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ARTICLE INFO ABSTRACT
Keywords: Background: Early onset pediatric multiple sclerosis (EOPMS) provides an early window of opportunity to un-
Children derstand the mechanisms leading to MS.
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Objective: To investigate clinical, laboratory and imaging differences between children with early onset pediatric
MS (<11 years, EOPMS) and late onset pediatric MS (>11 years, LOPMS).

Methods: Mostly prospectively collected data of children with MS including clinical presentation, MRI at onset,
time to second relapse, relapse rate, treatment history, and CSF markers were eligible.

* Corresponding author. Pediatric Neurology, Witten/Herdecke University, Children’s Hospital Datteln, Dr. Friedrich-Steiner Str. 5, Datteln, D-45711, Germany.
E-mail address: kevin.rostasy@uni-wh.de (K. Rostasy).
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Results: In total 274 children were included, n = 53 children with EOPMS and n = 221 children with LOPMS. In
children with EOPMS both sexes were equally affected, while in LOPMS the female sex was more prevalent (p <
0.001). Presence of additional oligoclonal bands (OCBs) in the cerebrospinal fluid (CSF) was comparable in both
age groups (92.3 % vs 89.5 %). Children with EOPMS had more relapses in the first 2 years (p = 0.004). Children
with LOPMS had significantly more spinal lesions (p = 0.001). Presence of a prior EBV infection tested in a subset
of children with EOPMS (n = 34) was only detected in 27/34 (79 %).

Conclusion: Our findings suggest that both groups share important similarities but also important differences such
as an increased relapse rate and a higher amount of infratentorial lesions in EOPMS. Furthermore, our results
allude to a prior EBV-infection possibly not being an indispensable requirement for the development of MS in

children with EOPMS.

1. Introduction

Multiple sclerosis (MS) is the most common cause for neurologic
disability in young adults and occurs in approximately 3-5 percent of all
cases already in childhood [1-3]. Compared to adults, children with MS
are known to have more relapses in the first six years after disease onset
[4] but show a better recovery [5]. Especially rare, with an incidence of
0.09/100000, is early onset pediatric MS (EOPMS) defined as MS with
disease onset below or equal to the age of ten. In EOPMS the sex ratio is
balanced, while in children older than 10 years, the female sex domi-
nates [6]. Moreover, in EOPMS, children are more likely to have a
polysymptomatic onset with motor and brainstem involvement,
sphincter dysfunction, cognitive impairment but nevertheless a good
recovery after the first episode [7-9]. Children older than 10 years often
present with a monosymptomatic episode characterized by optic
neuritis (ON), unilateral sensory deficits or motor weakness [10] and do
have more often additional oligoclonal bands (OCBs) in cerebrospinal
fluid (CSF) compared to EOPMS [10-12]. Several studies also showed a
high prevalence of a previous Epstein-Barr virus (EBV) infection in
LOPMS, similar to adults with MS [12-15]. The presence of a prior EBV
infection in a larger cohort of children younger than 11 years of age has
not been reported so far [16-19].

The aim of our study was to investigate differences in children with
EOPMS compared to children with LOPMS with regards to clinical,
laboratory, imaging features and EBV-status.
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Abbreviations DWI Diffusion Weighted Imaging

EA early antigen
AAb autoantibody EBNA Epstein-Barr virus nuclear antigen
Abs autoantibodies EBV Epstein-Barr virus
ADC Apparent Diffusion Coefficient EDSS Expanded Disability Status Scale
ADEM  acute disseminated encephalomyelitis e.g example given
ADS acute demyelinating syndrome EOPMS early onset pediatric multiple sclerosis
ADHD  attention deficit hyperactivity disorder FLAIR  Fluid Attenuated Inversion Recovery
AE autoimmune encephalitis Gd gadolinium
AQP4 aquaporin-4 IQR interquartile range
ASD autism spectrum disorder LOPMS late onset pediatric multiple sclerosis
CA cerebellar ataxia MOG myelin-oligodendrocyte-glycoprotein
CMV cytomegalovirus MOGAD myelin-oligodendrocyte-glycoprotein-associated disease
CNS central nervous system MRI magnetic resonance imaging
CSF cerebrospinal fluid MS multiple Sclerosis
DIS dissemination in space OCBs oligoclonal bands
DIT dissemination in time ON optic neuritis
DMT disease modifying therapy VCA viral capsid antigen

