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Preamble 

A large number of scientific publications become available daily, reflecting the rapid development of knowledge and 

progress of science on COVID-19 related issues. Leading authorities should base decisions or policies on this knowledge; 

hence they need to master the actual state of this knowledge. Due to the large number of publications shared daily, 

decision-makers heavily depend on accurate summaries of these publications, in the different public health domains. 

Therefore, the authors of this report were mandated by the Swiss School of Public Health Plus (SSPH+), on request of 

the Federal Office of Public Health (FOPH), to inform the FOPH on recent findings from the literature. 
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Background and aims   

Our knowledge of the long-term health consequences of SARS-CoV-2 is continuously evolving. Post COVID-

19, or otherwise widely known as Long COVID, is a multifaceted condition with primary healthcare and 

broader public health implications.1 Fully understanding why and how post COVID-19 condition (PCC) 

develops, how it can be prevented, and how it is best treated is therefore an essential step towards 

mitigating its burden. Generated knowledge should be holistic, including the broader public health and 

socio-economic dimensions of PCC. While many European countries have launched initiatives to establish 

care and support pathways for PCC patients, the need for stronger and more targeted action remains.1 The 

Swiss Federal Office of Public Health (FOPH) has commissioned a report that will analyze the current 

healthcare situation and PCC patient needs.2  

This living literature screening report aims to provide a concise and regularly updated state of the 

knowledge, focusing on the following five areas: (1) definitions, (2) prevalence, (3) symptoms, risk factors, 

and potential causes, (4) therapy and rehabilitation, (5) socio-economic implications, (6) relation to post-

acute sequelae of other viral infections, and (7) healthcare and policy responses. The formulated questions 

are provided in textbox 1. These have been co-defined with the FOPH to provide findings that best serve 

their policy needs. 

Textbox 1: Focus areas and corresponding questions 

Definitions  
Q1: Are there any new and relevant definitions? 
 
Prevalence 
Q2: What are the reported prevalence estimates? 
 
Symptoms, risk factors, and pathogenesis  
Q3: What are the clinical manifestations, symptom clusters, influencing factors, and potential causes? 
 
Therapy and rehabilitation  
Q4: What are the available and potential measures for therapy and rehabilitation? 
 
Socio-economic implications  
Q5: What are the socio-economic implications? 
 
Relation to post-acute sequelae of other viral infections 
Q6: How does PCC relate to post-acute sequelae of other viral infections? 
 
Healthcare and policy responses 
Q7: What are the healthcare and policy responses in other European nations and North America? 
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Methods 

We conducted (a) weekly automatic PubMed searches and (b) regular manual searches in Google Scholar 

and relevant websites (e.g., governmental). Findings are published by the FOPH every three to four months. 

This first version covers the period from December 2022 to April 2023 and additionally draws from our 

literature screening report “Long COVID: Evolving Definitions, Burden of Disease and Socio-Economic 

Consequences” published by the FOPH in December 2022.3 We included all types of research studies, 

including systematic reviews and meta-analyses. For Q2 (prevalence), we only reported studies with 

population-based samples and/or control groups and a mean follow-up of 12 weeks. Studies were classified 

as population-based if they used sampling procedures that are generally accepted to yield representative 

samples (e.g., probability sampling or census data). For Q2, we also reported estimates provided by health 

organizations, such as the United States (US) Centers for Disease Control and Prevention (CDC) and the 

World Health Organization (WHO). We triangulated all that evidence to provide prevalence estimates for 

children and adults. For Q4 (therapy and rehabilitation) we also reported upcoming studies, registered in 

clinicaltrials.gov. For Q7 (healthcare and policy responses), we primarily considered policy and news 

reports. For all remaining questions, we prioritized studies that we considered to be the most reliable, with 

representative samples and well-designed methodologies. We did not conduct a formal quality assessment 

of included studies, however, reported new findings in relation to study limitations and overall data 

reliability. Narrative reviews, editorials, opinion papers, and case reports were excluded.  

 

Structure 

The findings are presented in three parts. First, a constantly updated, cumulative state of the knowledge 

summary, covering Q1 to Q7. Second, a research update, covering Q1 to Q6 and presenting the latest 

evidence. Third, a response update (Q7) that provides an overview of public health responses in Europe, 

the US, and Canada.  
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Part 1: Executive summary 

In total, 46 new studies were identified, of which 26 were included.  Of these 26 studies, 16 were primary 

studies and 10 were literature reviews. The next paragraphs (1.1 to 1.7) provide a cumulative state of the 

knowledge summary, drawing from recent studies (as reported in part 2), as well as from our previously 

published literature screening report “Long COVID: Evolving Definitions, Burden of Disease and Socio-

Economic Consequences”.3 All 26 studies are listed in appendix 1. 

 

1.1: Definitions 

Long COVID and post COVID-19 condition are the currently most used terms in the literature. The WHO 

defines PCC as “(…) a condition that occurs in individuals with a history of probable or confirmed SARS-CoV-

2 infection, usually 3 months from the onset of COVID-19 with symptoms and that last for at least 2 months 

and cannot be explained by an alternative diagnosis”.4 Recently, it added a definition of PCC in children and 

adolescents. The definition strongly overlaps with that for adults, primarily differing in the highlighted 

symptoms. It states that PCC can be assumed in “individuals with a history of confirmed or probable SARS-

CoV-2 infection, when experiencing symptoms lasting at least 2 months which initially occurred within 3 

months of acute COVID-19”.5 The definition highlights fatigue, anosmia, and anxiety as the most common 

symptoms in children and adolescents.5  

 

1.2: Prevalence 

Among adults, three studies conducted in Switzerland report prevalence estimates between 16% and 

26%.6-8 A recent population-based cohort study in Sweden reported that 1% of non-hospitalized, 6% of 

hospitalized, and 32% of ICU-treated participants received a PCC diagnosis during follow-up of (90 days 

minimum).9 Another recent study in the Netherlands reported a PCC prevalence of 13% (follow-up of 90 to 

150 days). Germany’s Robert Koch Institute emphasized that current health insurance data indicate a PCC 

prevalence (ICD-10 code U09.9) of about 6%.10 Austria’s Corona Panel Project reported a prevalence of 

about 18%, similar to the US Household Pulse Survey, which reported a prevalence between 11% and 

17%.11,12 The WHO reported that “studies show that around 10–20% of people infected by SARS-CoV-2 may 

go on to develop symptoms that can be diagnosed as long COVID”.13 Not all PCC patients experience severe 

symptoms. A Swiss study reported that at 6 months, about 70%, 20%, and 10% of PCC patients reported 
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mild, moderate, and severe impairment, respectively.8 All reported prevalence estimates are applicable to 

the definition provided by the WHO.4 

 

Among all infected children and adolescents, we estimate the overall PCC prevalence to be about 3%. This 

estimate is based on two population-based studies.14,15 The first, the Swiss Ciao Corona study was based on 

a random sample and encompassed both tested and untested children.14 The second, a household cohort 

study conducted in England and Wales also included tested and untested children.15 In both studies, 

selection bias (based on actively seeking care and testing) was considered to be low.3  Both studies were 

included in our previously published literature screening report.3 This version of the literature screening 

report did not find any similar new studies on PCC prevalence in children or adolescents.  

