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ABSTRACT

Multiple sclerosis (MS) is a chronic inflammatory and demyelinating disease of the central nervous system that mostly affects 
younger adults. However, the first symptoms of MS can appear in children and adolescents before the age of 18, and we call 
this paediatric MS (PMS). 

It is estimated that paediatric MS accounts for 3-5% of the general population of patients with MS. Despite the fundamental si-
milarities to adult MS, PMS has many distinctive features. Paediatric MS has a milder course compared to adults, but leads to sig-
nificant disability at an early age. PMS is relapsing-remitting in 95-98% of cases; the primary progressive manifestation is much 
less common than in adults. The differential diagnosis of MS in children should include other childhood demyelinating diseases, 
mitochondrial and metabolic diseases, connective tissue diseases, and neuroborreliosis. Differentiating acute disseminated en-
cephalomyelitis (ADEM) from the first onset of MS remains the biggest challenge. Over the past 10 years, understanding of the 
epidemiology, pathophysiology, diagnosis, and treatment of MS in children has significantly expanded. The diagnostic criteria 
leading to earlier diagnosis and initiation of disease-modifying therapy (DMT) have changed, and the number of drugs used 
in children has increased. However, many important issues require further research. This review discusses the current state of 
knowledge regarding the epidemiology, diagnosis, and treatment of multiple sclerosis in children. 
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Introduction

Multiple sclerosis is a disease primarily affecting adults, 
with the first symptoms usually appearing in the third or 
fourth decades of life. However, paediatric MS is being diag-
nosed more and more often. It is defined as multiple sclerosis 
with onset before the age of 18 (sometimes before the age of 
16) [1, 2]. This disorder was previously known as early onset 
MS (EOMS), paediatric onset MS (POMS), or juvenile MS. 

It is estimated that paediatric MS accounts for 3-5% of 
the general population of patients with MS. Despite the fun-
damental similarities to adult MS, PMS has many distinctive 
features, and the course of the disease is different to that in 
adults [4]. There have been far fewer studies, natural history 
data, and reports regarding the diagnosis and treatment of 

PMS. The establishment of the International Paediatric MS 
Study Group (IPMSSG) in 2005 brought about significant 
development of research and expanded knowledge about PMS 
[5]. Over the past 15 years, international and collaborative 
studies have identified an increasing number of genetic and 
environmental risk factors for paediatric MS. Identifying these 
factors has helped to better understand the pathophysiology 
of PMS and may contribute to treatment progress. 

Over the years, the diagnostic criteria have changed several 
times, new drugs have been introduced, and the methods of 
differential diagnosis have improved [6–9]. 

T﻿his review presents the current state of knowledge regard-
ing pathogenesis, epidemiology and course of the disease, and 
discusses the criteria for diagnosis and differential diagnosis 
as well as treatment of multiple sclerosis in children.
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Epidemiology 

MS is a rare disease in the paediatric population. The 
prevalence and incidence of paediatric MS is not fully known. 
In a systematic review covering the period 1965 to 2018, 
19 population MS studies were identified, which included 
1,439 people aged ≤ 19 [10]. Incidence of multiple sclerosis 
in children ranged from 0.05 to 2.85 per 100,000 children 
per year, with most studies showing incidences of < 1 per 
100,000, while prevalence ranged from 0.7 to 26.9 per 
100,000 children [10]. Prevalence is highest in children aged 
13 to 16 [3]. This wide range of incidence and prevalence 
rates can be a consequence of applying different diagnostic 
criteria and adopting different age limits among the exam-
ined paediatric cohorts from 15 to 18 years of age. Studies 
have shown that disease onset during the paediatric period 
occurs in 3-5% of individuals with multiple sclerosis [11–13]. 

