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ARTICLE INFO ABSTRACT

Handling Editor: Dr Y. Renaudineau Background: Infections may trigger autoimmunity, but large-scale studies on antibodies to infections and their

associations with autoimmune diseases are limited. We aim to better understand the etiologic role of infection.

Keywords: Methods: We analyzed 9429 UK Biobank participants for 45 antibody responses to 20 pathogens. Association
An“b‘_)dy between seropositivity and autoimmune diseases was assessed with logistic regression for prevalence and Cox
Infec,non . regression for incidence, applying Bonferroni correction. 49 autoimmune diseases were ascertained via Inter-
Autoimmune diseases . e s . . .

UK biobank national Classification of Diseases codes and self-reported diagnoses, of which 14 were analyzed.

Results: At baseline, 671 (7.1 %, 58 % female) had at least one autoimmune disease. In males, HSV-1 seropos-
itivity was linked to lower odds of rheumatic fever/rheumatic heart disease (odds ratio 0.29 [95 % CI
0.12-0.68]), at Bonferroni significance. At nominal significance (p < 0.05), eight associations were observ-
ed—positive: HHV-6B-type 1 diabetes, H. pylori-sarcoidosis, HPV-18-type 1 diabetes, JCV-psoriasis; inverse:
T. gondii—celiac disease, H. pylori-Crohn’s disease, HSV-1-multiple sclerosis, HHV-7-rheumatoid arthritis. Of
8758 autoimmune disease-free individuals, 627 developed autoimmune diseases. In females, seropositivity to
HPV-18 was associated with rheumatoid arthritis (hazard ratio 2.26 [95 % CI 1.34-3.82]), at Bonferroni sig-
nificance. HRs for 3 nominal seropositivity/autoimmune disease associations (1 inverse, 2 positive) ranged from
0.42 [95 % CI 0.21-0.87] (HHV-6B/vasculitis) to 3.62 [95 % CI 1.29-10.12] (C. trachomatis/psoriasis) in both
sexes.

Conclusions: This study examined cross-sectional and prospective associations between antibodies to infectious
agents and autoimmune diseases. Inverse associations may suggest infections could train the immune system or
reflect altered host immunity, while positive associations indicate potential autoimmune triggers. These findings
enhance understanding of autoimmune disease etiology and provide a foundation for future mechanistic studies
and hypothesis-driven research.

Cohort study

1. Introduction

Infections can influence the immune system, potentially triggering or
exacerbating autoimmune diseases or modulating these conditions [1].
Molecular mimicry, where components of pathogens closely resemble
human elements, may cause the immune system to attack its own tissue
mistakenly [2]. Conversely, infections may promote immune tolerance
or dampen inflammatory responses, reducing autoimmune susceptibil-
ity. Additionally, infections often modulate type I interferons, which can
inhibit or enhance immune cell activity depending on the context,
sometimes suppressing pro-inflammatory processes that could drive
autoimmune activity [3]. Beyond molecular mimicry and tolerance,

other mechanisms such as epitope spreading and bystander activation
also play important roles in infection-driven autoimmunity [4].

Various bacterial and viral infections have been implicated in the
development of autoimmune diseases. One of the most well-established
associations is between streptococcal infection and acute rheumatic
fever (RF), which can progress to rheumatic heart disease (RHD) [5].
Epstein-Barr virus (EBV) has been associated with various autoimmune
diseases, including multiple sclerosis (MS), systemic lupus erythemato-
sus, and Sjogren’s disease [6-10]. Furthermore, the COVID-19
pandemic, in which millions experienced acute and chronic infections
simultaneously, is prompting extensive research to clarify the links be-
tween infection and autoimmune diseases [11].
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Advances in understanding how infectious agents trigger autoim-
munity are illuminating the role of infection in common autoimmune
diseases, but previous epidemiologic studies primarily focused on the
history of infection linked with autoimmune diseases and many were
limited by restricted pathogen panels or retrospective study designs [5,
6,9,12]. To our knowledge, large-scale prospective studies on antibodies
to infections and their associations with autoimmune diseases are
limited. By exploring associations between seropositivity to common
human infectious agents and the prevalent and incident autoimmune
diseases in UK Biobank, we aim to better understand the etiologic role of
infection in autoimmune diseases.

