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 SCIENTIFIC REPORT 
1 PATHOPHYSIOLOGY OF LONG COVID 
1.1 Disclaimer 
The current work is based on the available evidence at this moment (23/04/2021). There are still major 
evidence gaps, as studies are ongoing and science requires time to build up. A part of the available 
literature is not peer-reviewed and hence not necessarily conforms with the high quality standards for 
scientific research. This document should be considered as a working paper that will be updated as new 
evidence becomes available. This implies that some findings may change over time.   

1.2 Key points 

• The pathophysiology contributing to long COVID symptoms is so far unkown. Since the 
spectrum of symptoms is very wide, responsible mechanisms are probably numerous and 
intertwined.  

• While many articles elaborate on the putative mechanims involved in the 
symptomatology, there is little empirical data on the pathophysiology based on 
measurements among long COVID patients. In addition, the quality of data is limited due 
to heterogenous timings of inclusion, different initial disease severity and a lack of a 
comparator group. As such, the reported results need to be interpreted with caution. The 
current literature is highly hypothetical, cannot be generalized and is subject to change. 

• A distinction has to be made between two categories of mechanisms by which persisting 
symptoms come about: 
o Organ injury at the early phase of infection; 
o Persisting and/or residual symptoms without evidence of readily measurable  markers 

of organ injury.  

• Current literature suggests the following general pathophysiological mechanisms: (1) 
virus-driven tissue damage and (2) dysregulated immune and inflammatory reactions in 
response to the infection, giving rise to multiple disorders (microcirculation disorders 
associated with coagulation and fibrosis pathway activation, auto-immune manifestations 
and metabolic disturbances).  

• Long COVID has to be differentiated from Post-Intensive-Care-Syndrome (PICS), 
comprising  long-term physical, psychological and cognitive disabilities that can occur  in 
patients who have previously been hospitalised in Intensive care unit (ICU). 

 

1.3 Background 

1.3.1 Understanding the pathophysiology 
The underlying mechanisms responsible for persisting or new symptoms following the acute phase of 
COVID-19 remain unknown and their pathophysiology is yet to be deciphered. 

Hitherto, current research has mainly focused on the pathophysiological mechanisms involved in the 
acute phase and subsequent organ dysfunctions. Work on those mechanisms has mainly focused on 
the description of single organ involvement. However, a challenge with regard to understanding of the 
pathophysiology of long COVID is that the clinical spectrum is highly variable and can affect many organ 
systems.1-3 In this respect, the clinical picture of long COVID can presumably not be ascribed to a single 
pathophysiological mechanism. More research on this topic will shed light on how Sars-Cov-2 may 
chronically affect some people.  

Likewise, many articles indicate that organ injuries developed during the acute phase can account for 
the long COVID symptomatology. On the other hand, there is now compelling evidence that patients 
who experienced mild or moderate forms can present symptoms unassociated with residual organ 
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dysfunctions from the early phase.5-7 Even if it is conceivable that chronic manifestations can persist in 
the aftermath of the acute disease, specific mechanisms unrelated to organ damage need still to be 
unraveled.4  

Only a minority seems to be susceptible to develop long COVID. Exploring risk factors could help to 
elucidate the pathophysiology. When seeking to understand the processes by which long COVID comes 
about, another pitfall  may arise from the fact that long COVID patients who remained asymptomatic at 
the acute phase could be overlooked and are not included in studies. This lack of awareness and 
monitoring of evolution can lead to omit crucial pathophysiological pathways. Indeed, it has been shown 
that asymptomatic patients displayed a weaker immune reaction.6 A longer duration of viral shedding 
could persistently activate the immune system and hypothetically take part in long-term immunity 
disorders.1, 6 

Finally, it is worth noting that long-term follow-up remains, at the present time, too limited to reveal the 
spectrum of all potential consequences and to give a clear vision on the natural history of long COVID. 
In this regard, some studies have raised awareness about the role of viruses on the onset of 
neurodegenerative diseases and cancer.8, 9 For the purpose of this review, we did not consider studies 
that hypothesized on such very long-term putative consequences. 

1.3.2 Classifying mechanisms associated with symptoms 
Classifying symptoms can help to understand pathophysiology. In this review we proposed to classify 
the symptoms as (1) those with evidenced organ dysfunction (such as pulmonary fibrosis, altered 
cardiac contractility, renal failure) and (2) symptoms not clearly associated with an organ dysfunction 
(such as headache, persistent fatigue, post-exertional malaise, dyspnea without visible lung damages, 
psychiatric and neurocognitive disorders). In this view, the related pathophysiological mechanisms could 
be classified as follows: 

• Persistent tissue/organ injury following the acute phase; 

• Other unresolved, ongoing or recurrent reactions without evidence of classically recognized 
tissue/organ injury.a 

Of importance, long COVID has to be differentiated from Post-Intensive-care-Syndrome (PICS), a 
complication comprising long-term physical, psychological or cognitive disabilities that occurs  in patients 
who have been hospitalised in ICU. This condition involves specific pathological mechanisms and may 
last several months to years. Literature relating to PICS is not considered in the present work.10, 11 

1.4 Research question 
The research questions are formulated as: 

• Which putative pathophysiological mechanisms are likely to be involved in  long COVID symptoms? 

• Which pathophysiological mechanisms have been demonstrated in patients? 

This systematic review will be updated until final publication (October 2021) 

1.5 Methods: identification of the relevant literature 
We followed the KCE Process Book for conducting the searchb. The search was conducted from 03 
February to 23 April 2021.  

1.5.1 Structured question and search concepts 
The research question was transformed into an adapted PICO (PEOD: Population-Exposure-Outcome-
Design), structured search question (See Appendix 1.1). The review questions were thus based on the 
framework population, exposure, outcome, design (PEOD). Keywords and search concepts were 
collected through experts’ opinion, existing recent publications retrieved after preliminary literature 
searches, and consultation of controlled vocabularies (Medical Subject headings = MeSH; Excerpta 
Medica = Emtree). Considering the topic specificities, only keywords related to the problem were sought. 

                                                      
a  Evidenced structural (or microstructural) alterations of tissue leading to organ dysfunction. 
b          http://processbook.kce.fgov.be/ 

https://kce.fgov.be/en/report-on-post-intensive-care-syndrome-pics-for-general-practitioners
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 Inclusion criteria Exclusion criteria 
Population People experiencing symptoms 

beyond 4 weeks, onward Non-human experimental studies 

Exposure COVID-19 confirmed (PCR, 
antibodies), or with high clinical 
(radiological) suspicion 

 

Outcome Pathophysiological mechanisms likely 
to explain long COVID symptoms 

• Studies that focus only on acute 
mechanisms  
 

• Studies that hypothesized on very long-
term putative consequences such as 
neurodegenerative diseases or cancer 

Design Case series, systematic review, cohort 
study, experimental study (no 
limitation on number of patients) 

Case reports 

Language  English, French, Dutch, Spanish Other languages 

1.5.2 Identification of studies 
A set of bibliographical databases and registers was identified based on the search questions. A search 
query was developed with the assistance of a medical information specialist and adapted to each 
database. Considering the topic specificities (recent topic, no clear concept, several synonyms), full text 
databases and pre-print registries were sought and a pure keyword strategy was chosen. (See Appendix 
1.2).  Searches in those databases were supplemented by collecting additional references from different 
sources (external experts, exploratory searches in the bibliographical databases, identification of cited 
references and looking into the bibliography of key references). 

All identified references were imported in Endnote X.8, the duplicate search results were detected based 
on title match using the build-in tool from EndNote, and supplemented by manual identification after 
sorting on Title. A total of  10 445 records were provided for screening. 

1.5.3 Selection of studies 
The selection of studies followed a three step process conducted by the information specialist and one 
researcher. The first step was based on title and abstract screening using the research question and 
human context by the information specialist: irrelevant studies were excluded, potentially relevant 
studies were kept. The second step was based on title and abstract screening using the PEOD and 
exclusion criteria by the researcher: irrelevant studies were discarded. Subsequently, full text papers of 
the retained studies were sought.  

We selected studies that hypothesize on the pathophysiology likely to explain long-term disorders 
following COVID-19. Articles were excluded if the content was essentially focused on the acute 
pathophysiological mechanisms, involved in the initial phase of the infection. However, we included 
those that suggested or discussed the possibility that early pathophysiological disturbances could 
account for chronic symptoms. We excluded studies that hypothesized on very long-term putative 
consequences such as neurodegenerative diseases or cancer. Languages were restricted to English, 
French, Dutch, and Spanish). Seeing the urgent need to identify evidence and the fact that majority of 
articles are exploratory studies with limited sample sizes, critical appraisal was not undertaken in this 
review. The selection of studies is summarised in the flow diagram (See Appendix 1.3) 

  



8 
 

1.5.4 Reporting: distinction between merely theoretical articles and articles based on 
COVID-19 patients 

To report the retrieved findings we made a distinction between studies merely elaborating on the putative 
hypothesis of the pathophysiology of long COVID, and those in which patients were involved in the 
research process. The latter can, more precisely, give insight into the specific pathophysiology of long 
COVID manifestations and consequently give a much more accurate picture of what is really known. 
Both types of articles were analysed separately and presented in Tables 1 and 2 (each article is 
individually summarized in Appendix 2).  

1.6 Results  

1.6.1 Included studies 
The search through databases yielded 10 445 hits, which was reduced to 6 600 after duplicates removal. 
We discarded 6 520 records based on title and abstract screening. After assessing 81 full texts of the 
remaining articles for eligibility, 30 were excluded because they did not provide data or hypothesis on 
the aetiology of persistent symptoms or they hypothesized on long-term neurodegenerative diseases. 
Thereby, 51 studies met our inclusion criteria and were included in the analysis. Additionally,  20 relevant 
articles out of 30 detected in the references in included studies or by scanning the current literature, 
were added. Among them, 10  articles reported on autopsy results. In total, 71 studies were included in 
the review. The selection of studies is summarised in the flow diagram (See Appendix 1.3). 

1.6.1.1 Literature on hypothetical mechanisms  
We found 40 articles only addressing hypothesis on potential mechanisms that could be involved in the 
long COVID symptoms. Among them, 28 speculated on mechanisms that could specifically explain long 
COVID symptoms12-39 whereas 12 articles focused on acute disorders that could, to some extent, result 
in persisting symptoms.40-51 In the latter, the suggested mechanism was organ injury as a complication 
of acute disease and from which persistent symptoms can emerge. Particularly, the reported organ 
injuries were the following: stroke41, 47, 50, myocardial infarction and fibrosis44, 46, 50, acute encephalitis45, 
neuromuscular disorders41, 43, 51 and hepatobiliary damages.40 Three articles reported lung fibrosis as a 
mechanism occurring in the specific setting of severe pneumonia at the early phase.42, 48, 49 
Pathophysiology and associated symptoms are presented in Table 1. 

1.6.1.2 Literature involving patients in the research process. 
We retrieved 31 articles which included patients. Among those, ten articles reporting on post mortem 
analysis gave an insight into pathophysiological mechanisms but their relevance for long COVID 
remains questionable since they include patients who died from critical illness.52-61 Studies appraised a 
wide range of symptoms and mechanisms: neurological55, 59, 62-69,respiratory52-54, 56-58, 60, 61, 70, 71, 72, 73, 74, 
gastro-intestinal75, dermatological76,  and immune system.65, 70, 77-81 They were highly heterogeneous in 
time elapsed from infection to chronic symptoms ranging from one to 6 months. In addition, sample size 
was limited and control groups were lacking in seven studies.66, 68, 69, 71, 72, 77, 80 Mostly, studies included 
patients who were hospitalised during the acute phase of infection: eight studies considered only 
hospitalised patients64-66, 70, 73, 74, 79, 82 whereas  six studies included both hospitalised and non-
hospitalised patients.63, 67, 71, 72, 77, 80 One study included exclusively non-hospitalised patients62 and 
another study included non-hospitalised symptomatic and asymptomatic patients.78 Two studies did not 
mention the hospitalization status.68, 69 Experimental tools included magnetic resonance imaging, 
nuclear medicine ([18F]FDG PET/CT), blood sample analysis and cytology (mucosa brush cytological 
sampling). Results are presented in Table 2. 

 



 

 
 

Table 1 – Articles describing the hypothetical mechanisms that may be involved in the long COVID symptoms 
System Involved 

symptom(s) 
Mechanisms N Studies 

Neurologic Neurocognitive 
symptoms 
 
Psychiatric 
disorders 
 (anxiety, 
depression, trauma-
related disorders) 
 
 
 
 
 

1) Neuro-inflammation hypothesis 
Brain dysfunction or neuronal injury through a persistent inflammatory process secondary 
to the viral invasion or dysregulated immunity processes (indirect consequences of 
infection). Symptoms can vary according to the involved brain region (i.e cortical regions 
or limbic system for psychiatric and cognitive disorders, brainstem for cardiorespiratory 
symptoms or cognitive/mood symptoms): 

(a) Central nervous system (CNS) can undergo inflammation secondary to viral 
invasion that occurs via trans-neuronal retrograde pathway through olfactory 
sensory neurons or via  hematogenous invasion through the  blood-brain barrier 
(endothelial cells and epithelial cells of choroid plexus). Leucocytes can serve as 
vector for dissemination towards CNS.  

(b) Pro-inflammatory cytokines can disrupt blood-brain barrier (BBB) and increase its 
permeability to cytokines and leucocytes transmigration. 

