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Background: Multiple sclerosis (MS) occurs in young adults 
and infrequently appears in childhood. 
objectives: To determine the incidence of MS and describe 
the clinical, cerebrospinal fluid (CSF) and magnetic resonance 
imaging (MRI) findings at onset of MS in children in Israel.
methods: Incidence and case-specific data were obtained 
through the MS Center Database and Israeli Health Statistics 
Census Data over 15 years, from 1995 to 2009, and compared 
between patients with childhood (< 12 years), juvenile (≥ 12 
years, ≤ 18 years) and adult (> 18 years) MS onset. 
results: Of 1129 eligible MS patients, we identified 10 
(0.89%) with childhood-onset MS, 74 (6.55%) with juvenile-
onset MS, and 1045 (92.56%) with adult-onset MS. There 
were 0 to 3 incident childhood cases/year, leading to an 
annual incidence of 0.1/100,000 among Israeli children; the 
incidence of juvenile and adult MS was 2.6 and 5.4/100,000, 
respectively. Neurological presentation among children 
with MS was optic neuritis, motor weakness or brainstem 
involvement. CSF oligoclonal immunoglobulin (IgG) were 
positive in 62.5%. The most frequent MRI finding was the 
occurrence of ≥ 3 periventricular white matter lesions followed 
by corpus callosum lesions, with 71% co-occurrence. Cervical 
and thoracic lesions occurred in 33% and 43%, respectively. 
Time to second neurological event ranged from 0.3 to 4.2 years 
and none of the patients with childhood MS reached EDSS = 
6.0 within a mean follow-up period of 8.4 years.
conclusions: Childhood-onset MS is rare, with an incidence 
of 0.1/100,000 Israeli children. Childhood MS does not differ 
significantly from juvenile and adult-onset MS in terms of 
clinical, laboratory and imaging findings.
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m ultiple sclerosis is a common cause of neurological dis-
ability among young adults and usually appears between 

20 and 40 years of age with a peak incidence at 25 years [1]. 
Recently, the World Health Organization Multiple sclero-
sis  International Federation reported that the interquartile 
range for symptom onset is between 25.3 and 31.8 years, and 
the average age of onset is 29.2 years [2]. The onset of Ms1 in 
childhood is infrequent. Furthermore, many studies define 
the period of childhood differently, and patients are thus diag-
nosed with childhood Ms in a range between a few months to 
18 years [3-13] [Table 1]. 

Ms diagnosis requires evidence of dissemination of inflam-
matory demyelination within the brain and/or spinal cord over 
time. The first presentation of acute demyelination, defined as 
acquired demyelinating syndrome, could be either a transient 
illness or the first attack of Ms [14]. Accordingly, ADs2 is sub-
divided clinically into acute disseminated encephalomyelitis, 
clinically isolated syndromes including optic neuritis, trans-
verse myelitis and brainstem, cerebellar and/or hemispheric 
dysfunction [15]. Prospective studies of children with ADs 
have shown that 16%–25% are ultimately diagnosed with Ms 
before age 18 years [16,17]. 

In the current retrospective long-term study we identified 
patients who presented with ADs and at follow-up proved 
to suffer from childhood Ms. We defined childhood Ms as 
patients who presented with the first neurological demyelin-
ating event during the prepubertal or early pubertal years 
(Tanner stage 1 or 2), up to the age of 12 years, and during 
follow-up demonstrated further disease activity with dis-
semination in space either clinically or by the appearance of 
new brain magnetic resonance imaging demyelinating lesions. 
We aimed to define the incidence, demographic features, and 
clinical, laboratory and imaging findings at onset of childhood 
Ms in Israel. Furthermore, we assessed the time to the second 
attack and to irreversible progression in these patients. 