In the paediatric population before adolescence, the 
number of sick girls and boys is relatively equivalent [14, 
15]. In adolescents > 10 years of age, a more pronounced 
female dominance is observed. Given that the female to 
male ratio increases to 2-3:1, this suggests that the onset of 
menstruation may play a role in the pathogenesis of multiple 
sclerosis [14]. Prepubertal MS is a rare diagnosis, comprising 
less than 1% of all cases [13]. To date, no epidemiological 
studies have been conducted in Poland to cover the child 
population of MS. 

Genetic and environmental risk factors for the 
development of paediatric MS

Children who develop MS are influenced by the same 
genetic and environmental risk factors that support the devel-
opment of MS in adults. This suggests that childhood MS is the 
same disease as MS in adults. Studies on monozygotic twins 
show a 25% match for the development of MS. The risk ratio 
for dizygotic twins is similar to that of first-degree relatives: 
2-5% [16–18]. Certain immunologic human leukocyte anti-
gen (HLA) genes are associated with an increased risk of the 
development of MS, including haplotypes HLA -DRB1 * 1501, 
DQA1 * 0102, and DQB1 * 0602 [18]. The HLA-DR15 hap-
lotype has been strongly associated with early disease onset 
in the MS population [17]. In addition to genetic factors, 
environmental factors contribute significantly to the increased 
risk of developing MS in children. Widely recognised factors 
include a previously recognised infection with Epstein-Barr 
Virus (EBV) as well as exposure to cigarette smoke. A his-
tory of EBV infection is associated with a 2-4-fold increase 
in the risk of MS in both adults and children [19–21]. With 
increased identification of genetic and environmental risk 
factors, additional studies can be done to determine combined 
risk. For example, in a cohort of children presenting with an 
initial acquired demyelinating syndrome, more than half of 
the study participants (57%) with the presence of HLA-DRB1 * 

1501 allele, remote EBV infection, and low vitamin D were 
ultimately confirmed as having MS [19].

The role of vitamin D deficiency in PMS is not entirely 
clear, but it has been documented that low levels of vitamin 
D are associated with an increased susceptibility to PMS [19]. 
Lower vitamin D levels are also associated with a higher rate 
of relapse in children [20]. The increased risk of multiple 
sclerosis in smokers has also been confirmed, and the greater 
the cumulative dose (i.e. the duration and number of cigarettes 
smoked) the greater the risk [22]. Parental smoking and pas-
sive exposure to smoke are associated with a doubled risk of 
MS in children [23]. Female obesity at the age of 18 is another 
risk factor known to double the risk of MS. An association 
between obesity and an increased risk of the failure of multiple 
sclerosis treatment in girls has also been demonstrated [25]. 
To date, no clear relationship has been found between diet and 
the risk of MS, and the effect of table salt on the occurrence 
of MS has not been confirmed [26]. There is limited evidence 
suggesting that childhood head trauma is also a risk factor 
of MS [27].

Symptoms and clinical course

The symptoms of multiple sclerosis in older children and 
adults are similar. However, if the disease begins before the 
age of 10, the course differs from that in adults. Sometimes 
the onset of the disease is acute or subacute (with conscious-
ness disorders and fever), often with partial seizures [4, 28]. 
The first symptoms are predominantly sensory disturbances, 
impaired coordination of movements (such as walking). After 
some time, cognitive and emotional disorders can occur, such 
as excessive irritability and emotional lability [29].

Younger children will often show multifocal symptoms, 
but with adolescence it becomes more common to reveal a sin-
gle focal symptom, similarly to adults [4]. The most commonly 
reported symptoms in children include sensory (15–30%), mo-
tor (30%), and brainstem dysfunction (25–41%) [30]. Children 
of prepubertal age are more likely to show polysymptomatic 
attacks and more prominent motor and brainstem involve-
ment (diplopia, facial weakness), sphincter dysfunction, and 
cognitive disturbances [15]. Diagnosis is often delayed because 
children are less able to express subtle symptoms such as 
paraesthesia or unilateral visual impairment [31]. 

Patients with paediatric MS have a greater accumulation of 
new magnetic resonance imaging (MRI) lesions [32], an earlier 
age of reaching disability milestones [4], and greater long-
term cognitive impairment [33] compared to adult-onset MS. 

