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Abstract 

Post-Covid Syndrome (PCS) is the term used to describe long-term sequelae of COVID-
19 disease. This includes a variety of symptoms that may develop after the acute phase 
of SARS-CoV-2 infection. They occur both in patients who had no or only mild symptoms 
in the first phase and were accordingly not hospitalized, as well as in those who have 
survived a (severe) COVID-19 illness. These after-effects may persist for months, affect 
different organs and even lead to incapacity to work. There is no treatment for the causes 
of PCS, so currently only the symptoms are treated. The proportion of COVID-19 patients 
who develop PCS is in the double-digit percentage range in adults and adolescents and 
is also relevant in children. Thus, a large proportion of those who are listed as recovered 
in the statistics suffer from the consequential damage of the disease for a longer period 
of time. Since there are only a few PCS centers so far, it is difficult for many patients to 
find competent contact points that can carry out adequate diagnostics, treatment and 
assessment of partial or complete occupational disability. For the group of children and 
adolescents, who have hardly been vaccinated so far, there is now - due to the gradual 
lifting of infection protection measures - an increased risk of becoming infected and 
contracting PCS. 

After a detailed presentation of the clinical picture, we propose in this toolbox the following 
measures for dealing with PCS in the German healthcare system: 

● Prevention: Even in a situation of low incidence, it is advisable to further reduce 
and keep case numbers low through appropriate protective measures and to 
promote vaccination readiness. A general vaccination recommendation for 
children and adolescents should be considered in light of what is known about PCS 
and the expected dynamics of spread if protective measures are discontinued. 

● Improving data on PCS: Representative retrospective studies and routine, 
possibly app-based, symptom screening after surviving infections would help to 
better assess the prevalence. Additionally, they would provide the data basis for 
early detection of PCS, the improvement of diagnostics and therapy, and the 
development and expansion of PCS patient care. 

● Research funding: Interdisciplinary research collaborations are needed to gain a 
complete picture of the disease (and its psychosocial side effects), to investigate 
the as yet not understood causes of PCS, and to develop effective therapeutic 
options. 

● Care capacities: In order to treat the many PCS patients in the best possible way, 
interdisciplinary PCS competence centers should be established at university 
hospitals, nationwide PCS outpatient clinics (also for children and adolescents) 
and specialized rehabilitation clinics. 

● Education: Particularly in view of the persistent impairments that PCS sufferers 
can experience in their daily work, school life and social life, it is essential to 
provide good information for patients, medical professionals and the general 
public. 
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1. Definition and importance 
While many patients recover without apparent sequelae after surviving infection with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), a significant proportion of patients experience 
long-term sequelae that may persist for months or longer (Augustin et al. 2021; Huang et al. 2021; 
Sudre et al. 2021; Nalbandian et al. 2021). Acute, symptomatic infection is referred to as 
coronavirus disease 19 (COVID-19) (Figure 1). When symptoms persist or begin after acute 
infection has been overcome while SARS-CoV-2 is no longer detectable by PCR, this is referred 
to as Post-COVID syndrome (PCS) (also commonly known as Long COVID) (Figure 1). 

 
 

Figure 1: The phases of acute and post-acute COVID-19 (Nalbandian et al., 2021). 
 
The definition of Post-COVID syndrome includes the following elements: 
• Evidence of prior SARS-CoV-2 infection. 
• Persistent or new onset of symptoms after the acute phase is over and SARS-CoV-2 

detection by PCR is again negative. 
• Persistent symptoms such as fatigue, shortness of breath, changes in smell and taste, 

impaired concentration and memory that cannot be explained by another diagnosis. 
 

2. Symptoms and organ manifestations 
Because SARS-CoV-2 infection manifests in many organs, PCS can also have different 
manifestations. The following organs may be affected: 

Pulmonary: Common symptoms include dyspnea, decreased exercise capacity, and hypoxia. 
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Hematology and hemostaseology: Thromboembolic events were found to be <5% in 
retrospective studies. The risk for thrombotic complications in the post-acute COVID-19 phase is 
likely related to the duration and severity of a hyperinflammatory state. 

Cardiovascular System: Persistent palpitations (autonomic dysfunction), dyspnea, and chest 
pain are observed. 

Neuropsychiatric symptoms: Fatigue, muscle pain, headache, dysautonomia, and cognitive 
impairment ("brain fog") are reported. Among psychiatric disorders, anxiety, depression, and 
sleep disturbances are most common. 

Endocrine disorders: Endocrine sequelae include new-onset diabetes mellitus, subacute 
thyroiditis, and osteomalacia (disorders of parathyroid hormone metabolism). 