2. Materials and methods
2.1. Study participants

Data were obtained from the UK Biobank, a large-scale prospective
study designed to explore genetic, lifestyle, and environmental factors
contributing to various diseases in the general UK population [13]. Be-
tween January 1, 2006, and December 31, 2010, ~500,000 adults aged
37 to 73 were enrolled at 22 assessment centers across the UK. At
baseline, participants completed a questionnaire on sociodemographic,
lifestyle, medical history, and medications, and underwent physical
measurements.

2.2. Assessment of seropositivity to infectious agents

We utilized serological antibodies to infectious agents, made avail-
able through the UK Biobank [14]. The Multiplex Serology panel was
developed and validated by the UK Biobank in collaboration with the
German Cancer Research Centre (DKFZ), and the 20 pathogens were
preselected by that team based on scientific relevance and assay avail-
ability. A randomly selected ~10,000 participants had their serum
analyzed using the Multiplex Serology panel, a bead-based platform that
enhances enzyme-linked immunosorbent assay to measure serum
immunoglobulin levels for high-throughput analysis. Each
pathogen-specific assay was validated against a gold-standard reference
using independent sera, exceeding the 85 % thresholds for sensitivity
and specificity (median 97.0 % and 93.7 %, respectively). Further de-
tails, including the cut-offs used to determine sero-positivity, by Drs.
Tim Waterboer and Nicole Brenner are in Table 1 (https://biobank.ctsu.
ox.ac.uk/crystal/crystal/docs/infdisease.pdf). The panel measured
antibody responses against 45 antigens from 20 viral, bacterial, and
parasite pathogens. The viral pathogens included herpes simplex virus
types 1 and 2 (HSV-1 and HSV-2), varicella-zoster virus (VZV), EBV,
human cytomegalovirus (CMV), human herpesviruses 6 and 7 (HHV-6
and HHV-7), Kaposi’s sarcoma-associated herpesvirus (KSHV), hepatitis
B and C viruses (HBV and HCV), human T-lymphotropic virus 1
(HTLV-1), human immunodeficiency virus 1 (HIV-1), BK and JC poly-
omaviruses (BKV and JCV), Merkel cell polyomavirus (MCV), and
human papillomavirus types 16 and 18 (HPV-16 and HPV-18). The
bacterial pathogens included Chlamydia trachomatis and Helicobacter
pylori, while Toxoplasma gondii represented a protozoan parasite. All
measurements were taken from samples collected during the initial
assessment visit.

2.3. Ascertainment of autoimmune diseases

The definition of autoimmune disease was derived from the Inter-
national Classification of Diseases 9th and 10th Revision codes found in
participants’ hospital inpatient records and self-reported conditions
(Supplementary Table 2). We identified 39 autoimmune diseases,
selected based on prior literature and criteria provided by the Autoim-
mune Registry [15-18]. For the analysis of individual autoimmune
diseases, we focused on 14 diseases for prevalence and another 14 for
incidence, each disease having at least 11 affected individuals, a
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threshold chosen to balance inclusion of rare diseases with the need to
ensure minimally stable estimates and avoid analyses based on
extremely small case numbers (Supplementary Table 2). The diagnosis
date was defined as the date when the ICD-9 or 10 code was first
recorded. The comparison group for the prevalent cases consisted of
individuals who had no prior diagnosis of any of the 39 autoimmune
diseases included in the study.

2.4. Statistical analyses

We used multivariable-adjusted logistic regression to calculate odds
ratios (ORs) and 95 % confidence intervals (CIs) for the association
between seropositivity and autoimmune disease prevalence. Addition-
ally, we used multivariable-adjusted Cox proportional hazards regres-
sion to estimate hazard ratios (HRs) and 95 % confidence intervals (CIs)
for the incidence of any and specific autoimmune disease among auto-
immune disease-free individuals. Participants were followed up from
their recruitment until the earliest occurrence of an autoimmune disease
diagnosis, death, follow-up loss, or the study’s end date (October 31,
2021). Variables violating chi-squared test assumptions, such as ex-
pected cell frequencies to be at least 5, were excluded from both logistic
regression and Cox models. All models were adjusted for age at
recruitment, sex, race and ethnicity (Asian, Black, mixed, White, Other),
socioeconomic status (Townsend deprivation score, continuous),
educational level (college or university, other), body mass index (BMI
kg/m2, continuous), smoking (never, previous, current, unknown) and
alcohol drinking status (never, previous, current, unknown). The per-
centages of unknown status for smoking and alcohol were all less than 1
% and were treated as a missing category. For example, socioeconomic
status and education influence healthcare access and infection exposure,
while BMI, smoking, and alcohol use can modulate immune responses
and inflammatory pathways. Adjusting for these factors helps reduce
potential confounding in estimating the association between infections
and autoimmunity. To test for sex differences, we first included a sex-by-
infection interaction term in the models to obtain p-interaction values,
and subsequently conducted sex-stratified analyses to explore differen-
tial associations. To minimize the reverse causality, we conducted
sensitivity analyses by excluding outcomes that occurred within 2 years
of recruitment.

