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Abstract: 
Long COVID, also known as post-acute sequelae of SARS-CoV-2 infection (PASC), represents a major public 
health challenge characterized by the persistence of a wide spectrum of symptoms beyond the acute phase of 
COVID-19. Affecting individuals across all demographics and severities of initial infection, Long COVID 
manifests through a complex interplay of respiratory, cardiovascular, neurological, gastrointestinal, 
musculoskeletal, renal, and psychological impairments, leading to significant long-term disability and reduced 
quality of life. This systematic review synthesizes evidence from January 2020 to April 2024, revealing that 
symptoms such as fatigue, dyspnea, chest pain, cognitive dysfunction, myalgia, depression, and sleep disturbances 
frequently persist for months, even in individuals who initially experienced mild or asymptomatic infection. 
Proposed mechanisms include persistent viral reservoirs, immune dysregulation, endothelial dysfunction, 
autonomic imbalance, mitochondrial impairment, and psychosocial stressors. Notably, disparities in Long COVID 
outcomes reflect broader patterns of health inequities, with marginalized populations disproportionately affected. 
Pediatric Long COVID, with distinct symptom profiles, also demands specialized attention. Despite increasing 
recognition, there remains a critical lack of standardized diagnostic tools, predictive biomarkers, and therapeutic 
strategies. Emerging data suggest that vaccination may mitigate the risk but does not fully eliminate it. 
Multidisciplinary management, patient-centered care models, long-term surveillance, and robust public health 
strategies are essential to address the clinical, societal, and economic burden of Long COVID. Sustained global 
research efforts, policy reforms, and equitable healthcare initiatives will be pivotal in mitigating the lasting 
impacts of this multifaceted condition. 
Keywords: Long COVID, PASC, multisystem symptoms, post-viral syndrome, COVID-19 sequelae, chronic 
symptoms, SARS-CoV-2 
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Introduction

Long COVID is increasingly recognized as a 
condition that mirrors, amplifies, and sometimes 
uniquely diverges from other post-viral syndromes 
previously observed in infections like Epstein-Barr 
virus, influenza, and earlier coronaviruses such as 
SARS-CoV and MERS-CoV [1]. However, its scale 
and scope are unprecedented due to the global 
spread of SARS-CoV-2 and the sheer number of 
people infected [2]. Unlike post-viral fatigue or post-
infectious syndromes traditionally seen in isolated 
cases, Long COVID presents a population-level 
phenomenon with far-reaching public health, social, 
and economic consequences [3]. This has led global 
institutions like the National Institutes of Health 
(NIH) and the World Health Organization (WHO) to 
prioritize research funding and initiate longitudinal 

cohort studies focused on understanding Long 
COVID’s natural history [4,5]. 

The multisystemic symptom presentation of Long 
COVID, including symptoms in the respiratory, 
cardiovascular, neurological, musculoskeletal, 
gastrointestinal, and mental health systems, 
highlights the potential for rethinking the 
classification of chronic diseases and their 
management post-infection [6,7]. "Current research 
suggests that various pathogenic pathways are 
involved in ME/CFS, including chronic low-grade 
inflammation, viral antigen persistence, 
autoimmunity, and dysregulated neuro-immune 
interactions" [8, 9]. In addition, mitochondrial 
defects, endothelial damage, coagulation, 
imbalance, and gut microbiome perturbation are 
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now being recognized as key players in contributing 
to the continuation of symptoms and multiorgan 
involvement [10,11]. 

Population-based studies conducted in the UK, US, 
Europe, and Asia demonstrate that Long COVID is 
heterogeneous, although more common in women, 
those with comorbid conditions such as asthma or 
diabetes, and those who had more than five 
symptoms during the acute phase of COVID-19 
illness [12,13]. Nonetheless, the disease has been 
largely described in infected young adults and 
adolescents with no underlying condition [14]. 
Pediatric Long COVID is still an emerging field 
with symptoms such as fatigue, headache, sleep 
problems, and cognitive decline reported 612 
months after mild/asymptomatic infection in 
children [15]. 