Gastrointestinal disorders: COVID-19 may alter the intestinal microbiome in a way that reduces 
protection against colonization by other pathogenic agents. 

Dermatological disorders: Hair loss and autoimmune skin disorders may occur. 

Similar, long-lasting symptoms that extend beyond the respiratory tract are also known from the 
first SARS-CoV epidemic of 2002/2003. These include persistent disorders such as chronic 
fatigue syndrome, which was still reported after four years in a relevant proportion of SARS-CoV 
survivors (Lam et al. 2009), and laboratory changes in blood, which were still detected after 12 
years (Wu et al. 2017). 

 

3. Causes 
Various organ systems in the body can be affected by PCS. Underlying these diverse disorders 
is the unique pathophysiology of SARS-CoV-2, which begins with cell entry via the angiotensin-
converting-enzyme-2 (ACE2) receptor (Hoffmann et al. 2020) at mucosal sites of the mouth, nose, 
as well as the lungs, and can subsequently manifest throughout the body. The expression of the 
ACE2 receptor is particularly high in humans in the epithelia of the lungs, kidneys and small 
intestine (Hamming et al. 2004; Ziegler et al. 2020; Qi et al. 2021). ACE2 has also been identified 
in the olfactory neuroepithelium, which explains the association of COVID-19 with loss of the 
sense of smell (Chen & Shen et al. 2020). In addition, the olfactory nerve can be a way for the 
virus to get into the central nervous system and cause inflammation there. Alternatively, the virus 
can enter the brain via ACE2 through endothelial cells of capillaries (Baig et al. 2020). ACE2 has 
also been detected in the endothelial cells of the heart, testis, substantia nigra in the brain, and 
in muscle cells (Salamanna et al. 2020; Qi et al. 2021). This epithelial expression, together with 
the presence of ACE2 in the vascular endothelium of a variety of tissues, explains the high 
diversity of clinical manifestations associated with COVID-19 (Salamanna et al. 2020). 

In addition to the expression of the ACE2 receptor in many organs, virus-specific damage in 
organs and subsequent immunological and inflammatory disorders likely contribute to the 
pathogenesis of PCS. Furthermore, evidence of structural (Ackermann et al. 2020) and 
immunological (Nauen et al. 2021) vascular alterations is accumulating. Interestingly, PCS 
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appears to be associated with lower serum immunoglobulin G (IgG) titers at disease onset 
(Augustin et al. 2021). 

 

4. Frequency 
Two main groups of PCS patients can be distinguished: a) patients with sequelae after severe 
COVID-19 disease, which may require intensive care, and b) patients who develop PCS after 
oligo- or asymptomatic infection and without prior hospitalization. Overall, PCS seems to occur 
more frequently in female patients (Nielsen et al. 2021). 

PCS in hospitalized patients 

Patients hospitalized or receiving intensive care for SARS-CoV-2 infection show long-term 
symptoms that are common to other severe diseases due to mechanical ventilation and prolonged 
immobilization and are not specific to COVID-19. Huang et al. reported that 6 months after 
hospitalization for COVID-19, 63% of a total of 1655 patients suffered from fatigue or muscle 
weakness and 26% had sleep problems (Huang et al. 2021). 

The list of organs with long-term dysfunction in the course of PCS following infections with SARS-
CoV-2 largely follows the organs whose barrier layers express ACE2 receptors (Luo & Dun 2020; 
Nalbandian et al. 2021). Specific abnormalities detectable with magnetic resonance imaging in 
hospitalized patients could be detected in lung, heart, liver, and kidney after 2-3 months (Raman 
et al. 2021; Huang et al. 2020). In 24% of hospitalized patients in Wuhan, radiologically detectable 
changes in the lungs were still detected after 12 months (Wu et al. 2021). In a systematic literature 
review of 18,251 studies, more than 80% of patients were found to have at least one of the 
symptoms associated with PCS: 58% complained of fatigue, 44% of headache, 27% of difficulty 
concentrating, 25% of hair loss, 24% of shortness of breath (Lopez-Leon et al. 2021). In a large 
study in England (Ayoubkahni et al. 2021), over 47,000 hospitalized COVID-19 patients were 
followed for 4 months after discharge and compared to a precisely matched (age, sex, health 
status, etc.) control group from a pool of 50 million patients over the past 10 years. While only 9% 
in the control group reported readmission, 30% of COVID-19 patients were readmitted clinically 
in the same time window, 21% of them for respiratory illness (versus 1% in the control group).  

