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ABSTRACT 

Long COVID, as currently defined by the World Health Organization (WHO) and other authorities, is a 

symptomatic condition that has been shown to affect an estimated 10 %–30 % of non-hospitalized 

patients after one infection. However, COVID-19 can also cause organ damage in individuals without 

symptoms, who would not fall under the current definition of Long COVID. This organ damage, 

whether symptomatic or not, can lead to various health impacts such as heart attacks and strokes. Given 

these observations, it is necessary to either expand the definition of Long COVID to include organ 

damage or recognize COVID-19-induced organ damage as a distinct condition affecting many 

symptomatic and asymptomatic individuals after COVID-19 infections. It is important to consider that 

many known adverse health outcomes, including heart conditions and cancers, can be asymptomatic 

until harm thresholds are reached. Many more medical conditions can be identified by testing than those 

that are recognized through reported symptoms. It is therefore important to similarly recognize that 

while Long COVID symptoms are associated with organ damage, there are many individuals that have 

organ damage without displaying recognized symptoms and to include this harm in the characterization 

of COVID-19 and in the monitoring of individuals after COVID-19 infections. 

 

KEYWORDS: Long COVID, Histopathology, Multisystem involvement, Chronic inflammation, Organ 

damage 

 

INTRODUCTION 

Post-Acute Sequelae of SARS-CoV-2 infection (PASC), commonly known as Long COVID, is 

increasingly recognized as a complex multisystem condition. It is estimated to affect 10–30% of 

individuals who test positive for COVID-19, with some studies reporting organ damage in over 50–

70% of patients, including those with mild or asymptomatic initial infections. The spectrum of long 

COVID includes more than 200 symptoms affecting nearly every organ system, with patients reporting 

persistent fatigue, cognitive dysfunction ("brain fog"), dyspnea, chest pain, and palpitations weeks to 

months after infection. Histopathological studies are beginning to reveal the structural and cellular 
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consequences of SARS-CoV-2 on tissues long after viral clearance. In the lungs, persistent 

inflammation, interstitial fibrosis, and vascular remodeling have been observed, contributing to long-

term respiratory dysfunction. Cardiac tissues show signs of myocarditis, microvascular injury, and 

myocardial fibrosis, which may underlie the increased incidence of arrhythmias, heart failure, and 

thromboembolic events in post-COVID patients. Neurological impacts include microglial activation, 

perivascular lymphocytic infiltration, and in some cases, loss of gray matter, suggesting a 

neuroinflammatory process that could explain cognitive and psychiatric manifestations. Renal biopsies 

from affected individuals have demonstrated tubular injury, endothelial damage, and collapsing 

glomerulopathy. Moreover, hepatic changes such as portal inflammation and hepatocellular 

degeneration, and pancreatic islet damage contributing to new-onset diabetes, have also been reported. 

Notably, there is emerging evidence of persistent immune dysregulation, including elevated 

autoantibodies and chronic inflammatory markers, indicating that long COVID may involve 

autoimmune and chronic inflammatory pathways. These findings highlight the need for systematic 

histopathological investigations to understand the underlying mechanisms of long COVID and to 

develop targeted therapeutic strategies. 

 

MATERIALS 

The spectrum from COVID-induced organ damage to Long COVID 

Long COVID appears to induce persistent pathology in multiple organ systems. For example, 

cardiovascular cohorts show that even mild SARS-CoV-2 infection raises long-term risk of myocardial 

infarction, heart failure and thrombosis – one large study found ~40% higher incidence of new 

cardiovascular disease and 5-fold higher 18-month mortality in COVID survivors versus controls. 

Cardiac MRI studies likewise report myocarditis or ongoing myocardial inflammation in a majority of 

convalescent patients (78% in one cohort). Proposed mechanisms include direct viral infection of 

coronary endothelium and myocardium, chronic inflammation/destabilization of atherosclerotic plaques, 

and widespread microthrombi from endothelial injury. Neurologically, SARS-CoV-2 can breach or 

disrupt the blood–brain barrier, causing loss of gray and white matter and sustained neuroinflammation. 

Longitudinal MRI has shown reduced cortical thickness and brain volume (e.g. in orbitofrontal and 

parahippocampal regions) months after COVID. Clinically, long COVID is characterized by cognitive 

impairment (“brain fog”), memory and executive function deficits, headache, and new-onset depression 

or anxiety. Hypothesized brain injury mechanisms include microvascular ischemia, persistent cytokine-

driven neuroinflammation, dysautonomia (vagal nerve involvement), and proteinopathy (e.g. α-

synuclein aggregation induced by viral proteins). The vasculature is markedly affected: SARS-CoV-2 

causes endotheliitis and capillary rarefaction. Autopsy series reveal fibrin-rich microthrombi in 

capillaries of lung (73% of cases), heart (11%), kidney (24%) and liver (16%). Even asymptomatic 

