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Abstract:  Keywords 
The COVID-19 pandemic, caused by the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), has resulted in significant health, 

economic, and social disruptions globally. While the acute phase of the 

infection is primarily characterized by respiratory symptoms, a substantial 

number of individuals experience prolonged complications collectively 

known as post-COVID syndrome or long COVID. This article investigates 

the pathomorphological changes in lung tissue among post-COVID 

syndrome patients, emphasizing the clinical implications and potential 

rehabilitation strategies. Histopathological analyses reveal alterations such 

as fibrosis, inflammation, and necrosis, which correlate with chronic 

respiratory issues and reduced lung function. A multidisciplinary 

approach involving pulmonologists, rehabilitation specialists, and mental 

health professionals is essential for effective management. The study 

highlights the need for tailored rehabilitation programs focusing on 

mitigating fibrosis and inflammation while continuously monitoring lung 

function. By integrating findings from international research, the article 

underscores the urgency of addressing these pathomorphological changes 

to enhance patient outcomes and improve the quality of life for those 

affected by post-COVID syndrome. 
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Introduction 

The COVID-19 pandemic, instigated by the severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2), has profoundly influenced global health, economic stability, and social 

frameworks since its onset in late 2019. Although the acute phase of the infection typically 

manifests with respiratory symptoms such as cough, dyspnea, and pneumonia, a 

considerable proportion of recovered patients persist in experiencing a range of prolonged 

symptoms collectively referred to as post-COVID syndrome or long COVID. Recent 

research estimates that approximately 10-30% of individuals who recuperate from COVID-

19 exhibit persistent health issues extending beyond three months, including respiratory 

complications that markedly diminish quality of life. 
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Pathomorphological alterations in lung tissue have emerged as a pivotal focus in 

elucidating the long-term consequences of COVID-19. These alterations encompass 

fibrosis, inflammation, and vascular modifications, which may play a significant role in the 

emergence of chronic respiratory disorders. Preliminary histopathological investigations 

have identified various lung tissue abnormalities, such as lymphocytic infiltrates, structural 

remodeling, and necrosis, highlighting the intricate nature of post-COVID pulmonary 

pathology. 

The implications of these pathomorphological changes transcend mere diagnostic 

significance; they possess crucial ramifications for clinical management and rehabilitation 

strategies for affected individuals. Recognizing specific pathophysiological characteristics 

can guide the formulation of targeted therapeutic interventions designed to alleviate the 

repercussions of post-COVID syndrome on pulmonary function and overall health. 

Comprehending these alterations is imperative for developing effective rehabilitation 

protocols tailored to address the distinct requirements of patients recovering from COVID-

19. 

This article seeks to provide a comprehensive overview of the pathomorphological changes 

evident in lung tissue among patients suffering from post-COVID syndrome, underscoring 

their clinical relevance and potential rehabilitation strategies. By synthesizing 

contemporary research findings, we aim to enrich the understanding of the enduring effects 

of COVID-19 on lung pathology and contribute to the ongoing discourse regarding 

effective management of post-viral syndromes. 

 

Literature Review 

The pathomorphological alterations in lung tissue following COVID-19 infection have 

become a critical focus of research among scientists from diverse regions, including Russia, 

Uzbekistan, and England. Understanding these changes is paramount for formulating 

effective clinical management and rehabilitation strategies for patients suffering from post-

COVID syndrome. 

Russian researchers have made notable contributions to this field. Ivanov et al. conducted 

a comprehensive analysis of histopathological changes observed in the lungs of post-

COVID patients, identifying essential features such as lymphoid depletion and necrosis[1]. 

Their findings indicated that approximately 68% of patients exhibited significant lung 

pathology, which correlated with heightened systemic inflammatory responses. Sokolov et 

al. built upon these findings by investigating the immune cell profiles present in lung 

tissues, revealing significant reductions in CD4+ T cell populations[2]. This observation 

may have implications for ongoing immune dysfunction in affected individuals. 

In Uzbekistan, Abdullaev et al. examined the clinical and pathological manifestations of 

COVID-19 in lung tissues, documenting a high prevalence of fibrotic changes and 

inflammation among patients recovering from the virus[3]. Their research underscores the 

necessity of recognizing these alterations to effectively tailor rehabilitation programs. Deev 
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and Emeline further emphasized the dynamic interactions between lung stroma and 

parenchyma, positing that these relationships are crucial for understanding the mechanisms 

underlying lung injury and recovery in post-COVID syndrome[4]. 

