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After a clinically isolated syndrome (CIS), antinuclear antibodies (ANAs) are often measured in 
diagnostic workup of inflammatory diseases. Although ANAs are associated with systemic lupus 
erythematosus (SLE), increased prevalence has been observed in multiple sclerosis (MS) with 
controversial significance. We determined in a prospective cohort study the association of ANAs 
measured during diagnostic workup with shared MS and SLE risk factors, clinical characteristics 
and disease course in CIS patients aged 18–65 years. ANA positivity was found in 60/364 (16.5%) 
participants and associated with female sex (83.3% vs. 67.4%, p = 0.01) and higher anti-EBNA1 IgG 
titres (median 1450.0 vs. 588.0 U/ml, p < 0.01), compared to ANA-negative participants. ANA-positive 
participants were more often homozygous carriers of HLA-DRB1*15:01 (12.8% vs. 2.7%, p < 0.01), 
but did not show higher MS or SLE genetic risk. Clinical characteristics and early disease course, 
estimated with Cox regression, were similar between participants with or without ANAs, regardless of 
a subsequent MS diagnosis. This study helps clinicians better interpret ANA positivity in patients with 
CIS. Our data demonstrate that ANA positivity during diagnostic workup for MS does not indicate a 
different disease course, but may reflect shared genetic and environmental risk factors for MS and SLE. 
Further studies should explore shared disease mechanisms.
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VCA	� Viral capsid antigens
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Multiple sclerosis (MS) is an immune-mediated disease of the central nervous system (CNS), predominantly 
affecting women1. Exposure to environmental factors such as infection with Epstein–Barr virus (EBV) and a 
genetic predisposition contribute to the onset of MS1,2. In recent years, genome-wide association studies (GWAS) 
have identified over 200 risk loci3,4, highlighting the major contribution of the adaptive immune system to the 
pathogenesis of MS5,6. B cells seem to be relevant in the disease process, as B cell-depleting therapies are effective 
in suppressing MS disease activity and B cells with an antibody-secreting phenotype are present in lesions and 
cerebrospinal fluid (CSF) of people with MS7,8. The majority of MS patients shows increased concentrations of 
immunoglobulin G (IgG) antibodies with a unique oligoclonal pattern in CSF. These intrathecally produced 
antibodies are directed against a plethora of antigens, with no MS-specific antigen identified to date9,10.

After presentation with a clinically isolated syndrome (CIS), antinuclear antibodies (ANAs) are often 
measured in diagnostic workup of inflammatory diseases. ANAs are a diverse group of circulating autoantibodies 
directed against intracellular antigens. ANAs are associated with connective tissue diseases such as systemic lupus 
erythematosus (SLE); autoimmune diseases with a shared genetic background to MS11,12. ANAs have also been 
detected in patients with MS in higher frequencies with prevalence between 22.5 and 75%13–18. ANA positivity 
in the workup of CIS can complicate the diagnostic interpretation. Additionally, the clinical relevance in relation 
to the disease course of MS remains unclear. Previous studies have reported ANA prevalence and explored 
associations with disease duration and disability in MS, but results have been inconsistent14,15,17,19,20. However, 
ANA testing in these studies has been performed in heterogeneous MS populations without a standardised 
time point. To date, no study has investigated the predictive value of ANA presence for disease course shortly 
after symptom onset, a critical window due to the fluctuating nature of ANAs and the common timing of ANA 
testing21. Additionally, ANA presence at time of CIS has not been linked to shared genetic and environmental 
risk factors for developing MS and SLE.

Despite their unclear significance, ANAs may serve as a prognostic serum biomarker. Their presence 
may indicate distinct immunological subgroups with peripheral antibody production, alongside intrathecal 
IgG synthesis. Identifying such subgroups could clarify early disease heterogeneity in CIS22 and shared 
immunological risk factors between MS and SLE. This study aims to investigate the association of ANAs with 
clinical characteristics and disease course in CIS and early MS and to explore shared risk factors for developing 
MS and SLE. Our study includes an unique approach with important standardisation of ANA measurement 
at time of CIS and the assessment of genetic and environmental risk factors, providing insight into a common 
diagnostic finding and its biological relevance.

