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Ref 1 Ani Nalbandian Nat Med April 2021

Timeline for acute and post-acute COVID-19
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Ref 2 Anushri Umesh Infection 30 April 2022

Terminology and Classification

Terminology: “Long Haulers”, Post-Acute COVID-19 Syndrome (PACS), Post-COVID, Chronic COVID or Long COVID  
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Long-COVID definitions

Raf 3 Juan Franco Int J Env Res & Pub Health August 2022 
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Multi-system clinical presentation and pathophysiological mechanisms of Long COVID

Ref 5 Zhipeng Yan Biomedicines Aug 2021Ref 4 Valentina Ruggiero Pharmaceutics 2022 vol 14 p 1135
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Ref 1 Ani Nalbandian Nat Med April 2021
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Ref 5 Zhipeng Yan Biomedicines Aug 2021
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Ref 6 Yoonjung Kim  Infect Chemother. 2022 Sep;54(3):566-597  

Clinical evaluation and management of Long COVID 

To be excluded as diseases that may develop after COVID, but are NOT long COVID

Most common symptoms of long-COVID: 

➢ 25 %:  Fatigue –dyspnea – concentration impairment
➢ 10 % : Memory –anxiety – sleep disorder

Anorexia – abdominal discomfort
Taste and smell disturbance
Hair loss
Muscle weakness and joint pain 
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Ref 6 Yoonjung Kim  Infect Chemother. 2022 Sep;54(3):566-597  

Clinical evaluation and management of Long COVID 

What TESTS for Long COVID?
1) Dyspnee: pulmonary function tests (including diffusion capacity); X-ray after 3 months, CT if doubt. 
2) Cough: If > 3 months: X-ray and CT: exclude pulmonary parenchymal fibrosis or bronchial inflammation
3) Chest pain: Transthoracic echocardiography: pericarditis or myocarditis? 

Functional tests such as the 6-minute walking test to evaluate cardio-pulmonary function
4) Fatigue: vide infra

5) Joint or muscle pain: laboratory tests for exclusion: (creatine kinase, lactate dehydrogenase, C-reactive protein, 
rheumatologic factor, anti-nuclear antibody) 

6) Headache:  neurological examination.  If suspicious: brain imaging

7) Cognitive or psychological/mental symptoms : neuro-psychological examination. If suspicious: brain imaging

Laboratory tests? No specific test.  Mainly for exclusion: 

- General: C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), complete blood count (CBC), and liver function test (LFT). 
- Heart-related problems: myocardial enzyme tests (troponin, creatine kinase-myoglobin binding [CK-MB]) and brain natriuretic 

peptide tests (B-type natriuretic peptide BNP). 
- Dyspnee: arterial O2 saturation 
- Endocrine: thyroid function; fasting glucose and (if suspect) glycosylated Hemoglobin. 
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Ref 6 Yoonjung Kim  Infect Chemother. 2022 Sep;54(3):566-597  

Clinical evaluation and management of Long COVID 

Distinguish fatigue due to long COVID from other causes
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The LONG COVID CONUNDRUM

1) Definition, scope and classification

2) Risk factors

3) Pathophysiology

4) Management
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Ref 7 Lara Bull-Otterson MMWR 27 May 2022

Compare incidence of 26 conditions often attributable to post-COVID 
- Cases = patients with a previous COVID-19 diagnosis 
- Controls = matched patients without evidence of COVID-19 

Post-COVID Conditions US March 2020-NoV 2021
according to age

Older people higher risk, especially for renal failure, 
neurological and mental health problems, muscle 
disorders and type 2 diabetes
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Multiple early factors anticipate post-acute COVID-19 sequelae

INCOV cohort with 
- 457 healthy controls 
- 100 Post-Acute COVID-19 patients =PACS or HAARVI 