Long COVID is not simply a clinical problem but a 
socioeconomic disaster. It has been suggested that 
1 in 10 individuals infected with SARS-CoV-2 may 
have symptoms lasting beyond 12 weeks, and that 
many are struggling to return to their previous level 
of work and education [16,17]. This has led to 
conversations about workplace accommodations, 
rights for people with disabilities, and a call for 
rehabilitation programs that address the ebbing and 
flowing of post-COVID symptoms [ 18]. 
Governments and health systems are being 
requested to establish Long COVID care pathways, 
including multidisciplinary clinics that encompass 
pulmonology, cardiology, neurology, rehabilitation 
medicine, psychology and social services 
[19,20,21]. 

The global COVID-19 pandemic, caused by the 
novel coronavirus SARS-CoV-2, has resulted in 
significant morbidity and mortality since its 
emergence in late 2019. While the majority of 
individuals recover from the acute phase of 
infection, a substantial subset continues to 
experience lingering symptoms that can persist for 
months or even years after initial recovery [1]. This 
phenomenon, commonly referred to as Long 
COVID or post-acute sequelae of SARS-CoV-2 
infection (PASC), has emerged as a major public 
health challenge [2]. Long COVID affects people 
across all age groups and severities of initial 
infection, including those with asymptomatic or 
mild disease [3]. 

Defined by the World Health Organization (WHO) 
as symptoms lasting for at least two months beyond 
the acute phase of infection, Long COVID 
encompasses a wide range of physical, neurological, 
and psychological manifestations [4]. Reports 
estimate that approximately 10–30% of individuals 
infected with SARS-CoV-2 will develop Long 
COVID, though prevalence estimates vary based on 
population characteristics and diagnostic criteria [5]. 
The persistent nature of Long COVID symptoms 

can lead to significant impairments in quality of life, 
functional status, and economic productivity [6]. 

Common symptoms of Long COVID include 
fatigue, shortness of breath (dyspnea), chest pain, 
palpitations, cognitive impairment ("brain fog"), 
sleep disturbances, mood disorders, gastrointestinal 
issues, and musculoskeletal pain [7]. These 
symptoms often fluctuate and can affect multiple 
organ systems simultaneously, posing diagnostic 
and therapeutic challenges [8]. Importantly, Long 
COVID is not merely a continuation of acute 
symptoms but may involve novel manifestations 
emerging weeks or months after the initial infection 
[9]. 

Pathophysiology of Long COVID Pathophysiology 
theories Several theories have been suggested to 
explain the pathophysiology of Long COVID. 
Among others, persistent viral reservoirs within 
tissues, chronic immune activation, autoimmunity, 
endothelial dysfunction, microvascular injury, and 
autonomic nervous system dysregulation have been 
suggested [10,11]. Biomarker studies have shown 
persistent inflammation, high cytokine levels and 
signs of immune exhaustion in patients with Long 
COVID [12]. Neuroimaging results have 
demonstrated brain hypometabolism and structural 
alterations in patients with reported cognitive 
symptoms, emphasizing that neuroinflammation is 
the core mechanism [13]. 

Other psychosocial factors due to prolonged 
isolation, anxiety regarding health, financial stress 
and breakdown of social support may worsen 
symptoms and add to the burden of Long COVID 
[14]. Thus, the need for a biopsychosocial model 
for understanding and treatment of this condition is 
rising [15]. 

Long COVID also raises severe health disparity 
issues. Evidence from studies shows that women, 
ethnical minorities and people of lower 
socioeconomic status may be at higher risk of Long 
COVID, which is the reflection of wider inequalities 
in health exacerbated by the COVID-19 pandemic 
[16]. In addition, the availability of diagnostic and 
rehabilitation services for Long COVID is not 
consistent among different locations and healthcare 
systems, so more equitable allocation of resources 
is required [17]. 

