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Abstract

Background and purpose: Autoimmune screening panels (ASPs) are often ordered as a
part of the diagnostic workup in people with suspected multiple sclerosis (MS). However,
data on the significance of ASP seropositivity in MS are scarce. This study aimed to inves-
tigate whether routine implementation of ASPs is viable in MS diagnostic workup.
Methods: In this retrospective study, we included patients from the Vienna Multiple
Sclerosis Database who were diagnosed with MS according to current McDonald criteria
between 2014 and 2021 and had an ASP performed.

Results: We analyzed 212 patients (mean age at serology =30.4 [SD =8.5] years, 67% fe-
male). Red flag symptoms for presence of systemic autoimmune disease were reported by
5.6% of patients during initial evaluation (sicca syndrome [n=5], joint pain [n=4], derma-
titis [n=4]). Complement levels (C3c and C4) were below the lower reference level in 26
of 134 (19.4%) and three of 134 (2.2%), respectively. Antinuclear antibodies (ANAs) were
positive in 24 of 210 (11.4%), with 18 (8.6%), five (2.4%), and one (0.5%) having mildly,
moderately, and strongly positive ANA titers. Extractable nuclear antibody subsets were
positive in 10 of 211 (4.7%) patients. ASPs led to the diagnosis of mixed connective tissue
disease (n=1), psoriatic arthritis (n=1), and Sjogren syndrome (n=2; positive predictive
value [PPV] =4.9%, negative predictive value [NPV] =99.3%). Among patients present-
ing with red flag symptoms, ASPs had better overall test performance (PPV=100%,
NPV =_88.9%).

Conclusions: The rate of ASP seropositivity in MS is low and within the range of the gen-
eral population. Performance of ASPs without clinical suspicion of systemic autoimmune

disease seems unwarranted.
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INTRODUCTION

Although some studies suggest an overall increased risk of autoim-
mune comorbidities in patients with multiple sclerosis (pwMS), cur-
rent evidence is generally conflicting, as these associations have not
been consistently demonstrated in population-based studies [1-3].
Although the specific predisposition of MS to autoimmune comor-
bidities remains debatable, there is general consensus that certain
autoimmune diseases (AlDs), such as rheumatologic conditions (e.g.,
systemic lupus erythematosus [SLE], Sjégren syndrome [SS]), vas-
culitis (e.g., Behget disease), or antiphospholipid antibody syndrome
(APS), can involve the central nervous system (CNS) and might mimic
symptoms or paraclinical findings of MS [4]. This is at least partly
reflected by several reports implying a relatively high proportion of
MS misdiagnosis, especially if consideration of differential diagno-
sis is not applied carefully [5, 6]. Therefore, it is essential to defini-
tively exclude these and other disorders to accurately diagnose MS,
as specifically emphasized by the McDonald 2017 criteria. This, at
least in principle, would support the concept of implementing auto-
immune screening panels (ASPs) as part of the initial diagnostic eval-
uation in patients suspected of having MS [7]. However, studies have
challenged the concept of performing ASPs to exclude alternative
diagnoses, as emerging data suggest that performing neither routine
antinuclear antibody (ANA) screening nor broad antibody screening
is advisable, evidenced by a limited diagnostic yield for autoimmune
conditions despite frequent elevation of such parameters [8, 9].
These findings are somewhat reflected in recent revisions of the MS
guideline by the German Society for Neurology, which now suggest
that ASPs should primarily be performed when there is clinical sus-
picion of an AID [10]. Nonetheless, there remains a substantial lack
of evidence concerning the effectiveness of routine ASPs, as well as
the overall seroprevalence of positive antibody screening findings in
pwMS, especially in relation to AID follow-up diagnosis. Therefore,
this study aimed to expand on and confirm recent trends regarding
ASPs in a broad population of pwMS and to contextualize these re-
sults in relation to diagnosis of AID [8].