Methods
Study design and participants
Patients with a first demyelinating event of the CNS were eligible for participation in a prospective observational 
cohort study (PROUD) at the MS Centre of the Erasmus MC, Rotterdam. Patients aged 18–65  years were 
included within 6 months after symptom onset. MRI-scan and routine laboratory tests were assessed at baseline 
to rule out other diagnoses. If an alternative diagnosis was made, the patient was excluded from analysis. For this 
study, participants with available ANA status and complete diagnosis information were selected. The inclusion 
period was from November 2006 until February 2024. The study protocol was approved by the Medical Ethical 
Committee of the Erasmus MC, Rotterdam. All research was performed in accordance with relevant guidelines/
regulations and in accordance with the Declaration of Helsinki. Written informed consent was obtained from 
all participants.

Data collection
Clinical, laboratory and radiological data were obtained from routine practice. Clinical data included sex, age 
at onset, topography of CIS, relapses and usage of methylprednisolone or disease-modifying therapies (DMTs). 
Data on family history and comorbidities were collected at baseline. Lumbar punctures (LPs) were performed as 
part of the diagnostic workup. IgG index and presence of oligoclonal bands (OCBs) in CSF were collected. OCBs 
were determined using isoelectric focusing and considered positive with ≥ 2 unique bands in CSF compared 
to serum. Baseline MRI brain was performed using sequences according to diagnostic requirements. MRI 
spinal cord was performed on clinical indication. MRIs were scored for presence of ≥ 9 T2-weighted lesions, 
gadolinium-enhancing lesions (GELs) and topography of lesions (infratentorial or spinal cord). Patients were 
reassessed annually at the outpatient clinic and more frequently on clinical indication or suspected relapse.

Serology
Serum samples were collected at baseline. ANAs were detected in clinical diagnostic workup using indirect 
immunofluorescence assay on the substrate of Human epithelial type-2 cells. ANAs titres of ≥ 1:80 were defined 
as ANA positivity23. Epstein–Barr virus nuclear antigen-1 (EBNA-1), early antigen (EA), viral capsid antigens 
(VCA) and Cytomegalovirus (CMV) IgG antibodies were measured using LIAISON® IgG chemiluminescent 
immunoassays (CLIA) on LIAISON® XL analyser (DiaSorin, Italy). Detection of Human Herpesvirus subtype-6 
(HHV6) IgG antibodies was performed using ELISA-VIDITEST anti-HHV6 IgG kit (VIDIA, Prague, Czech 
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Republic). Serological tests and analyses were conducted according to the manufacturer’s instructions. Serum 
samples were diluted (1:20) to prevent results from exceeding the detection limit.

Genotyping
Genomic DNA was isolated using baseline blood samples24. Samples were genotyped using Illumina Infinium 
High-Throughput Screening (HTS) iSelect custom-730K single nucleotide polymorphism (SNP) BeadChip 
array. Genotypes were imputed to the Haplotype Reference Consortium. Samples and variants with extremely 
low quality with genotyping call rate < 90% were excluded. Afterwards, another filtering was applied excluding 
samples with low quality with call rate < 97.5%. Hardy–Weinberg Equilibrium filter of 1 × 10−5 was applied and 
checked of excess of heterozygosity or homozygosity. Alleles with minor allele frequency < 0.05 and samples with 
familial relations were excluded.

Genetic variations and weighted genetic risk scores
Weighted genetic risk scores (wGRS) were calculated using the R script PRSice-225,26. We used the MS susceptibility 
GWAS of the International Multiple Sclerosis Genetics Consortium (IMSGC) as base file with the allelic odds 
ratio to calculate the wGRS of SNPs that reached genome-wide significance (PT < 5 × 10−8)3,27. Similarly, we 
calculated the SLE wGRS using a wide scale SLE GWAS, including the SNPs that reach PT < 2.5 × 10−5 for new 
loci discovered and PT < 1 × 10−4 for loci previously described28. We combined the MS and SLE susceptibility 
GWAS datasets and calculated a composite MS-SLE wGRS considering the p-value indicated in each study. 
Lastly, presence of the HLA-DRB1*15:01 allele was determined using rs3135388 as a tagging SNP29.