The course of multiple sclerosis in children is typical for 
relapsing-remitting forms, although a shorter interval between 
the initial and subsequent relapses is observed, as well as a high-
er relapse rate compared to MS in adults [34, 35]. About 40% of 
children experience a second episode of demyelination within 
a year of the first presentation, 60% within two years, and 66% 
within three years [31]. Despite the higher rate of relapses, 
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in the initial period of the disease there is usually a complete 
remission of symptoms [4]. This is due to the high plasticity 
of the central nervous system in children, the possibility of 
development, and regeneration of brain damage. 

The average time to reach 4 points on the EDSS scale is 
definitely longer in developmental age (20 vs 10 years in adults) 
[36]. However, over the years, children with MS entering 
adulthood are often permanently disabled. Although the time 
to reach the threshold of irreversible damage of motor neurons 
causing disability is about 10 years longer in children and 
adolescents with MS than in adults with MS, disability occurs 
at a younger age than in adults with MS [4, 37].

The clinical course in 95-98% of paediatric MS patients is 
relapsing-remitting, compared to 85-90% in adults [3, 4, 30]. 
Less than 3% of paediatric MS cases are reported as primary 
progressive, compared to 10-15% in the adult population 
[4, 38]. Because primary progressive MS (PPMS) is rare in 
children, leukodystrophy, inborn error of metabolism, mito-
chondrial diseases, and neuromyelitis optica can be misdiag-
nosed. MS should be ruled out in every child with continuous 
disability without specific attacks [7].

Diagnosis

MS is historically defined as neurological symptoms dissem-
inated in time (DIT) and space (DIS). The diagnostic criteria for 
MS in adults have been refined over time [39–42]. The current 
McDonald criteria display a high sensitivity and specificity 
for the diagnosis of paediatric MS when applied to children ≥ 
11 years of age without features suggestive of ADEM [9, 43].

Diagnosis of multiple sclerosis in children begins with the 
diagnosis of CIS (clinically isolated syndrome) or sporadic 
ADEM (acute disseminated encephalomyelitis). When first-
line clinical symptoms persist for more than 24 hours, with no 
evidence of encephalopathy, but with possible inflammatory 
demyelination, CIS is diagnosed. To confirm the diagnosis, 
it is necessary to confirm at least two clinical episodes due to 
demyelination at least 30 days apart. 

The diagnosis of PMS is always a challenge, especially be-
fore puberty. Reasons include the atypical clinical picture and 
the results of laboratory and imaging tests, as well as a wide 
spectrum of diseases occurring in this age group, which should 
be taken into account in differential diagnosis. In the case of 
diffuse changes in white matter in children, it is necessary to 
perform a basic test panel, which includes [44]:

	— Cerebrospinal fluid (CSF): Oligoclonal bands (OCBs), IgG 
index, cell count, protein, glucose, HSV, Lyme Disease

	— Serum: Complete blood cell (CBC) count, erythrocyte 
sedimentation rate (ESR), C-reactive protein, NMO an-
tibodies (in cases of optic neuritis and/or longitudinally 
extensive transverse myelitis), antinuclear panel (including 
SSA, SSB), thyroid-stimulating hormone, vitamin B12

	— Imaging: Brain and cervical spine MRI with and without 
gadolinium

	— Other: Ophthalmology (if optic neuritis)
	— Neuroimaging plays an essential role in the diagnosis and 

monitoring of paediatric MS [32, 45, 46]. The presence of 
one or more T2 hyperintense lesions typical of multiple 
sclerosis in at least two of the following regions of the CNS: 
periventricular, cortical or juxtacortical, infratentorial or 
spinal cord, indicates dissemination in space (DIS). The 
simultaneous presence of enhancing and non-enhancing 
lesions at any time, or the presence of new or enlarging 
hyperintense lesions in the MRI image, indicate dissemi-
nation in time (DIT), which is also used in the monitoring 
of the disease course [45,46]. Compared to adults, children 
tend to demonstrate more T2 lesions, with the number 
of lesions increasing rapidly in the first few years of the 
disease (Fig. 1 and Fig. 2). IPMSSG recommends an MRI 
scan every six months to monitor the progression of the 
disease and the growth of new lesions [33].
A diagnosis of paediatric MS must meet the diagnostic 

criteria proposed by the International Paediatric MS Study 
Group (IPMSSG) [5, 43]. For the diagnosis of paediatric MS 
and other acute demyelinating diseases, certain conditions 
have to be met (Tab. 1): 

