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Abstract. Childhood multiple sclerosis (MS) is a rare demyelinating autoimmune disease with different risk factors and clinical
features than adult onset MS. Onset of MS is extremely uncommon in early childhood, particularly in those less than 10 years of
age. The overall prevalence of MS varies significantly from 1–10 in 100,000 people in Japan to 248 in 100,000 in Canada. At
least 5% of all MS patients have their first attack before 16 years of age with a female to male ratio of 1.4:1. Overall, childhood
MS is being increasingly recognized. In this paper, an updated overview of childhood MS will be presented in the context of the
available literature and our experience. Research into the earliest events in MS pathogenesis is needed to enhance our information
of this disease. As well, understanding the triggers and initial immunologic targets involved may lead to the development of new
therapies. Prospective longitudinal studies are required to evaluate the physical, cognitive, and psychosocial impact of childhood
MS and the long term benefit of various therapeutic modalities.
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1. Introduction

Multiple sclerosis (MS) is a demyelinating autoim-
mune disease that has been increasingly recognized in
our region [1–5]. Childhood MS is rare and has dif-
ferent risk factors and clinical features than adult onset
MS [6]. Exposure to extrinsic environmental factors
during early childhood in genetically predisposed in-
dividuals is believed to trigger MS [7]. Onset of MS
is extremely uncommon in early childhood, particu-
larly in those less than 10 years of age [8]. However,
childhood MS is being increasingly recognized. The
increased awareness may be the result of early recog-
nition or genuine increase in the proportion of MS pa-
tients presenting during childhood. Despite this, there
are several barriers to early diagnosis as many physi-
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cians still view MS as an exclusively adult disease and
therefore, may not consider the diagnosis in children.
As well, both clinical and radiological diagnostic cri-
teria have not been validated in children. In this pa-
per, an updated overview of childhood MS will be pre-
sented in the context of the available literature and our
experience.

1.1. Epidemiology

MS is rare in children; however, the exact preva-
lence is unknown. At least 5% of all MS patients
have their first attack before 16 years of age [9]. The
overall prevalence of adult MS varies significantly
from 1–10/100,000 people in Japan to 248/100,000
in Canada [10,11]. Regions further from the equator
(Canada and north Europe) are high risk regions; how-
ever, MS does occur in all studied populations. The
point prevalence of MS in a regional population of
Saudi Arabia has been estimated at 0.04 [1]. Epidemio-
logical studies have shown that individuals who migrate
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Fig. 1. Brain MRI showing multiple well-defined asymmetrical hy-
perintense T2 lesions in the periventricular and subcortical white
matter.

during childhood to high risk areas adopt the MS risk of
their new country rather than maintaining the MS risk
of their original country [12]. Although environmen-
tal exposures may play a role, genetic influences are
also contributory. Specific human leukocyte antigens
(HLA) have been associated with increased MS risk
in certain populations [13–15]. MS patients are more
likely to carry HLA DRB1, DQA1, and DQB1 loci [16,
17]. As well, patients with HLA-DR15 had an earlier
onset of their disease [18]. MS susceptibility in these
people interacts with many other factors including im-
munologic, environmental, and myelin-related genes.
Familial cases of MS has been well documented [15,
19]. The risk of MS in first degree relatives is about
5% compared to the 0.2% risk in the general popula-
tion with a 30% concordance in identical twins [19,20].
Individual risk of MS increases with the number of af-
fected relatives and with their earlier age of onset [21].
The female to male ratio of adult MS is 2.5:1. In con-
trast, the female to male ratio in children is 1.4:1 [22].
The lower female predominance in children suggests a
hormonal factor in pathophysiology.

1.2. Clinical manifestations

Overall, childhood MS most commonly present in
adolescence [23]. Ghezzi et al. [24] found that of 149
children younger than 16 years presenting with MS,

Fig. 2. MS lesions involving the splenium of the corpus callosum.

73% presented with an initial attack after 13 years of
age. MS is characterized by multiple episodes of neu-
rologic dysfunction secondary to inflammatory cen-
tral nervous system (CNS) demyelination. The most
characteristic presentation includes sensory, motor, and
brainstem signs and symptoms. In a study by Daif et
al. [4], involvement of the pyramidal system was the
most common mode of presentation in young Saudi
patients [4]. Episodes must be due to different CNS
involvements (optic nerve, brain, spinal cord) and sep-
arated by more than 30 days interval [25]. Approx-
imately 90% of children with MS present with this
relapsing-remitting pattern, which is similar to adult
MS. Relapses occur in the first 2 years in the majority
of cases; however, up to 14% of children with MS had
the second attack more than 10 years after the initial
presentation. Primary progressive MS, characterized
by worsening neurological disability over time in the
absence of clear attacks, is extremely uncommon in
children [26]. The clinical features of MS reflect the
site of active CNS demyelination. Optic neuritis is a
common initial manifestation that is characterized by
progressive visual loss with decreased color perception
and associated pain on eye movements. When com-
pared to adults, optic neuritis in children is often bi-
lateral. At initial presentation, optic neuritis is asso-
ciated with an increased risk of subsequent MS [27].
Lucchinetti et al. [28] found in a long term follow up
study that 26% were ultimately diagnosed with MS,
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sometimes many years after the initial episode of optic
neuritis [28]. Younger children (less than 6 years) com-
monly present with ataxia or seizures. A rare MS vari-
ant is Devic’s syndrome (neuromyelitis optica), which
is characterized by acute transverse myelitis and bilat-
eral optic neuritis [29]. The clinical outcome of Devic’s
syndrome is generally poor.