Definitions
MS was diagnosed according to the McDonald 2017 criteria30. Clinically definite MS (CDMS) was defined 
according to Poser as two attacks of at least 24 h with clinical evidence of dissemination in space31. A relapse was 
specified as the appearance of new neurological symptoms or exacerbation of known symptoms for at least 24 h, 
after at least 30 days of improvement or stable disease and in absence of fever or alternative diagnosis32.

Statistical analysis
ANA-positive and ANA-negative participants were compared in clinical characteristics and disease course after 
CIS. Descriptive statistics were used to present the data. Demographic and clinical data were compared using 
the Mann–Whitney U-test, T-test or ANOVA for continuous data, and Chi-squared test or Fisher’s exact test for 
categorical data. In anti-EBNA1 IgG analyses, we did not adjust for potential confounders age and sex, as these 
covariates did not improve the models’ fit. Survival analyses were used to assess time from CIS to McDonald 2017 
MS and CDMS diagnosis. Multivariate Cox proportional hazards model analyses were performed to address 
potential confounders, as age at onset, sex, OCBs and ≥ 9 T2 lesions on baseline MRI. Patients who did not reach 
the endpoint by the end of follow-up were considered censored. The results were expressed as hazard ratios (HR) 
with their 95% confidence intervals (95% CI). Only complete cases were used in the Cox proportional hazard 
models. Sensitivity analyses were conducted in subgroup of patients with a confirmed McDonald 2017 MS 
diagnosis (MS subgroup) during follow-up and by stratification based on ANA titres (negative, 1:80 and ≥ 1:160). 
Statistical analyses were performed using the R software package version 4.4.1.

Results
Patient characteristics
The inclusion criteria were met by 364/445 CIS participants (Fig. 1). The median follow-up was 6.2 years (IQR 
2.3, 10.8). Baseline characteristics were compared between ANA-positive (ANA +) and ANA-negative (ANA−) 
participants with CIS (Table 1). ANA positivity was found in 60/364 (16.5%) participants. Females were more 
represented in ANA+ compared to ANA− (83.3% vs. 67.4%, p = 0.01). ANA+ participants presented less 
frequently with optic neuritis (35.0% vs. 52.3%, p < 0.01) and more often with spinal cord symptoms (41.7% 
vs. 26.3%, p = 0.04) compared to ANA− participants. We found no other differences in baseline characteristics 
regarding clinical presentation, comorbidities with other autoimmune disease, family history of MS, presence 
of OCBs or MRI characteristics (Table 1). Next, we compared the baseline characteristics of participants with a 
confirmed McDonald 2017 MS diagnosis during follow-up (Supplementary Table S1). In total, 37/242 (15.3%) 
participants with a subsequent MS diagnosis were ANA+. Again, more females were ANA+ compared to ANA− 
(89.2% vs. 68.8%, p = 0.01). Multiple OCBs were present in all ANA+ compared to 80.6% of ANA− participants 
(p < 0.05), with other baseline characteristics similarly distributed. A sensitivity analysis stratifying for ANA 
titres did not show any other differences (Supplementary Table S2).

