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Abstract

The COVID-19 pandemic, induced by the SARS-CoV-2 virus, has had a profound global impact since its inception in late 2019, 
bringing forth unparalleled challenges in public health and medical research. A significant concern remains the potentially 
severe lung injuries induced by the virus, with complications ranging from acute respiratory distress syndrome (ARDS) to 
persistent symptoms in «Long COVID.» This comprehensive review aims to explore the intricacies of lung injuries resulting 
from COVID-19 and the implications and risks of re-exposure, especially amidst the evolving landscape of SARS-CoV-2 variants.
Drawing from peer-reviewed articles, case studies, and meta-analyses published from December 2019 to September 2023, 
the review delineates the complex dynamics between pre-existing respiratory conditions and COVID-19 outcomes. The early 
phases of the infection are characterized by severe afflictions to the respiratory system, including pneumonia and ARDS. A 
substantial fraction of patients experience persistent symptoms known as «Long COVID,» where the lungs continue to show 
signs of inflammation and reduced functional capacity.
The central facet of this exploration hinges on understanding the implications of re-exposure to the virus, with a keen focus 
on the potentially exacerbated impact on previously damaged lung tissues and the influence of vaccination in modulating 
clinical outcomes upon re-exposure. The immune responses showcase a rich tapestry of cellular engagements, from innate to 
adaptive immune responses. The discussion broadens to encompass the serious repercussions of newer variants, including 
Delta and Omicron, on re-exposure dynamics, underscoring the necessity for an adaptive healthcare approach responsive to 
variant-specific clinical manifestations.
Furthermore, it explores the wide range of severe complications stemming from re-exposure, emphasizing the critical role of 
vaccination in potentially reducing the severity of pathophysiological outcomes. The review brings to the forefront the urgent 
need for continuous surveillance and adaptive healthcare strategies in light of the complexity introduced by evolving variants, 
encouraging further research in this pivotal area of study. It seeks to offer a deep insight into lung injuries and re-exposure 
risks, providing a rich resource for healthcare professionals and guiding future investigative efforts in this domain. 
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Abbreviations: WHO: World Health Organization; 
ACE: The Angiotensin-Converting Enzyme; ARDS: Acute 
Respiratory Distress Syndrome; ADE: Antibody-Dependent 
Enhancement.

Introduction

Overview of COVID-19 and its Impact Globally

Since its initial report in Wuhan, China, late in 2019, 
the COVID-19 pandemic, brought forth by the novel 
coronavirus SARS-CoV-2, has affected societies globally in an 
unprecedented manner [1,2]. Recognized as a pandemic by 
the World Health Organization (WHO) on March 11, 2020, 
it stressed the gravity of the virus’s widespread impact [3]. 
Following this, the world witnessed economic recessions, 
healthcare infrastructures nearing collapse, and countless 
lives lost, emphasizing the severe repercussions of the 
pandemic [4,5]. A beacon of hope arose with the global 
scientific community’s collaborative effort, which expedited 
the development and distribution of vaccines through 
emergency use authorizations [6,7].

Importance of Understanding the Lung Injuries 
Resulting from COVID-19

SARS-CoV-2 predominantly afflicts the respiratory 
system, resulting in a substantial fraction of patients 
suffering from severe respiratory distress and complications, 
such as acute lung injury [8,9]. Studies have documented 
pathological changes including diffuse alveolar damage and 
vascular congestion, coupled with a heightened inflammatory 
response, emphasizing a critical area for acute management 
and for anticipating potential long-term ramifications, often 
referred to as “Long-COVID” [10-13].

An imperative scholarly endeavor is understanding 
the intricate dynamics between pre-existing respiratory 
conditions and COVID-19 outcomes, necessitating a detailed 
investigation of the associated lung injuries [14,15]. The 
comprehensive scrutiny of lung injuries aids in shaping 
healthcare policies and influencing patient recovery 
trajectories positively [16,17].

Analyzing Lung Injuries from COVID-19 and 
Potential Risks and Implications of Re-Exposure

This review endeavors to shed light on the diverse lung 
injuries resulting from COVID-19 infections by meticulously 
scrutinizing peer-reviewed articles, case studies, and 
meta-analyses [18,19]. A central facet of this exploration 
is deciphering the risks associated with re-exposure to the 
virus, focusing on the implications on previously damaged 
lung tissues and the pivotal role vaccines might play in 

modulating clinical outcomes upon re-exposure [20-23]. By 
bringing together an array of existing research, we aspire to 
offer an in-depth perspective to healthcare professionals and 
encourage further research in this domain.

