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Abstract
Long COVID, characterized by persistent symptoms following a SARS-CoV-2 infection, presents a significant
public health challenge with wide-ranging implications. This comprehensive review explores the
epidemiology, clinical manifestations, pathogenesis, risk factors, diagnosis, patient impact, management
strategies, and long-term prognosis of COVID. Despite a varied symptomatology that spans multiple organ
systems, including respiratory, neurological, and cardiovascular systems, this condition is primarily
associated with chronic inflammation and potential viral persistence. Prevalence varies, influenced by the
initial infection severity, demographic factors, and pre-existing conditions. The review emphasizes the
necessity for healthcare systems to adapt to the needs of long-COVID patients by developing standardized
diagnostic criteria and personalized, multidisciplinary treatment approaches. Current research gaps and
future directions are identified, highlighting the urgent need for further studies on pathophysiological
mechanisms and effective therapeutic interventions. This review aims to inform healthcare providers,
researchers, and policymakers, enhancing patient care and guiding ongoing and future research initiatives.
The continuing global focus and collaborative efforts offer hope for improved outcomes for those affected by
long COVID, marking an essential step towards addressing this emergent condition comprehensively.

Categories: Internal Medicine
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Introduction And Background
Long COVID, also known as post-acute sequelae of COVID-19 (PASC), is a complex medical condition
characterized by lingering symptoms that continue or develop after the acute phase of SARS-CoV-2
infection [1]. Typically, these symptoms persist for more than four weeks post-infection, although many
patients experience them for several months or longer. Common symptoms include fatigue, shortness of
breath, cognitive dysfunction (often referred to as "brain fog"), and a variety of others that affect different
organ systems. The definition of long COVID continues to evolve as more research is conducted,
highlighting the diverse and multifaceted nature of the condition [2].

Understanding long COVID is critical for several reasons. Firstly, it affects a significant portion of the
population, with varying estimates suggesting that a notable percentage of individuals who contract
COVID-19 develop long-COVID symptoms [3]. This broad impact calls for a robust health system response
to manage healthcare needs. Secondly, the diversity of symptoms and the unpredictability of their
progression complicate patient care and require adaptable and personalized treatment approaches. Lastly,
COVID poses broader public health challenges, including impacts on workforce participation, healthcare
resource allocation, and the mental health of affected individuals. Addressing long COVID effectively is
crucial to mitigating its extensive personal and societal consequences [4].

This review aims to comprehensively explore long COVID, encompassing its epidemiology, clinical
manifestations, pathogenesis, diagnostic challenges, patient impact, and management strategies. By
synthesizing current research and highlighting areas needing further investigation, the review seeks to
inform healthcare providers, researchers, and policymakers about effective strategies for addressing long
COVID and identify future research and clinical practice directions. The ultimate goal is to enhance the
quality of care for patients suffering from long COVID and to contribute to the global understanding of this
condition.
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The prevalence of long COVID exhibits considerable variation across different studies and populations. For
instance, a study published in the National Center for Biotechnology Information (NCBI) documented a
prevalence of 37.3% (95%CI: 30.7%-43.8%) among COVID-19-positive patients in Bhubaneswar [5].
Meanwhile, a population-representative survey in the United States revealed that an estimated 7.3% of all
respondents reported experiencing long COVID, corresponding to approximately 18,828,696 adults [6]. A
systematic review examining the prevalence of long COVID found that in studies conducted more than 12
weeks post-infection, prevalence rates ranged widely from 0% to 93% [7]. Moreover, a study published in
The Lancet highlighted substantial variation in long-COVID prevalence, with rates ranging from 2% in
Ghana to 86% in Egypt [8]. Similarly, a study published in the Journal of Clinical Medicine reported a
prevalence of 77.7% for long COVID [9]. These disparities in prevalence rates may stem from differences in
study populations, methodologies employed, and the specific criteria used to define long COVID. Thus,
interpreting and comparing prevalence data necessitates careful consideration of these factors to ensure
accuracy and reliability in understanding the burden of long COVID.

Demographic Patterns

Several demographic factors have emerged as significant predictors of long-COVID symptoms. Firstly,
gender appears to play a crucial role, with studies consistently indicating a higher likelihood of females
experiencing long-COVID symptoms compared to males. A cross-sectional study in Iran demonstrated that
females had higher odds of long-COVID symptoms [10]. Similarly, the findings from a population-
representative survey in the United States revealed a higher prevalence of COVID-19 among female
respondents [11]. Age also exerts a notable influence on the risk of developing long COVID. Research
suggests that as age increases, so does the likelihood of experiencing long-COVID symptoms persisting for
4+ and 12+ weeks. There is an observed rise in the reporting of functionally limiting symptoms lasting
4+ and 12+ weeks among older age groups [12]. Additionally, an inverted U-shaped association between
long-COVID risk and age was noted, with the highest risk observed in individuals aged 45-54 and 55-69
years [12].

Furthermore, the level of education has been linked to long-COVID susceptibility. The previously
mentioned study in Iran found that educated individuals had higher odds of experiencing long-COVID
symptoms [10]. Additionally, individuals with underlying health conditions or comorbidities face an elevated
risk of developing long COVID. The prevalence of long COVID was notably higher among respondents with
comorbidities according to a United States survey [11]. Vaccination status also emerges as a crucial
demographic factor associated with long COVID. The survey conducted in the United States revealed that
individuals who were not vaccinated or not boosted against COVID-19 exhibited a higher prevalence of
long-COVID symptoms than those who were vaccinated or boosted [11]. These findings underscore the
intricate interplay between demographic factors and long-COVID susceptibility, highlighting the importance
of considering these variables in understanding and addressing the condition's impact.

Variability in Symptoms and Severity

Long COVID, also referred to as PASC, presents as a complex and multidimensional illness affecting a
significant proportion of individuals recovering from acute COVID-19 infection [13]. This condition is
associated with a diverse range of symptoms and problems, including chronic fatigue, cognitive impairment,
respiratory difficulties, cardiovascular irregularities, and psychological distress [13]. However, the precise
underlying processes of long COVID remain unknown, presenting significant challenges for healthcare
practitioners as it necessitates a multidisciplinary approach to diagnosis, treatment, and rehabilitation [13].
Regarding symptom variability, a study published in PLOS ONE revealed that symptoms of long
COVID exhibit fluctuations within individuals over short time scales, displaying heterogeneous patterns of
symptom correlation [14]. Additionally, this study identified certain occupations, living status, and smoking
habits as risk factors for long-COVID symptoms. A population-representative survey conducted in the
United States estimated that 7.3% of all respondents reported experiencing long COVID, equating to
approximately 18,828,696 adults [15]. Notably, the prevalence of long COVID was higher among respondents
who were female, had comorbidities, or were not vaccinated or boosted against COVID-19. A systematic
review examining the prevalence of long COVID found significant variation in prevalence rates, ranging
from 0% to 93% in studies conducted more than 12 weeks post-infection [16]. Moreover, the review
highlighted substantial between-study heterogeneity and an absence of studies with a low risk of bias,
suggesting a gap in the evidence base for robust studies of long-COVID prevalence. These findings
underscore the complexity and challenges associated with understanding and addressing long COVID,
highlighting the need for further research and evidence-based approaches to manage this condition
effectively.

Clinical manifestations of long COVID
Overview of Symptoms

Long COVID, also called PASC, presents as a complex and multifaceted illness affecting a significant
proportion of individuals recovering from an acute COVID-19 infection [17]. Among the most common
symptoms of long COVID are chronic fatigue, fever, pain, breathlessness, anxiety, chronic fatigue syndrome,
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and postural orthostatic tachycardia syndrome (POTS) [13,17]. Additional general symptoms may include
fatigue, fever, and pain [18]. Notably, the symptoms of long COVID can persist for years, particularly in cases
involving new-onset myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) and dysautonomia,
notably POTS [19]. The pathophysiology of long COVID likely involves long-term organ damage resulting
from acute-phase infection, autonomic nervous system damage, immune dysregulation, autoimmunity,
endothelial dysfunction, occult viral persistence, and coagulation activation [19]. However, evidence
regarding the underlying mechanisms remains limited, with available studies exhibiting heterogeneity [19].
Effectively managing long COVID necessitates a nuanced understanding of its diverse manifestations to
address its evolving nature over time [20]. This entails the development of biomarkers for early detection,
prognosis, and monitoring, alongside establishing evidence-based guidelines for diagnosis, treatment, and
management [20]. Public health initiatives should prioritize increasing awareness, advocating preventative
measures, and providing support and services to patients experiencing long-term symptoms [20]. Crucially,
collaboration among researchers, healthcare professionals, and patient groups is essential for effectively
addressing the challenges posed by long COVID and improving patient outcomes [20]. By fostering
interdisciplinary cooperation, stakeholders can work towards enhancing our understanding of long COVID
and developing comprehensive strategies to support individuals affected by this condition.

