pdf
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.n160
https://amstar.ca/Amstar_Checklist.php
https://doi.org/10.1016/j.jclinepi.2011.11.014
https://doi.org/10.1016/j.jclinepi.2011.11.014
https://doi.org/10.1111/apa.15673
https://doi.org/10.1080/23744235.2021.1924397
https://doi.org/10.1016/j.eclinm.2021.100899
https://doi.org/10.1136/thoraxjnl-2020-216377
https://doi.org/10.1136/thoraxjnl-2020-216377
https://doi.org/10.1002/acn3.51350
https://doi.org/10.1001/jama.2021.5612
https://doi.org/10.1001/jama.2021.5612
https://doi.org/10.1101/2021.04.19.21255742
https://doi.org/10.1371/journal.pone.0254523
https://doi.org/10.1093/cid/ciaa1792
https://doi.org/10.1093/cid/ciaa1792
https://doi.org/10.1038/s41591-021-01292-y
https://doi.org/10.1038/s41591-021-01292-y
https://doi.org/10.1101/2020.10.07.20208702
https://doi.org/10.1001/jamanetworkopen.2021.0830
https://doi.org/10.1016/j.cmi.2020.09.023
https://doi.org/10.1001/jama.2021.11880
https://doi.org/10.1101/2021.05.28.21257602
https://doi.org/10.1101/2021.05.28.21257602
https://doi.org/10.1016/S2352-4642(21)00198-X
https://doi.org/10.1016/S2352-4642(21)00198-X
https://doi.org/10.1136/thoraxjnl-2020-216086
https://doi.org/10.1001/jama.2020.12603
https://doi.org/10.1111/cea.13997
https://doi.org/10.1111/cea.13997
https://doi.org/10.1183/23120541.00655-2020
https://doi.org/10.1016/j.eclinm.2020.100683
https://doi.org/10.1016/j.eclinm.2020.100683
https://doi.org/10.1016/j.eclinm.2021.101019
https://doi.org/10.1016/j.eclinm.2021.101019
https://doi.org/10.1016/j.rmed.2020.106272
https://doi.org/10.1183/13993003.03448-2020
https://doi.org/10.1183/13993003.03448-2020

Nittas et al.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

van den Borst B, Peters JB, Brink M, Schoon Y, Bleeker-Rovers CP, Schers H,
et al. Comprehensive Health Assessment 3 Months after Recovery from Acute
Coronavirus Disease 2019 (COVID-19). Clin Infect Dis (2020) 73:
€1089-e1098. doi:10.1093/cid/ciaal750

Jacobson KB, Rao M, Bonilla H, Subramanian A, Hack I, Madrigal M, et al.
Patients with Uncomplicated Coronavirus Disease 2019 (COVID-19) Have
Long-Term Persistent Symptoms and Functional Impairment Similar to
Patients with Severe COVID-19: A Cautionary Tale during a Global
Pandemic. Clin Infect Dis (2021) 73:e826-€829. doi:10.1093/cid/ciab103
Dennis A, Wamil M, Alberts J, Oben J, Cuthbertson D], Wootton D, et al.
Multiorgan Impairment in Low-Risk Individuals with post-COVID-19
Syndrome: A Prospective, Community-Based Study. BMJ Open (2021) 11:
€048391-7. doi:10.1136/bmjopen-2020-048391

Igbal A, Igbal K, Arshad Ali S, Azim D, Farid E, Baig MD, et al. The COVID-19
Sequelae: A Cross-Sectional Evaluation of Post-recovery Symptoms and the
Need for Rehabilitation of COVID-19 Survivors. Cureus (2021). p. 2. doi:10.
7759/cureus.13080

Latronico N, Peli E, Rodella F, Novelli MP, Rasulo FA, Piva S, et al. Six-month
Outcome in Survivors of COVID-19 Acute Respiratory Distress Syndrome.
SSRN Electronic Journal (2021) [Epub ahead of print]. doi:10.2139/ssrn.
3756865

