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Background and objectives: The diagnosis of multiple sclerosis (MS) is based on the McDonald diagnostic criteria and the exclusion of relevant differential diagnoses. This study aimed to determine the relative frequencies of MS differential diagnoses and to identify which diagnostic measures are most effective in distinguishing those from one another.

Methods: We conducted a retrospective analysis of all cases treated in the neurology ward of the University Hospital Regensburg during the years 2019 and 2020. The inclusion criteria comprised cases presenting with subacute focal neurological symptoms accompanied by corresponding lesions on magnetic resonance imaging (MRI) that could not be primarily attributed to MS, tumor, hemorrhage, or ischemia, as well as cases with abnormal external MRI findings who were referred to our clinic for the evaluation or exclusion of multiple sclerosis.

Results: A total of 127 cases were included in the study. Differential diagnoses of MS were predominantly of inflammatory or vascular origins or non-specific white matter lesions. The primary diagnostic tools for distinguishing differential diagnoses of MS from one another were patient history (fever), cerebrospinal fluid analysis, and brain MRI, as well as a duplex ultrasound of the cranial vessels.

Discussion: Our study demonstrates that cerebrospinal fluid analysis and brain MRI are essential not only for the diagnosis of MS but also for distinguishing among its various differential diagnoses. In particular, duplex ultrasound may assist in identifying vascular lesions, while the presence of fever may suggest an infectious cause.
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Introduction

The diagnosis of multiple sclerosis (MS) is based on the McDonald criteria (1, 2). The authors of the 2024 revision emphasized the importance of ruling out potential differential diagnoses—sometimes referred to as MS mimics—before applying these criteria. A recent review highlighted the broad spectrum of differential diagnoses of MS, which includes other autoimmune disorders, vascular diseases, infections, neoplasms, metabolic conditions, and neurodegenerative diseases (3). The review also provided recommendations regarding hallmarks in clinical presentation, neuroimaging, and cerebrospinal fluid analysis to aid in their differentiation. Further data have been published to help in differentiating MS from its differential diagnoses based on cerebral magnetic resonance imaging (cMRI) (4) and cerebrospinal fluid (CSF) parameters (5, 6). Recently, Solomon et al. (3) published a consensus statement outlining the diagnostic pathway for these conditions (7).

Despite these studies, little is known about the relative frequency of the differential diagnoses of MS when confirming or excluding MS in clinical practice, or about the diagnostic value of various paraclinical tests in distinguishing among them. This study aimed to address this knowledge gap.



Methods


Case selection

In this retrospective analysis, all patients treated in the neurology ward of the University Hospital Regensburg between 1 January 2019 and 31 December 2020 were screened. The study aimed to include all patients with clinical and/or radiological signs suggestive of MS who were ultimately diagnosed with conditions other than MS. Case selection was performed by an experienced neurologist (TS). All cases with a first diagnosis of MS, including radiologically isolated syndrome (RIS) and clinically isolated syndrome (CIS), neuromyelitis optica spectrum disorder (NMOSD), and myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) were excluded prior to the study. Cases were included if they presented with any subacute (a duration of less than 6 months) focal neurological symptoms and corresponding cerebral magnetic resonance imaging (cMRI) lesions. Additionally, we included all cases referred to our ward due to abnormal cMRI findings for the evaluation or exclusion of an MS diagnosis. When the initial written neuroradiological evaluation of computed tomography (CT) or MRI revealed acute ischemia, hemorrhage, or neoplasm, patients were excluded.



Case analysis

We analyzed all patient records from both inpatient treatment and outpatient visits to our neurology clinic between 1 January 2019 and 31 December 2020. The records were reviewed for predefined clinical history, neurological symptoms, laboratory findings, cerebrospinal fluid (CSF) analysis, electrophysiology, and imaging data. For statistical analysis, all data were categorized into dichotomous variables (for example, pathological–not pathological). For a comprehensive overview of all evaluated parameters and cutoffs, see Table 1. The final diagnosis was made after evaluation of all clinical and paraclinical data and not solely based on cMRI findings.


