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Abstract: Coronavirus Disease 2019 (COVID-19), caused by Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2), has become one of the most impactful viral pandemics
in modern medical history. Although initially described as an acute respiratory illness, COVID-
19 is now recognized as a systemic disease associated with immune dysregulation, endothelial
injury, and multi-organ involvement. This review provides a comprehensive scientific analysis of
COVID-19, focusing on virology, pathogenesis, pathological anatomy, clinical manifestations,
diagnostic approaches, therapeutic strategies, and prevention. Particular emphasis is placed on
morphological and molecular mechanisms underlying disease severity. Comparative tables are
included to ensure compliance with international scientific journal standards.
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Introduction: Viral infections continue to pose a significant threat to global public health
due to their rapid transmission, genetic variability, and potential to cause severe clinical
outcomes [2,5]. Among recent viral diseases, COVID-19 has demonstrated exceptional
epidemiological, clinical, and pathological diversity, leading to high morbidity and mortality
worldwide [1,2]. Since its identification in late 2019, SARS-CoV-2 has spread rapidly across
continents, overwhelming healthcare systems and necessitating unprecedented public health
measures [1]. Unlike many classical respiratory viruses, COVID-19 exhibits pronounced
extrapulmonary involvement, affecting the cardiovascular, renal, nervous, hepatic, and
hematological systems [3,4,6]. From a pathological anatomy perspective, this disease provides
valuable insight into virus–host interactions, immune-mediated tissue injury, endothelial
dysfunction, and mechanisms of multi-organ failure [3,7]. SARS-CoV-2 is an enveloped,
positive-sense, single-stranded RNA virus belonging to the genus Betacoronavirus. The viral
genome encodes several structural proteins, including spike (S), envelope (E), membrane (M),
and nucleocapsid (N) proteins. The spike protein is a key determinant of viral pathogenicity,
mediating binding to the angiotensin-converting enzyme-2 (ACE2) receptor, while host
proteases such as TMPRSS2 facilitate viral entry [2].

Materials and Methods: This study was conducted as a narrative analytical review aimed
at synthesizing current scientific knowledge on the pathological, clinical, and systemic aspects of
COVID-19. The review integrates data derived from experimental research, clinical
investigations, autopsy studies, and international clinical recommendations related to SARS-
CoV-2 infection [1,3,7]. Scientific publications addressing the virology, pathogenesis,
pathological anatomy, clinical manifestations, diagnostic methods, treatment strategies, and
prevention of COVID-19 were analyzed. Priority was given to peer-reviewed original research
articles, review papers, and authoritative clinical and pathological reports [2,4,5]. Selected
sources were critically evaluated to identify reproducible morphological patterns, dominant
pathogenetic mechanisms, and correlations between pathological findings and clinical severity.
Special attention was given to histopathological changes in pulmonary tissue and
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extrapulmonary organs. The collected data were systematized and summarized using
comparative tables to ensure clarity and scientific rigor in accordance with international journal
requirements [6,7].

Virological Characteristics of SARS-CoV-2

Table 1. Structural and Biological Features of SARS-CoV-2

Parameter Description
Virus type Enveloped RNA virus
Genome polarity Positive-sense
Key structural protein Spike (S) protein
Cellular receptor ACE2
Primary transmission Respiratory droplets and aerosols

The pathogenesis of COVID-19 is driven by both direct viral cytopathic effects and indirect
immune-mediated injury. After entry into host cells, SARS-CoV-2 replicates primarily within
epithelial and endothelial cells, resulting in cellular apoptosis and necrosis [2,7]. In severe cases,
disease progression is closely associated with an uncontrolled immune response. Excessive
production of pro-inflammatory cytokines, including interleukin-6, interleukin-1β, and tumor
necrosis factor-α, leads to a systemic hyperinflammatory state commonly referred to as a
cytokine storm [1,8]. This process increases vascular permeability, induces endothelial
dysfunction, and promotes coagulation abnormalities, contributing to widespread microvascular
thrombosis [3,6].

Table 2. Key Pathogenetic Mechanisms in COVID-19

Mechanism Consequence
Viral replication Cellular injury and death
Cytokine hyperproduction Systemic inflammation
Endothelial dysfunction Microvascular thrombosis
Immune exhaustion Impaired viral clearance

The lungs represent the primary target organs in COVID-19. Macroscopically, affected
lungs are often enlarged, heavy, and edematous, with areas of congestion and consolidation [7].
Microscopically, the dominant pathological lesion is diffuse alveolar damage, which evolves
through exudative and proliferative phases [4,7]. Histological examination reveals hyaline
membrane formation, thickening of alveolar septa, interstitial lymphocytic infiltration,
hyperplasia of type II pneumocytes, and widespread microthrombi within pulmonary capillaries
[4,6,7]. Similar thrombo-inflammatory changes have been observed in extrapulmonary organs,
including the heart, kidneys, brain, and liver, reflecting the systemic nature of COVID-19 [3,6].

Table 3. Major Pathological Findings in COVID-19 by Organ System
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Organ System Pathological Changes
Cardiovascular Myocardial inflammation, thrombosis
Renal Acute tubular injury
Nervous Hypoxic-ischemic damage
Hepatic Steatosis, mild hepatitis
Hematologic Hypercoagulable state

COVID-19 demonstrates a wide spectrum of clinical severity, ranging from asymptomatic
infection to critical illness with life-threatening complications [5,8]. Disease severity is
influenced by patient age, underlying comorbidities, viral load, and host immune response.

Table 4. Clinical Classification of COVID-19

Category Clinical Features
Asymptomatic No clinical symptoms
Mild Upper respiratory manifestations
Moderate Pneumonia without hypoxia
Severe Respiratory distress and hypoxemia
Critical ARDS, shock, multi-organ failure

Diagnostics, Treatment, and Prevention

Laboratory diagnosis of COVID-19 is primarily based on detection of viral RNA using
reverse transcription polymerase chain reaction [1,5]. Imaging studies, particularly chest
computed tomography, frequently reveal bilateral ground-glass opacities and consolidations
corresponding to underlying pathological lung injury [7]. Therapeutic strategies depend on
disease severity and include antiviral agents, corticosteroids, immunomodulatory therapy,
anticoagulation, and comprehensive supportive care [1,8]. Vaccination remains the most
effective preventive measure, significantly reducing the risk of severe disease, hospitalization,
and mortality [1].

Conclusion: COVID-19 is a complex systemic viral disease characterized by immune
dysregulation, endothelial injury, diffuse alveolar damage, and multi-organ involvement. A
comprehensive understanding of its pathological anatomy and pathogenetic mechanisms is
essential for improving diagnostic accuracy, optimizing therapeutic strategies, and strengthening
preparedness for future pandemics. Continued interdisciplinary research is required to address
long-term complications and refine prevention approaches [3,6,8].
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