Blood drawn at T1-T2 (week 1 and 2 = acute phase)
T3  = 2-3 months 

Ref 8 Yapeng Su Cell (2022) vol 185 p 881

Pre-existing conditions, favoring particular long-COVID symptoms:
- Type 2 diabetes → fatigue, respiratory viral; cough
- High immunoglobin or RBC at T1 → cough
- Female sex → neurological
- Congestive heart failure → shortness of breath
- Coronary heart disease or cough at T1 → anosmia/ageusia 
- … 
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Established Risk factors for long COVID: 

Older age, 

Non-white ethnicity, 

Disabled,

Pre-existing comorbidities including obesity, diabetes , respiratory/ cardiovascular disease and  hypertension

Male sex (?) 

Immune suppression ? 

Seveity of COVID?

Other risk factors?

Variant? 

Successive infections? 

Vaccination? 

Children? 



Long COVID during Omicron in UK

Case control in UK adults on 
- 41 361 first testing positive during Delta period
- 56 003 first testing positive during Omicron BA.1/2 period

How many new or ongoing symptoms 4 weeks or more after the start of acute COVID-19 ?

18-59 > 60 yrs
Time since vacc SARS-CoV-2 VOC

> 6 mo Delta 9.7 14.7

Omicron 2.1 4.2

3-6 mo Delta 11.4 13.8

Omicron 3.7 5.4

< 3 mo Delta 6.6 10.4

Omicron 4.0 5.2

Comparison % long-COVID after delta and omicron 
according to age and time since vaccination (2 doses)

Conclusion: Omicron has lower risk on long-COVID, but the absolute numbers may eventually become higher
(No clear relation with time since vaccination)

Ref 10 Anil Dhawan Lancet 18 June 2022
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Prevalence of SARS-CoV-2 and long COVID in US adults during the BA.5 surge, June-July 2022

Ref 11 Saba Qasmieh medRxiv 6 Sept 2022

Survey amongst 3,042 US adults: 

- 17.3% reported SARS-CoV-2 infection during 2 preceding weeks

- 21.5% of respondents with a SARS-CoV-2 infection more than 4 weeks prior reported long COVID symptoms
- More in women: RR 1.8 (1.4-2.3).
- More in people with co-morbidities: RR 1.8 (1.4-2.3).
- More if health insurance: RR 1.9 (1.3, 2.7)
- No clear-cut association with age, but slightly lower in 65+ RR 0.7 (0.5 -1.1)
- Tends to be more with lower income. 

Obviously a very limited study 
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With each reinfection increase the chances of complications AFTER recovery, including premature death 
(based on large cohort of US Veterans Administration). 

Risk of long COVID increases with each infection 

Ref 9 Eric Topol 21 June 2022
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Ref 12 Peng Gao Int. J. Environ. Res. Public Health 2022, 19, 12422

Effect of vaccination on long COVID
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Effect of vaccination on long COVID

Conclusion:  2 doses of vaccination, either before or after infection, lower the risk on long COVID with 20-25 %, 
especially with regard to cognitive and sleeping disorders as well as kidney problems and myalgia 
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Relative risk and excess burden of each long-COVID symptom in breakthrough after vaccination is higher
- for ICU > hospitalized > ambulatory patients (left panel)
- for immunocompromised (right panel)

Long COVID after SARS-CoV-2 breakthrough infection (BTI)
(based on large cohort of US Veterans Administration)

Ref 13 Ziyad Al Ali Nat Med 22 May 2022
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Nevertheless risk and excess burden of long-COVID in BTI (after vaccination) is in general lower as in those without prior vaccination  

Long COVID after SARS-CoV-2 breakthrough infection (BTI)
(based on large cohort of US Veterans Administration)

Ref 13 Ziyad Al Ali Nat Med 22 May 2022
10/18/2022 21



How Common is Long COVID in Children and Adolescents?

Petra Zimmermann J Pediatric Infect Dis Dec 2021

As in adults, a wide range of persistent symptoms has been reported with widely different frequencies
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How Common is Long COVID in Children and Adolescents?