Methodology

Study Selection

The chosen studies for the inclusion in this review 
are strictly peer-reviewed to maintain a high standard 
of reliability and accuracy in the analysis presented. The 
timeframe of publication considered for selection was from 
the onset of the pandemic in December 2019 to the latest 
available studies till September 2023 to ensure the most 
recent and pertinent data is considered. A supplementary 
criterion was the relevance of the study to the key objectives 
of this review; focusing on lung injuries associated with 
COVID-19 and the ramifications of re-exposure [24].

Data Extraction

Upon finalizing the studies to be included in this 
review, a meticulous data extraction process ensued. A 
standardized form was used to extract pertinent details such 
as the publication date, study design, sample size, primary 
outcomes, and key findings from each study. The data 
extraction aimed to gather a comprehensive understanding 
of the different facets of lung injuries and re-exposure to 
COVID-19, paving the way for a well-rounded analysis. The 
process embraced a stringent approach, ensuring only the 
most credible and robust data is utilized for analysis [25].

Overview of Lung Injuries in COVID-19 
Patients

Initial Injury

The early stages of COVID-19 have been observed 
to affect the respiratory system profoundly, with several 
patients presenting severe lung injuries. Initial complications 
frequently entail pneumonia, characterized by fever, cough, 
and difficulty in breathing, progressing rapidly to acute 
respiratory distress syndrome (ARDS) in severe cases, 
wherein the lungs are unable to provide the body’s organs 
with sufficient oxygen [26,27]. Pathological investigations 
have revealed extensive alveolar damage, fibrin deposition, 
and hyaline membrane formation in patients suffering from 
COVID-19 [28]. Moreover, significant observations include 
lung edema accompanied by pro-inflammatory cytokines, 
indicating a cytokine storm, a severe immune reaction in 
which the body releases too many cytokines into the blood 
too quickly [29,30].
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Long COVID

The phenomenon termed “Long COVID” refers to a 
series of symptoms that continue for weeks or months after 
the acute phase of a COVID-19 infection has resolved. The 
lungs, in this scenario, are notably affected with persistent 
symptoms such as breathlessness and a reduced ability to 
exercise. Long COVID can involve persistent inflammation 
and fibrosis of the lung tissue, reducing its functional capacity 
and leading to long-term respiratory complications. Studies 
have noted that even mild cases of COVID-19 can result in 
lingering pulmonary abnormalities observable in imaging 
studies, underscoring the necessity for ongoing monitoring 
and research in this area [31,32].

Pathophysiology

Understanding the pathophysiological changes 
occurring during and post COVID-19 infection presents a 
critical juncture in delineating the comprehensive outlook on 
lung injuries. The virus principally targets the angiotensin-
converting enzyme 2 (ACE2) receptors, which are abundantly 
found in the lungs, instigating a series of deleterious changes 
including severe hypoxia, widespread inflammation, and 
coagulation anomalies, which could significantly impair 
lung function [33,34]. Moreover, histological analyses have 
unveiled a spectrum of alterations like vascular congestion 
and thrombosis, underlining the multifaceted nature of the 
pathophysiological processes invoked by the virus in the 
pulmonary system [35,36].

Implications of Re-Exposure

Re-Exposure Cases

Detailed analyses of re-exposure cases indicate 
avariability in the presentation and severity of lung injuries. 
This spectrum involves both symptomatic and asymptomatic 
courses, underlining the necessity for sustained surveillance 
to assess the long-term implications on the respiratory 
system during repeated exposures [37-39].

Immunological Response

Understanding the immune response in re-exposure 
cases demands an exploration into the array of immunological 
processes and molecules involved. The innate immune 
response, which forms the first line of defense, gets activated, 
involving key cellular players such as natural killer cells, 
dendritic cells, and macrophages which initiate a cascade 
of signaling pathways involving cytokines such as IL-6 and 
TNF-alpha to counteract viral replication.