METHODS

Data collection

This retrospective study analyzed patients diagnosed with re-
lapsing MS (RMS) based on concurrent McDonald criteria at the
Department of Neurology, Medical University of Vienna from April
2013 to October 2021 [7, 11]. This data analysis was restricted to
patients with RMS who had ASPs performed as part of their initial
diagnostic evaluation. Data were utilized from the Vienna Multiple
Sclerosis Database (VMSD), which is a comprehensive repository of
clinical and paraclinical data, with the primary objective to gather
detailed information on MS by adhering to a minimal core dataset as

defined by institutional expert recommendations [12].

Patients were excluded from our analysis if they had a diagno-
sis of primary progressive or pediatric MS, if follow-up data were
incomplete (i.e., absence of a follow-up visit after ASPs or insuffi-
cient documentation on ASP results by the treating neurologist), or
if no ASP was conducted at diagnosis. In addition to data extracted
from the VMSD, medical reports were screened to identify any red
flag symptoms indicative of a systemic AID (e.g., rheumatologic
disease) present at the time of initial evaluation (such as joint pain,
sicca syndrome, and/or recurring fever). No standardized assess-
ment was implemented, and as such symptoms had to be reported
by patients spontaneously during evaluation. Diagnoses of auto-
immune conditions other than MS were extracted from follow-up

medical records.

Autoimmune screening panels

ASP parameter selection was standardized based on institutional
expert opinion and previous suggestions by guidelines; however,
selection of parameters could differ between patients depending
on the clinician's judgment to include or exclude specific laboratory
values based on the patients' clinical symptoms or reported family
history [10]. The following parameters were collected: complement
factor C3c and C4, rheumatoid factor (RF), ANA, extractable nuclear
antibody (ENA) subsets (anti-SSA/Ro, anti-SSB/La, Centromere B,
SCL70, SM, u1RNP, and Jo-1), smooth muscle cell antibody (SMA),
cytoplasmic or perinuclear antineutrophil cytoplasmic antibod-
ies (CANCA/pANCA), 1gG and IgM against cardiolipin, antibodies
against double-stranded DNA (dsDNA), IgG and IgM against beta-2
glycoprotein (R2GP), and lastly antimitochondrial antibodies. ANA,
cANCA/pANCA, and SMA titers were defined as either nega-
tive, or mildly (1:80-1:160), moderately (1:320-1:640), or strongly
(21:1280) positive. Positivity for ENA and dsDNA was classified as
either borderline positive if present within concentrations of 5U/
mL to 10U/mL for most ENA and 10U/mL to 15U/mL for dsDNA or
definitively positive if greater than 10 U/mL for most ENA and 15U/
mL for dsDNA. Complete reference ranges for each parameter are
shown in Table S1.

ASPs were defined as positive if at least one autoantibody, in-
cluding borderline positive cases, was detectable, when complement
C3c or C4 levels were abnormal, and/or when RF was elevated. In
this study, systemic AIDs were defined as conditions characterized
by simultaneous, successive, or variable involvement of multiple or-
gans or systems (e.g., skin, muscle, joints, kidney, CNS), distinguished
by the presence of autoantibodies [13].

Laboratory analysis of ASP parameters
ASP measurements were performed in the local Department of

Laboratory Medicine at the Medical University of Vienna. Methods
of measurement for each parameter are shown in Table S1.
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Statistical analysis

The statistical analysis was performed using IBM SPSS Statistics
(version 29.0.2; SPSS, Chicago, IL, USA). Categorical variables were
expressed as frequency and percentage; continuous variables were
displayed either as mean and SD, or median and range, as appropriate.

To evaluate diagnostic accuracy of ASPs in correctly identifying
systematic AID, sensitivity and specificity along with positive and
negative predictive values (PPV, NPV) were calculated with 95%

confidence intervals.

Ethics

The study was approved by the ethics committee of the Medical
University of Vienna (ethical approval no. 1668/2023). As datasets
were exported pseudonymously from the local VMSD including data
obtained in routine practice, the need for written informed con-
sent from study participants was waived by the ethics committee.
This study adheres to the reporting guidelines outlined within the
STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) statement.