2. Methods

2.1. Patients

Between 2007 and 2023 more than 1300 children with a suspected
acute demyelinating syndrome (ADS) were sent to our attention from 60
different medical centers in Germany, Austria, Italy, Switzerland,
Turkey, and Canada and included in an ongoing prospective study
(BIOMARKER-study) to assess whether a group of biomarkers in com-
bination with clinical and neuroradiological data can be used to differ-
entiate between MS, ADEM or other neuroimmunological diseases after
the first clinical event. For the purpose of this study, 228 children with a
final diagnosis of MS according to the McDonald criteria 2017 were
selected prospectively from the cohort mentioned above and included if
a complete data set was available (see below). In addition, 36 children
with pediatric MS from other Pediatric Neurology Departments were
referred retrospectively to this multicentered, observational study.

The final cohort was then divided into two age groups: Children
younger than 11 years with no evidence of secondary sexual develop-
ment in terms of recorded Tanner stages less than pubic-hair growth 2,
breast development 1, genitalia 1, and no other documented onset of
puberty (start of pubic hair growth, breast development, first menarche,
enlargement of scrotum/testes) were defined as EOPMS. The second
group consisted of children aged between 11 and 17 years defined as
peri/post-pubertal MS or LOPMS.

2.2. Demographic, clinical and laboratory features

The following demographic, clinical and laboratory features were
obtained: sex, age at first manifestation, date of first event, date of
second event, time interval in days between first and second event,
number of relapses in the first two years, mono-versus polysymptomatic



onset, in addition to the presence of OCBs. If available, intrathecal IgM
synthesis (increased IgM index in the CSF), cell count, protein in CSF,
presence of autoantibodies (abs) directed against myelin oligodendro-
cyte glycoprotein (MOG) or aquaporin-4 (AQP4) in serum and EBV
infection status, were collected. Referring physicians were asked to
provide an EDSS score at regular intervals and the treatment history. The
disease modifying therapy (DMT) was recorded and divided into three
treatment groups, according to the German guideline: low efficacy (e.g.
interferons, glatiramer acetate, teriflunamide, dimethyl fumarate), me-
dium (fingolimod) or high efficacy (natalizumab, rituximab [RTX]).
Also, the switch from a low DMT to a medium and/or high efficacy
treatment was recorded with yes/no.

Furthermore, the presence of psychiatric comorbidities (depression,
fear, attention deficit hyperactivity disorder [ADHD]), moodiness,
autism spectrum disorder [ASD]), eating disorders), decline in school/
cognitive performance (difficulties with concentration, worse grades,
early school leaving) and fatigue symptoms (feeling tired after very little
activity, waking up feeling tired, and heavy limbs), was assessed by
asking about the symptoms at the last follow-up appointment and scored
with present-yes or absent-no.

2.3. MR-imaging

MRI evaluation was carried out in two steps. First, for all MRIs, the
following variables were analyzed: total number of lesions, total number
of infratentorial and supratentorial lesions, in addition to the presence of
spinal lesions. Furthermore, in all children follow up MRIs were evalu-
ated for new lesions under DMT. For 148 children this was performed by
the first author and for all other children (n = 126) the MRI evaluation
was performed by the referring physician at the respective clinic.