MS = multiple sclerosis
ADS = acquired demyelinating syndrome
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Patients and methods

The sheba Multiple sclerosis Computerized Database was 
reviewed for the period 1 January 1995 to 31 January 2009 (15 
years) to identify patients by age of disease onset. This database 
is a prospective population-based register documenting demo-
graphic and clinical data of all Ms patients followed at sheba 
Medical Center, Tel Hashomer, Israel since 1 January 1995. It 
includes an electronic record-keeping software system that is 
used to archive patients’ demographic, clinical and imaging 
data which are prospectively updated by the Center’s neurolo-
gists at each clinic visit. Patients are followed consecutively and 
neurologically evaluated once every 3 months. Code numbers 
were assigned to each patient’s record to ensure confidentiality 
during statistical analyzes. The sheba Institutional Review Board 
approved the study.

case ascertainment

standardized criteria were applied to ensure completeness of 
case ascertainment and the diagnosis of Ms was performed 
according to McDonald’s criteria [18]. The population in the 

sheba Medical Center and schneider Children’s Hospital catch-
ment area were obtained from the Health statistics Census Data 
annually, for the period 1 January 1995 to 31 December 2009. 

studY eligiBilitY criteria

Patients were included in the study if their age at the onset 
of the first acute demyelinating event was < 12 years, defined 
as childhood Ms; 12–18 years, defined as juvenile Ms; and 
above 18 years, defined as adult Ms. A cutoff of up to 12 years 
to define childhood Ms was chosen because this period is 
considered as the pre- or early pubertal period.

diagnostic criteria For childhood ms

specifically for the establishment of the diagnosis of child-
hood Ms the following criteria were applied: 

Inclusion criteria 
•	 Onset of neurological symptomatology before the age of 

12 years
•	 Patients at prepubertal or early pubertal years – Tanner 

stage 1 or 2 by either breast tissue development (B1/B2) 
or testicular volume (T1/T2) [19]

•	 No prior history of central nervous system demyelination
•	 Brain MRI positive for demyelination according to the new 

proposed diagnostic algorithm in patients with clinically iso-
lated syndromes [20], or spinal cord MRI lesions where any 
number of cord lesions were included in the total lesion count.

Exclusion criteria 
•	 Evidence for acute infection such as culture-proven bac-

terial meningitis, viral encephalitis, demyelination of the 
peripheral nervous system (i.e., Guillain-Barré syndrome, 
chronic inflammatory demyelinating polyneuropathy)

•	 Biochemical or radiological suspicion of inherited or genet-
ically defined leukodystrophy, metabolic or mitochondrial 
disease, systemic and laboratory features suggestive of sys-
temic lupus erythematosus or connective tissue disease, or 
radiation or chemotherapy-associated white matter damage

•	 Brain or spinal cord compression by extrinsic or intrinsic 
lesions.

Demographic, clinical and imaging data were collected for 
all patients with the diagnosis of childhood Ms. Family history 
of autoimmune diseases, preceding events, and systemic symp-
toms were also recorded. Comparisons with respect to age of 
onset were performed between patients with childhood Ms, 
juvenile Ms and adult Ms, across clinical presentations cat-
egorized by type of functional system involvement as follows: 
•	 Visual involvement with the presentation of optic neuritis 

defined by acute or subacute visual loss, typically associ-
ated with a relative afferent pupillary defect, restricted 
visual fields, pain with ocular movement, and/or with 
optic nerve swelling

country

definition of 
childhood ms 
by age at  
onset  (yrs)

no. of 
patients

type of study 
(duration)

author,  
year [ref]

Germany < 18 166 Case series, 
one center

Stark,  
2008 [3] 

Netherlands < 16 37 Nationwide
(1990–2007)

Neuteboom, 
2010 [4] 

France < 16
≤ 12

197
114 (58%)

Multicenter 
(1990–2003)

Mikaeloff, 
2006 [5] 

Turkey < 16 36 One center
(1985–2001)

Ozakbas, 
2003 [6] 

European 
MS 
database 

< 16
≤ 12

364
71 (18%)

13 French 
& Belgian 
centers
(1976–2001)

Renoux, 
2007 [7] 

Iran < 16
≤ 10

82
7

Case series
One center
(1997–2003)

Etemadifar, 
2007 [8] 

Taiwan < 18 21 One center
(1983–2005)

Weng,  
2006 [9] 