To account for multiple testing, we applied Bonferroni correction
based on 22 pathogens (0.05/22 = p < 0.0028), treating each antigen as
an independent test. We did not correct across autoimmune diseases, as
the primary focus was pathogen-specific associations. We also consid-
ered nominal significance (p < 0.05) to avoid overlooking potential
associations. All analyses were conducted using R software (version
4.3.3), and statistical tests were two-sided.

3. Results
3.1. Prevalent autoimmune diseases

A total of 9429 participants (mean [SD] age at recruitment, 56.5
[8.2] years; 56 % females; 94.2 % Whites) were analyzed for prevalent
autoimmune diseases (Supplementary Table 3). At baseline, 671 (7.1 %)
had at least one autoimmune disease. Participants with autoimmune
diseases were older (mean 58.1 vs. 56.4 years old), had higher BMI
(mean 28.0 vs. 27.3 kg/mz), were more likely to smoke (former and
current combined; 49.7 vs. 43.8 %), and less likely to consume alcohol
(former and current combined; 93.9 vs. 95.6 %).

Fig. 1 and Supplementary Table 4 show the associations between
seropositivity to infection and prevalent autoimmune disease, for males
and females combined. At the Bonferroni threshold, no antibody-
autoimmune disease associations showed significance. Four positive
nominal associations were observed, including HHV-6B and type 1
diabetes mellitus (T1D) (OR 2.55, 95 % CI 1.11-7.34), H. pylori and
sarcoidosis (OR 2.38, 95 % CI 1.11-5.14), HPV-18 and T1D (OR 1.92,
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Fig. 1. Associations between seropositivity to infection and prevalent autoimmune disease in male and female combined * Significant at nominal cut-off (p < 0.05)
** Significant at Bonferroni cut-off. Abbreviations: HSV1: Herpes Simplex virus-1, HSV2: Herpes Simplex virus-2, VZV: Varicella Zoster Virus, EBV: Epstein-Barr
Virus, CMV: Human Cytomegalovirus, HHV6: Human Herpesvirus-6, HHV6A: Human Herpesvirus-6A, HHV6B: Human Herpesvirus-6B, HHV7: Human
Herpesvirus-7, HBV: Hepatitis B Virus, HCV: Hepatitis C Virus, BKV: Human Polyomavirus BKV, JCV: Human Polyomavirus JCV, MCV: Merkel Cell Polyomavirus
MCV, HPV16: Human Papillomavirus type-16, HPV18: Human Papillomavirus type-18, HIV1: Human Immunodeficiency Virus, C. trachomatis: Chlamydia tra-
chomatis, H. pylori: Helicobacter pylori, T. gondii: Toxoplasma gondii Grey colored cells indicate non-estimable Ors.
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Fig. 2. Associations between seropositivity to infection and prevalent autoimmune disease by sex * Significant at nominal cut-off (p < 0.05).** Significant at
Bonferroni cut-off Green outlined boxes denote significant interaction effects. Abbreviations: HSV1: Herpes Simplex virus-1, HSV2: Herpes Simplex virus-2, VZV:
Varicella Zoster Virus, EBV: Epstein-Barr Virus, CMV: Human Cytomegalovirus, HHV6: Human Herpesvirus-6, HHV6A: Human Herpesvirus-6A, HHV6B: Human
Herpesvirus-6B, HHV7: Human Herpesvirus-7, HBV: Hepatitis B Virus, HCV: Hepatitis C Virus, BKV: Human Polyomavirus BKV, JCV: Human Polyomavirus JCV,
MCV: Merkel Cell Polyomavirus MCV, HPV16: Human Papillomavirus type-16, HPV18: Human Papillomavirus type-18, HIV1: Human Immunodeficiency Virus, C.
trachomatis: Chlamydia trachomatis, H. pylori: Helicobacter pylori, T. gondii: Toxoplasma gondii Grey colored cells indicate non-estimable Ors.
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95 % CI 1.04-3.42), JCV and psoriasis (OR 1.54, 95 % CI 1.06-2.26).
Additionally, four inverse nominal associations were observed for
T. gondii and celiac disease (CD) (OR 0.30, 95 % CI 0.09-0.76), H. pylori
and Crohn’s disease (OR 0.38, 95 % CI 0.14-0.87), HSV-1 and MS (OR
0.45, 95 % CI 0.23-0.90), HHV-7 and rheumatoid arthritis (RA) (OR
0.50, 95 % CI 0.28-0.98).

