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 Abstract
Introduction
Previous studies suggest an association between herpes virus infections and idiopathic pulmonary
fibrosis (IPF), but the causal relationship remains largely unclear. We used bidirectional Mendelian
randomization (MR) to investigate the causal effect of crucial antibodies against herpes virus on IPF.

Material and methods
The data for different antibodies against herpes simplex virus (HSV), cytomegalovirus (CMV), and
Epstein-Barr virus (EBV) were obtained from the IEU GWAS database
(https://gwas.mrcieu.ac.uk/datasets/), and the data for IPF were obtained from the Finngen GWAS
database (https://r7.finngen.fi/). We selected eligible single nucleotide polymorphisms (SNPs) from
summary-level data of GWAS as instrumental variables. The Generalized Summary data-based MR
(GSMR) method was used as the main analysis method, complemented by inverse-variance weighted
(IVW), MR-Egger, and weighted median analyses. Sensitivity analyses were conducted to check the
robustness of the MR results, and reverse MR analyses were performed to assess the presence of
reverse causality.

Results
We found that the levels of antibodies against the EBV viral capsid antigen (VCA) p18 were
associated with an increased risk of IPF. GSMR and IVW results indicate that anti-EBV IgG levels
were significantly negatively associated with IPF. Sensitivity analyses confirmed the robustness of our
results.

Conclusions
Our results indicate that EBV infection increases the risk of IPF. Our findings enhance the
understanding of the etiology of IPF. Targeting EBV infection may aid in the prevention and treatment
of IPF. Prep

rin
t
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Abstract 

Background 

Previous studies suggest an association between herpes virus infections and idiopathic 

pulmonary fibrosis (IPF), but the causal relationship remains largely unclear. We used 

bidirectional Mendelian randomization (MR) to investigate the causal effect of crucial 

antibodies against herpes virus on IPF. 

Methods 

The data for different antibodies against herpes simplex virus (HSV), cytomegalovirus 

(CMV), and Epstein-Barr virus (EBV) were obtained from the IEU GWAS database 

(https://gwas.mrcieu.ac.uk/datasets/), and the data for IPF were obtained from the 

Finngen GWAS database (https://r7.finngen.fi/). We selected eligible single nucleotide 

polymorphisms (SNPs) from summary-level data of GWAS as instrumental variables. 

The Generalized Summary data-based MR (GSMR) method was used as the main 

analysis method, complemented by inverse-variance weighted (IVW), MR-Egger, and 

weighted median analyses. Sensitivity analyses were conducted to check the robustness 

of the MR results, and reverse MR analyses were performed to assess the presence of 

reverse causality. 

Results 

We found that the levels of antibodies against the EBV viral capsid antigen (VCA) p18 

were associated with an increased risk of IPF. GSMR and IVW results indicate that 
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anti-EBV IgG levels were significantly negatively associated with IPF. Sensitivity 

analyses confirmed the robustness of our results. 

Conclusions 

Our results indicate that EBV infection increases the risk of IPF. Our findings enhance 

the understanding of the etiology of IPF. Targeting EBV infection may aid in the 

prevention and treatment of IPF. 

Keywords 

Mendelian randomization, idiopathic pulmonary fibrosis, herpes virus infection, 

antibody 

Introduction 

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive interstitial lung disease of 

unknown cause, characterized by gradual fibrosis of the lung tissue, leading to a 

progressive loss of lung function and, ultimately, death(1). The disease predominantly 

affects older men, with a median survival time of only 3 to 5 years after diagnosis(2). 

The incidence of IPF has steadily increased over the years(3). A recent study on 

Medicare beneficiaries in the United States reported a rise from 202 cases per 100,000 

in 2001 to 495 cases in 2011 among those aged 65 and older(4). Currently, lung 

transplantation remains the only definitive treatment for IPF. Nintedanib and 

pirfenidone are the main FDA-approved drugs used in clinical practice to slow the 

progression of IPF. The complexity of IPF and the unclear etiology contribute to the 

significant challenges in its treatment(5-7). 
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Repeated injury to the alveolar epithelium leads to fibrosis. Factors such as genetic 

predispositions, environmental influences, immune dysregulation, and microbial 

elements all act as triggers for alveolar damage in IPF(8). Among microbial factors, 

viruses are the most extensively studied, with chronic viral infections—such as those 

caused by herpes simplex virus (HSV), Epstein-Barr virus (EBV), and cytomegalovirus 

(CMV)—being implicated in the onset or progression of IPF. A meta-analysis of studies 

from 10 countries, involving 1,287 participants, revealed that viral infections 

significantly increase the risk of developing IPF, but are not associated with the 

exacerbation of the disease. All the analyzed viruses, including EBV, CMV, human 

herpes virus 7 (HHV-7), and human herpes virus 8 (HHV-8), were associated with an 

increased risk of developing IPF(9). Herpes viruses, particularly, have been the subject 

of substantial research. They are categorized into three subfamilies based on their 

cellular targets and sites of latency: (i)  herpes viruses, such as HSV; (ii)  herpes 

viruses, such as CMV; and (iii)  herpes viruses, such as EBV(10). Once a herpes virus 

infects a host, it establishes lifelong latency in the nuclei of host cells, persisting in an 

episomal form, and can periodically reactivate to produce infectious virions, leading to 

symptomatic recurrence(11). The study by Lok et al.(12) in animal models 

demonstrated that herpes viruses do not directly induce pulmonary fibrosis, but viral 

replication can accelerate the fibrotic process in the presence of pre-existing lung injury. 

Further evidence supporting the link between herpes virus infections and IPF 

comes from the study showing elevated titers of HSV immunoglobulin G (IgG), CMV 

IgG, and EBV capsid antigen in IPF patients compared to healthy controls(13). 
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Additionally, high viral loads of EBV and CMV have been detected in the alveolar 

epithelial cells of IPF patients. Interestingly, EBV antigens have been associated with 

markers of endoplasmic reticulum (ER) stress, suggesting a mechanistic link between 

latent viral infections and the development of IPF(14). However, the causal relationship 

between these chronic viral infections and IPF remains to be determined. In fact, current 

observational studies in this field have several limitations, such as small sample sizes, 

residual confounding, detection bias, and reverse causality(15, 16). 