Classification of Symptoms

Long-COVID symptoms encompass a range of categories, including neurological, mood disorders, systemic,
respiratory, musculoskeletal, ear, nose, and throat, dermatological, and gastrointestinal manifestations [21].
These symptom clusters are identified based on various patient characteristics, such as fatigue status during
the acute phase and at the time of presentation, presence of autonomic disorders, and employment status
[21]. Among the common symptoms of long COVID are fatigue, fever, pain, breathlessness, anxiety, chronic
fatigue syndrome, and POTS [21,22]. It is important to note that these symptoms may evolve, and some
individuals with long COVID may receive a diagnosis of POTS following coronavirus infection [23]. Several
studies have undertaken the task of classifying long-COVID symptoms into distinct clusters. For example,
Tsuchida et al. conducted a cluster analysis of long COVID, categorizing symptoms into three groups: pain,
cardiovascular, and the lowest median number of symptoms [21]. Similarly, Ito et al. classified long-COVID
symptoms into four clusters based on their severity persisting for 12 months [24]. This systematic
classification of symptoms is pivotal for devising effective management and intervention strategies tailored
to different sequelae phenotypes in community COVID-19 cases [1]. By enabling healthcare professionals to
identify specific symptom clusters, this classification facilitates the administration of precise management
and intervention strategies, ultimately enhancing patient care and outcomes [21]. Figure 1 shows the
symptoms of COVID-19.

FIGURE 1: Symptoms of COVID-19
Figure credit: Nishant Rathod

Chronological Evolution of Symptoms

The chronological progression of symptoms in long COVID, also called post-COVID conditions (PCC), needs
to be better defined due to its heterogeneity and the limited understanding of its underlying mechanisms [3].
Symptoms can vary from mild to debilitating and may persist for weeks, months, or even years following the
initial infection [3]. Among the most commonly reported symptoms of long COVID are fatigue, fever, pain,
breathlessness, anxiety, chronic fatigue syndrome, and POTS [3]. Notably, some individuals with long
COVID may be diagnosed with POTS after coronavirus infection [3]. The timeline of symptom onset and
progression exhibits significant variability among individuals. While some individuals may experience
resolution of symptoms within three months after the onset of their initial COVID-19 illness, others may
continue to experience symptoms well beyond this timeframe, lasting for years [3]. Moreover, among those
with multiple symptoms, some may resolve while others persist [3].

Researchers are still elucidating the long-term prognosis for individuals with long COVID, with the
pathophysiology likely involving long-term organ damage stemming from acute-phase infection, autonomic
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nervous system damage, immune dysregulation, autoimmunity, endothelial dysfunction, occult viral
persistence, and coagulation activation [25]. However, evidence regarding the underlying mechanisms
remains limited, with available studies exhibiting heterogeneity [25]. Managing long COVID necessitates a
nuanced understanding of its diverse manifestations to effectively address its evolving nature over time [13].
This entails the development of biomarkers for early detection, prognosis, and monitoring, as well as the
establishment of evidence-based guidelines for diagnosis, treatment, and management [13]. Public health
initiatives should prioritize increasing awareness, advocating preventative measures, and providing support
and services to patients experiencing long-term symptoms [13]. By fostering comprehensive approaches to
management, stakeholders can work towards improving outcomes for individuals affected by long COVID.

Pathogenesis of long COVID
Immune Response and Chronic Inflammation

The relationship between immune response and chronic inflammation in long COVID plays a pivotal role in
the persistence of symptoms among affected individuals. Studies have revealed that patients with long
COVID often display systemic inflammation and immune dysregulation, characterized by abnormalities in T
cell subset distribution and sex-specific perturbations in cytolytic subsets [26]. Additionally, these
individuals may exhibit increased frequencies of CD4 T cells primed to migrate to inflamed tissues,
exhausted SARS-CoV-2-specific CD8+ T cells, elevated levels of SARS-CoV-2 antibodies, and a
miscoordination between their SARS-CoV-2-specific T and B cell responses [26]. Chronic inflammation
holds particular significance in long COVID as it offers a potential explanation for the variable nature of the
condition's manifestations and provides a framework for exploring treatment options [27]. The dysregulated
activation of the immune system, leading to chronic low-grade inflammation, is theorized to contribute to
the development and persistence of long COVID [28]. This sustained dysregulation can perpetuate chronic
low-grade inflammation, which, in turn, may underlie the persistence of symptoms and the observed
multiorgan effects in long COVID [28]. Understanding the interplay between immune response and chronic
inflammation is crucial for elucidating the pathophysiology of long COVID and developing targeted
therapeutic interventions to mitigate its long-term impact on affected individuals.

Organ-Specific Damage

The relationship between immune response and chronic inflammation in long COVID is crucial for
understanding the persistence of symptoms among affected individuals. Studies have consistently shown
that patients with long COVID often exhibit systemic inflammation and immune dysregulation, marked by
abnormalities in T cell subset distribution and sex-specific perturbations in cytolytic subsets [26].
Furthermore, these individuals may demonstrate heightened frequencies of CD4 T cells primed for
migration to inflamed tissues, exhausted SARS-CoV-2-specific CD8 + T cells, elevated levels of SARS-CoV-2
antibodies, and a miscoordination between their SARS-CoV-2-specific T and B cell responses [26].

Chronic inflammation assumes particular significance in long COVID as it offers a potential explanation for
the diverse and fluctuating nature of the condition's manifestations. It also provides a framework for
investigating treatment avenues [29]. The dysregulated activation of the immune system, leading to chronic
low-grade inflammation, is hypothesized to contribute to both the development and persistence of long
COVID [30]. This sustained dysregulation may perpetuate chronic low-grade inflammation, which could, in
turn, underpin the persistence of symptoms and the observed multiorgan effects associated with long COVID
[31]. A comprehensive understanding of the interplay between immune response and chronic inflammation
is essential for unraveling the pathophysiology of long COVID and devising targeted therapeutic
interventions to alleviate its long-term impact on affected individuals.

Potential Role of Persistent Viral Reservoirs

Persistent viral reservoirs are integral to the pathogenesis of long COVID, influencing the prolonged
symptoms observed in individuals recovering from COVID-19. These reservoirs, where the virus can linger
in various tissues and organs even after the acute infection has resolved, are implicated in developing
chronic symptoms and complications associated with long COVID [32]. Studies indicate that SARS-CoV-2
RNA can persist in diverse body compartments, including the respiratory and gastrointestinal tracts, blood,
and other tissues, for extended periods following the acute phase of infection [33]. This persistence of viral
RNA and the potential presence of viral proteins can perpetuate ongoing immune responses and
inflammation, thereby contributing to the symptoms experienced in long COVID [33]. The existence of viral
reservoirs raises pertinent questions regarding the mechanisms underlying the persistence of the virus in
specific tissues and its correlation with the onset of long-COVID symptoms [33]. Factors such as the capacity
of the virus for replication or non-replication within these reservoirs and the potential for viral shedding and
dynamic alterations in viral genome sequences over time are of particular interest in elucidating the
pathophysiology of long COVID [32]. By comprehensively understanding the dynamics of viral persistence
and its implications for long COVID, researchers can advance insights into the mechanisms driving this
condition and potentially identify novel therapeutic targets.
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Risk Factors for Developing Long COVID

Various risk factors contribute to developing long COVID, encompassing biological sex, age, pre-existing
conditions, early symptoms, viral load, autoantibodies, and lifestyle factors [34-37]. Notably, women, mainly
those aged 40-60, are at a heightened risk of experiencing persistent symptoms following their initial
COVID-19 infection, such as fatigue, breathlessness, cognitive impairment, muscle pain, anxiety, or
depression, compared to men [34,35]. Additionally, advancing age is associated with an increased likelihood
of developing long COVID, with more than one-fifth (22%) of individuals over 70 reporting symptoms
lasting four weeks or longer [34]. Pre-existing conditions, including poor mental health and asthma, are
correlated with a greater propensity for reporting long-COVID symptoms [34,35]. Individuals who manifest
more than five symptoms during the first week of illness are 3.5 times more likely to develop long COVID
than those experiencing fewer symptoms [34]. Moreover, a higher viral load during the early stages of
infection and the presence of autoantibodies may elevate the risk of long COVID [34]. Additional risk factors
encompass high blood pressure, smoking or former smoking, high BMI, and various comorbidities such as
COPD, benign prostatic hyperplasia, and fibromyalgia [35,36]. Understanding and mitigating these risk
factors is crucial for identifying individuals at heightened risk of long COVID and implementing preventative
measures and targeted interventions to minimize its impact. Figure 2 shows the risk factors for developing
long COVID.

