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Abstract
Paediatric acquired demyelinating syndromes (ADS) are characterised by neurological deficits persisting for at least 24 hours, in-
volving the optic nerve, spinal cord or brain with a clinical spectrum of diagnoses including multiple sclerosis (MS), neuromyelitis
optica spectrum disorder (NMOSD) and myelin oligodendrocyte glycoprotein (MOG) antibodies (Ab) associated disease (MOGAD).
In this review, we examine the current literature regarding the epidemiology and demographics of these different ADS entities with
a particular focus on the genetic and environmental risk factors for MS in children. Both genetic (e.g., human leucocyte antigen,
HLA-DRB1*1501 allele) and environmental risk factors (e.g. low serum vitamin D levels and prior exposure to Epstein–Barr virus)
may contribute to the risk of MS in children. Some of these risk factors not only confer increased susceptibility to MS but may
also affect the disease course. Paediatric AQP4-Ab NMOSD is a rare disease worldwide but variations in incidence/prevalence have
been described among different geographic regions and ethnicities. One-third of children who present with an ADS have MOG-Ab,
and approximately half of patients with MOG-Ab have a relapsing disease course. It seems there is no racial or gender predomi-
nance in MOGAD, which contrasts with the female and ethnic minority predominance seen in both MS and NMOSD. While insights
into disease pathophysiology in paediatric ADS have led to recent therapeutic advances, well designed and collaborative large scale
epidemiological studies are likely to provide the critical next step to a personalised approach to these conditions.

Keywords: paediatric multiple sclerosis (MS), acquired demyelinating syndromes (ADS), MOG-antibody associated disease (MO-
GAD), neuromyelitis optica spectrum disorders (NMOSD), aquaporin-4 antibodies.
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Introduction

Acquired demyelinating syndromes (ADS) represent acute
neurological illnesses characterised by deficits persisting for at
least 24 hours and involving the optic nerve, brain, or spinal
cord, associated with regional areas of increased signal on T2-
weighted images (Figure 1). ADS may occur as a monophasic
illness, such as optic neuritis (ON), transverse myelitis (TM),
acute disseminated encephalomyelitis (ADEM), or as a chronic
relapsing condition, such as multiple sclerosis (MS) and neu-
romyelitis optica spectrum disorder (NMOSD) [1]. These dis-
eases are known to be triggered by environmental factors in ge-
netically susceptible individuals and have increased in incidence
in children in the past few years. It remains unclear whether this
is due to heightened clinical awareness or increased exposure to
environmental triggers during childhood [2, 3].

Studies have shown that 15% to 46% of children presenting
with ADS will be diagnosed with multiple sclerosis (MS) at a
five-year follow-up [4]. MS diagnosis requires evidence of dis-
semination of CNS inflammation, both in more than one location

(dissemination in space [DIS]) and over time (dissemination in
time [DIT]) [5]. Almost all young people presenting with MS
have a relapsing-remitting course with clinical relapses present-
ing as either ON, TM or polysymptomatic presentations [6].

MOG-Ab associated disease (MOGAD) and aquaporin 4-Ab
(AQP4-Ab)-positive NMOSD were once considered variants of
MS; however, recent studies established that these are distinct en-
tities [7, 8, 9]. NMOSD is an inflammatory condition with clin-
ical manifestations involving mainly the optic nerve and spinal
cord, associated with specific antibodies to aquaporin-4 water
channels (AQP4-Abs). The fact that the disease is antibody-
mediated means immunomodulatory therapy is useful to reduce
relapses, which are the primary cause of disability, morbidity and
mortality [10]. One-third of paediatric patients with ADS have
MOG-antibodies (MOG-Ab), with the frequency of relapsing
paediatric MOG-Ab-positive patients ranging widely between
studies. Younger patients are more likely to present with ADEM
whereas older children and adults typically present with ON and
TM [8].
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Figure 1. MRI brain and spine scans showing typical neuroimag-
ing features of three patients with a) periventricular and juxtacor-
tical lesions or plaques (arrows) on the left and short segment
transverse myelitis on the right, typical of relapsing remitting mul-
tiple sclerosis (RRMS); b) hypothalamic lesion (arrow) on the left,
and a longitudinally extensive transverse myelitis indicated by hy-
perintensity in the spinal cord on the right, in a child with AQP4-Ab
NMOSD; c) confluent, enhancing and poorly marginated lesions
of the cortical grey matter in a patient with MOG-Ab associated
disease (MOGAD).