PCS in patients with initially mild or asymptomatic courses 

In a recently published study, approximately 30% of patients who had a mild course during acute 
COVID-19 illness and were not hospitalized (WHO progression scale 1-3; WHO Working group 
2020) experienced persistent or late symptoms consistent with PCS 7 months after infection 
(Augustin et al. 2021). 11% of patients were still unable to fully participate in daily life and work 7 
months after onset (Augustin et al. 2021). 

In a study conducted by the Office of National Statistics of the Government of England, more than 
360,000 people infected with SARS-CoV2 were followed for several months, whether or not they 
were symptomatic (Office for National Statistics, UK, 2021). The aim of the study was to examine 
long-term effects compared with a control group without proven SARS-CoV-2 infection. Among 
the approximately 22,000 who tested positive, about 14% were still reporting symptoms after 12 
weeks (Figure 2). In the control group, this was only 2%, i.e. 7 times less. Furthermore, among 
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those who tested positive, 9% reported clear activity limitations and 2.5% reported severe 
limitations in everyday life. The proportion of patients reporting PCS symptoms hardly decreased 
after 4-5 months (Figure 2). The significant proportion of patients who develop PCS (over 10%) 
suggests that a larger number of people are affected by PCS than initially assumed. With an 
accumulated 3.5 million people suffering from COVID-19 (as of May 2021), several hundred 
thousand people with PCS can be assumed in Germany. 

 

 
Figure 2: Time course of PCS symptoms. The proportion of patients who report 

persistent symptoms after surviving an acute SARS-CoV-2 infection. The share 
decreases over time and stabilizes in the double-digit percentage range after 4-5 months 

(source: Office for National Statistics, UK, 2021). 

5. PCS also affects children and adolescents 
PCS can also occur in children and adolescents. According to the Office for National Statistics 
UK study, the incidence is in the double-digit percentage range and increases with age (Figure 
3). The exact proportion is the subject of research. However, if children and adolescents undergo 
an unrestrained contagion, the number of patients with PCS will be very large. As a result, both 
the U.S. NIH and the U.K. NHS have allocated resources to research or care for PCS in this age 
group.1 Interventions that prevent the contagion of children and adolescents should be 
reconsidered, including the relation of vaccine injury and PCS. 

 
1 NIH News Release: NIH effort seeks to understand MIS-C, range of SARS-CoV-2 effects on children 
(March 02, 2021), https://www.nih.gov/news-events/news-releases/nih-effort-seeks-understand-mis-c- 
range-sars-cov-2-effects-children; NHS News:HS to set up specialized youth services as part of a £ 100m 
expansion of COVID coverage, https://www.england.nhs.uk/2021/06/nhs-sets-up-specialist-young- 
peoples-services-in-100-million-long-covid-care-expansion/, accessed June 23, 2021. 
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Figure 3: Gender and age distribution of people with symptoms at least 5 weeks 
after a positive test result. A significant proportion of 2-16 year olds also develop PCS 

(source: Office for National Statistics, UK, 2021). 

6. How can the diagnosis be made? 
Since no specific markers in the blood or characteristic radiological abnormalities are known to 
date, the diagnosis of PCS must be made clinically. A correct diagnosis requires that the relevant 
symptoms did not already exist before the SARS-CoV-2 infection and that patients experience 
relevant limitations in daily life as well as a certain level of suffering. Therefore, a differentiated 
and critical anamnesis to assess the symptoms is an essential step for the diagnosis, which is 
very time-consuming. The recording of the different symptoms is also important in order to offer 
the individual patient tailored therapy and rehabilitation suggestions with the aim of shortening 
the convalescence phase. 
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7. Treatment options 
The pathophysiological relationships of PCS are partly unknown, which complicates the 
development of causal therapies. Currently, therapy concepts are based on an interdisciplinary 
approach, measures of physical rehabilitation as well as symptomatic therapy of the different 
organ disorders. Future identification of targeted therapeutic approaches is therefore of great 
importance. Further studies are needed on the efficacy of vaccination or administration of 
antibodies to SARS-CoV-2 in PCS (Arnold et al. 2021). There is preliminary evidence that SARS-
CoV2 vaccines may lead to improvement in a proportion of patients (Washington Post 2021; 
Medscape Pediatrics 2021). 

8. Structures for clinical care of PCS patients 
Establishment of post-COVID-19 competence centers (PCS competence centers) 

Since PCS is a multisystem disease, interdisciplinary collaboration (neurology, psychiatry, 
pneumology, cardiology, rehabilitation medicine) in cooperation with primary care physicians is 
required for comprehensive care of these patients in the outpatient setting. Against this 
background, it is important to establish special PCS competence centers at university hospitals, 
where specialists from several disciplines can offer integrated care (Figure 4). Such structures 
have already been established, for example, at the University Hospital of Cologne2 and at the 
Ludwig Maximilian University of Munich.3 

Integrated collaboration with primary care physicians is essential to provide optimal care for 
patients with PCS (Figure 5). The aim is to achieve a rapid recovery and a better quality of life for 
those affected. This can enable a quick return to work and reduce treatment costs. 