The societal and economic impact of Long COVID 
is substantial. Estimates suggest that millions of 
individuals worldwide are unable to return to work 
or experience reduced work capacity due to 
persistent symptoms [18]. In response, several 
countries have established dedicated Long COVID 
clinics and research initiatives to better understand, 
diagnose, and manage this emerging condition [19]. 
Nonetheless, significant gaps remain in our 
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knowledge regarding risk factors, prognosis, and 
effective therapeutic strategies. 

Given the evolving nature of Long COVID and its 
wide-ranging implications, a comprehensive 
understanding of its multisystem effects is crucial 
for clinicians, researchers, and policymakers. This 
review aims to systematically examine the evidence 
on the epidemiology, pathophysiology, clinical 
manifestations, and health system impacts of Long 
COVID. Special emphasis is placed on multisystem 
involvement, emerging diagnostic approaches, and 
future research directions [20,21]. 

There is a heterogeneous presentation of long 
COVID. Symptoms include fatigue, dyspnea, chest 
pain, palpitations, brain fog, anxiety, depression and 
musculoskeletal pain and are often reported. The 
pathogenic base of these manifestations is not 
completely known but is believed to result from 
persistent immune activation, viral persistence, 
endothelial injury, autonomic impairment, and 
mitochondrial dysfunction. The heterogeneous 
symptoms and absence of diagnostic biomarkers 
present challenges to both clinicians and 
researchers. 

Given its complex and multifactorial nature, 
understanding the full spectrum of Long COVID’s 
impact is crucial for developing effective 
management strategies. We review data on 
multisystem involvement in Long COVID, bringing 
together the current state of knowledge in the 
epidemiology, pathophysiology, and clinical 
expression of this condition among several organ 
systems. 

Methods 

This systematic review followed the guidelines of 
the Preferred Reporting Items for Systematic 
Reviews and Meta‐Analyses (PRISMA) [22]. 
Search Strategy A comprehensive search strategy 
was conducted to search for peer-reviewed articles 
related to the multisystem effect of Long COVID. 
The procedures contained a database search, study 
selection, data extraction, and narrative synthesis. 

Literature Search Strategy Electronic databases 
including PubMed, Scopus, and Web of Science 
were searched for articles published between 
January 2020 and April 2024. The search used 
combinations of keywords such as "Long COVID," 
"PASC," "post-acute sequelae of COVID-19," 
"chronic COVID symptoms," "multisystem COVID 
effects," and "COVID-19 long-term impacts" [23]. 
Additionally, reference lists of selected articles were 
manually screened to identify additional relevant 
studies. 

Inclusion and Exclusion Criteria Studies were 
eligible if they: 

• Included human participants with confirmed 
SARS-CoV-2 infection. 

• Reported symptoms or clinical findings 
persisting four weeks or longer after acute 
infection. 

• Focused on at least one organ system impact. 
• Were peer-reviewed original articles, 

systematic reviews, or meta-analyses. 

Studies were excluded if they: 

• Were case reports, editorials, or commentaries. 
• Lacked a clear definition of Long COVID. 
• Focused solely on acute COVID-19 without 

long-term follow-up. 

Study Selection and Data Extraction Two 
independent reviewers screened titles and abstracts 
to assess eligibility. Full texts of potentially eligible 
articles were then reviewed. Discrepancies were 
resolved through discussion or consultation with a 
third reviewer [24]. Data extracted included study 
design, sample size, population demographics, 
duration of follow-up, organ systems assessed, key 
clinical outcomes, and main conclusions. 

Quality Assessment The methodological quality of 
included studies was assessed using tools 
appropriate for their design, such as the Newcastle-
Ottawa Scale for cohort studies and the AMSTAR 2 
tool for systematic reviews [25]. Studies rated as low 
quality were excluded from synthesis.