In this study, we aim to analyze the causal relationship between herpes virus 

infections and IPF. Mendelian Randomization (MR) is a robust epidemiological tool 

for causal inference, utilizing summary-level data from genome-wide association 

studies (GWAS) to assess potential causal relationships between exposures and 

outcomes(17). Since alleles are randomly allocated during meiosis, genetic variants 

serve as unconfounded proxies for exposures, minimizing the risk of residual 

confounding and reverse causation inherent in observational studies(18, 19). Routine 

two-sample MR methods employ multiple complementary techniques to maintain the 

robustness of results, including inverse variance weighting (IVW), MR-Egger, 

weighted median, and sensitivity analyses. In contrast to conventional MR, generalized 

summary-data-based MR (GSMR) offers several advantages: it corrects for biases 

using linkage disequilibrium (LD) matrices and employs the Heterogeneity in 

Dependent Instruments (HEIDI) outlier test to identify and remove pleiotropic single 

nucleotide polymorphisms (SNPs), thereby improving the accuracy and reliability of 

causal inferences(20). Given the lack of conclusive epidemiological evidence on the 
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causal relationship between herpes virus infections and IPF, we applied both 

bidirectional two-sample MR and GSMR methods to assess the causal relationship 

between three herpes virus (HSV, CMV, EBV) and the risk of IPF. 

Methods 

Data Sources 

This study utilized large publicly available GWAS databases. To minimize bias due to 

population stratification, we included study samples of European ancestry. We obtained 

the summary GWAS data for twelve antibodies against herpes virus from the study by 

Butler-Laporte et al.(21). Antibody titers were based on log-transformed units. This 

study comprehensively covers various phenotypes associated with herpes virus 

infections (HSV, CMV, EBV). 

We accessed summary-level data for three HSV-related antibodies from the MRC-

IEU UK Biobank and the IEU OpenGWAS project, including GWAS summary 

statistics for Anti-HSV-1 IgG levels (GWAS ID: ieu-b-4906, n = 683), HSV-1 IgG1 

antibody levels (GWAS ID: ebi-a-GCST90006918, n = 6,199), and HSV-2 IgG2 

antibody levels (GWAS ID: ebi-a-GCST90006920, n = 1,382). Similarly, we obtained 

GWAS summary data for four CMV-related antibodies, including Anti-CMV IgG levels, 

CMV pp28 antibody levels, CMV pp52 antibody levels, and CMV pp150 antibody 

levels. These data came from GWAS analyses involving 5,010, 5,087, 5,681, and 5,136 

participants respectively, and were available in GWAS databases under the GWAS IDs 

ieu-b-4900, ebi-a-GCST90006894, ebi-a-GCST90006895, and ebi-a-GCST90006896. 

We also accessed five sets of GWAS summary statistics for EBV-related antibodies, 
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including Anti-EBV IgG levels (GWAS ID: ieu-b-4901, n = 5,010), EBV early antigen-

D (EA-D) antibody levels (GWAS ID: ebi-a-GCST90006898, n = 7,763), EBV nuclear 

antigen-1 (EBNA-1) antibody levels (GWAS ID: ebi-a-GCST90006899, n = 7,972), 

EBV viral capsid antigen (VCA) p18 antibody levels (GWAS ID: ebi-a-

GCST90006900, n = 8,518), and EBV Z EBV Replication Activator (ZEBRA) antibody 

levels (GWAS ID: ebi-a-GCST90006901, n = 8,191). 

We sourced the GWAS summary data for IPF from the FinnGen cohort 

(https://r7.finngen.fi/), which comprised 1,514 IPF cases and 306,063 controls. All 

cases met the International Classification of Diseases (ICD-10) criteria. We provided 

detailed information on the selected datasets in Table 1 and Table S1. 

This study utilized GWAS summary datasets for bidirectional MR analysis. We 

sourced all datasets from previously published publicly available GWAS studies that 

had obtained ethical approval and participant consent. The summary statistics were 

publicly available for download, fully de-identified, and could be accessed without any 

restriction. 

Selection of Instrumental Variables 

The following criteria were applied to select instrumental variables (IVs): (1) SNPs 

reaching GWAS significance threshold (P < 5 × 10⁻⁶) were included as IVs for herpes 

virus-related antibodies, except for the anti-EBV IgG levels, for which the GWAS 

significance threshold was set at P < 5 × 10⁻5 as there were too few SNPs (<3) for the 

procedure to work properly. For reverse causal analyses, we used the same threshold (P 

< 5 × 10⁻⁶) to select SNPs associated with IPF. (2) To ensure independence and 
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minimize the impact of LD, we clumped the GWAS significant SNPs from each split’s 

GWAS with a clumping window of 10,000 kb and an r² threshold of 0.001. The 

reference panel used for LD estimation was the 1000 Genomes phase 3 European 

population. (3) We also excluded SNPs with a minimum allele frequency (MAF) less 

than 0.01 because the impact of these SNPs was not stable. Palindromic SNPs with 

intermediate allele frequencies were removed to avoid strand ambiguity. All non-

matching alleles were aligned, and the signs of the beta estimates were flipped(22). 

Then, the F-statistic was calculated for the selected SNPs, and strong instruments were 

defined as those with an F-statistic > 10(23). The summary of instrument counts, F-

statistics, and related information for each antibody exposure was presented in Tables 

S2 to S5. 

MR Analyses 

GSMR as the Main Analysis 

We employed GSMR as the main analysis method. GSMR is a flexible approach that 

uses summary-level GWAS data from independent studies to conduct MR analysis. 

Multiple near-independent genetic instruments were selected to test causal relationships 

between risk factors (or phenotypes) and disease outcomes(24). The HEIDI-outlier test 

was used to identify and exclude genetic variants exhibiting pleiotropy, thereby 

reducing bias in the causal effect estimates.  