 

1.3: Symptoms, risk factors, and pathogenesis  

The literature reports over 50 different PCC symptoms. In adults, the most frequently reported symptom 

is fatigue, followed by headaches, chest pain, breathing difficulties, smell and taste disturbances, muscle 

and joint pain, cognitive impairments, sleep, and anxiety disorders.3,16 In children and adolescents, a new 

meta-analysis reported that altered or lost smell, anxiety, fatigue, headache, loss of appetite, 

earache/ringing in ears, and sore eyes are the most commonly experienced symptoms (in addition to 21 

less common symptoms, outlined in table 1).5 In most cases, symptoms tend to improve over time. Mean 

duration is estimated at about nine months among hospitalized and four months among non-hospitalized 

individuals, with about 15% of PCC patients still experiencing symptoms 12 months post-infection.16 A 

recent study has identified the following six PCC subtypes: (1) multisystem and lab, (2) pulmonary, (3) 

neuropsychiatric, (4) cardiovascular, (5) pain and fatigue, and (6) multisystem and pain (see table 2).17  

 

The literature on risk factors is emerging and provides new evidence on the role of vaccines and 

reinfections.18-21 In adults, female sex, age (40+ years), comorbidities, the severity of acute disease 

(hospitalization or intensive care unit (ICU) treatment), obesity, non-vaccination, the presence of IgM and 

IgG antibodies, and active smoking may be increasing the risk for PCC.3,18,22 Many of these factors, such as 

the number of symptoms during acute disease, the severity of acute disease, missing vaccination, 

increasing age, and comorbidities, have been previously linked to the severity of PCC (e.g., cardiovascular 

involvement, increased disability, prolonged fatigue).8,23-25 
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In children and adolescents, female sex, age (>10 years), history of allergic conditions, other pre-existing 

chronic conditions, overall poorer physical and mental health, and severity of acute disease (hospitalization, 

number of symptoms) may be increasing the risk for PCC.3,26  Whether and how these factors impact PCC 

severity for children and adolescents remains an evidence gap. 

 

Early reports highlighted good physical fitness levels, being treated with interferon β-1b based triple 

antiviral therapy during hospital stay, and a nutrition rich in vitamins B, C, D, E, magnesium, selenium, zinc, 

flavonoids and polyphenols, curcumin, and sulforaphane during acute disease as potentially protective.3,27 

Recent evidence, including two Swiss studies, suggests that (1) an Omicron infection (as compared to 

Delta), (2) previous vaccination (2 doses), and (3) reinfection may all be associated with lower chances of 

new-onset PCC in adults.18-21,28 Previous evidence suggests that for some, post-infection vaccination may 

be associated with reduced PCC severity (therapeutic effects).29-32 Whether and how the remaining 

protective factors are associated with PCC severity remains an evidence gap.  

 

The evidence on PCC protective factors for children and adolescents is not established yet. Previous 

evidence suggested that vaccination decreases the chances of severe acute disease in children.33  

Considering that severity of acute disease is a PCC risk factor, it could be assumed that vaccination may act 

as a protective factor for children and adolescents. Whether and how protective factors impact PCC severity 

remains an evidence gap.  

PCC pathogenesis remains unclear. However, plausible theories are emerging. A recent article summarizes 

the five most prominent theories, being (1) immune dysregulation, (2) microbiota dysbiosis, (3) 

autoimmunity and immune priming, (4) blood clotting and endothelial abnormalities, and (5) dysfunctional 

neurological signaling.27  

 

1.4: Therapy and rehabilitation 

There is currently no established PCC cure. Most treatments aim to reduce symptoms. Currently, there are 

four ongoing Swiss studies registered in clinicaltrials.gov (see table 3). The first is a phase two randomized 

controlled trial (RCT) aiming to evaluate the efficacy and safety of temelimab for treating PCC-related 

neuropsychiatric symptoms.34 The second RCT aims to evaluate the effects of 10 mg fampridine (4-

Aminopyridine) on working memory performance in individuals with PCC and subjective cognitive 

impairment.35 A third trial, evaluating the efficacy of BC 007 is expected to start in summer 2023.36 Beyond 
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Switzerland, a search in clinicaltrials.gov revealed 13 completed trials on PCC treatment and rehabilitation 

(see appendix 2). None of the trials had published results yet. A recently published review provided an 

overview of potential treatment approaches (see table 4).27 Two trials on preventive treatments reported 

that early administration of metformin or nirmatrelvir (during acute SARS-CoV-2 infection) may reduce the 

risk for PCC.37,38 

The WHO’s living guidance for COVID-19 management was recently complemented with a new section on 

the rehabilitation of adults with PCC.13 It outlines the importance of (1) standardized symptoms assessment 

and outcome measurements, (2) adequate follow-up systems, and (3) appropriate referral systems. The 

guidance also provides rehabilitation recommendations for specific PCC symptoms (see table 5).13 

 

1.5: Socio-economic implications 

In a subset of patients, PCC has a negative impact on quality of life and can lead to functional restrictions, 

as well as impaired family and social life.39-42 PCC also negatively impacts work life, primarily in those with 

moderate to severe symptoms. A recent study from Switzerland reported reduced work ability among 

individuals with PCC compared to those without, with 5.8% of those with PCC reporting direct work-life 

disruptions or even complete inability to work (1.6%).43 A study from Germany reported that 6% of all 

participants with a previous SARS-CoV-2 infection were unable to work.22 

Recent reports from the United Kingdom (UK) and the US highlight that about 16-25% of PCC patients had 

at some point adjusted their working hours or remained out of work.44,45 First reports on the economic 

impact of PCC on healthcare systems have recently started to emerge. A UK-based retrospective matched 

cohort study reported that the incremental costs per patient were significantly higher for those diagnosed 

with PCC, primarily linked to telephone consultations, and adding up to about £23 million in national costs.46 