Japan < 15 8 Prevalence 
1.3 per 
100,000 
persons
(1998–2003)

Torisu,  
2010 [10] 

Japan < 15 27 1 center
1979–2001

Shiraishi, 
2005 [11]

China < 12 25 Case series, 
one center
(1993-2006)

Xiong,  
2007 [12] 

Canada
(Montréal) 

 < 17 17 Two centers
(1987–2001)

Brass,  
2003 [13] 

table 1. World-wide definitions of childhood MS
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0/100,000, and for years 6 and 13 the annual incidence was 
0.5/100,000. The incidence of juvenile and adult Ms onset 
was 2.6 and 5.4 per 100,000 Israeli juveniles and adults, 
respectively, demonstrating an increased age-dependent 
incidence. 

clinical Presentations

The family history, antecedent events and clinical features 
at presentation of patients with childhood Ms are presented 
in Table 3. All subjects were in the prepuberty stage and no 
significant family history was noted. Antecedent events were 
non-specific and occurred in 4/10 children; systemic symp-
toms at onset occurred in 4/10 children, were not associated 
with antecedent events and included headache (3/10), vom-
iting (1/10), fever (2/10) and lethargy (1/10). Neurological 
symptoms at presentation included optic neuritis in 4 of 10 
patients (40%), motor weakness with long tract dysfunction 
in 4 of 10 (40%), and brainstem involvement manifested 
by diplopia and nystagmus in 2 (20%). All children had a 
relapsing-remitting course. Time to the second neurological 
event ranged from 0.3 years to 4.2 years and only one patient 
did not experience a second attack. 

mri Findings

The most frequent MRI finding at the onset of childhood 
Ms was more than three periventricular white matter lesions 
(70%), followed by ≥ 1 corpus callosum lesion (60%), with 
71% co-occurrence. Cervical cord lesions occurred in 33% 
and thoracic cord lesion in 43% of the children [Table 4].

•	 Long-tract involvement with motor and/or sensory and/or 
urinary and/or gastrointestinal symptoms defined by limb 
weakness typically associated with a defined spinal sensory 
level, bladder or bowel dysfunction, and MRI evidence of 
spinal cord swelling, increased signal, or enhancement

•	 Brainstem and/or cerebellar symptoms. 

statistical analYses

Demographic and clinical data are presented by descriptive 
statistics. Comparisons across demographic and clinical param-
eters with regard to age of onset categorized as childhood Ms (< 
12 years), juvenile Ms (≤ 12 years, ≥ 18 years) and adult Ms (> 
18 years) were performed using t-test for continuous variables 
and chi-square test for categorical variables. Annual Ms inci-
dence rates were calculated using Israeli Health statistics Census 
Data for the period 1 January 1995 to 31 December 2009. All 
the tests applied were two-tailed, and a P value of ≤ 5% was 
considered statistically significant. The data were analyzed using 
the sAs software (sAs Institute, Cary, NC. UsA).

results

demograPhic and clinical data

Of 1129 eligible Ms patients, with disease onset between 1 
January 1995 and 31 December 2009, we identified 10 patients 
(0.89%) with childhood Ms (onset < 12 years), 74 patients 
(6.55%) with juvenile Ms (onset ≥ 12 years, ≤ 18 years), and 
1045 patients (92.56%) with adult Ms (onset > 18 years). 

All patients were Caucasians and no significant statistical 
changes were found between the demographic and clinical 
variables of the three groups [Table 2]. The proportion of 
males was greater in the childhood Ms group as compared to 
juvenile and adult Ms groups. All patients with childhood Ms 
presented with a tendency for higher neurological disability 
as evaluated by the Expanded Disability status scale score at 
onset and shorter interval until a second relapse as compared 
to juvenile and adult patients. None of the patients with child-
hood Ms reached EDss3 = 6.0, which signifies irreversible dis-
ability, within the mean follow-up period of 8.4 years, while 
9.4% and 14.4% of patients with juvenile and adult Ms reached 
EDss = 6.0 within a mean follow-up period of 8.6 and 8.7 
years, respectively. 