Differential diagnosis 

Differential diagnosis of central nervous system demy-
elination in children is a real challenge. This includes acute 
disseminated encephalomyelitis (ADEM), multiple sclerosis 
(MS), optic neuritis, transverse myelitis, neuromyelitis 
optica (NMO), and various infectious and metabolic and 

Figure 1. Brain MRI showing multiple gadolinium-enhancing peri-
ventricular and juxtacortical lesions
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Figure 2. Brain MRI T2 FLAIR sagittal image with demyelinating 
plaques arranged perpendicular to the corpus callosum showing 
the typical Dawson fingers

rheumatological conditions [7, 47]. It is believed that most 
of these conditions result from the dysregulation of the im-
mune system caused by an infectious agent in a genetically 
susceptible person [47]. In the presence of symptoms of 
focal damage to the central nervous system in a child with 
simultaneous changes in white matter, the broadest possible 
differential diagnosis should be carried out to clarify the cause. 
The diagnosis of MS requires confirmation of dissemination 
of the demyelinating process in time and space as well as the 
exclusion of other diseases and syndromes [7, 44]. Attention 
should be paid to unusual symptoms, which include fever, 
encephalopathy, severe psychosis, progressive course of the 
disease, refractory epileptic seizures, involvement of other 
systems (including the peripheral nervous system), lack of 
oligoclonal bands, and significantly increased leukocyte counts 
in the cerebrospinal fluid [47]. 

The more the unusual features found, and the younger the 
child is, the more carefully the diagnosis of multiple sclerosis 
should be considered. 

Detailed neurological history and evaluation, results of 
laboratory tests of serum and cerebrospinal fluid, as well as 
neuroimaging tests, can provide data allowing for the differen-
tiation of acute demyelinating diseases of the central nervous 
system from other disease entities [44, 48]. 

Differentiating between PMS and ADEM is particularly 
difficult [49–51]. Errors in the diagnosis of ADEM in patients 
with MS may affect up to 27% of cases [48]. According to 
the definition, apart from encephalopathy, ADEM features 
headaches, meningitis symptoms, convulsions and multifocal, 
defective neurological symptoms [48]. In 50-70% of cases, 

ADEM is preceded by an infection or vaccination. It most 
often affects children between the ages of 5 and 8, and rarely 
occurs in adulthood when the peripheral nervous system is 
more often affected in the form of acute polyradiculoneuropa-
thy. In cerebrospinal fluid, lymphocytic pleocytosis, increased 
protein concentration, and transiently appearing oligoclonal 
bands are found. 

In MRI study, the lesions are diffuse, less demarcated, 
asymmetrically involving white and grey matter, more often in 
the area of basal ganglia [51, 52]. Contrast enhancing lesions 
are described in 30-100% of cases depending on the stage of 
the disease, and can cover the entire focus or an irregular part 
of it [49, 53]. The course of ADEM as an immune disease is 
usually monophasic and the symptoms tend to disappear 
spontaneously within 1-6 months [53]. 

