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ABSTRACT:

Coronavirus disease 2019 (COVID-19), caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), has
affected millions worldwide. Although many patients recover completely, a substantial proportion continue to experience
persistent physiological alterations involving multiple organ systems. These long-term consequences, commonly referred to
as post-COVID syndrome or Long COVID, affect respiratory, cardiovascular, neurological, endocrine, musculoskeletal,
renal, gastrointestinal, and immune functions. Persistent inflammation, endothelial dysfunction, immune dysregulation,
mitochondrial impairment, and microvascular injury are considered major mechanisms underlying these physiological
changes. Understanding these alterations is essential for effective diagnosis, rehabilitation, and long-term patient
management. This review summarizes the current evidence regarding the physiological changes observed after COVID-19
infection and discusses the potential mechanisms responsible for these persistent effects.
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INTRODUCTION probable COVID-19 infection and persist for at
COVID-19 emerged in late 2019 and rapidly Ieast.two_mqnthsWlthoutan al_ternatlve diagnosis.
Studies indicate that approximately 10-30% of
infected individuals  experience  prolonged
physiological abnormalities regardless of disease
severity. Persistent physiological alterations result
from viral persistence, immune activation,
endothelial injury, autonomic dysfunction, chronic
inflammation, and tissue  fibrosis.  These
mechanisms collectively contribute to reduced
quality of life and functional impairment.
Pathophysiological Mechanisms

evolved into a global pandemic. Although initially
recognized as a respiratory illness, extensive
research has demonstrated that SARS-CoV-2
affects nearly every organ system. Improvements in
clinical management have significantly reduced
mortality; however, many survivors continue to
experience symptoms weeks or months after the
acute infection.

Definition: The World Health Organization defines
post-COVID condition as symptoms that usually
begin within three months after confirmed or

Several biological mechanisms contribute to post-COVID physiological changes. The primary drivers are
outlined below:

Mechanism Pathophysiology & Clinical Impact
. Recovered patients show elevated inflammatory markers (CRP, IL-6, TNF-a). Chronic
Persistent . . . . . .
. low-grade inflammation drives fatigue, muscle weakness, endothelial dysfunction, and
Inflammation o\
neurocognitive symptoms.
Endothelial SARS-CoV-2 infects endothelial cells via ACE2 receptors, triggering vascular
Dysfunction inflammation and microvascular thrombosis. This impairs tissue perfusion and drives
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cardiovascular/neurological complications.

Immune Prolonged alterations in innate and adaptive immunity occur, including abnormal T-cell
Dysregulation activation, autoantibody production, and persistent cytokine release.
Mitochondrial Impaired mitochondrial function reduces ATP production, leading directly to profound

Dysfunction fatigue, exercise intolerance, and impaired muscle recovery.

Organ System Alterations
Respiratory Changes
The respiratory system remains the most
commonly affected organ after COVID-19.
Pulmonary function tests frequently demonstrate
reduced diffusion capacity for carbon monoxide
(DLCO). High-resolution computed tomography
often reveals persistent ground-glass opacities and
fibrotic changes, especially in previously
hospitalized patients. Residual inflammation and
fibrosis impair oxygen exchange, leading to
chronic breathlessness even after apparent clinical
recovery.
Common physiological changes include:

e Reduced pulmonary diffusion capacity

e Restrictive lung disease

e  Pulmonary fibrosis

e  Persistent dyspnea

e Decreased exercise tolerance
Cardiovascular Changes
COVID-19 significantly affects cardiovascular
physiology. Cardiac magnetic resonance imaging
has identified myocardial inflammation months
after infection, even in mildly symptomatic
individuals. Persistent endothelial dysfunction
increases the risk of thrombosis and ischemic
events. Furthermore, autonomic dysfunction may
result in postural orthostatic tachycardia syndrome
(POTS).
Reported abnormalities include:

e  Mpyocardial inflammation and Myocarditis

e  Arrhythmias

e Endothelial dysfunction and

Thromboembolic events

e Reduced cardiac output

e Orthostatic intolerance (e.g., POTS)
Neurological Changes
Neurological complications are among the most
disabling consequences of long COVID. Persistent
neuroinflammation, blood-brain barrier disruption,
and microvascular injury are believed to contribute
to cognitive dysfunction. MRI studies have
demonstrated structural and functional changes in
several brain regions.
Common manifestations include:

e Brain fog and Memory impairment

e Headache and Sleep disturbances

e Anxiety and Depression

o Peripheral neuropathy

e  Dysautonomia
Endocrine and Metabolic Changes
COVID-19 may disrupt endocrine homeostasis.
Inflammatory cytokines impair insulin signaling,
increasing insulin resistance. Direct pancreatic
beta-cell injury may contribute to hyperglycemia,
and some patients develop transient thyroiditis.
Observed abnormalities include:

o New-onset diabetes mellitus

e Thyroid dysfunction (hypothyroidism or

hyperthyroidism)

e  Adrenal insufficiency

e  Menstrual irregularities

e  Altered glucose metabolism
Musculoskeletal Changes
Musculoskeletal symptoms frequently persist for
several months. Persistent inflammation, physical
inactivity during illness, and mitochondrial
dysfunction collectively impair muscle function.
Rehabilitation programs involving graded exercise
and physiotherapy have demonstrated improvement
in physical performance.
Manifestations include:

e Myalgia and Joint pain

e Muscle weakness and Reduced muscle

mass
e  Chronic fatigue
Renal Changes

Kidney injury during acute infection may have
long-term consequences. Microvascular injury and
inflammatory fibrosis contribute to declining renal
function in susceptible individuals.
Persistent abnormalities include:

o Reduced glomerular filtration rate (GFR)
Proteinuria
Chronic kidney disease progression
Electrolyte imbalances
Gastrointestinal and Hepatic Changes
Persistent viral particles have been detected within
intestinal tissues, suggesting prolonged
gastrointestinal immune activation. Liver enzyme
abnormalities may also persist due to inflammatory
injury and metabolic dysfunction.
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Post-COVID gastrointestinal symptoms include:

e  Chronic diarrhea and Abdominal pain

e  Loss of appetite and Nausea

e Altered gut microbiota
Immune System Alterations
Long COVID s characterized by persistent
immune abnormalities. These alterations help
explain the multisystem involvement observed after
recovery.
Studies demonstrate:

e Elevated cytokines

e Activated monocytes

e  Persistent T-cell dysfunction

e Autoantibody formation
Psychological Changes
Psychological health significantly influences
physical recovery. Social isolation, hospitalization,
and prolonged physical symptoms collectively
contribute to impaired mental health.
Frequently reported conditions include:

e Anxiety and Depression

e  Post-traumatic stress disorder (PTSD)

e  Sleep disorders

e Cognitive fatigue
Management Strategies
Current management focuses on multidisciplinary
rehabilitation. Because no single therapy has been
proven effective for all patients, individualized,
symptom-guided care remains the cornerstone of
management.
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Recommended clinical interventions include:

e  Pulmonary rehabilitation

e Cardiovascular monitoring

e  Cognitive rehabilitation

e Nutritional support

e Physiotherapy and graded exercise

e Mental health counseling

e  Strict management of baseline

comorbidities

Future Perspectives
Further research is required to understand the
biological mechanisms responsible for persistent
physiological changes. Identification of biomarkers
predicting long COVID may improve early
diagnosis and targeted treatment. Large prospective
cohort studies are essential for understanding long-
term outcomes.
Conclusion
COVID-19 is no longer considered solely an acute
respiratory illness but a multisystem disease with
long-lasting physiological consequences. Persistent
alterations involving the respiratory,
cardiovascular, neurological, endocrine, renal,
musculoskeletal, gastrointestinal, and immune
systems substantially affect patients' quality of life.
Continued research and multidisciplinary care are
essential for minimizing long-term disability and
improving recovery.
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