Petra Zimmerman Pediatric Infect Dis Dec 2021

Only in 2 out of 5 controlled studies prevalence of persistent symptoms was higher post-COVID
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No difference of persistent symptoms following SARS-CoV-2 infection amongst children and young people 
in controlled studies

Ref 26 S.A. Behnood J Infect 2022 84 158-170 
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Established Risk factors for long COVID: 

Older age, 

Non-white ethnicity, 

Disabled;

Pre-existing comorbidities including obesity, diabetes , respiratory/ cardiovascular disease and  hypertension

Male sex (?) 

Immune suppression: yes

ICU > hospitalized > ambulatory

Other risk factors?

Variant: omicron proportionally less  long COVID

Successive infections: progressive increase in prevalence  of long COVID

Vaccination: partial protection.  

Children: less long COVID? 



The LONG COVID CONUNDRUM

1) Definition, scope and classification

2) Risk factors

3) Pathophysiology: hypotheses and associations

4) Management
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Pathophysiology hypotheses and associations: 

- General

- Pulmonary 

- Cardiovascular

- Anosmia (ageusia)

- Neurological 

- Kidney



Three major pathogenic hypotheses for long-COVID

Jennifer Couzin-Frankel Science 16 June 2022

1) Microclots? generated by coagulopathy during acute phase, could obstruct small vessels in 
- Lungs → respiratory complaints; 
- Brain → “fog” and fatigue; 
- Dysregulating autonomous nerves:  disrupt heart rate, breathing, and digestive function.

2) Persistent virus ? 

3) Immune system in constant high alert and low cortisol

Large microclot aggregates in platelet poor plasma (PPP) 
from long-COVID

Ref 15 Pretorius. Cardiovasc Diabetol (2021) 20:172
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Persistent clotting protein pathology in Long COVID is accompanied by increased antiplasmin

Ref 15 Pretorius. Cardiovasc Diabetol (2021) 20:172

(1A) The intrinsic and (1B) extrinsic pathways converge into the (1C) common pathway. 

These pathways lead to the conversion of soluble fibrinogen to insoluble fibrin, 

catalysed by thrombin. 

(2) Tissue plasminogen activator (tPA) or urokinase-type plasminogen activator (uPA) 

converts plasminogen into plasmin. A healthy fibrinolytic system regulates the 

coagulation pathway and assists with successful lysis of the insoluble fibrin clot. 

(3) Plasmin cleaves fibrin into fibrin degradation products (FDPs), including D-dimer. 

(4) Protein C and thrombomodulin both regulate coagulation: thrombin binds to its 

receptor, thrombomodulin, resulting in activated protein C (APC). APC then inhibits 

both Va and VIIIa. 

Effect of dysregulated inflammatory molecules

(5) may interfere with tissue factor (TF) expression. 

(6) may also down-regulate thrombomodulin, resulting in hypercoagulation, as Va and 

VIIIa activities are then not sufficiently modulated. 

(7) can inhibit of the fibrinolytic system via up-regulation of plasminogen activator 

inhibitor-1 (PAI-1). PAI-I upregulation interferes with tissue plasminogen activator (TPA) 

function, and ultimately results in a dysregulated coagulation system. 

(8) α2-antiplasmin (α2AP) inhibits plasmin and will prevent sufficient fibrinolysis 
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Long COVID is characterized by gut SARS-CoV-2 persistence in Inflammatory Bowel Diseases

Presence of various long-COVID symptoms is associated with viral persistence (PCR and immunofluorescence)
in 46 patients with inflammatory bowel disease (IBD) 219 days (range, 94–257) after a confirmed COVID-19 infection

RT- PCR Immunofluoresence

Ref 16 Andreas Zollner Gastro-Enterology May 2022
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Early presence of SARS-CoV-2 and EBV in plasma anticipates poor 
survival and post-acute COVID-19 sequelae

