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ABSTRACT 

Viral infections play a key role in the initiation of autoimmune processes and the development of virus-associated cancers. 
This review presents current knowledge on the mechanisms leading to autoimmunity following viral infections, such as 
molecular mimicry, epitope spreading, activation of the bystander phenomenon, and deregulation of regulatory T cells. 
Examples of infection-related autoimmune diseases (SLE, multiple sclerosis, Guillain-Barré syndrome, autoimmune 
thyroiditis) and the impact of COVID-19 as a trigger for new disease entities are also discussed. Particular attention is paid 
to the role of oncogenic viruses (HPV, HBV, HCV, EBV, HTLV-1) and chronic immunosuppression in the initiation of 
malignant transformation, as well as the mechanisms of tumor microenvironment formation. The intersection of 
autoimmunity and immuno-oncology is presented, including the relationship between the occurrence of adverse effects of 
immunotherapy and treatment efficacy. The importance of biomarkers (ANA, ENA antibodies, cytokine profile) in diagnosis 
and the challenges in differentiating autoimmunity from early-stage cancers are also discussed. The final section presents 
therapeutic and preventive strategies, including the role of vaccination, patient monitoring, and immunomodulation. The 
need for multicenter prospective studies and the development of personalized treatment methods is emphasized. This topic 
has significant clinical and health implications, particularly in the post-pandemic era, where the incidence of autoimmune 
disorders and cancers associated with viral infections is increasing. 
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1. Introduction  

In recent decades, there has been a growing interest in the complex interactions between the immune 

system and viral pathogens. Empirical data indicate that viral infections can not only induce a transient 

inflammatory response but also initiate autoimmune processes and, in selected cases, promote neoplastic 

transformation. This phenomenon, although known for many years, has become particularly significant in the 

post-pandemic era, when persistent, chronic immunological symptoms developing after viral infections, 

particularly SARS-CoV-2 infection, have been observed in a significant group of patients. 

Autoimmunity involves the activation of the immune system against the host's own tissues. In the 

context of viral infections, mechanisms such as molecular mimicry, bystander activation, epitope spreading, 

and loss of immune tolerance play a significant role in initiating this process. Simultaneously, many viruses, 

including HIV, AIDS, and other viruses, also contribute to the development of autoimmune responses. Epstein-

Barr virus (EBV), human papillomavirus (HPV), and hepatitis B and C viruses (HBV/HCV) exhibit oncogenic 

properties, disrupting the immune balance and promoting the development of cancer. 

In clinical and scientific terms, the topic of autoimmune oncology is increasingly being addressed, 

referring to the intersection of autoimmune immunopathology and antitumor response. Cancer immunotherapy, 

including the use of immune checkpoint inhibitors (ICIs), can induce autoimmune reactions as adverse effects. 

Importantly, in selected patients, the presence of an autoimmune disease may correlate with a more favorable 

response to anticancer treatment. The role of prior viral infection as a potential factor initiating both 

autoimmunity and carcinogenesis remains a significant, yet insufficiently understood, issue. 

The aim of this review is to collect and analyze current data on autoimmunity as a complication of viral 

infections, with particular emphasis on its role in the pathogenesis and treatment of cancer. We will discuss the 

molecular mechanisms underlying this phenomenon, examples of selected disease entities (such as systemic lupus 

erythematosus (SLE), multiple sclerosis (MS), and Guillain-Barré syndrome (GBS), the relationship between 

oncogenic viruses and the immune response, and current diagnostic and therapeutic strategies. 
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This review is interdisciplinary in nature, integrating knowledge from immunology, oncology, clinical 

virology, and translational medicine. The presented analysis can provide useful information for both practicing 

physicians and researchers studying chronic immune-mediated diseases. 

 

2. Mechanisms of Autoimmunity Induced by Viral Infections 

Viral infections play a significant role in modeling the host immune response. In addition to the classic 

acute antiviral response, they can lead to the activation of pathological processes, resulting in the development 

of an autoimmune response. Disturbances in immune homeostasis during infection are multifactorial and 

depend on both viral properties (e.g., tissue tropism, ability to replicate persistently) and the host's genetic 

predisposition and environmental conditions. A number of key immunological mechanisms through which 

viruses can initiate an autoimmune response have been described in the literature. 

 

2.1 Molecular Mimicry 

One of the best-understood mechanisms of viral autoimmunity is molecular mimicry, which involves 

antigenic similarity between viral determinants and host autoantigens. This homology can lead to the activation 

of T and B lymphocytes, which, after eliminating the pathogen, continue the response directed against self-

cells. Examples include cross-reactions between Coxsackie B virus epitopes and pancreatic islet antigens in 

type 1 diabetes (T1DM), or between the Epstein-Barr virus (EBV) EBNA1 protein and myelin proteins (MBP, 

MOG) in the context of multiple sclerosis (MS) [Smatti, 2018; Molecular Mimicry Review, 2024]. Recent 

reports also suggest structural similarity of SARS-CoV-2 epitopes to human proteins, which may lead to the 

breakdown of immune tolerance [SARS-CoV-2 Mimicry, 2022]. 

 

2.2 Bystander Activation and the Role of Proinflammatory Cytokines 

So-called Bystander activation refers to a situation in which proinflammatory cytokines secreted during 

viral infection (e.g., IL-1, IL-12, IL-18, TNF-α, type I interferons) activate autoreactive lymphocytes in a 

manner independent of antigen recognition (TCR-independent). This mechanism has been described, among 

others, in models of LCMV and Zika infections, where CD8+ lymphocytes were activated via the NKG2D 

receptor independently of the TCR, leading to the development of neuropathy [Tough et al., 1996; ZIKV in 

mice, 2023]. Increasing evidence also indicates the involvement of non-standard lymphocyte populations, such 

as γδ T, MAIT, and NKT, in bystander-mediated autoimmunity [Emerging Role Review, 2022].  

 

2.3 Epitope Spreading and the Uncovering of Hidden Self-Antigens 

Epitope spreading is a process in which tissue damage and the release of new self-antigens expand the 

spectrum of epitopes recognized by the immune system. This mechanism has been documented in MS, SLE, and 

pemphigus [Lehmann et al., 2014]. Recent studies have demonstrated that autoreactive B cell clones can initiate a 

cascade of immune responses directed against previously tolerated epitopes [Nature Communications, 2023], and 

this phenomenon may have prognostic significance in immune-mediated kidney diseases [MDPI, 2023]. 

