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Long COVID, a chronic condition affecting individuals who have recovered from the acute 
phase of COVID-19, has become a significant global challenge. This review article 
provides an overview of the latest literature on Long COVID, focusing on its 
epidemiology, natural history, definitions, clinical manifestations, pathophysiology, 
management, and prevention. Approximately 10 to 20% of individuals experience a wide 
range of persistent symptoms lasting for months to years. The lack of diagnostic tests 
and a standardized definition for Long COVID has led to underdiagnosis and disregard of 
the condition, turning it into a silent pandemic. The burden on public health and society 
is substantial, impacting individuals and communities across demographics and causing 
economic losses and socioeconomic issues. It affects people of all ages, including those 
without pre-existing conditions. Complex pathophysiology involves factors such as viral 
persistence, immune system abnormalities, dysregulated inflammatory response, 
dysbiosis, reactivation of other viruses, and microthrombi formation. These mechanisms 
contribute to the diverse range of varied multisystemic symptoms. Accurate diagnosis 
and appropriate management are crucial, as the condition can significantly impair quality 
of life. Management is based on a symptom-based approach and requires 
multidisciplinary care involving healthcare professionals from various specialties. 
Further research is needed to raise awareness, understand the natural history and 
prognosis, and develop effective treatment guidelines for this emerging healthcare 
burden. Staying informed on Long COVID research is vital for the efficient management 
of this public health crisis. 

INTRODUCTION 

The COVID-19 pandemic, caused by the novel coronavirus 
SARS-CoV-2, has generated a global health crisis. A sub-
stantial proportion of individuals experience ongoing 
symptoms and clinical sequelae, even after the infection’s 
acute phase resolution or after testing negative for SARS-
CoV-2. This condition, known as “Long COVID”, is a debil-
itating, multisystem disorder, with the potential to cause a 
variety of symptoms, which can impair daily activities for 
months to years. Viewing Long COVID as a chronic condi-
tion should be prioritized, as the illness has become a sig-
nificant burden on public health, and society.1‑4 

This review article aims to provide an overview of Long 
COVID, its significance as a public health concern, and the 
burden it imposes. It will explore the epidemiology, defin-
ition, risk factors, natural history, clinical manifestations, 
pathophysiology, management, and prevention strategies 
associated with Long COVID, focusing on the latest evi-
dence from published literature. By synthesizing existing 
knowledge and identifying research gaps, this review aims 
to contribute to the growing body of evidence on Long 
COVID, guiding future research and clinical practice in ad-
dressing this emerging public health challenge. 

EPIDEMIOLOGY 

It has been three years since the World Health Organization 
declared COVID-19 a pandemic. Since March 2019, at least 
65 million people are projected to suffer Long COVID symp-
toms, which is an estimated 10 to 20% of the individuals 
who recovered from the acute phase of COVID-19.3 

In the United States, more than 40% of adults report 
prior acute COVID-19 symptoms, with nearly 1 in 5 (19%) 
of whom still experience Long COVID clinical sequelae.5 

Long COVID is not limited to vulnerable populations, as 
even adults aged ≤50 and those without pre-existing condi-
tions have an increased risk.2 This condition can affect the 
biopsychosocial aspects of individuals and communities. It 
was estimated that 1 out of 10 individuals who suffer Long 
COVID symptoms will stop working, resulting in economic 
losses and socioeconomic issues. Moreover, due to the lack 
of diagnostic tests and definition agreement, Long COVID 
is underdiagnosed and frequently disregarded as a psycho-
somatic disorder.3 

An analysis of 54 studies spanning 22 countries with 1.2 
million COVID-positive individuals concluded that approx-
imately 6.2% of individuals with symptomatic SARS-CoV-2 
infection experienced at least 1 of 3 Long COVID symp-
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Figure 1. Natural history and outcomes of SARS-CoV-2 infection        

tom clusters three months after initial infection.1 These 
symptom clusters are ongoing respiratory problems, persis-
tent fatigue with bodily pain or mood swings, and cogni-
tive problems – all of which can significantly impact the af-
fected individuals’ quality of life.1 