On the other hand, the adaptive immune response 

forms a specific defense line, showcasing a higher specificity 
towards the virus. Memory B cells, derived during the 
primary infection, can rapidly produce specific antibodies 
upon re-exposure. These antibodies include neutralizing 
antibodies that specifically target viral proteins, preventing 
their interaction with host cell receptors.

T-helper cells (CD4+) stimulate B cells and cytotoxic T 
cells (CD8+) to facilitate the destruction of virus-infected 
cells, releasing a series of cytokines including interferon-
gamma, which further modulates the immune response. 
The regulation of cytokines and chemokines plays a pivotal 
role in orchestrating the immune response, with imbalances 
potentially leading to cytokine storms, which are associated 
with severe manifestations of the disease [40,41].

However, mechanisms such as Antibody-Dependent 
Enhancement (ADE) and Original Antigenic Sin can 
potentially complicate the immune response, sometimes 
exacerbating the disease upon re-exposure, representing a 
significant area of ongoing research [42].

Variants

The onset of newer SARS-CoV-2 variants significantly 
influences the re-exposure dynamics. Variants like Alpha and 
Beta showed a significant impact on viral transmission and 
immune evasion, leading to alterations in disease severity 
and manifestations including respiratory distress.

Delta variant, on the other hand, has demonstrated 
not only increased transmissibility but also a potential for 
increased severity of lung injuries, including a heightened 
inflammatory response and a higher propensity for inducing 
ARDS, requiring ventilatory support. Moreover, preliminary 
studies on the Omicron variant suggest a substantial ability 
to evade immunity from previous infections and vaccines, 
leading to breakthrough infections with yet undetermined 
effects on the lungs’ health [43-45].

Furthermore, the landscape is complex with variant-
specific clinical manifestations, demanding an adaptive 
healthcare approach which considers variant-induced 
pathophysiological changes, including alterations in the spike 
protein affecting receptor binding affinity and consequent 
implications on lung tissue injury and immune response.

Risks of Re-Exposure

Severity of Symptoms

Re-exposure to COVID-19 can facilitate a range of severe 
complications directly rooted in the pathophysiological 
alterations induced by the virus:
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	Pneumonia
Pathophysiology: COVID-19 can facilitate pneumonia 
through the direct invasion of the lung parenchyma, leading 
to a cytokine surge characterized by elevated levels of IL-6 
and TNF-alpha, inducing an inflammatory response and 
compromising the alveolar-capillary barrier [46,47].
	ARDS
Pathophysiology: COVID-19 can instigate ARDS via direct 
cytotoxic effects and the triggering of a “cytokine storm” 
involving macrophages and neutrophils releasing a surge 
of pro-inflammatory cytokines, causing severe lung tissue 
damage [48].
	Pulmonary Fibrosis
Pathophysiology: COVID-19 infection can set the stage 
for pulmonary fibrosis through persistent inflammatory 
responses triggered by the virus, culminating in the 
thickening and scarring of lung tissues [49].
	Pulmonary Embolism
Pathophysiology: The virus fosters a hypercoagulable state, 
substantially increasing the risk for pulmonary embolisms 
characterized by blockages in the pulmonary arteries due to 
clot formation [50].
	Bronchiectasis
Pathophysiology: Recurrent COVID-19 infections can 
lead to bronchiectasis through continuous infection and 
inflammation, damaging the bronchi and fostering mucus 
buildup, which further aggravates respiratory function [51].

	Secondary Bacterial and Fungal Infections
Pathophysiology: COVID-19 severely impairs immune 
responses, making individuals more susceptible to secondary 
bacterial and fungal infections, further exacerbating lung 
injuries [52].

Vaccination Status 

Pathophysiology: Vaccination can potentially temper the 
severity of these pathophysiological outcomes upon re-
exposure by priming the immune system to respond more 
swiftly and effectively, leveraging enhanced antibody 
production and memory B cell responses [53].

Variants and their Impact

Delta and Delta Plus Variants: Pathophysiology: These 
variants, associated with a higher viral load and increased 
infectivity, exacerbate lung damage by instigating a 
heightened inflammatory response, directly influencing the 
severity of lung injuries upon re-exposure [54,55].
Beta and Gamma Variants: Pathophysiology: Exhibiting 
enhanced binding affinity to ACE2 receptors, potentially 
fostering more severe lung injuries through direct interaction 
with the pulmonary cellular receptors and invoking a more 
aggressive inflammatory response [56,57].