Identification and distinction of the different subtypes of ADS,
especially at first presentation, has important implications for
treatment and prognosis [1], with accurate diagnosis and man-
agement of inflammation being key to improving patient out-
comes [5].

The aim of this review is to focus primarily on the most up
to date literature regarding the epidemiology, demographics and
risk factors associated with paediatric ADS, comparing MS to
MOGAD and NMOSD. We will also specifically look at the
growing list of genetic and environmental risk factors identified
for paediatric MS.

Methods

Studies were identified by conducting thorough systematic
online searches of MEDLINE, Embase, Web of Science, and
hand-searching reference lists of included studies. Search terms
were tailored to each database, and included the words ‘pae-
diatric’, ‘child’, ‘adolescent’, ‘juvenile’, ‘early-onset’, ‘young
person’, or ‘young people’ combined with ‘multiple sclerosis’,

‘MS’, ‘demyelinating disease’, ‘acquired demyelinating syn-
dromes’, ‘neuromyelitis optica spectrum disorders’, ‘NMOSD’,
‘aquaporin-4 antibodies’, ‘AQP4’, ‘myelin oligodendrocyte gly-
coprotein’, ‘MOG-antibodies’, ‘MOGAD’ and ‘epidemiology’,
‘risk factors’, ‘environmental’, ‘genetic’. No publication date
limits were applied, but limits were applied to include only pa-
pers published in English. References from each database search
were collated in Endnote. Duplicates were removed and titles
and abstracts were screened. Studies not meeting these criteria
were removed and the full texts of all remaining studies were
retrieved and screened. Identified studies were few and diverse,
and thus precluded meta-analysis. A narrative synthesis was con-
ducted.

Paediatric MS – epidemiology and risk factors

Demographics and epidemiology

A recent meta-analysis suggested that the global incidence of
paediatric MS is approximately 0.87 (ranging from 0.05 to 2.85)
per 100,000 children annually, and the global prevalence is 8.11
(ranging from 0.7 to 26.9) per 100,000, which vary between
countries and regions (Table 1) [4].

Table 1. Paediatric vs. adult MS incidence across different coun-
tries.

Country Incidence of paediatric
(per 100,000/year)

Incidence of adults
(per 100,000/year)

Germany 0.64 0.33
Netherlands 0.8 5.9
UK 0.98 4.7
Italy (Sardinia) 2.85 2.7
USA 1.66 5.1
Iran (Shiraz) 0.19 3.6
Kuwait 2.1 2.6
Taiwan 0.52 6.69

In a study of paediatric MS conducted in the United States
[11], the mean age at time of first event was 13.2 years; 66%
of the patients were females, 67% were Caucasian and 20.6%
were of African American ethnicity (ethnic breakdown of gen-
eral population under 18 years old was 73% Caucasian and 15%
African American). In younger patients, there was an almost
equal sex ratio, however female predominance increased with
age, especially in adolescence. In addition, the results showed
that the children’s parents were less likely to be Caucasian and
more likely to be of Asian, Middle Eastern or Caribbean an-
cestry, relative to adult-onset MS. This is supported by a retro-
spective study of children in southern California, which found a
higher incidence of ADS in children with African American and
Asian ethnicities compared to Caucasian and Hispanic children
[12].

The incidence of first onset ADS in children aged 1–15 years
old was calculated at 0.98 per 100,000 annually in a UK-wide
study [13], with 51% of the cases being female. Mean age at pre-
sentation was 9.7 years, similar to other studies from France [14]
and Canada [15], but older than a Dutch study [16] of a paediatric
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MS cohort. Other ethnic minority groups were over-represented,
in contrast to adult MS patients, however this did not reach sta-
tistical significance. In addition, there was overrepresentation
of cases from areas with lower socio-economic groups. In this
study, more female cases were also seen in the older age groups.