To select valid and independent IVs, we employed the clumping algorithm to 

identify genome-wide significant SNPs for each trait (r² threshold = 0.05, P-value 

threshold = 5 × 10⁻⁶), using the 1000 Genomes phase 3 European samples as the 

Prep
rin

t



reference for LD estimation. To address potential pleiotropy, the HEIDI-outlier test was 

implemented with a P-value threshold of 0.01 to filter SNPs exhibiting horizontal 

pleiotropy effects on both exposure and outcome traits(24). 

Two-Sample MR as Supplemental Analysis 

We applied three additional MR methods as supplemental analyses for the antibody-

disease associations examined in the main analysis-GSMR, including the IVW, MR-

Egger, and weighted median methods. Cochran’s Q statistic was used to quantify 

heterogeneity among the IVs. A statistically significant Cochran’s Q (P < 0.05) 

indicated heterogeneity among the IVs(25). MR pleiotropy residual sum and outliers 

(MR-PRESSO) tests and MR-Egger intercept were used to detect outliers and 

horizontal pleiotropy(26). A significant intercept in the MR-Egger (P < 0.05) indicated 

the presence of pleiotropy. Leave-one-out sensitivity analyses were conducted to verify 

the robustness of the causal effect estimates. 

Statistical Analyses 

MR analyses were conducted using the “TwoSampleMR” and “gsmr” packages in R 

version 4.3.0 (http://r-project.org/). Results were considered significant if the estimates 

from the four methods (GSMR, IVW, MR-Egger, and weighted median) were 

directionally consistent, GSMR result was significant (P < 0.05), and there was no 

significant heterogeneity or pleiotropy. 

Results 

Effect of HSV Infection on IPF 

We first investigated the causal impact of HSV infection on IPF (Figure 1, Tables S6–
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S8, and Figure S1-S3). In GSMR analyses, the results did not support a causal effect of 

antibody levels targeting HSV-1 IgG1 (OR = 1.105, 95% CI: 0.912–1.338, P = 0.310), 

HSV-2 IgG2 (OR = 1.011, 95% CI: 0.903–1.131, P = 0.852), or anti-HSV-1 IgG (OR 

= 0.968, 95% CI: 0.834–1.123, P = 0.670) on IPF. Likewise, in analyses using three 

additional MR methods (IVW, MR-Egger, and weighted median), the results did not 

support a causal relationship between HSV infection and IPF. 

Effect of CMV Infection on IPF 

In our main analyses, we assessed the relationships between four antibodies against 

CMV and IPF using GSMR. In GSMR, the results did not support causal effects of 

antibody levels against CMV pp28 (OR = 0.809, 95% CI: 0.652–1.006, P = 0.056), 

CMV pp52 (OR = 0.916, 95% CI: 0.758–1.108, P = 0.368), CMV pp150 (OR = 0.966, 

95% CI: 0.795–1.174, P = 0.732), or anti-CMV IgG (OR = 1.000, 95% CI: 0.879–1.138, 

P = 1.000) on IPF (Figure 2, Tables S6–S8, and Figures S4–S7). 

Effect of EBV Infection on IPF 

We then examined whether genetically elevated levels of five antibodies against EBV 

had causal effects on IPF (Figure 3 and Figures S8–S12). In GSMR, genetically 

increased antibody levels against EBV VCA p18 were positively associated with IPF 

(OR = 1.185, 95% CI: 1.002–1.402, P = 0.048). In IVW, the association remained 

significant (OR = 1.206, 95% CI: 1.017–1.429, P = 0.031). However, in GSMR, anti-

EBV IgG levels were negatively associated with IPF (OR = 0.970, 95% CI: 0.946–

0.995, P = 0.007). In IVW, the association remained significant, confirming the 

protective effect of anti-EBV IgG levels on IPF (OR = 0.966, 95% CI: 0.941–0.991, P 
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= 0.007). There was no other evidence to support a causal relationship between the 

other EBV antibody levels and IPF. 

No heterogeneity was found with the Cochran’s Q for EBV VCA p18 antibody 

levels (P = 0.549) (Table 2). The calculated P-value of Egger intercept for EBV VCA 

p18 antibody levels was 0.061(Table 2), indicating no potential directional horizontal 

pleiotropy in the MR analysis. 

Effect of IPF on Herpes virus Infection 

In GSMR analyses, no significant causal relationship was observed between IPF and 

infection with any of the three tested herpes viruses (Figure 4). Likewise, in IVW, MR-

Egger, and weighted median analyses, the results did not support a causal relationship 

between IPF and HSV, CMV, or EBV. 

Discussion 

The relationship between herpes virus infections and IPF has been unsettled for 

years. Clarifying the causal relationship between herpes virus infections and IPF could 

provide a theoretical basis for future large-scale antiviral therapeutic trials in IPF. In the 

MR analyses, we found that genetically predicted anti–EBV VCA p18 antibodies and 

anti-EBV IgG levels were causally involved in IPF. Early detection and appropriate 

treatment of EBV infection may help alleviate the progression or worsening of IPF 

symptoms.  

Viruses have long been thought to play an important role in the development and 

progression of IPF. In a systematic review and meta-analysis by Mostafaei et al.(27), 

the overall prevalence of viruses in IPF patients was found to be 53.72%, with HSV 
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(77.7%) and EBV (72.0%) being the most common. The herpes virus family has 

received the most attention as a causative and exacerbating factor in IPF. Significant 

associations with IPF risk have been found for HSV-1, EBV, CMV, HHV-7, and HHV-

8(9, 28). Furthermore, Tang et al.(29) detected herpesvirus DNA in 97% of IPF patients' 

lung tissue samples, with EBV being the predominant virus. Their study also found that 

sporadic IPF patients often harbor two or more herpes viruses, suggesting that genetic 

factors may render familial IPF patients more susceptible to fewer viral infections, 

while sporadic IPF may be linked to multiple viral infections. Genetic predispositions 

could potentially increase susceptibility to herpes virus infections, thereby elevating the 

risk of developing IPF. Seibold et al.(30) reported that a specific polymorphism in the 

MUC5B gene, strongly associated with IPF risk, might enhance susceptibility to viral 

infections, including herpes viruses, by modulating lung immune responses. 