The US-based COVID-19 Longhauler Advocacy Project estimates the average medical cost per PCC patient 

at about $36,000.47 

 

1.6: Relation to post-acute sequelae of other viral infections 

The long-term symptoms of SARS-Cov-2 are not a surprising or unexpected phenomenon.48 At least since 

the Russian and Spanish flu (1898 and 1918) post-viral syndromes have been described with symptoms 

very similar to those reported for PCC.49,50 Other well-known viral pathogens, such as polio, Ebola, dengue, 
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SARS-CoV-1, chikungunya, West Nile virus, and MERS-CoV are linked to the development of largely 

unexplained post-viral syndromes (see table 6).51,52 The clinical presentation of post-viral syndromes, 

including PCC, is heterogeneous but exhibits a set of common systemic symptoms, such as exertion 

intolerance, fatigue, unrefreshing sleep, flu-like symptoms, neurocognitive and sensory symptoms, as well 

as muscle and joint pain.51 Dyspnea, fatigue, reduced exercise capacity, and psychological impairment are 

common long-term symptoms shared between SARS-CoV-1, SARS-CoV-2, and MERS-CoV.52 

A key similarity between many post-viral syndromes, including PCC, is the diagnosis of myalgic 

encephalomyelitis/chronic fatigue syndrome (ME/CFS).48,51 A considerable subset of PCC patients meet the 

criteria for ME/CFS.27,48 Common symptoms for both PCC and ME/CFS patients are post-exertional malaise, 

dysautonomia, postural tachycardia syndrome (PoTS), and exercise intolerance. The underlying 

mechanisms of post-viral ME/CFS are multiple, complex, and remain poorly understood. Viral pathogens 

(including SARS-CoV-2) likely lead to biological abnormalities, such as the dysregulation of host gene 

expression, immunity, metabolism, and the brainstem, which in turn cause ME/CFS symptoms.48 Currently 

there are no recognized pharmacological or non-pharmacological treatments of post-viral syndromes.53-56 

At this point, it is difficult to compare the prevalence of post-viral syndromes across pathogens. The main 

reason is that such population-wide testing for a virus was done for the first time during the COVID-19 

pandemic. Thus, population-based studies have a stronger basis for valid estimates of the prevalence of 

PCC since testing ranged from asymptomatic individuals to patients with severe COVID-19. Such studies 

could not be conducted before the COVID-19 pandemic. Yet, that has sparked new research that aims to 

assess long-term symptoms following different pathogens. For example, an ongoing study from Australia 

(currently only available as a research poster) aims to compare post-viral syndromes following SARS-CoV-2 

and influenza infections. Preliminary results are available for the first three months after infections.57 The 

study found similar prevalence estimates of long-term symptoms (up to 12 weeks) after SARS-CoV-2 and 

influenza infections and concluded that there was no evidence of a difference in the risk to develop 

moderate to severe long-term symptoms.57 

 

1.7: Healthcare responses 

News reports from Switzerland, as well as neighboring countries (e.g., Germany), highlight some PCC 

patients feel that their medical needs are not adequately addressed.58,59 That indicates that many European 
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healthcare systems are not fully prepared to address the entire spectrum of PCC-related care needs. As 

underlined by experts, the burden of PCC on healthcare systems is likely underestimated.  

Some noteworthy new healthcare and policy responses are the UK’s “Your COVID Recovery” digital 

program, the WHO’s living guidance on PCC rehabilitation, and Canada’s Task Force on PCC.13,60,61 In 

Switzerland, two online platforms, Altea and Rafael, offer information, self-management support, links to 

health care providers and opportunities for exchange for both persons affected by PCC and health care 

providers.62,63 Many countries, including the UK, Germany, and France have renewed their commitment to 

addressing PCC with more funding for research. Table 7 provides some recent healthcare responses and 

policies in Europe, the US, and Canada.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://altea-network.com/
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Part 2: Research and therapy update  

 

2.1: Are there any new and relevant definitions? 

No new terms or definitions were identified for PCC in adults. For children and adolescents, the WHO has 

recently issued a new clinical case definition, generated by a Delphi consensus, and informed by a 

systematic review and meta-analysis.5,64 The definition strongly overlaps with that for adults, primarily 

differing in the highlighted symptoms. It states that PCC can be assumed in “individuals with a history of 

confirmed or probable SARS-CoV-2 infection, when experiencing symptoms lasting at least 2 months which 

initially occurred within 3 months of acute COVID-19”.5 Fatigue, anosmia, and anxiety were described as the 

most common symptoms in children and adolescents. Due to the lack of evidence and the non-specific 

nature of symptoms, the definition highlights further 21 symptoms that should be considered (see section 

2.3.1, table 1).5 

The definition also states that symptoms “generally have an impact on everyday functioning, such as 

changes in eating habits, physical activity, behavior, academic performance, social functions (interactions 

with friends, peers, family), and developmental milestones”.5 Furthermore, it states that “symptoms may 

be new onset following initial recovery from an acute COVID-19 episode or persist from the initial illness, 

and they may also fluctuate or relapse over time”.5 A manuscript published in the Lancet Respiratory 

Medicine described this definition as a good start but emphasized its shortcomings.64 First, providing a 

definition that only highlights three symptoms (although children seem to have a constellation of 

symptoms) might dominate the narrative. Second, the current definition does not include post-exertional 

symptom exacerbation, which may lead to some children being “pushed too hard too soon”. Third, the 

definition does not distinguish between those children with manageable symptoms and those with severe 

impairments.64  

 

2.2: What are the reported prevalence estimates?  

2.2.1 Reported by recent primary studies and reviews   

A population-based cohort study in Sweden reported the number of PCC diagnoses among adult Stockholm 

County residents with a previously verified SARS-CoV-2 infection (from May 2020 to July 2021).9 The study’s 

outcome was PCC diagnosis (ICD-10 code U09.9), recorded 90 days (minimum) after a positive test. Follow-
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up was between three and 12 months. The final cohort sample included 204,805 SARS-CoV-2-positive 

individuals. Of those, 93% were non-hospitalized, 6% were hospitalized, and 1% received ICU treatment. 