TABLE 1 Overview of all anamnestic and diagnostic parameters investigated in all cases.


	General diagnostic methods
	Specific diagnostic methods

 

 	Baseline characteristics 	Sex
 Age


 	Anamnestic information 	Prior diagnosis relevant for final diagnosis
 Prior medication relevant for final diagnosis
 Smoking
 Headache


 	CSF 	WBC (>ULN)
 Lactate concentration (>ULN)
 Protein concentration (>ULN)
 Albumin quotient (>ULN)
 OCB (type II or III)
 Autochthonous immunoglobulin synthesis (>ULN)
 MRZH reaction (at least two pathological values)
 FACS (showing monoclonal cells)
 CSF microscopy (showing malignant cells)
 Evidence of specific infectious disease (PCR or ASI)
 Protein 14-3-3 (>ULN)
 Evidence of antineuronal or paraneoplastic antibodies


 	Blood workup 	Beta 2 GP 1 antibodies (>ULN)
 Lupus anticoagulant (>ULN)
 Cardiolipin antibodies (>ULN)
 Complement C1/C3/C4 (<LLN)
 ANA (>1:160)
 SSA (>ULN)
 SSB (>ULN)
 cANCA (>ULN)
 pANCA (>ULN)
 ACE (>ULN)
 sIL2-R (>ULN)
 Neopterin (>ULN)
 Lysozyme (>ULN)
 ESR (>50 mm/h)
 Vitamin B12 (<LLN)
 Folic acid (<LLN)
 creatinine (> 2ULN)
 GOT (>2 ULN)
 GPT (>2ULN)
 Proteinuria (>ULN)
 Immunoglobulins against Borrelia burgdorferi
 HIV test
 Treponema pallidum test
 Specific tests for leukodystrophies


 	Imaging 	cMRI (neuroradiological evaluation consistent with final, clinical diagnosis)
 Spinal MRI (showing any lesions)
 Chest CT (showing neoplasia or bilateral hilar lymphadenopathy)
 Chest and abdominal CT (showing neoplasia)
 PET CT (showing neoplasia)
 DSA (indicative of vasculitis)


 	Others 	Presence of fever on admission or shortly prior EP (showing demyelinating damage)
 Duplex ultrasound of the cranial vessels (showing arteriosclerosis or vascular stenosis)
 Duplex ultrasound of the temporal artery (indicative of giant cell arteritis)
 Brain biopsy (indicative of final diagnosis)
 Pathergy test





For laboratory and imaging data, specific cutoffs are provided. Prior diagnoses were considered relevant to the final diagnosis when chronic conditions were identified as the cause of MRI lesions, including risk factors for vascular lesions (e.g., systemic lupus erythematosus in neuropsychiatric lupus, hypertension in cases with vascular lesions). Previous medication was also deemed relevant if it contributed to the lesions observed on cMRI (e.g., cyclophosphamide-induced white matter lesions). ULN, upper laboratory limit; LLN, lower laboratory limit; WBC, white blood cell count; OCB, oligoclonal bands; MRZH, measles, rubella, varicella zoster, herpes simplex; FACS, fluorescence-activated cell sorting; PCR, polymerase chain reaction; ASI, antibody specificity index (ASI quantifies intrathecal antibody synthesis by comparing the ratio of antibody concentration in CSF to serum against the ratio of total IgG in CSF to serum. This is a relative measure of specific intrathecal antibody production against pathogens and thus an indicator of a recent or past CNS infection); beta 2 GP1, beta 2 glycoprotein 1; ANA, antinuclear antibodies; SSA, anti-Sjögren’s syndrome-related antigen A autoantibodies; SSB, anti-Sjögren’s syndrome-related antigen B autoantibodies; cANCA, antineutrophil cytoplasmic antibodies; pANCA, perinuclear antineutrophil cytoplasmic antibodies; ACE, angiotensin-converting enzyme; sIL2-R, soluble interleukin 2 receptor; ESR, erythrocyte sedimentation rate; GOT, glutamate–oxaloacetate transaminase; GPT, glutamate–pyruvate transaminase; HIV, human immunodeficiency virus; CT, computed tomography; PET-CT, positron emission tomography–computed tomography; DSA, digital subtraction angiography; EP, evoked potentials.
 