FIGURE 2: Risk factors for developing long COVID
Figure credit: Nishant Rathod

Diagnostic approaches for long COVID
Clinical Evaluation

Clinical evaluation for long COVID entails a comprehensive assessment of a broad spectrum of symptoms
and signs, given its potential to impact multiple organ systems. The diagnostic approach typically involves
an initial broad assessment followed by more focused subsequent evaluations [38,39]. Various tests may be
employed during the review, including complete blood count, kidney and liver function tests, thyroid
function test, glycated hemoglobin, C-reactive protein, ferritin, WHO functional scale, Wells score, D-dimer,
spirometry, chest radiograph, pulse oximetry, 12-lead ECG, 10-minute standing test, cardiac troponin, brain
natriuretic peptide, validated cognitive assessment tool, fatigue assessment scale, sub-maximal exercise
test, creatinine kinase, and reactivated herpesvirus panel [39].

The cornerstone of managing long COVID revolves around symptom control, appropriate intervention for
treatable complications, and detection of new medical diagnoses [39]. While evidence-based
pharmacological interventions for preventing and treating COVID are emerging, symptomatic treatment,
self-management strategies, and rehabilitation remain pivotal components of clinical care [39]. Diagnostic
tools for long COVID are primarily under development, highlighting the need to create and validate
biomarkers capable of diagnosing the condition [19]. Biomarker research in ME/CFS may offer valuable
insights into long-COVID diagnosis, including electrical impedance blood tests, saliva tests, erythrocyte
deformation, sex-specific plasma lipid profiles, and variables related to isocapnic buffering [19]. By
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advancing biomarker research and diagnostic capabilities, clinicians can enhance their ability to diagnose
and manage long COVID accurately, ultimately improving patient outcomes.

Laboratory Investigations

Laboratory investigations are pivotal in supporting, assessing, and diagnosing patients with long COVID.
Given the diverse and often overlapping symptoms associated with the condition, relying solely on clinical
presentation for diagnosis can be challenging [40]. Furthermore, the absence of well-established evidence-
based guidelines for investigating and managing long COVID underscores the importance of targeted
laboratory investigations [40]. A critical aspect highlighted in the literature is the necessity for biomarkers to
assist in the diagnosis, prediction, and prognosis of long COVID [41]. Biomarkers such as markers of
systemic inflammation, cytokines, chemokines, markers of SARS-CoV-2 persistence, and immune
dysregulation are under investigation for their potential diagnostic utility in long COVID [41]. The
development and validation of these biomarkers are essential for enhancing diagnostic accuracy and guiding
treatment decisions for patients with long COVID [41]. Recent research has identified specific proteins and
biomarkers in the blood of individuals with long COVID that could serve as diagnostic indicators for the
condition [41,42]. These findings offer promising insights into the pathophysiology of long COVID and may
facilitate the development of diagnostic tests to aid in identifying individuals experiencing persistent
symptoms post-COVID-19 infection [41,42]. By leveraging biomarkers, clinicians can improve their ability
to diagnose and manage long COVID effectively, enhancing patient care and outcomes.

Imaging Studies

Imaging studies are crucial in elucidating the pathophysiology of long COVID and identifying potential
biomarkers for diagnosis and prognosis. A systematic review examining chest imaging findings in long-
COVID patients included 342 individuals who underwent various imaging modalities such as CT, ultrasound
scan (USS), chest X-ray (CXR), and MRI [43]. The study population skewed toward males, with a mean age of
59.5 years. CT emerged as the most common imaging modality, utilized in 21.7% of the cohort/case-control
study arm and 50% of the case-control study arm. CXR was employed in 55.5% of the cohort study arm, USS
in 68.5%, and CT and PET in 70% and 61.5% of the case-control study arms, respectively [43]. Additionally,
molecular imaging techniques such as PET and single-photon emission computed tomography (SPECT) have
been instrumental in shedding light on the acute and long-term effects of COVID-19 on the human brain.
For instance, a retrospective study investigating patients with persistent fatigue more than three weeks after
SARS-CoV-2 infection revealed that whole-body PET/CT, including the brain, offers insights into long
COVID [44]. Similarly, an observational case-control study focusing on patients with at least one persistent
symptom for more than 30 days post-infection demonstrated the utility of PET in detecting neurological
abnormalities in long-COVID patients [44]. These imaging studies provide valuable insights into the
pathophysiological changes associated with long COVID, aiding in developing diagnostic and prognostic
biomarkers while enhancing our understanding of the condition's underlying mechanisms.

Challenges and Limitations

The diagnosis of long COVID presents several challenges and limitations stemming from various factors.
Firstly, a lack of standardized diagnostic criteria leads to ambiguity in identifying and defining the condition
[45]. This ambiguity is exacerbated by the reliance on self-reporting for symptom identification, which may
introduce subjectivity and variability in diagnoses [45]. Furthermore, variations in the definition and
prevalence of long COVID across studies and healthcare settings contribute to diagnostic uncertainty [45].
The absence of a robust definition for research and monitoring purposes and overlapping symptomatology
with conditions such as ME/CFS complicates the diagnostic process [45,46]. This overlap often necessitates
careful differentiation between long COVID and other chronic conditions, posing challenges for healthcare
providers. Moreover, the evolving evidence base and the multifaceted impact of long COVID on individuals
and society present additional hurdles in accurate diagnosis and management [46]. The scarcity of
diagnostic tests during the early stages of the COVID-19 pandemic and variability in inclusion/exclusion
criteria in research studies further complicate the diagnostic landscape for long COVID [45]. These
challenges underscore the need for standardized diagnostic criteria, improved testing availability, and
enhanced collaboration among healthcare professionals to address the complexities of diagnosing long
COVID.

Impact of long COVID on patients
Physical Health

Long COVID, also known as PASC, encompasses a complex and multifaceted illness that affects a significant
portion of individuals recuperating from an acute COVID-19 infection [19,47]. It manifests through a diverse
array of symptoms and challenges, ranging from chronic fatigue and cognitive impairment to respiratory
difficulties, cardiovascular irregularities, and psychological distress [19,47]. Despite extensive research, the
underlying mechanisms driving COVID remain elusive, posing significant hurdles for healthcare providers
regarding diagnosis, treatment, and rehabilitation [19,47]. The physical toll of long COVID is substantial,
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often marked by persistent fatigue, pain, weakness, and cardiovascular complications [19,47]. These
symptoms can endure for extended periods, particularly among specific demographics such as young
athletes or those who have experienced severe acute COVID-19 or multisystem inflammatory syndrome in
children (MIS-C) [19,47]. Moreover, long COVID can precipitate lasting organ damage, impacting vital
systems, including the lungs, heart, nervous system, kidneys, liver, and others [13,19]. In addition to the
physical ramifications, COVID can exact a toll on mental health, stemming from experiences of grief, loss,
unresolved pain, or persistent fatigue [19]. This complex interplay between physical and mental health
challenges further complicates the management of the condition [19]. The cumulative effect of long COVID
on the physical and mental well-being of the patients can be debilitating, significantly impacting their daily
lives, overall quality of life, and capacity to engage in work activities [19,47]. The repercussions of long
COVID extend beyond individual patients, reverberating throughout the broader healthcare system. The
strain imposed by long COVID can exacerbate existing workforce shortages and underscore the need for
enhanced support structures and workplace protections for healthcare personnel [13,19]. Addressing the
multifaceted impact of long COVID necessitates a concerted effort across various sectors to provide
comprehensive care and support for those affected by this complex condition.

Mental Health

The mental health ramifications of COVID-19 are profound, as individuals grappling with the condition
often contend with symptoms of anxiety, depression, stress, loneliness, and worry [48,49]. These
psychological challenges can compound the difficulties associated with managing the physical
manifestations of long COVID, further complicating the overall experience for affected individuals [48,49].
Research indicates that individuals with elevated levels of psychological distress before contracting COVID-
19 are at a heightened risk of developing long-term symptoms of long COVID [49]. This correlation
underscores the intricate interplay between mental health and the propensity for prolonged illness,
suggesting that pre-existing psychological factors may influence susceptibility to the condition [49].
Moreover, psychological distress, encompassing conditions such as depression and anxiety, has been linked
to an increased vulnerability to long COVID [49]. This susceptibility may stem from the impact of
psychological distress on chronic inflammation and immune system dysregulation, potentially heightening
individuals' susceptibility to developing the condition [49]. The burden of mental health issues among
individuals grappling with long COVID is substantial, permeating various aspects of their daily lives,
relationships, and overall well-being [48]. Recognizing the prevalence and severity of these challenges
underscores the imperative of addressing mental health concerns and nurturing mental resilience to
alleviate the impact of long COVID and enhance outcomes for the affected individuals [48]. Central to this
endeavor is ensuring access to comprehensive mental health care tailored to the unique needs of individuals
contending with long COVID, particularly those grappling with pre-existing mental health conditions [48].
By prioritizing mental health support as an integral component of long-COVID management, healthcare
providers can bolster recovery and promote overall well-being among affected individuals.