During follow-up, 1.5% received a PCC diagnosis. Further broken down according to disease severity, 1% of 

non-hospitalized, 6% of hospitalized, and 32% of ICU-treated participants received a PCC diagnosis during 

follow-up. Limitations: The study most likely underestimated the occurrence of PCC as for a large part of 

the study, there was no standard clinical definition, likely leading to misclassification and underreporting. 

The impact of vaccination was not assessed.9 

A recent population-based cohort study in the Netherlands reported the prevalence of PCC in adults living 

in the northern parts of the country.65 The study was conducted between March and August 2021 and 

included participants with a previous SARS-CoV-2 diagnosis (n=4,231), as well as matched SARS-CoV-2-

negative controls (n=8462). Follow-up was between 90 and 150 days. About 21.4% of previously infected 

participants and 8.7% of negative controls had at least one new or substantially increased symptom. Thus, 

12.7% of patients had long-term symptoms that could be attributed to SARS-CoV-2. Limitations: The study 

assessed only 23 somatic symptoms that were considered key at the beginning of the pandemic, excluding 

cognitive symptoms (e.g., brain fog). The exact date of SARS-CoV-2 diagnosis was unknown. The study likely 

underestimates PCC prevalence.65  

Studies that provide population-based prevalence estimates for children and adolescents are less common. 

A prospective international cohort study recruited children and adolescents across 36 emergency 

departments in eight countries (between March 2020 and January 2021). Comparing 1,884 children with a 

previous SARS-CoV-2 infection and 1,701 SARS-CoV-2-negative frequency matched controls, the study 

aimed to estimate the prevalence of PCC at 90 days post-infection.66 Children with a previous SARS-CoV-2 

infection were more likely to report long-term symptoms. 4.2% of non-hospitalized SARS-CoV-2-positive 

children and 2.7% of negative controls reported symptoms at 90 days. 10.2% of previously hospitalized 

SARS-CoV-2-positive children and 5% of negative controls reported symptoms at 90 days. Limitations: The 

study assessed PCC through an open-ended caregiver questionnaire which may have underestimated 

actual prevalence. Matching was conducted on country and not on emergency department level.66 
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2.2.2 Reported by national and international organizations  

Germany’s Robert Koch Institute underlined that current prevalence estimates vary and are not robust 

enough (e.g., due to a lack of studies with representative sample sizes and control groups). The institute 

emphasized that current health insurance data indicate a PCC prevalence (ICD-10 code U09.9) of about 

6%.10 France’s “Sante Publique” referred to a nationwide survey and estimated current PCC prevalence in 

persons with confirmed SARS-CoV-2 infection at about 30%. The survey relied on volunteers, recruited from 

a panel, which likely led to an overestimation.67 For Austria, the University of Vienna emphasized that there 

are no official data yet. Based on the findings of the Austrian Corona Panel Project, which surveyed a 

representative sample of 1,500 randomly selected individuals, the prevalence was estimated at about 

18%.11 The experimental US Household Pulse Survey (n=67,279) reported that as of January 2023, 11% of 

respondents reported active PCC symptoms, while 17% reported experiencing PCC in the past.12 Finally, 

the WHO reported that “studies show that around 10–20% of people infected by SARS-CoV-2 may go on to 

develop symptoms that can be diagnosed as long COVID”.13 

 

2.3: What are the clinical manifestations, symptom clusters, influencing factors, and 

potential causes? 

2.3.1 Clinical manifestations  

For adults, all symptoms have been described extensively in our previous literature screening report.27 

Recent studies did not add any new symptoms but confirmed that the most common symptoms include 

fatigue, dyspnea, muscle pain, concentration problems, chest tightness, loss of smell and taste, and 

memory impairments.68 

For children and adolescents, the evidence is emerging. A recent systematic review undertaken for WHO’s 

clinical case definition reported the findings of 60 studies (n=328,875) and described a range of PCC 

symptoms.5 Meta-analyses suggested that children with a previous SARS-CoV-2 infection had significantly 

higher proportions of the following symptoms: altered or lost smell, anxiety, fatigue, headache, loss of 

appetite, earache/ringing in ears, and sore eyes. The study highlighted a total of 24 symptoms, all listed in 

table 1. Limitations:  Only 37% of those studies assessed outcomes at three months and beyond.5 
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Table 1. PCC symptoms in children and adolescents5 

Fatigue Altered smell or anosmia Anxiety 
Chest pain Cognitive difficulties Cough 
Diarrhoea  Dizziness  Dyspnoea  
Earache  Fever  Headache  
Insomnia  Joint pain or swelling  Light sensitivity 
Loss of appetite  Mood swings Myalgia  
Nausea  Palpitations Postural symptoms  
Rash Stomach pain  Sore eyes or throat  

*this table was extracted from the original publication without any major language adjustments5  

 

2.3.2 PCC clusters/subtypes  

Reese and colleagues used machine learning to stratify PCC patients into clusters and define PCC 

subtypes.17 Data were retrieved from the US National COVID Cohort Collaborative, which integrates 

multiple electronic health record data across multiple organizations. The cohort included 6,469 individuals 

with PCC and identified six clusters, summarized in table 2.  Limitations: Study inclusion required a U09.9 

code, which was introduced recently and therefore excludes PCC patients from earlier phases of the 

pandemic.17 

Table 2. Machine-learning identified PCC clusters/subtypes17 

Cluster  Description  

Cluster 1: multisystem and lab  Symptoms across multiple system categories and abnormal 

laboratory findings. Cluster with large proportions of older patients, 

highest clinical severity, and highest mortality.  

Cluster 2: pulmonary Symptoms such as hypoxia and cough. Cluster with large proportions 

of older patients. 

Cluster 3: neuropsychiatric   Symptoms such as headache, insomnia, depression, sleep apnoea, 

mobility, and sensory issues.  

Cluster 4: cardiovascular  Symptoms such as tachycardia, palpitations, and hypoxemia. 

Cluster 5: pain and fatigue  Symptoms such as pain, chest pain, and fatigue. 

Cluster 6: multisystem and pain Highest frequency of pain. Similarities with cluster 1, yet much lower 

laboratory abnormalities. Cluster with large proportions of female 

patients. 