Second, cerebral MRIs of a subset of children with EOPMS (n = 14)
and LOPMS (n = 30) were evaluated in more detail by three reviewers.
The following scoring system was used: total number of brain lesions
allocated into three groups including [1] no or only small non-specific
lesions [2], 1-10 lesions or [3] more than 10 lesions. In addition, the
number of supra- and infratentorial lesions, the involvement of corpus
callosum, deep grey matter (thalamus and/or basal ganglia), brainstem,
cerebellum, and periventricular white matter. Furthermore, lesions
were assigned to one of the following qualities [1]: predominantly
poorly demarcated lesions involving grey and/or white matter [2],
extensive confluent white matter changes [3], predominantly
well-demarcated white matter lesions (MS-like), and [4] mixed quali-
ties. The size of lesions was categorized as [1] smaller than 2 cm [2], 2
cm or larger or [3] both sizes mixed (smaller and larger than 2 cm). In
addition, the following features were analyzed: occurrence of
T1-hypointense lesions, lesions with gadolinium (Gd) enhancement, and
lesions of restricted diffusion (high signal on Diffusion Weighted Imag-
ing [DWI] and low signal on Apparent Diffusion Coefficient [ADC]).

2.4. Antibody assay

In a subset of 180 children with MS serum samples were tested for
MOG- and AQP4-abs with live cell-based immunofluorescence assays as
previously described [20].

2.5. EBV infection

In 136 children a prior or recent EBV infection at first manifestation
was assessed by determining the following serological markers: presence
of serum EBNA-1 abs in addition to anti VCA IgG/IgM (Viral Capsid
Antigen) and anti EBV EA (Early Antigen) abs in the blood by enzyme-
linked immunosorbent assay (ELISA) and detection of EBV DNA
(PCR). The screening was performed at the respective hospital at onset.
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2.6. Statistical analysis

Statistical analysis was performed with SPSS, version 29.0. For the
analysis of demographical in relation to clinical data, for categorical
variables, the Chi-square test was used. When more than 20 % of cells
had expected frequencies <5, the Fisher’s exact test was used. The
Wilcoxon-Mann Whitney test was used for independent data (two-sided)
for continuous variables. The Cox regression (or proportional hazards
regression) method was applied to analyze the association between
prognostic factors for the risk of reaching irreversible EDSS scores and 2.
The statistical significance was defined by p < 0.01.

The results were not false discovery rate (fdr) adjusted and should
therefore be considered as explorative.

2.7. Standard protocol approvals, registrations and patient consents

This BIOMARKER study was approved by the Ethics committee of
Witten/Herdecke University, Germany as well as the Ethics committee
of Medical University Innsbruck, Austria. Patients included via the
BIOMARKER study gave written consent. Patients contributed by other
hospitals who were not part of the BIBOMARKER-study were reported in
an anonymous fashion according to local guideline.

3. Results
3.1. Demographical data and clinical presentation

A total of 274 patients were included in the study. 53 children (19 %)
were classified as EOPMS, and 221 (81 %) patients were classified as
LOPMS.

An equal sex distribution was observed in EOPMS and female pre-
dominance in children older than 10 years with MS (1:1 vs. 3:1, p <
0.001). No difference was found in the frequency of a mono-compared to
a polysymptomatic onset in the two age groups (p = 0.627). Children
with EOPMS had more often 2 or more relapses in the first 2 years (75 %
vs. 54 %, p = 0.004).

The frequency of positive OCBs in children with EOPMS was high
and comparable to children with LOPMS (92.3 % vs 89.5 %, p = 0.560).
MOG-abs were tested in 37/53 children with EOPMS and 143/221
children with LOPMS. MOG-abs were detectable in one child with
EOPMS, and in LOPMS only 4 children were tested MOG-abs positive (4/
143). Follow-up samples showed decreasing titers in patients initially
tested positive and the children did not fulfill the Banwell criteria for
MOGAD. No difference between the age groups was found comparing in
the presence of fatigue, decline in school performance and signs of
psychiatric comorbidities (p = 0.651, p = 0.196, p = 0.346).