Social and Economic Implications

The ramifications of long COVID extend beyond individual health, encompassing significant social and
economic implications that reverberate throughout communities and nations [50]. This condition affects a
considerable segment of the previously healthy workforce, potentially leading to enduring economic
repercussions and strains on healthcare systems [50]. Long COVID's economic impact manifests through
direct and indirect costs, encompassing expenses related to healthcare, medications, and social welfare, as
well as reduced productivity and diminished tax revenue resulting from individuals exiting the workforce
[51]. As the prevalence of COVID persists and its effects become more apparent, its economic burden is
expected to escalate, posing challenges to financial stability and societal well-being [50]. Individuals
grappling with long COVID face heightened risks of unemployment and financial hardship, exacerbating the
overall socioeconomic burden [50]. The diverse nature of long COVID and the nascent state of current
research complicate projections of its long-term impacts. Yet, preliminary evidence suggests profound
socioeconomic implications, particularly for the most affected individuals [50].

In regions such as the UK and the US, long COVID has contributed to a notable rise in long-term economic
inactivity, with a surge in sickness-related absences among the working-age population since the onset of
the pandemic [52]. Moreover, labor shortages across various sectors underscore the pervasive impact of long
COVID on workforce dynamics, further straining economic stability [51]. The ramifications extend beyond
individual spheres, encompassing broader repercussions such as reduced productivity, diminished tax
revenue, escalated healthcare costs, and potential disruptions to supply chains [51,53]. Addressing the
multifaceted challenges of COVID-19 demands a comprehensive and interdisciplinary approach, integrating
healthcare, social support, and economic measures [50]. Key strategies include developing biomarkers for
early detection, prognosis, and monitoring alongside evidence-based guidelines for diagnosis, treatment,
and management [50]. Public health initiatives should prioritize awareness-raising, advocate preventive
measures, and provide robust support and services to individuals grappling with long-term symptoms [50].
Collaborative efforts among researchers, healthcare professionals, and patient advocacy groups are
imperative for navigating the complexities of long COVID and enhancing patient outcomes [50].

Quality of Life
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The toll of long COVID on quality of life is considerable, surpassing that of some cancers, according to
research findings. Individuals grappling with long COVID often contend with profound fatigue, which can
rival or exceed the impact of conditions such as cancer-related anemia or severe kidney disease, leading to
notably lower health-related quality of life scores compared to individuals contending with advanced cancers
[54,55]. The array of symptoms associated with long COVID, including fatigue, breathlessness, anxiety,
depression, and cognitive impairment, can severely curtail patients' capacity to participate in daily
activities, maintain relationships, and sustain employment, ultimately eroding their overall well-being and
quality of life [56]. Moreover, COVID can strain interpersonal relationships, hinder the pursuit of fulfilling
life experiences, and exact a toll on mental health, underscoring the profound disruption it inflicts on
various facets of patients' lives [56]. Long COVID's economic and social repercussions, particularly its impact
on individuals' capacity to engage in gainful employment, further highlight the formidable challenges those
living with this condition face. To address these multifaceted needs and enhance the quality of life for the
affected individuals, comprehensive support and services are imperative, encompassing healthcare, social
assistance, and workplace accommodations [54].

Management strategies for long COVID
Multidisciplinary Approach

The management of long COVID adopts a multidisciplinary framework, which entails a collaborative and
integrated strategy involving various healthcare specialties to address the complex and diverse needs of
individuals experiencing PASC [57]. This approach acknowledges the multisystemic nature of long COVID,
encompassing various organ systems and symptoms, including but not limited to shortness of breath,
palpitations, cognitive impairment, and persistent fatigue [57]. Drawing upon the expertise of specialists
across diverse disciplines such as neurology, pulmonology, cardiology, infectious diseases, geriatrics,
psychology, and hematology, a comprehensive evaluation and management plan can be crafted to effectively
address the unique challenges presented by long COVID [58]. The overarching objective of this
multidisciplinary approach is to optimize patient care by identifying and managing all potential sequelae of
COVID-19, ensuring that individuals receive holistic and coordinated treatment that addresses both clinical
and organizational aspects [58]. Such an approach is instrumental in identifying individuals' multifaceted
clinical issues and unmet needs with long COVID, facilitating early detection, tailored management
strategies, and improved patient outcomes [58].

Symptom-Specific Treatments

The management of long COVID adopts a multidisciplinary framework involving collaboration among
various healthcare specialties to address the complex and diverse needs of individuals experiencing
PASC [57]. Recognizing the multisystemic nature of long COVID, which encompasses a range of organ
systems and symptoms such as shortness of breath, palpitations, cognitive impairment, and persistent
fatigue, this approach aims to provide comprehensive care [57]. By leveraging the expertise of specialists in
neurology, pulmonology, cardiology, infectious diseases, geriatrics, psychology, and hematology, a tailored
evaluation and management plan can be developed to address the unique challenges of long COVID [59]. The
primary goal of this multidisciplinary approach is to optimize patient care by identifying and managing all
potential sequelae of COVID-19, ensuring that individuals receive holistic and coordinated treatment that
considers both clinical and organizational aspects [58]. This collaborative approach is essential for
identifying the multifaceted clinical issues and unmet needs of individuals with long COVID, facilitating
early detection and personalized management strategies, and ultimately leading to improved patient
outcomes [60].

Rehabilitation and Physical Therapy

Rehabilitation and physical therapy are integral components of long-COVID management, aiming to
improve symptoms and enhance overall physical function. The Chartered Society of Physiotherapy has
established rehabilitation standards for adults aged 18 years and older admitted to hospital with COVID-19,
encompassing both acute COVID-19 and long-COVID cases [61]. Physiotherapists play a pivotal role in
supporting individuals with long COVID, employing a safety-first approach to address various symptoms
and prevent symptom exacerbation [61]. Rehabilitation is deemed essential for individuals living with long
COVID, representing one of the core pillars of all long-COVID campaigning efforts [62]. Physiotherapy
interventions can target improved joint mobility and pain reduction, particularly beneficial for those
experiencing musculoskeletal discomfort associated with long COVID [61]. Physiotherapists also offer
crucial education on pacing strategies and energy conservation, empowering individuals to effectively
manage their symptoms, avoid overexertion, and optimize daily activities [61]. Moreover, initiatives such as
the Long COVID Physio serve as international peer support, education, and advocacy platforms led by
physiotherapists living with long COVID and their allies. These organizations contribute to advocacy, policy
development, guideline establishment, and research endeavors, with educational resources accessible to
individuals living with long COVID and those seeking further understanding [63].

Psychological Support and Counseling
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Psychological support and counseling are essential for individuals grappling with long COVID, given its
profound psychological implications [64,65]. Psychologists play a pivotal role in guiding patients through
their recovery journey and assisting them in preparing for an uncertain future [64]. They offer invaluable
support to patients contending with symptoms such as anxiety, depression, cognitive impairment, and
trauma [64]. Cognitive Behavioral Therapy (CBT) stands out as a particularly effective form of talking
therapy in helping patients effectively manage the chronic symptoms associated with long COVID [66].
Moreover, emotional support from loved ones can significantly alleviate feelings of depression and anxiety
experienced by individuals with long COVID [66]. For those with chronic fatigue or impaired mobility,
grocery shopping, cooking, and childcare assistance can be immensely beneficial [66]. Online support groups
also offer community, providing individuals with long COVID access to support, advice, and additional
resources [66]. Psychologists play a crucial role in helping patients and their families establish and reinforce
boundaries while addressing issues related to cognitive decline, anxiety, depression, and trauma [64].
Furthermore, involving others and encouraging friends and family members to seek support can help
alleviate stress levels within households affected by long COVID [65]. Increasing awareness and
understanding of long COVID among healthcare professionals and the general public is paramount in
reducing stigma and enhancing support for individuals navigating the complexities of this condition [65].