*this table was extracted from the original publication with minor language adjustments17  
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2.3.3 Influencing factors    

The evidence on risk and protective factors is evolving but mostly confirmed previous findings.27 A study 

from Germany conducted an online survey among 199,377 registered potential stem cell donors (18-61 

years).22 Of these, 12,609 reported previous SARS-CoV-2 infection, with the remaining 186,768 acting as 

controls. Participation was completed in September 2021. The severity of acute infection and age were 

reported as risk factors. The 40-61 age group had a higher risk than all other age groups for 18 out of 20 

symptoms (except loss of taste and smell, and diarrhea). Limitations: The findings are only generalizable to 

Germany’s working-age population.22  

A systematic review and meta-analysis assessed PCC risk factors (in adults) based on 41 primary studies 

(n=860,783).18 Pooled odds ratios (ORs) suggested that female sex (OR, 1.56; 95% CI, 1.41-1.73), age (OR, 

1.21; 95% CI, 1.11-1.33), high body mass index (BMI) (OR 1.15; 95% CI 1.08-1.23), smoking (OR 1.10; 95% 

CI 1.07-1.13), comorbidities (OR 2.48; 95% CI 1.97-3.13 ), and previous hospitalization or ICU treatment 

(OR 2.37; 95% CI 2.18-2.56) may all be PCC risk factors. The only reported protective factor was vaccination 

(two doses) (OR 0.57; 95% CI 0.43-0.76). Limitations: Some meta-analyses had strong statistical 

heterogeneity.18 

For children, a systematic review described in more detail under 2.2.1 reported the following risk factors: 

older age (>10), female sex, poor physical and mental health, and severe acute disease (higher number 

symptoms, hospitalization).26 

 

2.3.4 Impact of emerging variants, vaccination, and reinfections 

A recent cohort study in Norway (n=1,323,145) found that up to 90 days post-infection, those with a 

previous Omicron infection had a similar risk of certain PCC symptoms (e.g., fatigue, cough, heart 

palpitations, shortness of breath, and mental health disturbances) as individuals with a previous Delta 

infection.69 Beyond 90 days post-infection, those with an Omicron infection had a lower risk of having any 

PCC symptom than those with a previous Delta infection. Limitations: The included sample was probably 

more health conscious than the general population, and to test and receive care. Some of the study’s 

outcomes may have been misclassified, underreported, and underpowered.69 

A recent study in Switzerland assessed PCC at 12 weeks after an Omicron infection (BA.1 and BA.2) 

compared with negative controls.19 The study also assessed associations between PCC prevalence and 
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vaccination status. Participants (1,807 cases and 882 controls) were recruited through the CoviCare 

program of the Geneva University Hospitals. About 11.7% of cases reported PCC symptoms at 12 weeks 

post-infection compared with 10.4% of negative controls. Vaccinated cases reported fewer symptoms 

(9.7%) than non-vaccination cases (18.1%). Limitations: The study’s response rate was low (30%), increasing 

the risk of participation bias and limiting generalizability.19 

The latest systematic review on the role of vaccines in preventing or treating PCC was recently published 

in the BMJ Medicine.20 The review included 16 studies. Twelve studies assessed the role of vaccination 

before infection (preventive). Of these, 10 reported significantly lower PCC risk. Overall, odds ratios for 

developing PCC ranged between 0.22 and 1.03 after one dose; 0.25 and 1 after two doses; and 0.48 and 

1.01 after any dose. Five studies assessed the role of vaccination after SARS-CoV-2 infection (therapeutic). 

Odds ratios ranged between 0.38 and 0.91, suggesting potential therapeutic effects. Limitations: The risk 

of bias in primary studies was assessed to be high, with often missing adjustments for confounders. The 

overall evidence remains low.20 

A community-based cohort study (n=140,647) used data from the UK COVID-19 Infection Survey (a random 

sample of the population) to assess the risk of PCC after SARS-CoV-2 reinfection.21 Of the total sample, 

126,108 were first infections and 14,539 were reinfections (between November 2021 and October 2022). 

The follow-up time was 14 weeks (median). Compared to participants with initial infections, reinfected 

participants (16 years or older) had 28% lower odds of new-onset PCC (any severity) and 34% lower odds 

of severe new-onset PCC (after adjusting for vaccination status). Limitations: Participants with short 

reinfection times (<12 weeks) were excluded. The study is still under review (preprint) and should be 

viewed with caution.21 

 

2.3.5 Pathogenesis  

A review article recently published in Nature Reviews Microbiology, summarized the major findings on PCC 

theories of pathogenesis.27 The five most prominent theories of pathogenesis include (1) immune 

dysregulation (which may reactivate dormant pathogens such as Epstein-Barr virus, (2) microbiota 

dysbiosis, (3) autoimmunity and immune priming, (4) blood clotting and endothelial abnormalities, and (5) 

dysfunctional neurological signaling.27 
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2.4: What are the available and potential measures for therapy and rehabilitation? 

2.4.1 Treatment and rehabilitation research (Switzerland) 

There is no established PCC cure. Most treatments that are currently explored aim to reduce diverse PCC 

symptoms. A search in clinicaltrials.gov revealed four ongoing studies in Switzerland (see table 3). Both 

trials are active and have no published results yet. A third trial, evaluating the efficacy of BC 007 is expected 

to start in summer 2023.70 The effects of Pycnogenol (extract from the bark of the French maritime pine) 

on PCC will be evaluated with a randomized controlled trial conducted by the University of Zurich. The trial 

is currently in the registration process.  