Méndez R, Balanza-Martinez V, Luperdi SC, Estrada I, Latorre A, Gonzalez-
Jiménez P, et al. Short-term Neuropsychiatric Outcomes and Quality of Life in
COVID-19 Survivors. ] Intern Med (2021) 290:621-31. doi:10.1111/joim.
13262

Townsend L, Dowds J, O’Brien K, Sheill G, Dyer AH, O’Kelly B, et al. Persistent
Poor Health after COVID-19 Is Not Associated with Respiratory
Complications or Initial Disease Severity. Ann ATS (2021) 18:997-1003.
doi:10.1513/AnnalsATS.202009-11750C

Taboada M, Carifiena A, Moreno E, Rodriguez N, Dominguez MJ, Casal A,
et al. Post-COVID-19 Functional Status Six-Months after Hospitalization.
J Infect (2021) 82:e31-e33. doi:10.1016/j.jinf.2020.12.022

Wong AW, Shah AS, Johnston JC, Carlsten C, Ryerson CJ. Patient-reported
Outcome Measures after COVID-19: A Prospective Cohort Study. Eur Respir |
(2020) 56:2003276. doi:10.1183/13993003.03276-2020

Kedor C, Freitag H, Meyer-Arndt L, Wittke K, Zoller T, Steinbeis F, et al. Chronic
COVID-19 Syndrome and Chronic Fatigue Syndrome (ME/CFS) Following the
First Pandemic Wave in Germany - a First Analysis of a Prospective
Observational Study. medRxiv (2020) 6:1-13. doi:10.1101/2021.02.06.21249256
Qu G, Zhen Q, Wang W, Fan S, Wu Q, Zhang C, et al. Health-related Quality
of Life of COVID-19 Patients after Discharge: A Multicenter Follow-up Study.
J Clin Nurs (2021) 30:1742-50. doi:10.1111/jocn.15733

McCarthy CP, Murphy S, Jones-O’Connor M, Olshan DS, Khambhati JR,
Rehman S, et al. Early Clinical and Sociodemographic Experience with Patients
Hospitalized with COVID-19 at a Large American Healthcare System.
EClinicalMedicine (2020) 26:100504. doi:10.1016/j.eclinm.2020.100504

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Long COVID and Public Health

Halpin SJ, McIvor C, Whyatt G, Adams A, Harvey O, McLean L, et al.
Postdischarge Symptoms and Rehabilitation Needs in Survivors of COVID-19
Infection: A Cross-sectional Evaluation. ] Med Virol (2021) 93:1013-22. doi:10.
1002/jmv.26368

Tabacof L, Tosto-Mancuso J, Wood J, Cortes M, Kontorovich A, McCarthy D,
et al. Post-acute COVID-19 Syndrome Negatively Impacts Health and
Wellbeing Despite Less Severe Acute Infection. medRxiv (2020) [Epub
ahead of print]. doi:10.1101/2020.11.04.20226126

Venturelli S, Benatti SV, Casati M, Binda F, Zuglian G, Imeri G, et al. Surviving
COVID-19 in Bergamo Province: A post-Acute Outpatient Re-evaluation.
Epidemiol Infect (2021) 149:2. doi:10.1017/50950268821000145
Moreno-Pérez O, Merino E, Leon-Ramirez J-M, Andres M, Ramos JM,
Arenas-Jiménez J, et al. Post-acute COVID-19 Syndrome. Incidence and
Risk Factors: A Mediterranean Cohort Study. ] Infect (2021) 82:378-83.
doi:10.1016/j.jinf.2021.01.004

Willi S, Liithold R, Hunt A, Hinggi NV, Sejdiu D, Scaff C, et al. COVID-19
Sequelae in Adults Aged Less Than 50 years: A Systematic Review. Trav Med
Infect Dis (2021) 40:101995. doi:10.1016/j.tmaid.2021.101995

Chopra V, Flanders SA, O’'Malley M, Malani AN, Prescott HC. Sixty-Day
Outcomes Among Patients Hospitalized with COVID-19. Ann Intern Med
(2021) 174:576-8. doi:10.7326/M20-5661