Most existing studies are retrospective case-control studies or meta-analyses, or 

conducted on relatively small cohorts. Due to the low incidence of IPF, conducting 

large-scale prospective studies to investigate actual causal relationships is challenging. 

MR is a method that leverages genetic variants associated with specific exposures as 

IVs to infer causal effects while minimizing confounding(31). MR methods use SNPs 

as IVs to infer causal relationships between exposures and outcomes, variants are 

assigned randomly to offspring by their parents at conception, therefore, the MR 

method is not affected by confounding factors or reverse causality, making it similar to 

the random assignment method used in randomized controlled trials(32, 33). Therefore, 

we utilized MR analysis, which is less susceptible to confounding factors, to explore 
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the causal relationship between herpes virus infections and IPF. We demonstrated that 

genetically elevated anti-EBV VCA p18 levels are a causal risk factor for IPF and that 

genetically elevated anti-EBV IgG levels are a causal protective factor for IPF, though 

high-grade clinical evidence remains lacking. EBV is known to establish latent 

infections in host epithelial and B cells, leading to chronic antigen stimulation and 

persistent inflammatory responses. This chronic stimulation can activate various 

signaling pathways, including NF-κB and PI3K/AKT, which are crucial for cell 

survival, proliferation, and cytokine production(34). Such sustained activation can 

contribute to tissue fibrosis and immune dysregulation, aligning with our observations 

of EBV's strong effect. Furthermore, EBV's ability to evade host immune responses 

through mechanisms such as downregulation of MHC class I molecules and expression 

of viral proteins that inhibit apoptosis can exacerbate epithelial injury and immune 

dysregulation(35). The involvement of EBV in autoimmune diseases, as suggested by 

its association with systemic lupus erythematosus and rheumatoid arthritis, further 

underscores its role in immune dysregulation(35). 

 It is crucial to note that EBV infection triggers a multifaceted immune response, 

leading to the production of distinct antibodies targeting various viral antigens. These 

antibodies can reflect different stages and characteristics of the infection, ranging from 

acute to latent phases(36, 37). For example, antibodies against EBV VCA and EA-D 

are often associated with active or recent infection, while antibodies against nuclear 

antigens are indicative of a more chronic or latent infection state(13). EBV proteins, 

such as EBNA-1, ZEBRA, EA-D, and VCA-p18, are key targets in serology assays. 
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Different serological profiles may be associated with the incubation and clearance 

phases of EBV infection(38, 39). These phases could contribute to IPF progression 

through distinct mechanisms. During latency, chronic antigen stimulation may trigger 

persistent inflammatory responses, leading to fibrosis, whereas acute inflammation and 

tissue damage during viral clearance could further accelerate pulmonary fibrosis(29). 

One of the key factors contributing to progressive pulmonary fibrosis is the excessive 

accumulation of extracellular matrix (ECM), primarily derived from myofibroblasts(1). 

Prolonged EBV infection may lead to excessive deposition of ECM(40). Additionally, 

Sides et al.(41) found that EBV can promote epithelial-mesenchymal transition (EMT), 

which subsequently generates myofibroblasts. All of these mechanisms of chronic 

immune stimulation and the initiation of fibrosis further support our findings. 

The differential association of EBV antibodies with disease risk can be explained 

by statistical explanation and their distinct biological roles. In this study, we adopted a 

relatively conservative statistical approach to enhance the reliability of the results. 

Specifically, we utilized a comprehensive set of genetic instruments for each antibody, 

which allowed us to discern these subtle differences in associations. The statistical 

power to detect associations varies depending on the prevalence and variability of each 

antibody in the population. Even if a biological link exists, some antibodies may lack 

sufficient power to exhibit a significant association. This conservative analytical 

method ensures that the observed associations are robust and not attributed to chance. 

From a biological perspective, antibodies such as IgA against VCA, which signify 

active viral replication, may correlate with ongoing tissue damage and inflammation in 
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the lungs, processes that are known to contribute to the pathogenesis of IPF(40). This 

is supported by studies showing a higher prevalence of EBV DNA and active replication 

markers in the lung tissues of IPF patients compared to controls(36, 37). Antibodies 

like IgG against EBNA, which reflect a latent infection, may not directly contribute to 

the acute inflammatory processes but could indicate a chronic state of viral persistence. 

This persistent infection might contribute to a low-grade, chronic inflammatory milieu 

that, over time, could facilitate fibrotic changes in the lung tissue(13). Furthermore, the 

presence of EBV latent membrane protein 1 (LMP1) antibodies, specifically associated 

with more severe disease progression in IPF, suggests a role for this viral protein in 

modulating host cellular responses. LMP1 is known to mimic a constitutively active 

TNF receptor, activating signaling pathways that can lead to EMT, a process implicated 

in the development of pulmonary fibrosis(41). Thus, the presence of LMP1-specific 

antibodies may indicate a subset of IPF patients in whom EBV is actively influencing 

disease pathology(36, 41).  