incidence

The incidence of Ms in Israeli children was calculated using 
national population data. The annual average incidence was 
0.1/100,000 Israeli children with 95% confidence interval of 
0.0 to 0.31/100,000 [Figure 1]. specifically, for years 1, 4, 5, 
and 8 the annual incidence was 0.17/100,000 Israeli children; 
for years 2, 3, 7, 9 to 12, 14 and 15 the annual incidence was 

EDSS = Expanded Disability Status Scale

adult ms 
(n=1045)

Juvenile ms 
(n=74)

childhood 
ms (n=10)

34.5 ± 0.31
(19–65) 

16.3 ± 0.18
(13–18) 

9.3 ± 0.70 
(5.2–11.9) 

Age at onset (yrs) 

2.2:1 (721:324) 1.7:1 (47:27) 1:1.5 (4:6) Gender, Female:Male 

52
29
19 

36
45
19 

30
50
20 

Ethnicity (%)
Ashkenazi
Sephardic
Mixed

2.4 ± 0.03
(0–8.0) 

2.7 ± 0.15
(0–7.5) 

3.8 ± 0.57
(2–8.0) 

EDSS at onset 

8.7 ± 0.12
(1.0–15.0) 

8.6 ± 0.50
(1.0–15.0) 

8.4 ± 1.31
(2.9–15.0) 

Follow-up period (yrs)

2.6 ± 0.08 
(0.3–12.4)
829/1045 
(79.3%) 

2.20.30 
(0.1–12.2)
61/74 
(82.4%) 

1.5 ± 1.28 
(0.3–4.2)
9/10 
(90%) 

Time to 2nd attack (yrs)

No. of patients (%) 

5.7 ± 0.27
(0.1–13.7)
151/1045 
(14.4%)

5.1 ± 1.49
(0.3–12.5)
7/74 
(9.4%) 

–Time to EDSS = 6.0 (yrs)

No. of patients (%)

Values are mean ± SE (range)
Ashkenazi = Jews with European ancestry, Sephardic = Jews of Middle East 
or North African ancestry 

table 2. Demographic and clinical parameters 
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electrOdiagnOstic findings

Visual evoked potentials demonstrated prolonged latencies in 
90% of patients, brainstem evoked potentials were abnormal 
in 50% of patients, and upper and lower limbs somatosensory 
evoked potential were prolonged in 55% and 44% of patients, 
respectively [Table 4].

discussiOn

In the current study we assessed the incidence of child-
hood MS in Israel and evaluated the demographic, clinical, 
imaging and laboratory findings at onset. To the best of our 
knowledge this is the first study to report MS incidence 
in children younger than 12 years. Over a 15 year period 
(1995–2009), the average incidence of MS among Israeli 
children was 0.1 per 100,000 children. This low incidence is 
not surprising as only “true” childhood-onset MS subjects 
presenting under the age of 12 years were included in our 
analysis. This group of patients accounted for 0.89% of all MS 
patients, while the percentage of juvenile MS was sevenfold 
higher. These low rates probably reflect variability in both 
ethnic background and geographic region. In the literature 
there are only sparse data regarding MS onset before puberty 
and these are case series. Similar to our results childhood-
onset MS appears to be uncommon; onset before 10 years 
of age is unusual, and occurs in only 0.2%–0.7% of all MS 
patients [21]. 

In a nationwide survey in Germany, an incidence of 
0.1/100,000 was reported for children under 10 years of 
age, while the incidence for children aged 10 to 16 years 
increased to 0.6/100,000 [22]. Although the small number 
of patients with childhood MS makes comparison difficult, 

csf findings

Mild pleocytosis (CSF4 cell count ≥ 10) occurred in 87.5% of 
patients while CSF chemistry was normal in the vast major-
ity of patients. Oligoclonal immunoglobulin G bands were 
positive in 62.5% of subjects [Table 4].