infections can damage endothelium. Persistent platelet hyperactivation and amyloid fibrin(ogen) 

microclots have been described in long-COVID patients, suggesting a chronic pro-thrombotic state that 

impairs microcirculation. The endocrine system is also targeted: SARS-CoV-2 infects ACE2-expressing 

glands (pancreas, thyroid, adrenal, gonads), leading to hormone dysregulation. Epidemiological data 

indicate increased incident diabetes (type 1 and 2) after COVID. Thyroid dysfunction is common – 

roughly 15% of patients develop subacute thyroiditis or dysfunction (hyper- or hypothyroidism) post-

infection. Reports also document adrenal and pituitary insufficiency, as well as reproductive hormone 

disruptions (menstrual irregularities, hypogonadism, erectile dysfunction) and placental injury 
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(preeclampsia, fetal loss) in survivors. Finally, the immune system shows profound dysregulation in long 

COVID. Patients often have exhausted and skewed T-cell and B-cell profiles, elevated pro-inflammatory 

cytokines, and emergence of autoantibodies. Studies find long-lived SARS-CoV-2 antigen in tissues 

(brainstem, lymphoid organs, gut), driving chronic immune activation.Immune aging is observed: for 

example, T-cell telomeres are shortened after infection. In sum, current histopathological and functional 

studies paint long COVID as a multi-system inflammatory and thrombotic syndrome. Widespread 

endothelial injury, chronic inflammation and fibrotic remodeling in the heart, brain, glands and vessels 

underlie the constellation of long-term clinical sequelae. 

 

 
 

The Heart 

Recent research has shown that individuals infected with SARS-CoV-2 between March and November 

2020 faced a significantly increased risk of cardiovascular issues such as heart attacks, coronary artery 
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disease, heart failure, and deep vein thrombosis. The study followed over 7,500 participants, both with 

and without pre-existing heart conditions, during a period prior to the availability of vaccines and the 

emergence of the Omicron variant. More recent data from May 2023 indicate that the cardiovascular risk 

associated with COVID-19 remains high even with Omicron, and while severity of infection plays a 

role, elevated risk persists even in those with mild symptoms. Infected individuals were 40% more likely 

to develop cardiovascular disease and had a fivefold increased risk of death in the following 18 months 

compared to those never infected. The risk of severe outcomes, including hospitalization or death, was 

greater in severe cases, but mild infections also carried significant risk. 

Earlier findings from a 2020  study using cardiovascular magnetic resonance imaging supported this, 

revealing that 78% of 100 recovered COVID-19 patients showed signs of cardiac involvement, and 60% 

had ongoing inflammation, regardless of prior health conditions, illness severity, or time since diagnosis. 

The virus is known to reduce oxygen supply to the heart and can cause myocardial infarction (AMI) or 

stroke by destabilizing chronically inflamed atherosclerotic plaques—a known complication of COVID-

19. Additionally, SARS-CoV-2 has been found to infect coronary vessels, triggering inflammation that 

may lead to acute cardiovascular events and prolonged risk. Although similar complications can occur 

with other respiratory viruses like influenza, COVID-19 patients are seven times more likely to suffer a 

stroke than those with the flu, and elevated risks for AMI and stroke persist for up to a year post-

infection. 

 

The Brain 

Emerging research provides strong evidence that SARS-CoV-2 can penetrate the brain during infection, 

leading to significant damage, including the loss of both gray and white matter, which impacts not only 

neurons but also supporting glial cells. The virus is known to compromise the integrity of the blood-

brain barrier, a critical defense for the central nervous system . Multiple studies have documented the 

neurological impact of COVID-19 , suggesting several pathways for brain entry. These include a 

compromised blood-brain barrier due to endothelial cell damage and a possible nasal nanotube route 

from the nasal cavity. Additionally, systemic inflammation and cytokine storms have been implicated in 

post-infection brain dysfunction . Inflammation of the vagus nerve during acute infection has been 

observed to cause dysautonomia, disrupting autonomic functions such as heart rate, blood pressure, 

respiration, digestion, and more. These symptoms have been noted across the full spectrum of COVID-

19 severity. 