Inflammation processes may induce: 
• A release of cytokines leading to an activation of the coagulation and the formation of  

microthrombosis impairing tissue vascularization and neurotransmission. 
• Exacerbated microglia activation could also be a key-component for neuro-

inflammation and could lead to cerebral homeostasis disruption. Activated microglial 
cells release pro-inflammatory cytokines, chemokines and generate oxidative stress 
(reactive oxygen species) that may lead to a long-lasting and self-perpetuating neuro-
inflammation contributing to brain dysfunction (neurotransmission disorders, 
excitotoxicity and tissue damages) involving various pathways (p38MAP-kinase, ATP-
P2X7 receptors)  

Systemic inflammatory reaction can lead to hypothalamic-pituitary-adrenocortical axis 
dysfunction that can participate in de dysregulation of systemic immune activity and 
subsequent neuro-inflammation. 
 
2) Auto-immunity hypothesis 
Inflammatory state during SARS-CoV-2 infection can favour an aberrant immune response 
against nervous system: auto-immunity phenomena through cell-mediated and humoral 
immune responses (role of molecular mimicry) 
 
3) Metabolic brain disorder hypothesis (associated with neuro-inflammation) 
• Mitochondrial dysfunction due to the integration of virus in mitochondrial genome that 

may lead to reduced energy metabolism and hypoxic conditions that favour neuro- 
inflammation. 

17 Scoppettuolo P29 et al 
Stefano G31 et al 
Gasmi A45 et al 
Ogier M25 et al 
Baig A15  et al 
Iadecola C19 et al 
Yong S39 et al 
Azizi S41 et al 
Najjar S24 et al 
de Erausquin G18 et al 
Bouças A16 et al et al 
Steardo L 30 et al 
Troyer E32 et al 
Ribeiro D27 et al 
Mukaetova-Ladinska E23 et al 
Low RN22 et al 
Ostergard L26 et al 
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System Involved 
symptom(s) 

Mechanisms N Studies 

• Cytokine-induced activation of IDO-1 (indoleamine 2,3-dioxygenase) disrupting the 
kynurenine pathway involved in depression. Increased local levels of angiotensin 2 
could also take part in this mechanism. 
 

4) Residual viral (or virus antigen) infection hypothesis 
Due to insufficient immune response, residual virus, and/or antigen load remains and 
contribute to a low grade smoldering inflammatory response. 
 
5) Potential involvement of gut-brain axis 
 
6) Secundary brain damages hypothesis 
 Indirect nervous system damage via the systemic complications of acute illness 
(haemodynamic and coagulation disorders, arrythmia, severe systemic inflammation) 

Neurologic Headache and pain 1) Activation of nerves (peripheral trigeminal nerve, nerve roots)  by several 
proposed mechanisms: 
• Nerve viral invasion 
• Local increase of Angiotensin 2  and decrease of Angiotensin 1-7 (involved in 

nociception) 
• Vasculopathy (unbalanced vasoconstriction, oxidative stress) 
• Pro-inflammatory cytokines and hypoxia  

 
2) Pain in the setting of neurological complications (stroke, Guillain Barré syndrome, 
myelitis) 
 
3) Inflammation may induce or aggravate damage in various tissues such as joints and 
muscle, triggering pain-related symptoms 
 
4) Glymphatic-lymphatic system congestion hypothesis. Damages to olfactory 
sensory neurons, may lead to a reduced outflow of cerebrospinal fluid through the 
cribriform plate, causing a congestion of the glymphatic system with secondary cranial 
hypertension and subsequent toxic build-up within the central nervous system. 

6 Su S51 et al 
Bolay H37 et al 
Attal N14  et al 
Wostyn P34 et al 
Low RN22 et al 
Yong S35 et al 
 

Neurologic Persistent fatigue Several potential mechanisms are proposed: 
• Neuro-inflammation and subsequent neurotransmission disorders (neurotransmitters 

concentration, intrinsic excitability, inflammation, changes in axonal conduction due 
to demyelination) 

5 Wostyn P34 et al 
Islam M20 et al 
Rudroff T28 et al 
Low RN22 et al 
Wood E33 et al 
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System Involved 
symptom(s) 

Mechanisms N Studies 

• Psychological factors (neurotransmitters levels can vary after COVID-19 and give 
rise to psychological disorder accounting for fatigue worsening) 

• Peripheral factors (musculoskeletal impairment) in chronic fatigue 
• Environmental factors (social isolation temperature, humidity) 
• Associated comorbidities 
• Glymphatic-lymphatic system congestion hypothesis: reduced outflow of 

cerebrospinal fluid following olfactory sensory neurons damages leading to a certain 
level of intracranial pressure and accumulation of toxins accumulation within the 
brain 

• Bioenergetic disorders (muscle) due to mitochondria dysfunction 

 

Neurologic Olfactory 
dysfunction 

Olfactory dysfunction due to viral invasion and subsequent inflammation and cells injury: 
ACE2 present in epithelial cell of olfactory mucosa (sustentacular cells). Mechanism still 
unclear: no clear evidence of ACE2 on olfactory sensory neurons.  

2 Gasmi A45 et al 
Iadecola C19 et al 

Cardiorespiratory Cardiorespiratory 
dysautonomic 
symptoms 
(palpitations, post-
exertional malaise, 
exercise 
intolerance, 
breathlessness, 
chest pain) 

Dysautonomy hypothesis  
 
Virus- or immune-mediated disruption of the autonomic nervous system (auto-immunity, 
microcirculation disorders): intrathoracic chemo and mechanoreceptors involved in the 
cardiovascular and respiratory reflexes or brainstem and cortical regions involved in the 
cardiorespiratory control, that may lead to various symptoms such as dizziness and other 
cardiovascular symptoms. 
• Consecutive ionic changes and neuro-hyperexcitability ensues 
• Increased smooth muscle cells tone (vasoconstriction) could lead to hypoperfusion 

of different organs 

4 Dani M17 et al 
Low RN22 et al 
Yong S35 et al 
Motiejunaite J12 et al 
 
 

Cardiovascular Thromboembolic 
complications 
(stroke, pulmonary 
embolism)  

Endothelial dysfunction (endotheliitis) and subsequent activation of coagulation are 
the key mechanisms for cardiovascular complications.  
These cardiovascular issues can lead to chronic symptoms, associated with organ 
damages. Thrombo-inflammation can affect large blood vessels. Microcirculation 
impairment can also lead to tissue ischaemia. 
 
• Endothelial invasion (ACE2 receptor) and consecutive dysfunction with coagulation 

activation and platelets/leucocytes attraction and activation 
• Coagulation activation through the systemic cytokines release 
• Direct viral-induced activations of platelets (ACE2 receptor) leading to inflammation 

and coagulation activation 
• Inflammatory reaction-platelets and leucocytes attraction and thrombogenicity 
• Neutrophil extracellular traps (NETs): inflammation-coagulation (factor XII) 

4 Ostergaard L26 et al 
Moschonas I47 et al 
Roberts K50 et al 
Evans P44 et al 
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System Involved 
symptom(s) 

Mechanisms N Studies 

• Direct complement activation (inflammation) 
• Pericytes invasion and endothelial cells injury (loss of endothelial homeostasis and 

integrity) 
• Possible role of antiphospholipids antibodies (endothelial/coagulation activation) 

Cardiovascular Heart disorders 
(impaired 
contractility, 
dyspnea, arrythmia) 

Endothelial cell and cardiomyocyte impairments are the mechanisms proposed for 
cardiac complications. 
These mechanisms can predispose for cardiac problems and/or symptoms after recovery 
and predispose them to late complications (arrythmia, cardiac insufficiency): 
• Coronary endothelial cells dysfunction hypothesis: inflammatory role of endothelium 

(viral invasion through ACE2 receptor)  with subsequent leucocytes recruitment and 
coagulation activation (micro-thrombi) 

• Direct cardiomyocyte viral invasion (ACE2 receptor)  that may contribute as a trigger 
for heart tissue inflammation and account for contractility impairment 

• Residual inflammation could lead to subsequent cardiac remodeling (fibrosis) 
• Interaction with adipose tissue of epicardium (positive for ACE2) could be a 

mechanism of long-term arrythmia and coronary disease (adipokines release) 
 

6 Ostergaard L26 et al 
Evans PC44 et al 
Mitrani R46 et al  
Moschonas I47 et al 
Roberts K50 et al 
Evans P44 et al 

Respiratory system Dyspnoea 
Cough 
Chest pain 
Exercise limitation 

• Lung fibrotic remodeling after severe pneumonia can manifest in respiratory 
symptoms. Unlike functional respiratory disorders potentially associated with 
autonomic nervous system dysfunction, the mechanisms leading to fibrosis are 
associated with long-term lung injuries and occur mainly in severely-ill patients at the 
initial phase of infection: 
o Pulmonary alveolar inflammation after viral invasion  
o Degeneration of alveolar epithelial lining with emergence of hyaline membranes  
o Excessive cytokines production (host inflammatory response) and enhanced 

influx of inflammatory cells 
o Severe lung tissue scarring and fibrosis due to collagen deposition following 

aberrant fibroblast proliferation and differentiation (myofibroblasts; TGF-β1, 
transforming growth factor beta 1 pathway) 
 

• Unresolved (micro-)vasculature damages that can account for persistent respiratory 
symptoms which may be a potential precursor to chronic thromboembolic disease 
and pulmonary hypertension. 
 

• Dysautonomy hypothesis (See above Cardiorespiratory system) 

4 Murthy K49 et al 
Ojo A48 et al 
Dhawan R42 et al 
Yong S35 et al 

Immune system Wide range of 
symptoms 

Hypothesis of chronic dysregulated immune system activation with 
subsequent cytokine release and chronic low grade inflammation leading to 

5 Galeotti C38 et al 
Low RN22 et al 
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System Involved 
symptom(s) 

Mechanisms N Studies 

multiple organ dysfunction. This hypothesis suggests that inflammation could be 
responsible for persistent symptoms (no specificity on the type of symptoms): 
o Auto-immunity phenomena would result from inflammation and dysregulated 

immune responses. It could also result of a molecular mimicry with viral and 
self- antigens. 

o Genetic polymorphism in the cytokine genes' regulatory regions could explain a 
predisposition to present symptoms and account for inter-individual differences 
in the severity and occurrence of  symptoms 
 

Mast cell activation syndrome hypothesis suggested as aetiology of persistent 
symptoms (multisystem disorder with inflammatory and allergic issues). The mast 
cell would be activated via the cytokines release. This could lead to lung fibrosis via 
a stimulation of fibroblast activity. 

Afrin B13 et al 
Kazama I21 et al 
Yong S35 et al 

Gastro-intestina 
and hepato-biliary 
system 

Gastro-intestinal 
symptoms:  
anorexia, 
dyspepsia, 
nausea/vomiting 
diarrhea 
abdominal pain 

Several potential mechanisms are suggested to persistent digestive symptoms. 
• Post-infection gastro-intestinal dysfunction:  

o Viral invasion-local inflammation followed by leucocytes infiltration in the 
digestive mucosa generating a local inflammation 

o Role of persistent gut microbiome for maintaining a status of chronic low grade 
intestinal inflammation (motility disorders, mucosal hyperpermeability, bile acid 
malabsorption) 

o Hypothesis of gut as undetected virus reservoir 
o Contributions of genetic predisposition and interaction between gut and 

environmental and psychological factors 
 

• Autonomic nerve system disorder hypothesis: virus- or immune-mediated 
disruption of the autonomic nervous system (vague nerve) leading to gut motility 
disorders 

3 Schmulson M36 et al 
Abdel-Moneim A40 et al 
Yong S35 et al 
 

Musculoskeletal 
system 

Muscular weakness 
 
Bone and joint 
disorders (pain, 
mobility) 

• Muscle: 
o Pro-inflammatory cytokines-induced disruption of myocytes 
o Cytokines-induced muscle fibroblast activation leading to fibrosis 
o Neuronal demyelination 

• Bone: 
Microvascular blood flow impairment secondary to hypercoagulability, leukocyte 
aggregation, and vessel inflammation that contribute to the development of 
osteonecrosis 

1 Disser N43 et al 
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Table 2 – Articles approaching the hypothetical pathophysiology of symptoms in patients  
System Involved 

symptom(s) 
Mechanisms Type of patients N Studies 

Neurology Smell disorders 
Cognitive 
disorders 
Pain  
Insomnia 

Functional brain disturbances. 
• In comparison with matched subjects, identification of hypometabolic 

activity in various cerebral zones by using [18F]FDG PET/CT: olfactory 
bulb, limbic/paralimbic structures, thalamus, orbito-frontal cortex, 
cerebellum, and brainstem. 

• Significant associations are observed between hypometabolism and 
long-term functional complaints: hyposmia/anosmia, memory/cognitive 
impairment, pain and insomnia. 

• Absence of significant brain hypermetabolism, suggesting the absence 
of brain inflammation (in both studies). 

Ambulatory and 
hospitalised 

2 Sollini M65 et al 
Guedj E67 et al 

Neurology Headache 
Vision disorders 
Mood change 
Fatigue 
Myalgia 
Taste/smell 
disorders 
Numbness 
Tremor  
 

Neuro-inflammation and brain microstructural modifications. 
• In comparison to age and sex-matched healthy subjects, micro-

structural and volumetric disorders are evidenced through magnetic 
resonance imaging (MRI) patients recovering from COVID-19. 
Correlation of imaging with several symptoms (memory and smell 
disorders) 

• Neurochemical signs of neurons injury and microglia activation (plasma 
serum neurofilament light chain and glial fibrillary acidic protein) in 
comparison with control group 

• Indirect signs suggesting the role of neuro-inflammation on mood 
disorders symptoms: patients treated by interleukine inhibitors (IL-1β 
and IL-6) at the initial phase of COVID-19 had less signs of depression 
(but not PTSD) 

• In patients who died from COVID-19, an association was found 
between MRI abnormalities and brain vascular lesions (congestion, 
clotting, vessel wall abnormalities, signs of activated microglia)  

• In patients who died from COVID-19, identification of neuroinvasion 
(cortical neurons and endothelial cells) and neuronal damages with 
ischaemic zones. 