 
PRISMA Flow Diagram 

Stage Number of Records 
Records identified through databases 145 
Records after duplicates removed 110 
Records screened 110 
Full-text articles assessed 40 
Studies included in qualitative review 20 

 
Data Synthesis: Due to heterogeneity in study 
designs, populations, outcome measures, and 
follow-up periods, a meta-analysis was not feasible. 
Therefore, a narrative synthesis approach was 
adopted, organized by organ systems affected. 
Findings were compared and contrasted across 

studies to identify consistent patterns, gaps in 
knowledge, and areas requiring further research 
[26]. 

Exclusion criteria included case reports, 
commentaries, and studies without a clear definition 
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of Long COVID. Data extraction focused on study 
design, sample size, duration of follow-up, organ 
systems assessed, and main findings. A narrative 
synthesis was performed due to heterogeneity in 
study populations and methodologies. 

Results 

Analysis of the selected literature revealed 
consistent evidence of multisystem involvement in 
individuals with Long COVID. Commonly affected 
systems include: 

Respiratory System: Persistent respiratory 
symptoms, including cough, dyspnea, and reduced 
exercise tolerance, were among the most frequently 
reported sequelae of Long COVID [27]. Pulmonary 
function tests often reveal decreased diffusing 
capacity for carbon monoxide (DLCO), while 
imaging studies show residual ground-glass 
opacities, fibrotic changes, and bronchial wall 
thickening [28]. Even patients with mild initial 
infection can experience long-term pulmonary 
dysfunction, suggesting that non-severe COVID-19 
can have lasting respiratory consequences. 

Cardiovascular System: Cardiovascular 
symptoms associated with Long COVID comprise 
of chest pain, palpitations, myocarditis, pericarditis, 
and dysautonomia [29]. In a sizable number of post-
COVID patients’ myocardial inflammation is 
evident on cardiac MRI. In addition, orthostatic 
intolerance and postural orthostatic tachycardia 
syndrome (POTS) is commonly reported in many 
patients as a consequence of autonomic nervous 
system disturbance [30]. Chronic endothelial 
dysfunction and microvascular damage have been 
suggested as culprits of these cardiovascular 
manifestations. 

Neurological and Cognitive Symptoms: 
Cognitive symptoms including memory disturbance, 
attention deficit and executive dysfunction ("brain 

fog") are the cardinal symptoms of Long COVID 
[31]. Neuroimaging has revealed brain 
hypometabolism, primarily in the frontal and 
parietal regions. Other neurological symptoms 
reported are headache, anosmia, ageusia, dizziness 
and peripheral neuropathies. Hypotheses on 
neurological manifestions developed, such as: direct 
virus induced neuro-invasion, immune mediated 
injury and microvascular injury [32]. 

Psychiatry and psychology Psychological 
manifestations Symptoms of distress are very 
common in Long COVID groups. It is very 
common to report depression, anxiety, PTSD, and 
sleep disorders [33]. Such symptoms may relate to 
the direct neurobiological consequences, prolonged 
isolation, functional limitations, and emotional 
stress of addressing a new chronic illness. Sleep 
architecture studies demonstrate abnormal sleep 
architecture, leading to fatigue and depression. 

Musculoskeletal and Chronic Pain Syndromes: 
Musculoskeletal complaints, particularly myalgia, 
arthralgia, and chronic fatigue, mirror features of 
fibromyalgia and chronic fatigue syndrome (CFS) 
[34]. Pathophysiological mechanisms proposed 
include mitochondrial dysfunction, persistent low-
grade inflammation, and dysregulation of pain 
signaling pathways. Many patients experience post-
exertional malaise, a worsening of symptoms 
following physical or mental activity. 

Renal, Hepatic, and Gastrointestinal Systems: 
Evidence suggests that Long COVID may contribute 
to ongoing renal dysfunction, elevated liver 
enzymes, and gastrointestinal symptoms such as 
diarrhea, abdominal pain, and altered gut microbiota 
[35]. These manifestations could result from direct 
viral effects, systemic inflammation, drug-induced 
toxicity during acute treatment, or immune-
mediated pathways.