Ref 8 Yapeng Su Cell (2022) vol 185 p 881

High viremia (SARS-CoV-2 or EBV) at T1 
predisposes to long-COVIDPatients with SARS-CoV-2 viremia at T1 

survive less
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INCOV cohort with 
- 457 healthy controls 
- 100 Post-Acute COVID-19 patients

Blood drawn at T1 =  (week 1 = acute phase)



Distinguishing features of Long COVID identified through immune profiling

Long-COVID: higher levels of antibodies to SARS-CoV-2 Spike = persistence of SARS-CoV-2? 
very low levels of cortisol  and ACTH 

associated with low cortisol and high IL-8, CCL4, CCL19, CCL20, Galectin-1 = inflammation? 

Ref 17 Jon Klein medRxiv 10 August 2022

Spearman's rank correlation
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Distinguishing features of Long COVID (LC) identified through immune profiling

Long-COVID: higher levels of some soluble factors: TGF-β2, Galectin-1, Complement C4b = inflammation
some lymphocyte subsets e.g. exhausted CD4+ and CD8+ T cells; activated B cells (CD86, HLA-DR+)
antibodies to EBV epitopes: reactivation?   

low levels of cortisol 

Ref 17 Jon Klein medRxiv 10 August 2022

LASSO = regression analysis with high predictive value
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Pathophysiology hypotheses and associations: 

- General

- Pulmonary 

- Cardiovascular

- Anosmia (ageusia)

- Neurological

- Kidney 
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Abbreviations: ICU = intensive care unit; HFNC = high flow nasal canule (with oxygen); CT = computerized tomography;  TLC = Total Lung Capacity; 
DLCO = diffusion capacity; 6MWT = six minutes walking test 



Abbreviations: FVC = forced vital capacity,  FEV1 = forced expiratory volume in 1 second, TLC = total lung capacity, RV = residual volume,  Dlco = 
diffusing capacity of the lung for carbon monoxide; ICU = intensive care unit

Air-trapping is a common feature of long COVID (PACS) independent of disease severity

PACS with a history of ICU selectively show a deficit in several lung function tests  

Ref 18 Josalyn Cho Radiology July 2022
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Air-trapping is a common feature of long COVID (PACS) independent of disease severity

Ground-glass opacities (GGO) 
ICU > hospitalized >> ambulatory PACS >> healthy

Air-trapping is common in all PACS 
Could explain dyspnea, even if 
classical lung function tests normal?
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Pulmonary (non cardiac) mechanisms in long-COVD dyspnea

Natascha Sommer Innere Medizin (2022) vol 63 p 819

Note: Leistungs- einschränkung = exercise-limiting

Ref 4 Valentina Ruggiero Pharmaceutics 2022 vol 14 p 1135
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Long term sequalae of covid-19 in the alveoli of the lungs

(A) Pro-inflammatory cytokines and reactive oxygen species (ROS) released into the tissue and bloodstream. 
(B) Endothelial damage triggers fibroblasts, in fibrotic changes. 
( C) Endothelial injury, complement activation, platelet activation, and platelet-leukocyte interactions, release of pro-
inflammatory cytokines, disruption of normal coagulant pathways, and hypoxia may result in the development of a 
prolonged hyperinflammatory and hypercoagulable state, increasing the risk of thrombosis. 