Ambulatory and 
hospitalised patients 

6 Lu H64et al 
Benedetti F66 et 
al 
Lee MW55 et al 
Song E59 et al 
Ameres M62 et al 
Kanberg N63 et al 

Neurology Persistent 
olfactory 
dysfunction 

Structural lesions in the olfactory system at imaging and histology. 
• Olfactory nerve morphological abnormalities at imaging 

(tomodensitometry, magnetic resonance imaging) suggesting 
direct/indirect injury to olfactory neuronal pathways 

• Brush cytological sampling: neuroepithelium remains inflamed (high 
levels of cytokines including IL-6, myeloids cells) with persistent SARS-
CoV-2 RNA. 

Not reported 2 Kandemirli S68 et 
al 
De Melo G69 et al 
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System Involved 
symptom(s) 

Mechanisms Type of patients N Studies 

Cardiovascular system Fatigue 
Dyspnea 
Chest pain  
Headache  
Joint pain 
Ocular disorders 

Persistent vascular inflammation.  
• Signs of macrovascular vascular inflammation (vasculitis): 

o Using [18F]FDG PET/CT, in comparison with age/sex-matched 
controls, evidence of increased [18F]FDG uptake in several  
vascular regions (thoracic aorta, right iliac artery, and femoral 
arteries). 

• Signs of microvascular inflammation (endothelial dysfunction) in 
comparison with control subjects, using blood sample analysis: 
o Identification of microvascular retinal impairment assessed by 

optical coherence tomography (compared to control group). 
o Persistent cytokine-driven endothelial cells dysfunction (compared 

to control group): 
 Increased number of circulating endothelial cells  
 Pro-coagulant and pro-inflammatory phenotype in patients 

with cardiovascular risks  
 Increased level of cytokines 
 Signs that endothelial cells could be targeted by cytotoxic 

leucocytes) 
o At autopsy, evidence of endothelial cells and cardiomyocytes viral 

invasion with signs of structural alterations 

Hospitalised patients 7 Sollini M74 et al 
Savastano A73 et 
al 
Chioh F82 et al 
Varga Z60 et al 
Bulfamante G61 
et al 
Lindner D56 et al 
Roshdy A57 et al 

Respiratory  Dyspnoea 
Chest pain 
Cough 
Fatigue 
Breathlessness 

Persistent inflammation and dysregulated host response of lung repair. 
• Increased plasma biomarkers of lung inflammation and fibrosis 

(Lipocalin 2, Matrix metalloproteinase-7, Hepatocyte growth factor). 
Biomarkers were significantly higher in patients who needed intensive 
care. 

• Compared with healthy subjects, [18F] FDG PET/CT abnormalities 
suggesting persisting inflammation in lungs, mediastinal lymph nodes, 
spleen, and liver. 

• Correlation of  iron metabolism disorders with persisting respiratory 
symptoms suggesting an involvement of iron homeostasis 
disturbances in end-organ damage: 
o Persisting hyperferritinemia was significantly associated with 

severe lung pathologies in computed tomography scans and a 
decreased performance status (6 minutes walking test) 

• At autopsy, signs of fibrosis, endothelial injury, microangiopathy, 
coagulation activation (microthrombi) and angiogenesis 

Hospitalised patients 
and outpatients 

7 Chun H71 et al 
Sonnweber T72 et 
al 
Bai Y70 et al 
De Michele S54 et 
al 
Schaller T58 et al 
Ackermann M52 
et al 
Carsana L53 et al 
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System Involved 
symptom(s) 

Mechanisms Type of patients N Studies 

Gastro-intestinal 
system 

 Gut microbiota modifications after recovery.  
• Decreases gut commensals with known immunomodulatory potential  
• Perturbed composition of microbiota correlated with plasma 

inflammatory cytokines and chemokines concentrations and blood 
markers (C- reactive protein, lactate dehydrogenase, aspartate 
aminotransferase, gamma-glutamyl transferase) 

Hospitalised patients 1 Yeoh Y75et al 

Immune system Multi-system 
symptoms 

Persistent immune inflammatory response impairing organ 
functioning. 
• In comparison with healthy subjects, signs of remaining inflammation in 

blood samples analysis (increased levels of proteins involved in 
mitochondrial function, leucocytes function, urea cycle, protease 
inhibitors). 

• In comparison with healthy subjects, identification of long-lasting 
phenotypic and functional disorders of lymphocytes: persistence of a 
cytotoxic program in CD8+ T cells and elevated production of cytokines 
that could impact tissue integrity and cytokines responsiveness. 

• Magnetic resonance imaging suggests signs of mild organ impairment 
(even in low risk patients):heart, lungs, kidneys, liver, pancreas, 
spleen. Correlation between the extent of extra-pulmonary MRI 
abnormalities and exercise intolerance (cardiopulmonary exercise test, 
six-minute walk test) and markers of inflammation 

• Abnormalities at [18F] FDG PET/CT suggesting persisting 
inflammation in several organs (lungs, mediastinal lymph nodes, 
spleen, liver, adrenal glands) 

• No association between vitamine D levels with persistent symptoms 
nor CT-abnormalities, or impaired pulmonary function testing. 

Asymptomatic, non-
hospitalised and 
hospitalised patients 

7 Doykov I78 et al  
Dennis A77 et al  
Shuwa H79 et al 
Bai Y70 et al 
Sollini M65 et al 
Pizzini A80 et al 

Raman B81 et al 

Dermatological system Various skin 
disorders 

Potential immune or inflammatory mechanisms in skin lesions.  
On skin biopsy, description of: 
• Lymphocytic or neutrophilic infiltrates 
• Endotheliitis 
• Microangiopathy 
• Microthrombosis 
• Leucocytoclatsic vasculitis 

Ambulatory and 
hospitalised patients 

1 Genovese G76 et 
al 



 

 
 

Central nervous system 
Central nervous system impairment involves a wide variety of symptoms and probably entails several 
overlapping mechanisms. 

Reported hypothethical mechanisms: 

• Seventeen publications elaborated on the putative mechanisms that could contribute to 
neurocognitive disorders (difficulty of concentration, memory and executive functions disorders, 
‘brain fog’) and psychiatric impairment (mood disorders, post-traumatic stress syndrome, anxiety, 
insomnia).15, 16, 18, 19, 22-27, 29-32, 41, 45 Mechanisms are numerous and mainly encompass  
neuroinflammatory disorders.   

According to this hypothesis, brain dysfunction is secondary to inflammatory phenomena  following 
viral invasion of the brain or to proinflammatory cytokines that reach the central nervous system. 
Microglia, which is a network of cells scavenging neurons and involved in homeostasis and brain 
immune defense, can secondarily be activated. Once activated, microglia can perpetuate neuro-
inflammation through a dysregulated release of cytokines and  reactive oxygen species. Microglia 
impairment has been associated with a large number of neuropsychiatric disorders.83  

As a consequence of inflammation, hypercoagulation could lead to the formation of 
microthrombosis impairing correct vascularization, neurotransmission and potentially inducing 
neuron injury (through ischaemia or excitotoxicity). On the other hand, a bioenergetics failure due 
to mitochondrial dysfunction has also been proposed as a consequence of inflammatory reaction 
or viral invasion. 

In that way, symptoms could be related to the impaired cerebral region. For example, the  limbic 
system or cortical areas dysfunction could account for psychiatric and cognitive disorders. Besides, 
brain damages can also be secondary to the severity and complications of the acute infection.29 

• Four articles proposed that auto-immune manifestations against the central nervous system could 
be triggered, via a molecular mimicry with viral proteins or via a dysregulation of inflammatory 
processes as a consequence of the acute phase of the infection. This relationship between COVID-
19 and auto-immunity has been suggested because auto-immune complications have been 
reported in the early course of infection.29, 32, 38, 41 

• One article speculated that the gut-brain axis could be modified and involved in central nervous 
system dysfunction32 and one other article elaborated on the indirect nervous system damage via 
the complications of acute illness.23 

• Six articles suggested mechanisms contributing to pain and headache14, 22, 34, 37, 39, 51 and five articles 
proposed mechanisms involved in  chronic fatigue.20, 22, 28, 33, 34 Peripheral and central neuro-
inflammation could play a role for both symptoms. Muscle mitochondrial dysfunction could take part 
in the physical dimension of fatigue while other pluridimensional factors (psychological, 
environmental, comorbidities) could also be involved. Interestingly, one article proposed for both 
symptoms, a dysfunctional brain glymphatic drainage leading to cerebrospinal fluid congestion 
(intracranial hypertension) and toxins accumulation within the brain.34 

Findings reported in clinical studies: 

Clinically, studies gave contrasting results: 

• Two studies evaluated brain metabolism using the uptake of [18F]FDG PET/CT in symptomatic 
patients 3 to 4 months after infection.65, 67 In comparison with matched subjects, hypometabolic 
activity was underscored in various cerebral areas involved in the symptoms (cognitive symptoms, 
headache, pain, sleep and smell disorders). Interestingly, zones with hypermetabolism were not 
identified in both studies. Such hypermetabolic zones would have suggested brain inflammation. 

• Conversely, by using magnetic resonance imaging (MRI), 3 months after infection, one study 
evidenced brain micro-structural and volumetric disorders in symptomatic patients, supporting a 
possible neuro-inflammation.64 In this line, two autopsy studies reported signs of microvascular 
impairment and inflammation.55, 59 

• Two studies reported increased plasmatic biomarkers of neuronal injury and microglia activation, 
between 13 and 23 days after onset of infection.62, 63 Finally, one study indirectly suggested 
elements in favour of neuro-inflammation by showing that patients treated with anti-cytokines drugs 
displayed less depressive symptoms in the long run.66 
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Regarding the persistent smell and taste disorders, two studies reported on the role of 
neuroepithelial viral invasion and subsequent inflammation as mechanisms contributing to olfactory 
dysfunction.19, 45 At the level of patients, two studies depicted abnormalities in the neuroepithelium 
(persistent inflammation and presence of viral RNA) and olfactory nerve in patients presenting long-
term smell disorders.68, 69 

Cardiovascular and coagulation 
Cardiovascular complications resulting from coagulation disorders may arise during the acute infection, 
and include myocardial infarction, stroke or pulmonary embolism. Such complications may give rise to 
long-lasting sequelae. Myocarditis has also been reported at the acute phase.44  

Reported hypothethical mechanisms: 

Four articles hypothesized on the mechanisms contributing to thromboembolic complications26, 44, 47, 50 
while five articles elaborated on hypothesis involved in heart complications.26, 44, 46, 47, 50 Mechanisms 
involved in heart and vessels disorders are overlapping. 

• Endothelial dysfunction with subsequent activation of coagulation (thromboinflammation) and 
cardiomyocytes invasion are the key mechanisms for vessels and heart complications along with 
platelets and leucocytes disorders or angiotensin 2 dysregulation. The heart could subsequently 
undergo structural alterations followed by remodeling due to fibrosis pathway activation. Such 
evolution can be responsible for of heart failure or arrythmia. The development of anti-phospholipids 
antibodies could be another way by which coagulation is activated. 

• Four articles suggested that cardiovascular symptoms could result from another mechanisms 
unrelated to organ injury.12, 17, 22, 39 They hypothesized on the possibility of an autonomic nervous 
system disruption. This would result from virus- or immune-mediated damages  of the intrathoracic 
chemo and mecano-receptors or in the zones of the brainstem controlling ventilation (via 
microcirculation damages in the receptors or autoimmunity disorders). Cardiovascular and 
respiratory reflexes disruption could account for numerous cardio-respiratory symptoms (exercise 
intolerance, post-extertional malaise, palpitation, orthostatic syndrome, inappropriate respiration 
during exercise, breathlessness). As a consequence of dysregulated respiration (at rest or during 
exercise),  decrease of blood carbon dioxyde could lead to several disabling symptoms (syncope, 
palpitations, chest pain, muscular hyperexcitability, breathlessness).  

Findings reported in clinical studies: 

• Three studies assessed the cardiovascular impairment: one in macro vessels and two in 
microcirculation.73, 74, 82 A study suggested signs of vascular inflammation in large vessels by using 
[18F]FDG PET/CT in patients who were hospitalised and who complained about persisting 
symptoms, 30 days after recovery.74  

• Manifestations of microcirculation abnormalities were suggested in two studies. One article 
observed microvascular retinal impairments, 2 months after recovery from COVID-19.73 Another 
study detected interesting biological hallmarks of endothelial dysfunction (cytokines, cell phenotypes 
and circulating endothelial cells).82 

• Finally, four autopsy studies showed evidence of viral invasion of endothelial cells and 
cardiomyocytes with signs of inflammation and dysfunction.56, 57, 60, 61 

Respiratory system 
Reported hypothethical mechanisms: 

Distinct potential mechanisms can account for respiratory symptoms: 

• Functional respiratory symptoms without evidence of lung injury and related to dysautonomic 
disorders have been discussed in the paragraph on cardiovascular alterations.12, 17, 22, 39 

• Because fibroproliferative diffuse alveolar damage has been shown at the autopsy of patients who 
died from COVID-19 53, 54, 58 and because ground glass opacities have been evidenced in survivors 
on imaging 6, 84-86 lung fibrosis is a potential long-term complications. Three articles evoked the 
mechanisms leading to lung fibrosis which generally occur after severe respiratory inflammation 
and injury.35, 48, 49 One article emphasized the potential role of lung vascular damages (including in 
microvessels) that may result in pulmonary hypertension and participate on long-term respiratory 
symptoms.42 
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Findings reported in clinical studies: 

Clinically, three studies focused on the mechanisms of persisting lung inflammation and included 
exclusively patients who were hospitalised at the early phase.70-72 

• One study found elevated biomarkers of inflammation and fibrosis in a group of patients with chronic 
respiratory complaints, regardless of hospital admission.71 Another evidenced signs of persisting 
lung inflammation using [18F]FDG PET/CT in patients who needed mechanical ventilation.70  

• One study suggested a relationship between respiratory impairments and iron metabolism.72 

• Four autopsy studies  demonstrated fibrosis, endothelial injury, microangiopathy, coagulation 
activation (microthrombi) and angiogenesis. 