 
Summary of Symptom Prevalence Across Systems 

System Common Symptoms Prevalence Range (%) 
Respiratory Dyspnea, cough, reduced lung function 30–60% 
Cardiovascular Chest pain, palpitations, POTS 20–40% 
Neurological Brain fog, headaches, dizziness, neuropathies 25–50% 
Psychiatric Depression, anxiety, PTSD, sleep disturbances 30–50% 
Musculoskeletal Fatigue, myalgia, arthralgia, post-exertional malaise 40–70% 
Renal, Hepatic, GI Diarrhea, abdominal pain, elevated liver enzymes 10–30% 

 
Overall, the results highlight the systemic nature of 
Long COVID, involving persistent inflammation, 
autonomic dysfunction, immune dysregulation, and 
microvascular injury across organ systems. The 
chronicity and severity of these symptoms reinforce 
the need for multidisciplinary clinical management 
and tailored rehabilitation strategies. 

 

Discussion 

The persistent and diverse symptoms of Long 
COVID reflect its systemic nature and complex 
pathophysiology. Proposed mechanisms include 
viral persistence in reservoirs, immune 
dysregulation, autoimmunity, reactivation of latent 
viruses, and autonomic nervous system imbalance. 
Evidence from brain imaging and immunological 
studies supports the hypothesis of 
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neuroinflammation and blood-brain barrier 
disruption contributing to cognitive symptoms [28]. 

Emerging data suggest that individuals with pre-
existing conditions and those who experienced 
moderate to severe acute illness are at greater risk, 
though Long COVID has also been reported in 
asymptomatic and young individuals [29]. 
Disparities in Long COVID outcomes have been 
observed along lines of gender, race, and 
socioeconomic status, highlighting the need for 
equitable healthcare access and targeted 
interventions [30]. 

Long COVID needs an integrated approach by 
primary care, pulmonology, cardiology, neurology, 
psychiatry, and rehabilitation. International 
registries and large cohort studies are in progress for 
outcome tracking, biomarker validation, and testing 
novel interventions (including antivirals, 
immunomodulating and lifestyle approaches). [31] 

There is emerging evidence that there is a role for 
rehabilitation strategies which include pacing, 
graded exercise, cognitive behavioral therapy (CBT) 
and breathing retraining in relieving some of the 
symptoms of Long COVID, with the caveat of the 
potential to worsen post-exertional malaise in those 
who experience it [32]. Pharmacotherapies currently 
being investigated include low-dose naltrexone for 
neuroinflammation, antihistamine for MCAS 
symptoms, and antiviral therapy for ongoing viral 
replication [33]. 

The impact of Long COVID on lost productivity, 
increased disability claims, and long-term healthcare 
costs are estimated to be astronomical by economic 
modeling studies and will warrant policy changes 
like paid medical leave protections and enhancing 
disability benefits [34]. Health systems need to 
develop multidisciplinary Long COVID clinics, 
training for healthcare workers on detecting and 
treating Long COVID, and patient-centred care 
pathways [35]. 

Additionally, the dynamic character of SARS-CoV-
2 variants and their relationship with the prevalence 
and severity of Long COVID is another, ongoing 
area of interest. Early data indicate that vaccination 
may lower the risk of contracting Long COVID; 
however, breakthrough infections could also lead to 
persistent symptoms [36]. 

Research into biomarkers that predict who will 
develop Long COVID and who will recover swiftly 
is essential for personalizing care and allocating 
resources effectively. Genetic predispositions, 
immune profiles, and early symptom patterns are 
among the factors being explored [37]. 

There is also a critical need for public health 
messaging to raise awareness about Long COVID, 
combat stigma, and encourage early intervention. 

Public campaigns must emphasize that Long 
COVID is a legitimate and serious condition, not 
merely "psychosomatic" or "mild" [38]. 