For CMV and HSV, we found no significant causal relationship between HSV and 

CMV antibodies and the risk of IPF. This finding is consistent with the results reported 

by Yan et al. (42), who also demonstrated that there is no causal association between 

herpesvirus infections—including HSV and CMV—as well as herpesvirus-related IgG 

levels, and IPF. This suggests that HSV and CMV infections may not play a direct 

causal role in the development and progression of IPF, and also reflects the complexity 

of interactions between CMV and the host, which may vary depending on factors such 

as age, immune status, and genetic predisposition(43). However, Yonemaru et al.(13) 
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found that elevated CMV and HSV IgG titers in IPF patients compared to controls. A 

meta-analysis showed that chronic infections with herpesviruses like EBV, CMV, 

HHV7, and HHV8 significantly increase the risk of IPF(9). Lasithiotaki et al.(44) 

attempted to infect primary macrophages from IPF patients and healthy controls with 

wild-type HSV-1, and found that latent HSV-1 infection may have regulatory effects on 

inflammation, fibrosis, angiogenesis, and wound healing. Zhang et al. (45) used HSV 

infection-related GWAS data from the FinnGen study and conducted an analysis via the 

IVW method. They reported a potential causal effect of HSV infection on the risk of 

developing IPF. Our study findings differ from those of this previous research, and this 

discrepancy may arise from differences in study design, sample size, or the specific IVs 

used. To enhance the robustness of our results, our study analyzed antibody-related data 

for HSV, CMV, and EBV using the GSMR method. It is worth noting that the exact 

mechanism by which HSV-1 contributes to fibrosis remains unclear, and further 

research is needed to determine whether it is a direct cause of fibrosis or merely a 

coexisting pathogen. Additionally, genetic and environmental factors may play 

important roles in determining the impact of the virus on IPF. Costa et al.(46) provides 

valuable insights into how iNK cell receptors can modulate the immune response during 

chronic viral infections such as HIV. In the context of our study, it is plausible that 

similar mechanisms involving iNK cells could contribute to the chronic inflammation 

observed in IPF. While our research focused primarily on the causal relationship 

between herpes virus antibodies and IPF, the persistence of viral antigens, including 

those from EBV, could potentially influence the expression and function of iNK cells. 
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This, in turn, might affect the balance between pro-inflammatory and anti-inflammatory 

responses, contributing to the fibrotic process. Murdaca et al.(47) concerning Th17 cells 

and their involvement in such conditions, provides a comprehensive overview of how 

Th17 cells contribute to the pathogenesis of various autoimmune and inflammatory 

diseases. Th17 cells are known to produce interleukin-17 (IL-17), a pro-inflammatory 

cytokine that can drive tissue inflammation and damage. Given the chronic 

inflammatory nature of IPF, it is conceivable that Th17 cells and IL-17 could play a role 

in the progression of the disease.  

There are some limitations to our study. First, our sample was composed of 

individuals of European ancestry, which may limit the generalizability of our findings 

to other ethnic groups. Second, we found a significant association between EBV 

infection and IPF only in the GSMR and IVW analyses, and further research is needed 

to confirm and expand on these findings, especially in larger clinical cohorts. Third, the 

GWAS for herpes virus infections was based on serological samples, and there is a 

distinction between herpes virus infections seropositivity and actual ongoing infection. 

Therefore, our results should be interpreted with caution, as false positives or negatives 

cannot be excluded. Lastly, we lacked additional details related to IPF, such as family 

history, genetic factors, age, sex, lifestyle, and comorbidities, preventing us from 

performing further stratified analyses. Future studies should focus on collecting data 

from independent populations and obtaining more SNPs or increasing the sample size. 

Some studies have shown that antiviral therapy may have a positive impact on 

delaying disease progression in IPF patients. Tang et al. (29) observed improvement in 
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two EBV-positive IPF patients after short-term valganciclovir treatment and found that 

EBV was no longer detectable in their sputum. Egan et al. (48) treated 14 EBV-positive 

patients with advanced IPF using ganciclovir, and after 8 weeks of treatment, 64.3% 

(9/14) of the patients showed symptom improvement. However, these studies have 

limitations such as small sample size, short treatment time, and lack of control group. 

At this stage, antiviral therapy cannot yet be considered an effective treatment for IPF, 

and further research is still needed in the future. Our study aims to contribute to future 

therapeutic strategies and elucidate the underlying mechanisms of IPF. Nevertheless, 

the role of EBV antibody levels in IPF progression and the influence of individual 

genetic susceptibility remain unclear. Future research using longitudinal multi-omics 

analyses, integrating various types of data, may help clarify these uncertainties. 

Conclusion 

In conclusion, our integrative MR study, combining bidirectional and GSMR 

approaches, provides novel genetic evidence for a causal relationship between primary 

EBV infection and an increased risk of IPF. Specifically, elevated antibody levels 

against the EBV VCA p18 significantly increase the risk of developing IPF, whereas 

higher anti-EBV IgG levels appeared to exert a potential protective effect. These 

findings reveal the complex role of EBV-specific immune responses in the pathogenesis 

of IPF and suggest that chronic viral antigen stimulation may contribute to disease 

progression. By elucidating this causal relationship, our study offers new insights into 

early prevention and targeted antiviral or immunomodulatory therapeutic strategies for 

IPF. 
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This supplementary file includes: Figs. S1 to S12 and tables S1 to S8.  

Abbreviations 

CI, confidence interval; CMV, cytomegalovirus; EA-D, EBV early antigen-D; EBNA-

1, EBV nuclear antigen-1; EBV, Epstein-Barr virus; EBV VCA p18, EBV viral capsid 

antigen p18; EBV ZEBRA, EBV Z EBV Replication Activator; GSMR, generalized 

summary data based MR; GWAS, genome-wide association studies; HEIDI, 

Heterogeneity in Dependent Instruments; HSV, herpes simplex virus; IgG, 

immunoglobulin G; IPF, idiopathic pulmonary fibrosis; IV, instrumental variable; IVW, 

inverse variance weighted; LD, linkage disequilibrium; MAF, minimum allele 

frequency; MR, Mendelian randomization; MR-PRESSO, MR pleiotropy residual sum 

and outliers; OR, odds ratio; SNPs, single nucleotide polymorphisms. 

Declarations 

Ethics approval statement 

The study used the large publicly available GWAS databases, which have received 

approval from their relevant ethical review board and participants. 

Patient consent statement 

Not applicable. 

Data availability statement 

The original contributions presented in the study are included in the 

article/Supplementary Material, further inquiries can be directed to the corresponding 

author. 