ANAs and EBV seropositivity
Since ANA positivity was associated with female sex as shared risk factor for developing MS and SLE, we 
investigated EBV seropositivity as another shared environmental risk factor33,34. We compared anti-EBNA1 IgG 
titres between 49 ANA + and 257 ANA− CIS participants. Within the CIS population, anti-EBNA1 IgG titres 
were almost 2.5-times higher in ANA+ compared to ANA− (Fig. 2, median 1450.00 U/ml [IQR 482.00, 3140.00] 
vs. 588.00 U/ml [IQR 247.00, 1640.00], respectively, p < 0.01). Among these, anti-EBNA1 IgG levels were over 
2-times higher in 32 ANA+ compared to 174 ANA− participants with a McDonald 2017 MS diagnosis (Fig. 2, 
median 1520.00  U/ml [IQR 527.00, 3247.50] vs. 703.00  U/ml [IQR 319.00, 1707.00], respectively, p = 0.03). 
Stratifying for ANA titres 1:80 (n = 18) or titres ≥ 1:60 (n = 28), showed a slight dose–response relationship 
between ANA status and median anti-EBNA1 IgG (ANA− 588.00 U/ml [IQR 247.00, 1640.00], 1:80 1400.00 U/
ml [IQR 412.25, 3087.50] and ≥ 1:160 1405.00 U/ml [IQR 497.00, 2915.00], p = 0.03, Supplementary Table S3).
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To explore antigen-specificity of this association, we compared the distribution of IgG levels against other 
antigens (Fig. 2). In the total cohort, ANA positivity was associated with increased IgG levels of EBV anti-EA 
(median 9.92 U/ml, [IQR 5.00, 42.50] vs. 6.08 U/ml, [IQR 5.00, 24.60], p < 0.01), anti-CMV (46.80 AU/ml [IQR 
5.00, 144.00] vs. 5.00 AU/ml [IQR 5.00, 92.70], p = 0.01) and anti-HHV6 (2.06 U/ml [IQR 1.74, 2.44] vs. 1.89 U/
ml IQR [1.46, 2.30], p = 0.02), without differences in anti-EBV VCA (median 592.00 U/ml [IQR 277.00, 894.00] 
vs. 492.00 U/ml, [IQR 220.00, 774.00], p = 0.36) (Fig. 2). Contrastingly, in analyses of the McDonald 2017 MS 
subgroup, anti-EBNA1 IgG levels were exclusively higher in ANA+ participants, with anti-EA, anti-VCA, anti-
CMV, and anti-HHV6 evenly distributed (Fig.  2, Supplementary Table S4). In line, analyses with solely CIS 
participants showed ANA positivity associated with increased IgG levels of anti-EBNA1 (median 1160.00 U/
ml [IQR 413.00, 2520.00] vs. 510.00 U/ml [IQR 117.00, 1250.00], p = 0.03), anti-CMV (102.00 U/ml [IQR 82.60, 
153.00] vs. 5.00 U/ml [IQR 5.00, 94.75], p < 0.01) and anti-HHV6 (2.21 U/ml [IQR 1.75, 2.50] vs. 1.86 U/ml 
[IQR 1.38, 2.33], p = 0.03). This was not found for EBV anti-EA and anti-VCA (Fig. 2, Supplementary Table S5).

ANAs, HLA-DRB1*15:01 and MS and SLE susceptibility wGRS
Not only female sex and EBV exposure are shared risk factors between MS and SLE, but there is also substantial 
overlap in genetic risk factors11. We first analysed distribution of HLA-DRB1*15:01 as risk factor for developing 
MS and SLE35,36. ANA+ participants were more frequently homozygous carriers of HLA-DRB1*15:01 compared 
to ANA− participants (12.8% vs. 2.7%, p < 0.01, Fig.  3), with a similar trend in the subgroup of subsequent 
McDonald 2017 MS diagnosis (14.3% vs. 3.5%, p = 0.05). Heterozygosity for HLA-DRB1*15:01 was not associated 
with ANA status (Supplementary Table S6). Stratification for ANA titres showed a dose–response relationship 
(negative 2.7% vs. 1:80 11.1% vs. ≥ 1:160 15.4%, p < 0.01, Supplementary Table S7).

MS susceptibility wGRS did not differ between ANA+ and ANA− participants (Fig. 3, mean 7.47 (SD 1.49) 
vs. 7.18 (SD 1.17), p = 0.21). In the McDonald 2017 MS subgroup, MS wGRS was similar between ANA+ (28) 
and ANA− (171) participants (Fig. 3, mean 7.43 (SD 1.56) vs. 7.29 (SD 1.23), p = 0.66). The SLE wGRS neither 
associated with ANA status in the total cohort (ANA+ mean 5.87 (SD 0.78) vs. ANA− 6.01 (SD 0.96), p = 0.26) 
nor the McDonald 2017 MS subgroup (ANA+ 5.94 (SD 0.89) vs. ANA− 6.06 (SD 0.96), p = 0.51) (Fig. 3). To 
evaluate the effect of overlapping MS and SLE susceptibility wGRS, the composite wGRS revealed no association 

Fig. 1.  Flowchart of the participant selection for analysis.
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with ANA status in the total cohort and McDonald 2017 MS subgroup (Fig. 3, ANA+ mean 13.34 (SD 1.43) vs. 
ANA− 13.20 (SD 1.44), p = 0.53, and ANA+ 13.36 (SD 1.48) vs. ANA− 13.35 (SD 1.46), p = 0.97, respectively).