 

 
2 https://www.uk-koeln.de/de/patienten-besucher/coronavirus/post-covid-sprechstunde/, accessed 
23.6.2021. 
3 https://www.lmu-klinikum.de/aktuelles/pressemitteilungen/ein-jahr-corona-pandemie-in-deutschland/ 
3dad60a0892ab5a5, accessed 23.6.2021. 
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Figure 4: Possible structure of an interdisciplinary PCS competence center. The 

complexity of the clinical picture of PCS requires the interlocking collaboration of 
different disciplines. 

 

 
Figure 5: Integrated collaboration for optimal care of patients with PCS. The 

treatment of PCS patients requires a good interaction between general practitioners, 
outpatient clinics, hospitals and rehabilitation facilities. 

A major obstacle is that the care of PCS patients has not yet been established in Germany and 
is therefore not included in the reimbursement system. It is therefore a first step in the right 
direction that, from July 1, 2021, physicians will be able to prescribe physiotherapy and 
occupational therapy for the long-term consequences of a coronavirus infection, without their 
therapeutic products budget being burdened. 
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9. Research on PCS 
It is also important to develop a better understanding of the causes of PCS and the frequency of 
PCS symptoms. This includes, among other things, the establishment of diagnostic criteria, a 
severity classification (also with regard to possible occupational disability), and new targeted 
therapy approaches. 

Among other things, the cellular and humoral immune response against SARS-CoV-2 must be 
investigated, including the gut-associated lymphoid tissue (GALT). In the GALT of the small 
intestine, SARS-CoV-2 might persist due to high ACE2 expression in the epithelium (Hamming et 
al. 2004; Gaebler et al., Nature 2021) and contribute to protracted PCS courses via regulation of 
the cellular immune response and a chronic inflammatory state. 

Many patients seem to benefit from holistic outpatient rehabilitation concepts with ergo-, logo- 
and physiotherapeutic measures. However, these subjective improvements should urgently be 
objectified within the framework of prospective studies in PCS competence centers in order to 
create a better evidence base. 

 

10. Economic and social impact 
PCS can trigger significant psychosocial consequences. Respective studies report a significantly 
increased incidence of mental disorders (post-traumatic stress disorder, depression, anxiety 
disorder) immediately following SARS-CoV-2 infections compared to unaffected populations 
(Vindegaard & Benros 2020). Social consequences are also likely. For example, experiences of 
stigmatization are reported in connection with surviving COVID-19 disease (Muhidin et al. 2020). 
In addition, there are individual and societal costs due to inability to work, loss of earnings, job 
loss, or occupational disability. The expected psychosocial consequences of developing a PCS 
hit those with a small social network and few opportunities for compensation the hardest and 
contribute to a widening of the social gap. 

 

11. Required framework 
1. Research: Research on this new condition needs to be coordinated and address questions 

about both causes and clinical problems. These are: 
a) Prospective analyses of the long-term course of PCS. 
b) Development of diagnostic criteria. 
c) Formulation of targeted therapy and rehabilitation measures. 
d) Research into the causes of PCS. 

2. Structures for medical care: Since PCS is a multi-organ disease, the treatment of PCS 
requires an interdisciplinary framework. The establishment of specialized interdisciplinary 
PCS competence centers (consisting of physicians for internal medicine, ENT, neurology, 
psychiatry, and cardiology, among others) in cooperation with primary care physicians is 
necessary in order to ensure individual care, to conduct further research and to develop 
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improved therapy options and support measures for PCS patients (Figure 4 and 5). Figure 
6 illustrates the necessary structures and their interaction. 

3. A framework for medical education, training and continuing education: findings from 
research and the PCS competence centers must be continuously incorporated into the 
curricula in medical studies as well as in continuing medical education and training. 

 
Figure 6: Structures required for the care of PCS patients (Nalbandian et al., 2021). 

 

12. Policy Recommendations 
PCS represents a new, common, serious, and protracted health disorder in individuals after 
surviving SARS-CoV-2 infection, whether or not they were initially symptomatic. Unlike deaths, 
hospitalizations, and intensive care treatment for acute SARS-CoV2 infection, PCS is not 
captured in reporting data and is not part of media coverage of the corona pandemic. This results 
in lower awareness of this issue to the point of lower vaccination preparedness (COSMO 2021). 
Increased health education about PCS therefore seems necessary. In addition, increased efforts 
are needed to research the clinical picture, to improve diagnosability and to provide appropriate 
care services. 