1.3. Investigations

No single laboratory finding is necessary or sufficient
for diagnosing MS. Cerebrospinal fluid (CSF) anal-
ysis often shows pleocytosis (66%), increased oligo-
clonal bands and intrathecal immunoglobuline G syn-
thesis [30]. Increased oligoclonal bands are used in
conjunction with serial magnetic resonance imaging
(MRI) findings to confirm the diagnosis of MS [31].
Oligoclonal bands in the CSF were present in 75% of
children with clinically definite MS. The percentage in-
creases to 81% with the advance of the disease [20,32].
However, negative oligoclonal bands do not preclude
the diagnosis of MS, especially in children. Recently,
isoelectric focusing was found to be superior to the tra-
ditional agarose gel electrophoresis in detecting oligo-
clonal bands in the CSF with a sensitivity of 91% and a
specificity of 96% in adult MS patients [33–35]. CSF
examination is also useful to exclude CNS infection or
malignancy. MRI features typically include multiple
lesions in the periventricular, subcortical, infratento-
rial, and spinal cord white matter (Figs 1–3). Cortical
gray matter lesions are either not present or rare, how-
ever, the author use of higher resolution MRI with thin
cuts have identified cortical involvement. Serial MRI
revealing new gadolinium-enhancing lesions, or new
lesions on T2-weighted images, can be used to docu-
ment progressive disease activity even in the absence
of new clinical symptoms and signs [36]. Pediatric MS
patients are less likely to meet the diagnostic MRI cri-
teria when compared to adults, however, childhood MS
remain a clinical diagnosis [31]. Occasionally, neu-
roimaging reveals atypical large or nodular demyeli-
nating lesions that can be mistaken for tumors [3,37].
It is important to consider MS in these children in order
to avoid unnecessary neurosurgical interventions. MS
activity can be evaluated by using evoked potentials.
Prolonged or absent visual and somatosensory evoked
potentials can provide evidence of additional lesions in
the optic pathway or spinal cord [38].

Fig. 3. MS lesions involving the cerebellum and brainstem.

1.4. Differential diagnosis

Because MS is rare in children, several other causes
of acquired demyelination should be considered. The
most important differential diagnosis at initial presenta-
tion is acute disseminated encephalomyelitis (ADEM).
The clinical presentation of ADEM may be the first pre-
sentation of MS. Some helpful differentiating clinical,
laboratory, and radiological features of ADEM and MS
at initial presentation are summarized Table 1 [23,39,
40]. However, the distinction in practice can be difficult
and long term follow up is needed. As well, multipha-
sic ADEM has been described with recurrent symptoms
3–6 years after initial presentation [41]. Other differ-
ential diagnoses include infectious causes (Lyme dis-
ease, syphilis, HIV, brucellosis), CNS vasculitis such
as systemic lupus erythematosus (SLE), CNS lym-
phoma, and neurosarcoidosis. Leukodystrophies and
mitochondrial encephalopathy can be easily differenti-
ated based on the clinical and radiological data. Sev-
eral investigations can help in excluding other etiolo-
gies including brain MRI, serum and CSF viral studies,
Lyme disease serology, serum lactate, serum markers
for SLE (antinuclear antibody, double-stranded DNA).
Further detailed tests are not indicated routinely and
should be individualized and based on the clinical and
radiological findings.
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Table 1
Differentiating clinical, laboratory and MRI features of ADEM and MS at initial
presentation [23,39,40]

Features ADEM MS

History of recent infection or vaccination common rare
Systemic symptoms common rare

Fever 43% 6%
Headache 57% 24%
Fatigue 71% 29%
Vomiting 57% 0%

Encephalopathy 71% 6%
Seizures common rare
Isolated optic neuritis less common (23%) common
Severity of illness usually severe less severe
CSF oligoclonal bands 29% 75%
MRI changes
Periventricular distribution 50% 91%
Involvement of the corpus callosum 17% 64%
Recurrence rare common

MRI: magnetic resonance imaging; ADEM: Acute disseminated encephalomyeli-
tis; MS: Multiple sclerosis; CSF: Cerebrospinal fluid.