Long-term prognosis and follow-up
Predictors of Recovery

Predictors of recovery can vary widely depending on the context and the specific population under
consideration. Factors influencing long-term recovery in surgical settings encompass bodily and
psychological elements [67]. Conversely, in mental health contexts, predictors of recovery may include a
range of factors such as sociodemographics, familial risk, early risk factors, premorbid functioning,
triggering events, illness-onset characteristics, neurological abnormalities, deficit symptoms, and response
to initial treatment [68]. For substance-use disorders, personality traits have been identified as potential
predictors of recovery, although their long-term predictive capacity remains poorly understood [69]. Studies
focusing on first-episode psychosis have identified various predictors of long-term outcomes, including
parental socioeconomic status, family history of schizophrenia spectrum disorders, early developmental
delays, childhood adversity, and substance use [68]. Specific indicators such as spontaneous
dyskinesia/parkinsonism, neurological soft signs, and educational attainment, particularly the completion
of high school, have been associated with symptomatic, functional, and personal outcomes, respectively
[68]. In settings such as medium-secure services, interventions targeting dynamic risk factors are essential
for enhancing service user outcomes, underscoring the importance of long-term follow-up and personalized
interventions [70]. In the intensive care setting, evaluating long-term prognosis and quality of life often
involves employing validated assessment methods that consider physical, psychological, and social
functioning [71]. These assessments provide valuable insights into the multidimensional aspects of recovery
following critical illness and intensive care treatment.

Persistent Symptoms and Complications

Long COVID, also called PASC, manifests as persistent symptoms and complications that can endure for
weeks to months following recovery from the acute phase of COVID-19 [72]. A comprehensive systematic
review and meta-analysis have identified 55 long-term effects associated with COVID-19, with
approximately 80% of infected individuals experiencing one or more persistent symptoms [72]. Among the
most prevalent symptoms are fatigue, headache, attention disorders, hair loss, and dyspnea [72].
Significantly, long COVID can affect various organ systems, including respiratory, cardiovascular, renal,
gastrointestinal, hepatic, endocrine, and neurological systems [73]. Acute kidney injury (AKI) is a notable
complication observed in hospitalized COVID-19 patients, with reported rates ranging widely from
approximately 20% to 80%, contingent on the AKI definition employed and its classification [73]. Despite its
prevalence, the long-term trajectory of patients with AKI and proteinuria remains poorly elucidated,
necessitating further investigation into their natural history and underlying causes [73]. Notably, the
incidence of persistent symptoms following hospitalization with COVID-19 remains substantial and stable
for up to six months post-discharge [73]. While the majority of COVID-19 cases are mild, approximately 15%
of patients develop severe respiratory impairment characterized by diffuse alveolar damage, pulmonary
(hyper)inflammatory infiltrates, and microvascular thrombosis, necessitating hospitalization and close
medical care [73]. The National Institute for Health and Care Excellence (NICE) defines long COVID as the
persistence of signs and symptoms consistent with COVID-19 infection for more than four weeks post-
infection, without explanation by an alternative diagnosis [74]. The incidence, natural history, and etiology
of long-COVID symptoms remain incomplete and may vary based on viral factors, individual characteristics,
and treatment modalities [74]. Increasing evidence underscores a significant proportion of patients
experiencing ongoing physical and psychological morbidities post-discharge from SARS-CoV-2 infection,
emphasizing the need for continued research and comprehensive patient care [74].

Need for Long-Term Monitoring

Long COVID or PASC encompasses persistent symptoms and complications that endure for weeks to months
after recovering from the acute phase of COVID-19 [72]. A thorough systematic review and meta-analysis
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have identified 55 long-term effects linked to COVID-19, with approximately 80% of individuals
experiencing one or more persistent symptoms [72]. Common symptoms include fatigue, headache,
attention disorders, hair loss, and dyspnea [72]. COVID-19 can affect multiple organ systems, including the
respiratory, cardiovascular, renal, gastrointestinal, hepatic, endocrine, and neurological systems [73].
AKI emerges as a significant complication among hospitalized COVID-19 patients, with reported rates
varying widely from approximately 20% to 80%, contingent on the definition and classification of AKI
utilized [73]. Despite its prevalence, the long-term trajectory of patients with AKI and proteinuria remains
poorly understood, warranting further investigation into their natural history and underlying causes [73].
Moreover, the incidence of persistent symptoms following hospitalization for COVID-19 remains substantial
and stable for up to six months post-discharge [73]. Although most COVID-19 cases are mild, approximately
15% of patients develop severe respiratory impairment characterized by diffuse alveolar damage, pulmonary
(hyper)inflammatory infiltrates, and microvascular thrombosis, necessitating hospitalization and close
medical care [73]. NICE defines long COVID as the persistence of signs and symptoms consistent with
COVID-19 infection for more than four weeks post-infection, without explanation by an alternative
diagnosis [74]. The incidence, natural history, and etiology of long-COVID symptoms still need to be
completed and may vary based on viral factors, individual characteristics, and treatment modalities [74].
Mounting evidence underscores a significant proportion of patients experiencing ongoing physical and
psychological morbidities post-discharge from SARS-CoV-2 infection, underscoring the necessity for
continued research and comprehensive patient care [74].

Conclusions
In conclusion, this comprehensive review of long COVID has elucidated the complex nature of the condition,
highlighting its wide-ranging and persistent symptoms, diverse pathogenesis, and significant impact on
patients' lives. Our findings emphasize the need for a robust response from healthcare providers and
researchers. Healthcare professionals must adopt personalized and adaptive management strategies to
accommodate the unique challenges presented by long COVID. At the same time, researchers are called upon
to investigate its underlying mechanisms further and explore innovative treatments. There is a beacon of
hope for patients and families affected by long COVID as the global medical community focuses increasingly
on understanding and combating this condition. Continued advancements in research and healthcare
practices promise improved patient care and a future where the long-term effects of COVID-19 can be
effectively managed, offering patients a better quality of life and optimism for recovery.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Nishant Rathod Jr., Sunil Kumar, Roma Chavhan, Sourya Acharya, Sagar Rathod

Acquisition, analysis, or interpretation of data:  Nishant Rathod Jr., Sunil Kumar, Roma Chavhan, Sourya
Acharya, Sagar Rathod

Drafting of the manuscript:  Nishant Rathod Jr., Sunil Kumar, Roma Chavhan, Sourya Acharya, Sagar
Rathod

Critical review of the manuscript for important intellectual content:  Nishant Rathod Jr., Sunil Kumar,
Roma Chavhan, Sourya Acharya, Sagar Rathod

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
We would like to express our deep appreciation for the integral role of Artificial Intelligence (AI) like
Grammarly and ChatGPT in completing this research paper. Incorporating AI technologies has significantly
elevated the efficiency and depth of our analysis, adding a layer of sophistication to our study. By utilizing
advanced algorithms and machine learning techniques, we were able to process extensive datasets with
unprecedented speed, allowing for a more comprehensive exploration of intricate patterns and trends.

References

2024 Rathod et al. Cureus 16(5): e60176. DOI 10.7759/cureus.60176 10 of 13

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


1. Sherif ZA, Gomez CR, Connors TJ, Henrich TJ, Reeves WB: Pathogenic mechanisms of post-acute sequelae
of SARS-CoV-2 infection (PASC). Elife. 2023, 12:e86002. 10.7554/eLife.86002

2. Raveendran AV, Jayadevan R, Sashidharan S: Long COVID: an overview. Diabetes Metab Syndr. 2021,
15:869-75. 10.1016/j.dsx.2021.04.007

3. Long COVID (post-COVID conditions, PCC). Accessed: April 21, 2024:
https://www.yalemedicine.org/conditions/long-covid-post-covid-conditions-pcc.