In the sex-stratified analysis (Fig. 2 and Supplementary Tables 5-6),
seropositivity to HSV-1 was associated with RF/RHD in males (OR 0.29,
95 % CI 0.12-0.68), Bonferroni-significant, but not in females (OR 2.01,
95 % CI 0.57-7.05; p-interaction=0.02). Although there was no statis-
tical heterogeneity between sexes, three nominal associations were
observed only in females: H. pylori and sarcoidosis (OR 3.11, 95 % CI
1.16-8.33), HSV-1 and MS (OR 0.41, 95 % CI 0.19-0.87), and
C. trachomatis and psoriasis (OR 0.32, 95 % CI 0.10-0.98). Similarly,
three nominal associations were found only in males: JCV and psoriasis
(OR 1.70, 95 % CI 1.01-2.85), HHV-6A and RA (OR 0.45, 95 % CI
0.22-0.90), and H. pylori and ulcerative colitis (OR 0.33, 95 % CI
0.11-0.99).

3.2. Incident autoimmune diseases

Incidence analysis included 8758 participants (mean [SD] age, 56.4
[8.2] years; 55.8 % females; 94.1 % Whites) without prior autoimmune
disease diagnosis (Supplementary Table 7). Over a median of 12.7-year
follow-up (interquartile range 1.4 years), 627 (7.2 %) were diagnosed
with at least one incident autoimmune disease. These participants were
older (59.8 vs. 56.2 years old), more socioeconomically deprived
(Townsend deprivation score —1.0 vs. —1.4), less educated (college or
university education; 22.2 vs. 33.0 %), had higher BMI (mean 28.3 vs.
27.2 kg/mz), and were more likely to smoke (47.0 vs. 43.6 %) at
baseline.

Fig. 3 and Supplementary Table 8 show associations between sero-
positivity to infection and incident autoimmune disease for males and
females combined. No associations reached Bonferroni significance, but
two positive and one inverse nominal associations were observed:
C. trachomatis and psoriasis (HR 3.62, 95 % CI 1.29-10.12), HPV-18 and
RA (HR 1.61, 95 % CI 1.03-2.53), HHV-6B and vasculitis (HR 0.42, 95 %
CI 0.21-0.87).

In the sex-stratified analysis (Fig. 4 and Supplementary Tables 9-10),
seropositivity to HPV-18 was associated with RA in females (HR 2.26,
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Fig. 3. Associations between seropositivity to infection and incident autoim-
mune disease in male and female combined * Significant at nominal cut-off (p
< 0.05) ** Significant at Bonferroni cut-off HSV1: Herpes Simplex virus-1,
HSV2: Herpes Simplex virus-2, VZV: Varicella Zoster Virus, EBV: Epstein-Barr
Virus, CMV: Human Cytomegalovirus, HHV6: Human Herpesvirus-6, HHV6A:
Human Herpesvirus-6A, HHV6B: Human Herpesvirus-6B, HHV7: Human
Herpesvirus-7, HBV: Hepatitis B Virus, HCV: Hepatitis C Virus, BKV: Human
Polyomavirus BKV, JCV: Human Polyomavirus JCV, MCV: Merkel Cell Poly-
omavirus MCV, HPV16: Human Papillomavirus type-16, HPV18: Human
Papillomavirus type-18, HIV1: Human Immunodeficiency Virus, C. trachomatis:
Chlamydia trachomatis, H. pylori: Helicobacter pylori, T. gondii: Toxoplasma
gondii Grey colored cells indicate non-estimable Hrs.
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95 % CI 1.34-3.82), Bonferroni-significant, but not in males (HR 0.49,
95 % CI 0.14-1.64; p-interaction=0.02). T. gondii was nominally asso-
ciated with RA in females (HR 1.79, 95 % CI 1.08-2.97) but not in males
(HR 0.62, 95 % CI 0.28-1.38; p-interaction = 0.03). Although there
were no statistical differences between males and females, there was two
(HHV-6 and Grave’s disease, HR [95 % CI] 0.42 [0.18-0.96]; H. pylori
and vasculitis, HR 3.81 [95 % CI 1.29-11.20] and one (HPV-18 and RF/
RHD, HR [95 % CI] 1.89 [1.06-3.36]) nominal association observed in
females and males, respectively.

