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ABSTRACT

The emergence of Long COVID and other post-viral syndromes has posed new challenges for healthcare systems
worldwide. These conditions, marked by lingering symptoms after the acute phase of infection, affect a significant
proportion of individuals following viral infections like SARS-CoV-2, Epstein-Barr virus, and influenza. This
review examines the role of acquired immunity in mitigating or influencing the risk, progression, and symptom
severity of Long COVID and related syndromes. Adaptive immune responses, such as virus-specific antibodies and
T-cell immunity, appear crucial in limiting chronic symptom development, though immune dysregulation may
contribute to ongoing symptoms in some cases. We discuss the role of SARS-CoV-2 vaccination in potentially
reducing Long COVID incidence by preventing severe initial infections and enhancing viral clearance.
Additionally, we explore how cross-immunity from prior viral exposures might affect susceptibility to post-viral
syndromes, as well as the role of genetic predispositions and immune dysregulation. Therapeutic implications
include the potential for immunomodulatory treatments to manage inflammation and ongoing immune activation
in individuals with persistent symptoms. Understanding the interplay between acquired immunity and post-viral
syndromes offers insights that may improve prevention and treatment strategies. This review emphasizes the
importance of immunity in shaping outcomes of viral infections and suggests pathways for future research and
intervention in managing Long COVID and other post-viral syndromes.
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INTRODUCTION

Long COVID, also known as post-acute sequelae of SARS-CoV-2 infection (PASC), has emerged as a significant
public health issue with the potential to affect millions worldwide [1,27]. Characterized by a range of symptoms
that persist for weeks, months, or even years after the initial infection, Long COVID can manifest as fatigue,
cognitive dysfunction, respiratory issues, and dysautonomia [3,47]. These symptoms often overlap with those
observed in other post-viral syndromes, such as myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS),
which can follow infections from viruses like Epstein-Barr and influenza [57]. Understanding the impact of
acquired immunity on Long COVID and post-viral syndromes is crucial, as it may offer insights into symptom
progression, prevention, and potential treatment options [6,7].