The frequency and the resulting, sometimes severe, health disorders of PCS are a further 
argument for consistently pursuing a low-incidence strategy. The prevention of infection through 
general protective measures, as well as the implementation of an effective and comprehensive 
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vaccination campaign, should remain the focus of political efforts in Germany. This also applies 
to the previously largely unvaccinated age groups, including children and adolescents. 

Despite mild or asymptomatic courses, PCS can also affect them - accepting an epidemic in this 
age group risks many PCS cases. This unnecessarily puts them at risk and could impose currently 
unestimable long-term costs on healthcare and society. Childhood and adolescent vaccination 
strategies and infection control measures in care and education settings should take this into 
account. 

More comprehensive data (e.g., through routine, possibly digitally assisted, screening of Sars-
CoV-2 infected individuals) and targeted research funding on PCS as a distinct condition are 
needed to understand the causes of PCS and improve diagnosis and treatment. 

In view of the high numbers of PCS patients, appropriate care capacities should be established. 
This includes, in addition to interdisciplinary competence centers at university hospitals, 
nationwide outpatient (initial) contact points - also in rural areas - as well as specialized 
rehabilitation clinics. For children and adolescents, there are currently too few contact points (the 
Long Covid Outpatient Clinic at the University Hospital of Jena is a good example). In addition, 
offers for the rehabilitation of PCS patients must be created. 

There is a need for a PCS education and information campaign aimed at medical 
professionals, patients, employers and the general public. Part of the campaign can be a website 
and/or an app that provides information (in different languages spoken in Germany) on symptoms, 
treatment options and (local) contact points, as well as promoting the networking of experts. The 
education should be carried out with the aim of improving the recognition and acknowledgement 
of the disease and creating a social awareness of its existence and the health consequences. 

As an individual response to the inadequate care and recognition of PCS symptoms, patients are 
currently organizing and networking in self-help and information groups worldwide to support each 
other and advocate for education and better treatment options. These patient organizations 
should be included in the PCS infrastructures which need to be created, and in the 
communication processes. 

 
Literature 

1. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F, Vanstapel A, 
Werlein C, Stark H, Tzankov A, Li WW, Li VW, Mentzer SJ, Jonigk D. Pulmonary Vascular 
Endothelialitis, Thrombosis, and Angiogenesis in Covid-19. N Engl J Med. 2020 Jul 
9;383(2):120-128. doi: 10.1056/NEJMoa2015432. Epub 2020 May 21. PMID: 32437596; 
PMCID: PMC7412750. 

2. Arnold DT, Milne A, Samms E, Stadon L, Madell NA, Hamilton FW. Are vaccines safe in 
patients with Long COVID? A prospective observational study. medRxiv 21253225, 2021. 
doi: https://doi.org/10.1101/2021.03.11.21253225. 

3. Augustin M, Schommers P, Stecher M, Dewald F, Gieselmann L, Gruell H, Horn C, 
Vanshylla K, Cristanziano VD, Osebold L, Roventa M, Riaz T, Tschernoster N, Altmueller 
J, Rose L, Salomon S, Priesner V, Luers JC, Albus C, Rosenkranz S, Gathof B, 
Fatkenheuer G, Hallek M, Klein F, Suarez I, and Lehmann C. Post-COVID syndrome in 



15 

non-hospitalised patients with COVID-19: a longitudinal prospective cohort study. Lancet 
Reg Health Eur, 2021. 6: p. 100122.  

4. Ayoubkhani D, Khunti K, Nafilyan V, Maddox T, Humberstone B, Diamond I, Banerjee A. 
Post-covid syndrome in individuals admitted to hospital with covid-19: retrospective cohort 
study. BMJ 2021;372:n693. 

5. Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the COVID-19 Virus Targeting the CNS: 
Tissue Distribution, Host-Virus Interaction, and Proposed Neurotropic Mechanisms. ACS 
Chem Neurosci. 2020 Apr 1;11(7):995-998. doi: 10.1021/acschemneuro.0c00122. Epub 
2020 Mar 13. PMID: 32167747; PMCID: PMC7094171. 

6. Batty GD, Deary IJ, Luciano M, Altschul DM, Kivimäki M, Gale CR. Psychosocial factors 
and hospitalisations for COVID-19: Prospective cohort study based on a community 
sample. Brain Behav Immun. 2020 Oct;89:569-578. doi: 10.1016/j.bbi.2020.06.021. Epub 
2020 Jun 17. PMID: 32561221; PMCID: PMC7297693. 