A Dutch study showed ADS incidence of 0.8 cases per 100,000
per year [17]. In patients more than 11 years old, the female-to-
male ratio was higher (1.8:1) than in patients less than 11 years
old (1.02:1), with 32% of children being of other ethnic minori-
ties (17% of the general population in the Netherlands). This
study also showed a higher incidence of ADS and MS in the pe-
riod of 2011–2016 than in the period of 2007–2010.

In a Taiwanese study [18], the incidence of paediatric MS was
0.52 cases per 100,000 annually, with prevalence ranging from
0.05 to 0.34 per 100,000 children. The mean age at diagnosis
was 14.4 years and 67.7% were female.

All these studies demonstrate the demographic and epidemi-
ological factors associated with paediatric MS, with a higher
prevalence in other ethnic minorities, in addition to females in
the older MS paediatric group, which may be attributed to the
age of puberty-onset. Nevertheless, a recent UK study showed
that the revised 2017 McDonald diagnostic criteria for MS can
be applied to children at any age [19].

Paediatric MS genetic and environmental risk factors (Table
2) The most established genetic risk factor for MS in adults and
children is the human leucocyte antigen (HLA)-DRB1*1501 al-
lele of the major histocompatibility complex (MHC), located
on chromosome 6. There is an increased likelihood of MS
in children presenting with ADS who have at least one copy
of the HLA-DRB1*1501, particularly Caucasian children [20].
Genome-wide association studies (GWAS) have also shown sev-
eral single nucleotide polymorphisms (SNPs) associated with
increased risk of MS in adults [21]. Initial studies suggest
that children and adults with MS share a similar genetic bur-
den, while children with monophasic ADS have a genetic pro-
file that is closer to healthy individuals [22]. Preliminary re-
sults from an ongoing GWAS study in paediatric MS suggest
that there is a significant association between the presence of
HLA-DRB1*1501 and 36 non-MHC SNPs previously identified
as susceptibility genes for MS in adults [23]. Three SNPs in par-
ticular—rs2744148, rs3007421 and rs1800693—demonstrated a
strong association with paediatric MS. In adults, the non-HLA
risk SNPs are generally located near protein-coding genes that
regulate T-cell function, and it is hypothesised that these SNPs
may modify gene expression, resulting in increased proinflam-
matory immune responses [24].

Lower serum levels of 25-hydroxyvitamin D have also been as-
sociated with increased risk for paediatric MS [25]. Furthermore,
there is evidence that low circulating vitamin D might have an
interaction with obesity (also an MS risk factor), thereby mod-
ulating MS risk. This is explained by the fact that vitamin D,
being a fat-soluble vitamin, will be stored in adipose tissue of
obese patients, reducing its concentration in the circulation [26].

Obesity may also be associated with increased risk of paedi-
atric MS, with an increased risk of MS relative to the degree of
obesity. This risk association was shown in female but not male

paediatric patients [27]. There are several mechanisms to explain
the increased risk due to obesity, among them proinflammatory
adipokines released by adipose tissue, and the link between obe-
sity and earlier puberty-onset, which is another MS risk factor in
children. Prior to puberty, the ratio of male-to-female children
diagnosed with MS is roughly 1:1, while after puberty, there is
a female predominance of 2.7:1 [28]. The female predominance
seen in older children may be related to a contribution of female
sex hormones to MS risk, or to a protective effect of male sex
hormones [26].

Epstein Barr Virus (EBV) exposure has also been shown to
have significant association with both adult and paediatric MS
risk; higher EBV nuclear antigen-1 (EBNA-1) antibody titres
have been found in children with MS, compared to healthy chil-
dren [29]. In a study of 110 children with relapsing demyeli-
nating syndromes, evidence of remote EBV infection was re-
ported in 100% of MS patients compared to 42.9% in non-MS re-
lapsing demyelination [6]. No significant interactions have been
found between EBV seropositivity and the presence of an HLA-
DRB*1501 allele [25].

Other possible MS risk factors include exposure to parental
smoking and gut microbiome differences, namely increased
Desulfovibrionaceae bacteria and reduced Lachnospiraceae and
Ruminococcaceae in MS patients [30].