From the perspective of English scholarship, Parker et al. have provided significant insights 

by elucidating the vital role of lymph nodes in orchestrating immune responses to SARS-

CoV-2[5]. Their study highlighted that alterations in lung architecture, such as the depletion 

of germinal centers in lymphoid tissue, are correlated with disease severity. Additionally, 

Jones and Roberts investigated the implications of lymphadenopathy on patient outcomes, 

suggesting that the intensity of immune response in lung tissues could serve as a prognostic 

marker for severe COVID-19 cases[6]. 

The integration of findings from Russian, Uzbek, and English researchers reveals a 

complex interplay of pathomorphological changes in lung tissue that carries substantial 

implications for the clinical management and rehabilitation of patients suffering from post-

COVID syndrome. Ongoing research in this domain is crucial for the development of 

targeted therapeutic interventions and for enhancing patient outcomes. 

  

Research Methodology:  

This investigation employs a rigorous research methodology to examine the 

pathomorphological alterations in lung tissue among individuals with post-COVID 

syndrome. The research framework integrates both qualitative and quantitative 

methodologies to furnish a comprehensive understanding of the implications for clinical 

management and rehabilitation. 

A cross-sectional study design was employed to assess lung tissue samples from patients 

diagnosed with post-COVID syndrome. Participants included those who had recovered 

from COVID-19 but continued to experience respiratory symptoms and other associated 

complications. Inclusion criteria consisted of adults aged 18 years and older who provided 

informed consent. Individuals with pre-existing pulmonary disorders were excluded to 

delineate the effects attributable to post-COVID changes.  Lung tissue samples were 

procured via bronchoscopy or surgical resection, contingent on clinical indications. The 

samples were collected from a cohort of 100 patients over a six-month period, spanning 

January to June 2024. Comprehensive patient histories were recorded, encompassing 

demographic details, clinical symptoms, and the duration of COVID-19 illness. 

Histopathological evaluations were conducted following established protocols. Tissue 

samples were preserved in formalin, embedded in paraffin, and sectioned for microscopic 

examination. Hematoxylin and eosin (H&E) staining was utilized to assess general tissue 

morphology, while specialized stains, including Masson’s trichrome and Gomori’s one-

step trichrome, were applied to evaluate fibrosis. Immunohistochemical staining for 

markers such as CD4, CD8, and α-smooth muscle actin (α-SMA) was performed to explore 

immune cell profiles and fibrotic responses. Morphometric evaluations were conducted 

using digital image analysis software to quantify histopathological alterations. Parameters 
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measured included the extent of fibrosis, degree of inflammation, and cellularity within the 

lung tissue samples. The data were subjected to statistical analysis to identify significant 

correlations between histopathological findings and clinical outcomes. In conjunction with 

the pathological analysis, a comprehensive clinical assessment was performed. Patients 

underwent pulmonary function tests (PFTs) to evaluate lung capacity and functionality. 

Furthermore, patient-reported outcomes related to respiratory symptoms, quality of life, 

and rehabilitation needs were gathered through standardized questionnaires. 

Data analysis employed appropriate statistical methods, including descriptive statistics to 

summarize demographic and clinical characteristics and inferential statistics to investigate 

associations between pathomorphological changes and clinical outcomes. A significance 

threshold of p < 0.05 was established for all statistical evaluations. The study received 

approval from the institutional review board (IRB), and all participants provided written 

informed consent. The confidentiality and anonymity of patient data were preserved 

throughout the research process. The study's potential limitations include its cross-sectional 

design, which may limit causal inferences, and the variability in the timing of sample 

collection concerning the acute COVID-19 illness. Future longitudinal studies are 

recommended to monitor changes over time and assess long-term outcomes in patients with 

post-COVID syndrome. 

 

Analysis and Results:  

This section elucidates the findings from the analysis of pathomorphological alterations in 

the lung tissue of patients diagnosed with post-COVID syndrome. The results are organized 

into three main categories: histopathological findings, morphometric evaluations, and 

clinical outcomes, collectively highlighting their implications for clinical management and 

rehabilitation strategies. 

  

Histopathological Findings 

The histopathological examination of lung tissue samples derived from a cohort of 100 

patients revealed notable alterations. The primary changes included: 

- Fibrosis: Approximately 65% of the samples demonstrated varying levels of fibrosis, 

characterized by excessive deposition of the extracellular matrix, particularly evident in 

interstitial regions. 

- Inflammation: Lymphocytic infiltration was present in 72% of the samples, indicating 

ongoing inflammatory processes. Significantly, areas with pronounced lymphocytic 

infiltrates correlated with regions of alveolar damage and structural remodeling. 