Liang L, Yang B, Jiang N, Fu W, He X, Zhou Y, et al. Three-month Follow-Up
Study of Survivors of Coronavirus Disease 2019 after Discharge. ] Korean Med
Sci (2020) 35:35. doi:10.3346/jkms.2020.35.e418

Townsend L, Dyer AH, Jones K, Dunne J, Mooney A, Gaffney F, et al.
Persistent Fatigue Following SARS-CoV-2 Infection Is Common and
Independent of Severity of Initial Infection. PLoS One (2020) 15:
€0240784-12. doi:10.1371/journal.pone.0240784

Poyraz BC, Poyraz CA, Olgun Y, Giirel O, Alkan S, Ozdemir YE, et al.
Psychiatric Morbidity and Protracted Symptoms after COVID-19. Psychiatry
Res (2021) 295:113604. doi:10.1016/j.psychres.2020.113604

Garrigues E, Janvier P, Kherabi Y, Le Bot A, Hamon A, Gouze H, et al. Post-
discharge Persistent Symptoms and Health-Related Quality of Life after
Hospitalization for COVID-19. J Infect (2020) 81:e4-e6. doi:10.1016/j.jinf.
2020.08.029

Copyright © 2022 Nittas, Gao, West, Ballouz, Menges, Wulf Hanson and Puhan.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

PHR is edited by the Swiss School of Public Health (SSPH+) in a partnership with
the Association of Schools of Public Health of the European Region (ASPHER)+

Public Health Reviews | Owned by SSPH+ | Published by Frontiers

10

March 2022 | Volume 43 | Article 1604501


https://doi.org/10.1093/cid/ciaa1750
https://doi.org/10.1093/cid/ciab103
https://doi.org/10.1136/bmjopen-2020-048391
https://doi.org/10.7759/cureus.13080
https://doi.org/10.7759/cureus.13080
https://doi.org/10.2139/ssrn.3756865
https://doi.org/10.2139/ssrn.3756865
https://doi.org/10.1111/joim.13262
https://doi.org/10.1111/joim.13262
https://doi.org/10.1513/AnnalsATS.202009-1175OC
https://doi.org/10.1016/j.jinf.2020.12.022
https://doi.org/10.1183/13993003.03276-2020
https://doi.org/10.1101/2021.02.06.21249256
https://doi.org/10.1111/jocn.15733
https://doi.org/10.1016/j.eclinm.2020.100504
https://doi.org/10.1002/jmv.26368
https://doi.org/10.1002/jmv.26368
https://doi.org/10.1101/2020.11.04.20226126
https://doi.org/10.1017/S0950268821000145
https://doi.org/10.1016/j.jinf.2021.01.004
https://doi.org/10.1016/j.tmaid.2021.101995
https://doi.org/10.7326/M20-5661
https://doi.org/10.3346/jkms.2020.35.e418
https://doi.org/10.1371/journal.pone.0240784
https://doi.org/10.1016/j.psychres.2020.113604
https://doi.org/10.1016/j.jinf.2020.08.029
https://doi.org/10.1016/j.jinf.2020.08.029
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Long COVID Through a Public Health Lens: An Umbrella Review
	Introduction
	Aims and Research Questions

	Methods
	Umbrella Review
	Evidence Synthesis of Primary Studies
	Data Extraction and Synthesis
	Risk of Bias (Quality) Assessment

	Results
	Characteristics of Included Studies
	Symptoms, Risks, and Protective Factors
	Symptoms and Manifestations

	Risk and Protective Factors
	Prevalence of Long COVID
	Adults
	Non-Hospitalized Adults
	Hospitalized and Non-Hospitalized Adults
	Hospitalized Adults
	Children and Teenagers
	Non-Hospitalized Children
	Non-Hospitalized and Hospitalized Children
	Risk of Bias Assessment for Studies Reporting Prevalence Estimates
	Social and Economic Implications
	Family Life and Social Functioning

	Work-Related Implications

	Discussion
	Conclusion

	Author Contributions
	Funding
	Conflict of Interest
	Acknowledgments
	Supplementary Material
	References