Harry Crook BMJ 2021;374:n1648
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Pathophysiology hypotheses and associations: 

- General

- Pulmonary 

- Cardiovascular

- Anosmia (ageusia)

- Neurological 

- Kidney



Long COVID with a cardiovascular focus

Ref 19 Raman Eur Heart J Oct 2022 vol 43 p. 1157

Note: ACE2, angiotensin-converting enzyme 2; CCL, chemokine ligand; COVID, coronavirus disease; IL, interleukin;
IFN, interferon; Ig, immunoglobulin; PCR, polymerase chain reaction; POTS, postural orthostatic tachycardia syndrome; 
RNA, ribonucleic acid; TNF, tumour necrosis factor.
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Long COVID with a cardiovascular focus

Raman Eur Heart J Oct 2022 vol 43 p. 
1157

Modulating factors, determining to variability of long COVID include differences in cohort 
characteristics, age, and sex of subjects enrolled, timing of assessment, sociodemographic factors, 
vaccines and variants, pre-existing health problems, sample size, study design, and variability in 
questionnaires or tools used. 
HCW, healthcare workers; m, months; PCR, polymerase chain reaction; wks, weeks.

Ref 19 Raman Eur Heart J Oct 2022 vol 43 p. 1157
10/18/2022 42

Variable results of objective cardiological findings after discharge from hospital



Long COVID with a cardiovascular focus

Raman Eur Heart J Oct 2022 vol 43 p. 1157

Differences in cohort characteristics, age, and sex of subjects enrolled, timing of assessment, sociodemographic factors, vaccines and 
variants, pre-existing health problems, sample size, study design, and variability in questionnaires or tools used. 
HCW, healthcare workers; m, months; PCR, polymerase chain reaction; wks, weeks.

Modulating factors, determining to variability of long COVID
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Long term sequalae of covid-19 in the heart

(A) Chronic inflammation of cardiomyocytes can result in myositis and cause cardiomyocytes death. 
(B) Dysfunction of the afferent autonomic nervous system can cause complications such as postural orthostatic tachycardia syndrome. 
(C) Prolonged inflammation and cellular damage prompts fibroblasts to secrete extracellular matrix molecules and collagen, resulting in fibrosis. 
(D) Fibrotic changes are accompanied by increase in cardiac fibromyoblasts, damage to desmosomal proteins results in reduced cell-to-cell adhesion. 

Harry Crook BMJ 2021;374:n1648
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Pathophysiology hypotheses and associations: 

- General

- Pulmonary 

- Cardiovascular

- Anosmia (ageusia)

- Neurological 

- Kidney



Anosmia (ageusia) purely local or regional pathogenesis? 

Ref 20 Andrea Mastrangelo Neuroscience Letters Jan 2021

1) Infection and damage of supporting cells of the olfactory epithelium,→ inflammation 
2) Infection or immune-mediated damage of endothelial cells and vascular pericytes → hypoperfusion and inflammation.
3) Inflammatory cells, cytokines and neurotoxic compounds may indirectly influence the neuronal signaling
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Anosmia (ageusia) purely local or regional pathogenesis? 

Ref 21 Fengyi Liang Viruses Nov 2021

(ORN)

= Pathogen- or Damage- Associated Molecular Patterns
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Pathophysiology hypotheses and associations: 

- General

- Pulmonary 

- Cardiovascular

- Anosmia (ageusia)

- Neurological 

- Kidney



Proposed mechanisms of COVID-19 neurological sequelae

Ref 22 Samuel Ahmad J Integr. Neurosci April 2022

Note: CNS = central nervous system; CVSF = central venous sinus thrombosis; ICUAW = Intensive Care Unit acquired weakness
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Long term sequalae of covid-19 in the central nervous system

(A) The long term immune response activates glial cells which chronically damage neurons. 
(B) Hyperinflammatory and hypercoagulable states lead to an increased risk of thrombotic events.
(C) Blood-brain barrier damage and dysregulation results in pathological permeability, allowing blood derived substances and 

leukocytes to infiltrate the brain parenchyma. 
(D) Chronic inflammation in the brainstem may cause autonomic dysfunction. 
(E) The effects of long covid in the brain can lead to cognitive impairment.

Harry Crook BMJ 2021;374:n1648
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A range of central, peripheral, and psychological factors may cause chronic fatigue in long covid. 
Chronic inflammation in the brain, as well as at the neuromuscular junctions, may result in long term fatigue. 