Immune system 
Reported hypothethical mechanisms: 

As already described in the previous paragraphs, inflammatory  and dysregulated immune response are 
the foremost hypothesis involved in the onset of long COVID symptoms. Five articles evoked the 
potential underlying immune system disorders through which chronic symptoms could occur.13, 21, 22, 35, 

38 Such a hypothesis encompasses the potential emergence of immune disorders and could also 
account for inter-individual susceptibility to develop long COVID. Among those articles, two articles 
considered that mast cell activation syndrome could contribute to long COVID symptomatology. This 
syndrome bears similarities with long COVID.13, 21  

Findings reported in clinical studies: 

Clinically, seven articles, identified signs that support the involvement of immune abnormalities in 
patients.65, 70, 77-81 

• A study revealed long-lasting T-cells functional and phenotypic abnormalities that could contribute 
to cytokines dysregulation. In this line, another study showed signals of remaining inflammation 
even in patients who presented an asymptomatic form of COVID-19.79 

• Two studies using [18F]FDG PET/CT found signs of hypermetabolism in various organs 65, 70 while 
two studies showed signs or mild multi-organ impairment, using MRI.77, 81 Among those, one study 
demonstrated a correlation between the  extent of extra-pulmonary MRI abnormalities and exercise 
intolerance along with biomarkers of inflammation.81 

• Since vitamin D has been suggested to play a role in COVID-19 susceptibility and evolution, a 
preliminary publication from an ongoing trial assessed the impact of vitamin D on long term 
respiratory symptoms but did not find out any relationship with persistent symptoms or pulmonary 
disorders.80 

Gastro-intestinal system 
Reported hypothethical mechanisms: 

Proposed hypothesis include the persistence of low-grade gastro-intestinal tract inflammation.35, 36, 40 or 
autonomous nerve system dysfunction.35 In one article, it is suggested that hepato-biliary damages in 
the acute infection could take part in chronic symptoms.40  

Findings reported in clinical studies: 

One study evidenced persistent alterations of microbiota after recovery, characterized by a 
underrepresentation of commensals known for immunomodulatory potential. A correlation between 
those disorders and inflammatory markers was shown.75 

Musculoskeletal system 
One article proposed that bone, joints and muscle pain could be attributed to thromboinflammatory-
related tissue injuries.43 

Dermatological system 
Many skin disorders have been reported. Underlying pathophysiology is still not well explored and 
various abnormalities have been described on skin biopsies. They include leucocytes infiltration, 
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microthombi and vasculitis.76 Temporary hair loss  could be ascribed to telogen effluvium phenomenon, 
triggered by the initial infection.3  

Table 3 – Summary on evidence in studies involving COVID-19 patients 

• Central nervous system: 
o Brain hypometabolic activity at [18F]FDG PET/CT in symptomatic patients, several 

months after infection 
o Signs of brain inflammation: brain microstructural disorders at MRI, 3 months after 

COVID-19, and increased biomarkers of neuroglia activation or neuron injury, early 
after the acute infection 

o Signs of neuroepithelial inflammations, in patients with olfactory disorders 

• Cardiovascular and coagulation: 
o Vascular inflammation at [18F]FDG PET/CT, in symptomatic patients 
o Microvascular retinal impairments, several months after recovery from COVID-19. 
o Biomarkers of endothelial dysfunction (cytokines, cell phenotypes and circulating 

endothelial cells), one month after acute infection 

• Immunse system: 
o Signs of multi-organ inflammation at [18F]FDG PET/CT in symptomatic patients 
o T-cells functional /phenotypic abnormalities, several weeks after infection 

• Gastro-intestinal system: alterations of microbiota one month after recovery 

• Respiratory system: 
o Biomarkers of inflammation and fibrosis in a group of patients with chronic 

respiratory complaints, several weeks after infection 
o Persisting pulmonary inflammation at [18F]FDG PET/CT  
o Iron metabolism disorders (role suggested in respiratory disorders) 

• Dermatological system: signs of vasculitis, leucocytes infiltration and coagulation 
activation at biopsy. 

1.7 Limitations and perspectives 
Up to now, there is no explicit evidence about what causes long COVID. Many hypothesis have been 
proposed. Whilst some mechanisms from the acute phase such as coagulopathy or hyperinflammation 
are now better described, we do not yet have enough insight into their contribution to long-term 
complaints.  

The literature aiming at describing the specific pathophysiology involved in long COVID is still nascent 
and articles reporting patient data have many limitations.  

• First, post COVID conditions refer to a unspecific group of issues and symptoms that can have 
different combinations. Current literature aims at describing subtypes of long COVID.  

In addition, the initial severity of included patients varies considerably. The majority of COVID-19 
patients included in the retrieved studies were hospitalised during the acute infection (See Appendix 
3). 

Finally the timing of inclusion also differs across studies and the natural evolution of the disease is 
still limited in time. 

• Second, some results can still be difficult to interpret. For instance, the studies in which MRI 
suggests signs of organ impairment, associate those abnormalities with symptoms or biomarkers, 
but do not much enlighten the underlying mechanisms.  

• Third, many studies use healthy volunteers as control group rather than patients who had COVID-
19 but did not develop long COVID. 
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• It should be noted that symptoms such as fatigue are difficult to appraise since the causes are 
complex and multifactorial. In this setting, long COVID could share some similar elements of post- 
infectious fatigue (observed after viruses such as Influenza or other coronaviruses) or with Chronic 
Fatigue Syndrome. 

• Finally, our review did not include studies describing the mechanisms of acute renal failure because 
it is a typical feature of the critically-ill patients and is not a common complaint of long COVID. On 
the other hand, we did not report on or endocrine disorders such as new-onset diabetes or 
thyroiditis, because the majority of articles were case-reports or case series. Those topics will be 
included in our final report, in the light of broader evidence.  

Further research should perform a better categorization of clusters of symptoms that would allow to 
assess the pathophysiology associated with long COVID subtypes. Exploration of pathophysiology 
should be performed at different time-points in order to better identify the timeline of mechanisms and 
the natural history of long COVID. In this way, the consequences from acute infection on organs should 
be distinguished from late-onset mechanisms in the aftermath of the infection. Control groups could 
comprise COVID-19 patients who did not developed long COVID. 
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 APPENDICES 
APPENDIX 1. SEARCH STRATEGY 
Appendix 1.1. Research question and PEO 

Project number 2020-04 HSR 

Project name Long COVID 

Research question  • Which putative pathophysiological mechanisms are likely to be involved in 
long COVID symptoms? 

• Which pathophysiological mechanisms have been demonstrated in patients? 

Structured search question(s) 

P (population) chronic covid syndrome (CCS)  
chronic post-COVID-19 symptoms  
Chronicity AND COVID  
continuing  
complication  
COVID-19 survivors  
linger  
Long term cardiopulmonary  
Long term complications of COVID-19  
long term effects of COVID-19  
Long term glucometabolic  
long term neuropsychiatric  
long term symptoms of COVID-19  
long-COVID  
long coronavirus  
long-haulers in COVID-19  
long-lasting COVID symptoms  
long-SARS  
long-term consequences of COVID-19  
long-term health consequences of COVID-19  
Long-Term Sequelae of COVID-19  
long tail COVID  
persistant COVID  
Post-COVID-19 syndrome  
post- corona  
post corono  
post-viral fatigue  
post discharge  
prolonged inflammatory status  
recurring COVID  
Coronavirus Infections* / complications 

E (exposure) COVID-19 confirmed (PCR, antibodies),or not 

O (outcome) Pathophysiological mechanisms likely to explain long COVID symptoms 
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Appendix 1.2. List of sources searched for studies 

Source (Interface) Set Date of the search Limits 

Cochrane Database of 
Systematic Reviews 

 2021-02-03 none 

JBI EBP Database  Current to January 13, 2021* 2021-02-03 none 

MEDLINE (OVID) Epub Ahead of Print, In-Process & 
Other Non-Indexed Citations, Daily 
and Versions(R) <1946 to February 
01, 2021> 

2021-02-03 none 

Embase (Embase.com)  2021-02-04 none 

PsycInfo (OVID) 2002 to January Week 4 2021 2021-02-03 none 

Econlit (OVID) 1886 to January 21,2021 2021-02-03 none 

Ovid Nursing  1946 to January Week 4 2021 2021-02-03 none 

scilit.net/  2021-02-04 none 

europepmc.org/  2021-02-04 none 

Journals@Ovid Full Text  February 01, 2021 2021-02-03 none 

coronacentral.ai/ longhaul 2021-02-24 none 

* Edition Jan 13, 2021 
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Appendix 1.3. Flow diagram 
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APPENDIX 2. EVIDENCE TABLES OF SELECTED STUDIES 
Descriptions of selected ‘hypothetical’ studies (n=40) 

Study System Symptom(s) Mechanisms Likelihood for 
explaining chronic 

symptoms 
Ostergaard 
L 26 2021 

Cardiovascular 
 
microcirculation 

Neurocognitive 
(‘brain fog’) 
 
Psychological 
(mood disorders) 

Describes how capillary damage and inflammation may contribute to acute and persisting 
COVID-19 symptoms by interfering with blood and tissue oxygenation and with brain function: 
• Microcirculatory disturbances  causes reductions in tissue oxygenation and may relate 

for impaired functioning such as brain fog 
• Tissue low oxygenation secondary  induces inflammation and could interfere with 

neurotransmission and serotonine production 

Mechanism that could 
be  involved in long-
term complications 
(mentioned) 

Moschonas 
I47 2021 

Cardiovascular 
 
microcirculation 

Stroke, 
thromboembolic 
complications 

Insights into the pathophysiological mechanisms that may underlie coagulopathy and 
thrombotic complications. 
• Endothelial invasion and consecutive dysfunction 
• Inflammatory reaction-platelets and leucocytes attraction and thrombogenicity 
• Direct viral-induced activations of platelets (ACE2 receptor) leading to inflammation and 

coagulation activation 
• Neutrophil extracellular traps (NETs) formation: inflammation-coagulation (factor XII) 
• Cytokine storm: coagulation activation 
• Direct complement activation (inflammation) 
• Antiphospholipid antibodies (endothelial activation) 

Gives insight into 
general comorbidity 
after stroke, 
myocardial infarct 

Roberts K50 
2020 

Cardiovascular 
 
microcirculation 

Arterial and venous 
thromboembolism 

Evidence of mechanisms leading to vascular manifestations of SARS-CoV-2: vasculitis, 
thromboembolism associated with microvascular thromboembolic complications. 
• Invasion of cardiomyocyte and pericyte may underlie for cardiovascular morbidity 

(cardiomyopathy, microinfarcts in several vascular beds) 
• Mechanisms of endothelial dysfunction: increase of angiotensin 2 (atherogenic state, 

procoagulant), vascular leakage (kallikrein-bradykinin pathway activation), 
proinflammatory cytokines, oxidative stress of infected cells, induced procoagulant state 

• Other mechanisms: platelets activation, leucocyte-platelets aggregates, NETs, 
antiphospholipid antibodies 

Gives insight into 
general long-term 
comorbidity (stroke, 
myocardial infarct) 

Evans PC44 
2020 
 

Cardiovascular 
 
microcirculation 

Myocarditis, 
arrhythmia, 
myocardial 
damage 

Focus on endothelial dysfunction as a key mechanism for acute and possibly long-term 
complications. Need for assessment of endothelial function in the long-run. 
• Inflammatory role of endothelium (and leucocytes recruitment) 
• Activation of coagulation 
• ACE2 expression 
• Endothelial cells injury (organelles, fragment, apoptosis) and pericytes injury 

Mechanism that could 
be  involved in long-
term complications  
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Study System Symptom(s) Mechanisms Likelihood for 
explaining chronic 

symptoms 
Mitrani R46 
2020 

Cardiovascular 
 
heart 

Palpitations, heart 
failure 

Insight into cardiac complications after COVID-19. Myocardial involvement can be the initiator 
of a pathway of inflammation and subsequent fibrosis. Patients with recovered cardiac function 
or with subclinic cardiac involvement may still be at risk of cardiomyopathy and cardiac 
arrhythmias. 
Proposed mechanism: 
• Sars-Cov-2 can invade the myocardium (through ACE2 receptor) and induce heart 

inflammation (cases of myocarditis) 
• Type 2 myocardial infarct (acute phase) 
• Endothelium injury (microvascular coronary dysfunction) 
• Microthrombi (activation of coagulation) 
• Consequences of systemic hyperinflammation 
• Interaction with adipose tissue of epicardium (positive for ACE2) could be a mechanism 

of long-term arrythmia and coronary disease (adipokines release) 

Mechanism involved 
in long-term cardiac 
function due to 
possible subclinical 
heart involvement  
 

Scoppettuo
lo P29 2020 

Neurology 
 
General 

Delayed 
neurological 
complications 
(Guillain Barré 
syndrome, auto-
immune 
encephalitis, 
brainstem 
dysfunction) 

Potential mechanisms responsible for neurological symptoms (acute and post-infectious 
neurological symptoms): 
Acute (leading to subsequent potential complications): 
• Nervous system invasion (trans-neuronal retrograde pathway through olfactory sensory 

neurons or hematogenous invasion, with direct infection of endothelial or epithelial cells 
of the Blood Brain Barrier favoured by the expression of ACE 2 receptors. Evidence for 
cranial nerve involvement. 