Statistical analyses

Statistical analyses were conducted using SPSS Statistics 26 (SPSS Inc., Chicago, Illinois). The results are presented as absolute numbers, absolute and relative frequencies (n, %), and medians with interquartile ranges (IQR). To analyze the relationship between the categorical variables, the Pearson chi-square test was conducted. Since expected cell frequencies below five occurred in the crosstab, the Monte-Carlo method with 10,000 replications was used to estimate the significance level. In the case of a significant result, an exploratory post-hoc analysis at the cell level was performed, based on the standardized residuals. Cells with a residual greater than |1.96| were interpreted as significantly deviating from the expected value. This was an exploratory data analysis without adjusting for multiple testing.



Ethical approval

The Ethics Committee at the University of Regensburg approved the study (#24-3,839-104). The analysis was conducted in accordance with the current Declaration of Helsinki.




Results


Cohort description

A total of 3,255 cases were screened, of which 127 (3.9%) met the predefined criteria (see Figure 1). Of those, 61% were women, and the mean age was 50.9 years with a standard deviation of 18.2 years. In 53% of the cases (n = 67), patients were referred to our clinic due to white matter lesions of unknown origin identified on recent cMRI, typically for the evaluation or exclusion of MS. In 30% of the cases (n = 38), patients presented independently or were referred because of subacute neurological deficits, which were later attributed to specific lesions on cMRI. Both criteria were met in 22 cases (17%).

[image: Flowchart depicting patient selection at the University Hospital Regensburg in 2019 and 2020. From 3,255 cases, 117 had first diagnoses of MS, 5 of NMOSD, 2 of MOGAD. Of the remaining cases, 191 met the inclusion criteria. Further exclusions included 18 cases with ischemia/intracranial bleeding, and 46 with neoplasia, resulting in a final cohort of 127 cases.]

FIGURE 1
 Flowchart regarding inclusion of patients. Excluded cases labeled as MS also comprised individuals with radiologically isolated syndrome (RIS) and clinically isolated syndrome (CIS). Cases with ischemia, intracranial bleeding, or neoplasia were excluded only if the initial imaging (CT or MRI) clearly indicated these conditions.


In our cohort, 12 cases (9%) had autoimmune diseases, and 20 cases (16%) had infectious diseases. Among the 12 cases with autoimmune conditions, the following diagnoses were identified: autoimmune encephalitis (five cases), systemic lupus erythematosus (two cases), Rasmussen’s encephalitis, microscopic polyangiitis, Bickerstaff encephalitis, sarcoidosis, and Behçet’s disease. Infectious etiologies included John Cunningham (JC) virus (three cases), Creutzfeldt–Jakob disease (CJD, five cases), cerebral abscesses (three cases), herpes simplex virus (HSV) type 1 (three cases), Borrelia burgdorferi, tick-borne encephalitis, Capnocytophaga canimorsus, and three cases in which no specific microorganism could be identified, although infectious encephalitis was strongly suspected. Vascular lesions were identified in 27 cases (22%); 14 patients were diagnosed with postischemic lesions, 11 had microangiopathic white matter lesions, and 1 case each was diagnosed as giant cell arteritis and primary angiitis of the central nervous system (PACNS).

Non-specific white matter lesions were observed in 19 cases (15%). In 32 cases (25%), no diagnosis could be made, and therefore, they remained unsolved.

In the remaining cases, the following diagnoses were made: gliomatosis cerebri, hemangioblastoma, neoplasm of unknown origin, central pontine myelinolysis (four cases), cytotoxic edema due to hyperthermia, telangiectasia, cavernoma, migration abnormality, cyclosporine-induced neurotoxicity, posterior reversible encephalopathy syndrome (PRES), and post-traumatic lesions. In three cases, previously reported external cMRI lesions could not be confirmed upon re-evaluation. Notably, in three cases diagnosed with neoplasia, diagnoses could only be established later in the disease course and were not apparent on the initial cMRI scan.