ANAs and early disease course
Next, the association between ANAs and time to McDonald 2017 MS diagnosis was analysed. During follow-up, 
37/60 (61.7%) ANA+ and 205/304 ANA− (67.4%) participants were diagnosed with McDonald 2017 MS, with 
a similar median time from CIS to MS (Fig. 4A, 0.77 vs. 0.63 years, respectively, log-rank p = 0.65). Likewise, in 
patients with a confirmed McDonald 2017 MS diagnosis during follow-up, no difference in time to MS diagnosis 
was found (Fig. 4B, ANA+ 0.16 vs. ANA− 0.24 years, log-rank p = 0.33). In univariate Cox proportional hazard 
analysis of the total CIS population, ANA positivity was not associated with an earlier MS diagnosis (HR 0.92, 
95% CI 0.65–1.30). After adjusting for potential confounders, we found no association between ANA positivity 
and an earlier MS diagnosis (HR 0.98, 95% CI 0.60–1.60). However, our model showed multiple OCBs and ≥ 9 T2 
lesions on baseline MRI as significant predictors for earlier MS diagnosis (Fig. 5A). In both univariate (HR 1.20, 
95% CI 0.84–1.70) and multivariate analyses (HR 1.20, 95% CI 0.71–1.90) of the subgroup reaching McDonald 
2017 MS, ANA positivity was not associated with earlier MS diagnosis (Fig. 5B).

To account for changes in clinical practice over time, we associated ANA status with time to CDMS diagnosis. 
In ANA+ participants, 22/60 (36.7%) experienced a second relapse and received a CDMS diagnosis, compared 
to 138/304 (45.4%) ANA− participants. In the CIS cohort, median time from CIS to CDMS was similar between 
ANA+ and ANA− (Fig. 4C, 8.59 vs. 6.66 years respectively, log-rank p = 0.38). Within the McDonald 2017 MS 
subgroup, we found no differences in median time to CDMS (Fig. 4D, ANA+ 3.84 vs. ANA− 3.10 years, log-
rank p = 0.68). No association between ANA positivity and time to CDMS was found in both univariate and 
multivariate analyses (HR 0.82 [95% CI 0.52–1.3] and HR 0.71 [95% CI 0.37–1.36] respectively, Fig. 5C). In the 
McDonald 2017 MS subgroup, ANA positivity was not associated with earlier CDMS diagnosis in univariate 
and multivariate analyses (HR 0.91 [95% CI 0.58–1.4] and HR 0.84 [95% CI 0.43–1.60] respectively, Fig. 5D).

Discussion
Our study demonstrates that ANA positivity is not associated with a distinct presenting clinical phenotype of CIS 
or subsequent diagnosis of MS. However, female sex, high anti-EBNA1 IgG titres and homozygous carriership of 
HLA-DRB1*15:01 associate with ANA presence in CIS patients. Shared environmental and genetic risk factors 
between SLE and MS may drive ANA presence in CIS and early MS. These findings indicate that ANAs are not 

ANA-negative ANA-positive p value

No 304 60

Sex (female, %) 205 (67.4) 50 (83.3) 0.01*

Age at CIS (years, mean (SD)) 33.56 (8.13) 35.31 (8.47) 0.14

CIS topography (Yes, %)

 Optic nerve 159 (52.3) 21 (35.0)  < 0.01*

 Brainstem 47 (15.5) 9 (15.0) 1.00

 Cerebellar 18 ( 5.9) 1 ( 1.7) 0.21

 Cerebral 47 (15.5) 11 (18.3) 0.70

 Spinal cord 80 (26.3) 25 (41.7) 0.04*

Disease course directly after CIS 0.98

 Improved 193 (63.5) 38 (63.3)

 Progressive 30 ( 9.9) 5 ( 8.3)

 Recovered to normal 32 (10.5) 7 (11.7)

 Unchanged 41 (13.5) 8 (13.3)

Comorbidity other AID (Yes, %) 16 (5.3) 6 (10.0) 0.36

Family history of MS (Yes, %) 56 (18.4) 8 (13.3) 0.46

CSF baseline (no.) 214 32

Multiple OCBs (Yes, %) 142 (68.6) 25 (80.6) 0.21

CSF IgG index (median [IQR]) 0.70 [0.57, 1.10] 0.78 [0.57, 0.96] 0.82

MRI baseline (Yes, %)