Another study compared previously confirmed 
COVID-19-positive patients against two control groups: 
COVID-19-negative patients and individuals diagnosed 
with other respiratory viruses. They found that 14% of 
adults, aged 18 – 65, developed at least one Long COVID 
symptom that required medical attention. This is 4.95% 
higher compared to COVID-19-negative patients, and 
1.65% higher compared to individuals diagnosed with other 
viral lower respiratory tract illnesses.2 

METHODS 

A literature search was conducted through PubMed, and 
the Norton Healthcare library database with the following 
key phrases: “Long-term COVID symptoms,” “Post COVID 
syndrome,” “Long COVID pathophysiology,” “SARS-CoV-2 
natural history,” “Long COVID definition,” “Long COVID 
clinical manifestations,” “Long COVID viral persistence,” 
“Long COVID immune system abnormalities,” “Long 
COVID dysregulated inflammatory response,” “Long COVID 
dysbiosis,” “Long COVID and viral reactivation,” “Long 
COVID microthrombi,” “Long COVID management.” The 
listed authors screened relevant abstracts to identify re-
viewable papers. Studies on Long COVID that included 
symptomatic prevalence are summarized in Table 1 and 
Figure 2. 

SARS-COV-2 INFECTION: NATURAL HISTORY 
AND DEFINITIONS 
LONG COVID DEFINITIONS 

The definition of Long COVID has been evolving as more 
evidence becomes available. In an international panel of 
265 individuals (patients, clinicians, researchers, and WHO 
staff), 14 domains and 45 items were evaluated in two sep-
arate rounds in order to determine an agreed-upon defini-
tion for Long COVID.8 The final consensus states that post-
COVID-19 condition occurs in individuals with a history of 
probable or confirmed SARS-CoV-2 infection, usually three 
months from viral onset, with symptoms that last for at 
least 2 months and cannot be explained by an alternative 
diagnosis.8 

NATURAL HISTORY OF LONG COVID 

Acute COVID-19 infection can be categorized by level of 
severity and site of care. For example, mild COVID-19 cases 
account for ambulatory patients, moderate cases for pa-
tients admitted to hospital wards, and severe cases for 
those admitted to the ICU. The proportion of patients who 
developed Long COVID is higher among patients admitted 
to the ICU (43.1%) and general wards (27.5%) compared to 
patients with only an ambulatory status (5.7%).1 

As a risk factor, Long COVID appears to be more preva-
lent among females compared to males. In one study 10.6% 
of women and 5.4% of men aged 20 years or older developed 
Long COVID three months after symptomatic SARS-CoV-2 
infection.1 The duration of Long COVID symptoms varied, 
though, depending on hospitalization status. Among indi-
viduals who were hospitalized (ICU and general ward), the 
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Figure 2. 4,6,7  
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estimated mean duration of Long COVID symptoms was 9.0 
months, while the length among those who were not hos-
pitalized was 4.0 months.1 

Of the patients who developed Long COVID symptoms 
that persisted for three months after initial infection, 15.1% 
continued to have persistent symptoms after one year; 
however, the long-term outcomes of post-COVID beyond 
twelve months are not yet well understood.1 Further re-
search is needed to understand the natural history and 
prognosis of Long COVID taking into consideration long-
term outcomes. 

LONG COVID PATHOPHYSIOLOGY 
VIRAL PERSISTENCE 

One of the leading hypotheses for the pathophysiology of 
Long COVID is viral persistence in the body. This hypoth-
esis stems from observing lingering inflammation in indi-
viduals months after symptom onset that has resulted from 
virally infected cells.9 A recent study published in Frontiers 
in Immunology studied occurrences of the SARS-CoV-2 S1 
protein by analyzing monocytes, T-cells, and B-cells in pa-
tients with post-acute sequelae of COVID-19 (Long COVID). 
They discovered that the levels of intermediate and non-
classical monocytes were elevated in Long COVID patients 
for up to 15 months.10 In addition to immune system viral 
persistence, SARS-CoV-2 has also been found in other sys-
tems such as fecal samples of the gastrointestinal tract,11 

pulmonary tissue,12 and cerebrospinal fluid,13 to name a 
few. 