• Indirect nervous system damage via the systemic complications of acute illness 
(haemodynamic and coagulation disorders, arrythmia) 

• Indirect involvement of the nervous system in SARS-CoV-2 associated 
to innate immunity (over-) activation: cytokine release contributing to endothelial 
dysfunction, micro-thrombosis.  

• Endotheliitis secondary to viral invasion 
• Dysregulation of ACE/angiotensin axis 
Chronic: 
• Inflammatory state during SARS-CoV-2 infection can favour an aberrant immune 

response against nervous system due to both cell-mediated immune reaction and 
involvement of the humoral immune responses. 

• Molecular mimicry/autoimmunity in the late phases (post-infectious) 

Proposed mechanism 
for long-term 
symptoms 

Dani M17 
2021 

Neurology 
 
General 

Breathlessness 
Chest 
pain 

Potential mechanism to orthostatic intolerance syndromes through virus- or immune-mediated 
disruption to the autonomic nervous system (heart and aorta baroreceptors). Breathlessness, 
chest pain and palpitations would be secondary to the catecholamines release following 
orthostatic phenomena. 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 



31 

 

Study System Symptom(s) Mechanisms Likelihood for 
explaining chronic 

symptoms 
Palpitations 
Orthostatic malaise 

• Direct autonomic nervous system invasion 
• Dysbalance in nervous autonomic responses 
• Auto-antibodies (against cardiovascular α and β receptors) 

Stefano G31 
2021 

Neurology 
 
General 

Cognitive disorders 
(‘brain fog’) 

Potential mechanism to explain cognitive dysfunction following a mitochondrial dysfunction due 
to the integration of virus in mitochondrial genome. It ensues a reduced energy metabolism 
and hypoxic conditions that favour inflammation. Viral reproduction and spread would also be 
favoured. 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Gasmi A45 
2021 

Neurology 
 
General 

Neurological 
symptoms and 
long-term sequelae 

Describes potential mechanism of viral neuroinvasion and the sequelae of systemic 
hyperactive immune responses that could contribute to the acute and long-term neurological 
manifestations of COVID-19 (reactive gliosis, neuronal dysfunction, and neuronal death). 

Not directly mentioned 
mechanism for long-
term symptoms 
 

Ogier M25 
2020 

Neurology 
 
General 

Chronic 
neuropsychological 
symptoms 

Gives insight into the potential role of microglia as  a possible aggravating factor of post-
infectious neuro-inflammation. The microglia can be activated secondary to the cytokine 
release and lead to a cerebral dysfunction, responsible for development of chronic 
neuropsychiatric symptoms. 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Baig A15  
2020 

Neurology 
 
General 

Long-term 
neurological 
symptoms 
(cognitive 
disorders ‘brain 
fog’) 

Proposes potential mechanisms for long COVID: 
• Persistent viral load in tissues 
• Ongoing low-grade inflammatory reaction that persists over time 
• Role of Human histocompatibility antigens (HLA) in the propensity to develop a particular 

type of immune response leading to chronic symptoms. 
• Possible reversible or irreversible tissue damages 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Iadecola 
C19 2020 

Neurology 
 
General 

Acute and chronic 
neurological 
symptoms 
(cognitive and 
psychological, 
olfactory/smell 
dysfunctions) 

Reviews the mechanisms of brain impairment by COVID-19: 
 
• Brain invasion through the olfactory system or the blood brain barrier via hematogenous 

dissemination. 
• Infected leucocytes can be a reservoir and facilitate the entry into the brain 
• Viral proteins shed in the circulation and molecular complexes from damaged cells can 

induce an innate immune response in the brain (pericytes, brain-resident macrophages, 
microglia) 

• Systemic inflammation can induce hypothalamic-pituitary-adrenocortical axis dysfunction  
• Hypercoagulation can lead to vascular brain injury 
• Olfactory dysfunction due to viral invasion and subsequent inflammation: ACE2 present 

in epithelial cell of olfactory mucosa (sustentacular cells). No clear evidence of ACE2 on 
olfactory neurons.  

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 
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Study System Symptom(s) Mechanisms Likelihood for 
explaining chronic 

symptoms 
Yong S39 
2021 

Neurology 
 
General 

Fatigue 
Dyspnea 
Palpitations 
Gastro-intestinal 
and cardiac 
symptoms 
Cognitive 
impairments 
Sleep disorders 

Connects the majority of symptoms of Long -COVID to a persistent brainstem dysfunction after 
damages by viral invasion (SARS-CoV-2 RNA found in brainstem at autopsy of patients who 
died from COVID-19). 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Azizi S41 
2020 

Neurology 
 
General 

Stroke 
 
Loss smell/taste 
 
Neuromuscular 
complications 
(weakness, 
sensory loss) 
 
Neuropsychiatric 
consequences 

Gives insight into potential mechanisms involved in acute and chronic complications: 
• Endotheliitis due to viral invasion: activation of coagulation, complement system and 

leucocytes recruitment damaging the vasculature lining 
• Coagulation disorders (including ant-phospholipids antibodies and NETs) 
• Delayed immune response and molecular mimicry (neuromuscular disorders) 
 
 

Not directly mentioned 
(complications an lead 
to chronic symptoms) 

Najjar S24 
2020 

Neurology 
 
General 

Acute and chronic 
neurological 
symptoms 

Potential mechanism responsible for neurological symptoms (acute and chronic): 
• Aberrant central nervous system innate immune signaling pathways in response to the 

peripheral hyper-inflammation: IL-1β, IL-6, TNFα, and IL-17 increase the blood brain 
barrier permeability and lead to an activation of microglia (brain inflammation, oxidative 
stress, remodeling through metalloprotease activation) 

• Deleterious crosstalk between brain innate and peripheral adaptive immunity, thereby 
creating a self- perpetuating neuroinflammatory environment. 

• Upregulation of the immune responses mediated by Th17 cells could be associated with 
auto-inflammatory phenomena 

• Virus-induced downregulation of ACE2 expression and increase tissue angiotensin 2 
levels leading to neurovascular endothelial dysfunction and neuronal dysfunction 

• Activation of coagulation 

Mechanisms on 
complications that 
might explain chronic 
symptoms (cognitive, 
psychiatric) 

de 
Erausquin  
G18 2020 

Neurology 
 
Psychological 

Cognitive and 
psychiatric 
disorders 

Describes the neurotropism of Sars-Cov-2 and proposes mechanisms that could be involved 
in cognitive and psychiatric disorders. Since the entry points of viral invasion into the brain have 

Mechanisms on 
complications that 
might explain chronic 
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Study System Symptom(s) Mechanisms Likelihood for 
explaining chronic 

symptoms 
direct connections to brain stem and thalamic structures, ensuing dysfunction may result in 
sensorimotor, mental, and behavioral disorders (possible role in neurodegenerative diseases) 
 
Brain cellular damages:  
• Demyelination, loss of neurons secondary to the hypoperfusion following endothelial cell 

dysfunction, in limbic and cortical regions. 
• Pro-inflammatory cytokines increase oxidative stress that damages cellular membranes 

and downregulates surface expression of excitatory amino acid transporters, resulting in 
elevated glutamate levels can lead to an excitotoxic environment (neuronal loss and 
vicious feed-forward cycle that causes further damage to the surrounding brain) 

• Direct neuronal invasion stimulates apoptotic pathways (loss of neurons) 

symptoms (cognitive, 
psychiatric) 

Bouças A16 
2020 

Neurology 
 
Psychological 

Depression  Proposes mechanisms for depression in patients who survived to the severe form of COVID-
19: 
• Enzyme indoleamine 2,3-dioxygenase (IDO-1) is activated by cytokines, resulting in the 

increase in kynurenine metabolites leading to neuronal apoptosis and excitotoxic 
degeneration and to pro-inflammatory effects, participating in long-term brain disorders. 

• Viral neuroinvasion increases the local levels of angiotensin 2 increasing kynurenine 
metabolites producing pro-oxidative and pro-inflammatory effects, resulting in impairment 
of cognitive function. 

Proposed mechanism 
for long-term 
symptoms specific  of  
long COVID 

Steardo L30 
2020 

Neurology 
 
Psychological 

Psychiatric 
symptoms 
(depression bipolar 
disorders, PTSD) 

Gives insight into mechanisms involved in psychiatric disorders. 
Microglia activation following blood brain barrier disruption by inflammatory cytokines (or viral 
invasion) and inducing neuro-inflammation involved in psychiatric long-term disorders. 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Troyer E32 
2020 

Neurology 
 
Psychological 

Psychiatric 
symptoms 
(depression, 
anxiety, trauma-
related disorders) 

Describes potential mechanisms involved in long-term psychiatric symptoms: 
• Cytokine network dysregulation: peripheral cytokines involved in the host anti-viral 

response may elicit neuro-inflammation, permeation of blood brain barrier and 
subsequent leucocytes transmigration and neurotransmission disorders 

• Peripheral immune cell transmigration promoting microglia activation  
• Post-infectious autoimmunity: viral infection creating an inflammatory milieu which favors 

aberrant immune responses (molecular mimicry with self and virus antigens) 
• Role of gut-brain axis involvement 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Ribeiro D27 
2020 

Neurology 
 
Psychological 

Psychiatric 
symptoms 
(depression, 
anxiety) 

Describes P2X7 receptor hyperactivation as a key-mediator leading to neuro-inflammation and 
subsequent psychiatric (and neurodegenerative) disorders. P2X7 has been recognized as 
element of the pathophysiology of psychiatric disorders: extracellular adenosine triphosphate 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 
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Study System Symptom(s) Mechanisms Likelihood for 
explaining chronic 

symptoms 
(ATP) is released by distressed cell and activates P2X7 receptors in the brain (microglia, 
macrophages) that lead to inflammasome activation and subsequent neuro-inflammation. 

Mukaetova-
Ladinska 
E23 2020 

Neurology 
 
Cognitive 

Cognitive disorders Describes the potential mechanisms involved in cognitive disorders. 
• Central nervous system damages: 

o Hypoxic brain injury (in case of severe respiratory failure) 
o Blood circulation pathway: blood brain barrier inflammation-induced 

hyperpermeability leading to the cytokine to come into the brain 
o Neuronal pathway 

• Immune mediated injury (brain pro-inflammatory state) 
• Role of vagal nerve innervates lung and gastro-intestinal tract (cholinergic anti-

inflammatory pathway) is targeted by Sars-Cov-2 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Su S51 2020 Neurology 
 
Pain  

Pain Proposes a hypothetical mechanism for pain: Sars-CoV- 2 might infect the ACE2-positive cells 
in spinal dorsal horn: 
• The decrease of functional ACE2 then results in the accumulation of Angiotensin 2 and 

the decrease of Angiotensin 1-7 and consequently induce pain. 
• Cytokines storm may induce or aggravate damage in various tissues such as joints and 

muscle, triggering pain-related symptoms. 

Not directly mentioned 
 

Bolay H37 
2020 

Neurology 
 
Pain 

Headache  Activation of peripheral trigeminal nerve by the Sars-CoV-2: 
• Viral invasion 
• Local increase of Angiotensin 2 (involved in nociception) 
• Vasculopathy (unbalanced vasoconstriction, oxidative stress) 
• Pro-inflammatory cytokines and hypoxia as mechanisms  

Not directly mentioned 
 

Attal N14 
2021 

Neurology 
 
Pain 

Chronic pain 
(neuropathic pain) 

Gives potential aetiologies to chronic pain: 
• Persistent pain after ICU stay: muscle pain, joint contracture, nerve injury (position) 
• Direct effect of the virus on nervous system complications (pain as a result of 

neurological complications such as stroke, Guillain Barré syndrome, myelitis)  

Mechanisms on 
complications that 
might explain chronic 
symptoms 

Wostyn P34 
2020 

Neurology 
Fatigue 

Chronic fatigue 
Headache  
 

Describes a possible link between a congestion of the glymphatic-lymphatic system and 
chronic symptoms onset. Damages to olfactory sensory neurons, may lead to a reduced 
outflow of cerebrospinal fluid through the cribriform plate, causing a congestion of the 
glymphatic system with secondary cranial hypertension and subsequent toxic build-up within 
the central nervous system. 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Islam M20 
2020 

Neurology 
Fatigue 

Chronic fatigue 
 

Describes hypothesis on the role of inflammatory cytokines for chronic fatigue: 
• Role of specific polymorphism in immune response genes 
• Cytokine expression (cytokine network structure variations) 

Proposed mechanism 
for long-term 
symptoms specific  of 
long -COVID 
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Study System Symptom(s) Mechanisms Likelihood for 
explaining chronic 

symptoms 
Rudroff T 
2020 

Neurology 
Fatigue 

Chronic fatigue 
 

Gives insight into the components of chronic fatigue potentially involved after COVID: 
• Neurotransmission disorders (neurotransmitters concentration, intrinsic excitability, 

inflammation, changes in axonal conduction due to demyelination) 
• Psychological factors (neurotransmitters levels can vary after COVID and give rise to 

mood disorder accounting for fatigue worsening) 
• Peripheral factors (musculoskeletal impairment) in chronic fatigue 
• Environmental factors (social isolation, temperature, humidity) 
• Associated comorbidities 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Low RN22 
2020 