7. Chen M, Shen W, Rowan NR, Kulaga H, Hillel A, Ramanathan M Jr, Lane AP. Elevated 
ACE-2 expression in the olfactory neuroepithelium: implications for anosmia and upper 
respiratory SARS-CoV-2 entry and replication. Eur Respir J. 2020 Sep 24;56(3):2001948. 
doi: 10.1183/13993003.01948-2020. PMID: 32817004; PMCID: PMC7439429. 

8. COSMO 2021, Ergebnisse aus dem COVID-19 Snapshot Monitoring COSMO: Die 
psychologische Lage, 43 Wellen, KW 20, Stand 21.05.2021, 
https://projekte.unierfurt.de/cosmo2020/files/COSMO_W43.pdf (Zugriff 23. Juni 2021). 

9. Gaebler, C., Wang, Z., Lorenzi, J.C.C., Muecksch, F., Finkin, S., Tokuyama, M., Cho, A., 
Jankovic, M., Schaefer-Babajew, D., Oliveira, T.Y., Cipolla, M., Viant, C., Barnes, C.O., 
Bram, Y., Breton, G., Hagglof, T., Mendoza, P., Hurley, A., Turroja, M., Gordon, K., Millard, 
K.G., Ramos, V., Schmidt, F., Weisblum, Y., Jha, D., Tankelevich, M., MartinezDelgado, 
G., Yee, J., Patel, R., Dizon, J., Unson-O'Brien, C., Shimeliovich, I., Robbiani, D.F., Zhao, 
Z., Gazumyan, A., Schwartz, R.E., Hatziioannou, T., Bjorkman, P.J., 16 Mehandru, S., 
Bieniasz, P.D., Caskey, M., and Nussenzweig, M.C., Evolution of antibody immunity to 
SARS-CoV-2. Nature, 2021. 591(7851): p. 639-644. 

10. Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor H. Tissue distribution of 
ACE2 protein, the functional receptor for SARS coronavirus. A first step in understanding 
SARS pathogenesis. J Pathol. 2004 Jun;203(2):631-7. doi: 10.1002/path.1570. PMID: 
15141377; PMCID: PMC7167720. 

11. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, Schiergens 
TS, Herrler G, Wu NH, Nitsche A, Müller MA, Drosten C, Pöhlmann S. SARS-CoV-2 Cell 
Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease 
Inhibitor. Cell. 2020 Apr 16;181(2):271-280.e8. doi: 10.1016/j.cell.2020.02.052. Epub 
2020 Mar 5. PMID: 32142651; PMCID: PMC7102627. 

12. Huang L, Zhao P, Tang D, Zhu T, Han R, Zhan C, Liu W, Zeng H, Tao Q, Xia L. Cardiac 
Involvement in Patients Recovered From COVID-2019 Identified Using Magnetic 
Resonance Imaging. JACC Cardiovasc Imaging. 2020 Nov;13(11):2330-2339. doi: 
10.1016/j.jcmg.2020.05.004. Epub 2020 May 12. PMID: 32763118; PMCID: 
PMC7214335. 

13. Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, Kang L, Guo L, Liu M, Zhou X, Luo J, 
Huang Z, Tu S, Zhao Y, Chen L, Xu D, Li Y, Li C, Peng L, Li Y, Xie W, Cui D, Shang L, 
Fan G, Xu J, Wang G, Wang Y, Zhong J, Wang C, Wang J, Zhang D, Cao B. 6-month 
consequences of COVID-19 in patients discharged from hospital: a cohort study. Lancet. 



16 

2021 Jan 16;397(10270):220-232. doi: 10.1016/S0140-6736(20)32656-8. Epub 2021 Jan 
8. PMID: 33428867; PMCID: PMC7833295. 

14. Lam MH, Wing YK, Yu MW, Leung CM, Ma RC, Kong AP, So WY, Fong SY, Lam SP. 
Mental morbidities and chronic fatigue in severe acute respiratory syndrome survivors: 
long-term follow-up. Arch Intern Med. 2009 Dec 14;169(22):2142-7. doi: 
10.1001/archinternmed.2009.384. PMID: 20008700. 

15. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, Rebolledo P, Cuapio A, 
Villapol S. More Than 50 Long-Term Effects of COVID-19: A Systematic Review and 
Meta-Analysis. Res Sq [Preprint]. 2021 Mar 1:rs.3.rs-266574. doi: 
10.21203/rs.3.rs266574/v1. PMID: 33688642; PMCID: PMC7941645. 

16. Luo JJ, Dun NJ. Spectrum of COVID-19: A Disorder of Multisystem Beyond Respiratory 
Disease. J Neurol Exp Neurosci. 2020;6(S1):S11-S20. doi: 10.17756/jnen.2020-S1-004 

17. Medscape Pediatrics. Some with Long COVID See Relief after Vaccination. Available 
online: https://www.medscape.com/viewarticle/947592 (accessed on 5 June 2021). 