4. Kendzerska T, Zhu DT, Gershon AS, Edwards JD, Peixoto C, Robillard R, Kendall CE: The effects of the
health system response to the COVID-19 pandemic on chronic disease management: a narrative review. Risk
Manag Healthc Policy. 2021, 14:575-84. 10.2147/RMHP.S293471

5. Salve HR, Daniel RA, Kumar A, Kumar R, Misra P: Prevalence and determinants of long COVID among
patients attending the outpatient department of a subdistrict hospital in Haryana. Cureus. 2023, 15:e46007.
10.7759/cureus.46007

6. Ford ND, Slaughter D, Edwards D, Dalton A, Perrine C, Vahratian A, Saydah S: Long COVID and significant
activity limitation among adults, by age—United States, June 1-13, 2022, to June 7-19, 2023. MMWR Morb
Mortal Wkly Rep. 2023, 72:866-70. 10.15585/mmwr.mm7232a3

7. Woodrow M, Carey C, Ziauddeen N, et al.: Systematic review of the prevalence of long COVID . Open Forum
Infect Dis. 2023, 10:ofad233. 10.1093/ofid/ofad233

8. Müller SA, Isaaka L, Mumm R, et al.: Prevalence and risk factors for long COVID and post-COVID-19
condition in Africa: a systematic review. Lancet Glob Health. 2023, 11:1713-24. 10.1016/S2214-
109X(23)00384-4

9. Jangnin R, Ritruangroj W, Kittisupkajorn S, et al.: Long-COVID prevalence and its association with health
outcomes in the post-vaccine and antiviral-availability era. J Clin Med. 2024, 13:1208. 10.3390/jcm13051208

10. Mahmoodi Z, Bahrami G, Shahrestanaki E, Seddighi H, Ghavidel N: Clinical and socio-demographic variables
associated with long COVID-19: a cross-sectional study. Clin Nurs Res. 2023, 32:947-53.
10.1177/10547738231177395

11. Robertson MM, Qasmieh SA, Kulkarni SG, et al.: The epidemiology of long coronavirus disease in US adults .
Clin Infect Dis. 2023, 76:1636-45. 10.1093/cid/ciac961

12. Thompson EJ, Williams DM, Walker AJ, et al.: Long COVID burden and risk factors in 10 UK longitudinal
studies and electronic health records. Nat Commun. 2022, 13:3528. 10.1038/s41467-022-30836-0

13. Negrut N, Menegas G, Kampioti S, et al.: The multisystem impact of long COVID: a comprehensive review .
Diagnostics (Basel). 2024, 14:244. 10.3390/diagnostics14030244

14. Burton C, Dawes H, Goodwill S, Thelwell M, Dalton C: Within and between-day variation and associations of
symptoms in long COVID: intensive longitudinal study. PLoS One. 2023, 18:e0280343.
10.1371/journal.pone.0280343

15. Sudre CH, Murray B, Varsavsky T, et al.: Attributes and predictors of long COVID . Nat Med. 2021, 27:626-31.
10.1038/s41591-021-01292-y

16. Vivaldi G, Pfeffer PE, Talaei M, Basera TJ, Shaheen SO, Martineau AR: Long-term symptom profiles after
COVID-19 vs other acute respiratory infections: an analysis of data from the COVIDENCE UK study.
EClinicalMedicine. 2023, 65:102251. 10.1016/j.eclinm.2023.102251

17. Fernández-de-Las-Peñas C, Raveendran AV, Giordano R, Arendt-Nielsen L: Long COVID or post-COVID-19
condition: past, present and future research directions. Microorganisms. 2023, 11:2959.
10.3390/microorganisms11122959

18. Symptoms, diagnosis, & treatment . (2022). Accessed: April 21, 2024:
https://www.cdc.gov/yellowfever/symptoms/index.html.

19. Davis HE, McCorkell L, Vogel JM, Topol EJ: Long COVID: major findings, mechanisms and
recommendations. Nat Rev Microbiol. 2023, 21:133-46. 10.1038/s41579-022-00846-2

20. Koc HC, Xiao J, Liu W, Li Y, Chen G: Long COVID and its management. Int J Biol Sci. 2022, 18:4768-80.
10.7150/ijbs.75056

21. Tsuchida T, Yoshimura N, Ishizuka K, et al.: Five cluster classifications of long COVID and their background
factors: a cross-sectional study in Japan. Clin Exp Med. 2023, 23:3663-70. 10.1007/s10238-023-01057-6

22. Post COVID-19 condition (long COVID). (2022). Accessed: April 21, 2024:
https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition.

23. Mallick D, Goyal L, Chourasia P, Zapata MR, Yashi K, Surani S: COVID-19 induced postural orthostatic
tachycardia syndrome (POTS): a review. Cureus. 2023, 15:e36955. 10.7759/cureus.36955

24. Ito F, Terai H, Kondo M, et al.: Cluster analysis of long COVID in Japan and association of its trajectory of
symptoms and quality of life. BMJ Open Respir Res. 2024, 11:10.1136/bmjresp-2023-002111

25. The long history of long COVID and other chronic illnesses . (2023). Accessed: April 21, 2024:
https://medicine.yale.edu/lab/kahle/news-article/the-long-history-of-long-covid-and-other-chronic-
illnesses/.

26. Yin K, Peluso MJ, Luo X, et al.: Long COVID manifests with T cell dysregulation, inflammation and an
uncoordinated adaptive immune response to SARS-CoV-2. Nat Immunol. 2024, 25:218-25. 10.1038/s41590-
023-01724-6

27. Tandon P, Abrams ND, Avula LR, et al.: Unraveling links between chronic inflammation and long COVID:
workshop report. J Immunol. 2024, 212:505-12. 10.4049/jimmunol.2300804

28. Castanares-Zapatero D, Chalon P, Kohn L, et al.: Pathophysiology and mechanism of long COVID: a
comprehensive review. Ann Med. 2022, 54:1473-87. 10.1080/07853890.2022.2076901

29. Iacobucci G: Long COVID: damage to multiple organs presents in young, low risk patients . BMJ. 2020,
371:4470. 10.1136/bmj.m4470

30. 59% of long COVID patients had organ damage a year later . (2023). Accessed: April 21, 2024:
https://www.ucl.ac.uk/news/2023/feb/59-long-covid-patients-had-organ-damage-year-later .

31. The long-term effects of SARS-CoV-2 on organs and energy . Accessed: April 21, 2024:
https://covid19.nih.gov/news-and-stories/long-term-effects-sars-cov-2-organs-and-energy.

32. Machkovech HM, Hahn AM, Wang JG, et al.: Persistent SARS-CoV-2 infection: significance and implications .
Lancet Infect Dis. 2024, 00815-0:S1473-3099. 10.1016/S1473-3099(23)00815-0

2024 Rathod et al. Cureus 16(5): e60176. DOI 10.7759/cureus.60176 11 of 13

https://dx.doi.org/10.7554/eLife.86002
https://dx.doi.org/10.7554/eLife.86002
https://dx.doi.org/10.1016/j.dsx.2021.04.007
https://dx.doi.org/10.1016/j.dsx.2021.04.007
https://www.yalemedicine.org/conditions/long-covid-post-covid-conditions-pcc
https://www.yalemedicine.org/conditions/long-covid-post-covid-conditions-pcc
https://dx.doi.org/10.2147/RMHP.S293471
https://dx.doi.org/10.2147/RMHP.S293471
https://dx.doi.org/10.7759/cureus.46007
https://dx.doi.org/10.7759/cureus.46007
https://dx.doi.org/10.15585/mmwr.mm7232a3
https://dx.doi.org/10.15585/mmwr.mm7232a3
https://dx.doi.org/10.1093/ofid/ofad233
https://dx.doi.org/10.1093/ofid/ofad233
https://dx.doi.org/10.1016/S2214-109X(23)00384-4
https://dx.doi.org/10.1016/S2214-109X(23)00384-4
https://dx.doi.org/10.3390/jcm13051208
https://dx.doi.org/10.3390/jcm13051208
https://dx.doi.org/10.1177/10547738231177395
https://dx.doi.org/10.1177/10547738231177395
https://dx.doi.org/10.1093/cid/ciac961
https://dx.doi.org/10.1093/cid/ciac961
https://dx.doi.org/10.1038/s41467-022-30836-0
https://dx.doi.org/10.1038/s41467-022-30836-0
https://dx.doi.org/10.3390/diagnostics14030244
https://dx.doi.org/10.3390/diagnostics14030244
https://dx.doi.org/10.1371/journal.pone.0280343
https://dx.doi.org/10.1371/journal.pone.0280343
https://dx.doi.org/10.1038/s41591-021-01292-y
https://dx.doi.org/10.1038/s41591-021-01292-y
https://dx.doi.org/10.1016/j.eclinm.2023.102251
https://dx.doi.org/10.1016/j.eclinm.2023.102251
https://dx.doi.org/10.3390/microorganisms11122959
https://dx.doi.org/10.3390/microorganisms11122959
https://www.cdc.gov/yellowfever/symptoms/index.html
https://www.cdc.gov/yellowfever/symptoms/index.html
https://dx.doi.org/10.1038/s41579-022-00846-2
https://dx.doi.org/10.1038/s41579-022-00846-2
https://dx.doi.org/10.7150/ijbs.75056
https://dx.doi.org/10.7150/ijbs.75056
https://dx.doi.org/10.1007/s10238-023-01057-6
https://dx.doi.org/10.1007/s10238-023-01057-6
https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition
https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition
https://dx.doi.org/10.7759/cureus.36955
https://dx.doi.org/10.7759/cureus.36955
https://dx.doi.org/10.1136/bmjresp-2023-002111
https://dx.doi.org/10.1136/bmjresp-2023-002111
https://medicine.yale.edu/lab/kahle/news-article/the-long-history-of-long-covid-and-other-chronic-illnesses/
https://medicine.yale.edu/lab/kahle/news-article/the-long-history-of-long-covid-and-other-chronic-illnesses/
https://dx.doi.org/10.1038/s41590-023-01724-6
https://dx.doi.org/10.1038/s41590-023-01724-6
https://dx.doi.org/10.4049/jimmunol.2300804
https://dx.doi.org/10.4049/jimmunol.2300804
https://dx.doi.org/10.1080/07853890.2022.2076901
https://dx.doi.org/10.1080/07853890.2022.2076901
https://dx.doi.org/10.1136/bmj.m4470
https://dx.doi.org/10.1136/bmj.m4470
https://www.ucl.ac.uk/news/2023/feb/59-long-covid-patients-had-organ-damage-year-later
https://www.ucl.ac.uk/news/2023/feb/59-long-covid-patients-had-organ-damage-year-later
https://covid19.nih.gov/news-and-stories/long-term-effects-sars-cov-2-organs-and-energy
https://covid19.nih.gov/news-and-stories/long-term-effects-sars-cov-2-organs-and-energy
https://dx.doi.org/10.1016/S1473-3099(23)00815-0
https://dx.doi.org/10.1016/S1473-3099(23)00815-0