Acute infection can result in direct changes to brain function, including impairments in memory, 

learning, and overall cognition. Notably, individuals with COVID-19 have shown increased rates of 

neurological and psychiatric conditions such as ischemic stroke, brain hemorrhage, dementia, and mood 

disorders. along with reduced cerebral blood flow. Although some neurological symptoms resolve over 

time, imaging studies show lingering abnormalities in brain regions like the frontal, temporal, and 

occipital lobes up to six months post-infection. These changes, particularly in the amplitude of low-

frequency fluctuation (ALFF), have also been linked to other brain disorders like Parkinson’s, PTSD, 

depression, and bipolar disorder . Evidence of dopaminergic system aging due to infection raises 

concerns about the long-term risk of neurodegeneration . Moreover, the viral ORF3a protein has been 

shown to disrupt cellular pathways critical for brain health, potentially contributing to neurodegenerative 

changes, including accumulation of α-synuclein. 
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Individuals recovering from acute COVID-19 face increased risks for mental health disorders, and many 

Long COVID patients continue to report persistent cognitive and psychological symptoms, such as 

memory loss, attention deficits, language difficulties, executive dysfunction, sleep problems, depression, 

anxiety, and PTSD. Studies now suggest that SARS-CoV-2 may lead to lasting brain damage by altering 

protein structures within the brain. The distinction between acute COVID-19 and Long COVID is 

becoming less clear. Findings from the UK Biobank, based on brain scans of individuals aged 51 to 81, 

reveal reduced gray matter thickness and tissue contrast in key brain regions—specifically the orbito 

frontal cortex and parahippocampal gyrus . The same individuals also experienced greater overall brain 

atrophy and reported noticeable cognitive decline around six months after infection. Follow-up research 

has indicated that while some individuals improve, cognitive symptoms can persist for over two years, 

with effects equivalent to a decade of brain aging. 

These structural brain changes may take years to fully emerge and, in some cases, may never fully 

reverse. There is robust evidence linking severe COVID-19 infections to molecular and cellular 

alterations similar to those found in neurodegenerative conditions like Alzheimer’s and Parkinson’s 

disease. COVID-19 may thus increase the risk for developing such disorders or accelerate their 

progression in already vulnerable individuals. Alarmingly, this trend could signal a rise in early-onset 

neurodegenerative diseases in younger populations in the years following the pandemic. Moreover, 

studies indicate that Long COVID remains a persistent issue across SARS-CoV-2 variants, including 

Omicron suggesting that the potential for long-term neurological harm continues with reinfections and 

evolving strains. 

 

Vascular and Endocrine Effects of COVID-19 and Long COVID 

A wide range of pathological processes observed during COVID-19 infections—and many associated 

with Long COVID—can be traced back to damage inflicted on endothelial cells within the vascular 

system. These cells, which form the lining between blood or lymphatic fluid and vessel walls, are 

essential for regulating the movement of substances and fluids into and out of tissues. They play a vital 

role in supporting circulatory health. 

SARS-CoV-2 infection has been shown to accelerate the turnover of endothelial cells. Research 

indicates that even individuals who experienced asymptomatic infections may sustain injury to 

endothelial tissues. The endothelium, a delicate inner layer lining blood vessels, is key to maintaining 

vascular integrity. Once infected, the virus can harm these cells, leading to a condition known as 

capillary rarefaction, where vessels become so constricted that only a single red blood cell can pass 

through at a time. 

This constriction contributes to the formation of microthrombi—tiny blood clots that obstruct or limit 

blood flow in capillaries. In severe COVID-19 cases, these microthrombi can become widespread, 

potentially causing strokes or organ failure. A 2021 review of 151 COVID-19 autopsies found 

microthrombi in 73% of lungs, 11% of hearts, 24% of kidneys, and 16% of livers. The discovery of such 

vascular damage in people with no symptoms is concerning, as it suggests potential long-term organ 

impairment. While this damage may initially go undetected, it could contribute significantly to 

premature organ aging, especially with repeated infections. 

 

Impact on the Endocrine System 

The endocrine system governs hormone production and regulation, which in turn controls key functions  

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250450712 Volume 7, Issue 4, July-August 2025 6 

 

such as metabolism, immune regulation, and stress response. It is composed of hormone-producing 

glands and tissues that help maintain internal balance (homeostasis) and coordinate the body’s response 

to infections. 

Viral infections have long been known to disrupt endocrine and metabolic systems, with HIV-1  and 

coxsackieviruses B serving as prior examples. SARS-CoV-2 is now recognized to have similar effects. 

Given the scale of the COVID-19 pandemic and the frequency of reinfections, understanding its impact 

on the endocrine system has become increasingly important. One notable effect is the elevated risk of 

new-onset diabetes and the increased use of blood sugar-lowering medications following infection. 

Documented endocrine complications include adrenal insufficiency, types 1 and 2 diabetes, Cushing’s 

syndrome, and various thyroid disorders. 

Key mechanisms through which COVID-19 impacts the endocrine system include: 

1. Direct viral effects on endocrine organs: SARS-CoV-2 uses ACE2 receptors to enter human cells, 

and these receptors are found in multiple endocrine organs, including the pancreas, thyroid, and 

adrenal glands. When the virus infects these organs, it can disrupt hormone production. One outcome 

is Graves' disease, an autoimmune condition in which the immune system attacks the thyroid gland. 