RESULTS
Patient characteristics

After screening of the VMSD, 212 patients were included (Figure 1).
Of those, 142 patients (66.9%) were female and mean age at time
of ASP was 30.4 (SD=8.5) years. Characteristics of study cohorts
are shown in Table 1 and did not significantly differ from the whole
VMSD cohort (Table S2).

Apart from two patients with known and managed autoimmune

thyroiditis, none of the analyzed patients had a definitive diagnosis

of any systemic AID prior to evaluation for MS. The total number of

each parameter ordered is presented in Table 2.

ASP findings

Abnormal screening results were found in 28.7% of all patients
(Table 1). Among those with a positive ASP, most patients exhibited
abnormal levels of complement C3c or C4 (31/134, 23.1%), with the
majority having C3c levels below the respective reference range
(26/134, 19.4%; Tables S1 and S2). In 2.2% (3/134) of patients, com-
plement C4 concentrations were decreased, and in 1.5% (2/134)
they were increased (Table 2).

Among the panel results that were positive for autoantibodies,
the majority had ANA (24/211, 11.4%). Specifically, 8.6% (18/211)
of patients demonstrated mildly, 2.4% (5/211) moderately, and 0.5%
(1/210) strongly positive ANA titers. ENA titers were positive in 4.7%
(10/211) of patients, with positivity for SSA/antiRo and SSB/antiLa
autoantibodies being most frequent (7/211, 3.3%), whereas none of
the patients tested positive for ENA subclasses u1RNP, SCL-70, or
Jo-1. Other positive antibody results included SMA (11/167, 6.6%),
B2GP (borderline positive in 5/203, 2.5%), and IgM against cardio-
lipin (4/204, 1.9%). Complete results of ASPs are shown in Table 2.
Overall, in 42 (19.8%) patients at least one antibody parameter was

measured to be positive.

Diagnostic accuracy of ASPs

In 12 patients (5.6%), symptoms compatible with AID were ob-
served; five exhibited sicca symptoms, four experienced arthralgia,
and four presented with dermatitis (one patient presented with
both sicca symptoms and dermatitis). Follow-up examinations led to
a diagnosis of systemic AID in four patients, all of whom displayed
red flag symptoms. Two patients were diagnosed with SS, one with

1121 patients included

in VMSD
VMSD-patients excluded due to:
- No ASP at diagnosis (n = 796)
——— - Incomplete follow-up on medical records (n = 15)
- Pediatric MS (n = 29)
- Primary progressive MS (n = 69)
A4

FIGURE 1 Inclusion flowchart of
the patient cohort. ASP, autoimmune
screening panel; MS, multiple sclerosis;
VMSD, Vienna Multiple Sclerosis
Database.

analysis

212 patients included
for retrospective
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TABLE 1 Patient demographics.

TABLE 2 Results of autoimmune screening panel.