In skeletal muscle, sarcolemma damage and fiber atrophy and damage may play a role in fatigue, 
as might a number of psychological and social factors

Possible mechanisms causing post-covid-19 fatigue

Harry Crook BMJ 2021;374:n1648



Post-COVID-19 Syndrome is Rarely Associated with Damage of the Nervous System: 
Prospective cohort of 171 patients with neuro-psych long-COVID complaints

Ref 23 Michael Fleischer Neurol Ther Aug 2022
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Post-COVID-19 Syndrome is Rarely Associated with Damage of the Nervous System: 
prospective cohort of 171 patients with neuro-psych long-COVID complaints

Ref 23 Michael Fleischer Neurol Ther Aug 2022

Evaluation of pre-existing risk factors

Few risk factors identified: 
A) Psych history → fatigue, concentration and psychiatric complaints
B) Neurol history → sensory and motoric complaints
C) Migraine → headache

Thorough examinations →  few diagnoses
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Post-COVID-19 Syndrome is Rarely Associated with Damage of the Nervous System: 
prospective cohort of 171 patients with neuro-psych long-COVID complaints

Ref 23 Michael Fleischer Neurol Ther Aug 2022

PNP = polyneuropathy; GBS = Guillain Barré Syndrome
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Pathophysiology hypotheses and associations: 

- General

- Pulmonary 

- Cardiovascular

- Anosmia (ageusia)

- Neurological 

- Kidney
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1) In acute phase: chronic kidney disease and development of acute kidney injury (AKI) →high mortality and morbidity rates. 
2) In the 6-to-12-month follow-up period: a decline in renal function has been observed even in patients without AKI in acute phase. 
3) There are no guidelines regulating the follow-up period or therapeutic alternatives. 

Ref 27 Sidar Copur J Nephrology (2022) vol 35 p795–805

Post-acute COVID-19 syndrome and kidney diseases

Acute phase

Chronic phase



The LONG COVID CONUNDRUM
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2) Risk factors
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Long COVID has many faces

Raman Eur Heart J Oct 2022 vol 43 p. 1157
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Ref 1 Ani Nalbandian Nat Med April 2021

Prioritization for those at high risk for PACS: with severe acute COVID-19 and/or requirement ICU, advanced age and comorbidities: 
pre-existing respiratory disease, obesity, diabetes, hypertension, chronic cardiovascular disease, chronic kidney disease, post-organ 
transplant or active cancer.

Interdisciplinary management in COVID-19 clinics
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Ref 6 Yoonjung Kim  Infect Chemother. 2022 Sep;54(3):566-597  

Therapeutic  management of Long COVID 

1) General or respiratory rehabilitation = indicated if long COVID-19 persists in patients with severe COVID-19 treated in ICU 
or patients >65 years of age

2) Medicines for persistent respiratory symptoms? No clear cut advantage of corticoids, antihistaminic etc

3) Thromboprophylaxis: not routinely.  Decision based on assessment of thrombotic and bleeding risk. 

4) Smell and taste disturbance: no specific treatment, but olfactory training may help. 

5) Fatigue: no specific treatment

6) Mental and psychological problems: no specific treatment

7) Cognitive disturbance and headache: no specific treatment
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Ref 2 Anushri Umesh Infection 30 April 2022

Ongoing Clinical trials for long COVID
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Prevention and Rehabilitation perspective of long COVID

Ref 24 Raktim Swarnakar World J.  Method. July 2022
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Long COVID clinics

UK https://www.england.nhs.uk/coronavirus/post-covid-syndrome-long-covid/ 90 clinics

US https://www.beckershospitalreview.com/patient-safety-outcomes/13-hospitals-health-systems-
that-have-launched-post-covid-19-clinics.html 66 sites

US NIH information: https://covid19.nih.gov/covid-19-topics/long-covid#long-covid-resources-1