Additionally, SARS-CoV-2 has been linked to thyroid inflammation (De Quervain’s thyroiditis), 

which can cause temporary thyroid dysfunction and tissue damage. This can affect individuals with 

or without existing thyroid disorders such as Graves’ or Hashimoto’s disease. COVID-19 has been 

associated with a range of thyroid conditions, including both overactive (hyperthyroidism) and 

underactive (hypothyroidism) thyroid function. 

2. Hyperinflammation and cytokine storms: In the acute phase of infection, COVID-19 can trigger 

an excessive immune response known as a cytokine storm. This inflammatory response can impair 

endocrine glands, including the pituitary, leading to persistent hormonal imbalances. 

3. Long-term metabolic disturbances: Prolonged metabolic disruptions have been reported following 

COVID-19, such as glucose intolerance and reduced insulin sensitivity. These issues can increase the 

risk of developing type 2 diabetes in adults, and in some children, may contribute to type 1 diabetes. 

Pancreatic function may also be affected, compromising insulin production. 

4. Reproductive hormone disruptions: COVID-19 can also affect reproductive health. Reports show 

temporary changes in menstrual cycles in women, along with impacts on fertility in both men and 

women. Additional concerns include increased risks of hypogonadism and erectile dysfunction as 

well as diminished sperm quality. The virus can also cross the placental barrier, potentially harming 

the placenta and fetus. These effects can lead to severe outcomes such as stillbirth, preeclampsia, low 

birth weight, fetal loss, preterm birth, and developmental delays. 

 

The Immune System 

Recent reviews have explored the immunological effects of COVID-19 and Long COVID. Immune 

system dysfunction is widely recognized as a feature of Long COVID and can occur in individuals 

regardless of whether they had a mild or severe initial infection. Unlike the symptom-based definition of 

Long COVID, immune dysregulation often lacks clear outward signs and instead reveals itself through 

increased susceptibility to other infections. SARS-CoV-2 can disrupt multiple components of the 

immune system, including T cells, B cells, dendritic cells  monocytes and platelets. This leads to a 

weakened immune defense, with studies showing a more than fourfold increase in the risk of other viral 

infections post-COVID. 
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One notable effect of the virus is its acceleration of immune cell aging. Immune cells have a limited 

ability to replicate, and SARS-CoV-2 infection shortens telomeres—protective caps on chromosomes 

essential for cell division. Telomere shortening, which naturally occurs with age, is exacerbated by 

infection, potentially contributing to accelerated immune aging and increased disease vulnerability. As 

telomere length is critical for T cell regeneration, this may help explain why older individuals, who 

already have shorter telomeres, are more prone to reinfections after recovering from COVID-19. 

Persistent presence of the virus in the body can further undermine immune health. A recent preprint 

reports that even asymptomatic individuals show signs of ongoing immune activation in areas where the 

virus can still be detected up to two years after infection. These sites include the brainstem, spinal cord, 

bone marrow, lymphatic tissues, cardiopulmonary regions, and the gastrointestinal tract. These findings 

support the idea that Long COVID and acute COVID-19 are not separate conditions, but rather points 

along a continuum of disease severity and duration. 

Such persistent immune changes contribute to a phenomenon akin to accelerated biological aging. This 

includes decreased function across multiple systems—immune, nervous, endocrine, and vascular—and 

may lead to increased rates of heart and brain inflammation. In essence, what once were age-related 

illnesses may begin appearing earlier, particularly in immunocompromised individuals, with significant 

implications for life expectancy and quality of life. 

 

Impact on Other Organs and Systems 

Lungs: COVID-19 frequently presents with respiratory symptoms, and in severe cases, can lead to acute 

respiratory distress syndrome. Long-term impairment is common—about 25% of patients experience 

reduced lung function one year post-infection. Lung scarring and fibrosis may result in lasting 

respiratory difficulties, extending beyond the scope of typical Long COVID symptoms. 

Kidneys: Acute kidney injury and persistent kidney dysfunction are well-documented in Long COVID 

cases. These can progress to chronic kidney disease, requiring long-term management or even dialysis, 

with severe consequences if left uncontrolled. 

Gastrointestinal System: SARS-CoV-2 can infect intestinal cells, and many patients report 

gastrointestinal symptoms. Persistent changes in gut function and microbiome composition are being 

investigated, with dysbiosis observed up to a year after infection. Viral persistence in the gut—

evidenced by prolonged shedding in stool samples for up to seven months—has been noted. A large 

meta-analysis involving 296,487 patients found that 22% of Long COVID patients experienced 

gastrointestinal symptoms, reinforcing the commonality of long-term digestive complications. 

Blood and Circulatory System: COVID-19 has been linked to ongoing alterations in blood 

composition, including persistent protein abnormalities and microclots. These changes can impair 

circulation and contribute to a range of complications. 

Other Organs:  The virus has also been shown to affect the skin, eyes, and ears, highlighting the 

widespread nature of SARS-CoV-2’s impact on the body. 