 

2.4 Dysregulation of Regulatory T Cell (Treg) Function 

Treg cells (CD4+CD25+FOXP3+) play a key role in maintaining immune tolerance. Chronic viral infections, 

such as EBV, HPV, or HBV, can disrupt their function by reducing the expression of suppressor receptors (e.g., 

CTLA-4, PD-1), destabilizing the FOXP3 factor, and altering antigen presentation by dendritic cells. This leads to 

a loss of peripheral tolerance mechanisms, which promotes the development of autoimmunity [Breaking Tolerance 

Review, 2025]. Attempts are being made to therapeutically restore immune balance through Treg reinfusing, 

including in SLE and inflammatory bowel disease [MDPI, 2021; Frontiers, 2022]. 

 

2.5 Damage to Biological Barriers: Intestinal and Blood-Brain 

Disruptions to the integrity of the intestinal barrier ("leaky gut") during viral infections or dysbiosis can 

lead to the translocation of microorganisms and antigens into the lymphatic circulation, triggering an immune 

response. Zonulin, a protein regulating tight junction permeability, is often overexpressed in such conditions 

and has been linked to the pathogenesis of T1DM, MS, and SLE [Fasano, 2005; Frontiers, 2017]. Similar 

processes may occur within the blood-brain barrier, especially in the context of neurotropic infections, which 

increases access of autoreactive lymphocytes to CNS structures [Ruff & Kriegel, 2015]. 
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2.6 Loss of Immune Tolerance 

Viral infections can also lead to loss of central or peripheral immune tolerance by disrupting antigen 

presentation, altering dendritic cell function, and deregulating the expression of suppressor receptors (e.g., 

CTLA-4, PD-1). Oncogenic viruses such as HPV and HBV are particularly important, as they affect the 

tolerogenic properties of antigen-presenting cells [Fujinami, 2006]. 

 

2.7 Chronic Infection and Persistent Immune Stimulation 

Viruses capable of long-term persistence in the body, such as EBV, CMV, and HHV-6, can lead to 

chronic stimulation of the immune system. Their antigens are repeatedly presented, increasing the risk of 

activation of autoreactive lymphocyte clones. Furthermore, some of them induce the expression of heat shock 

proteins (HSPs), which exhibit structural similarity to autoantigens, enhancing the effect of molecular mimicry 

[Ziaei, 2023]. 

 

2.8 Immuno-oncological Consequences 

The identified mechanisms of autoimmunity are of significant importance in the context of oncology. 

Chronic immune activation can promote the accumulation of mutations and disruption of DNA repair 

mechanisms, increasing the risk of malignant transformation. At the same time, the autoimmune response can 

modify the effectiveness of anticancer immunotherapies – both positively (intensification of the antitumor 

response) and negatively (the occurrence of autoimmune side effects – so-called irAEs, immune-related 

adverse events) [Postow, 2018]. 

 

2.9 Summary 

In summary, the mechanisms of autoimmunity induced by viral infections are multifaceted and based 

on a complex interaction between the pathogen and the host immune system. The most important include 

molecular mimicry, bystander activation, epitope spreading, impaired Treg function, disruption of biological 

barriers, loss of immune tolerance, and chronic immune stimulation. A thorough understanding of these 

processes is crucial not only for the diagnosis and treatment of autoimmune diseases but also for the safe use 

of cancer immunotherapies, which may interact with the same immune pathways. 

 

3. Examples of Autoimmune Diseases Associated with Viral Infections 

3.1. Systemic Lupus Erythematosus (SLE) and EBV and CMV Viruses 

Systemic lupus erythematosus (SLE) demonstrates strong epidemiological and immunological 

associations with Epstein-Barr virus (EBV) infection. Meta-analyses and seroepidemiological reviews indicate 

significantly higher anti-EBV antibody titers in SLE patients compared to healthy individuals, suggesting the 

involvement of viral reactivation in the pathogenesis of the disease [Hanlon et al. 2014; Houen & Trier 2021; 

Li et al. 2018]. Additionally, increased expression of the LMP1 gene and proinflammatory cytokines (IL-6, 

TNF-α, IFN-γ) in PBMCs correlates with clinical activity of SLE [Gene Profiling 2024; Smatti et al. 2018]. A 

deficit in CD8+ lymphocyte response and elevated PD-1 expression have also been observed, which may 

indicate insufficient EBV control and chronic immune activation [Kemp et al. 2020]. The association between 

cytomegalovirus (CMV) and SLE is less clear, but cohort studies, particularly in the pediatric population, 

suggest that CMV infection may lead to more frequent disease exacerbations, increased SLEDAI-2K activity, 

and a higher risk of renal complications [Ramona et al. 2023; Avant Ramona 2023]. 

 

3.2. Multiple Sclerosis (MS) and EBV Infection – New Cohort Data 

Growing evidence from cohort studies indicates a key role for EBV in the development of multiple 

sclerosis (MS). Studies analyzing the interaction of the EBV genome with MS susceptibility genes demonstrate 

their expression in immune and glial cells, suggesting a mechanism for initiating autoimmunity through 

chronic immune stimulation [Frontiers Immunology 2025; Development of the EBV-MS genome 2025]. 

Epidemiological studies, particularly the groundbreaking analysis by Ascherio et al., have shown that prior 

EBV infection is associated with a 32-fold increased risk of developing MS in previously seronegative 

individuals, a finding confirmed in a population of over 10 million US military personnel [Ascherio et al. 

2022]. Recent data from 2025 confirm the presence of EBV transcripts in lymphocytes and microglia, leading 

to chronic inflammation and autoimmunity in the central nervous system [Ascherio et al. 2022; Frontiers 2025]. 

 

 



3(47) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 5 

 

3.3. Guillain-Barré Syndrome and Zika, CMV, and SARS-CoV-2 Infections 
Guillain-Barré syndrome (GBS) is an autoimmune inflammation of the peripheral nerves that often 

precedes viral infections. The most common pathogens are CMV, Zika virus, and SARS-CoV-2. During the 
Zika epidemic in French Polynesia, a sharp increase in GBS cases was observed, and epidemiological studies 
demonstrated a very strong causal association (OR ≈ 59) [Cao-Lormeau et al. 2016]. In the context of the 
COVID-19 pandemic, meta-analyses from 2023 demonstrated a 2- to 3-fold increased risk of GBS within 90 
days of SARS-CoV-2 infection, particularly in certain regions of Europe [Systematic review GBS-COVID 
2023]. Mechanistic analyses suggest the involvement of an excessive cytokine response (so-called "cytokine 
storm") and molecular mimicry between viral antigens and neural structures, which may lead to the 
development of autoimmunity [GBS-cytokine review 2025; Valaparla et al. 2024]. 