Interactions between genetic and environmental risk factors

HLA-DRB1*1501, the most established genetic risk factor for
MS, has been found to interact with several environmental risk
factors. In fact, a Vitamin D Response Element (VRDE) is
present in the HLA-DRB1 promotor region, and specifically in
the HLA-DRB1*15 haplotype [31]. The presence of VRDE in-
fluences gene expression and imparts 1,25-dihydroxyvitamin D3
(the active form of Vitamin D) sensitivity to the haplotype. Fur-
thermore, it was shown that other VDRE variants, present on
other HLA-DRB1 haplotypes that are not MS-associated, were
not responsive to 1,25-dihydroxyvitamin D3. A significant inter-
action has also been observed between HLA-DRB*15 and obe-
sity in adolescents, suggesting these factors may interact to in-
crease MS risk [32].

In contrast, EBV-positivity, the main viral risk factor, has not
been shown to interact with the HLA-DRB1*1501 genetic risk
factor. However, prior HSV-1 infection was associated with
greater MS risk in HLA-DRB1*1501-negative children. Never-
theless, prior HSV-1 infection was associated with reduced risk
of MS in HLA-DRB1*1501-positive children [33].

Risk factors altering MS disease course

A small study in Detroit, Michigan, showed significantly
higher MS annualised relapse rates in children of African Ameri-
can origin compared with those of Caucasian ethnicity [34]. This
suggests that African American children are not only at higher
risk of paediatric MS, but also have a more aggressive disease
course.
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Table 2. Paediatric vs. adult MS risk factors.

Risk factor Paediatric (95% Cl) Adults (95% Cl)

Tobacco exposure RR 2.12 (1.43–3.15) OR 2.7 (2.0–3.8)
Decreased Vitamin D levels HR 1.11 (1.00–1.25) per 10 nmol/l decrease in

concentration
OR 0.59 (0.19–0.75) for a 50 nmol/l increase in
concentration

HLA-DRB1*15 allele OR 2.95 (2.33–3.32) OR 3.5 (2.7–4.4)
EBV antibodies OR 3.78 (1.52–9.38) RR 2.9 (1.4–6.1) (EBNA-2 Abs)
Obesity Females premenarcheal OR 1.48

Females postmenarcheal OR 1.68
Males OR 1.42 OR 2.1 (1.5–3.0)

Abbreviations: HR, Hazard ratio; OR, Odds ratio; RR, Relative risk; CI, Confidence interval

Lower serum 25-hydroxyvitamin D3 level are also associated
with a substantially increased relapse rate in paediatric-onset MS
[35]. Furthermore, HLA-DRB1*15 has been shown to modify
the association of vitamin D levels with relapse rates, suggesting
it also has a role in the disease course and prognosis [36].

Obesity in paediatric MS patients has been linked to higher
relapse rates on first-line disease-modifying therapies (DMTs)
with interferon beta and glatiramer acetate, in comparison to
non-obese controls. However, no direct association has been
shown between obesity and a worse disease course [37].

Sex hormones may also affect disease activity in female paedi-
atric MS; relapse rates are higher in the peri-menarche period
(six months before and after menarche), as compared to pre-
menarche and post-menarche periods [38].

In a case-controlled study from the US Network of Pediatric
MS Centres, higher BMI in early adolescence was found to be a
risk for MS [39]. Age of disease onset is influenced by sexual
maturity, particularly in association with obesity.

Paediatric MOGAD and AQP4-Ab NMOSD—epidemiology and
risk factors

AQP4-Ab NMOSD and MOGAD demographics and epi-
demiology

Worldwide prevalence of NMOSD ranges between 0.039 and
0.73 per 100,000 person-years for adults and between 0.01 and
0.06 per 100,000 person-years for children (age more than 18
years) [40]. Several population-based studies over the past two
decades have also shown inter-racial variation that remained con-
sistent across geographical regions [41]. For instance, stud-
ies showed higher prevalence (around 3.5 per 100,000) in East
Asians (Japanese, Chinese, Taiwanese, and Koreans) compared
to Caucasian patients and other Asian ethnic groups. Other stud-
ies suggest that the estimated prevalence among African Amer-
ican ethnic groups varies from 1.8 to 13 (in specific popula-
tions) per 100,000 and is higher compared to Caucasian pa-
tients. NMOSD incidence among Caucasian patients is generally
around 0.5–0.8 per million per year. Ethnicity may also influ-
ence the severity of the disease, with higher relapse rates associ-
ated with Afro-Caribbean patients in addition to paediatric-onset
disease [10]. In contrast, in a study of 106 AQP4-Ab-positive