The screening for the specific psychiatric comorbidities, showed the
following: in EOPMS, in 12/41 (29.3 %) patients, psychological symp-
toms were reported (6/12 signs of depression, 1/12 sleeping disorder, 1/
12 fear, 3/12 ADHD, 1/12 ASD), compared to 61/230 (26.5 %) patients
in LOPMS (45/61 signs of depression, 1/61 sleeping disorder, 5/61 fear,
1/61 ADHD, 3/61 borderline personality disorder, 2/61 hallucinations,
3/61 ASD, 1/61 anorexia nervosa).

In EOPMS 9/53 (18.8 %), children were initially diagnosed with
ADEM. All children subsequently had further demyelinating episodes
and new lesions on MRI and therefore were assigned the diagnosis MS.
They were all MOG-abs negative and 7/9 had positive OCBs at that time.
None of the children in the older group were initially diagnosed with
another disease. A detailed summary of clinical and demographical
features can be found in Tables 1 and 2.

3.2. MRI features in EOPMS and LOPMS
All children included underwent MR-imaging of the brain and in 149

children additionally spinal imaging was performed. In a first step we
analyzed the total number of lesions in the first cMRI scan which did not



differ between the two age groups (p = 0.478) nor did the number of
supratentorial lesions (p = 0.239). There was also no difference in the
presence of infratentorial lesions (72 % vs 64 %, p = 0.300) but in
children with EOPMS the total number of infratentorial lesions was
higher (20 % vs. 7.6 %, p = 0.029). In addition, children with LOPMS
had significantly more often spinal lesions (64.1 % vs. 37.5 %, p <
0.001). Both groups had approximately equal numbers of new lesions in
the follow up MRI studies while receiving treatment (26.1 % vs. 37.1 %,
p = 0.161). Table 3 lists the main MRI features grouped by age.

In a second step, we compared the MRIs of the brain at initial pre-
sentation for a subset of EOPMS (n = 17) and LOPMS (n = 30) in more
detail: in EOPMS, 36 % had a corpus callosum lesion, compared to 87 %
in LOPMS (p < 0.001). All LOPMS were affected by periventricular
white matter lesions and 77 % of them had subcortical lesions, while all
children with EOPMS had subcortical lesions and 86 % were affected by
periventricular lesions (p = 0.096; p = 0.078). Both age groups did not
differ in size (p = 1.000) or quality of lesions (p = 0.294).

In EOPMS, 29 % had brainstem lesions compared to 47 % in LOPMS
47 % (p = 0.256). Furthermore, 57 % of children with EOPMS and 37 %
with LOPMS, had lesions involving the cerebellum (p = 0.202). A table
with the detailed subset MRI evaluation can be found in the appendix
(Table 4).

3.3. Treatment

DMTs were frequently used in both age-groups with several differ-
ences. On average, it took 300 days until treatment was initiated in
children with EOPMS and 388 days in children with LOPMS (p = 0.084).

In EOPMS, 9/51 (17.6 %) and in LOPMS 22/218 (10.1 %) children
did not receive any treatment over the course of the observation period
(p = 0.024, mean 48 months (range 24-84). Although a similar per-
centage of both groups received high efficacy treatment as first DMT
(15.7 % vs 13.8 %) children with EOPMS were very rarely given the
medium efficacy substance fingolimod 2/51 (3.9 %). Of 237/274 chil-
dren, precise information on the first prescribed drug was given. Of 41
children with EOPMS, 30/41 received basic treatment and 14/41
received escalation therapy as first DMT (23/41 interferons, 3/41 gla-
tiramer acetate, 2/41 fingolimod, 2/41dimethyl fumarate, 2/41 teri-
flunamid, 1/41 natalizumab, 5/44 CD-20 depleting agents 3/41 other).

Of 196 children with LOPMS 116/196 received basic therapy, and
77//196 received escalation therapy as first DMT (91/196 interferons,
16/196 glatiramer acetate, 46/196 fingolimod, 4/196dimethyl fuma-
rate, 5/196 teriflunamid, 29/196 natalizumab, 2/196 rituximab, 3/196
other).