 
3.4. Autoimmune Thyroiditis and Enteroviruses 
Enteroviruses, particularly Coxsackie B viruses, have long been suspected of initiating autoimmune thyroid 

diseases such as Hashimoto's disease and Graves' disease. The pathogenic mechanism involves molecular mimicry 
between viral epitopes and thyroid antigens (e.g., TPO, Tg), leading to the activation of autoreactive T and B 
lymphocytes and the destruction of follicular cells [Wang et al. 2019; First descriptions of Coxsackie-thyroid 
autoimmunity 2019]. Experimental and clinical data indicate the possibility of sequential presentation of new 
autoantigens after infection, which may result in the perpetuation of the autoimmune response. 

 
3.5. COVID-19 as a Trigger for New Autoimmune Diseases 
A growing body of evidence indicates that SARS-CoV-2 infection may initiate the development of many 

new autoimmune diseases, such as myositis, nephritis, autoimmune thyroid disease (Hashimoto's, Graves'), 
systemic connective tissue diseases (SLE, RA), psoriasis, and type 1 diabetes [Tesch et al. 2023; Journal 
Insurance Med. 2023; Taiwan Cohort 2022]. Large cohort studies have found a significantly higher risk of 
being diagnosed with these diseases between 3 and 15 months after recovering from COVID-19. A 43% 
increased risk was observed in the German cohort, with the highest IRRs for Hashimoto's disease (1.42), 
Graves' disease (1.41), and RA (1.42) [Journal Insurance Med. 2023]. Similar results were obtained in a US 
study (3.8 million individuals), where the increased risk of SLE and RA was aHR ≈ 2.99 and 2.98, respectively 
[Tesch et al. 2023]. Furthermore, the presence of autoantibodies in patients with Long COVID syndrome was 
a stronger predictor of chronic symptoms than other factors, including the severity of infection [Health Cell 
Study 2022]. Mechanistically, it is believed that chronic inflammation induced by a "cytokine storm" and the 
activation of circulating autoantigens, as well as possible EBV reactivation, may underlie the 
immunopathogenesis of these diseases [Long COVID neurology review 2025; Xie & Al-Aly 2023]. 

 
4. Viral infections as factors initiating cancerous transformation 
4.1 Oncogenic Viruses: HPV, HBV, HCV, EBV, HTLV-1 
The role of oncogenic viruses in the etiology of cancer is well documented. Human papillomavirus 

(HPV), especially its highly oncogenic types (16 and 18), integrates its genome into host DNA, and its E6 and 
E7 proteins inactivate key tumor suppressors – p53 and Rb – leading to genomic instability and cell 
proliferation [Moody & Laimins 2010; Durzyńska et al. 2023]. Hepatitis B virus (HBV), via the HBx protein, 
disrupts DNA repair mechanisms, induces oxidative stress, and modifies gene expression through epigenetic 
mechanisms (e.g., DNMT1/3A), promoting hepatocyte transformation [Levrero & Zucman-Rossi 2016; Wang 
et al. 2023]. In contrast, hepatitis C virus (HCV), an RNA virus, does not integrate into the host genome. 
However, its core and NS3 proteins interact with key signaling pathways such as MAPK and Wnt/β-catenin, 
and inhibit p53 function and DNA repair processes, which in transgenic models promotes the development of 
fatty liver and hepatocellular carcinoma (HCC) [Moriya et al. 2001; Sakamoto & Wakita 2020]. Epstein-Barr 
virus (EBV) demonstrates the ability to persistently infect B lymphocytes. Its latent proteins – LMP1, EBNA2, 
and EBNA3 – activate the NF-κB, JNK, and ERK signaling pathways, supporting cell survival and 
proliferation, which plays a significant role in conditions such as Burkitt's lymphoma [Allday 2015; Young & 
Rickinson 2004]. In turn, HTLV-1 (human T-lymphotropic virus type 1) regulates NF-κB and CREB activity 
through the oncoprotein Tax and influences the immune response. These mechanisms lead to the development 
of T-cell leukemia (ATL) and enable immunoinvasion by inhibiting MHC expression and inducing the TIGIT 
molecule [Satou et al. 2019; Bellon & Nicot 2017]. Oncogenic viruses are estimated to be responsible for 
approximately 15–20% of cancer cases worldwide. Their involvement in carcinogenesis is associated with 
both the direct effects of oncoproteins, chronic inflammation, and modification of the tumor microenvironment 
[Poreba et al. 2025]. 
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4.2 Chronic Immunosuppression and Cancer Immune Surveillance 
Chronic viral infections lead to attenuated activity of cytotoxic CD8+ T lymphocytes and NK cells, and 

reduced antigen presentation, resulting in impaired immune surveillance. One mechanism for this phenomenon 
is the expansion of suppressive immune cell populations, such as MDSCs (myeloid-derived suppressor cells) 
and TAMs (tumor-associated macrophages) [Gabrilovich 2017; Ostrand-Rosenberg 2018]. MDSCs, activated 
during chronic infections, are induced by cytokines and inflammatory metabolites, leading to a significant 
inhibition of the antitumor response. In turn, TAMs, present in an inflammatory environment, express 
molecules such as PD-L1 and TGF-β, contributing to resistance to immunotherapy [Noy & Pollard 2014]. In 
the context of chronic infections, such as those caused by HBV or HCV, increased secretion of 
immunosuppressive factors (IL-10, TGF-β, reactive oxygen species – ROS) is also observed, which support 
the development of a tumorigenic microenvironment [Aghamajidi et al. 2022]. 