Table 3. Ongoing PCC trials in Switzerland (clininicaltrials.gov) 

Trial Description  

Temelimab as a Disease Modifying 

Therapy in Patients with Neuropsychiatric 

Symptoms in Post-COVID-19 or PASC 

Syndrome34 

 Phase: Phase two RCT (24 weeks), recruiting  

 Aims: To evaluate the efficacy and safety of temelimab 

(54mg/kg) for treating PCC-related neuropsychiatric 

symptoms in patients who had SARS-CoV-2 but did not 

receive ICU treatment  

Influence of Fampridine on Working 

Memory in Individuals with Post COVID-19 

Condition with Subjective Cognitive 

Impairment35 

 Phase: recruiting 

 Aims: To evaluate the effects of 10 mg fampridine (4-

Aminopyridine), a potassium channel-blocking agent, on 

working memory performance in individuals with PCC with 

subjective cognitive impairment 

 

2.4.2 Treatment and rehabilitation research (globally)   

A search in clinicaltrials.gov revealed 13 completed trials on PCC treatment and rehabilitation (see appendix 

2). None of the trials had published results yet. The review article by Davis and colleagues, published in 

Nature Reviews Microbiology provided a table with the most prominent therapy approaches to date. Part 

of the table was extracted in its original form (see table 4). For more detailed information, please refer to 

the publication.27 
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Table 4. Potential PCC treatments27 

Symptoms and/or biological mechanism  Potential treatment(s)  

Post-exertional malaise  Pacing  

POTS  

Pharmacological: β-blockers, pyridostigmine, fludrocortisone, 

midodrine  

Non-pharmacological: increase salt and fluid intake, intravenously 

administered salt, compression stockings  

Immune dysfunction  Intravenous immunoglobulin  

Cognitive dysfunction  Cognitive pacing and post-concussion syndrome protocols 

Fatigue  Coenzyme Q10, d-ribose  

Pain, fatigue, neurological symptoms  Low-dose naltrexone  

Fatigue, unrefreshing sleep, brain fog  Low-dose aripiprazole  

Autoimmunity  BC007  

Abnormal clotting  Anticoagulants  

Abnormal clotting  Apheresis  

Viral persistence  Paxlovid  

Endothelial dysfunction  Sulodexide  

Gastrointestinal symptoms  Probiotics  

Dysautonomia  Stellate ganglion block  

Endothelial function, microcirculation, 

inflammatory markers, and oxidative 

stress  

Pycnogenol  

*this table was extracted from the original publication with no major language adjustments27 

In addition, the WHO’s living guidance for COVID-19 management was recently complemented with a 

section on the rehabilitation of adults with PCC.13 The document outlines three key elements for successful 

rehabilitation delivery: (1) interdisciplinary rehabilitation teams, (2) continuity and coordination of care, 

and (3) people-centered care, and shared decision-making. These elements depend on (1) standardized 

symptoms assessment and outcome measurements, (2) adequate follow-up systems, and (3) appropriate 

referral systems. The guidance also provides rehabilitation recommendations for specific PCC symptoms 

(see table 5). The WHO outlined that the evidence for all recommendations remains weak.13  
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Table 5. WHO living guidance PCC rehabilitation recommendations13 

Symptom/ Condition Recommendations  

Post-exertional malaise  

 

 Education and skills training on energy 
conservation techniques (pacing) 

Arthralgia  

 

 Pain education, skills training on self-
management strategies, prescription of short-
term anti-inflammatory drugs, and physical 
exercise training  

Dyspnoea  

 

 Education and skills training on self-
management strategies such as breathing 
control techniques, pacing approaches, and 
physical exercise training 

Cognitive impairments  

 

 Education, skills training on self-management 
strategies, and cognitive exercises 

Fatigue   Education, skills training on energy 
conservation techniques (pacing), and a 
cautious physical exercise training 

Depression  Psychological support, mindfulness-based 
approaches, peer support, and physical 
exercise training 

 
Olfactory dysfunction  

 

 Education and skills training for olfactory 
training  

 
Orthostatic intolerance  

 

 Education and skills training on self-
management strategies and physical exercise 
training 

 
Dysphagia  

 

 Education and skills training on positioning, 
manoeuvres and dietary modifications, and 
swallowing exercises 

*this table’s content was extracted from the original publication with minor language adjustments13 
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2.4.3 Preventive treatment research (globally) 

The COVID-OUT trial was a US-based multi-site clinical trial assessing the effects of three drugs (metformin, 

ivermectin, and fluvoxamine) on PCC development among overweight or obese adults (>30 years of age).37 

The drugs were prescribed during acute SARS-CoV-2 infection in an outpatient setting. The trial included 

1,323 participants, 1,125 of which were followed up to nine months (and beyond). Findings suggested a 

42% (relative) and 4.3% (absolute) decrease in PCC incidence among participants who started metformin 

early (within four days after SARS-CoV-2 symptom onset) (HR 0.37; 95%, CI 0.15-0.95). No effects were 

found for ivermectin or fluvoxamine. Limitations: The trial excluded low-risk patients (low BMI and below 

30 years of age) and the effects may therefore not be generalizable to all PCC patients. The results are 

currently under review (preprint).37 

A recently published cohort study used data from US Department of Veterans Affairs and explored the 

potential impact of early treatment (<5 days after a positive SARS-CoV-2 test) with the antiviral drug 

nirmatrelvir on PCC development.38 The study included 35,717 cases (treated with nirmatrelvir) and 

246,076 controls (no antiviral or antibody treatment). Overall, nirmatrelvir was found to be associated with 

reduced PCC risk (RR 0.74; 95% CI 0.72-0.77), reduced mortality (HR 0.53; 95% CI 0.46-0.61), and reduced 

post-acute hospitalization (HR 0.76; 95% CI 0.73-0.80), irrespective of vaccination status and number of 

previous infections. Limitations: The cohort primarily included older, white, male adults, and the results 

might therefore be not generalizable beyond that group.38 

 

2.5: What are the socio-economic implications? 

2.5.1 Impact on employment    

A recent study used data from a population-based, prospective cohort (n=672) in the Canton of Zurich and 

assessed the impact of PCC on work ability and occupational adjustments.43 All participants were of working 

age (18-64), infected with wildtype SARS-CoV-2, and not vaccinated at the time of infection. The study 

reported strong evidence (1) of reduced work ability among individuals with PCC compared to those 

without, and (2) for lower odds to report higher ability (physical or mental demands) among individuals 

with PCC compared to those without. Work ability reduction was stronger with increasing age and among 

those with previous psychiatric illnesses. The study also found that 5.8% of individuals with PCC reported 

that their symptoms directly impacted their work life, while 1.6% had to completely stop working. Among 

those who reported occupation disruptions, 43% also faced financial difficulties. Limitations: The study has 
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a limited generalizability to individuals with more severe acute infection or those that have been 

vaccinated. The study is currently under review and published as a preprint.43 

A survey (n= 3,296) by the UK’s Trade Union Congress found that about 20% of respondents who reported 