MOG antibody disease (MOG, myelin oligodendrocytes 
glycoprotein), only identified in recent years, is another dis-
ease that causes great difficulties in the differential diagnosis 
of paediatric MS [7, 54, 55]. MOG-AD is an inflammatory 
demyelinating disease of the CNS characterised by a mono-
phasic or relapsing course, which does not meet the typical 
criteria for MS and occurs in the presence of MOG antibod-
ies detected in the blood serum. MOG antibodies have been 
identified in a range of acquired demyelinating syndromes in 
the paediatric population, including in acute disseminated en-
cephalomyelitis (ADEM), optic neuritis (ON), and transverse 
myelitis (TM) [49, 54]. The median age of onset is 30, but the 
disease also manifests itself in children; there is a slight pre-
dominance in females. Identifying MOG antibodies is helpful 
in the differential diagnosis of multiple sclerosis with ADEM. 
30-40% of paediatric patients suffering from inflammatory 
demyelinating conditions of the CNS produce intermittent 
anti-MOG autoantibodies, the decrease of which is associated 
with a more favourable prognosis for ADEM patients [54, 55].

The diagnostic criteria developed by IPMSSG (Tab. 1) help 
in the differential diagnosis of MS and other demyelinating 
diseases in children. Other diseases and syndromes requiring 
differentiation from childhood MS are listed in Table 2.  

Treatment of paediatric MS

Treatment of relapse
Treatment of MS relapse in children is similar to that 

in adults. Intravenous (IV) pulse of methylprednisolone 
(20–30 mg / kg / day for 3–5 days) is a typical regimen [56, 
57]. No further glucocorticoid is needed if patients recover 
completely. However, oral prednisolone starting with 1 mg/
kg/day and decreasing by 5 mg every two days is used for pa-
tients with residual disability [57]. For patients who experience 
recurrence during glucocorticoid tapering, repeated treatment 
with IV methylprednisolone at the same doses is suggested 
[57]. Intravenous immunoglobulin infusions are only recom-
mended if treatment with methylprednisolone fails [56]. The 
recommended dose is 0.2–0.4 g / kg for 2–5 days. Therapeutic 
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Table 1. Diagnostic criteria for paediatric MS and other immune-mediated CNS demyelinating disorders [3, 42] 

For a diagnosis of paediatric CIS, all of the following criteria are required to be met

•	 A monofocal or polyfocal clinical CNS event with presumed inflammatory demyelinating cause

•	 Absence of a prior clinical history of CNS demyelinating disease (e.g. absence of past optic neuritis (ON), transverse myelitis (TM) and hemispheric or 
brain-stem related syndromes)

•	 No encephalopathy (i.e. no alteration in consciousness or behaviour) that cannot be explained by fever

•	 A diagnosis of MS based on baseline MRI features (as recently defined) are not met

For paediatric MS, one of the following criteria is required to be met

•	 Two or more CIS separated by more than 30 days involving more than one area of CNS

•	 One CIS associated with MRI findings consistent with the 2017 McDonald criteria for dissemination in space (DIS) and in which a follow-up MRI shows 
at least one new enhancing or nonenhancing lesion consistent with criteria for dissemination in time (DIT)

•	 One ADEM attack followed by one CIS, three or more months after symptom onset, that is associated with new MRI lesions that fulfill the 2017 revised 
McDonald DIS criteria

•	 A first, single, acute event that does not meet ADEM criteria and whose MRI findings are consistent with the 2017 McDonald criteria for dissemination 
in space and dissemination in time (applies only to children ≥ 11 years old)

For paediatric NMO, all of the following criteria are required to be met

•	 Optic neuritis

•	 Acute myelitis

•	 At least two of these three supportive criteria: 

               * contiguous spinal cord MRI lesion extending over three vertebral segments

               * brain MRI not meeting diagnostic criteria for MS

               * aquaporin IgG seropositive status

For paediatric ADEM, all of the following criteria are required to be met

•	 A first polyfocal, clinical CNS event with presumed inflammatory demyelinating cause

•	 Encephalopathy that cannot be explained by fever

•	 No new clinical and MRI findings emerge three months or more after onset

•	 Brain MRI is abnormal during the acute (three-month) phase

•	 Typically on a brain MRI: 

               *diffuse, poorly demarcated, large (> 1–2 cm) lesions involving predominantly cerebral white matter; 