1.5. Management

Once the diagnosis of MS is established, commu-
nicating such news to the parents is often both diffi-
cult and emotionally unwelcomes [42]. As well, most
physicians do not feel comfortable dealing with rare and
difficult neurological disorders such as MS [43]. At the
same time, it is important that the transfer of such infor-
mation is done well as the manner in which neurolog-
ical bad news is conveyed to parents can significantly
influence their emotions, beliefs, and attitudes towards
the child, the medical staff, and the future [42]. Most
families find the attitude of the news giver, combined
with the clarity of the message and the news giver’s
knowledge to answer questions as the most important
aspects of giving the news. The psychological impact
of MS on the child and adolescent may also be pro-
found. Psychological advice and support is needed for
many of these children and their families.

Studies in adults suggest that early treatment may
prevent or delay the occurrence of clinically definite
MS and that disease modifying drugs can reduce the
burden of the disease [31]. Intravenous (IV) methyl-
prednisolone speeds recovery from an acute MS re-
lapse. In optic neuritis, IV steroids resulted in rapid
recovery of vision and delay in the subsequent diag-
nosis of MS [44]. Acute MS exacerbations in our
pediatric MS patients are treated with 15 mg/kg/day
of IV methylprednisolone in four divided doses for 3
days followed by 1 mg/kg/day oral prednisone as sin-
gle morning dose for 2 weeks. This dose is then ta-
pered slowly over 3–4 weeks. Other institutions may
use higher doses reaching 30 mg/kg once daily with or

without maintenance doses depending on the clinical
response. Some children do not respond to steroids
or develop recurrent symptoms during the prednisone
taper. These children are treated with 1 g/kg/day IV
immunoglobulin (IVIG) for two days [45]. Monthly
IVIG is required for 3–6 months in some children to
improve clinical symptoms or to allow withdrawal of
steroid therapy [46].

Several other immunomodulatory (disease-
modifying) therapies have been used in MS. Interferon-
β (Rebif) and interferon-β 1a (Avonex) have been
shown to reduce the frequency of clinical relapses by
30% in patients with relapsing remitting MS [47]. In-
terferon therapy has been also shown to reduce the pro-
gression of disability and inflammatory activity as as-
sessed by gadolinium enhancement on MRI [47,48].
This favorable response has been also documented in
an open label study from Saudi Arabia [2]. There is in-
creasing evidence supporting the impact of early ther-
apy on long-term physical and cognitive outcome of
adult MS [49,50]. However, there are limited reports
on the use of interferons in children [51–53]. Liver
function tests and complete blood count studies should
be monitored carefully. Transaminase elevation may
occur early and necessitates reduction in the dose. Flu-
like side effects have been noted in 20% of children
on interferons, which is usually managed easily with
analgesics. Although interferons were well tolerated,
prospective randomized studies are needed to deter-
mine if there is long term benefit in the pediatric pop-
ulation. Finally, cyclophosphamide has been used in
MS with variable success. Careful review of the litera-
ture suggests that cyclophosphamide may be helpful in
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children with frequent relapses or very aggressive MS
that failed other treatments [54]. Potential risks of this
therapy include immunosuppression, malignancy, and
infertility.

1.6. Prognosis

In large studies, childhood MS appears to be less
severe than the adult form. However, this is not a
universal finding and severe disability can occur with
childhood MS, particularly in younger children. The
presence of seizures seems to carry a poor prognosis in
terms of death or primary progressive course [31]. Chil-
dren with this chronic disease are at increased risk of
experiencing chronic fatigue, emotional, cognitive, and
school difficulties. Adolescents with MS frequently re-
port difficulty with higher cortical functions and mul-
tiple task organization. Cognitive deficits may occur
early in as many as 65% of patients [55]. Children are at
higher risk because of the impact on ongoing develop-
ment and maturation. In addition to cognitive decline,
motor and visual disabilities are the most commonly
encountered. Over time, approximately 70% of relaps-
ing remitting MS patients may experience progressive
motor disability in the absence of a definable attack
(secondary progressive MS) [56]. The time from ini-
tial presentation to this advanced stage ranged between
10–15 years in 50% of MS patients [26]. However, the
disease progression and disability scores were gener-
ally less severe in childhood MS, with 76% of patients
still ambulating 15 years after initial diagnosis.

In conclusion, MS is rare in children and the etiology
remains unknown. Research into the earliest events in
MS pathogenesis is needed to enhance our information
of this disease. As well, understanding the triggers and
initial immunologic targets involved may lead to the
development of new therapies. Both clinical research
and patient management will be enhanced by clinical
and MRI criteria validated in the pediatric MS popu-
lation and by increased knowledge of the safety and
efficacy of immunomodulatory therapies. Prospective
longitudinal studies are required to evaluate the phys-
ical, cognitive, and psychosocial impact of childhood
MS and the long term benefit of various therapeutic
modalities.
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