Sensitivity analyses with a 2-year lag showed consistent HR di-
rections and change <28.6 %, supporting the robustness of our results
(Supplementary Table 11 and Fig. 1). Notably, both the main analysis
and 2-year lag sensitivity analysis identified a nominal association be-
tween C. trachomatis and psoriasis, with the main analysis showing HR
3.62 (95 % CI 1.29-10.12) and the 2-year lag analysis showing HR 1.61
(95 % CI 1.28-16.64).

4. Discussion

Our study comprehensively examines antibodies to a wide range of
infectious agents and various autoimmune diseases in a large population
cohort. At the Bonferroni significance level, there were no significant
associations at Bonferroni level between seropositivity to 20 infectious
agents and the 14 prevalent and incident autoimmune diseases. How-
ever, sex-stratified analysis revealed inverse associations between HSV-
1 and prevalent RF/RHD in males, and positive associations between
HPV-18 and incident RA in females. At nominal significance level, we
identified 6 positive and 8 inverse associations with prevalent autoim-
mune diseases, as well as 5 positive and 2 inverse associations with
incident autoimmune diseases. These identified nominal-level associa-
tions suggest potential signals warranting further investigation.

Evaluating prevalent and incident autoimmune diseases separately
offers unique insights. In prevalent cases, antibodies reflect past infec-
tion but cannot determine if it preceded or followed the autoimmune
disease. If infections follow the onset, it could imply that individuals
with autoimmune diseases are more susceptible to infections due to their
altered immune status [19]. Regardless of the order, identifying asso-
ciations between seropositivity to infection and autoimmune diseases
can offer clues to shared pathophysiological processes [20-22]. In
contrast, studying seropositivity and incidence of autoimmune diseases
clarifies timing, allowing us to hypothesize that infection may play an
etiological role in developing autoimmune diseases later. Consistent
findings in both prevalent and incident analyses can simplify in-
terpretations about whether the infections pose a risk or offer protection.
However, discrepancies can occur. An inverse association in prevalence
but positive in incidence analysis could indicate that the timing or
duration of infection is crucial. Early-life infections might train and
modulate immunity [23], while frequent or late-life infections could
promote autoimmunity through chronic inflammation, molecular
mimicry, and exposure to nuclear autoantigens [23-26]. Conversely,
initial positive associations in prevalent and inverse associations in
incidence analysis might suggest that mechanisms like molecular mim-
icry initially promote autoimmunity [27], but later, immune tolerance
or anergy makes the immune system unresponsive to the infection,
appearing protective [28,29]. In our study, we observed an inverse as-
sociation between C. trachomatis and prevalent psoriasis in females but a
positive association with incident psoriasis, suggesting its role may vary
over time or between different stages of the disease. Interactions with
other infections, such as helminthic infections affecting the Th1/Th2
balance, latent infections, or with treatments for infection and autoim-
mune diseases, can complicate the understanding of the
infection-autoimmune disease relationship [30,31]. Additionally,
analyzing incident cases without autoimmune diseases might introduce
biases such as survivor bias, skewing the results. Lastly, common un-
derlying factors or shared risk exposures may influence these
associations.
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We have identified potential positive associations between anti-
bodies to infection and autoimmune diseases, possibly due to infections
triggering autoimmunity via mechanisms like molecular mimicry
[32-34]. As for viruses, we observed a positive nominal association
between HHV-6B and prevalent T1D, as well as HPV-18, with both
prevalent T1D (nominal significance) and incident RA (adjusted signif-
icance). In a previous study, glycoprotein B expression from HHV-6 was
higher in the pancreatic tissue of individuals with T1D compared to
non-diabetic subjects [35]. Additionally, females with diabetes (type 1
and 2) or prediabetes were shown to have a higher risk of persistent HPV
infection [36]. In a nationwide cohort study in Taiwan, HPV-infected
individuals, particularly females, exhibited a higher risk of RA
compared to non-HPV controls [37], which may be explained by
persistent HPV-18 infection delivering viral antigens that mimic
joint-associated self-antigens, thereby activating autoreactive B and T
cells and promoting the production of anti-citrullinated protein anti-
bodies, ultimately leading to synovial inflammation [38]. As for bacte-
ria, our observation of a positive nominal association between H. pylori
and prevalent sarcoidosis corroborates earlier findings from a
case-control study that reported higher titers of anti-H. pylori IgG anti-
body in sarcoidosis patients [39]. We observed nominal associations
between H. pylori and incident vasculitis in females, including
Henoch-Schonlein Purpura (HSP) and Behcet’s disease (BD). Previous
reports noted an association between H. pylori and HSP in both children
[40] and adults [41]. H. pylori eradication therapy improved BD
symptoms, with higher cagA positivity in BD patients [42]. We found a
nominal association between T. gondii and the onset of RA, extending
beyond previous cross-sectional studies from Egypt and China that re-
ported higher seroprevalence of T. gondii in prevalent RA patients [43,
44].