               * deep grey matter lesions (e.g. thalamus or basal ganglia) may be present

               *T1-hypointense lesions in the white matter are rare

Table 2. Differential diagnosis of paediatric multiple sclerosis

Demyelinating Clinically isolated syndrome, ADEM, optic neuritis, transverse myelitis, NMO, postvaccination, acute necrotising encephalopathy

Inflammatory Systemic lupus erythematosus (SLE), neurosarcoidosis, Sjögren syndrome, antiphospholipid antibody syndrome (APLAS), Behçet 
Disease, isolated angiitis

Mitochondrial Myoclonic epilepsy with ragged red fibres (MERRF), mitochondrial encephalomyopathy with lactic acidosis and strokelike episo-
des (MELAS), Leber hereditary optic neuropathy (LHON), Leigh syndrome, Kearns-Sayre syndrome

Leukodystrophy Metachromatic leukodystrophy, adrenoleukodystrophy, Krabbe Disease, Pelizaeus-Merzbacher Disease, Refsum Disease, 
vanishing white matter, leukoencephalopathy with brainstem and spinal cord involvement and elevated lactate levels, Wilson’s 
Disease, Fabry Disease, Alexander Disease

Genetic/metabolic Inborn errors of metabolism, aminoacidurias

Infectious Neuroborreliosis (Lyme Disease), HSV encephalitis, HIV infection, neurocysticercosis, poststreptococcal infection, abscess, neuro-
syphilis, progressive multifocal leukoencephalopathy (PML), Whipple Disease

Vascular Cerebral autosomal-dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL), Moyamoya Disease, 
carotid dissection

Endocrine Thyroid disorder, diabetes mellitus

Nutritional Vitamin B12, vitamin E, or folate deficiency; coeliac disease

Neoplastic Lymphoma, astrocytoma, medulloblastoma, metastases

Toxic Radiation, chemotherapy (methotrexate, cyclosporine, cytosine-arabinoside), extrapontine myelinosis

Other Langerhans cell histiocytosis, haemophagocytic lymphohistiocytosis
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Table 3. Ongoing clinical trials of disease-modifying therapies in paediatric-onset multiple sclerosis [62]

Study trial/NCT Drug Brief title Primary endpoint Status

CONNECT

NCT02283853

Dimethyl 
fumarate

Phase 3 efficacy and safety study of bg00012 in 
paediatric subjects with relapsing-remitting multiple 
sclerosis (RRMS) 

% Free of new / enlarging T2 
foci 

Enrolment 
complete

TERIKIDS

NCT02201108

Teriflunomide Efficacy, safety and pharmacokinetics of teriflunomide 
in paediatric patients with relapsing forms of multiple 
sclerosis 

Time to first relapse Enrolment 
complete

LemKids

NCT03368664

Alemtuzumab Efficacy, safety, and tolerability of alemtuzumab in 
paediatric patients with RRMS with disease activity on 
prior DMT 

New or enlarging T2-bright foci Enrolment 
ongoing

NCT04075266 Ocrelizumab Study of ocrelizumab in children and adolescents with 
relapsing-remitting multiple sclerosis 

Serum concentration of ocre-
lizumab and Levels of CD19+ 
B-cell count in blood 

Enrolment 
ongoing

NCT03958877 Peginterferon 
Beta-1a

Safety, tolerability, and efficacy of BIIB017 (Peginterfe-
ron Beta-1a) in paediatric participants for treatment of 
relapsing-remitting multiple sclerosis 

Annualised relapse rate (ARR) 
at week 96 

Enrolment 
ongoing

NCT03870763 Dimethyl 
fumarate and 
Peginterferon 
Beta-1a

Efficacy and safety of dimethyl fumarate (Tecfidera) 
and Peginterferon Beta-1a (Plegridy) for treatment 
of relapsing-remitting multiple sclerosis in paediatric 
participants 

Time to first relapse Enrolment 
ongoing

PASSAGE 

NCT01442194 

Fingolimod or 
other DMT

Safety study in patients with multiple sclerosis treated 
with fingolimod or other approved disease-modifying 
therapies 

For each of the selected, num-
ber of patients with a reported 
event since study start 

Enrolment 
ongoing

plasma exchange can only be used in acute, severe relapses 
when there is no success with steroid treatment [56, 58]. 