Japanese and UK patients, better outcomes were reported in the
Japanese cohort, specifically for visual disability, motor disabil-
ity, wheelchair dependency and mortality [42]. A recent sys-
tematic review demonstrated female predominance in NMOSD
adult patients (and in AQP4-Ab seropositive patients) and con-
firmed that African ethnicity is associated with the highest inci-
dence and prevalence, and Caucasian ethnicity is associated with
the lowest incidence and prevalence [40].

In a recent retrospective, a multicentre study of 67 patients
with AQP4-Ab NMOSD aged more than 18 years from Europe
and Brazil, 29 (43.3%) were Caucasian, 14 (20.9%) Black, 13
(19.4%) Brazilian mixed ethnicity, and 11 (16.4%) other ethnici-
ties [43]. Patients of other ethnic minorities were more common
in both European (25/47) and Brazilian (13/20) populations. Pa-
tients of other ethnic minorities had both a more severe disease
course as well as a shorter time to first relapse. Furthermore, in
a study looking at the risk of endocrinopathies in patients with
paediatric-onset AQP4-Ab NMOSD, morbid obesity was seen in
88% of children of Caribbean origin [44].

In a large multicentre dataset of 441 patients from the UK,
USA, Japan and Martinique, advanced mathematical modelling
found that Japanese patients had a lower risk of subsequent re-
lapse, with a relative relapse risk of 0.68 compared to Caucasian
patients [45]. Similarly, African patients had a higher relative
relapse risk of 3.31 compared to Caucasian patients. In addition,
female patients were more likely to relapse than male patients,
and those with a younger age of disease onset were more likely
to have ON relapses.

Children with MOG-Ab are typically younger, with lower
Kurtzke Expanded Disability Status Scale (EDSS) at two years
and have a longer time to relapse when compared to AQP4-
Ab-positive NMOSD [19]. In contrast to AQP4-Ab-positive
NMOSD, which is extremely rare in children, MOGAD has a
higher incidence in paediatric patients compared to adult pa-
tients, with around 34% of paediatric patients with ADS be-
ing MOG-Ab-positive [46]. It seems there is no racial or gen-
der predominance in MOGAD, which contrasts with the female
and other ethnic minority predominance seen in both MS and
NMOSD.
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NMOSD and MOGAD genetic and environmental risk fac-
tors

There is limited literature about paediatric NMOSD risk fac-
tors. However, studies have shown that attending day care (ex-
posure to other young children) as well as breastfeeding were as-
sociated with lower odds of having NMOSD [36]. However, cae-
sarean section delivery is associated with a twofold increase in
the odds of having NMOSD compared to having MS and healthy
controls. Other possible MS risk factors, including HSV-1, EBV,
CMV past infections and HLA-DRB1*15-positivity have not
been shown to be associated with NMOSD. A GWAS of 215
NMOSD patients and 1244 healthy controls showed no signif-
icant results in Korean patients. However, in Caucasian pa-
tients, SNPs and copy number variation (CNV) analysis found
two independent significant genetic signals in the MHC-region
associated with IgG-seropositive NMOSD. One signal, HLA-
DRB1*03:01, is more abundant in European than Asian popu-
lations. An additional genetic marker, rs28383224 (encoding to
HLA-DQA1), was found to be associated with NMOSD (both
AQP4-Ab-positive and -negative). It was also found that in-
creased copy numbers of the rs1150757 marker (of the C4A
gene, encoding to the C4a subunit of the C4 complement sys-
tem protein) was associated with reduced risk of NMOSD [47].

HLA class II alleles DQB*05:02 and DRB1*16:02 haplotypes
were higher in paediatric-onset MOGAD in Chinese patients
[48]. These alleles were not associated with adult-onset MO-
GAD, MS or NMOSD [49]. Although a HLA association simi-
lar to other autoantibody-associated diseases is likely, in a recent
study of 43 Dutch patients with MOGAD no significant HLA
association was found [50].