We have identified several novel findings, including a new positive

nominal association between JCV and prevalent psoriasis. Infections
such as HIV, HPV, and SARS-CoV2 can trigger skin inflammation by
disrupting the host’s antiviral immune response [45]. The presence of
JCV DNA in psoriatic lesions suggests a potential role in keratinocyte
dysregulation and immune recruitment, processes that may amplify
cutaneous inflammation, particularly under immunosuppressive condi-
tions such as biologic therapy, where viral reactivation could influence
both psoriasis progression and neurological risk [46,47]. Additionally,
the novel positive nominal association between HPV-18 and incident
RF/RHD in males warrants further investigation. Although not related to
RHD, HPV has been associated with increased cardiovascular mortality
in females [48]. Furthermore, nominal associations between
C. trachomatis and the incidence of psoriasis highlight the Chlamydiae
family’s role in autoimmune skin conditions. A case-control study re-
ported a higher prevalence of subclinical C. psittaci infection in psoriasis
patients, measured by the bacterial DNA in the peripheral blood [49].
Inverse associations between antibodies to infection and autoim-
mune diseases suggest that infections may modulate the immune sys-
tem, reduce pro-inflammatory processes, or reflect an altered immune
state. Infections could promote immune tolerance through anti-
inflammatory cytokines like IL-10 and TGF-p [50,51], enhancing regu-
latory T cell activity, potentially protecting against autoimmunity [3,
52]. Additionally, repeated pathogen exposure could enhance trained
immunity, reducing inappropriate activation against self-antigens [3].
The hygiene hypothesis suggests reduced exposure to infections in early
life can impair immune tolerance development, increasing autoimmune
disease risk by impairing the immune system’s ability to distinguish
between harmful and harmless stimuli [53]. While these inverse asso-
ciations may suggest mechanisms such as immune training or altered
immunity, alternative explanations — including unmeasured con-
founding factors (e.g., vaccination) or survivor bias — should also be
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considered [54]. We observed inverse nominal associations between
H. pylori and the prevalent CD and ulcerative colitis in males, the results
of which were consistent with prior case-control or cross-sectional
studies [55-59]. Conversely, our findings on the inverse association
between HSV-1 and prevalent RF/RHD in males, and prevalent MS in
males and females combined do not align with earlier studies. This
discrepancy could stem from differences in study design (prospective,
not case-control) or from the use of different types of biospecimens
(tissue, not blood) [60,61]. In addition, differences in infection preva-
lence across latitudes may also contribute to variations in observed as-
sociations between populations [62]. We identified inverse associations
between HHV-7 and prevalent RA, as well as T. gondii and prevalent CD,
contrasting with studies using questionnaire-based diagnoses or lacking
control groups [63,64]. We observed an inverse association between
C. trachomatis and prevalent psoriasis in females but a positive associ-
ation with incident psoriasis, suggesting its role may vary over time or
between different stages of the disease. Additionally, we found associ-
ations between HHV-6B and incident vasculitis (both sexes), and HHV-6
and incident Graves’ disease (females). These associations were also
reported in a case report describing a woman with HHV-6A and con-
current HHV-6B skin infection, presenting with idiopathic cutaneous
leukocytoclastic vasculitis linked to HHV-6 reactivation [65]. Studies
have not found an association between HHV-6B and Graves’ disease but
reported a positive link between HHV-6 and Hashimoto’s thyroiditis,
another autoimmune thyroid disorder [66]. A higher prevalence of
HHV-6 in thyroid samples from Hashimoto’s thyroiditis patients, sug-
gests the virus may contribute to the disorder by inducing HLA class II
expression on thyrocytes and triggering abnormal immune responses
[66].