3.4. Outcome

Of 259 children a detailed follow-up including EDSS scores was
available. Overall, mean follow-up time was 4.3 years (range 2-7 years).
All 259 children were followed at least for 2 years. After 7 years in
EOPMS 93.5 % still had an EDSS score of <2 (scores at 7 years follow up:
21/31 EDSS 0, 1/31 EDSS 1, 7/31 EDSS 2, 2/31 EDSS 3), and 79.2 % in
LOPMS (scores at 7 years follow up: 20/48 EDSS 0, 12/48 EDSS 1, 4/48
EDSS 1.5, 2/48 EDSS 2, 3/48 EDSS 2.5, 4/48 EDSS 3) (p = 0.082). One
child of the LOPMS group reached EDSS 4 and two children reached an
EDSS of 5.5. In 39 % of children with EOPMS and in 28 % with LOPMS a
decline in school performance was reported (p = 0.196).

Univariate Cox Models of Time from MS onset to EDSS 2 showed an
increased risk of reaching EDSS 2 in the EOPMS group (n = 53) if they
had psychological symptoms (p = 0.034).

In LOPMS (n = 211), fatigue (p = 0.026), and the presence of psy-
chological symptoms (p < 0.001) were significantly associated with a
higher risk of reaching EDSS 2 (see Table 5).
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3.5. EBYV infection

In 34/53 (64.2 %) children with EOPMS, the referring physicians had
tested for evidence of a prior or recent EBV-infection. 27/34 children
(79.4 %) were reported as being EBNA-1 ab positive. 7/34 (20.6 %)
children were EBNA-1 negative. Of those, 3/7 EBNA-1 negative children
had a complete EBV serology performed including negative ab testing
for EBV VCA IgG, EBV VCA IgM, and EBV EA IgG, showing they neither
had a prior nor a current infection at time of their first MS event.
Another 2/7 EBNA-1 negative children had a EBV PCR performed that
was negative at their first attack. One child was checked for EBV IgM at
the first attack, which was found to be negative. In one child only EBNA-
1 abs were tested. 1/7 children was MOG-ab positive at time of
examination.

As we had the focus on EOPMS we only asked for EBNA-1 abs and not
the detailed EBV screening in LOPMS: 83/102 children were EBNA-1
positive. Of these, 1/83 was also MOG-ab positive at time of
examination.

4. Discussion

In our study we show that EOPMS and LOPMS share crucial simi-
larities but also differences such as an increased relapse rate and a higher
amount of infratentorial lesions at diagnosis in younger children.
Additionally, our results imply, that a prior EBV-infection might possibly
not be a sine qua non for the development of MS in children with
EOPMS, suggesting that other triggers can also lead to the development
of pediatric MS.

We could confirm previous results, such as the different sex distri-
bution between the two age groups characterized by a balanced sex
distribution in younger children, and female predominance in adoles-
cence. This underlines the important role of physiological changes
occurring in puberty [21,22], particularly the different levels of sex
hormones, with regards to MS risk and progression of disease in older
children and adults [23].

Another focus of our study was to assess potential differences in MR-
imaging. Our results show that children with EOPMS had less often
spinal lesion. This is particularly interesting, as the presence of spinal
lesions is regarded as poor long-term prognostic marker [6,24-26].
Contrary to our expectations, the total number of lesions, as well as the
number of supratentorial lesions, did not differ between the two groups.
In a subset of children with a more detailed MRI evaluation, we could
not find significant differences in lesion characteristic such as size be-
tween the two age groups. Nevertheless, we discovered in our cohort
that in a high percentage of patients of both age groups, hypointense
lesions on T1, commonly known as black holes, are occurring, meaning
signs of brain tissue loss in pre-as well as in post pubertal MS.