33. Chen B, Julg B, Mohandas S, Bradfute SB: Viral persistence, reactivation, and mechanisms of long COVID .
Elife. 2023, 12:86015. 10.7554/eLife.86015

34. Nine factors that could boost your risk of long COVID . (2022). Accessed: April 21, 2024:
https://www.gavi.org/vaccineswork/nine-factors-could-boost-your-risk-long-covid.

35. Subramanian A, Nirantharakumar K, Hughes S, et al.: Symptoms and risk factors for long COVID in non-
hospitalized adults. Nat Med. 2022, 28:1706-14. 10.1038/s41591-022-01909-w

36. Asadi-Pooya AA, Akbari A, Emami A, et al.: Risk factors associated with long COVID syndrome: a
retrospective study. Iran J Med Sci. 2021, 46:428-36. 10.30476/ijms.2021.92080.2326

37. Who is most at risk for long COVID? . (2023). Accessed: April 21, 2024: https://hms.harvard.edu/news/who-
most-risk-long-covid.

38. Kim Y, Kim SE, Kim T, et al.: Preliminary guidelines for the clinical evaluation and management of long
COVID. Infect Chemother. 2022, 54:566-97. 10.3947/ic.2022.0141

39. Perumal R, Shunmugam L, Naidoo K: Long COVID: an approach to clinical assessment and management in
primary care. S Afr Fam Pract (2004). 2023, 65:e1-10. 10.4102/safp.v65i1.5751

40. "Long COVID": laboratory investigations to support patient management . Accessed: April 20, 2024:
https://www.clinicallabs.com.au/about-us/doctor-media-releases/long-covid-laboratory-investigations-to-
support-patien....

41. Tsilingiris D, Vallianou NG, Karampela I, et al.: Laboratory findings and biomarkers in long COVID: what do
we know so far? insights into epidemiology, pathogenesis, therapeutic perspectives and challenges. Int J
Mol Sci. 2023, 24:10458. 10.3390/ijms241310458

42. Identifying long COVID blood markers which could lead to diagnostic test . Accessed: April 21, 2024:
https://www.hughes.cam.ac.uk/about/news/identifying-long-covid-blood-markers-which-could-lead-to-
diagnostic-test/.

43. Bazdar S, Kwee AK, Houweling L, et al.: A systematic review of chest imaging findings in long COVID
patients. J Pers Med. 2023, 13:282. 10.3390/jpm13020282

44. Meyer PT, Hellwig S, Blazhenets G, Hosp JA: Molecular imaging findings on acute and long-term effects of
COVID-19 on the brain: a systematic review. J Nucl Med. 2022, 63:971-80. 10.2967/jnumed.121.263085

45. Rando HM, Bennett TD, Byrd JB, et al.: Challenges in defining long COVID: striking differences across
literature, electronic health records, and patient-reported information. medRxiv. 2021,
10.1101/2021.03.20.21253896

46. Prashar J: Long COVID: conceptualizing the challenges for public health . J Public Health (Oxf). 2023,
45:771-9. 10.1093/pubmed/fdac153

47. Humphreys H, Kilby L, Kudiersky N, Copeland R: Long COVID and the role of physical activity: a qualitative
study. BMJ Open. 2021, 11:e047632. 10.1136/bmjopen-2020-047632

48. Shereen’s story: my experience of long COVID . Accessed: April 21, 2024:
https://www.mentalhealth.org.uk/explore-mental-health/stories/shereens-story-my-experience-long-covid.

49. Study finds link between poor mental health and long COVID . Accessed: April 21, 2024:
https://www.theguardian.com/society/2022/sep/07/study-finds-link-between-poor-mental-health-and-
long-covid.

50. Nittas V, Gao M, West EA, Ballouz T, Menges D, Wulf Hanson S, Puhan MA: Long COVID through a public
health lens: an umbrella review. Public Health Rev. 2022, 43:1604501. 10.3389/phrs.2022.1604501

51. Long COVID: incidence, impacts, and implications . (2023). Accessed: April 21, 2024:
https://www.healthaffairs.org/content/forefront/long-covid-incidence-impacts-and-implications.

52. Reuschke D, Houston D: The impact of long COVID on the UK workforce . Appl Econ Lett. 2023, 30:2510-4.
10.1080/13504851.2022.2098239

53. Cambridge Econometrics International. Accessed: April 21, 2024: https://www.camecon.com/.
54. Long COVID can impact fatigue and quality of life worse than some cancers . (2023). Accessed: April 21,

2024: https://www.nihr.ac.uk/news/long-covid-can-impact-fatigue-and-quality-of-life-worse-than-some-
cancers/33621.

55. Long COVID can impact fatigue and quality of life worse than some cancers . (2023). Accessed: April 21,
2024: https://www.ucl.ac.uk/news/2023/jun/long-covid-can-impact-fatigue-and-quality-life-worse-some-
cancers.

56. Owen R, Ashton RE, Skipper L, et al.: Long COVID quality of life and healthcare experiences in the UK: a
mixed method online survey. Qual Life Res. 2024, 33:133-43. 10.1007/s11136-023-03513-y

57. Bailey J, Lavelle B, Miller J, et al.: Multidisciplinary center care for long COVID syndrome—a retrospective
cohort study. Am J Med. 2023, 10.1016/j.amjmed.2023.05.002

58. Squillace N, Cogliandro V, Rossi E, et al.: A multidisciplinary approach to screen the post-COVID-19
conditions. BMC Infect Dis. 2023, 23:54. 10.1186/s12879-023-08006-4

59. Long COVID. Accessed: April 21, 2024: https://my.clevelandclinic.org/health/diseases/25111-long-covid.
60. What happens when you still have long COVID symptoms? . (2023). Accessed: April 21, 2024:

https://www.yalemedicine.org/news/long-covid-symptoms.
61. Long COVID clinical guidance. Accessed: April 21, 2024: https://www.csp.org.uk/news-

events/coronavirus/long-covid-resources/long-covid-clinical-guidance.
62. Rehabilitation. Accessed: April 21, 2024: https://longcovid.physio/rehabilitation.
63. Long COVID Physio. Accessed: April 21, 2024: https://longcovid.physio/.
64. Treating patients with long COVID . (2021). Accessed: April 21, 2024:

https://www.apa.org/monitor/2021/07/treating-long-covid.
65. We need to talk about long-COVID . (2021). Accessed: April 21, 2024:

https://www.bps.org.uk/psychologist/we-need-talk-about-long-covid.
66. A guide to long COVID and mental health . (2023). Accessed: April 21, 2024: https://www.ucl.ac.uk/covid-

19-longitudinal-health-wellbeing/sites/covid_19_longitudinal_health_wellbeing/files/a-gui....
67. Peters ML, Sommer M, van Kleef M, Marcus MA: Predictors of physical and emotional recovery 6 and 12

months after surgery. Br J Surg. 2010, 97:1518-27. 10.1002/bjs.7152
68. Peralta V, García de Jalón E, Moreno-Izco L, Peralta D, Janda L, Sánchez-Torres AM, Cuesta MJ: Long-term