PCC symptoms were not working at the time of the survey, while about 16% had to adjust their working 

hours.44 An updated Brookings Metro report used recent data from the US Household Pulse Survey to 

estimate the impact of PCC on the US labor market.45 The report stated that in 2022 around 16 million US 

citizens (aged 18 to 65) reported living with PCC. About two to four million were at some point out of work 

due to the condition which might total up to $170 billion of lost annual wages.45 

 

2.5.2 Economic impact on healthcare systems   

First reports on the overall economic implications of PCC have recently started to emerge. A UK-based 

retrospective matched cohort study (n=472,174) compared the costs related to primary care among 

individuals with previous SARS-CoV-2 infection and a propensity score matched negative control group.46 

The study compared costs after 12 weeks of acute infection without hospitalization. Incremental costs per 

patient were significantly higher for those with a previous SARS-CoV-2 infection (£2.44) and much higher 

for those diagnosed with PCC (£30.52). The study links most of these additional costs to primary care 

telephone consultations and estimates about £23 million in national costs related to PCC. Limitations: The 

used primary care records often lacked a PCC diagnosis. Despite the propensity score matching, some 

confounding risks remained.46 

A historical cohort study in Israel analyzed data from 180,759 individuals with a previous SARS-CoV-2 

infection and compared medical costs between PCC and non-PCC groups over 12 months.71 Compared to 

pre-infection periods, PCC was associated with doubled direct medical costs (across all in- and outpatient 

medical services). In comparison, the cost increase among individuals without PCC was relatively low 

(7.5%). Limitations: The used data often lacked physician-diagnosed PCC diagnosis, as well as information 

on symptom length. The study could therefore not distinguish between ongoing symptomatic COVID-19 

(<12 weeks) and PCC (>12 weeks).71 
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2.6: How does PCC relate to post-acute sequelae of other viral infections? 

The long-term symptoms of SARS-CoV-2 are not a surprising or unexpected phenomenon.51 Many other 

well-known viral pathogens are linked to the development of long-term symptoms, and although they 

cause a significant healthcare burden, they remain largely unexplained.51 Two reviews published in Nature 

Medicine and Science Immunology explore the literature and describe other common post-viral syndromes 

(see table 6), as well overlapping themes and underlying mechanisms.51,52 The following paragraphs 

summarize parts of these two reviews. 

Table 6. Viral pathogens with known post-viral conditions51,52 

Viral pathogen Name(s) of post-viral condition 

Ebola Post-Ebola syndrome, post-Ebola virus disease 
syndrome 

Dengue Post-dengue fatigue syndrome 
Polio Post-polio syndrome 
SARS-CoV-1 Post-SARS-syndrome 
Chikungunya Post- chikungunya chronic inflammatory 

rheumatism, post-chikungunya disease 
Epstein-Barr virus N/A 
West Nile virus N/A 
Ross River virus N/A 
Coxsackie B virus  N/A 
H1N1/09 influenza N/A 
Varicella-zoster virus  N/A 
MERS-CoV N/A 
Respiratory syncytial virus N/A 
Rhinovirus N/A 

*this table’s content was extracted from the original publications with minor language adjustments51,52 

The clinical presentation of post-viral conditions, including PCC, is heterogeneous, yet exhibits a set of 

common systemic symptoms.51 These are listed in textbox 2. 

Textbox 2: Common symptoms of post-viral syndromes51 

(1) Exertion intolerance, fatigue, unrefreshing sleep  

(2) Flu-like symptoms: fever, malaise, sweating, feeling ill 

(3) Neurocognitive and sensory symptoms: brain fog, memory, and concentration difficulties, 

sensory impairments, irritability, and signs of depression  

(4) Pain (myalgia, arthralgia)  

*this textbox was extracted from the original publication with minor language adjustments51  
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Dyspnea, fatigue, reduced exercise capacity, and psychological impairment are common long-term 

symptoms shared between SARS-CoV-1, SARS-CoV-2, and MERS-CoV.52 Beyond these shared symptoms, 

post-viral conditions exhibit a range of broad, heterogeneous trigger-specific symptoms.51 For example, 

Ebola seems to be linked to chronic eye inflammations, while polio and West Nile virus seem to lead to 

motor impairments and muscle weakness.51 

 

2.6.1 Prevalence estimates of post-viral syndromes  

The poor understanding of post-viral syndromes leads to lacking clinical recognition, underdiagnosis, and 

inadequate care.51 Thus, data on their prevalence are limited.51 Broadly, available data suggest that for 

most post-viral syndromes, as with PCC, the prevalence gradually decreases over time, with a subset of 

patients exhibiting symptoms over multiple years (e.g., Ebola, chikungunya).51 An ongoing study from 

Australia (n=19,758, currently only available as a research poster) aims to compare post-viral syndromes 

following SARS-CoV-2 and influenza infections. Preliminary results are available on only the first three 

months after infections.57 The study found that among those with SARS-CoV-2 infections (n=2,195), 21.4% 

reported symptoms at 12 weeks and 4.1% faced moderate to severe limitations. Similarly, among those 

with a previous influenza infection (n=951), 23% reported symptoms at 12 weeks and 4.4% experienced 

moderate to severe limitations. The study concluded that there was no evidence of a difference in the risk 

to develop long-term symptoms (up to 12 weeks) between SARS-CoV-2 and influenza infections.57 

 

2.6.2 Myalgic encephalomyelitis/chronic fatigue syndrome 

Two further reviews, one published in Nature Reviews Microbiology and the other in Frontiers in 

Microbiology, discuss the underlying mechanisms of PCC, as well as major theories of pathogenesis.27,48 

Both emphasize the linkages between PCC and the diagnosis of ME/CFS. This is not surprising, as around 

75% of ME/CFS cases are triggered by infections.27,48 Dengue fever is one of the better-known causes of 

post-viral fatigue, followed by the H1N1/09 influenza virus, as well as the varicella-zoster virus. ME/CFS has 

been linked to PCC, with a large subset of PCC patients meeting the criteria for ME/CFS.27 Common 

symptoms for both PCC and ME/CFS patients are post-exertional malaise, dysautonomia (especially PoTS), 

and exercise intolerance. Common abnormalities include mitochondrial dysfunction, altered fatty acid 

metabolism, redox imbalance, impaired oxygen extraction, endothelial dysfunction, micro-clots, and 

hyperactivated platelets.27 
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The underlying mechanisms of post-viral ME/CFS remain poorly understood. It is likely that viral pathogens 

lead to certain biological abnormalities, such as the dysregulation of host gene expression, immunity, and 

metabolism, leading to ME/CFS symptoms.48 Changes and inflammation of the brainstem have been linked 

both to SARS-CoV-2 and ME/CFS, presenting one potential link between the two conditions.48 Another 

recent study (n=120) links body temperature, peripheral oxygen saturation, increased oxidative toxicity, 

and lowered antioxidant defenses during acute SARS-CoV-2 infections to the development of ME/CFS 

symptoms.72 The overall evidence remains weak.  