Both age groups showed a high frequency of OCBs at first manifes-
tation in the present study, which confirms that the presence of OCBs is a
powerful diagnostic tool already in children with EOPMS. Our finding is
in line with previous study performed by Pohl and colleagues but in
contrast to other studies [10,11,27,28]. 1/58 children with EOPMS and
4/228 children with LOPMS had positive MOG-antibodies at time of
their first event. All children showed decreasing titers rapidly shortly
after. All of them had a typical course of MS with an EDSS score of still
0 after 2 years FU. They also had typical MRIs, and OCBs. One child with
LOPMS was treated with fingolimod as first DMT the rest EOPMS and
LOPMS with interferons.

One of our main aims was to assess the frequency of a prior EBV
infection in EOPMS. Remote EBV infection is associated with an
increased risk for MS in adults and children with LOPMS, but there has
not been data for children with EOPMS [17,29-31]. In our cohort only
27/34 children with EOPMS harbored EBNA-1 abs. A detailed EBV
serology was performed in 3/3 children with EOPMS and absent
EBNA-1- antibodies to rule out a prior but also a current EBV infection at
time of the first MS event. All three children had a typical course of MS



with positive OCBs, typical MRI lesions and clinical manifestation.
Interestingly in our cohort, also only 83/102 children with LOPMS had
positive EBNA.1 antibodies. Larger studies are needed to investigate the
prevalence of a prior EBV infection and the role of other triggers that
might lead to EOPMS and other viral pathogens such as CMV that seem
to exert a protective role [29].

A further interesting finding was that EOPMS was very rarely given
the medium efficacy substance fingolimod 2/51 (3.9 %) but a similar
percentage of both age groups received high efficacy treatment as first
DMT (15.7 % vs 13.8 %), so it seems that highly effective substances
seem to be already used in younger children, even if they are not yet
officially licensed for this group.

Overall, EDSS progression in our cohort was slow: of all 274 patients
only 13 children reached an EDSS of 3 and only 5 patients an EDSS of 4.
To maintain statistical power, we therefore estimated prognostic factors
for reaching an estimated disability risk only for EDSS 2. These were
presence of psychiatric comorbidities in EOPMS and fatigue and pres-
ence of psychiatric comorbidities in LOPMS.

More recently it has been approved that the presence of fatigue is an
indication for escalating treatment. In our cohort fatigue occurred in
approximately one third of children in our cohort affecting both groups
equally, just as psychiatric comorbidities. The most common psychiatric
comorbidity was depressive mood in nearly every fifth child. Even
though there was no significant difference between the two groups with
regards to decline in school performance, our data is in line with pre-
viously conducted studies [32], which showed that early-onset, higher
relapse rate and high lesion load have a higher risk of decline in school
performance [33,34].

The following limitations need to be addressed: Tanner stages were
not assessed for all children due to the retrospective design. Secondly,
follow-up time was only around 4 years with a maximum of 7 years in a
subgroup of children mainly driven by loss to follow-up after transition
to adult neurology. Furthermore, we did not have a complete EBV
serology for all prepubertal children and some of the tests had been
performed some years ago. As today’s test are more accurate and spe-
cific, we recommend reproducing our finding in a larger cohort of
EOPMS including markers for infection using today’s technology.

Lastly, we were only able to assess the MRI features in a small sample
size of children with EOPMS, thereby possibly not including the full
spectrum of possible findings in this age group.

Appendix

Table 1

5. Conclusion

Our data indicate differences in early and late onset pediatric MS.
Importantly, a prior EBV-infection does not seem to be a sine qua non for
the development of MS at least in children with EOPMS.
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Summary of clinical and demographical features of 274 children with MS grouped by age at onset.