18. Muhidin S, Vizheh M, Moghadam ZB. Anticipating COVID-19-related stigma in survivors 
and health-care workers: Lessons from previous infectious diseases outbreaks - An 
integrative literature review. Psychiatry Clin Neurosci. 2020 Nov;74(11):617-618. doi: 
10.1111/pcn.13140. Epub 2020 Sep 25. PMID: 32889754. 

19. Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS, Cook JR, 
Nordvig AS, Shalev D, Sehrawat TS, Ahluwalia N, Bikdeli B, Dietz D, Der-Nigoghossian 
C, Liyanage-Don N, Rosner GF, Bernstein EJ, Mohan S, Beckley AA, Seres DS, Choueiri 
TK, Uriel N, Ausiello JC, Accili D, Freedberg DE, Baldwin M, Schwartz A, Brodie D, Garcia 
CK, Elkind MSV, Connors JM, Bilezikian JP, Landry DW, Wan EY. 17 Post-acute COVID-
19 syndrome. Nat Med. 2021 Apr;27(4):601-615. doi: 10.1038/s41591-021-01283-z. Epub 
2021 Mar 22. PMID: 33753937. 

20. Nauen DW, Hooper JE, Stewart CM, Solomon IH. Assessing Brain Capillaries in 
Coronavirus Disease 2019. JAMA Neurol. 2021 Feb 12:e210225. doi: 
10.1001/jamaneurol.2021.0225. Epub ahead of print. PMID: 33576767; PMCID: 
PMC7881367. 

21. Nielsen KJ, Vestergaard JM, Schlünssen V, Bonde JP, Kaspersen KA, Biering K, 
Carstensen O, Greve T, Hansen KK, Dalbøge A, Flachs EM, Jespersen S, Hansen ML, 
Mikkelsen S, Thomsen MK, Redder JD, Würtz ET, Østergaard L, Erikstrup C, Kolstad HA. 
Day by day symptoms following positive and negative PCR tests for SARS-CoV-2 in non-
hospitalised health-care workers: a 90-day follow-up study. Int J Infect Dis. 2021 May 
19:S1201-9712(21)00434-3. doi: 10.1016/j.ijid.2021.05.032. Epub ahead of print. PMID: 
34022336; PMCID: PMC8133825. 

22. Office for National Statistics (ONS), UK. Coronavirus Infection Survey. Prevalence of 
ongoing symptoms following coronavirus (COVID-19) infection in the UK: 1 April 2021. 
https://www.ons.gov.uk, Zugriff 23.6.2021. 

23. Qi J, Zhou Y, Hua J, Zhang L, Bian J, Liu B, Zhao Z, Jin S. The scRNA-seq Expression 
Profiling of the Receptor ACE2 and the Cellular Protease TMPRSS2 Reveals Human 
Organs Susceptible to SARS-CoV-2 Infection. Int J Environ Res Public Health. 2021 Jan 
2;18(1):284. doi: 10.3390/ijerph18010284. PMID: 33401657; PMCID: PMC7794913. 

24. Raman B, Cassar MP, Tunnicliffe EM, Filippini N, Griffanti L, Alfaro-Almagro F, Okell T, 
Sheerin F, Xie C, Mahmod M, Mózes FE, Lewandowski AJ, Ohuma EO, Holdsworth D, 
Lamlum H, Woodman MJ, Krasopoulos C, Mills R, McConnell FAK, Wang C, Arthofer C, 



17 

Lange FJ, Andersson J, Jenkinson M, Antoniades C, Channon KM, Shanmuganathan M, 
Ferreira VM, Piechnik SK, Klenerman P, Brightling C, Talbot NP, Petousi N, Rahman NM, 
Ho LP, Saunders K, Geddes JR, Harrison PJ, Pattinson K, Rowland MJ, Angus BJ, 
Gleeson F, Pavlides M, Koychev I, Miller KL, Mackay C, Jezzard P, Smith SM, Neubauer 
S. 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 Jan 7;31:100683. doi: 10.1016/j.eclinm.2020.100683. PMID: 
33490928; PMCID: PMC7808914. 

25. Salamanna F, Maglio M, Landini MP, Fini M. Body Localization of ACE-2: On the Trail of 
the Keyhole of SARS-CoV-2. Front Med (Lausanne). 2020 Dec 3;7:594495. doi: 
10.3389/fmed.2020.594495. PMID: 33344479; PMCID: PMC7744810. 

26. Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC, Pujol JC, Klaser 
K, Antonelli M, Canas LS, Molteni E, Modat M, Jorge Cardoso M, May A, Ganesh S, 
Davies R, Nguyen LH, Drew DA, Astley CM, Joshi AD, Merino J, Tsereteli N, Fall T, 
Gomez MF, Duncan EL, Menni C, Williams FMK, Franks PW, Chan AT, Wolf J, Ourselin 
S, Spector T, Steves CJ. Attributes and predictors of long COVID. Nat Med. 2021 
Apr;27(4):626-631. doi: 10.1038/s41591-021-01292-y. Epub 2021 Mar 10. Erratum in: Nat 
Med. 2021 May 27;: PMID: 33692530. 

27. Vindegaard N, Benros ME. COVID-19 pandemic and mental health consequences: 
Systematic review of the current evidence. Brain Behav Immun. 2020 Oct;89:531-542. 18 
doi: 10.1016/j.bbi.2020.05.048. Epub 2020 May 30. PMID: 32485289; PMCID: 
PMC7260522. 

28. Washington Post. Some Long-Haul COVID-19 Patients Say Their Symptoms are 
Subsiding after Getting Vaccines. Available online: 
https://www.washingtonpost.com/health/long-haul-covid-vaccine/2021/03/16/6effcb28- 
859e-11eb-82bc-e58213caa38e_story.html (accessed on 5 June 2021).  

29. WHO Working Group on the Clinical Characterisation and Management of COVID-19 
infection. A minimal common outcome measure set for COVID-19 clinical research. Lancet 
Infect Dis. 2020 Aug;20(8):e192-e197. doi: 10.1016/S1473-3099(20)30483-7. Epub 2020 
Jun 12. Erratum in: Lancet Infect Dis. 2020 Oct;20(10):e250. PMID: 32539990; PMCID: 
PMC7292605. 

30. Wu Q, Zhou L, Sun X, Yan Z, Hu C, Wu J, Xu L, Li X, Liu H, Yin P, Li K, Zhao J, Li Y, 
Wang X, Li Y, Zhang Q, Xu G, Chen H. Altered Lipid Metabolism in Recovered SARS 
Patients Twelve Years after Infection. Sci Rep. 2017 Aug 22;7(1):9110. doi: 
10.1038/s41598-017-09536-z. PMID: 28831119; PMCID: PMC5567209. 

31. Wu X, Liu X, Zhou Y, Yu H, Li R, Zhan Q, Ni F, Fang S, Lu Y, Ding X, Liu H, Ewing RM, 
Jones MG, Hu Y, Nie H, Wang Y. 3-month, 6-month, 9-month, and 12-month respiratory 
outcomes in patients following COVID-19-related hospitalisation: a prospective study. 
Lancet Respir Med. 2021 May 5:S2213-2600(21)00174-0. doi: 10.1016/S2213- 
2600(21)00174-0. Epub ahead of print. PMID: 33964245; PMCID: PMC8099316. 

32. Ziegler CGK, Allon SJ, Nyquist SK, Mbano IM, Miao VN, Tzouanas CN, Cao Y, Yousif AS, 
Bals J, Hauser BM, Feldman J, Muus C, Wadsworth MH 2nd, Kazer SW, Hughes TK, 
Doran B, Gatter GJ, Vukovic M, Taliaferro F, Mead BE, Guo Z, Wang JP, Gras D, Plaisant 
M, Ansari M, Angelidis I, Adler H, Sucre JMS, Taylor CJ, Lin B, Waghray A, Mitsialis V, 
Dwyer DF, Buchheit KM, Boyce JA, Barrett NA, Laidlaw TM, Carroll SL, Colonna L, 
Tkachev V, Peterson CW, Yu A, Zheng HB, Gideon HP, Winchell CG, Lin PL, Bingle CD, 
Snapper SB, Kropski JA, Theis FJ, Schiller HB, Zaragosi LE, Barbry P, Leslie A, Kiem HP, 



18 

Flynn JL, Fortune SM, Berger B, Finberg RW, Kean LS, Garber M, Schmidt AG, Lingwood 
D, Shalek AK, Ordovas-Montanes J; HCA Lung Biological Network. Electronic address: 
lung-network@humancellatlas.org; HCA Lung Biological Network. SARS-CoV-2 Receptor 
ACE2 Is an Interferon-Stimulated Gene in Human Airway Epithelial Cells and Is Detected 
in Specific Cell Subsets across Tissues. Cell. 2020 May 28;181(5):1016-1035.e19. doi: 
10.1016/j.cell.2020.04.035. Epub 2020 Apr 27. PMID: 32413319; PMCID: PMC7252096. 