CSF = cerebrospinal fluid

time to 2nd 
relapse (yrs)

neurological  
presentation 

systemic  
symptoms antecedent event family historygender

age at  
onset (yrs)*

0.6Horizontal diplopia –Flu, 1 mon Aortic aneurysm/M M11.8/T2 1 

_Left ON –Minor trauma rt mandible, 1 wk –F9.1/B1 2 

0.5Diplopia & nystagmus Headache, vomiting ––M10.2/T1 3 

4.2Quadriparesis Fever 37.1°C –Vitiligo/F M5.2/T1 4 

1Left ON–LBp, 2 wk;
abdominal pain, 1 wk 

Hypertension/F M10.3/T1 5 

1.3right ON ––Epilepsy/B M10.4/T1 6 

2.8paraparesis –Muscle pain,  
arthropathy, 2 mon 

Arthritis/M
Hypothyroidism/S 

F9.2/B1 7 

0.25Quadriparesis Fever 38.5°C, headache –Cystic fibrosis/N F8.2/B1 8 

2Left ON –––F11.9/B2 9 

0.9Quadriparesis Headache, lethargy –Syrinx/F M7.2/T1 10

table 3. Family history, antecedent events and clinical features of patients presenting with childhood MS 

* Tanner stage 
M = mother, F = father, B = brother, S = sister, N = nephew, ON = optic neuritis, LBp = low back pain, wk =  week, mon = month

Mri features at onset  
no. of lesions

no. of patients  
(%)

≥ 9 T2 5/10 (50)

≥ 1 Gd-enhancing 1/10 (10)

≥ 3 pV 7/10 (70)

≥ 1 JC 2/10 (20)

≥ 1 pF 5/10 (50)

≥ 1 CC 6/10 (60)

≥ 1 cervical cord 3/9 (33)

≥ 1 thoracic cord 3/7 (43)

csf chemistry
Cell count > 10 cells/µl 
protein level > 5 g/dl
positive oligoclonal IgG

7/8 (87.5)
1/8 (12.5)
5/8 (62.5)

evoked potentials
VEp > 110 msec
BErA III-V > 3 msec

SSEp 
N19 > 22 msec
N43 > 45 msec

9/10 (90)
5/10 (50)

5/9 (55)
4/9 (44)

table 4. Imaging, CSF and electrodiagnostic findings at onset in 
patients with childhood MS

Gd = gadolinium, pV = periventricular, JC = juxtacortical, pF = posterior 
fossa, CC = corpus callosum, VEp = visual evoked potentials, BErA = 
brainstem evoked potentials, SSEp = somatosensory evoked potentials
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the gender ratio at the young age group favored males and 
reversed to females in the juvenile and adult groups, sug-
gesting a role of sex hormones [1]. Further comparison 
between childhood-onset MS with juvenile and adult-onset 
forms shows a difference also in disease progression. It has 
been largely known that children have enhanced capacity for 
learning and memory compared to adults, and that children 
also have a remarkable ability to recover from early brain 
injuries [23]. This enhanced brain plasticity during child-
hood may account for our finding that during a similar 
follow-up period none of the patients with childhood MS 
progressed to significant disability compared to 9.4% in the 
juvenile and 14.4% in the adult MS groups, despite the fact 
that the second attack occurred at a shorter time interval in 
the childhood MS group, implicating a more active inflam-
matory process. 

Taken together, the clinical, CSF and MRI findings at 
presentation are similar to those reported in adults with MS. 
We documented low rates of antecedent events and systemic 
symptoms, similar to what has been reported in the pediatric 
MS population [3]. The most common neurological presen-
tations in our study were motor weakness with long tract 
dysfunction and visual symptoms as previously reported 
[3,6,9,11,13]. 