Prep
rin

t



Conflict of interest disclosure 

The authors declare that they have no competing interests. 

Funding statement 

Not applicable. 

Permission to reproduce material from other sources 

Not applicable. 

Clinical trial registration 

Not applicable. 

References 

1. Richeldi L, Collard HR, Jones MG. Idiopathic pulmonary fibrosis. Lancet. 

2017;389(10082):1941-52. 

2. Neumark N, Cosme C, Jr., Rose KA, Kaminski N. The Idiopathic Pulmonary Fibrosis Cell 

Atlas. Am J Physiol Lung Cell Mol Physiol. 2020;319(6):L887-l93. 

3. Cottin V, Hirani NA, Hotchkin DL, Nambiar AM, Ogura T, Otaola M, et al. Presentation, 

diagnosis and clinical course of the spectrum of progressive-fibrosing interstitial lung diseases. Eur 

Respir Rev. 2018;27(150). 

4. Raghu G, Chen SY, Yeh WS, Maroni B, Li Q, Lee YC, et al. Idiopathic pulmonary fibrosis in 

US Medicare beneficiaries aged 65 years and older: incidence, prevalence, and survival, 2001-11. 

Lancet Respir Med. 2014;2(7):566-72. 

5. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, et al. An official 

ATS/ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence-based guidelines for 

diagnosis and management. Am J Respir Crit Care Med. 2011;183(6):788-824. 

6. King TE, Jr., Bradford WZ, Castro-Bernardini S, Fagan EA, Glaspole I, Glassberg MK, et al. 

A phase 3 trial of pirfenidone in patients with idiopathic pulmonary fibrosis. N Engl J Med. 

2014;370(22):2083-92. 

7. Richeldi L, Cottin V, du Bois RM, Selman M, Kimura T, Bailes Z, et al. Nintedanib in patients 

with idiopathic pulmonary fibrosis: Combined evidence from the TOMORROW and INPULSIS(®) 

trials. Respir Med. 2016;113:74-9. 

8. Moss BJ, Ryter SW, Rosas IO. Pathogenic Mechanisms Underlying Idiopathic Pulmonary 

Fibrosis. Annu Rev Pathol. 2022;17:515-46. 

9. Sheng G, Chen P, Wei Y, Yue H, Chu J, Zhao J, et al. Viral Infection Increases the Risk of 

Idiopathic Pulmonary Fibrosis: A Meta-Analysis. Chest. 2020;157(5):1175-87. 

10. Roizmann B, Desrosiers RC, Fleckenstein B, Lopez C, Minson AC, Studdert MJ. The family 

Herpesviridae: an update. The Herpesvirus Study Group of the International Committee on 

Taxonomy of Viruses. Arch Virol. 1992;123(3-4):425-49. 

Prep
rin

t



11. Duckworth A, Longhurst HJ, Paxton JK, Scotton CJ. The Role of Herpes Viruses in Pulmonary 

Fibrosis. Front Med (Lausanne). 2021;8:704222. 

12. Lok SS, Haider Y, Howell D, Stewart JP, Hasleton PS, Egan JJ. Murine gammaherpes virus as 

a cofactor in the development of pulmonary fibrosis in bleomycin resistant mice. Eur Respir J. 

2002;20(5):1228-32. 

13. Yonemaru M, Kasuga I, Kusumoto H, Kunisawa A, Kiyokawa H, Kuwabara S, et al. Elevation 

of antibodies to cytomegalovirus and other herpes viruses in pulmonary fibrosis. Eur Respir J. 

1997;10(9):2040-5. 

14. Kropski JA, Pritchett JM, Zoz DF, Crossno PF, Markin C, Garnett ET, et al. Extensive 

phenotyping of individuals at risk for familial interstitial pneumonia reveals clues to the 

pathogenesis of interstitial lung disease. Am J Respir Crit Care Med. 2015;191(4):417-26. 

15. Sekula P, Del Greco MF, Pattaro C, Köttgen A. Mendelian Randomization as an Approach to 

Assess Causality Using Observational Data. J Am Soc Nephrol. 2016;27(11):3253-65. 

16. Davey Smith G, Hemani G. Mendelian randomization: genetic anchors for causal inference in 

epidemiological studies. Hum Mol Genet. 2014;23(R1):R89-98. 

17. Emdin CA, Khera AV, Kathiresan S. Mendelian Randomization. JAMA. 2017;318(19):1925-

6. 

18. Choi KW, Chen CY, Stein MB, Klimentidis YC, Wang MJ, Koenen KC, et al. Assessment of 

Bidirectional Relationships Between Physical Activity and Depression Among Adults: A 2-Sample 

Mendelian Randomization Study. JAMA Psychiatry. 2019;76(4):399-408. 

19. Walker VM, Zheng J, Gaunt TR, Smith GD. Phenotypic Causal Inference Using Genome-Wide 

Association Study Data: Mendelian Randomization and Beyond. Annu Rev Biomed Data Sci. 

2022;5:1-17. 

20. Lin BD, Alkema A, Peters T, Zinkstok J, Libuda L, Hebebrand J, et al. Assessing causal links 

between metabolic traits, inflammation and schizophrenia: a univariable and multivariable, 

bidirectional Mendelian-randomization study. Int J Epidemiol. 2019;48(5):1505-14. 

21. Butler-Laporte G, Kreuzer D, Nakanishi T, Harroud A, Forgetta V, Richards JB. Genetic 

Determinants of Antibody-Mediated Immune Responses to Infectious Diseases Agents: A Genome-

Wide and HLA Association Study. Open Forum Infect Dis. 2020;7(11):ofaa450. 

22. Abecasis GR, Altshuler D, Auton A, Brooks LD, Durbin RM, Gibbs RA, et al. A map of human 

genome variation from population-scale sequencing. Nature. 2010;467(7319):1061-73. 

23. He Q, Wang W, Xu D, Xiong Y, You C, Tao C, et al. Causal Association of Iron Status With 

Functional Outcome After Ischemic Stroke. Stroke. 2024;55(2):423-31. 