Other Variants (Alpha, Epsilon, Iota): Pathophysiology: 
These variants can differentially affect the lungs, with some 
data suggesting altered binding dynamics and immunogenic 
properties, necessitating ongoing research to precisely 
delineate their pathophysiological impact on the lungs 
[58,59].

Discussion

Synthesis of Findings

In synthesizing the findings from the plethora of studies 
assessed, it is evident that COVID-19 not only instigates severe 
initial lung injuries but also has enduring ramifications, 
marked by an extensive range of complications including 
but not limited to pneumonia, ARDS, and pulmonary fibrosis 
[46,49]. Re-exposure amplifies these risks significantly, 
bringing to fore the criticality of understanding the 
underlying pathophysiological mechanisms spearheaded 
by various viral variants. A deep dive into the molecular 
biology reveals the intricate web of cytokine storms, immune 
responses, and the role of different cell types that are either 
upregulated or downregulated, delineating the complex 
landscape of COVID-19’s impact on the lungs [50,55].

Furthermore, the variations in severity with respect to 
the vaccination status underscore the crucial role vaccines 
play in mitigating the repercussions of re-exposure, signaling 
a reduced severity in symptoms through a more fortified 
immune response induced by vaccination [53]. This is 
supplemented by studies underscoring the distinguishing 
pathophysiological pathways invoked by different variants, 
exhibiting a range in severity and affinity towards lung 
tissues [54,59].

Implications for Healthcare

With a lucid understanding of the risks associated with 
re-exposure to COVID-19, especially pertaining to lung 
injuries, the healthcare sector stands at a crucial juncture 
to re-evaluate and potentially recalibrate its strategies and 
policies.
Personalized Medicine: Implication: There is a pronounced 
need to veer towards personalized medicine, considering the 
distinct immune responses observed in individuals, marked 
by varied severity and complications to ensure optimal 
treatment strategies [60,61].
Vaccination Strategies: Implication: Refining vaccination 
strategies is paramount, potentially advancing towards 
a regime involving booster doses to amplify immunity, 
especially in the face of emerging variants [62,63].
Research and Development: Implication: There stands an 
urgent need to foster research focusing on understanding 
the evolving nature of the virus and its variants to anticipate 
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potential repercussions and strategize accordingly [64,65].
Healthcare Infrastructure: Implication: Reinforcing 
healthcare infrastructure to be equipped to manage severe 
lung complications by enhancing critical care facilities and 
fostering training programs to handle such intricacies is vital 
[66,67].
Public Health Policies: Implication: Public health policies 
should be dynamic, incorporating learnings from ongoing 
research to effectively manage the spread of the virus while 
prioritizing individuals’ health and well-being [68,69].

Conclusion

Summary of Findings

This detailed review embarked on the rigorous journey 
of unfolding the multifaceted ramifications of COVID-19 
on lung health, delineating both initial and recurrent lung 
injuries driven by various strains of the virus and portraying 
the pivotal role of the immune response in these scenarios 
[70,71]. It spotlighted the urgent requirement to deepen 
our understanding of the precise immunological pathways 
to steer targeted therapeutic strategies, underscoring the 
indispensable role of continuous research in grasping the 
evolving dynamics of the virus and fortifying healthcare 
policies accordingly [72,73].

Future Research

Immune Response Mechanism: Suggestion: Deep-seated 
studies into the immune response mechanism are paramount, 
aiming to unravel the intricate dynamics of cytokines and cell 
types during re-exposure, which can potentially foster the 
development of targeted therapeutic strategies [74,75].
Variants and Vaccination: Suggestion: Forward-looking 
research that meticulously investigates the intricate 
interactions between emerging variants and existing as well 
as in-development vaccines could stand central in dictating 
the future trajectory of healthcare policies and immunization 
strategies, underpinning a robust defense against the virus 
[76,77].
Healthcare Policies and Strategies: Suggestion: Initiatives 
that foster dynamic and adaptive healthcare strategies, 
grounded in real-time data and insights, could potentially 
offer a blueprint for safeguarding public health in the 
changing landscape of the pandemic [78,79].
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