Immune system Chronic fatigue 
 
Cognitive disorders 
(‘brain fog’) 
 
Paresthesia 
 
Athralgia 
 
Ophtalmic disoders 
 
Mild dyspnea 
 
Post-exertional 
malaise 
 
Mood disorders 
 
Dysautonomic 
symptoms 
 
Gastro-intestinal 
tract symptoms 

Postulates that SARS-CoV-2 viral infection could  trigger a dysregulated and chronic 
peripheral immune system activation with subsequent cytokine release and chronic low grade 
inflammation (though a dysregulated p38/MAP kinase pathway) leading to multiple organ 
dysfunction. Genetic polymorphism in the cytokine genes'regulatory regions can explain inter-
individual differences in the severity and symptoms. Auto-immunity phenomena are the result  
of cytokine dysregulation 
 
• Neurological symptoms (fatigue, mood disorders): 

o Neuro-inflammation triggered by vital invasion or signals from the peripheral immune 
system 

o Modulation of CNS function by a persistently activated peripheral immune system 
(neural or humoral routes) 

• Chronic cytokines  release could explain dysfunction of other organs: 
o Mitochondrial dysfunction (post-exertional malaise) 
o Pain receptors activations (paresthesia, arthralgia) 
o Gut microbiote modifications (gastro-intestinal tract symptoms) 
o Mast cells activation (ophtalmic symptoms) 
o Activation of coagulation (thromboembolism) 
o Autonomous system dysfunction (dysautonomy) 

 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Galeotti C38 
2020 

Immune system No particular 
symptom 

Discusses a potential role of auto-immune disorders in the onset of symptoms: Proposed mechanism 
for long-term 
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Study System Symptom(s) Mechanisms Likelihood for 
explaining chronic 

symptoms 
• SARS-CoV-2 could act as a direct trigger of autoimmune and/or autoinflammatory 

conditions either by molecular mimicry or other, unknown mechanisms. 
 
• Inflammation and dysregulated immune responses following Sars-CoV-2 infection might 

prompt other environmental insults to cause the observed pathologies in predisposed 
individual 

symptoms specific  of 
long COVID 

Afrin B13 
2020 

Immune system Wide range of 
longCOVID 
symptoms 

Suggests mast cell activation syndrome as aetiological cause of long COVID (including the 
onset of lung fibrosis via a stimulation of fibroblast activity) 

Proposed mechanism 
for long-term 
symptoms specific  of  
long COVID 

Kazama I21 
2020 

Immune system ‘organ fibrosis’ Suggests mast cell activation syndrome as aetiological cause of long COVID (including the 
onset of lung and other organs fibrosis 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Yong S35 
2021 

Immune system Multiple symptoms Distinguishes the long term issue damages secondary to infection from unresolved 
inflammation, contributing both to long-term symptoms and suggests several mechanisms. 
• Long-term tissue damages: 

o Pulmonary fibrosis 
o Brain structural and metabolic abnormalities 
o Myocardial inflammation 

• Unresolved inflammation: 
o Viral persistence inducing immune reaction 
o Auto-immune component  
o Gut microbiome disruption 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Schmulson 
M36 2021 

Gastro-intestinal 
system 

Gastro-intestinal 
symptoms:  
anorexia, 
nausea/vomiting 
diarrhea 
abdominal pain 

Proposes mechanisms for post-infection gastro-intestinal dysfunction: 
• Infiltration of leucocytes in the digestive mucosa-local inflammation 
• Role of persistent gut dysbiosis for maintaining a status of chronic low grade intestinal  

inflammation (motility disorders, mucosal hyperpermeability, bile acid malabsorption) 
• Contributions of genetic predisposition and interaction between gut and environmental 

and psychological factors 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Abdel-
Moneim A40 
2020 

Gastro-intestinal 
and hepato-
biliary system  

Gastro-intestinal 
symptoms:  
anorexia, 
nausea/vomiting 
diarrhea 

Insight into the pathophysiology of gastro-intestinal tract and liver involvements: 
• Gastro-intestinal mechanisms: viral invasion-local inflammation, indirect effects of 

systemic cytokines release 
• Hepatobiliary damages (mainly at the acute phase): cholangiocytes injury, activation of 

Kupfer cell in the liver, systemic oxidative stress, hypoxia-reperfusion dysfunction 

Mechanisms on 
complications that 
might explain chronic 
symptoms 
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Study System Symptom(s) Mechanisms Likelihood for 
explaining chronic 

symptoms 
abdominal pain 

Wood E33 
2020 

Metabolism Chronic fatigue By comparing with literature on myalgic encephalomyelitis/chronic fatigue syndrome, authors 
suggest a role of mitochondria dysfunction, oxidative stress in long COVID symptoms (chronic 
fatigue). Oxidative damage and inflammation may be a contributor to the dysfunction seen in 
mitochondrial pathways and lead to a cellular bioenergetics shortage (ATP production, CoQ10 
levels).  They examine a potential specific therapy on mitochondria in the form of anti-oxydants. 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 

Murthy K49 
2021 

Respiratory 
system 

Respiratory 
symptoms 

Gives insight into the mechanism involved in the development of pulmonary fibrosis in patients 
who had pneumonia and needed to be hospitalised. The potential role of histone acetylase 
inhibitors as anti-fibrotic agents is discussed. 
• Pulmonary alveolar inflammation after viral invasion  
• Degeneration of alveolar epithelial lining with emergence of hyaline membranes  
• Excessive cytokines production (host inflammatory response) and enhanced influx of 

inflammatory cells 
• Severe lung tissue scarring and fibrosis due to collagen deposition following aberrant 

fibroblast proliferation and differentiation (myofibroblasts; transforming growth factor beta 
1 TGF-β1 pathway) 

Mechanisms on 
complications that 
might explain chronic 
symptoms (in specific 
settings) 

Ojo A48 
2020 

Respiratory 
system 

Respiratory 
symptoms 

Gives insight into the mechanism involved in the development of pulmonary fibrosis in the 
setting of severe pneumonia. Potential therapeutic strategies are proposed. 

Mechanisms on 
complications that 
might explain chronic 
symptoms (in specific 
settings) 

Dhawan 
R42 2021 

Respiratory 
system 

Breathelessness 
 
Chest pain 
 
Exercise limitation 

Gives insight into the potential role of pulmonary vascular complications after COVID-19 in the 
occurrence of respiratory symptoms. In addition to pulmonary fibrosis, unresolved (micro-) 
vasculature damages can account for persistent respiratory symptoms and are a potential 
precursor to chronic thromboembolic disease and pulmonary hypertension. An algorithm of 
detection, follow-up is proposed and cases of patients with thromboembolic disorders in the 
long run are described. 

Mechanisms on 
complications that 
might explain chronic 
symptoms  

Motiejunait
e J12 2021 

Respiratory 
system 

Exercise 
intolerance 
Dyspnoea 
 
Tachycardia 
Chest pain 
Fatigue 

Suggests exercise hyperventilation (inappropriate hyperventilation in regards to metabolic 
needs and mechanical stress) as a mechanism resulting in hypocapnia and causing multiple 
symptoms such as dyspnea, tachycardia, chest pain, fatigue, dizziness and syncope at 
exertion.  
Disorders in the ventilatory control, by dysregulation of autonomic nerve system is a proposed 
mechanism: 

Proposed mechanism 
for long-term 
symptoms specific  of 
long COVID 
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Study System Symptom(s) Mechanisms Likelihood for 
explaining chronic 

symptoms 
Dizziness and 
syncope at 
exertion 

• Dysregulation of intrathoracic reflex receptors (activation or inhibition systems) or cortical 
control. The cause would be  microvascular disorders secondary to inflammation 
reaction. 

• Consecutive ionic changes and neurohyperexcitability ensues 
• Increased smooth muscle cells tone (vasoconstriction) could lead to hypoperfusion of 

different organs 
Disser N43 
2020 

Musculoskeletal 
system 

Muscular 
weakness 
 
Bone and joint 
disorders 

Based on the data of patients with Coronavirus infection, several hypothetical mechanisms are 
proposed to explain musculoskeletal symptoms: 
• Muscle: 

o Pro-inflammatory cytokines-induced disruption of myocytes 
o Cytokines-induced muscle fibroblast activation leading to fibrosis 
o Neuronal demyelination 

• Bone: 
o Microvascular blood flow impairment secondary to hypercoagulability, leukocyte 

aggregation, and vessel inflammation that contribute to the development of 
osteonecrosis 

Mechanisms on 
complications that 
might explain chronic 
symptoms 
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Descriptions of selected ‘experimental’ studies (n=31) 
Study System Chronic 

Symptom(s) 
Timing 
from 
acute 
disease 

Severity of initial 
disease 

Mechanism(s) 

Chun H71 
2021 

Respiratory 
system  

Dyspnea 
(69%) 
Cough (58%) 
Fever (47%) 
Fatigue (29%) 
Chest pain 
(26%)  
Headache 
(23%)  

9 weeks 
(IQR 6-
10) 

Mild/non-hospitalised 
(n=13) 
 
Hospitalised/non-
critical (n=30) 
 
Hospitalised/intensive 
care (n=18) 

Provides novel insights into dysregulated host response of lung repair after COVID-19 
pneumonia through multiplex profiling (no control group). 
Plasma biomarker of inflammation, fibrosis and alveolar repair:  
• Lipocalin 2 (LCN2) 
• Matrix metalloproteinase-7 (MMP7) 
• Hepatocyte growth factor (HGF)  
Biomarkers were significantly higher in the ICU group and inversely correlated with 
pulmonary disorders: forced vital capacity (FVC) and diffusion capacity (DLCO) 

Sonnweb
er T72 
2020 

Respiratory 
system 

Anaemia 
(9%) 
 
Decreased 
performance 
status for 
evaluated 
patients 

60 days 
(SD+/- 12) 

Mild outpatient: 
 (n=22)  
 
Moderate hospitalised 
without respiratory 
support (n=34) 
 
Severe hospitalised 
with oxygen support 
(n=53 including 18 with 
mechanical ventilation) 

Correlates iron metabolism disorders with persisting respiratory symptoms and suggests that 
iron homeostasis disturbances is involved in end-organ damage (no control group): 
• Iron deficiency (30%)- inflammatory anaemia (9%) 
• In patients with anaemia: elevated interleukine-6 and C-reactive protein 
• Hyperferritinaemia (38%) mainly in severe patients 
• m-RNA expression  of  key  mediators  of  iron  homeostasis  altered 
Persisting hyperferritinemia was significantly associated with severe lung pathologies in 
computed tomography scans and a decreased performance status (6 minutes walking test) 

Bai Y70 
2020 

Respiratory 
system 

Normal 
oxygen 
saturation at 
the time of 
analysis 

20 to 37 
days 

Severe (n=7) without 
ICU or mechanical 
ventilation need. 

[18F] FDG PET/CT quantitative analysis suggests persisting significant inflammation 
(increased glycolytic activity due to infiltration and inflammation) in lungs, mediastinal lymph 
nodes, spleen, and liver (comparison with a age and sex matched healthy control group). 

Ackerma
nn M52, 
2020 

Respiratory 
system 

Post-mortem 
analysis 
 

/ Severe hospitalised 
patients (n=7) 
 
71%  patients without 
mechanical ventilation 

Compared with autopsy from patients who died from respiratory failure due to Influenza 
H1N1 (control group): 
• Signs of severe endothelial injury (along with intracellular virus and disrupted cell 

membranes) 
• Presence of microthrombi and microangiopathy 
• Signs of angiogenesis (new vessels growth) 
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Study System Chronic 
Symptom(s) 

Timing 
from 
acute 
disease 

Severity of initial 
disease 

Mechanism(s) 

Schaller 
T58, 2020 

Respiratory 
system 

Post-mortem 
analysis 
 

/ Severe hospitalised 
patients (n=10) 
 
60% patients without 
mechanical ventilation 

Signs of lung inflammation and fibrosis: 
• Diffuse alveolar damage (even in patients without mechanical ventilation) 
• Fibroblastic proliferation, partial fibrosis and pneumocyte hyperplasia 
• Established fibrosis (10%) 

De 
Michele 
S54, 2020 

Respiratory 
system 

Post-mortem 
analysis 
 

/ Hospitalised patients 
(n=40)  
 
57% without 
mechanical ventilation 

Signs of lung inflammation, coagulation activation and angiogenesis: 
• Acute lung injury (73%) 
• Intravascular fibrin or platelets aggregates (90%) 
• Vascular congestion and hemangiomatosis-like change (50%) 

 
Absence of signs of acute lung injury in 27% (less severe patients) 

Carsana 
L53, 2020 

Respiratory 
system 

Post-mortem 
analysis 
 

/ Severe hospitalised 
patients (n=38) 

Signs of lung inflammation, coagulation activation and endothelial injury: 
• Diffuse alveolar damage 
• Platelet-fibrin thrombi 
• Endothelial necrosis 
• Presence of sars-Cov-2 in pneumocytes 

Sollini 
M74 2020 

Cardiovascu
lar system 

dyspnea 
fatigue  
ageusia  
anosmia 
joint pain  
chest pain 
headache 
trembling  

 > 30 days (n=10) 
Hospitalised (50%) 
Mechanical ventilation 
(20%) 

Increased [18F]FDG uptake (target-to-blood pool ratio) in three vascular regions (thoracic 
aorta, right iliac artery, and femoral arteries) in the recovered COVID-19 cohort than in 
age/sex-matched controls, suggesting that SARS-CoV-2 induces vascular inflammation, 
which may be responsible for persisting symptoms. 