24. Zhu Z, Zheng Z, Zhang F, Wu Y, Trzaskowski M, Maier R, et al. Causal associations between 

risk factors and common diseases inferred from GWAS summary data. Nat Commun. 2018;9(1):224. 

25. Burgess S, Bowden J, Fall T, Ingelsson E, Thompson SG. Sensitivity Analyses for Robust 

Causal Inference from Mendelian Randomization Analyses with Multiple Genetic Variants. 

Epidemiology. 2017;28(1):30-42. 

26. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid instruments: 

effect estimation and bias detection through Egger regression. Int J Epidemiol. 2015;44(2):512-25. 

27. Mostafaei S, Sayad B, Azar MEF, Doroudian M, Hadifar S, Behrouzi A, et al. The role of viral 

and bacterial infections in the pathogenesis of IPF: a systematic review and meta-analysis. Respir 

Res. 2021;22(1):53. 

28. Moore BB, Moore TA. Viruses in Idiopathic Pulmonary Fibrosis. Etiology and Exacerbation. 

Prep
rin

t



Ann Am Thorac Soc. 2015;12 Suppl 2(Suppl 2):S186-92. 

29. Tang YW, Johnson JE, Browning PJ, Cruz-Gervis RA, Davis A, Graham BS, et al. Herpesvirus 

DNA is consistently detected in lungs of patients with idiopathic pulmonary fibrosis. J Clin 

Microbiol. 2003;41(6):2633-40. 

30. Seibold MA, Wise AL, Speer MC, Steele MP, Brown KK, Loyd JE, et al. A common MUC5B 

promoter polymorphism and pulmonary fibrosis. N Engl J Med. 2011;364(16):1503-12. 

31. Cheng C, Bao X, Zheng L, Wei L, Liu W, Jiang H, et al. Causal relationship between carotene 

levels and male erectile dysfunction: a sex-stratified Mendelian randomization study. Arch Med Sci. 

2025;21(3):1069-72. 

32. Zhu L, Gao Q, Guo X, Xu Z, Zhang J. Causal relationship between sleep traits and erectile 

dysfunction: evidence from Mendelian randomization analysis. Arch Med Sci. 2025;21(2):597-604. 

33. Feng K, Yuan J, Wei Y, Li M. Association between type 1 diabetes mellitus and esophageal 

varices: a Mendelian randomization study. Arch Med Sci. 2025;21(2):605-16. 

34. Zhao P, Chen K, Yang L, Wan C, Zhang L, Luo S, et al. Clinical and functional characterization 

of a novel TNFRSF9 variant causing immune dysregulation with predisposition to EBV-driven 

lymphomagenesis. Front Immunol. 2025;16:1605221. 

35. Morawiec N, Adamczyk B, Spyra A, Herba M, Boczek S, Korbel N, et al. The Role of Epstein-

Barr Virus in the Pathogenesis of Autoimmune Diseases. Medicina (Kaunas). 2025;61(7). 

36. Tsukamoto K, Hayakawa H, Sato A, Chida K, Nakamura H, Miura K. Involvement of Epstein-

Barr virus latent membrane protein 1 in disease progression in patients with idiopathic pulmonary 

fibrosis. Thorax. 2000;55(11):958-61. 

37. Stewart JP, Egan JJ, Ross AJ, Kelly BG, Lok SS, Hasleton PS, et al. The detection of Epstein-

Barr virus DNA in lung tissue from patients with idiopathic pulmonary fibrosis. Am J Respir Crit 

Care Med. 1999;159(4 Pt 1):1336-41. 

38. Erre GL, Mameli G, Cossu D, Muzzeddu B, Piras C, Paccagnini D, et al. Increased Epstein-

Barr Virus DNA Load and Antibodies Against EBNA1 and EA in Sardinian Patients with 

Rheumatoid Arthritis. Viral Immunol. 2015;28(7):385-90. 

39. Westergaard MW, Draborg AH, Troelsen L, Jacobsen S, Houen G. Isotypes of Epstein-Barr 

virus antibodies in rheumatoid arthritis: association with rheumatoid factors and citrulline-

dependent antibodies. Biomed Res Int. 2015;2015:472174. 

40. Manika K, Alexiou-Daniel S, Papakosta D, Papa A, Kontakiotis T, Patakas D, et al. Epstein-

Barr virus DNA in bronchoalveolar lavage fluid from patients with idiopathic pulmonary fibrosis. 

Sarcoidosis Vasc Diffuse Lung Dis. 2007;24(2):134-40. 

41. Sides MD, Klingsberg RC, Shan B, Gordon KA, Nguyen HT, Lin Z, et al. The Epstein-Barr 

virus latent membrane protein 1 and transforming growth factor--β1 synergistically induce 

epithelial--mesenchymal transition in lung epithelial cells. Am J Respir Cell Mol Biol. 

2011;44(6):852-62. 

42. Yan H, Zhu C, Jin X, Feng G. Mendelian randomization reveals no correlations between 

herpesvirus infection and idiopathic pulmonary fibrosis. PloS one. 2023;18(11):e0295082. 

43. Hsu FM, Mohanty RP, Rubbi L, Thompson M, Pickering H, Reed EF, et al. An epigenetic 

human cytomegalovirus infection score predicts viremia risk in seropositive lung transplant 

recipients. Epigenetics. 2024;19(1):2408843. 

44. Lasithiotaki I, Antoniou KM, Vlahava VM, Karagiannis K, Spandidos DA, Siafakas NM, et al. 

Detection of herpes simplex virus type-1 in patients with fibrotic lung diseases. PLoS One. 

Prep
rin

t



2011;6(12):e27800. 

45. Zhang M, Qiu J, Wang R. Mendelian randomization study on the causal effect of herpes 

simplex virus infection on idiopathic pulmonary fibrosis. Expert Rev Respir Med. 2024;18(5):341-

7. 