Disease-modifying therapy (DMT)
Treating paediatric MS is challenging given high disease 

activity and the lack of safety and efficacy data for most dis-
ease-modifying therapies (DMT) in children [2]. Evidence 
of DMT’s effectiveness in reducing relapse rates and disease 
progression in children with MS is primarily based on ob-
servational studies. The number of approved DMT drugs for 
use in children and adolescents with MS is limited [1]. None 
of these drugs, except for fingolimod (PARADIGMS study), 
have been evaluated in a paediatric population in randomised, 
double-blind studies with a control group receiving active 
treatment [59, 60]. We are currently awaiting the results of 
further randomised, controlled TERIKIDS (teriflunomide), 
LemKids (alemtuzumab), and CONNECT (dimethyl fumarate 
vs interferon beta-1a) and other studies [61, 62] (Tab. 3).

First-line treatment 
It is recommended to start MS treatment in children 

with interferon beta (IFN-beta), or glatiramer acetate (GA) 
[6, 63–65]. The safety profile of these drugs is favourable for 
children. Observational studies have demonstrated efficacy, 
and no serious adverse events have been reported for IFN 
beta-1b treatment [65]. The most common adverse events 
include a flu-like syndrome (35%), abnormal liver function 
tests (26%) and injection site reaction (21%) [65]. The mul-
ti-centre international REPLAY study assessing the safety, 
tolerability, and efficacy of IFN beta-1a in children with MS 

(44 and 22 μg, three times a week) showed very good effects 
and excellent tolerance [66]. The annual relapse rate was 
1.79 before treatment and 0.47 during treatment. Experience 
with glatiramer acetate is very limited. GA is estimated to 
have approximately the same efficacy as IFN-beta, which is 
why possible adverse effects and injection tolerance should 
be taken into account when selecting treatment [64, 67].The 
safety and efficacy of dimethyl fumarate and teriflunomide 
have not been established in children and adolescents with 
multiple sclerosis. Caution should be exercised when using 
these drugs, taking into account known side effects in adults 
[6]. The FOCUS study assessing the effect of dimethyl fumarate 
on MRI activity in a paediatric population showed a reduc-
tion in the development of new T2 hyperintense lesions [68]. 
Although the data showed a decrease in disease activity on 
MRI, there was no reduction in the number of relapses in 
a population of children with MS [69]. The open, randomised, 
and controlled CONNECT trial comparing dimethyl fumarate 
to interferon beta-1a in a paediatric population is under way 
[61].We are also waiting for the results of the TERIKIDS 
study, a randomised, double-blind, placebo-controlled study 
evaluating the efficacy and safety of teriflunomide in multiple 
sclerosis in children [61].

Second-line treatment 
In children after failure of first-line therapy or rapidly 

developing severe MS, escalation to more effective second-line 
therapies such as natalizumab or fingolimod can be consid-
ered [54]. These indications result from the extrapolation of 
data from studies involving adult patients. Regarding PMS, 
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safety, efficacy, and tolerability data for most of these thera-
pies is scarce and based only on a small retrospective series 
of cases [6, 58]. 

The only exception is fingolimod, which in May 2018 was 
approved by the FDA for the treatment of children 10 years 
and older with relapsing-remitting MS. The registration 
of fingolimod in children was based on the PARADIGMS 
phase 3 study (n = 215) comparing fingolimod to interfer-
on beta-1a in children and adolescents [55]. Patients were 
randomly assigned to a group that once a day received oral 
fingolimod (n = 107, 0.5 mg or 0.25 mg, depending on 
patient weight), or intramuscular interferon (IFN) beta-1a 
(n = 108) once a week. Compared to IFN beta-1a, fingoli-
mod reduced the annual frequency of T2 lesions by 52.6% 
(p < 0.001) and the number of Gd + lesions by 66.0% (p < 
0.001). Treatment with fingolimod compared to IFN beta-1a 
significantly reduced MRI activity and slowed the loss of 
brain volume [59].