Germany https://www.klinikkompass.com/kliniken-fuer-post-covid-patienten/ 36 also dozen

France https://www.iledefrance.ars.sante.fr/covid-long-qui-contacter-quelle-organisation-des-soins-
en-ile-de-france

Long COVID Nederland https://www.linkedin.com/company/petitie-long-covid-nederland-pasc/

Belgium? No information on the internet. 

https://www.england.nhs.uk/coronavirus/post-covid-syndrome-long-covid/
https://www.beckershospitalreview.com/patient-safety-outcomes/13-hospitals-health-systems-that-have-launched-post-covid-19-clinics.html
https://covid19.nih.gov/covid-19-topics/long-covid#long-covid-resources-1
https://www.klinikkompass.com/kliniken-fuer-post-covid-patienten/
https://www.iledefrance.ars.sante.fr/covid-long-qui-contacter-quelle-organisation-des-soins-en-ile-de-france
https://www.linkedin.com/company/petitie-long-covid-nederland-pasc/
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The Long-COVID conundrum

A very popular theme: over 7900 papers in PubMed

A large variety of symptoms has been associated, but most studies are not properly 
controlled: frequency is very variable.  
- Some symptoms can be objectivated (pulmonary, cardiovascular, kidney)
- Others are more difficult to pinpoint (e.g. neurological, fatigue ...)

There is a rather clear set of risk factors: co-morbidities, immune suppression, age, 
previous  COVID-19.  Less frequent with omicronVaccination has a partial protective 
effect.  

Proposed pathophysiological mechanisms include viral persistence, hyper-
inflammation and hyper-coagulation, but remain largely hypothetical.

No validated treatment guidelines.  Lack of validated phase 3 trials. 
Management needs to be multi-disciplinary and remains difficult.  
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Additional slides



Comparison of adverse outcome in COVID-19 (Feb -June2020) vs seasonal influenza (2017-2019)

Yan Xie BMJ 2020;371:m4677
10/18/2022 66



A fraction of patients with either severe or mild COVID-
19 develop a variety of new, recurring, or ongoing 
symptoms 4 or more weeks after infection. 
Analyses in people with PASC reveal key inflammatory 
cytokines and cellular activation phenotypes that are 
elevated over nonPASC convalescents. 

The immunology and immunopathology of COVID-19

Miriam Meyrad Science March 2022
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Distinguishing features of Long COVID identified through immune profiling

HC = healthy controls; CC = convalescent controls (fully recovered) ; LC = long COVID 

Long-COVID slightly older; 
more hospitalized (ns), 
but equal sex ratio

Over 1 year after acute episode

Many symptoms 

Jon Klein medRxiv 10 August 2022
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Shin Jie Yong Infectious Diseases (2021) vol 53 p. 737 

Risk Factors and Putative Pathophysiology of Long-COVID
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Proposed subtypes of post‐COVID‐19 syndrome

Shin Jie Yong Rev Med Virol Aug 2021

1) Non‐severe COVID‐19 multi‐organ sequelae (NSC‐MOS) =  Multi‐organ symptoms lasting for ≥3 months after acute COVID‐19 
especially fatigue, dyspnoea and cognitive impairments.   R/Personalised, multidisciplinary rehabilitation 

2) Pulmonary fibrosis sequelae (PFS): impaired lung function or respiratory symptoms for ≥3 months after acute COVID‐19, 
especially severe COVID.  R/ pulmonary rehabilitation, (hyperbaric) oxygen, anti-fibrotic drugs (?), Ca++ channel blocker (?)

3) Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS): Disabling fatigue, unrefreshing sleep, post-exercitional malaise 
and either cognitive impairment or orthostatic intolerance lasting for ≥6 months after acute COVID‐19.
R/ Personalized rehabilitation, probably sleep inducers; anti-depressants; 

4) Postural orthostatic tachycardia syndrome (POTS): Dysfunction of the autonomic nervous system with orthostatic hypotension, 
dizziness, palpitations, blurred vision, headache, generaliZed weakness, exercise intolerance, and fatigue.