Immunity varies by sex, and autoimmune diseases disproportion-
ately affect females [67-69]. This variance is attributed to several fac-
tors, including sex chromosomes [70,71], sex hormones [71,72], and
behavioral differences [67]. Sex hormones such as estrogen can promote
B-cell activation and antibody production and enhance T helper cell
responses, particularly Th2 polarization. These effects facilitate
increased autoantibody generation and may contribute to the stronger
positive associations with autoimmune diseases observed in females
[73]. These factors enhance the immune robustness in females, which
may inadvertently lead to self-reactivity, suggesting that infections
could more likely precipitate autoimmune reactions in females than in
males [72]. Despite its importance, many studies lack sex-specific esti-
mates for the infection-autoimmune disease association. Our
sex-stratified analyses of various infections and autoimmune diseases
including HSV-1 and prevalent RF/RHD, JCV and prevalent RA, HPV-18
and incident RA, and T. gondii and incident RA, demonstrate clear sex
differences in associations, typically showing positive associations in
females and inverse in males. These findings underscore the importance
of sex-specific research in developing tailored strategies for autoimmune
diseases.

This study has several strengths. First, it leverages data from the UK
Biobank, a large population-based cohort, allowing for robust statistical
analyses and generalizability to broader populations. Second, the
rigorous data collection and standardized protocols enhance the reli-
ability and reproducibility of the findings. Third, the prospective design
of the study minimizes recall bias and enables temporal assessment of
exposures and outcomes. Lastly, the availability of serological data on
various infectious agents, along with comprehensive clinical informa-
tion, provides a unique opportunity to investigate associations with
autoimmune diseases at an unprecedented scale.

4.1. Limitations

Our study has several limitations. First, the use of baseline seropos-
itivity data reflects past exposure to infectious agents rather than active
infections, indicating an immune response with detectable antibodies.
The one-time measurement cannot capture seroreversion, limiting the
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accuracy of assessing past exposures [74], although its rarity minimizes
its impact on our findings [75]. Second, we did not consider the effects
of vaccinations or treatments, which could impact the observed associ-
ations. Third, despite using a large cohort, small sample sizes in some
analyses due to the rarity of autoimmune diseases and varying preva-
lence of infections like EBV (over 90 %) versus scarcity of others like
HIV, resulted in insufficient statistical power for some analyses. Fourth,
given that only a few associations remained significant after Bonferroni
correction, nominal (p < 0.05) findings should be interpreted with
caution, as they may reflect false positives or overestimation of weaker
associations. Fifth, the use of ICD-based diagnoses may introduce po-
tential misclassification, as coding errors or variations in clinical docu-
mentation can affect the accuracy of case identification and
consequently influence observed associations. Lastly, our study does not
account for broader aspects of autoimmune ecology, including envi-
ronmental exposures, genetic predisposition, and immune system
regulation, which may influence infection—autoimmunity associations
[76]. Nonetheless, our study reveals potential links between these in-
fections and autoimmune diseases, and the consistent results across
sensitivity analyses suggest these associations are meaningful.

5. Conclusions

In this large population-based cohort, to our knowledge, we are the
first to examine the association between antibodies to infections and
multiple autoimmune diseases, highlighting potential links that warrant
further investigation. Unlike studies on single infectious agents and
single autoimmune disease, our analysis provides comprehensive evi-
dence across a broader range of infections and autoimmune conditions,
evaluating prevalence and incidence and sex-specific associations. This
approach identifies key associations between infections and autoim-
mune outcomes and provides a foundation for future mechanistic
studies to better understand these relationships. Future research should
explore the mechanisms, causal pathways, and immunological responses
to refine prevention and treatment strategies for infection-related
autoimmune conditions. Specifically, high-priority areas include longi-
tudinal studies with repeated serology and experimental models to
validate associations such as HPV-18 and RA, as well as investigations
into the prevalence of latent autoimmunity, defined as the presence of
autoantibodies without clinical symptoms, and its relationship with in-
fectious serology.
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