- Necrosis: Necrotic alterations were detected in 25% of the specimens, primarily in patients 

with prolonged respiratory symptoms. This necrosis was linked to vascular damage and 

compromised pulmonary perfusion. 
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Immunohistochemical staining revealed diminished levels of CD4+ and CD8+ T cells, 

alongside a notable reduction in α-smooth muscle actin (α-SMA)-positive cells in fibrotic 

areas, suggesting an impaired regenerative response within post-COVID lung tissue. 

  

Morphometric Assessments 

Digital image analysis revealed significant morphometric alterations in the lung tissue 

samples: 

- Extent of Fibrosis: The mean area of fibrosis was quantified at 40.5% of the total lung 

tissue section, with a significant correlation (p < 0.01) observed between the extent of 

fibrosis and the duration of COVID-19 symptoms prior to recovery. 

- Degree of Inflammation: The average density of inflammatory cells was measured at 300 

cells/mm², with a significant association (p < 0.05) identified between elevated 

inflammatory cell counts and poorer pulmonary function test results. 

- Cellularity: The cellularity of lung tissues was markedly increased in samples exhibiting 

extensive fibrosis compared to those with mild changes, emphasizing the relationship 

between pathological alterations and cellular responses. 

 

Clinical Outcomes 

Clinical assessments revealed that the pathomorphological changes in lung tissue had 

significant repercussions for patient outcomes: 

- Pulmonary Function Tests (PFTs): The results indicated reductions in forced vital 

capacity (FVC) and forced expiratory volume in one second (FEV1) among patients, with 

average values recorded at 75% and 70% of the predicted norms, respectively. A significant 

correlation (p < 0.01) was established between the extent of fibrosis and decreased lung 

function. 

- Patient-Reported Outcomes: Standardized questionnaires revealed that 60% of patients 

reported persistent respiratory symptoms, such as dyspnea and cough, substantially 

impacting their quality of life (p < 0.05). Furthermore, 75% of participants indicated a need 

for rehabilitation services, underscoring the demand for targeted interventions to address 

respiratory challenges. 

 Implications for Clinical Management and Rehabilitation 

The analysis highlights the urgent necessity for tailored clinical management and 

rehabilitation strategies for patients suffering from post-COVID syndrome. The findings 

suggest that: 

- Rehabilitation Programs: Should prioritize addressing fibrosis and inflammation through 

pulmonary rehabilitation techniques, including respiratory physiotherapy and targeted 

exercises aimed at enhancing lung function and alleviating symptoms. 

- Monitoring and Assessment: Consistent monitoring of lung function and 

histopathological changes is crucial for guiding therapeutic interventions and adjusting 

rehabilitation strategies according to individual patient needs. 
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- Multidisciplinary Approach: A collaborative framework involving pulmonologists, 

rehabilitation specialists, and mental health professionals is essential to effectively manage 

the multifaceted needs of post-COVID syndrome patients. The analysis of 

pathomorphological changes in the lung tissue of post-COVID syndrome patients reveals 

significant alterations that directly affect clinical management and rehabilitation strategies. 

Addressing these changes is vital for improving patient outcomes and enhancing overall 

quality of life. Further research is necessary to investigate the long-term implications of 

these findings and to develop evidence-based interventions. 

 

Conclusion:  

The analysis of pathomorphological alterations in lung tissue among patients suffering from 

post-COVID syndrome underscores significant changes that carry critical implications for 

clinical management and rehabilitation. The results demonstrate that a considerable 

proportion of individuals recovering from COVID-19 present with modifications such as 

fibrosis, inflammation, and necrosis, which are associated with ongoing respiratory 

symptoms and reduced lung function. Histopathological evaluations elucidate a complex 

interplay of immune responses and structural adaptations, necessitating the implementation 

of customized therapeutic interventions to confront the specific challenges encountered by 

these patients. 

Adopting a multidisciplinary framework that includes pulmonologists, rehabilitation 

specialists, and mental health professionals is essential for effectively addressing the 

diverse needs of individuals with post-COVID syndrome. Rehabilitation programs should 

concentrate on alleviating fibrosis and inflammation through specialized pulmonary 

rehabilitation techniques. Additionally, continuous monitoring of lung function and 

histopathological alterations is vital for refining rehabilitation strategies to enhance patient 

care. 

The synthesis of findings from various international research endeavors deepens the 

understanding of post-COVID pulmonary pathology and emphasizes the necessity for 

ongoing investigation to clarify the long-term consequences of these alterations. Future 

research should focus on formulating evidence-based interventions that can enhance patient 

outcomes and improve the quality of life for those impacted by the enduring effects of 

COVID-19. Addressing the identified pathomorphological changes is critical for the 

development of effective clinical practices and rehabilitation strategies that are tailored to 

the needs of post-COVID patients. 
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