  ≥ 9 T2 lesions 107 (35.2) 22 (36.7) 1.00

  ≥ 1 GEL(s) 90 (29.6) 22 (36.7) 0.15

 Infratentorial lesions 113 (37.2) 21 (35.0) 0.77

 Spinal cord lesions 92 (30.3) 22 (36.7) 1.00

Follow-up duration (median [IQR]) 6.67 [2.99, 10.91] 5.11 [2.40, 11.36] 0.55

Table 1.  Clinical and demographic characteristics of participants in total CIS population. AID, autoimmune 
disease; ANA, antinuclear antibodies; CIS, clinically isolated syndrome; CSF, cerebrospinal fluid; GEL, 
gadolinium-enhancing lesion; IQR, interquartile range; IgG, immunoglobulin G; OCBs, oligoclonal bands; SD, 
standard deviation. *Statistically significant with p value < 0.05.
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useful as prognostic biomarker for disease course in early MS but rather reflect shared etiological mechanisms 
culminating in ANA positivity. This study provides clinicians a better understanding of ANA positivity in CIS 
and early MS.

In our study, ANA positivity was found in 16.5% of the CIS population and in 15.3% of the subgroup 
with subsequent McDonald MS diagnosis. This is lower than previous reported prevalence of 22.5–75% in 
MS populations13–18. However, ANA titres are heterogeneous and the differences could be attributed to the 
used cut-off, type of patients and the timing of ANA measurement, as ANA titres are known to fluctuate over 
time21. We were not able to perform additional immunoblotting to determine specific antibodies. Identifying 
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Fig. 2.  Boxplots of EBNA1, EBV EA, EBV VCA, CMV and HHV6 IgG antibody titres. Panel (A, F and K) 
show the boxplots of anti-EBNA1 IgG titres in the total population, MS subgroup and CIS subgroup, with 
significantly increased levels in the ANA+ group for all analyses. Panel (B, G and L) present the EBV anti-EA 
IgG levels, with higher levels in the total population, but no differences in MS or CIS subgroup. In panel (C, 
H and M) the EBV anti-VCA IgG titre are shown with even distribution regarding ANA status for the total 
population, MS and CIS subgroup. The distribution of anti-CMV IgG are presented in panel (D, I and N), 
higher titres associated with ANA positivity in the total population and CIS subgroup, but not in MS subgroup. 
Panel (E, J and O) shows the anti-HHV6 IgG levels, with higher titres in the ANA-positive group in the total 
population and CIS subgroup, but similar distribution in the MS subgroup.
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specific ANA subtypes could provide deeper insight, particularly in light of recent findings showing associations 
between certain scleroderma-related autoantibodies and MS-like presentations37. In the total population, ANA+ 
and ANA− participants showed differences in CIS topography. CIS often marks the onset of MS, but other 
(inflammatory) CNS diseases can present similarly22,38. ANA− participants presented more often with optic 
neuritis, which has also non-inflammatory causes, such vascular and genetic disorders22. In contrast, myelitis—
more frequently noted in ANA+ participants—has a broader inflammatory differential diagnosis, possible 
explaining the observed association39.

Several studies have reported conflicting associations between ANA positivity and disease course in MS, 
but in these studies ANAs were analysed in heterogeneous MS populations without a standardised time point. 
Our study adds clinical relevance by evaluating ANA presence at CIS—both a common diagnostic finding at 
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this time point and potentially the most sensitive window to detect the influence of risk factors on disease 
onset. Yet, no associations with early disease course after CIS were observed and ANA positivity was not found 
to be a predictor of earlier McDonald 2017 MS or CDMS diagnosis. However, we found associations with 
known genetic and environmental risk factors for both MS and SLE susceptibility. Like MS, SLE shows strong 
associations with female sex and EBV infection33,34. The shared immunogenetic background of SLE and MS, 
among other AIDs, is increasingly supported40. Recently, genetic mapping found about 40% of shared loci for 
AIDs are driven by the same causal allele11,12. These overlapping genetic risk factors include variants in HLA-
DRB111. Our observed association of ANA positivity with homozygous carriership of HLA-DRB1*15:01 fits 
within this context, as it may reflect shared genetic susceptibility. HLA-DRB1*15:01 is strongly associated with 
MS susceptibility, particularly in homozygous carriers, and it has also been linked to SLE, although stronger 
associations were found in different HLA-DRB1 alleles, reflecting the gene’s polymorphic features35,36,41. Recent 
work has shown that type I interferon signatures, elevated in SLE and Sjögren’s, differentiate between systemic 
autoimmune disease and MS, suggesting fundamental differences in their immunopathogenesis42. This supports 
the idea that, despite shared risk loci like HLA-DRB1 reflecting genetic susceptibility, distinct immune pathways 
drive disease specificity. Since OCBs have also been linked to HLA-DRB1*15:0143, a shared immunogenetic 
factor may explain the universal presence of OCBs in all ANA+ MS participants and support a link between 
of both circulating and intrathecal IgGs production. Several circulating antibodies, including pathogenic IgG 
fractions and autoantibodies against CNS antigens, have been detected in subgroups of patients with MS44,45.