Recommendations for the use of other drugs are based 
only on observational studies. These studies showed that 
natalizumab is an effective treatment in children with active 
MS and has a good safety profile, comparable to the adult 
population [69–73]. In a series of 14 paediatric cases of mul-
tiple sclerosis treated with rituximab, none of the patients 
had a subsequent relapse [74]. The most common side effects 
include hypogammaglobulinemia and infusion reactions [75, 
76]. Cyclophosphamide, an alkylating agent, has been shown 
to effectively reduce the frequency of relapses in children with 
aggressive MS [77]. Although it is an effective drug, there is 
a significant risk of secondary malignancies, infections, and 
infertility [77]. 

If IFN or GA is not effective, IPMSSG recommends switch-
ing to fingolimod. In contrast, natalizumab is recommended 
for the treatment of rapidly developing severe PMS [61]. For 
patients who cannot take natalizumab (high index JC virus 
and associated risk of PML), the available options include 
switching to one of the other infusion DMTs (ocrelizumab, 
rituximab) or to one of the oral DMTs (dimethyl fumarate. 
teriflunomide). However, these drugs have more side effects 
in children than do interferon beta or glatiramer acetate [1].

In Poland, INF and GA are recommended and reimbursed 
as part of the first-line treatment with no age limit, whereas 
treatment with beta-1a peginterferon, dimethyl fumarate, and 
teriflunomide is only refunded from the age of 12.

As for the second-line therapy in Poland, only natalizumab 
and fingolimod are reimbursed, which can be administered 
from the age of 12 after failure of first-line drug therapy or in 
the case of rapidly developing severe MS.

Prognosis of multiple sclerosis in children 

The course of paediatric MS in the initial stages is milder 
than in adults. 90% of children with MS have no symptoms of 
physical disability for five years from the first relapse [29]. The 

remaining 10% require outpatient assistance after an average 
of three years. Some of these children develop significant walk-
ing impairment or wheelchair dependency during the first five 
years [29]. This result has not been shown to be related to age 
at onset of symptoms, but is more likely to occur in children 
with multifocal onset, persistent neurological deficit after the 
first relapse, disability progression between relapses, and/or 
frequent relapses in the first two years of the disease [29, 78]. 
The psychosocial complications of multiple sclerosis include 
a sense of self-awareness, worries about the future, problems 
with family and friends, mood disorders, and cognitive im-
pairment [79–82]. These handicaps are unrelated to physical 
disability. It is estimated that c.30-48% of children with 
multiple sclerosis have affective disorders [83]. The most 
common psychiatric disorders include major depression, 
anxiety disorder, a combination of anxiety and depression, 
panic attacks, bipolar disorder, and adjustment disorder 
[81]. It is estimated that cognitive impairment occurs in 
c.30-75% of children with multiple sclerosis, depending 
on which definition is used and at which point in time the 
child is evaluated [81–84]. The disability mainly concerns 
such functions as memory, complex attention, processing 
speed, verbal understanding, and executive functioning. 
A younger age at the beginning of symptoms correlates with 
a lower intelligence quotient (IQ) [82, 84]. Children with 
multiple sclerosis appear to be prone to cognitive decline 
more quickly than adults with multiple sclerosis [82]. In 
school-aged children, cognitive decline manifests in poor 
school performance. A significant percentage of paediat-
ric patients with multiple sclerosis require different types 
of help or a changed school programme due to cognitive 
impairment [84]. 

Thus, despite the slower development of irreversible disabili-
ty in children with multiple sclerosis, the age at which the disease 
progresses significantly and irreversible neurological deficits 
appear, is 10 years lower than in the adult population [28]. 
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