R/ Increased fluid and salt intake; Compression garments/stockings; Non‐upright exercises
Propranolol (beta‐blocker); Midodrine (vasopressor); Ivabradine (If ion channel blocker)

5) Post‐intensive care syndrome (PICS): Severe‐to‐critical illnesses in need of ICU level of care, from which full recovery is difficult
Physical weakness, cognitive and mental problems lasting for many nmonths
R/ Physical rehabilitation and mental support.  Besides possibly: anti-coagulants; RAAS inhibitors, beta-blokkers, Statins,….  

6) Medical or clinical sequelae (MCS) = deterioration of the health of survivors or unmasking of chronic diseases, leading to medical 
or clinical sequelae (MCS) in need of medical attention, such as diabetes, respiratory, cardiovascular, gastrointestinal and 
neurological diseases and mental and behavioural disorders.
R/ Standard therapy of these disorders
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Anushri Umesh Infection 30 April 2022

Proposed pathophysiological mechanisms for long-COVID
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Anushri Umesh Infection 30 April 2022

Abbreviations: C-Reactive Protein (CRP); Interferon gamma (IFN-γ); Tumor necrosis factor-α (TNF-α); Interleukin-1β (IL-1β); Interleukin-1 (IL-1); Interleukin-6 (IL-6);
Interleukin-8 (IL-8); Matrix metalloproteinase-7 (MMP-7); Hepatocyte growth factor (HGF); GPCR—G-protein coupled receptors; von Willebrand factor (vWF);); 
Thyroid stimulating hormone (TSH); Triiodothyronine (T3); Adrenocorticotropic hormone (ACTH); Hypoxiainducible factor 1α (HIF-1α); Reactive oxygen species 
(ROS); Chemokine (C-X-C motif) Ligand (CXLC-2, CXCL-8 etc.)

Proposed pathophysiological mechanisms for long-COVID
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Twelve studies between March 2020 and Mach 2021 on almost 5000 subjects
1) EQ‐VAS is a patient's subjective assessment of generic health ranging from 0 to 100 (or 0 to 1) 
2) EQ‐5D‐5L is a validated questionnaire to evaluate a patient’s quality of life by five factors: mobility, selfcare, usual activities, pain or discomfort, 

and anxiety or depression. Categorization  divided into five levels that range from no problems to extreme problems

Standardized Quality of Life assessment

Preeti Malik J Med Virol August 2021
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Neuropsychiatric assessment

Lavienraj Premraj J Nerol Sci March 2022 

18 studies, encompassing a total of 10,530 patients, were analysed:  

Very  remarkably: most neurological and neuropsychiatric symptoms after 3 months were more common in non-hospitalized patients ! 
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Neuropsychiatric assessment

Very  remarkably: most neurological and neuropsychiatric symptoms rather increase on the longer term (> 6 months) ! 
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Yoonjung Kim  Infect Chemother. 2022 Sep;54(3):566-597  

Clinical evaluation and management of Long COVID 

WHO definition: symptoms and/or signs occurring during or after the acute COVID-19 phase 
- that are not explained by other diagnosesµ
- that persist for > 2 months
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Long COVID with a cardiovascular focus

Ref 19 Raman Eur Heart J Oct 2022 vol 43 p. 1157

BNP, B-type natriuretic peptide; 
CCTA, coronary computed tomography angiography; 
CMR, cardiac magnetic resonance; 
CRP, C-reactive protein; 
CTPA, computed tomography pulmonary angiography; 
ECG, electrocardiogram;
HbA1c, glycated haemoglobin; 
NS, nervous system;
POTS, postural orthostatic tachycardia syndrome; 
Trop, troponin.

Suggested algorithm for management of post-acute cardiovascular sequelae
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