ANA presence associated exclusively with high anti-EBNA1 IgG levels in the group with confirmed MS, while 
associations with several other antiviral antibodies were only found in CIS participants without subsequent MS. 
Specifically, anti-EBNA1 IgG responses are the strongest environmentally-determined risk factor for developing 
MS, while this is much less clear for antibodies against other EBV-antigens, such as EA and VCA2. In SLE 
cohorts, anti-VCA IgG antibodies have been associated with disease onset33. Additionally, anti-CMV IgG 
responses have been associated with a lower risk of MS46. The contrasting associations of ANA with antiviral 
antibody profiles between CIS and MS subgroups support the fundamental role for antiviral responses in MS 
susceptibility34. Like ANAs, the association of anti-EBNA1 IgG with course and severity of MS is controversial47. 
Additionally, genetic factors contributing to MS susceptibility have not been associated with severity or disability 
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Fig. 4.  Kaplan Meier curves for time to McDonald 2017 MS and CDMS diagnosis. ANA-negative is shown in 
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and panel (B) for the MS subgroup. No differences in time to McDonald MS diagnosis were found with log-
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accumulation in MS3,48. These findings align with our observation that ANA presence reflects risk factors rather 
than disease course itself in MS.

There are some limitations of this study. First, around 20% of the patients, similarly distributed between ANA− 
and ANA+ participants, received methylprednisolone or DMTs before blood sampling. Corticosteroids could to 
lower the proportion of circulating antibodies, manifesting as potentially false-negative49. Yet, subgroup analyses 
of only untreated participants showed similar results. Second, the absence of a control group complicates the 
interpretation of the observed prevalence of 16.5% in the CIS population compared to background population 
levels. Although in the healthy population, ANA positivity is seen in 15–30% of people depending of cut-off titre 
and methods50,51, including local controls group would improve contextualise the findings. Furthermore, the 
small sample size of each group (including ANA titre subgroup) limited our statistical power and possibilities 
for within-group comparisons and may have prevented the detection of moderate effects on time-to-diagnosis 
analyses. However, we used Cox proportional hazard models with higher statistical power to be able to analyse 
associations. Additionally, we included participants in this study based on neurological symptoms consistent 
with CIS or suspected MS, with their clinical presentation not attributable to systemic AID at baseline or in 
follow-up. This resulted in exclusion of patients with an alternative diagnosis than CNS demyelination consistent 
with MS, including connective tissue disorders or other neuroinflammatory disorders. This could explain the 
similar distribution of known AID at baseline, but participants may have developed AIDs later in their course52. 
Selection bias could have occurred as not all eligible patients were included for analyses due to missing baseline 
information. Finally, since ANA status was only measured at baseline, we could not assess associations later in 
disease course. However, our study aimed to evaluate the prognostic value of ANA positivity in the context of 
CIS/MS at symptom onset, i.e. regardless of current or future comorbid autoimmune diagnoses. This approach 
reflects the real diagnostic settings in which ANA testing is often performed, highlighting its clinical relevance.

To conclude, the presence of ANAs in patients with CIS does not indicate a different disease course in MS, 
but reflects an effect of shared environmental and genetic risk factors for developing MS and SLE. This study 
supports clinicians in interpreting ANA positivity in patients with CIS and early MS. Further studies on shared 
disease mechanisms between SLE and MS could guide exploration of fundamental pathways underlying the 
onset of these diseases, resulting in potential novel avenues for prevention and treatment.
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