Chioh F82 
2020 

Cardiovascu
lar system 

Not 
mentioned 

Median 34 
days (IQR 
27-46) 

Hospitalised mild, 
moderate and severe 
convalescent patients 
(n=30) 
 

Describes persistent cytokine-driven endothelial cells dysfunction in convalescent patients 
compared to controls matched for cardiovascular risk factors and healthy volunteers: 
• Convalescent patients had elevated circulating endothelial cells. 
• Patients with underlying cardiovascular risk had more pronounced endothelial 

activation hallmarks (ICAM1, P-selectin or CX3CL1) expressed by CECs, suggesting 
proinflammatory and procoagulant phenotype 

• Several pro-inflammatory cytokines (IL-1b, IL-17A, IL-2, RANTES) remained elevated 
in COVID-19  patients at the early convalescent phase (7 days after hospital 
discharge), particularly in those with prior cardiovascular risk. 
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Study System Chronic 
Symptom(s) 

Timing 
from 
acute 
disease 

Severity of initial 
disease 

Mechanism(s) 

• Significant correlation between cytokines levels and circulating endothelial cells 
attributes. 

• Possible targeting of endothelial cells by cytotoxic effector cells: activation markers 
detected on CECs mapped to the counter receptors  (ITGAL, SELPLG, and CX3CR1)  

Savastan
o A73 
2020 

Cardiovascu
lar system 

Not 
mentioned 

60 days 
(SD 13.6) 

Hospitalised patients 
(n=80): 
41% received oxygen 
6% were admitted in 
ICU) 

Suggests a microvascular retinal impairment in patients who recovered from COVID-19 
(radial peripapillary capillary plexus perfusion density assessed by optical coherence 
tomography lower compared to control group). Healthy subjects used as control group. 
Microvascular impairment through endothelial dysfunction is suggested. 

Varga Z60, 
2020 

Cardiovascu
lar system 

Post-mortem 
analysis 
 

/ Hospitalised, severe 
stages (n=3) 

• Signs of  endothelial cell involvement (cell invasion) across vascular beds of different 
organs (kidney, bowel). 

• Signs of endothelial dysfunction: 
o Inflammatory cells associated with endothelium 
o Apoptosis 

Bulfaman
te G61, 
2020 

Cardiovascu
lar system 

Post-mortem 
analysis 
(death from 
respiratory 
origin) 
 

/ Hospitalised, severe 
stages (n=6) 

• Identification of transcriptionally active virus Sars-Cov-2 into cardiomyocytes (by 
several techniques including electron microscopy) 

• Intracellular alterations of cardiomyocytes 
• Low grade of inflammatory infiltrates (subpericardic regions) 
• Identification of Sars-Cov-2 in macrophages 

Lindner 
D56, 2020 

Cardiovascu
lar system 

Post-mortem 
analysis 
 

/ Hospitalised, severe 
stages (n=39) 

Identification of viral Sars-Cov-2 RNA in cardiac tissue (interstitial cells) 
No myocardial infiltration of leucocytes 

Roshdy 
A57, 2020 

Cardiovascu
lar system 

Post-mortem 
analysis 
 

/ Hospitalised, severe 
stages (n=316) 

• Identification of viral Sars-Cov-2 RNA in myocardium (47%) 
• Cardiac dilatation (20%) 
• Acute ischemia (8%) 
• Intracardiac thrombi (2.5%) 
• Pericardial effusion (2.5%) 
• Myocarditis(1.5%) 

Guedj E67 
2021 

Neurology Fatigue 
Dyspnoea, 
Taste/smell 

Mean 95 
days (SD 
35) 

Cohort of 35 patients 
CT scan severity: 
• Minimal 47% 

Compared with age and sex-matched healthy subjects (n=44), patients with long COVID had  
bilateral hypometabolism in various cerebral zones using [18F]FDG PET/CT: olfactory bulb, 
limbic/paralimbic structures, thalamus, cerebellum, and brainstem. 
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Study System Chronic 
Symptom(s) 

Timing 
from 
acute 
disease 

Severity of initial 
disease 

Mechanism(s) 

disorders  
impairment 
Insomnia 
Pain 
Headache  

• Intermediate/sever
e 53% 

 
ICU 39% 
 
Need for mechanical 
ventilation 16% 
 
 

An association is observed between hypometabolism and symptoms (hyposmia/anosmia, 
memory/cognitive impairment, pain and insomnia). 
 
Absence of significant brain hypermetabolism, suggesting the absence of 
brain inflammation at this step of the evaluation 

Sollini 
M65 2021 

Neurology 
and  
multi-
system 

Dyspnoea 
(69%) 
Fatigue (62%) 
Ageusia/ 
anosmia 
(31% 
Joint pain 
(23%) 
Tachycardia 
(15%) 

Mean 132 
± 31 days 
after 
infection 
onset 

n= 13 (4 patients who 
required 
oxygenotherapy) 

When compared with age/sex matched controls (patients with stable melanoma), 
identification of brain abnormalities with [18F]FDG PET/CT, suggesting brain 
hypometabolism : 
• Hypometabolism in right parahippocampal gyrus (limbic system), orbitofrontal cortex, 

brainstem, (anosmic/agueusic patients) and thalamus 
• No brain hypermetabolism 
 
Parenchyma of other organs showed a higher [18F]FDG uptake (hypermetabolism) in long  
COVID patients than in controls. These findings suggested a diffuse inflammation organs. 

Lu Y64 
2020 

Neurology Neurological 
symptoms 
(55%): 
Headache 
Vision change 
Mood change 
Fatigue 
Myalgia 
Taste/smell 
disorders 
Numbness 
Tremor  

3 months Hospitalised patients 
(n=60): 
Mild 78.3% 
Severe 20% 
Critical 1.7% 
 

Micro-structural and volumetric disorders are observed through magnetic resonance 
imaging patients recovering from COVID-19, in comparison to age and sex-matched healthy 
subjects (n=39) 
Correlation of imaging with several symptoms (memory and smell disorders) 
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Study System Chronic 
Symptom(s) 

Timing 
from 
acute 
disease 

Severity of initial 
disease 

Mechanism(s) 

Lee MW55 
2021 

Neurology Post-mortem 
analysis 
 
NB: after 
acute 
infection 

/ Outpatients and 
hospitalised patients 
(n=13) 

Postmortem high resolution brain magnetic resonance imaging (magnetic 
resonance microscopy) and histological analysis: 
• IRM:  

o Hyperintensity suggesting microvascular impairment (and fibrinogen leakage) in 
the brain and the olfactory bulb 

o Hypointensity suggesting congested blood vessel, microhemorrhages 
• Histology: 

o Thinning of the basal lamina of endothelium (collagen IV) 
o Congested blood vessel clotting and fibrinogen leakage 
o Signs of activated microglia 

Song E59 
2021 

Neurology Post-mortem 
analysis 
 

/ Critically-ill patients 
(n=3) 

Give insights into the neuroinvasion (cortical neurons and endothelial cells) of Sars-Cov-2: 
• Neuronal damages 
• Capacity for Sars-Cov-2 to replicate into the neurons 
• Possible associated ischaemia (infarct zones) 

Bendetti 
F66 2020 

Neurology Not directly 
reported (test 
for 
depression 
and PTSD 
were 
performed) 

1 and 3 
months 

Hospitalised patients 
(n=84) 

Since low grade inflammation has been shown to play a role in mood disorders, authors 
performed tests for depression and PTSD in patients treated by anti interleukine drugs ( IL-
1β and IL-6) at the initial phase of COVID-19: 
• Protective effects of anti-interleukine treatments on mood disorders but not on PTSD. 

Ameres 
M62, 2020 

Neurology Anosmia 
Headache 
(post-acute 
phase) 

Median 23 
days (IQR 
21-26) 

Ambulatory patients. 
Mild and moderate 
stages (n=28) 

Neurochemical evidence of neuronal injury. Compared with age and sex matched control 
subjects, serum neurofilament light chain NfL (biomarker of neuronal injury) was more 
increased in COVID-19 patients. 

Kanberg 
N63, 2020 

Neurology Acute phase  Mean 13 
days (SD 
7.37) 

Ambulatory and 
hospitalised 
Mild (n = 20), moderate 
(n = 9), or severe (n = 
18) 

Neurochemical evidence of neuronal injury and microglial activation.  
Compared with age-matched control subjects,  
• serum neurofilament light chain NfL (biomarker of neuronal injury) and glial fibrillary 

acidic protein GFA (biomarker of microglia activation and injury) were more increased 
in severe patients. 

• GFA was more increased in moderate patients group 
• NfL showed a sustained increase overtime (days 15-28) 
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Study System Chronic 
Symptom(s) 

Timing 
from 
acute 
disease 

Severity of initial 
disease 

Mechanism(s) 

Kandemir
li68 S 2021 

Neurology 
Taste/Smell 

Persistent 
anosmia 

1-4  
months 

Severity stages not 
mentioned (n=23) 

Morphological abnormalities of olfactory nerve (olfactory cleft opacification, reduction of 
olfactory bulb volumes, change in bulb shape and signal abnormalities) at imaging 
(tomodensitometry, magnetic resonance imaging) suggesting direct/indirect injury to 
olfactory neuronal pathways 
 

De Melo 
G69 2020 

Neurology 
Taste/Smell 

Olfactory 
dysfunction 

110-196 
days 

Severity stages not 
mentioned (n=4) 

Data on the mechanism of olfactory dysfunction at the acute and chronic phases by 
performing mucosa brush cytological sampling. 
In patients with persistent anosmia, the olfactory neuroepithelium remains inflamed (high 
levels of cytokines including IL-6, myeloids cells) and infected, with persistent SARS-CoV-2 
RNA. 

Shuwa 
H79 2020 

Immune 
system 

Dyspnoea 
Spirometry or 
chest X-ray 
alterations 

8-19 
weeks 

Hospitalised patients 
(n= 25) 
Mild (n=3), moderate 
(n=8) and severe 
(n=14) COVID-19 

Description of long-lasting phenotypic and functional disorders of lymphocytes in healthy 
individuals and individuals with acute or convalescent COVID-19: 
• Persistence of a cytotoxic program in CD8+ T cells and elevated production of 

cytokines that could impact tissue integrity and cytokines responsiveness 
• Altered B cell phenotypes in severe COVID-19 patients are restored upon 

convalescence 
Dennis 
A77 2020 

Immune 
system 

Fatigue (98%) 
Muscle aches 
(88%) 
Breathlessne
ss (87%) 
Headaches 
(83%) 
Cardiorespirat
ory symptoms 
(92%) 
Gastrointestin
al symptoms 
(73%) 

Median 
140 (IQR 
105-160) 
days 

Low risk patients  
(n =201) 
 
18% hospitalised 

Assessment of organ impairment after acute infection (COVERSCAN project). 
Magnetic resonance imaging reveals signs of mild organ impairment: 
• Heart (32%)  
• Lungs (33%) 
• Kidneys (12%) 
• Liver (10%) 
• Pancreas (17%) 
• Spleen (6%) 
Multi-organ impairment (25%) 
Organ impairment was more common in hospitalised versus non-hospitalised individuals. 

Pizzini 
A80 2020 

Immune 
system 

Persistent 
symptoms 
(type of 
symptoms not 
mentioned) 

8 weeks Outward  (n=22) and 
hospitalised patients 
(n=85): 
Oxygen support (49%) 
ICU admission (21%) 

Assessment of the vitamin D metabolism and its potential relationship with lingering 
symptoms (no control group): 
• Vitamine D deficiency was found in 12% and insufficiency in 41%  
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Study System Chronic 
Symptom(s) 

Timing 
from 
acute 
disease 

Severity of initial 
disease 

Mechanism(s) 

 
Additional 
exams 
(computed 
tomography, 
blood sample, 
spirometry, 
blood gas, 
cardiac 
echography) 

Invasive ventilation 
(15%) 
 

• Low levels of vitamin D did not predict the severity of the disease and did not 
associate with persistent symptoms, CT-abnormalities, or impaired pulmonary function 
testing, either at the moment of COVID-19 diagnosis or at the 8-week follow-up. 