46. Costa P, Rusconi S, Mavilio D, Fogli M, Murdaca G, Pende D, et al. Differential disappearance 

of inhibitory natural killer cell receptors during HAART and possible impairment of HIV-1-specific 

CD8 cytotoxic T lymphocytes. AIDS. 2001;15(8):965-74. 

47. Murdaca G, Colombo BM, Puppo F. The role of Th17 lymphocytes in the autoimmune and 

chronic inflammatory diseases. Intern Emerg Med. 2011;6(6):487-95. 

48. Egan JJ, Adamali HI, Lok SS, Stewart JP, Woodcock AA. Ganciclovir antiviral therapy in 

advanced idiopathic pulmonary fibrosis: an open pilot study. Pulm Med. 2011;2011:240805. 

  

Figure titles  

Figure 1. The forest plot of the causal relationship between herpes simplex virus and 

idiopathic pulmonary fibrosis. HSV, herpes simplex virus; OR, odds ratio; CI, 

confidence interval; GSMR, generalized summary data based Mendelian 

randomization; IVW, inverse variance weighted. 

Figure 2. The forest plot of the causal relationship between cytomegalovirus and 

idiopathic pulmonary fibrosis. CMV, cytomegalovirus; OR, odds ratio; CI, confidence 

interval; GSMR, generalized summary data based Mendelian randomization; IVW, 

inverse variance weighted. 

Figure 3. The forest plot of the causal relationship between Epstein-Barr virus and 

idiopathic pulmonary fibrosis. EBV, Epstein-Barr virus; OR, odds ratio; CI, confidence 

interval; GSMR, generalized summary data based Mendelian randomization; IVW, 

inverse variance weighted. 

Figure 4. The forest plot of the causal relationship between idiopathic pulmonary 

fibrosis and herpes virus infections. HSV, herpes simplex virus; CMV, cytomegalovirus; 

EBV, Epstein-Barr virus; OR, odds ratio; CI, confidence interval; GSMR, generalized 
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summary data based Mendelian randomization; IVW, inverse variance weighted. 

 

Table 1. Baseline characteristics for participants. 

Exposure/

outcome 
Phenotype GWAS ID Data source 

Sample 

size* 
Population 

Antibodies 

against 

HSV 

Anti-HSV-1 IgG 

levels 
ieu-b-4906 

IEU 

OpenGWAS 
683 European 

 
HSV-1 IgG1 

antibody levels 

ebi-a-

GCST9000691

8 

UK Biobank 

cohort 
6,199 European 

 
HSV-2 IgG2 

antibody levels 

ebi-a-

GCST9000692

0 

UK Biobank 

cohort 
1,382 European 

Antibodies 

against 

CMV 

Anti-CMV IgG 

levels 
ieu-b-4900 

IEU 

OpenGWAS 
5,010 European 

 
CMV pp28 

antibody levels 

ebi-a-

GCST9000689

4 

UK Biobank 

cohort 
5,087 European 

 
CMV pp52 

antibody levels 

ebi-a-

GCST9000689

5 

UK Biobank 

cohort 
5,681 European 

 
CMV pp150 

antibody levels 

ebi-a-

GCST9000689

6 

UK Biobank 

cohort 
5,136 European 

Antibodies 

against 

EBV 

Anti-EBV IgG 

levels 
ieu-b-4901 

IEU 

OpenGWAS 
5,010 European 

 
EBV EA-D 

antibody levels 

ebi-a-

GCST9000689

8 

UK Biobank 

cohort 
7,763 European 

 
EBV EBNA-1 

antibody levels 

ebi-a-

GCST9000689

9 

UK Biobank 

cohort 
7,972 European 

 
EBV VCA p18 

antibody levels 

ebi-a-

GCST9000690

0 

UK Biobank 

cohort 
8,518 European 

 
EBV ZEBRA 

antibody levels 

ebi-a-

GCST9000690

1 

UK Biobank 

cohort 
8,191 European 
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IPF          - 

Idiopathic 

pulmonary 

fibrosis 

FinnGen 

cohort 

1,514/3

06,063 
European 

*Sample size shown as a total number for quantitative traits and cases/controls for binary traits. 

EBV, Epstein-Barr virus; CMV, cytomegalovirus; HSV, herpes simplex virus; EA, EBV early antigen; EBNA-1, 

EBV nuclear antigen-1; IgG, immunoglobulin G; EBV VCA p18, EBV viral capsid antigen p18; EBV ZEBRA, 

EBV Z EBV Replication Activator; IPF, idiopathic pulmonary fibrosis. 
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Table 2 The pleiotropic and heterogeneous results of five antibodies against EBV and IPF. 

 Pleiotropy test  Heterogeneity test 

 MR-Egger  MR-PRESSO test   MR-Egger  IVW 

Exposure intercept se 
P 

value 
 

Beta 

(raw) Beta (outlier) 

P value (Global 

Test) Q 

P 

value 
 

Q 

P 

value 

Anti-EBV IgG levels 0.006 0.013 0.627  -0.035 NA 0.173  87.877 0.256  88.138 0.275 

EBV EA-D antibody 

levels 
-0.064 0.034 0.096  -0.217 NA 0.107  7.600 0.473  11.155 0.265 

EBV EBNA-1 antibody 

levels 
-0.004 0.025 0.862  0.023 NA 0.722  11.361 0.787  11.392 0.835 

EBV VCA p18 antibody 

levels 
0.045 0.023 0.061  0.187 NA 0.142  19.567 0.549  23.479 0.375 

EBV ZEBRA antibody 

levels 
-0.056 0.029 0.084  -0.096 NA 0.240  5.316 0.869  8.994 0.622 

EBV, Epstein-Barr virus; EA, EBV early antigen; EBNA-1, EBV nuclear antigen-1; IgG, immunoglobulin G; EBV VCA p18, EBV viral capsid antigen p18; EBV ZEBRA, EBV Z EBV Replication 

Activator; IPF, idiopathic pulmonary fibrosis; IVW, inverse variance weighted. 
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