Patient characteristic Results Screening parameter n total n positive % positive
Age at disease onset, years® 29.8 (8.4) ASL 162 32 19.75
Age at diagnosis, years® 30.4 (8.5) C3c and C4 abnormal® 134 312 23.13
Age at serology, years? 30.4 (8.5) C3c decreased 134 26 19.40
Disease onset to serology, days® 28.5(9-139.5) C3cincreased 134 1 0.75
Female, n (%) 142 (67) C4 decreased 134 3 2.24
Positive ASP results, n (%) 61 (28.7) C4 increased 134 3 2.24
Patients with autoantibodies present, n (%) 42 (19.8) RF 180 0 0.00
Abbreviation: ASP, autoimmune screening panel. ANA total 210 24 11.43
*Mean (SD). ANA mild 210 18 8.57
®Median (interquartile range). ANA moderate 210 5 2.38
ANA strong 210 1 0.48
mixed connective tissue disease and another with psoriatic arthritis. Anti-dsDNA total 208 2 0.96
All AIDs were identified as comorbid conditions in presence of MS dsDNA borderline 208 1 0.48
with none involving the CNS, were diagnosed after formal diagnosis dsDNA definite 208 1 0.48
of MS, and did not alter the established diagnosis of MS. Whereas in ENA total® 211 10° 474
three patients positive panel results were observed, the patient with .
SSA/antiRo total 211 6 2.84
psoriatic arthritis did not exhibit elevated RF or any other positive
. Lo . . SSA/antiRo borderline 211 1 0.47
screening result (Table 3). Based on the findings in this study, ASPs ) N
were calculated to have an overall NPV of 99.3% and PPV of 4.9% SSA/antiRo definite 21 > 2.37
for systemic AIDs that have been diagnosed as a direct consequence SSB/antiLa total 211 2 0.95
of ASP in this study cohort. In a subgroup analysis of all patients SSB/antiLa borderline 211 1 0.47
who presented with red flag symptoms, ASPs were calculated to SSB/antila definite 211 1 0.47
have a PPV of 100% and an NPV of 88.9%. Test metrics are shown SM total/borderline 211 3 1.42
in Table 4. Centromere B 211 2 0.95
ulRNP 211 0 0.00
SCL-70 211 0 0.00
DISCUSSION Jo-1 211 0 0.00
Cardiolipin IgM 205 4 1.95
Given the questionable diagnostic benefits of routine ASPs along Cardiolipin 1gG 204 0 0.00
with high direct and potential indirect economic costs associated
. . . . . SMA 167 11 6.59
with performing these [8, 9], the aim of this study was to provide
. B2GP IgM, total/borderline 203 5 2.46
a more comprehensive report on the general seroprevalence of
positive antibody screening findings as well as to evaluate the test B2GP1gG 204 0 0.00
performance of ASPs in MS. The current lack of evidence regarding cANCA 205 0 0.00
routine ASP testing in pwMS contributes to the tendency for ASPs PANCA 205 0 0.00
Antimitochondrial 173 0 0.00

to still be frequently performed in tertiary and quaternary care clin-
ics. Based on our results, however, we assert that, although posi-
tive ASPs are not infrequent, occurring in nearly 30% positive of our
study population, routine ASPs provide little added diagnostic value.
This is evidenced by a particularly poor PPV across all pwMS, and
as such, ASPs should not be performed in all patients suspected of
having MS.

The most common findings were abnormal levels of com-
plement C3c or C4. This, however, is not particularly surprising,
as previous studies have already established a link between in-
creased complement factor activity and MS pathology as well as
disease activity and/or progression [14-16]. As such, a derange-
ment of complement levels could be interpreted as a mechanism
compatible with MS pathophysiology and would therefore not
constitute a viable screening parameter to allow excluding or

Abbreviations: ANA, antinuclear antibody; anti-dsDNA, anti-double-
stranded DNA antibody; ASL, antistreptolysin; cANCA, cytoplasmic
antineutrophil cytoplasmic antibody, ENA, extractable nuclear
antigen; Jo-1, myositis specific antibody; pANCA, perinuclear
antineutrophil cytoplasmic antibody; RF, rheumatoid factor; SCL-70,
anti-topoisomerase |; SM, Smith antibody; SMA, smooth muscle cell
antibody; B2GP, beta-2 glycoprotein; SSA/antiRo and SSB/antilLa, anti-
Sjogren syndrome-related antigen A/B; ulRNP, ul-ribonucleoprotein.
“Two patients had decreased levels of both C3c and C4.

PThree patients were positive for multiple ENAs.

differentiating other autoimmune disorders. This is particularly
evident in this study's findings, because among 31 patients with
abnormal complement concentrations, only one was diagnosed
with an AID (SS).
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TABLE 3 AID diagnosis with ASP results.