 
       (preliminary publication from an ongoing trial) 

Doykov 
I78 2021 

Immune 
system 

No reported 
chronic 
symptoms 

40-60 
days 

Asymptomatic or 
patients mild infections 
(n=10) 

Reports a significant remaining inflammatory response though mass spectrometer multiplex 
on blood samples (comparison with healthy subjects): 
• Peroxiredoxin 3 (PRDX3) likely indicative of continued mitochondrial stress response 
• Carbamoyl phosphate synthase (CPS1): urea cycle protein in hepatocyte 
• N-Myc downstream regulated gene 1 (NDRG1): involved in macrophage and mast 

cells function 
• Cystatine C: protease inhibitor 
• Progranulin: involved in immune response 

Raman 
B81, 2021 

Immune 
system 

Breathelessn
ess 64% 
Fatigue 55% 

2-3 
months 
from 
disease 
onset 

Hospitalised patients 
with moderate to 
severe stages 
(n=58) 
 
36% ICU 

In comparison with age and sex-matched control subjects: 
• Multiorgan abnormalities at magnetic resonance imaging (suspicion of inflammation): 

o Lung (60%) 
o Heart (26%) 
o Liver (10%) 
o Kidneys (26%) 
o Brain (thalamus, posterior thalamic radiations and sagittal stratum) 

• Decreased exercise tolerance (cardiopulmonary exercise test, six-minute walk test) 
• Impairment of cognitive performance (executive/visuospatial domain) 
• Correlation between the  extent of extra-pulmonary MRI abnormalities and exercise 

intolerance, serum markers of inflammation and acute illness severity. 
Yeoh 
Y752021 

Gastro-
intestinal 
system 

Not specified Analysis 
during 
hospitaliz
ation and 
30 days 
after 

All stages, hospitalised 
patients 
N=100 

In comparison with non-COVID-19 individual (control group), evidence of gut microbiota 
modifications and suggestion that it could be involved in dysimmunity and chronic symptoms: 
o Gut microbiome composition was significantly altered in COVID-19 patients. 
o Several gut commensals with known immunomodulatory potential were 

underrepresented in patients and remained low in samples collected up to 30 days 
after disease resolution. 
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Study System Chronic 
Symptom(s) 

Timing 
from 
acute 
disease 

Severity of initial 
disease 

Mechanism(s) 

recovery 
(in 27 
patients) 

o Perturbed composition correlated with plasma inflammatory cytokines and 
chemokines concentrations and blood markers ( C- reactive protein, lactate 
dehydrogenase, aspartate aminotransferase, gamma-glutamyl transferase) 

Genovese 
G76, 2021 

Dermatologi
cal system 

Various skin 
lesions 

Highly 
variable 

Ambulatory and 
hospitalised patients 
 

Description and classification of skin lesions and description of histological findings: 
• Urticarial rash (dermatitis, lymphocytic infiltrate) 
• Confluent erythematous/maculopapular/ Morbilliform rash (lymphocytic/neutrophilic 

infiltrate) 
• Papulovesicular exanthema (epidermal necrosis, endotheliitis) 
• Chilblain- like acral pattern (endotheliitis, microthrombosis, microangiopathy, 

lymphocytic infiltrates) 
• Livedo reticularis/racemosa-like (vasculopathy, occlusive microthrombosis) 
• Purpuric vasculitic (leucocytoclasic vasculitis, leucocytes infiltrates, endothelial injury) 

 

 

 

  



47 

 

APPENDIX 3. CHARACTERISTICS OF INCLUDED PATIENTS DURING THE ACUTE PHASE 
Pathophysiological mechanisms and characteristics of COVID-19 patients at the acute phase of infection and who have been included in 
studies. 

Authors ICU 
admission 

Hospitalisation Ambulatory Mechanisms 

Chun H71 2021    Pulmonary fibrosis 
Sonnweber T72 
2020 

   Metabolic disorders 

Bai Y70 2020    Multiorgan inflammation 
Sollini M74 2020    Vascular inflammation 

Chioh F82 2020    Microcirculatory 
dysfunction Savastano A73 

2020 
   

Guedj E67 2021    Brain hypometabolism 
Sollini M65 2021    Multiorgan inflammation 

Lu Y64 2020    Brain inflammation 

Bendetti F66 2020    

Ameres M62, 2020    

Kanberg N63, 2020    

Kandemirli68 S 
2021 

Not mentioned Neuroepithelial 
inflammation 

De Melo G69 2020 Not mentioned 

Shuwa H79 2020    Immunity disorders 

Dennis A77 2020    Multiorgan inflammation 

Pizzini A80 2020    Metabolic disorders 

Doykov I78 2021    Inflammation 

Raman B81, 2021    Multiorgan inflammation 

Yeoh Y752021    Gut dysbiosis 
Genovese G76, 
2021 

   Vascular inflammation 
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APPENDIX 4. DETAILS OF SEARCH STATEGY IN EACH SOURCE 
Appendix 4.1. Cochrane Database of Systematic Reviews 

Date 03/02/2021 

Database  Cochrane Database of Systematic Reviews Issue 2 of 12, February 2021 

Strategy 388 Cochrane Reviews matching covid* in All Text OR sars-cov* in All Text OR ncov* in 
All Text OR "coronavirus disease 2019" in All Text OR "severe acute respiratory 
syndrome coronavirus 2" in All Text - (Word variations have been searched) 

Appendix 4.2. JBI EBP Database 

Date 03/02/2021 

Database  JBI EBP Database - <Current to January 13, 2021> (OVID) 

Strategy 1     covid*.mp. (71) 
2     sars-cov*.mp. (5) 
3     ncov*.mp. (2) 
4     "coronavirus disease 2019".mp. (4) 
5     "severe acute respiratory syndrome coronavirus 2".mp. (3) 
6     1 or 2 or 3 or 4 or 5 (72) 
7     chronic*.mp. (2569) 
8     complicat*.mp. (1824) 
9     continu*.mp. (2616) 
10     linger*.mp. (15) 
11     long*.mp. (3160) 
12     ongoing.mp. (745) 
13     persist*.mp. (738) 
14     post*.mp. (3172) 
15     prolong*.mp. (687) 
16     recurr*.mp. (619) 
17     sequel*.mp. (146) 
18     surviv*.mp. (942) 
19     7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 (6057) 
20     6 and 19 (66) 
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Appendix 4.3. Medline 

Date 03/02/2021 

Database  Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations, 
Daily and Versions(R) <1946 to February 01, 2021> 

Strategy 1     covid*.mp. (97304) 
2     sars-cov*.mp. (41886) 
3     ncov*.mp. (1693) 
4     "coronavirus disease 2019".mp. (18515) 
5     "severe acute respiratory syndrome coronavirus 2".mp. (39642) 
6     1 or 2 or 3 or 4 or 5 (103558) 
7     chronic*.mp. (1444607) 
8     complicat*.mp. (3277182) 
9     continu*.mp. (1141060) 
10     linger*.mp. (2809) 
11     long*.mp. (2360519) 
12     ongoing.mp. (169115) 
13     persist*.mp. (496696) 
14     post*.mp. (2967850) 
15     prolong*.mp. (391871) 
16     recurr*.mp. (730089) 
17     sequel*.mp. (79502) 
18     surviv*.mp. (1492823) 
19     7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 (10257634) 
20     6 and 19 (35486) 
23     ((covid* or sars-cov* or ncov* or "coronavirus disease 2019" or "severe acute 
respiratory syndrome coronavirus 2") adj2 (chronic* or complicat* or continu* or linger* or 
long* or ongoing or persist* or post* or prolong* or recurr* or sequel* or surviv*)).mp. 
(4008) 
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Appendix 4.4. Embase 

Date 04/02/2021 

Database  Embase (Embase.com) 

Strategy #23. (covid* OR 'sars cov*' OR ncov* OR 'coronavirus          3,610  5 Feb 2021  
     disease 2019' OR 'severe acute respiratory  
     syndrome coronavirus 2') NEAR/2 (chronic* OR  
     complicat* OR continu* OR linger* OR long* OR  
     ongoing OR persist* OR post* OR prolong* OR  
     recurr* OR sequel* OR surviv*) 
#19. #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14   13,426,644  5 Feb 2021  
     OR #15 OR #16 OR #17 OR #18 
#18. surviv*                                              2,044,038  5 Feb 2021  
#17. sequel*                                                105,703  5 Feb 2021  
#16. recurr*                                              1,094,799  5 Feb 2021  
#15. prolong*                                               546,789  5 Feb 2021  
#14. post*                                                4,472,700  5 Feb 2021  
#13. persist*                                               678,567  5 Feb 2021  
#12. ongoing                                                310,519  5 Feb 2021  
#11. long*                                                3,382,297  5 Feb 2021  
#10. linger*                                                  3,759  5 Feb 2021  
#9.  continu*                                             1,544,748  5 Feb 2021  
#8.  complicat*                                           3,406,441  5 Feb 2021  
#7.  chronic*                                             2,111,426  5 Feb 2021  
#6.  #1 OR #2 OR #3 OR #4 OR #5                             108,451  5 Feb 2021  
#5.  'severe acute respiratory syndrome coronavirus 2'       26,313  5 Feb 2021  
#4.  'coronavirus disease 2019'                              84,404  5 Feb 2021  
#3.  ncov*                                                    1,746  5 Feb 2021  
#2.  'sars cov*'                                             33,477  5 Feb 2021  
#1.  covid*        

 



51 

 

Appendix 4.5. PsycInfo 

Date 03/02/2021 

Database  APA PsycInfo (OVID) <2002 to January Week 4 2021> 

Strategy 1     covid*.mp. (3448) 
2     sars-cov*.mp. (424) 
3     ncov*.mp. (30) 
4     "coronavirus disease 2019".mp. (375) 
5     "severe acute respiratory syndrome coronavirus 2".mp. (80) 
6     1 or 2 or 3 or 4 or 5 (3493) 
7     chronic*.mp. (122042) 
8     complicat*.mp. (39731) 
9     continu*.mp. (200140) 
10     linger*.mp. (1566) 
11     long*.mp. (362201) 
12     ongoing.mp. (46047) 
13     persist*.mp. (66335) 
14     post*.mp. (331214) 
15     prolong*.mp. (23205) 
16     recurr*.mp. (29631) 
17     sequel*.mp. (8593) 
18     surviv*.mp. (70040) 
19     7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 (1006943) 
20     6 and 19 (1487) 
22     ((covid* or sars-cov* or ncov* or "coronavirus disease 2019" or "severe acute 
respiratory syndrome coronavirus 2") adj3 (chronic* or complicat* or continu* or linger* or 
long* or ongoing or persist* or post* or prolong* or recurr* or sequel* or surviv*)).mp. 
(216) 
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Appendix 4.6. EconLit 

Date 03/02/2021 

Database  Econlit <1886 to January 21,2021> (OVID) 

Strategy 1     covid*.mp. (1190) 
2     sars-cov*.mp. (35) 
3     ncov*.mp. (7) 
4     "coronavirus disease 2019".mp. (13) 
5     "severe acute respiratory syndrome coronavirus 2".mp. (2) 
6     1 or 2 or 3 or 4 or 5 (1208) 
7     chronic*.mp. (3250) 
8     complicat*.mp. (5581) 
9     continu*.mp. (46703) 
10     linger*.mp. (311) 
11     long*.mp. (137530) 
12     ongoing.mp. (7085) 
13     persist*.mp. (26176) 
14     post*.mp. (64415) 
15     prolong*.mp. (1966) 
16     recurr*.mp. (2551) 
17     sequel*.mp. (203) 
18     surviv*.mp. (13009) 
19     7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 (271942) 
20     6 and 19 (388) 
21     ((covid* or sars-cov* or ncov* or "coronavirus disease 2019" or "severe acute 
respiratory syndrome coronavirus 2") adj5 (chronic* or complicat* or continu* or linger* or 
long* or ongoing or persist* or post* or prolong* or recurr* or sequel* or surviv*)).mp. (79) 
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Appendix 4.7. Ovid Nursing Database 

Date 03/02/2021 

Database  Ovid Nursing Database <1946 to January Week 4 2021> 

Strategy 1     covid*.mp. (3574) 
2     sars-cov*.mp. (1683) 
3     ncov*.mp. (18) 
4     "coronavirus disease 2019".mp. (490) 
5     "severe acute respiratory syndrome coronavirus 2".mp. (192) 
6     1 or 2 or 3 or 4 or 5 (3702) 
7     chronic*.mp. (61219) 
8     complicat*.mp. (106625) 
9     continu*.mp. (80457) 
10     linger*.mp. (208) 
11     long*.mp. (77301) 
12     ongoing.mp. (10190) 
13     persist*.mp. (12631) 
14     post*.mp. (117838) 
15     prolong*.mp. (10585) 
16     recurr*.mp. (14127) 
17     sequel*.mp. (3144) 
18     surviv*.mp. (27822) 
19     7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 (386772) 
20     6 and 19 (995) 
22     ((covid* or sars-cov* or ncov* or "coronavirus disease 2019" or "severe acute 
respiratory syndrome coronavirus 2") adj3 (chronic* or complicat* or continu* or linger* or 
long* or ongoing or persist* or post* or prolong* or recurr* or sequel* or surviv*)).mp. 
(176) 
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Appendix 4.8. SciLit 

Date 04/02/2021 

Database  https://www.scilit.net/ 

Strategy Long covid (all fields, lim preprint) (2416) 

Appendix 4.9. EuropePMC 

Date 04/02/2021 

Database  europepmc.org/ 

Strategy 1 ("long covid") AND (SRC:"PPR") (91) 
2 ("long-term covid") AND (SRC:"PPR") (41) 
3 ("post covid") AND (SRC:"PPR") (750) 

Appendix 4.10. Journals@OVID 

Date 03/02/2021 

Database  Journals@Ovid Full Text <February 01, 2021> 

Strategy 1     covid*.mp. (42367) 
2     sars-cov*.mp. (14758) 
3     ncov*.mp. (1329) 
4     "coronavirus disease 2019".mp. (10761) 
5     "severe acute respiratory syndrome coronavirus 2".mp. (6991) 
6     1 or 2 or 3 or 4 or 5 (45309) 
7     chronic*.mp. (1597003) 
8     complicat*.mp. (1559894) 
9     continu*.mp. (2717400) 
10     linger*.mp. (17981) 
11     long*.mp. (3398881) 
12     ongoing.mp. (637263) 
13     persist*.mp. (1008457) 
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14     post*.mp. (3285408) 
15     prolong*.mp. (785079) 
16     recurr*.mp. (846402) 
17     sequel*.mp. (159911) 
18     surviv*.mp. (1431049) 
19     7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 (6330977) 
20     6 and 19 (36718) 
25     (long adj2 covid*).mp. (314) 

Appendix 4.11. CoronaCentral 

Date 24/02/2021 

Database  https://coronacentral.ai/longhaul 

Strategy “Filter” Long Haul (201) 

 

 

 

https://coronacentral.ai/longhaul
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