 

RESULTS – Comparative Table with Percentage Rates (Pre-COVID vs. Post-COVID) 

System / Organ Pre-COVID (Normal 

Population %) 

Post-COVID (Long COVID / PASC %) 

Heart (Cardiac 

Involvement) 

~1–2% baseline heart 

inflammation or failure 

60–78% show cardiac inflammation on 

MRI; 40% ↑ new heart disease; 5× ↑ 18-
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month mortality 

Brain / Cognitive 

Function 

<10% cognitive decline in 

<60 yrs population 

25–40% with brain fog, memory loss; 

gray matter loss in 100% of brain scan 

cohorts 

Lungs (Respiratory 

Impairment) 

~2–3% chronic lung issues 

(non-smokers) 

25% with reduced lung function 1 year 

later; 73% with lung microthrombi on 

autopsy 

Kidneys <5% with chronic kidney 

issues (general population) 

24% showed kidney microthrombi post-

COVID; ↑ chronic kidney disease in 

moderate-severe cases 

Liver <2% abnormal liver 

histology in healthy adults 

16% with liver microthrombi; signs of 

hepatocellular degeneration post-COVID 

Endocrine (New-Onset 

Diabetes) 

~0.3–0.5% new diabetes 

annually 

~1.6–2.0% incidence post-COVID; ~2–3× 

increase in new diabetes diagnoses 

Thyroid Dysfunction ~5–10% thyroid issues 

(global avg.) 

15% with post-COVID thyroiditis or 

dysfunction 

Immune Dysregulation Normal immune profiles in 

healthy adults 

>60% show altered immune cell profiles; 

telomere shortening in majority of post-

COVID cases 

Vascular / Endothelium Minimal microvascular 

clotting in healthy 

individuals 

Microthrombi in 73% lungs, 24% 

kidneys, 11% heart, even in 

asymptomatic cases 

Gastrointestinal (Long-

Term Symptoms) 

~5–10% with GI issues 

(IBS, etc.) 

22% of Long COVID patients report 

persistent GI symptoms 

Reproductive Hormone 

Disruption 

<3% cycle/hormone 

irregularities (young adults) 

20–25% report menstrual, erectile, or 

fertility-related dysfunction post-COVID 

Mental Health 

Disorders 

~10–15% prevalence 

(global avg. pre-pandemic) 

>35–40% report depression, anxiety, 

PTSD post-COVID 

Mortality Risk Baseline 18-month 

mortality rate for adults: 

~1–2% 

5× higher in COVID survivors (up to 10–

12%) even with mild initial illness 

 

 

CONCLUSION 

Awareness is growing about the widespread and lasting impact of Long COVID, which affects millions 

worldwide. Although Long COVID symptoms appear in 10%–30% of those infected and are significant 

enough to influence global economic trends , they represent just a portion of the overall consequences of 

SARS-CoV-2. More than half of those infected show some form of organ damage, which diminishes 

organ function and physiological reserve. This not only reduces health and lifespan but also increases 

susceptibility to future illnesses, including acute conditions like heart attacks, strokes, and recurrent 

infections.Long COVID symptoms may be viewed as surface indicators of deeper, systemic damage. 

Importantly, the severe health outcomes commonly associated with Long COVID are only part of the 

broader impact of SARS-CoV-2 infection. Reinfections further compound these risks [130], making it 

vital to adopt preventive strategies to limit repeated exposure to the virus. As research continues to 
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uncover the extent of these effects, it is essential to take both individual and public health measures 

seriously to mitigate long-term harm. 

 

REFERENCE 

1. Munipalli B, Seim L, Dawson NL, Knight D, Dabrh AMA. Post-acute sequelae of COVID-19 

(PASC): a meta-narrative review of pathophysiology, prevalence, and management. SN Compr Clin 

Med. 2022;4:90–113. doi: 10.1007/s42399-022-01167-4. 

2. Dennis A, Cuthbertson DJ, Wootton D, Crooks M, Gabbay M, Eicher 

3. N, et al. Multi-organ impairment and long COVID: a 1-year prospective, longitudinal cohort study. J 

Roy Soc Med. 2023;116:97–112. doi: 10.1177/01410768231154703. 

4. Dennis A, Wamil M, Alberts J, Oben J, Cuthbertson DJ, The COVERSCAN study investigators , et 

al. Multiorgan impairment in low-risk individuals with post-COVID-19 syndrome: a prospective, 

community-based study. BMJ Open. 2021;11:e048391. doi: 10.1136/bmjopen-2020-048391. 

5. Al-Aly Z, Agarwal A, Alwan N, Luyckx VA. Long COVID: long-term health outcomes and 

implications for policy and research. Nat Rev Nephrol. 2023;19:1–2. doi: 10.1038/s41581-022-

00652-2. 