 

2.6.3 Treatment of post-viral syndromes 

Currently, there are no recognized pharmacological or non-pharmacological treatments for post-viral 

syndromes.53-55 Most approaches mainly aim to alleviate individual symptoms. For ME/CFS, there are 

currently no approved drugs or widely accepted treatments.56 Therapies mainly target symptom 

management, often focusing on overall well-being and psychological sequelae. Until recently, evidence 

supported the use of cognitive behavioral therapy and graded exercise therapy. Recent reports highlight 

that both approaches mostly lead to adaptation and not recovery. The U.K. National Institute for Care and 

Health Excellence recently stated that graded exercise therapy should not be considered a recommended 

ME/CFS treatment anymore.56  
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Part 3: Response update  

 

Below we provide all new/ or recent healthcare and policy responses in Europe, the US and Canada. We 

would like to highlight the UK’s “Your COVID Recovery” program. This new program offers a digital, 

interactive, and tailored recovery and rehabilitation program that has been co-developed by experts and 

patients to help people living with PCC manage their recovery at home. It contains a range of resources, 

such as mental health support, advice on returning to normal activities, symptom management support, as 

well as nutritional advice. Patients can set goals and select resources to achieve those goals. Program access 

is only possible after referral by a healthcare professional.60  

 

Table 7: Recent healthcare and policy responses in Europe, the US and Canada  

Country/Region Healthcare and policy responses  

Switzerland   Long Covid Schweiz, Sulser & Partner, and Altea have published a guide for 

employers who want to support workers affected by PCC to return to work73 

United Kingdom  NHS England will invest a further £90 million in PCC services in 2022/202374  

 Introduction of “Your COVID Recovery” as part of the NHS support for PCC 

patients60 

 Expansion of the number of facilities that provide specialized post-covid 

services74 

Germany   Baden-Wurttemberg supports PCC research with €2 million to four university 

hospitals (Freiburg, Heidelberg, Tübingen, Ulm). The goal is to have a care 

concept at the end of the 18-month project75 

France   The government has committed €14 million in funding for PCC research76 

Belgium   Researchers at Ku (Katholieke Universiteit) Leuven have been working to 

develop evidence-based guidelines to help healthcare professionals provide 

PCC care. Launched in November 2022 for general practitioners, 

physiotherapists, occupational therapists, psychologists, and dieticians77 
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United States   Expansion of post-COVID care clinics78 

 Department of Health and Human Services published National Research 

Action Plan on Long COVID as a response to the Presidential Memorandum on 

addressing the long-term effects of COVID-1979 

 Department of Health and Human Services published the “Services and 

Supports for Longer-Term Impacts of COVID-19 Report” as a response to the 

Presidential Memorandum on addressing the long-term effects of COVID-1980 

Canada   New investment of 9 million to create and evaluate evidence-based guidelines 

and tools to support patients, caregivers, and health professionals81 

 Budget 2022 also provides 20 million over 5 years to the Canadian Institutes 

of Health Research. Supports research related to the long-term effects of 

COVID-19 infections81 

 Task Force on Post COVID-19 Condition Report published recently61 

WHO   Addition of “Rehabilitation of adults with Post COVID-19 condition” in the 

Living Guidance for Clinical Management of COVID-1913 

 In September 2022, WHO/Europe partnered with Long COVID Europe to 

develop 3 goals (the 3 Rs), calling upon governments and health authorities 

to focus attention on PCC and those affected by it through greater: (1) 

recognition and knowledge sharing, (2) research and reporting, and (3) 

rehabilitation that is based on evidence and effectiveness82 
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Appendix 2: Completed PCC treatment and rehabilitation trials globally (clinicaltrials.gov) 

Study title (as indexed in clinicaltrials.gov) Intervention (type) 

Pilot Study into LDN and NAD+ for Treatment of Patients 

with Post-COVID-19 Syndrome  

 

Naltrexone (drug) 

 

Personalized Computerized Training Program for Cognitive 

Dysfunction after COVID-19  

 

Personalized computerized cognitive 

training (device) 

Сlinical Trial of Efficacy and Safety of Prospekta in the 

Treatment of Post-COVID-19 Asthenia  

 

Prospekta (drug) 

Vagus Nerve Stimulation for Post-COVID-19 Syndrome 

 

Auricular transcutaneous vagus nerve 

stimulation (device) 

Effects of PEA-LUT on Frontal Lobe Functions and 

GABAergic Transmission in Long COVID Patients  

 

Palmitoylethanolamide co-ultramicronized 

with antioxidant flavonoid luteolin (dietary 

supplement) 

Feasibility of Cannabidiol for the Treatment of Long COVID  

 

MediCabilis Cannabis sativa 50 (drug) 

The Effects of a Multi-factorial Rehabilitation Program for 

Healthcare Workers Suffering from Post-COVID-19 Fatigue 

Syndrome  

 

Exercise (procedure) 

Stellate Ganglion Block to Treat Long COVID-19 Case 

Series  

 

Stellate Ganglion Block (procedure) 

Transcranial Direct Stimulation for Persistent Fatigue 

Treatment Post-COVID-19  

 

Active tDCS (device) 

Effects of Cranial Electrotherapy Stimulation (CES) on 

Anxiety of Patients after COVID-19  

 

Application of CES via ear clips (device) 
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Feasibility Pilot Clinical Trial of Omega-3 Supplement vs. 

Placebo for Post-COVID-19 Recovery Among Health Care 

Workers  

 

Omega-3 (dietary supplement) 

Telerehabilitation Program in Persistent COVID-19 

 

Exercise and tele-coaching (procedure) 

Inspiratory Muscle Trainer and SARS-CoV-2 (COVID-19) 

Persistent Symptoms  

Inspiratory muscle trainer (device) 
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