Features Early onset Late onset p-value

Number of patients (n = 274) 53 221 -

Sex <0.001
Male 27 (50.9 %) 52 (23.5 %)

Female 26 (49.1 %) 169 (76.5 %)
Mean Age 7.99 (SD 1.97) 14.33 (SD 1.77) —

Symptoms 0.627
Monosymptomatic 31 (58.5 %) 120 (54.7 %)

Polysymptomatic 22 (41.5 %) 99 (45.3 %)

Number of relapses in the first 2 years 0.004
Only 1 13 (24.5 %) 102 (46.2 %)

2 and more 40 (75.5 %) 119 (53.8 %)

Mean time in days between first and second episode 254.53 283.28 0.147
Diagnosis at first event <0.001
ON 8 (16.7 %) 34 (17.7 %)

ADEM 9 (18.8 %) 0 (0 %)

CIS 7 (14.6 %) 34 (17.7 %)
RIS 3(6.3%) 3 (1.6 %)
MS 21 (43.8 %) 121 (63 %)
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Table 1 (continued)

Features Early onset Late onset p-value
OCB 0.560
Present 48 (92.3 %) 190 (89.5 %)
Absent 4(7.7 %) 22 (10.4 %)
CSF-cell count/pl (Mean) 10.813 13.832 0.096
CSF-protein mg/1 (Mean) 86.14 138.19 0.817
IgM 0.061
Positive 5 (25 %) 56 (47.5 %)
Negative 15 (75 %) 62 (52.5 %)
Prior EBV infection 0.804
Positive 27 (79.4 %) 83 (81.4 %)
Negative 7 (20.6 %) 19 (18.6 %)
Serum MOG Ab 0.583
Positive 1(2,7 %) 4 (2.8 %)
Negative 36 (97,3 %) 139 (97.2 %)
Serum Aquaporine4 Ab 1.000
Positive 0 (0 %) 1 (0.01 %)
Negative 33 (100 %) 140 (99.3 %)

Table 2
Clinical Features and Presentation during course of disease.
Features Early onset Late onset p-value
First DMT 0.024
None 9 (17.6 %) 22 (10.1 %)
Low efficacy 32 (62.7 %) 120 (55.0 %)
Medium efficacy 2 (3.9 %) 46 (21.1 %)
High efficacy 8 (15.7 %) 30 (13.8 %)
Mean time from diagnosis to start DMT (in days) 299.9 387.72 0.084
Escalation Therapy 0.656
yes 24 (51.1 %) 99 (54.7 %)
No 23 (48.9 %) 82 (45.3 %)
Reason for escalation 0.137
MRI lesions load 9 (37.5 %) 22 (20.4 %)
Relapse 5 (20.8 %) 43 (39.8 %)
Both 5 (20.8 %) 14 (13.0 %)
Other 5 (20.8 %) 29 (26.9 %)
Relapses after escalation treatment 0.857
None 21 (70 %) 71 (68.3 %)
1 and more 9 (30 %) 33 (31.7 %)
Fatigue 0.651
Yes 14 (37.8 %) 57 (33.9 %)
No 23 (62.2 %) 111 (66.1 %)
Psychiatric Symptoms 0.346
Yes 15 (34.1 %) 53 (24 %)
no 29 (65.9 %) 167 (76 %)
Decline in school performance 0.196
Yes 15 (38.5 %) 51 (28 %)
no 24 (61.5 %) 131 (72 %)
6 years — follow-up 0.082
EDSS 0-2 29 (93.5 %) 38 (79.2 %)
EDSS 2.5 and higher 2 (6.5 %) 10 (20.8 %)
Table 3
General Overview: Main MRI Features.
Features MRI Early onset Late onset p-value
McDonald 2017 criteria 0.381
DIS 6 (12.2 %) 23 (10.8 %)
DIT 1(2.0 %) 16 (7.5 %)
DIS + DIT 42 (85.7 %) 174 (81.7 %)
Optic neuritis 0.254
Yes 4 (8.3 %) 24 (11.5 %)
No 39 (81.3 %) 172 (82.3 %)
bilateral 2 (4.2 %) 10 (4.8 %)
with contrast agent 3 (6.3 %) 3 (1.4 %)
Infratentorial lesions 0.300
Yes 32 (72.7 %) 137 (64 %)
No 12 (27.3 %) 77 (36 %)
Spinal lesions <0.001
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Table 3 (continued)