 
4.3 Viruses and the Tumor Microenvironment: Inflammatory Mechanisms and Oxidative Stress 
Chronic viral infections promote the development of an oncogenic microenvironment by inducing persistent 

inflammation and oxidative stress. Overproduction of proinflammatory cytokines (IL-6, TNF-α, IL-1β), angiogenic 
factors (VEGF), chemokines, and ROS occurs, supporting tumor cell proliferation, angiogenesis, and apoptosis 
evasion [Grivennikov et al. 2010; Balkwill & Mantovani 2001]. For example, HBV-induced HBx protein increases 
ROS production, leading to DNA damage and mutations, which are then fixed as epigenetic changes [Arzumanyan 
et al. 2013]. In mice, HCV core protein induces hepatic steatosis and oxidative stress, leading to the development 
of HCC [Moriya et al. 2001]. Furthermore, some oncogenic viruses, such as EBV, produce exosomal microRNAs 
and peptides that modulate chromatin structure and the immune response, creating an environment conducive to the 
survival of cancerous cells [Oncovirus Review 2021]. 

 
4.4 The Impact of Chronic Immune Activation on the Initiation of Carcinogenesis 
Prolonged immune activation in response to viral infection promotes carcinogenesis by maintaining a 

chronic inflammatory state. Proinflammatory cytokines, such as IL-6, IL-8, and the STAT3 and NF-κB 
signaling pathways, stimulate cell proliferation and angiogenesis while inhibiting apoptotic signaling [Karin 
et al. 2006; Coussens & Werb 2002]. In chronic HBV/HCV infections, the risk of developing HCC is 
associated not only with the direct effects of the virus but also with the long-term inflammatory process and 
repeated damage and healing of liver tissue, which promotes the accumulation of neoplastic lesions. 

 
5. Autoimmunity and Immuno-Oncology: The Crossroads 
5.1. Cancer Immunotherapy and Autoimmune Phenomena (e.g., irAEs, Immune-Related Adverse 

Events) 
Cancer immunotherapy, especially immune checkpoint inhibitors (ICIs), has revolutionized cancer 

treatment but carries the risk of autoimmune adverse events, also known as irAEs. These adverse events result 
from excessive activation of the immune system against self-targeted tissues, most commonly affecting the 
skin, gastrointestinal tract, lungs, liver, and endocrine system. CTLA-4 and PD-1/PD-L1 blockade releases 
immune inhibition, leading to non-selective T cell activation. irAEs may resemble classic autoimmune diseases 
but often have different dynamics and pathogenesis. Corticosteroids and immunosuppressive drugs (e.g., 
infliximab, tocilizumab) are most commonly used to treat irAEs, which unfortunately can reduce the antitumor 
effect. Early detection of symptoms such as diarrhea, rash, dyspnea, or thyroiditis is crucial for the safety of 
therapy. Biomarkers, such as autoantigens and elevated levels of inflammatory cytokines, are increasingly 
being used to predict the risk of irAEs. Some studies suggest that the occurrence of irAEs may correlate with 
greater efficacy of anticancer treatment. Despite these challenges, many clinical centers are developing 
management algorithms for varying degrees of irAEs. Some irAEs may persist chronically, requiring long-
term immunosuppressive treatment. Research is ongoing on selectively suppressing autoimmunity while 
maintaining antitumor activity. Tumor immunogenicity, gut microbiota, and HLA genes may influence the 
risk of irAEs. Combination therapy (e.g., PD-1 + CTLA-4) increases efficacy but also the risk of autoimmune 
complications. There are also differences in the frequency of irAEs between cancers, most frequently occurring 
in melanoma, lung cancer, and kidney cancer. Autoimmunity can also affect the nervous system (e.g., 
autoimmune encephalitis), which poses a particular therapeutic challenge. There are still no clear guidelines 
regarding when to discontinue immunotherapy after severe irAEs. Personalization of immunotherapy 
treatment, taking into account the autoimmune risk profile, is the future of oncology. Research is ongoing on 
early monitoring of the immune response using molecular and immunological methods. Therefore, irAEs pose 
a significant clinical and pathophysiological challenge at the interface of immunology and oncology. 
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5.2. Autoimmunity as a Marker of Immunomodulatory Therapies' Efficacy 

Growing evidence suggests that the appearance of autoimmune symptoms during immunotherapy may 

be a positive marker of anticancer treatment efficacy. In particular, longer overall survival (OS) and 

progression-free survival (PFS) have been observed in patients with irAEs. This phenomenon is most common 

in patients with melanoma and non-small cell lung cancer. A possible explanation for this correlation is intense 

T-cell activation, which results in both the elimination of tumor cells and reactivity to self-antigens. Some 

autoantigens may be shared between the tumor and host tissues, explaining the simultaneous anti-tumor and 

autoimmune effects. The appearance of autoantibodies against thyroglobulin and transglutaminase has been 

correlated with response to therapy. A cytokine "signature" of inflammation, such as increased IL-6 and IFN-

γ, may be indicative of a strong response. Some studies use the presence of ANA (antinuclear antibodies) as a 

predictor of the effectiveness of checkpoint inhibitor therapy. Efforts are also underway to utilize gene 

expression profiles associated with autoimmunity to predict treatment response. Autoimmune biomarkers can 

support the decision to continue therapy despite mild side effects. It is believed that the development of 

autoimmunity may reflect an "awakening" of the immune system. This phenomenon highlights the need for 

an integrated clinical and molecular approach to cancer therapy. In some patients, the development of 

autoimmunity occurs after the first cycles of therapy, which may allow for a more rapid assessment of efficacy. 

However, it is important to remember that not every form of autoimmunity correlates with benefit; the 

immunological context and disease type are important. New approaches in immunomonitoring include T-cell 

receptor sequencing (TCR) analysis and lymphocyte clonality. The development of artificial intelligence 

algorithms can help predict risk and benefit based on immune profiles. Autoimmune biomarkers may, in the 

future, aid in selecting patients who best respond to treatment. Research on the link between autoimmunity 

and treatment efficacy is still ongoing but has the potential to change clinical practice. 

 

5.3. Can chronic autoimmunity increase or decrease cancer risk? 

The relationship between chronic autoimmunity and cancer risk is complex and multifaceted. On the 

one hand, the long-term inflammation associated with autoimmune diseases such as rheumatoid arthritis (RA), 

systemic lupus erythematosus (SLE), and Crohn's disease is associated with an increased risk of certain cancers. 