Diagnostic groups

Initial analysis showed a broad variety of differential diagnoses. For further statistical analysis, subgroups had to be defined. Based on the most frequent diagnoses, we defined six diagnostic groups: autoimmune, infectious, vascular, non-specific lesions, others, and unsolved cases. The absolute and relative frequencies within these groups are presented in Table 2.


TABLE 2 Absolute and relative frequencies of diagnoses in our cohort.


	Diagnostic group
	Absolute frequency
	Relative frequency in %

 

 	Autoimmune 	12 	9.4


 	Infectious 	20 	15.7


 	Vascular 	27 	21.3


 	Non-specific white matter lesions 	19 	15.0


 	Other diagnoses 	17 	13.4


 	Unsolved 	32 	25.2





All 127 cases were assigned to one of the six diagnostic groups. The absolute number of cases in each group, along with their relative frequencies within the entire cohort, is reported.
 



Diagnostic evaluation

In the second step, we aimed to examine which diagnostic measures were most reliable to distinguish differential diagnoses of MS from one another. The Pearson chi-squared test with the Monte Carlo method was used for statistical analysis.


History

Prior medical conditions were most relevant in the context of autoimmune diseases and vascular diseases (p < 0.001). In vascular diseases, 59% of cases had a history of diabetes mellitus or hypertension. Smoking status and the presence of headache at presentation did not differ significantly across the four groups. However, fever was observed significantly more frequently in cases with infectious diseases of the central nervous system (CNS, p = 0.002).



CSF

Regarding CSF findings, cases with autoimmune and infectious diseases showed significant differences from the other groups in the following pathological parameters: white blood cell count (WBC) (p < 0.001), protein concentration (p < 0.001), albumin quotient (p < 0.001), lactate concentration (p < 0.001), oligoclonal bands (OCBs) (p < 0.001), and autochthonous immunoglobulin synthesis (p < 0.001). Autochthonous immunoglobulin synthesis is a relative measure of non-specific intrathecal antibody production and thus serves as an indicator of certain autoimmune diseases of the CNS. No significant differences were observed for measles, rubella, varicella zoster, herpes simplex (MRZH) reaction, antineuronal or paraneoplastic antibodies, microscopy, fluorescence-activated cell sorting (FACS), or microbiological evidence of infectious disease. These tests, however, were conducted in only a minority of cases (<30%).



Blood tests

Glutamate–pyruvate transaminase (GPT) (p = 0.008) elevation was significantly more common in the autoimmune group, whereas proteinuria was more common (p = 0.019) in the infectious group. No other blood test results showed significant differences across the four diagnostic groups, especially considering that these tests were performed in only a subset of cases and mostly yielded negative results. Nonetheless, in individual cases, these tests made a significant contribution to distinguishing specific diagnoses within the diagnostic groups.



Imaging

MRI played a central role in differentiating between diagnostic groups and in identifying specific diagnoses within each group. In nearly all cases—except those in the group with unsolved diagnoses—neuroradiological diagnosis in cMRI was consistent with the final clinical diagnosis (p < 0.001). Duplex ultrasound yielded significantly more pathological results in the group of vascular diseases (p = 0.006). Other imaging modalities were used less frequently and did not show significant differences across the diagnostic groups.

For more detailed information about the absolute frequencies, relative frequencies, and p-values for each diagnostic modality in every group, please refer to Supplementary Table A1.