Coordinated research initiatives, including the 
National Institutes of Health (NIH)-sponsored 
RECOVER initiative and similar programs in 
Europe and Asia, are likely to offer more definitive 
insights on the pathophysiology, treatment, and 
prevention of Long COVID [39]. It will be 
important in study populations to account for 
diversity and to include pediatric cohorts to apply 
the research and interventions equitably [40]. 

A growing area of concern concerns pediatric Long 
COVID, with children and adolescents presenting 
long-lasting symptoms as fatigue, cognitive 
difficulties, and sleep disorders, several months after 
having experienced mild or asymptomatic forms of 
infection [41]. Symptom character patterns may be 
slightly different in paediatric cohorts and 
preliminary work suggests the need for specialised 
follow-up and rehabilitation in this younger age 
group. 

Long COVID can be compared to other post-viral 
syndromes, such as those following Epstein-Barr 
virus infection or the first outbreak of SARS-CoV, 
and specific similarities and differences can be 
inferred [42]. Although fatigue and neurocognitive 
abnormalities are common elements, however, the 
spectrum of organ system involvement seems 
broader in long COVID; this may be related to 
variations in viral pathogenesis and immune 
responses. 

International health bodies like the WHO and CDC 
have recognized Long COVID as a critical 
component of pandemic response planning. 
Multinational cohort studies aim to harmonize 
diagnostic criteria, track symptom trajectories, and 
assess long-term organ-specific damage, including 
pulmonary fibrosis, cardiomyopathy, and 
neurodegeneration risks [43]. 

The therapeutic pipeline for Long COVID is 
growing. Trials are investigating antivirals like 
remdesivir and molnupiravir for their potential to 
eliminate viral reservoirs, while immune modulators 
such as baricitinib and monoclonal antibodies are 
being tested for mitigating immune dysregulation 
[44]. Nutritional interventions, exercise 
rehabilitation programs, autonomic nervous system 
retraining, and cognitive therapy are also being 
incorporated into multidisciplinary management 
frameworks [45]. 

Ultimately, Long COVID represents not only a 
medical challenge but a societal one. Addressing it 
requires systemic investment in research, healthcare 
infrastructure, social support systems, and 
employment accommodations. Recognizing the 
chronicity and disability potential of Long COVID 
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is essential for ensuring that affected individuals are 
supported in their recovery journey and are not 
marginalized or stigmatized by society [46]. 

Future research directions must include longitudinal 
studies that extend beyond two years post-infection, 
enabling a deeper understanding of recovery 
trajectories, relapse patterns, and potential late-onset 
complications such as cardiovascular events or 
neurodegenerative diseases [47]. Development of 
validated diagnostic biomarkers, personalized 
rehabilitation protocols, and preventive strategies 
will be pivotal in controlling the long-term burden 
of Long COVID [48]. 

Conclusion 

Long COVID stands as one of the most significant 
and complex legacies of the COVID-19 pandemic, 
affecting millions globally across all age groups and 
severities of initial infection. Characterized by 
persistent, multisystemic symptoms such as 
respiratory dysfunction, cardiovascular 
complications, neurocognitive impairments, 
musculoskeletal pain, and psychological disorders, 
Long COVID challenges traditional healthcare 
models and demands a shift toward integrated, 
multidisciplinary care. The pathophysiology 
remains multifactorial, involving immune 
dysregulation, viral persistence, autonomic 
imbalance, endothelial injury, and psychosocial 
factors, while disparities in incidence and care 
access highlight urgent needs for health equity and 
policy reforms. Despite advances in recognizing and 
characterizing Long COVID, critical gaps remain in 
diagnostics, therapeutic interventions, and long-
term management strategies. Sustained research 
investment, international collaboration, public 
health advocacy, and comprehensive rehabilitation 
programs are crucial for mitigating the profound 
societal, economic, and healthcare burden posed by 
Long COVID. A coordinated global response that 
emphasizes patient-centered care, disability support, 
and prevention strategies will be pivotal in 
improving outcomes and quality of life for those 
living with this enduring condition. 
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