Chronic inflammation leads to continuous tissue regeneration, increased oxidative stress, and the accumulation 

of DNA mutations. Immune cells such as neutrophils and macrophages produce reactive oxygen species (ROS), 

which can damage host cell DNA. For example, patients with ulcerative colitis have an increased risk of colon 

cancer. On the other hand, the immune systems of patients with autoimmune diseases are often more vigilant 

and can more effectively detect and eliminate cancer cells. Some studies suggest that patients with autoimmune 

thyroiditis are less likely to develop malignant thyroid tumors. There is also evidence that the presence of 

autoantibodies against tumor antigens may reflect the activity of immune surveillance. However, 

immunosuppressive therapies used to treat autoimmunity (e.g., azathioprine, methotrexate) may paradoxically 

increase the risk of certain cancers, particularly lymphomas. In celiac disease, chronic immune activation can 

lead to T-cell lymphoma of the small intestine. Therefore, the balance between chronic immune activation and 

the ability to eliminate tumor cells is crucial. The gut microbiome, which influences both of these axes, can 

also modulate both the course of autoimmunity and the risk of oncogenesis. An interesting phenomenon is so-

called "autoimmune cancers," in which the response against self-antigens precedes the detection of cancer (e.g., 

paraneoplastic syndromes). Chronic autoimmune diseases require regular oncological monitoring, especially 

when immunosuppressive drugs are used. Some new targeted therapies (e.g., JAK inhibitors) may alter this 

risk balance. Current research is focusing on the molecular risk profile, not only the presence of autoimmunity 

but also the type of signaling pathways activated. There is increasing talk of an "autoimmune phenotype" of 

the immune system, which may predispose to or protect against specific cancers. Further identification of the 

genetic and environmental factors that modulate this relationship is crucial. Ultimately, autoimmunity may be 

both a risk factor and a potential protective factor, depending on the immunological and tumor context. 

 

5.4. Immunomodulation and Immunosurveillance: A Fine Line 

Immunosurveillance, or the immune surveillance of cancer cells, is a key protective mechanism in the 

body against cancer development. It involves the constant monitoring and elimination of cells with mutations 

or neoplastic features by T lymphocytes, NK cells, and other immune effectors. However, immunomodulation, 

or the therapeutic regulation of the immune response, can both support and disrupt this process. In cancer 

immunotherapy, the goal is to enhance immunosurveillance by blocking immune inhibitors (PD-1, CTLA-4) 

or stimulating effectors (e.g., IL-2, interferons). The problem arises when excessive activation of the immune 
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system leads to adverse effects, such as autoimmunity. Conversely, the use of immunosuppressive drugs in 

autoimmune diseases can weaken immune surveillance, increasing the risk of cancer. Therefore, there is a fine 

line between controlling the immune response and its pathological deregulation. This balance depends, among 

other factors, on: The role of Tregs depends on MHC expression, the presence of neoantigens, the activity of 

regulatory cells (Tregs), and the presence of costimulatory signals. Under physiological conditions, Tregs 

prevent autoimmunity but can also suppress the antitumor response, promoting immunolysis. Some tumors 

develop strategies to evade immunosurveillance, for example, through PD-L1 expression, loss of MHC-I, or 

the recruitment of myeloid immunosuppressive cells (MDSCs). Immunomodulation can restore immune 

surveillance, but requires precise tuning; "too much" can lead to toxicity, "too little" to ineffectiveness. Fine-

tuning technologies for immunotherapy are being developed, including CAR-T with built-in activity control 

sensors. Biomarker research allows for better prediction of the balance between immunoprotection and 

immunotoxicity. The tumor microenvironment (TME) plays an important role in shaping the effectiveness of 

immune surveillance and the response to immunotherapy. The role of the microbiome and inflammatory 

metabolites in modeling immunosurveillance is of particular interest. Some factors, such as oxidative stress 

and hypoxia in the TME, can suppress the immune response despite the presence of an active immune system. 

Therefore, effective immunotherapy requires a holistic approach, taking into account both anticancer and 

autoimmune aspects. Immunomodulation should therefore be individualized, based on precise immunological, 

genetic, and clinical data. The future of immuno-oncology lies in the ability to control immunosurveillance to 

maximize tumor cell elimination while minimizing the risk of autoimmune reactions. 

 

6. Biomarkers and Diagnostics of Post-Infectious and Oncoviral Autoimmunity 

6.1. ANA, ENA, Antiphospholipid Antibodies, and Other Antibodies 

Antinuclear antibodies (ANA) are among the most frequently detected autoantibodies in autoimmune 

diseases, particularly systemic lupus erythematosus (SLE). The presence of ANA after viral infections, such 

as EBV or SARS-CoV-2, may suggest an evolving autoimmune response. ANA are nonspecific but highly 

sensitive and constitute the first step in diagnostics. The next step is the evaluation of ENA (Extractable 

Nuclear Antigens), including antibodies against Ro/SSA, La/SSB, Sm, RNP, Scl-70, and Jo-1, which allow 

for a more specific diagnosis. ANA is often observed in patients with hepatitis C virus (HCV), even without 

full-blown autoimmune disease. Antiphospholipid antibodies (aPL), such as anticardiolipin (aCL), anti-β2-

glycoprotein I, and lupus anticoagulant, may appear after viral infections, especially in children and young 

adults. Their presence increases the risk of thromboembolic events and miscarriages, particularly in patients 

with antiphospholipid syndrome (APS). SARS-CoV-2 has been shown to induce transient aPL presence, 

suggesting the possibility of a virus-induced APS-like syndrome. Antineutrophil cytoplasmic antibodies 

(ANCA) are characteristic of vasculitides and can also be induced by infections. Chronic viral infections, such 

as HTLV-1, may induce high-affinity autoantibodies to myelin antigens, increasing the risk of demyelinating 

diseases. The appearance of these antibodies is often the result of molecular mimicry and nonspecific activation. 

In clinical practice, antibody testing is a key element in differentiating autoimmune diseases, cancers, and 

paraneoplastic syndromes. It is important to remember that the presence of autoantibodies does not always 

indicate disease; low titers can occur in healthy individuals, especially the elderly. Therefore, interpretation of 

results must be contextualized, taking into account clinical symptoms, histopathology, and imaging findings. 