The immune system’s adaptive response plays a critical role in defending against pathogens and can be shaped by
factors such as prior infections, vaccination, and genetic predisposition [87. In the case of SARS-CoV-2, acquired
immunity can develop through natural infection or vaccination, resulting in the formation of virus-specific
antibodies and T-cell responses that may provide varying degrees of protection against reinfection and severe
disease [97. Notably, acquired immunity appears to influence the likelihood of developing Long COVID; for
instance, individuals with stronger initial immune responses and those vaccinated before or after infection often
show reduced risk or severity of long-term symptoms [107]. Despite the potential protective role of acquired
immunity, immune dys-regulation—often observed in post-viral syndromes—may also contribute to chronic
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symptoms [117. Persistent inflammation, altered cytokine profiles, and the presence of auto-antibodies have been
implicated in the pathophysiology of Long COVID, suggesting that the immune system’s response to infection
may not uniformly prevent or resolve lingering symptoms [127]. This review aims to explore the impact of
acquired immunity on Long COVID and other post-viral syndromes by examining mechanisms of adaptive
immunity, the role of vaccination, and the influence of cross-immunity from previous viral exposures. Additionally,
we consider how genetic predisposition and immune dysregulation may affect symptom persistence and severity.
Ultimately, understanding the interplay between acquired immunity and post-viral syndromes could inform
vaccination strategies, therapeutic interventions, and research into preventive measures for those at risk of chronic
symptoms following viral infections.
Acquired Immunity and Adaptive Response
Mechanisms of Adaptive Immunity
Adaptive immunity, involving B and T lymphocytes, is the immune system’s specialized response to specific
pathogens, resulting in long-term memory that can respond quickly to subsequent infections [137. In SARS-CoV-
2 infection, adaptive immunity is acquired through natural infection or vaccination, leading to the production of
virus-specific antibodies and memory T cells. These immune components provide protection against reinfection
and may reduce the severity of future exposures.
Role in Long COVID
Research suggests that adaptive immunity plays a role in determining the risk and severity of Long COVID.
Strong initial immune responses, including elevated neutralizing antibodies, are associated with a reduced
likelihood of lingering symptoms [147]. However, immune dysregulation—a phenomenon marked by chronic
inflammation and altered cytokine production—appears to be a significant factor in those experiencing prolonged
symptoms. In some cases, an overly active or misdirected immune response can exacerbate post-viral symptoms
rather than resolve them, suggesting that while adaptive immunity may mitigate chronic symptoms for some, it
may also contribute to persistent sequelae in others [157]. This highlights the need to better understand how
adaptive immunity can be optimized or modulated to prevent and manage Long COVID.
Vaccination and Long COVID
Vaccine-Induced Immunity
SARS-CoV-2 vaccination has proven effective in reducing the severity and mortality associated with acute
COVID-19. Recent studies suggest that vaccination may also lower the risk of Long COVID by reducing the
likelihood of severe initial infection, which is linked to a higher risk of prolonged symptoms [167]. Vaccination may
also help the immune system clear any residual viral particles more effectively, potentially reducing ongoing
immune activation that can contribute to chronic symptoms [17]. Additionally, vaccine-induced immune
responses could provide more controlled and efficient immune activity, helping to prevent the dysregulated
inflammation seen in Long COVID cases.
Timing and Dose Response
The timing and dosage of vaccination appear to influence the risk and progression of Long COVID. Evidence
indicates that individuals vaccinated before infection have a reduced likelihood of developing long-term symptoms
compared to those who were unvaccinated at the time of infection [187. Additionally, receiving the vaccine after
an initial infection may lessen the severity or duration of persistent symptoms. Some studies suggest that booster
doses may further enhance protective effects by reinforcing immune memory and potentially preventing immune
exhaustion associated with chronic post-viral symptoms [197. This highlights the potential role of tailored
vaccination strategies in reducing the burden of Long COVID and optimizing immune responses to mitigate post-
viral syndromes.
Cross-Immunity and Its Impact on Post-Viral Syndromes
Cross-Immunity Mechanisms
Cross-immunity refers to immune responses to one pathogen providing partial protection against another [207. In
SARS-CoV-2, cross-reactive T-cells from previous exposures to common cold coronaviruses or similar viruses
may contribute to reduced severity in initial infections, potentially lowering the risk of developing Long COVID.
This cross-reactivity occurs because T-cells recognize certain viral proteins shared across different coronaviruses,
allowing the immune system to mount a quicker, more efficient response [217]. Cross-immunity may thus play a
role in moderating the immune response to SARS-CoV-2, potentially reducing chronic immune activation that can
lead to post-viral symptoms.
Evidence in Post-Viral Syndromes
Cross-immunity may also affect the likelihood and severity of post-viral syndromes linked to other infections, such
as Epstein-Barr virus (EBV) and influenza [227]. For example, individuals with pre-existing immunity to similar
viral antigens from previous infections may experience modified or dampened immune responses during
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subsequent infections, potentially reducing the intensity and duration of post-viral symptoms. However, in cases
where cross-reactivity is partial, immune responses may still lead to chronic inflammation or immune
dysregulation, contributing to symptom persistence [237]. This complex interaction between pre-existing
immunity and immune dysregulation highlights the need for more research on how cross-immunity may help
mitigate—or in some cases exacerbate—post-viral syndromes and chronic symptoms, such as those seen in Long
COVID.
Immune Dysregulation and Genetic Predisposition
Immune Dysregulation in Long COVID
Persistent immune dysregulation is a key feature of Long COVID and other post-viral syndromes, marked by
elevated levels of inflammatory cytokines, autoantibodies, and disrupted T-cell functions [247. This ongoing
immune imbalance may result from incomplete viral clearance or maladaptive immune responses that fail to fully
resolve after the initial infection. Such immune dysregulation can drive chronic inflammation and symptom
persistence, potentially exacerbating Long COVID outcomes [257].
Genetic and Epigenetic Factors
Genetic predisposition significantly influences the likelihood of developing post-viral syndromes. Certain human
leukocyte antigen (HLA) alleles, associated with strong immune responses, may inadvertently heighten the risk of
chronic symptoms by contributing to an overly reactive immune state [267. Epigenetic modifications, which alter
gene expression without changing DNA sequences, can also be triggered by viral infections, leading to prolonged
immune activation. These genetic and epigenetic factors contribute to individual variability in immune responses,
influencing the severity and duration of post-viral symptoms [277]. Understanding these underlying factors can
help identity at-risk individuals and pave the way for targeted therapies aimed at managing immune dysregulation
in Long COVID and related syndromes.
Therapeutic Implications and Future Directions
Immune Modulation Therapies
Current therapeutic strategies for Long COVID and post-viral syndromes focus on modulating immune responses
to reduce chronic inflammation. Treatments targeting cytokine pathways, such as anti-IL-6 agents and JAK
inhibitors, are being investigated for their potential to manage excessive immune activation. By addressing specific
inflammatory markers, these therapies may help alleviate persistent symptoms linked to immune dysregulation

[28].
Role of Antiviral and Immunotherapy

Antiviral therapies aimed at eliminating residual viral particles are also under study to prevent
prolonged immune responses [297]. Additionally, immunotherapies that restore immune balance, such as
monoclonal antibodies and immune checkpoint inhibitors, show promise in managing immune dysregulation in
chronic post-viral syndromes [307. These treatments aim to reset immune homeostasis, potentially reducing long-
term symptoms. FFurther research is needed to refine these approaches and explore new interventions, such as
personalized immunotherapy, which could offer targeted treatment for individuals based on their specific immune
profiles [31,327. Understanding these therapeutic options and their effects on the immune system will be essential
for developing effective treatments to improve the quality of life for those affected by Long COVID and similar
post-viral conditions [337].

CONCLUSION
The impact of acquired immunity on Long COVID and post-viral syndromes is complex, with both protective and
adverse effects depending on individual immune responses. While vaccination appears beneficial in reducing the
incidence of Long COVID, immune dysregulation and genetic predisposition contribute to the variability in post-
viral sequelae. Future research should focus on characterizing immune response patterns associated with
persistent symptoms and developing targeted therapies to modulate immune function in affected individuals.
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