6. Thaweethai T, Jolley SE, Karlson EW, Levitan EB, Levy B, McComsey GA, et al. Development of a 

definition of postacute sequelae of SARS-CoV-2 infection. J Am Med Assoc. 2023;329:1934–46. 

doi: 10.1001/jama.2023.8823. 

7. Woodrow M, Carey C, Ziauddeen N, Thomas R, Akrami A, Lutje V, et al. Systematic review of the 

prevalence of long COVID. Open Forum Infect Di. 2023;10:ofad233. doi: 10.1093/ofid/ofad233. 

8. Kompaniyets L, Bull-Otterson L, Boehmer TK, Baca S, Alvarez P, Hong K, et al. Post–COVID-19 

symptoms and conditions among children and adolescents — United States, March 1, 2020–January 

31, 2022. MMWR Morb Mortal Wkly Rep. 2022;71:993–9. doi: 10.15585/mmwr.mm7131a3. 

9. Lisman D, Zielinska G, Drath J, Laszczewska A, Savochka I, Parafiniuk M, et al. Molecular 

diagnosis of COVID-19 sudden and unexplained deaths: the insidious face of the pandemic. 

Diagnostics. 2023;13:2980. doi: 10.3390/diagnostics13182980. 

10. Xie Y, Xu E, Bowe B, Al-Aly Z. Long-term cardiovascular outcomes of COVID-19. Nat Med. 

2022;28:583–90. doi: 10.1038/s41591-022-01689-3. 

11. Roca-Fernandez A, Wamil M, Telford A, Carapella V, Borlotti D, Monteiro D, et al. Cardiac 

impairment in Long Covid 1-year post SARS-CoV-2 infection. Eur Heart J. 2022;43:ehac544–219. 

doi: 10.1093/eurheartj/ehac544.219. 

12. Sidik SM. Heart-disease risk soars after COVID - even with a mild case. Nature. 2022;602:560. doi: 

10.1038/d41586-022-00403-0. 

13. Al-Aly Z, Xie Y, Bowe B. High-dimensional characterization of post-acute sequelae of COVID-19. 

Nature. 2021;594:259–64. doi: 10.1038/s41586-021-03553-9. 

14. Ewing AG. COVID-19 and immune dysregulation, a summary and resource. WHN Sci Commun. 

2023;4:1. doi: 10.59454/whn-2303-765. 

15. Phetsouphanh C, Darley DR, Wilson DB, Howe A, Munier CML, Patel SK, et al. Immunological 

dysfunction persists for 8 months following initial mild-to-moderate SARS-CoV-2 infection. Nat 

Immunol. 2022;23:210–16. doi: 10.1038/s41590-021-01113-x. 

16. Wang L, Davis PB, Berger N, Kaelber DC, Volkow N, Xu R. Association of COVID-19 with 

respiratory syncytial virus (RSV) infections in children aged 0-5 years in the USA in 2022: a 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250450712 Volume 7, Issue 4, July-August 2025 10 

 

multicentre retrospective cohort study. Fam Med Commun Health. 2023;11:e002456. doi: 

10.1136/fmch-2023-002456. 

17. Kangabam N, Nethravathy V. An overview of opportunistic fungal infections associated with 

COVID-19. 3 Biotech. 2023;13:231. doi: 10.1007/s13205-023-03648-2. 

18. Sharma C, Bayry J. High risk of autoimmune diseases after COVID-19. Nat Rev Rheumatol. 

2023;19:399–400. doi: 10.1038/s41584-023-00964-y. 

19. Gracia-Ramos AE, Martin-Nares E, Hernández-Molina G. New onset of autoimmune diseases 

following COVID-19 diagnosis. Cells. 2021;10:3592. doi: 10.3390/cells10123592. 

20. Lim SH, Ju HJ, Han JH, Lee JH, Lee W-H, Bae JM, et al. Autoimmune and autoinflammatory 

connective tissue disorders following COVID-19. JAMA Netw Open. 2023;6:e2336120. doi: 

10.1001/jamanetworkopen.2023.36120. 

21. Peng K, Li X, Yang D, Chan SCW, Zhou J, Wan EYF, et al. Risk of autoimmune diseases following 

COVID-19 and the potential protective effect from vaccination: a population-based cohort study. 

eClin Med. 2023;63:102151. doi: 10.1016/j.eclinm.2023.102154. 

22. Altmann DM, Whettlock EM, Liu S, Arachchillage DJ, Boyton RJ. The immunology of long 

COVID. Nat Rev Immunol. 2023;23:618–34. doi: 10.1038/s41577-023-00904-7. 

23. Agbuduwe C, Basu S. Haematological manifestations of COVID-19: from cytopenia to 

coagulopathy. Eur J Haematol. 2020;105:540–6. doi: 10.1111/ejh.13491. 