 

6.2. Cytokine and T/B lymphocyte profiles as indicators of progression 

Profiling cytokines and T and B lymphocyte subpopulations provides valuable diagnostic and prognostic 

information in the context of autoimmunity and malignant transformation. Viral infections lead to a strong 

activation of the inflammatory response, with a predominance of proinflammatory cytokines such as IL-6, 

TNF-α, IFN-γ, and IL-17. Sustained high levels of these mediators may promote chronic inflammation and the 

progression to autoimmunity. IL-6 is particularly important in the recruitment of Th17 lymphocytes, which are 

involved in the pathogenesis of RA, MS, and psoriasis. Profiling lymphocyte subpopulations (CD4+, CD8+, 

Tregs, Th17, Bregs) can reveal immune imbalances. For example, a decrease in Tregs and an increase in Th17 

lymphocytes is a characteristic pattern in many autoimmune diseases and following viral infections such as 

EBV or HCV. Changes in CD8+ lymphocyte counts are also observed in the context of anticancer immune 

surveillance. Patients with viral infections may exhibit T-cell exhaustion, expressed by the expression of PD-

1, TIM-3, or LAG-3, which can lead to both incomplete viral eradication and impaired tumor surveillance. 

Cytokine and lymphocyte profiles can also be used to predict response to immunotherapy, for example, high 

levels of IFN-γ are associated with a better prognosis. Modern techniques, such as multiparameter cytometry, 
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single-cell sequencing, and ELISA tests with multiple cytokine panels, enable precise mapping of the immune 

response. This enables the detection of preclinical stages of autoimmune or neoplastic diseases, as well as the 

differentiation of autoimmune reactions from paraneoplastic syndromes. This profiling is also becoming 

increasingly important in the context of patient immunophenotyping as part of personalized therapy. Cytokines 

such as TGF-β can have both immunosuppressive and pro-tumorigenic effects, making their interpretation 

particularly challenging. Ultimately, analysis of cytokine and immune cell profiles provides a dynamic picture 

of the body's immune status, crucial for the diagnosis, therapy, and monitoring of viral-autoimmune diseases. 

 

6.3. Markers of Early Carcinogenesis in the Viral Context 

Oncogenic viruses can initiate neoplastic transformation long before clinical symptoms appear, 

therefore identifying markers of early carcinogenesis in high-risk populations (e.g., those infected with HPV, 

EBV, HBV, or HCV) is crucial. Classic biomarkers include viral oncoproteins, such as HPV E6 and E7, which 

inactivate p53 and Rb, leading to uncontrolled cell growth. The presence of these oncoproteins in cervical 

smears correlates with the progression of precancerous lesions to cervical cancer. In the case of EBV, the 

marker is the expression of LMP1 (latent membrane protein 1), which is detected in conditions such as Burkitt's 

lymphoma and nasopharyngeal carcinoma. For HBV and HCV, levels of HBV DNA and HCV RNA are 

particularly important, as are the presence of mutated forms of viral proteins, such as HBx, which modify 

cellular functions and promote hepatic carcinogenesis. Markers such as alpha-fetoprotein (AFP), des-gamma-

carboxyprothrombin (DCP), and AFP-L3 are used in the diagnosis of hepatocellular carcinoma (HCC), which 

is often associated with chronic HBV/HCV infection. PD-L1 overexpression has been demonstrated in EBV-

associated gastric cancer, suggesting a potential role in tumor immunosuppression and the potential for 

immunotherapy. Patients with viral infections also exhibit increased expression of cellular stress proteins such 

as HSP70, which may play a role in promoting malignant transformation and simultaneously act as biomarkers. 

The use of "omics" techniques proteomics, metabolomics, genomics, and epigenomics allows the discovery of 

new markers, including microRNAs specific for viral infection and transformation (e.g., miR-21, miR-155 in 

EBV and HPV infections). Another interesting direction is epigenetic markers, such as promoter methylation 

of tumor suppressor genes, present in both viral and early tumorigenesis. Advances in "liquid biopsy" methods, 

detecting tumor DNA and viral components in plasma, could significantly improve early diagnosis. Analysis 

of somatic mutations, gene expression, and immunological signatures makes it possible to differentiate 

between chronic viral infection and early-stage cancer. Considering the clinical context and risk factors is also 

crucial to avoid overdiagnosis of benign lesions. 

 

6.4. The Role of Biopsy and Imaging in the Assessment of Inflammatory vs. Neoplastic Lesions 

Differential diagnosis between autoimmune and neoplastic lesions often requires biopsy and advanced 

imaging techniques. Fine-needle biopsy (FNAB), core-needle biopsy, and surgical biopsy allow for 

histopathological, immunohistochemical, and molecular assessment of tissues, enabling a clear distinction 

between inflammatory and neoplastic processes. In the context of autoimmunity induced by viral infections, 

the histological picture may demonstrate a diffuse lymphocytic infiltrate, with a predominance of T or B cells, 

without cellular atypia. Conversely, the presence of nuclear atypia, atypical mitoses, and disordered cellular 

architecture may indicate neoplasia. Immunohistochemical studies using markers such as Ki-67, p53, CD3, 

CD20, or CD30 allow for the characterization of infiltrating cells and their potential clonal nature, which is 

particularly important in differentiating EBV-associated lymphomas. In radiological imaging, inflammatory 

lesions often have more diffuse, symmetrical borders, while neoplastic lesions are usually focal, with irregular 

edges, a tendency to infiltrate, and mass effects. Magnetic resonance imaging (MRI) and computed 

tomography (CT) are the basis for assessing lesions in the CNS and parenchymal organs. PET-CT (positron 

emission tomography) enables the detection of glucose metabolism characteristic of rapidly dividing cells, 

which can be helpful in assessing lesions of unclear nature. However, in autoimmune diseases, PET may also 

demonstrate increased activity at sites of inflammation, limiting the specificity of the method. In cases 

suspected of autoimmune or paraneoplastic diseases, biopsy is indicated, with particular attention paid to the 

infectious context, e.g., the presence of the viral genome or the expression of its proteins in the target cells. 