Discussion

This study highlights the heterogeneity of differential diagnoses of multiple sclerosis (MS) in clinical practice. Regarding our cohort, it is important to note that the mean age was relatively high (50.7 years) compared to the average age at the first MS diagnosis (8). This may indicate a significant proportion of atypical cases within our cohort and is reflected in a notably higher frequency of vascular lesions. As MS is increasingly diagnosed in older patients, particularly those aged over 50, the findings of this study become more relevant (8–10). A variety of—at times quite rare—differential diagnoses of MS exist, as highlighted in recent literature (3, 6, 11). When categorized into diagnostic groups, differential diagnoses of MS predominantly arise from inflammatory (autoimmune and infectious) and vascular diseases. However, in a considerable number of cases, no clear underlying condition could be identified, or the lesions were described as non-specific. Such non-specific white matter lesions may occur in disorders such as migraine (12). Surprisingly, the cohort includes five cases of CJD, accounting for 0.2% of all cases treated at our clinic in 2019 and 2020. The current incidence of CJD in Germany is estimated at one to two cases per million inhabitants per year (13). All affected individuals were initially referred to our clinic for the evaluation of focal neurological deficits and were later found to have corresponding lesions on MRI. The disproportionately high frequency of CJD observed in our clinic remains unexplained, though it may reflect a broader underdiagnosis of the condition (14).

One major group in our study comprised unsolved cases. The majority of these patients were referred to our clinic for the assessment of a potential MS diagnosis due to the presence of cMRI lesions. In the majority of cases, no corresponding objective symptoms were identified. As a result, the diagnostic process primarily focused on excluding MS and other treatable causes of the lesions.

Regarding the diagnostics that help to differentiate MS from its differential diagnoses, it is known from the McDonald criteria that MRI and CSF play the most important role here (1, 2). In contrast, it is unknown which diagnostic instruments are helpful to differentiate the heterogeneous group of differential diagnoses of MS from one another. In our analysis, CSF was especially helpful for differentiating inflammatory (both autoimmune and infectious) diagnoses from others. In addition to the expected role of WBC in CSF, elevated protein concentrations, lactate concentrations, and the presence of OCBs bands were also more common in the inflammatory group. The latter finding highlights the importance of considering differential diagnoses of MS, since OCBs, although often regarded as typical for MS, may also occur in other conditions (5).

The second most important diagnostic tool was cMRI, which contributed to establishing the diagnosis in the majority of cases. However, it is important to consider the potential for circular reasoning, as considerable reliance may be placed on the seemingly objective cMRI findings—particularly given the absence of a definitive gold standard for confirming the final diagnosis in our study. The final diagnoses in our study were based on all available clinical data. In some cases, these findings did not align with the neuroradiological diagnosis; however, as radiological findings in cMRI are part of the inclusion criteria and neuroradiological diagnosis in the cMRI part of the results, this potential bias could not be excluded. Unfortunately, our study included only a small proportion of patients who underwent additional spinal MRI. This could serve as a valuable tool for distinguishing differential diagnoses of MS, but further investigation through a dedicated study would be necessary.

Interestingly, duplex ultrasound also proved significantly useful in distinguishing cases with vascular lesions from those with non-vascular findings. Notably, the assessment did not depend on directly related pathologies such as downstream vessel stenosis of MRI pathologies; instead, it focused solely on the presence of arteriosclerosis and any form of vascular stenosis.

Fever was significantly associated with infectious diseases. Prior diagnoses were significantly important regarding cardiovascular risk factors for vascular diseases and prior autoimmune diseases in the group of autoimmune diseases of the CNS.

The liver enzyme GPT was significantly more frequently elevated in cases with autoimmune diseases. The underlying cause of this finding remains unclear, though a potential association with immunosuppressive therapy as well as the involvement of the liver in systemic autoimmune disorders could be suspected. Proteinuria was also significantly more common in the infectious group, although its etiology remains undetermined. We do not believe that these laboratory tests significantly aid in the evaluation of differential diagnoses of MS in clinical practice.

In conclusion, we recommend performing cMRI and CSF analysis not only to differentiate between MS and its mimics but also to distinguish among the various differential diagnoses of MS. Additionally, duplex ultrasound could be considered if vascular origin of lesions is suspected and can, in these cases, support the diagnosis. The occurrence of fever should lead to further tests for infectious causes. However, the presence of fever neither proves an underlying infectious cause nor does its absence rule it out. Other diagnostic procedures, including laboratory workups, should be reserved for selected cases based on clinical suspicion of specific conditions and not be performed as a standard “MS workup.”