IMMUNE SYSTEM ABNORMALITIES 

Another hypothesis for the pathogenesis of Long COVID 
involves autoimmune processes. One explanation is that 
SARS-CoV-2 can provoke the development of autoantibod-
ies. A study published in the Journal of Translational Au-
toimmunity looked at functional autoantibodies against G-
protein coupled receptors in patients with Long COVID. 
All 29 of their patients developed autoantibodies that dis-
turbed vascular and neuronal processes with G-protein cou-
pled receptors.14 Another study analyzed the impact of au-
toantibodies on COVID-19 progression. Results found that 
COVID-19 patients increased autoantibody reactivity com-
pared to controls. Many of these antibodies were against 
immunomodulatory proteins such as complement compo-
nents, chemokines, cytokines, and cell surface proteins.15 

Autoantibodies against tissue-associated antigens also re-
vealed a potential connection to Long COVID, as many of 
the specific autoantibodies discovered were also present in 
Long COVID patients. 

DYSREGULATED INFLAMMATORY RESPONSE 

Another theory for the pathogenesis of Long COVID is a 
dysregulated inflammatory response. Both the innate and 
adaptive immune system responses to SARS-CoV-2 include 
clearing viral load, inhibiting viral replication, and promot-
ing tissue repair.16 It has been proposed that after invading 

the host, SARS-CoV-2 can promote continued stimulation 
of the innate immune responses, resulting in chronic in-
flammation in affected areas.17 Many Long COVID patients 
present with increased interferon-y, interleukin-2, B-cell, 
CD4+, and CD8+ T-cells, and also can have effector T-cell 
activation. This systemic inflammatory response can even-
tually cause chronic inflammation, in which long-term sys-
tem and organ damage may occur. The pathogenesis of dys-
regulated inflammatory responses relating to Long COVID 
should be explored further in order to determine probable 
correlation with other theories such as viral persistence. 

DYSBIOSIS 

Dysbiosis is considered to be a disruption to the gut micro-
biome. Gastrointestinal problems, such as bloating, vom-
iting, diarrhea, and stomach pain have become common 
symptoms reported by COVID-19 patients. A large study 
using the US Department of Veterans Affairs national 
health care databases discovered that after the first 30 days 
of infection, individuals with COVID-19 are at an increased 
risk for developing gastrointestinal disorders a year later.18 

Some of the main microbiota alterations seen in COVID-19 
patients were beta-diversity changes, alpha-diversity re-
ductions, and/or a connection with cytokine inflammation 
markers.19 Additionally, many patients present with 
COVID-19 biomarkers in the RNA of their feces months af-
ter infection. More research involving the pathogenesis of 
Long COVID should be conducted in order to determine 
if changes to the gut microbiome not only involve gas-
trointestinal symptoms but also respiratory and neurologi-
cal problems. 

REACTIVATION OF OTHER VIRUSES (HERPES) 

Many symptoms associated with Long COVID, such as fa-
tigue, chronic stress, and anxiety are similar to Epstein Barr 
Virus (EBV) and other herpesviruses. A leading hypothesis 
to the pathophysiology of Long COVID is the reactivation 
of viruses, specifically EBV that have been dormant in the 
body.20 Decreased immune function in COVID patients al-
lows for virus reactivation, and this co-infection could ulti-
mately instigate Long COVID symptoms. Evidence suggests 
that EBV triggers SARS-CoV-2 to enter epithelial cells by 
inducing the expression of angiotensin-converting enzyme 
2.21 Additionally, there has been an indication that T-lym-
phocytes infected with EBV reduce antiviral cytotoxic mito-
chondria function. This has been shown to cause apoptosis 
in the mitochondria, leading to increased myeloid suppres-
sor cells and lymphopenia.22 One study with 185 COVID-19 
patients found that 66.7% of Long COVID patients had EBV 
reactivation at disease onset. 18 additional patients had 
EBV reactivation 21-90 days after disease onset.23 More re-
search should be conducted; however, for patients present-
ing with COVID-19, a previous EBV history could be predic-
tive for long-term COVID outcomes. 
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MICROTHROMBI 