New molecular imaging methods, such as MR spectroscopy, elastography, and radiomics, allow for 

increasingly accurate differentiation between inflammatory and neoplastic lesions at the functional and 

metabolic levels. Modern diagnostics should be holistic, integrating clinical, laboratory, histopathological, and 

imaging data to avoid diagnostic errors and treatment delays. 
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7. Therapeutic and Preventive Strategies 

7.1. Monitoring Patients After High-Risk Infections 

Patients who have had viral infections considered high-risk for the initiation of autoimmunity or 

malignant transformation require long-term clinical and immunological monitoring. The most frequently 

identified pathogens include EBV, HBV, HCV, HPV, HIV, and SARS-CoV-2, due to their ability to modulate 

the immune system and induce chronic inflammation [Young 2022]. A key element of follow-up is the 

assessment of autoantibodies (ANA, antiphospholipid antibodies, anti-TPO) and inflammatory markers, which 

may signal the initial phase of autoimmunity [Venter 2025]. Periodic laboratory tests are recommended every 

6-12 months, and if neurological or hematological symptoms develop, earlier imaging studies (MRI, PET-CT) 

are recommended [Liang 2025]. Monitoring should also include assessment of cytokine profiles and T/B 

lymphocyte subpopulations, as disturbances in the homeostasis of these cells may precede clinical 

manifestations of autoimmune disease or cancer [Miskovic 2023]. Modern strategies include the use of high-

sensitivity tests, such as TCR/BCR sequencing, which detect oligoclonal populations suggestive of 

autoimmune activation [Owliaee 2023]. Furthermore, the use of artificial intelligence-based predictive 

algorithms for risk analysis, integrating clinical, immunological, and genomic data, is recommended [Xie 

2023]. In the context of post-COVID-19 patients, more and more attention is being paid to long-term follow-

up due to the growing number of reports of new cases of autoimmunity, such as myositis or autoimmune 

thyroiditis [Balbona 2024]. 

 

7.2. Targeted Therapies and Immunomodulation (Rituximab, JAK Inhibitors, PD-1) 

The development of clinical immunology has allowed the implementation of targeted therapies that 

modulate excessive immune responses without complete immunosuppression. One of the key drugs is 

rituximab, an anti-CD20 monoclonal antibody, effective in the treatment of systemic lupus erythematosus 

(SLE) and some forms of autoimmune complications following EBV infections [Miskovic 2023]. In recent 

years, JAK inhibitors (e.g., tofacitinib, baricitinib), which block JAK-STAT-dependent cytokine signaling and 

thus limit the inflammatory cascade, have gained increasing importance [Liang 2025]. In the context of 

immuno-oncology, anti-PD-1 antibodies (e.g., nivolumab, pembrolizumab) are used, which unblock the 

antitumor response but can lead to immune-related adverse events (irAEs), including thyroiditis, enteritis, and 

myocarditis [Owliaee 2023]. Managing these complications requires a balance between maintaining the 

antitumor effect and minimizing the risk of autoimmunity [Venter 2025]. Selective immunomodulation 

strategies, such as IL-6, IL-17, and TNF-α blockers, are currently being developed, which can reduce the 

intensity of the autoimmune response while maintaining antitumor surveillance [Xie 2023]. Combination 

therapy, combining checkpoint inhibitors with immunosuppressive drugs in microdoses, is also increasingly 

being used to minimize the risk of severe autoimmune complications [Young 2022]. 

 

7.3. The Importance of Vaccination in the Prevention of Cancer and Autoimmune Diseases 

Vaccinations play a fundamental role in reducing the risk of viral infections, which can induce both 

autoimmune and neoplastic diseases. HPV vaccines (bivalent, quadrivalent, and nonavalent) significantly 

reduce the risk of cervical cancer, head and neck cancer, and HPV-related anogenital cancers [Liang 2025]. 

HBV vaccination is equally important, reducing the incidence of primary liver cancer, one of the most common 

virus-related cancers [Young 2022]. In the context of autoimmunity, vaccinations can paradoxically both 

reduce the risk of disease (by preventing triggering infections) and, in rare cases, induce autoimmune reactions, 

such as Guillain-Barré syndrome following influenza vaccination [Balbona 2024]. However, epidemiological 

data indicate that the population benefits of immunization significantly outweigh the risk of autoimmune 

complications [Xie 2023]. Modern mRNA vaccines used in the COVID-19 pandemic have demonstrated high 

efficacy, but at the same time prompted researchers to monitor potential autoimmune reactions [Venter 2025]. 

The future is expected to see the development of therapeutic vaccines (e.g., anti-EBV) that may reduce the risk 

of SLE and multiple sclerosis [Miskovic 2023]. 
 
7.4. Immunological Post-Infectious Rehabilitation: New Directions 
The concept of immunological rehabilitation refers to interventions that support the restoration of 

immune homeostasis after severe viral infections to reduce the risk of chronic autoimmunity and 
carcinogenesis. Traditionally, it includes the control of inflammatory markers, nutritional support, 
supplementation with vitamin D, omega-3 fatty acids, and antioxidants that modulate the immune response 
[Owliaee 2023]. More advanced strategies are currently being developed, including the use of probiotics and 
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gut microbiota transplants (FMT), which influence the intestinal barrier and cytokine profile [Liang 2025]. 
Pharmacological interventions may include short-term use of immunomodulators (e.g., low-dose methotrexate 
or hydroxychloroquine) in patients at high risk of autoimmunity [Miskovic 2023]. Experimental approaches 
also include Treg cell therapy to restore immune tolerance after infection [Xie 2023]. Additionally, drugs that 
affect immune cell metabolism, such as mTOR pathway modulators, are being analyzed, which may limit 
chronic inflammation and promote immune balance [Young 2022]. Another important direction is monitoring 
biomarkers during rehabilitation to assess the effectiveness of interventions and early detection of progression 
towards autoimmune disease or cancer [Venter 2025]. 

 
8. Clinical and Research Challenges 
8.1. Diagnostic Difficulties: Cancer or Autoimmunity? 
One of the main challenges in clinical practice is distinguishing between the early phase of autoimmune 

disease and neoplastic disease, especially in patients with a history of viral infections [Young 2022]. Both 
entities may exhibit similar clinical symptoms, such as lymph node enlargement, weight loss, fever, and 
elevated inflammatory markers [Liang 2025]. Moreover, imaging studies observe overlapping features, for 
example, focal lesions in the liver or spleen may correspond to both active autoimmunity and neoplastic 
transformation [Venter 2025]. An additional difficulty is the presence of autoantibodies in patients with cancer, 
which do not always indicate full-blown autoimmune disease [Miskovic 2023]. Another diagnostic challenge 
is the presence of so-called paraneoplastic autoimmune syndromes, which appear concurrently with cancer 
and may mask the primary etiology [Owliaee 2023]. Combining imaging methods (PET-CT, MRI) with the 
analysis of biomarkers such as cytokine profile, checkpoint expression (PD-1/PD-L1), and T/B lymphocyte 
clonality is crucial in differential diagnosis [Xie 2023]. Next-generation sequencing (NGS) is increasingly 
used to identify mutations typical of neoplastic transformation, which allows for the distinction between 
reactive and neoplastic lesions [Young 2022]. However, the lack of clear classification criteria for borderline 
conditions remains a challenge, which results in delayed therapy or its suboptimal selection [Balbona 2024]. 