Features MRI Early onset Late onset p-value
Yes 18 (37.5 %) 132 (64.1 %)
no 30 (62.5 %) 74 (35.9 %)

Total number overall lesions 0.478
<10 27 (52.9 %) 101 (47.4 %)
>10 24 (47.1 %) 112 (52.6 %)

Number of lesions supratentorial 0.239
0 0 (0 %) 5 (2.4 %)
1-5 14 (28 %) 81 (38.4 %)
5-10 16 (32 %) 44 (20.9 %)
>10 20 (40 %) 81 (38.4 %)

Number of lesions infratentorial 0.029
0 17 (34 %) 76 (36 %)
1-5 23 (46 %) 119 (56.4 %)
>5 10 (20 %) 16 (7.6 %)

New lesions while receiving treatment 0.161
Yes 12 (26.1 %) 69 (37.1 %)
no 34 (72.9 %) 117 (62.9 %)

Table 4
Detailed MRI Evaluation (Subset EOPMS n = 14, LOPMS n = 30).

MRI Feature EOPMS LOPMS p-value

size of lesions 1.000
only < 2 cm 71.4 % (10/14) 70 % (21/30)
only > 2 cm, 0 3.3 % (1/30)
both < 2 cm and >2 cm lesions 28.6 % (4/14) 26.7 % (8/30)

quality 0.294
predominantly poorly marginated lesions involving grey and/or white matter 15.4 % (2/13) 16.7 % (5/30)
extensive confluent white matter changes, 7.7 % (1/13) 0%
predominantly well-demarcated ‘MS-like’ white matter lesions 30.8 % (4/13) 53.3 % (16/30)
mixed lesions 46.2 % (6/13) 26.7 % (8/30)
tumefactive lesion 0% (0/13) 3.3 % (1/30)

T1-hypointense lesions 0.234
no T1-hypotintense lesions 14.8 % (2/14) 3.3 % (1/30)
T1-hypointense lesions 85.7 % (12/14) 96.7 % (29/30)

T1 gadolinium-enhancement 0.05
no T1-enhancement lesions 28.6 % (4/14) 50 % (15/30)
T1-enhancement lesions 42.9 % (6/14) 46.7 % (14/30
no gadolinium given 28.6 % (4/14) 3.3 % (1/30)

periventricular white matter lesions 0.096
no periventricular white matter lesions 14.3 % (2/14) 0
periventricular white matter lesions 85.7 % (12/14) 100 % (30/30)

corpus callosum involved <0.001
no corpus callosum lesion 64.3 % (9/14) 13.3 % (4/30)
corpus callosum lesion 35.8 % (5/14) 86.7 % (26/30)

subcortical lesions 0.078
no subcortical lesions 0 23.3 % (7/30)
subcortical lesions 100 % (14/14) 76.7 % (23/30)

deep grey matter lesions 0.385
no deep grey matter lesions 57.1 % (8/14) 76.6 % (23/30)
thalamus 28.6 % (4/14) 10 % (3/30)
basal ganglia 7.1 % (1/14) 6.7 % (2/30)
both thalamus and basal ganglia 7.1 % (1/14) 6.7 % (2/30)

brainstem lesions 0.256
no brainstem lesions 71.4 % (10/14) 53.3 % (16/30)
brainstem lesions 28.6 % (4/14) 46.7 % (14/30)

cerebellar lesions 0.202

no cerebellar lesions
cerebellar lesions

42.9 % (6/14)
57.1 % (8/14)

63.3 % (19/30)
36.75 (11/30)

Table 5

Univariate Cox Models of Time from MS Onset to EDSS 2 in Early and Late

Onset Pediatric MS Patients.

EDSS 2

HR95 % CIp

Early-onset
Presence of psychological symptoms
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5.185 1.132-23.757 0.034
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Table 5 (continued)

EDSS 2

HR 95 % CI p

Late-onset
Fatigue
Presence of psychological symptoms

2.367 1.110-5.047 0.026
3.346 1.639-6.870 < 0.001
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