Our study is limited by its single-center design and the moderate sample size of 127 cases, particularly in light of the extensive range of rare differential diagnoses. Additionally, due to the lack of a well-defined entity of differential diagnoses of MS, we used broad inclusion criteria to capture a large and heterogeneous cohort. This heterogeneity may have impeded a more precise analysis. Several tests were performed only in selected cases, which likely contributed to the lack of significant findings, particularly regarding laboratory results. Regarding statistical analysis, no adjustment for multiple testing was applied, which increases the risk of Type I errors and implies that some significant results may have occurred by chance. This limitation applies both to the performance of several global tests within the same dataset and to the exploratory post-hoc inspection of standardized residuals, which inherently involves multiple comparisons. Accordingly, the reported test results should be viewed as exploratory signals of potential associations under sparse data conditions.

Overall, our study demonstrates that CSF analysis and neuroradiological evaluation of cMRI are crucial for distinguishing MS from its differential diagnoses, as well as differentiating between these conditions. Clinicians should also consider the potential value of fever as an anamnestic clue and the use of duplex ultrasound when vascular lesions are suspected.



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 authors.



Ethics statement

The studies involving humans were approved by Ethikkomission Regensburg, University of Regensburg, Regensburg, Germany. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because the study only includes anonymized, retrospective data.



Author contributions

TS: Conceptualization, Data curation, Formal analysis, Investigation, Project administration, Supervision, Writing – original draft, Writing – review & editing. LM: Data curation, Formal analysis, Investigation, Writing – original draft, Writing – review & editing. DF: Conceptualization, Writing – original draft, Writing – review & editing. KM: Methodology, Formal analysis, Writing – review & editing. KA: Conceptualization, Supervision, Writing – original draft, Writing – review & editing. RL: Conceptualization, Writing – original draft, Writing – review & editing. D-HL: Conceptualization, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.


Conflict of interest

KA received travel support (till 2014) from Alexion, Bayer, BiogenIdec, MerckSerono, Novartis, Teva and honoraria from Biogen and TEVA and he supported neuroimmunological studies for Alexion, Bayer, BiogenIdec, MerckSerono, Roche and Novartis.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1695071/full#supplementary-material