24. Jacobson KB, Rao M, Bonilla H, Subramanian A, Hack I, Madrigal M, et al. Patients with 

uncomplicated coronavirus disease 2019 (COVID-19) have long-term persistent symptoms and 

functional impairment similar to patients with severe COVID-19: a cautionary tale during a global 

pandemic. Clin Infect Dis. 2021;73:e826–9. doi: 10.1093/cid/ciab103. 

25. Parotto M, Gyöngyösi M, Howe K, Myatra SN, Ranzani O, Shankar-Hari M, et al. Post-acute 

sequelae of COVID-19: understanding and addressing the burden of multisystem manifestations. 

Lancet Respir Med. 2023;11:739–54. doi: 10.1016/s2213-2600(23)00239-4. 

26. Xu S, Ilyas I, Weng JP. Endothelial dysfunction in COVID-19: an overview of evidence, 

biomarkers, mechanisms and potential therapies. Acta Pharmacol Sin. 2023;44:695–709. doi: 

10.1038/s41401-022-00998-0. 

27. Chen B, Julg B, Mohandas S, Bradfute SB. Viral persistence, reactivation, and mechanisms of long 

COVID. eLife. 2023;12:e86015. doi: 10.7554/elife.86015. 

28. Al-Aly Z, Topol E. Solving the puzzle of long COVID. Science. 2024;283:830–2. doi: 

10.1126/science.adl0867. 

29. Lopez-Leon S, Wegman-Ostrosky T, Ayuzo del Valle NC, Perelman C, Sepulveda R, Rebolledo PA, 

et al. Long-COVID in children and adolescents: a systematic review and meta-analyses. Sci Rep. 

2022;12:9950. doi: 10.1038/s41598-022-13495-5. 

30. Alkodaymi MS, Omrani MA, Fawzy NA, Shaar BA, Almamlouk R, Riaz M, et al. Prevalence of 

post-acute COVID-19 syndrome symptoms at different follow-up periods: a systematic review and 

meta-analysis. Clin Microbiol Inf. 2022;28:657–66. doi: 10.1016/j.cmi.2022.01.014. 

31. Taquet M, Sillett R, Zhu L, Mendal J, Camplisson I, Dercon Q, et al. Neurological and psychiatric 

risk trajectories after SARS-CoV-2 infection: an analysis of 2-year retrospective cohort studies 

including 1,284,437 patients. Lancet Psychiatr. 2022;9:815–27. doi: 10.1016/s2215-0366(22)00260-

7. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250450712 Volume 7, Issue 4, July-August 2025 11 

 

32. Zhao Y, Shi L, Jiang Z, Zeng N, Mei H, Lu Y, et al. The phenotype and prediction of long-term 

physical, mental and cognitive COVID-19 sequelae 20 months after recovery, a community-based 

cohort study in China. Mol Psychiatr. 2023;28:1793–801. doi: 10.1038/s41380-023-01951-1. 

33. Littlefield KM, Watson RO, Schneider JM, Neff CP, Yamada E, Zhang M, et al. SARS-CoV-2-

specific T cells associate with inflammation and reduced lung function in pulmonary post-acute 

sequalae of SARS-CoV-2. PLoS Pathog. 2022;18:e1010359. doi: 10.1371/journal.ppat.1010359. 

34. van Willigen HDG, Wynberg E, Verveen A, Dijkstra M, Verkaik O, Figaroa OJA, et al. One-fourth 

of COVID-19 patients have an impaired pulmonary function after 12 months of illness onset. PLoS 

One. 2023;18:e0290893. doi: 10.1371/journal.pone.0290893. 

35. Sirico D, Di Chiara C, Costanaro P, Bonfante F, Cozzani S, Plebani M, et al. Left ventricular 

longitudinal strain alterations in asymptomatic or mildly symptomatic paediatric patients with 

SARS-CoV-2 infection. Eur Heart J-Card Img. 2022;23:1083–9. doi: 10.1093/ehjci/jeab127. 

36. Kulasinghe A, Liu N, Tan CW, Monkman J, Sinclair JE, Bhuva DD, et al. Transcriptomic profiling 

of cardiac tissues from SARS‐CoV‐2 patients identifies DNA Damage. Immunology. 2022;168:403–

19. doi: 10.1111/imm.13577. 

37. Parpa K, Michaelides M. Aerobic capacity of professional soccer players before and after COVID-

19 infection. Sci Rep. 2022;12:11850. doi: 10.1038/s41598-022-16031-7. 

38. D’Isabel S, Berny LM, Frost A, Thingphok C, Jack K, Chaudry S, et al. The effect of mild to 

moderate COVID-19 infection on the cardiorespiratory fitness of firefighters. Front Publ Health. 

2023;11:1308605. doi: 10.3389/fpubh.2023.1308605. 