Several studies have proposed that the endothelium is a 
critical part of Long COVID’s pathophysiology.24‑26 Mi-
crothrombosis, capillary integrity deterioration, reduced 
oxygen extraction, and capillary flow disturbance have all 
been shown to persist in COVID-19 patients, even when the 
disease is no longer detectable.27 Oftentimes, COVID-19 
involves systemic hypoxia, which results in the release of 
cytokines. Specific cytokine inflammatory factors, like 
TNF-alpha, damage epithelial functions and topical oxygen 
levels in many different organ systems.27 As a result, hy-
poxia-inducible transcription factors are activated to help 
the body adapt to new oxygen levels. A state of hypoxia 
also instigates an inflammatory response, as it stimulates 
the production of the nuclear factor kappa beta.27 COVID 
inflammation combined with prior and/or stimulated cap-
illary damage can thus interfere with the oxygenation of 
blood tissue. This interference is ultimately the hypothesis 
behind microthrombi Long COVID complications. 

LONG COVID MANAGEMENT 
GENERAL RECOMMENDATIONS 

Clinical practice has currently embraced a symptom-based 
approach to Long COVID management. A complete assess-
ment including full blood count, renal function, C-reactive 
protein, liver function test, thyroid function, hemoglobin 
A1c, vitamin D, magnesium, B12, folate, ferritin, and bone 
studies should be conducted. Additionally, a thorough med-
ical history and examination should take place in order to 
ensure symptoms are not being caused by a non-COVID-
related diagnosis.28 Medical professionals are giving their 
best efforts to implement and promote guidelines on Long 
COVID management, yet there are gaps in diagnosis and 
treatment. 
General Long COVID recommendations are entirely de-

pendent upon laboratory results and clinical symptoms. For 
example, patients presenting with cardiopulmonary symp-
toms are recommended to receive chest imaging and elec-
trocardiography, and pulmonary function tests.28 For those 
presenting with dyspnea and or pulmonary rehabilitation, 
oxygen supplementation is recommended. Patients with 
Long COVID can present with a wide range of symptoms 
that can last for weeks, months, and/or years. Due to the 
individualized nature of this chronic condition, it is impor-
tant that healthcare providers properly diagnose patients in 
order to give them appropriate care and treatment. 

RESEARCH CONSIDERATIONS 

More research is needed to properly understand Long 
COVID management. Data on the management of Long 
COVID symptoms remains limited, and a standard of care 
has yet to be established. No one test can diagnose Long 
COVID, and current management processes are solely re-
search considerations. 
Some of the recommendations for the management of 

immune system abnormalities in Long COVID include im-

munomodulatory therapies.29 As symptoms progress to a 
chronic state, research suggests that immunosuppressive 
treatments could be beneficial.29 For more severe cases, 
clinical trial therapies such as rituximab, extracorporeal 
apheresis, plasmapheresis, and intravenous immunoglobu-
lin could be considered.29 Dexamethasone has frequently 
been utilized to treat inflammation in acute COVID, but 
may also be beneficial in preventing long COVID symptoms 
according to an eight month follow-up observational 
study.30 

For patients with underlying cardiac or pulmonary dis-
ease, pharmacological therapy can be utilized. In an ob-
servational study published in the Annals of the American 
Thoracic Society, nearly 5% of 837 patients with post-acute 
COVID infection were found to have interstitial lung dis-
ease, such as organized pneumonia, which resulted in 
symptomatic and radiological improvements after treat-
ment with oral corticosteroids.31 