Follow-up AID Results

Total AID diagnosed, n 4

Psoriatic arthritis, n 1

ASP results All negative (including RF)

Mixed connective tissue disease, n 1

ASP results ASL (265), ANA (1:320),
antinucleosome (29.2)

Sjogren syndrome, n 2

ASP results, Patient 1 C3c (88.1), ASL (292), SSA

(242), SSB (320), SM (7.9)

ASP results, Patient 2 ANA (1:160)

Abbreviations: AID, autoimmune disorder; ANA, antinuclear
antibody; ASL, antistreptolysin; ASP, autoimmune screening panel;
RF, rheumatoid factor; SM, Smith antibody; SSA/SSB, anti-Sjogren
syndrome-related antigen A/B.

TABLE 4 Overall test metrics for autoimmune screening panel.

Results

Statistics All patients Red flag symptoms

Sensitivity, % (95% Cl) 75.0 (19.4-99.4) 75(19.4-99.4)

Specificity, % (95% Cl) 72.1(65.5-78.1) 100.0 (63.1-100.0)
Positive likelihood ratio 2.7 (1.4-4.9) NA

(95% Cl)

Negative likelihood 0.4 (0.1-1.9) 0.25(0.05-1.36)
ratio (95% Cl)

AID prevalence, % 1.9 33.3

Positive predictive 4.9 (2.8-8.7) 100.0 (29.2-100.0)

value, % (95% Cl)

Negative predictive 99.3(96.5-99.9) 88.9 (59.4-97.8)

value, % (95% Cl)

Accuracy, % 72.2 (65.6-78.1) 91.7 (61.5-99.8)

Abbreviations: AID, autoimmune disease; Cl, confidence interval; NA,
not applicable.

Among antibody screening results in our cohort, ANA was most
commonly positive. Again, these results were to be expected, as the
seroprevalence of ANA varies significantly, but is consistently high in
both healthy individuals as well as in patients with nonrheumatic dis-
orders, with positive results reported in 26.7%-63.5% of pwMS [8,
17, 18]. In contrast, in our current study, only 11.4% of pwMS tested
positive for ANA, a rate that rather approximates the seroprevalence
observed in the general “healthy” population [19, 20]. Due to a lack of
specificity and sensitivity, the Canadian Rheumatology Association
specifically advised against using ANA testing as a general screening
tool for patients who do not exhibit specific signs or symptoms indic-
ative of SLE or another connective tissue disease (CTD) [19, 21, 22].
Additionally, Becker et al. reported that although ANA titers were
frequently elevated among various screening panel parameters, only
four of 197 patients were ultimately diagnosed with rheumatologic
conditions, with one of these patients being ANA-negative [8]. The

authors therefore concluded that routine ANA screening may not
be advisable for patients with MS due to its limited sensitivity and
specificity [8]. These observations are consistent with the results of
our study, which also demonstrated a notably high rate of false pos-
itive and false negative results, as only half of the patients with a
follow-up diagnosis of systemic AID tested positive for ANA.

Nonetheless, in case of positive ANA results, ENA and dsDNA
are typically part of a follow-up serology (stepwise approach); how-
ever, simultaneous testing for ANA, dsDNA, and ENA is still used as
a screening measure [23, 24]. Independent of the presence of MS
or other disorders, data on the use of ENA and dsDNA as screening
measures suggest that their diagnostic yield is low in “healthy” indi-
viduals without clinical suspicion of AID and those who test negative
for ANA. In these patient populations, ENA and dsDNA demonstrate
very limited PPV and sensitivity [25, 26]. In our study, 4.7% of pa-
tients tested positive for ENA, yet only one patient was diagnosed
with SS upon follow-up, having shown clinical symptoms of sicca
syndrome consistent with SS prior to ASP testing. dsDNA was posi-
tive in two patients, but only one was subsequently diagnosed with
mixed CTD, who also presented with symptoms consistent with CTD
(joint pain and skin involvement). Similarly, another study involving
85 pwMS reported ENA positivity in 13 patients and dsDNA positiv-
ity in one patient, with none of these individuals exhibiting clinical
manifestations of CTD or being diagnosed with CTD upon follow-up
[18]. Therefore, our observations along with previously reported
data (inside and outside the realm of MS) suggest that there is no ne-
cessity to routinely screen for either ENA or dsDNA in patients sus-
pected of having MS without clinical manifestations of systemic AID.