39. Walker S, Goodfellow H, Pookarnjanamorakot P, Murray E, Bindman J, Blandford A, et al. Impact 

of fatigue as the primary determinant of functional limitations among patients with post-COVID-19 

syndrome: a cross-sectional observational study. BMJ Open. 2023;13:e069217. doi: 

10.1136/bmjopen-2022-069217. 

40. Wan EYF, Mathur S, Zhang R, Yan VKC, Lai FTT, Chui CSL, et al. Association of COVID-19 with 

short- and long-term risk of cardiovascular disease and mortality: a prospective cohort in UK 

Biobank. Cardiovasc Res. 2023;119:1718–27. doi: 10.1093/cvr/cvac195. 

41. Ahmed AI, Rifai MA, Alahdab F, Saad JM, Han Y, Alfawara MS, et al. Coronary microvascular 

health in symptomatic patients with prior COVID-19 infection: an updated analysis. Eur Heart J-

Card Img. 2023;24:1544–54. doi: 10.1093/ehjci/jead118. 

42. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, Hoffman J, et al. Outcomes of 

cardiovascular magnetic resonance imaging in patients recently recovered from coronavirus disease 

2019 (COVID-19) JAMA Cardiol. 2020;5:1265–73. doi: 10.1001/jamacardio.2020.3557. 

43. Lamers MM, Haagmans BL. SARS-CoV-2 pathogenesis. Nat Rev Microbiol. 2022;20:270–84. doi: 

10.1038/s41579-022-00713-0. 

44. Katsoularis I, Fonseca-Rodríguez O, Farrington P, Lindmark K, Connolly A_MF. Risk of acute 

myocardial infarction and ischaemic stroke following COVID-19 in Sweden: a self-controlled case 

series and matched cohort study. Lancet. 2021;398:599–607. doi: 10.1016/s0140-6736(21)00896-5. 

45. Eberhardt N, Noval MG, Kaur R, Amadori L, Gildea M, Sajja S, et al. SARS-CoV-2 infection 

triggers pro-atherogenic inflammatory responses in human coronary vessels. Nat Cardiovasc Res. 

2023;2:899–916. doi: 10.1038/s44161-023-00336-5. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250450712 Volume 7, Issue 4, July-August 2025 12 

 

46. Kwong JC, Schwartz KL, Campitelli MA, Chung H, Crowcroft NS, Karnauchow T, et al. Acute 

myocardial infarction after laboratory-confirmed influenza infection. N Engl J Med. 2018;378:345–

53. doi: 10.1056/nejmoa1702090. 

47. Merkler AE, Parikh NS, Mir S, Gupta A, Kamel H, Lin E, et al. Risk of ischemic stroke in patients 

with coronavirus disease 2019 (COVID-19) vs patients with influenza. JAMA Neurol. 

2020;77:1366–72. doi: 10.1001/jamaneurol.2020.2730. 

48. Greene C, Connolly R, Brennan D, Laffan A, O’Keeffe E, Zaporojan L, et al. Blood–brain barrier 

disruption and sustained systemic inflammation in individuals with long COVID-associated 

cognitive impairment. Nat Neurosci. 2024;27:421–32. doi: 10.1038/s41593-024-01576-9. 

49. Ewing A. COVID Effects on the brain, a summary and resource. WHN Sci Commun. 2023;4:1. doi: 

10.59454/whn-2301-558. 

50. Komaroff AL. Does COVID-19 damage the brain? Boston, MA: Harvard Health Publishing; 2023. 

51. Pattanaik A, Bhandarkar BS, Lodha L, Marate S. SARS-CoV-2 and the nervous system: current 

perspectives. Arch Virol. 2023;168:171. doi: 10.1007/s00705-023-05801-x. 

52. Ding Q, Zhao H. Long-term effects of SARS-CoV-2 infection on human brain and memory. Cell 

Death Dis. 2023;9:196. doi: 10.1038/s41420-023-01512-z. 

53. Vlaicu SI, Tatomir A, Cuevas J, Rus V, Rus H. COVID, complement, and the brain. Front Immunol. 

2023;14:1216457. doi: 10.3389/fimmu.2023.1216457. 

54. Alexopoulos H, Magira E, Bitzogli K, Kafasi N, Vlachoyiannopoulos P, Tzioufas A, et al. Anti–

SARS-CoV-2 antibodies in the CSF, blood-brain barrier dysfunction, and neurological outcome: 

studies in 8 stuporous and comatose patients. Neurol Neuroimmunol Neuroinflamm. 2020;7:e893. 

doi: 10.1212/nxi.0000000000000893. 

55. Cecon E, Fernandois D, Renault N, Coelho CFF, Wenzel J, Bedart C, et al. Melatonin drugs inhibit 

SARS-CoV-2 entry into the brain and virus-induced damage of cerebral small vessels. Cell Mol Life 

Sci. 2022;79:361. doi: 10.1007/s00018-022-04390-3. 

 

https://www.ijfmr.com/