Probiotics are live microorganisms that can help diver-
sify gut microbiota in order to help the body potentiate 
immune responses, bind to pathogens, and maintain ep-
ithelial barriers.32 One clinical study found that consuming 
probiotics after contracting COVID-19 could reduce the 
possibility of secondary infection, relieve COVID-19 symp-
toms, as well as boost the immune system.33 Another ran-
domized clinical trial looked at the efficacy of probiotics 
on COVID-19 outpatients. A negative RT-qPCR test as well 
as symptom clearance was assessed. The probiotic group 
achieved these results 53.1% higher than the control 
group.34 While current data is limited to acute COVID-19 
infection, the authors suggest that emerging research top-
ics should focus on the use of probiotics in managing long-
term COVID dysbiosis. 
Less is known in regards to the treatment of Long COVID 

symptoms as a result of viral reactivation; however, many 
antiviral treatment therapies utilized for acute COVID may 
prove beneficial. Ganciclovir, an anti-herpes drug and nu-
cleoside analog, inhibits EBV viral replication by DNA poly-
merase and has been shown to reduce mortality in severe 
COVID patients. The inhibition of viral replication and an 
overall decrease in viral load may result in improved out-
comes for patients with acute and long COVID.35 

It is unknown how long a hypercoagulability state may 
persist in long COVID patients, and the majority of post-
acute COVID patients who received anticoagulation therapy 
in the hospital prophylactically, with no evidence of throm-
boses, are discontinued from their therapy upon discharge. 
There is currently a multitude of randomized drug studies 
being completed globally, according to ClinicalTrials.gov, 
that are researching the indications, risks, and benefits of 
post-discharge thromboprophylaxis therapy. 
Exercise has also been proposed as a management 

method for post-COVID immune system abnormalities. 
Strength and aerobic training in particular have been found 
to improve pain, increase quality of life, and boost physical 
function. More research in cardiovascular health-related 
immune abnormalities should be conducted to further un-
derstand the clinical manifestations of post-COVID syn-
drome. 
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LONG COVID PREVENTION 

Clearly, the most effective manner in which to prevent Long 
COVID is to control SARS-CoV-2 infection by means of vac-
cination, social distancing, masking, and frequent hand hy-
giene.34 By collectively implementing these infection pre-
vention strategies, the incidence of long COVID may be 
reduced. Certain pharmacotherapy treatments used in 
acute COVID may also be beneficial in the prevention of 
Long COVID. A preclinical study published in the Journal of 
the American Medical Association concluded that molnupi-
ravir, an oral medication used under emergency use au-
thorization for the treatment of mild to moderate COVID, 
was effective in attenuating Long COVID symptoms. Im-
munomodulating drugs, specifically monoclonal antibodies 
such as infliximab and leronlimab, are also being analyzed. 
Studies have also shown antihistamines may prove effective 
in relieving persistent symptoms. Other preventative mea-
sures include prebiotics and probiotics, increased physical 
activity, and diet modification.35 

CONCLUSIONS 

Long COVID is a complex condition that can significantly 
impair daily activities and quality of life. This illness pre-
sents with a wide array of clinical manifestations involving 
multiple organ systems. Management of Long COVID is 

currently based on a symptom-based approach in which 
providers must collaborate with other healthcare profes-
sionals to rule out competing diagnoses. Thus, recognizing 
and understanding Long COVID’s symptoms and clinical 
manifestations is crucial for accurate diagnosis and appro-
priate management of the condition. 
The pathophysiology of Long COVID is complex and not 

yet fully understood. It most likely involves a combination 
of hypotheses relating to viral persistence, immune system 
abnormalities, dysregulated inflammatory response, dys-
biosis, reactivation of other viruses, and microthrombi for-
mation. These mechanisms contribute to the complex na-
ture of Long COVID and its diverse range of symptoms. 
Understanding these mechanisms and their correlations are 
crucial for developing effective management strategies. 
In conclusion, Long COVID is a significant challenge to 

global public health. The wide range of symptoms and po-
tential long-term implications it imposes on individuals, 
healthcare, and society has created a silent pandemic. Rais-
ing awareness of Long COVID by understanding its natural 
history, prognosis, and pathogenesis is imperative towards 
developing effective treatment guidelines for this emerging 
healthcare burden. 
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