References
	 1. Thompson, AJ, Banwell, BL, Barkhof, F, Carroll, WM, Coetzee, T, Comi, G , et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol. (2018) 17:162–73. doi: 10.1016/S1474-4422(17)30470-2 
	 2. Montalban, X, Lebrun-Frénay, C, Oh, J, Arrambide, G, Moccia, M, Pia Amato, M , et al. Diagnosis of multiple sclerosis: 2024 revisions of the McDonald criteria. Lancet Neurol. (2025) 24:850–65. doi: 10.1016/S1474-4422(25)00270-4
	 3. Solomon, AJ, Arrambide, G, Brownlee, WJ, Flanagan, EP, Amato, MP, Amezcua, L , et al. Differential diagnosis of suspected multiple sclerosis: an updated consensus approach. Lancet Neurol. (2023) 22:750–68. doi: 10.1016/S1474-4422(23)00148-5 
	 4. He, T, Zhao, W, Mao, Y, Wang, Y, Wang, L, Kuang, Q , et al. MS or not MS: T2-weighted imaging (T2WI)-based radiomic findings distinguish MS from its mimics. Mult Scler Relat Disord. (2022) 61:103756. doi: 10.1016/j.msard.2022.103756 
	 5. Ren, J, Wang, J, Liu, R, Guo, J, Yao, Y, Hao, H , et al. CSF oligoclonal bands in neurological diseases besides CNS inflammatory demyelinating disorders. BMJ Neurol Open. (2025) 7:e000912. doi: 10.1136/bmjno-2024-000912 
	 6. Katsarogiannis, E, Landtblom, AM, Kristoffersson, A, Wikström, J, Semnic, R, and Berntsson, SG. Absence of Oligoclonal bands in multiple sclerosis: a call for differential diagnosis. J Clin Med. (2023) 12:4656. doi: 10.3390/jcm12144656 
	 7. Marastoni, D, Sicchieri, M, Pizzini, FB, Scartezzini, A, Virla, F, Turano, E , et al. Multiple sclerosis diagnosis and its differential diagnosis in patients presenting with type four ‘mirror pattern’ CSF oligoclonal bands. J Neurol. (2025) 272:207. doi: 10.1007/s00415-025-12947-y 
	 8. Habbestad, A, Willumsen, JS, Aarseth, JH, Grytten, N, Midgard, R, Wergeland, S , et al. Increasing age of multiple sclerosis onset from 1920 to 2022: a population-based study. J Neurol. (2024) 271:1610–7. doi: 10.1007/s00415-023-12047-9 
	 9. Wecker, S, Freudenstein, D, Ganser, I, Angstwurm, K, Lee, DH, and Linker, RA. The impact of different lifestyle factors on disability in multiple sclerosis at older ages: a monocentric retrospective study. Ther Adv Neurol Disord. (2024) 17:17562864241284166. doi: 10.1177/17562864241284166 
	 10. Markus, HS, and De Leeuw, FE. Cerebral small vessel disease: recent advances and future directions. Int J Stroke. (2023) 18:4–14. doi: 10.1177/17474930221144911 
	 11. Calabrese, M, Gasperini, C, Tortorella, C, Schiavi, G, Frisullo, G, Ragonese, P , et al. “Better explanations” in multiple sclerosis diagnostic workup: a 3-year longitudinal study. Neurology. (2019) 92:e2527–37. doi: 10.1212/WNL.0000000000007573 
	 12. Swartz, RH, and Kern, RZ. Migraine is associated with magnetic resonance imaging white matter abnormalities: a meta-analysis. Arch Neurol. (2004) 61:1366–8. doi: 10.1001/archneur.61.9.1366 
	 13. CJK in Deutschland. (Accessed June 20, 2025). Available online at: https://cjd-goettingen.de/aktuell/aktuelle-zahlen/cjk-in-deutschland/
	 14. Kicherova, OA, Reikhert, LI, Ostapchuk, ES, Kicherova, KP, Kuznetsov, VV, and Alifirova, VM. Difficulties in the in-life diagnosis of Creutzfeldt–Jakob disease. Neurosci Behav Physiol. (2025) 55:667–74. doi: 10.1007/s11055-025-01815-x



Glossary


	ACE

	
angiotensin-converting enzyme



	ANA

	
antinuclear antibodies



	ASI

	
antibody specificity index



	Beta 2 GP1

	
beta 2 glycoprotein 1



	CJD

	
Creutzfeldt–Jakob disease



	CNS

	
central nervous system



	CSF

	
cerebrospinal fluid



	CT

	
computed tomography



	DSA

	
digital subtraction angiography



	EP

	
evoked potentials



	ESR

	
erythrocyte sedimentation rate



	FACS

	
fluorescence-activated cell sorting



	GOT

	
glutamate–oxaloacetate transaminase



	GPT

	
glutamate–pyruvate transaminase



	HIV

	
human immunodeficiency virus



	IQR

	
interquartile ranges



	JC virus

	
John Cunningham virus



	LLN

	
lower laboratory limit



	MOGAD

	
myelin oligodendrocyte glycoprotein antibody-associated disease



	MRI

	
magnetic resonance imaging



	MRZH

	
measles, rubella, varicella zoster, herpes simplex



	MS

	
multiple sclerosis



	NMOSD

	
neuromyelitis optica spectrum disorder



	OCB

	
oligoclonal bands



	PACNS

	
primary angiitis of the central nervous system



	pANCA

	
perinuclear antineutrophil cytoplasmic antibodies



	PCR

	
polymerase chain reaction



	PET-CT

	
positron emission tomography–computed tomography



	PRES

	
posterior reversible encephalopathy syndrome



	sIL2-R

	
soluble interleukin 2 receptor



	SSA

	
anti-Sjögren’s syndrome-related antigen A autoantibodies



	SSB

	
anti-Sjögren’s syndrome-related antigen B autoantibodies



	ULN

	
upper laboratory limit



	WBC

	
white blood cell count
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