Regarding other antibody findings, B2GP (only borderline)
and IgM cardiolipin were elevated in few pwMS (5/203, 2.5% and
4/205, 2.0%), and none of the assessed patients was diagnosed
with anti-phospholipid syndrome (APS) systemic during follow-up.
Studies suggest that the general seroprevalence of APS antibodies
in “healthy” individuals is somewhere between 1% and 14% and can
be associated with other processes, such as infections, vaccination,
and malignancies [27, 28]. Although APS can mimic symptomatology
and paraclinical findings of MS, careful history taking (e.g., venous
thrombosis) could most likely exclude APS without the need for ASPs
[29]. SMA was within the range of healthy individuals and was not
associated with any follow-up AID. Although studies that assessed
antigen-specific autoimmune liver disease-related autoantibodies
found that, contrary to our results, SMA concentration in pwMS
seemed to be surprisingly high, no clear increase in presence of auto-
immune hepatitis (AIH) could be observed [30, 31]. Additionally, AIH
is not thought to typically mimic MS symptomatology and therefore
is not regarded a relevant differential diagnosis [4]. Finally, in our
study, all patients were found to be negative for RF, cANCA, and
pANCA, and although especially ANCA positivity can precede the
onset symptoms in AID, it is not advisable to generally screen for
these without clearly indicative symptoms or to distinguish between
MS and non-MS [8, 22, 32, 33].

Consistent with previous data, our study confirms that the
prevalence of comorbid AID is low in pwMS and that the rate of
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seropositive autoantibodies approximates those observed within
the general population [3, 20]. ASPs in the current study demon-
strated a high rate of false positives along with correctly identifying
only three of four with follow-up AID, resulting in an overall poor
test performance and a particularly low PPV of 4.9%. Notably, all
patients diagnosed with an AID exhibited symptoms consistent
with systemic AID, implying that routine ASPs are highly unlikely to
provide any additional diagnostic benefits in effectively excluding
autoimmune differential diagnoses or comorbidity in patients who
do not present with highly atypical MS symptoms. This is further
supported by our subgroup analysis, where every patient with clin-
ical symptoms of systemic APS and a positive ASP was eventually
diagnosed with an AID. Although our sample size in this subgroup
was small, test accuracy appears exceptional in these patients, as in-
dicated by both high PPV and NPV. Additionally, cost-effectiveness
should be considered as well when performing an ASP, because anti-
body screenings tend to have high direct costs (€932 for a complete
ASP at our institution), along with indirect costs involving potentially
unnecessary referrals to other specialists such as rheumatologists.

Some limitations of this study must be acknowledged. First, the
sample size of 212 patients may be insufficient to adequately cap-
ture rare autoimmune disorders. However, if a significantly larger
number of patients would be required to identify these disorders,
routine application of ASPs may not be useful either way, but only
in a selected population. It needs to be acknowledged that patients
were not systematically interviewed regarding systemic symptoms,
potentially introducing a risk of underestimating red flag symptoms,
particularly for sicca syndrome. Additionally, our study did not in-
clude a control cohort, limiting the ability to make definitive con-
clusions about the general seroprevalence of positive ASP results in
relation to follow-up AID diagnosis. This limitation is compounded
by the retrospective nature of our study stemming from a real-world
population, which included only patients with a confirmed MS di-
agnosis who received an ASP. Thus, there could be both selection
and indication bias and our findings may not truly reflect the effec-
tiveness of ASPs in patients evaluated for MS. However, the study
cohort characteristics are similar to the whole cohort at our center,
rendering the potential for a relevant selection/indication bias for
ASPs unlikely. Also, we could not account for ethnicity in our analy-
ses, because our study population consisted of >95% Caucasians, an
issue which should be addressed by future research.

CONLUSIONS

The rate of seropositivity for ASPs in pwMS is low and aligns with
the prevalence expected in the general population. Performing ASPs
should only be considered in the presence of atypical MS symptoms

or symptoms compatible with systemic AID.
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