 
8.2. Research Gap in Pediatrics and Immunoincompetent Populations 
The vast majority of studies on autoimmune and oncoviral complications focus on adult populations, 

creating a significant gap in pediatric knowledge [Venter 2025]. Children and adolescents are exposed to viral 
infections, such as EBV and enteroviruses, which can induce autoimmunity, but data on the long-term effects 
of such infections in this group are lacking [Liang 2025]. The mechanisms of virus-related cancer development 
in immunoincompetent populations, such as patients with primary immunodeficiencies or transplant recipients, 
are also insufficiently understood [Miskovic 2023]. A higher incidence of EBV-positive lymphomas is 
observed in this group, but consistent risk monitoring protocols are lacking [Young 2022]. Vaccinations in 
pediatric and immunoincompetent populations are also problematic, and the balance of benefits and risks 
requires further study [Owliaee 2023]. Additionally, this group is at higher risk of atypical autoimmune 
reactions following infections or vaccinations, which complicates the development of universal preventive 
strategies [Xie 2023]. This research gap also includes the lack of studies on the interaction between early viral 
exposure and the development of autoimmunity in adulthood [Balbona 2024]. Finally, data on targeted 
therapies in children with autoimmune diseases associated with infections are limited, necessitating the use of 
adult protocols in pediatric patients [Liang 2025]. 

 
8.3. The Need for Prospective and Multicenter Studies 
Most of the existing evidence for the association between viral infections and autoimmunity or 

malignant transformation comes from retrospective and observational studies [Young 2022]. Such designs do 
not allow for the establishment of a causal relationship or the precise identification of risk factors [Liang 2025]. 
Long-term prospective studies covering large populations are necessary to assess the dynamics of 
immunological processes following infection [Venter 2025]. These studies should consider the genetic, 
epigenetic, and environmental profiles of patients to identify those most susceptible to complications [Xie 
2023]. International case registries are also needed to compare the incidence of complications in different 
populations [Miskovic 2023]. Clinical trials should focus on the effectiveness of immunomodulatory therapies 
in preventing progression from autoimmune to neoplastic disease [Owliaee 2023]. A significant challenge is 
the development of uniform diagnostic and therapeutic protocols that can be applied across centers and 
countries [Balbona 2024]. The development of modern tools, such as artificial intelligence and big data, will 
enable the integration of immunological, clinical, and molecular data to create predictive algorithms [Liang 
2025]. The lack of such initiatives delays the implementation of personalized medicine in the field of 
autoimmunity and immuno-oncology [Venter 2025]. 
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9. Summary and Conclusions 

9.1. Key Findings 

Accumulating evidence clearly indicates that viral infections play a significant role in the initiation and 

progression of autoimmune processes, as well as in triggering neoplastic transformation [Young 2022]. 

Mechanisms such as molecular mimicry, epitope spreading, bystander activation, and Treg deregulation are 

common pathophysiological pathways for many diseases, including SLE, MS, Guillain-Barré syndrome, and 

autoimmune thyroiditis [Liang 2025]. At the same time, chronic immune activation following infections can 

create an environment conducive to tumorigenesis by inducing oxidative stress, angiogenesis, and 

immunosuppression [Xie 2023]. In the field of immuno-oncology, the link between autoimmunity and the 

effectiveness of immunomodulatory therapies, such as checkpoint inhibitors, is becoming increasingly clear, 

although this is accompanied by the risk of serious adverse events (irAEs) [Miskovic 2023]. From a diagnostic 

perspective, immunological biomarkers (ANA, ENA, antiphospholipid antibodies), cytokine profile analysis, 

and molecular imaging are crucial, but there are still no clear criteria differentiating the early stages of cancer 

and autoimmunity [Owliaee 2023]. 

 

9.2. Potential Clinical and Policy Implications 

The results of the available studies have significant implications for clinical practice, prevention, and 

health policy [Venter 2025]. First, it is necessary to implement monitoring programs for patients with prior 

high-risk infections, such as EBV, HBV, HCV, or SARS-CoV-2, for early detection of autoimmune processes 

or neoplastic transformation [Liang 2025]. Second, the results suggest the need to develop guidelines for the 

use of anticancer immunotherapy in patients with existing autoimmunity to minimize the risk of irAEs [Xie 

2023]. From a public health perspective, vaccination programs, including those against HPV and HBV, are 

crucial, as they have demonstrated a significant impact on reducing the risk of virus-related cancers [Balbona 

2024]. Furthermore, in the context of the COVID-19 pandemic, there is a need to develop algorithms for 

managing autoimmune complications following infection or vaccination to ensure population safety while 

maintaining high vaccine efficacy [Owliaee 2023]. Finally, this issue should be reflected in the priorities of 

research funded by government and international agencies, as it concerns both chronic diseases and cancers, 

which generate enormous healthcare costs [Young 2022]. 

 

9.3. Directions for Future Research 

Future research should focus on developing personalized preventive and therapeutic strategies that take 

into account patients' genetic, immunological, and environmental profiles [Liang 2025]. Multicenter, 

prospective studies encompassing large populations are necessary to better understand the dynamics of 

autoimmunity and neoplastic transformation following infections [Venter 2025]. A key area remains the 

identification of predictive biomarkers that will enable early intervention before clinical symptoms develop 

[Xie 2023]. Furthermore, the use of new technologies such as next-generation sequencing, epigenetic analysis, 

and artificial intelligence to create predictive risk models is essential [Owliaee 2023]. Pediatric populations 

and immunosuppressed individuals, who exhibit different disease mechanisms and treatment responses, 

require special attention [Miskovic 2023]. Another important direction is to assess the long-term impact of 

immunotherapy on the development of secondary autoimmunity and cancer, which may influence oncological 

treatment strategies [Balbona 2024]. Finally, future research should combine the perspectives of immunology, 

oncology, and epidemiology within interdisciplinary research consortia to obtain a comprehensive picture of 

the problem [Young 2022]. 
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