In our study the MRI findings at presentation of childhood 
MS were characterized by more than three periventricular 
white matter lesions that occurred in 70% of the children 
and followed by corpus callosum lesions in 60%, with 71% 
co-occurrence. The presence of lesions perpendicular to the 
corpus callosum were reported to be suggestive of MS and 
as a prognostic finding for developing the disease [13,15,16]. 
Imaging of the spinal cord at onset showed cervical cord 
lesions in 33% and thoracic cord lesions in 43% of patients, 
demonstrating dissemination in space occurring already at 
the first clinical presentation. Interestingly, our data show 
a higher occurrence than previously reported in other geo-
graphic areas. In a cohort of 21 cases with childhood-onset 
MS in Taiwan 27.8% had spinal lesions [9], and among 8 

patients with MS onset below 17 years in Canada 25% had 
spinal cord involvement [13]. Only 15% of 82-early onset MS 
patients from Iran had spinal cord lesions [8], whereas in 26 
children with early-onset MS in Japan no spinal cord lesions 
were documented at onset [10]. 

 The CSF findings in our cohort disclosed positive oligo-
clonal IgG5 bands in 62.5% of subjects compared with 55.3% 
in subjects with childhood-onset MS under age 12 in France 
[5], 35% in MS patients with onset before 11 years in the 
United States [24], 46% of children with MS onset before age 
15 years of age in the U.S. [25], and in 44% of patients with 
MS onset before age 20 in France [7]. 

Regarding electrophysiological findings we documented 
VEP6 abnormalities among 90%, BERA7 in 50% and upper 
limbs SSEP8 in 55% and lower limbs SSPE in 44% of patients. 
These results are in agreement with other studies. Ozabakas 
et al. [6] reported that among 36 MS patients whose symp-
toms began before age 16, VEP abnormalities were found in 
65.5%, BERA in 41.3% and SSEP in 58.6% [6]. Brass and co-
authors [13] reported abnormal VEP in 77%, BERA in 43% 
and SSEP in 57% of subjects with MS onset before age 17. 

In summary, our findings show that childhood MS in 
Israel is rare and does not differ significantly from adult-onset 
MS in terms of clinical, laboratory and imaging findings. At 
presentation, children with MS onset up to the age of 12 years 
demonstrated dissemination of the disease as manifested by 
spinal cord lesions and electrophysiological abnormalities. 
Nevertheless, these patients did not demonstrate poor prog-
nosis and did not progress to irreversible disability, suggest-
ing that the brain in children might be more resilient to the 
inflammatory disease process. 

corresponding author: 
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Infection of erythrocytes with plasmodium species induces 
clinical malaria. parasite-specific CD4+ T cells correlate 
with lower parasite burdens and severity of human malaria 
and are needed to control blood-stage infection in mice. 
However, the characteristics of CD4+ T cells that determine 
protection or parasite persistence remain unknown. Butler 
et al. show that infection of humans with plasmodium 
falciparum resulted in higher expression of the inhibitory 
receptor pD-1 associated with T cell dysfunction. In vivo 

blockade of the pD-1 ligand pD-L1 and the inhibitory receptor 
LAG-3 restored CD4+ T cell function, amplified the number 
of follicular helper T cells and germinal-center B cells and 
plasmablasts, enhanced protective antibodies, and rapidly 
cleared blood-stage malaria in mice. Thus, chronic malaria 
drives specific T cell dysfunction, and proper function can be 
restored by inhibitory therapies to enhance parasite control.
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therapeutic blockade of PD-l1 and lag-3 rapidly clears established blood-stage Plasmodium 
infection

Immunoglobulin E (IgE) antibodies are pathogenic in 
asthma and allergic diseases, but the in vivo biology of IgE-
producing (IgE+) cells is poorly understood. A model of the 
differentiation of IgE+ B cells proposes that IgE+ cells develop 
through a germinal-center IgG1+ intermediate and that 
IgE memory resides in the compartment of IgG1+ memory 
B cells. Talay et al. used a reporter mouse expressing 
green fluorescent protein associated with membrane IgE 

transcripts (IgE-GFp) to assess in vivo IgE responses. In 
contrast to the IgG1-centered model of IgE switching and 
memory, the authors found that IgE+ cells developed through 
a germinal-center IgE+ intermediate to form IgE+ memory B 
cells and plasma cells. These studies delineate a new model 
for the in vivo biology of IgE switching and memory.

 Nature Immunol 2012 13: 396

Eitan Israeli

capsule

ige+ memory B cells and plasma cells generated through a germinal-center pathway