2024 Rathod et al. Cureus 16(5): e60176. DOI 10.7759/cureus.60176 12 of 13

https://dx.doi.org/10.7554/eLife.86015
https://dx.doi.org/10.7554/eLife.86015
https://www.gavi.org/vaccineswork/nine-factors-could-boost-your-risk-long-covid
https://www.gavi.org/vaccineswork/nine-factors-could-boost-your-risk-long-covid
https://dx.doi.org/10.1038/s41591-022-01909-w
https://dx.doi.org/10.1038/s41591-022-01909-w
https://dx.doi.org/10.30476/ijms.2021.92080.2326
https://dx.doi.org/10.30476/ijms.2021.92080.2326
https://hms.harvard.edu/news/who-most-risk-long-covid
https://hms.harvard.edu/news/who-most-risk-long-covid
https://dx.doi.org/10.3947/ic.2022.0141
https://dx.doi.org/10.3947/ic.2022.0141
https://dx.doi.org/10.4102/safp.v65i1.5751
https://dx.doi.org/10.4102/safp.v65i1.5751
https://www.clinicallabs.com.au/about-us/doctor-media-releases/long-covid-laboratory-investigations-to-support-patient-management/
https://www.clinicallabs.com.au/about-us/doctor-media-releases/long-covid-laboratory-investigations-to-support-patient-management/
https://dx.doi.org/10.3390/ijms241310458
https://dx.doi.org/10.3390/ijms241310458
https://www.hughes.cam.ac.uk/about/news/identifying-long-covid-blood-markers-which-could-lead-to-diagnostic-test/
https://www.hughes.cam.ac.uk/about/news/identifying-long-covid-blood-markers-which-could-lead-to-diagnostic-test/
https://dx.doi.org/10.3390/jpm13020282
https://dx.doi.org/10.3390/jpm13020282
https://dx.doi.org/10.2967/jnumed.121.263085
https://dx.doi.org/10.2967/jnumed.121.263085
https://dx.doi.org/10.1101/2021.03.20.21253896
https://dx.doi.org/10.1101/2021.03.20.21253896
https://dx.doi.org/10.1093/pubmed/fdac153
https://dx.doi.org/10.1093/pubmed/fdac153
https://dx.doi.org/10.1136/bmjopen-2020-047632
https://dx.doi.org/10.1136/bmjopen-2020-047632
https://www.mentalhealth.org.uk/explore-mental-health/stories/shereens-story-my-experience-long-covid
https://www.mentalhealth.org.uk/explore-mental-health/stories/shereens-story-my-experience-long-covid
https://www.theguardian.com/society/2022/sep/07/study-finds-link-between-poor-mental-health-and-long-covid
https://www.theguardian.com/society/2022/sep/07/study-finds-link-between-poor-mental-health-and-long-covid
https://dx.doi.org/10.3389/phrs.2022.1604501
https://dx.doi.org/10.3389/phrs.2022.1604501
https://www.healthaffairs.org/content/forefront/long-covid-incidence-impacts-and-implications
https://www.healthaffairs.org/content/forefront/long-covid-incidence-impacts-and-implications
https://dx.doi.org/10.1080/13504851.2022.2098239
https://dx.doi.org/10.1080/13504851.2022.2098239
https://www.camecon.com/
https://www.camecon.com/
https://www.nihr.ac.uk/news/long-covid-can-impact-fatigue-and-quality-of-life-worse-than-some-cancers/33621
https://www.nihr.ac.uk/news/long-covid-can-impact-fatigue-and-quality-of-life-worse-than-some-cancers/33621
https://www.ucl.ac.uk/news/2023/jun/long-covid-can-impact-fatigue-and-quality-life-worse-some-cancers
https://www.ucl.ac.uk/news/2023/jun/long-covid-can-impact-fatigue-and-quality-life-worse-some-cancers
https://dx.doi.org/10.1007/s11136-023-03513-y
https://dx.doi.org/10.1007/s11136-023-03513-y
https://dx.doi.org/10.1016/j.amjmed.2023.05.002
https://dx.doi.org/10.1016/j.amjmed.2023.05.002
https://dx.doi.org/10.1186/s12879-023-08006-4
https://dx.doi.org/10.1186/s12879-023-08006-4
https://my.clevelandclinic.org/health/diseases/25111-long-covid
https://my.clevelandclinic.org/health/diseases/25111-long-covid
https://www.yalemedicine.org/news/long-covid-symptoms
https://www.yalemedicine.org/news/long-covid-symptoms
https://www.csp.org.uk/news-events/coronavirus/long-covid-resources/long-covid-clinical-guidance
https://www.csp.org.uk/news-events/coronavirus/long-covid-resources/long-covid-clinical-guidance
https://longcovid.physio/rehabilitation
https://longcovid.physio/rehabilitation
https://longcovid.physio/
https://longcovid.physio/
https://www.apa.org/monitor/2021/07/treating-long-covid
https://www.apa.org/monitor/2021/07/treating-long-covid
https://www.bps.org.uk/psychologist/we-need-talk-about-long-covid
https://www.bps.org.uk/psychologist/we-need-talk-about-long-covid
https://www.ucl.ac.uk/covid-19-longitudinal-health-wellbeing/sites/covid_19_longitudinal_health_wellbeing/files/a-guide-to-long-covid-and-mental-health.pdf
https://www.ucl.ac.uk/covid-19-longitudinal-health-wellbeing/sites/covid_19_longitudinal_health_wellbeing/files/a-guide-to-long-covid-and-mental-health.pdf
https://dx.doi.org/10.1002/bjs.7152
https://dx.doi.org/10.1002/bjs.7152


outcomes of first-admission psychosis: a naturalistic 21-year follow-up study of symptomatic, functional
and personal recovery and their baseline predictors. Schizophr Bull. 2022, 48:631-42.
10.1093/schbul/sbab145

69. Fodstad EC, Erga AH, Pallesen S, Ushakova A, Erevik EK: Personality traits as predictors of recovery among
patients with substance use disorder. J Subst Use Addict Treat. 2024, 209360. 10.1016/j.josat.2024.209360

70. Smothers M, Hill C, Lawrence D, Bagshaw R, Watt A: Predictors of recovery in a medium secure service:
influence of the Welsh Government's mental health (2010) measure. Int J Law Psychiatry. 2023, 91:101935.
10.1016/j.ijlp.2023.101935

71. Yau E, Rohatiner AZ, Lister TA, Hinds CJ: Long term prognosis and quality of life following intensive care
for life-threatening complications of haematological malignancy. Br J Cancer. 1991, 64:938-42.
10.1038/bjc.1991.430

72. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, Rebolledo PA, Cuapio A, Villapol S: More
than 50 long-term effects of COVID-19: a systematic review and meta-analysis. Sci Rep. 2021, 11:16144.
10.1038/s41598-021-95565-8

73. Darcis G, Bouquegneau A, Maes N, et al.: Long-term clinical follow-up of patients suffering from moderate-
to-severe COVID-19 infection: a monocentric prospective observational cohort study. Int J Infect Dis. 2021,
109:209-16. 10.1016/j.ijid.2021.07.016

74. O'Mahoney LL, Routen A, Gillies C, et al.: The prevalence and long-term health effects of long COVID
among hospitalized and non-hospitalized populations: a systematic review and meta-analysis.
EClinicalMedicine. 2023, 55:101762. 10.1016/j.eclinm.2022.101762

2024 Rathod et al. Cureus 16(5): e60176. DOI 10.7759/cureus.60176 13 of 13

https://dx.doi.org/10.1093/schbul/sbab145
https://dx.doi.org/10.1093/schbul/sbab145
https://dx.doi.org/10.1016/j.josat.2024.209360
https://dx.doi.org/10.1016/j.josat.2024.209360
https://dx.doi.org/10.1016/j.ijlp.2023.101935
https://dx.doi.org/10.1016/j.ijlp.2023.101935
https://dx.doi.org/10.1038/bjc.1991.430
https://dx.doi.org/10.1038/bjc.1991.430
https://dx.doi.org/10.1038/s41598-021-95565-8
https://dx.doi.org/10.1038/s41598-021-95565-8
https://dx.doi.org/10.1016/j.ijid.2021.07.016
https://dx.doi.org/10.1016/j.ijid.2021.07.016
https://dx.doi.org/10.1016/j.eclinm.2022.101762
https://dx.doi.org/10.1016/j.eclinm.2022.101762

	Navigating the Long Haul: A Comprehensive Review of Long-COVID Sequelae, Patient Impact, Pathogenesis, and Management
	Abstract
	Introduction And Background
	Review
	Epidemiology of long COVID
	Clinical manifestations of long COVID
	FIGURE 1: Symptoms of COVID-19

	Pathogenesis of long COVID
	FIGURE 2: Risk factors for developing long COVID

	Diagnostic approaches for long COVID
	Impact of long COVID on patients
	Management strategies for long COVID
	Long-term prognosis and follow-up

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