Future directions

The paradigm shift seen with the role of newly discovered
autoantibodies in paediatric ADS over the past decade (namely
MOG and AQP4 Abs) has significant implications when calcu-
lating the incidence, prevalence, and demographics of each dis-
ease. Epidemiological data for AQP4-Ab NMOSD and MOGAD
will likely undergo further revisions as existing antibody assays
are improved, new autoantibodies are discovered, and disease
registries continue to be developed. Importantly, defining dis-
eases by disease-specific biomarkers and not by the clinical phe-
notypes has significant implications on prognostic factors, thera-
peutic algorithms, and approaches to repair.

Understanding the actual ‘real-world’ burden of individual de-
myelinating conditions by geographic location, age, sex and eth-
nicity will help facilitate more accurate diagnostics, resource al-
location and precision medicine. Further exploring how demo-
graphics and risk factors relate to disease course and prognostic
prediction will no doubt help guide therapy.

Although most of the ‘traditional’ MS risk factors are not as-
sociated with paediatric AQP4-Ab NMOSD and MOGAD, other
risk factors have been shown to be associated with these ADS
entities (Table 3). However, since these rare disease groups were

only recently distinguished from MS, there is still limited data
on other potential risk factors, which warrant further studies for
exploration.

For instance, the varying prevalence rates of NMOSD, most
striking amongst different ethnicities, suggests that certain ge-
netic and environmental factors associated with ethnic groups
may be involved in NMOSD pathobiology. Likewise, both epi-
demiological and risk factor data on MOGAD paediatric patients
remains insufficient and needs further exploration.

When selecting therapies for acquired demyelinating condi-
tions, individual patient characteristics and demographics need
to be considered and there remains an unmet need with selecting
the most appropriate therapies for some conditions such as MO-
GAD and seronegative NMOSD. Future regenerative approaches
under investigation for MS and other conditions may stall or even
reverse disability, and it will be interesting to see whether this
can also be used in paediatrics. The success of these experimen-
tal therapies will depend on individual patient characteristics and
demographics, with greater plasticity of the developing brain and
consequently a greater capacity for repair. This age-related de-
cline in remyelination has a major impact on the natural history
of MS and it may suggest a therapeutic window in which appro-
priate early treatment may prevent later disability. While insights
into disease pathophysiology in paediatric ADS have led recent
therapeutic advances, well designed and collaborative large scale
epidemiological studies are likely to provide the critical next step
to a personalised approach to these conditions.

It is important to note that since children with MS represent a
unique group closer to the early pathobiological processes that
lead to MS, continuing to study genetic and environmental risk
factors in MS may provide us with unique insights into better un-
derstanding the pathobiological processes that lead to the disease
in both children and adults. Given the rarity of MS, NMOSD and
MOGAD in paediatrics, future studies will be aided by ongoing
international collaborative research efforts.
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Table 3. Risk factors in MS vs. NMO vs. MOGAD.

Risk factor MS risk (95% Cl) AQP4-Ab NMOSD risk
(95% Cl)

MOGAD risk
(95% Cl)

Demographic
Ethnicity - Black + + -
Ethnicity - East Asian - + -
Gender (Female) >11 years old + - -

Genetic

HLA-DRB1*15:01 OR 2.95 (2.33–3.32) OR 1.67 conditioned
on HLA-DRB1*03:01
(1.13–2.47)

-

HLA-DRB1*03:01 - OR 4.09 (2.98–5.99) -
HLA-DQB1*05:02 - - OR 1.95

(1.25–3.00)
HLA-DRB1*16:02 - - OR 2.21

(1.15–4.08)

Environmental

Low serum 25-hydroxyvitamin D HR 1.11 (1.00–1.25) per 10 nmol/l decrease
in 25-OH-vit D

- -

Obesity Females premenarcheal OR 1.48 (0.88–2.51).
Females postmenarcheal OR 1.68
(1.21–2.34).
Males OR 1.42 (1.09–1.86). - -

EBV exposure OR 3.78 (1.52–9.38) - -
HSV-1 exposure, HLA-DRB1*15 neg OR 4.11 (1.17–14.37) - -
HSV-1 exposure, HLA-DRB1*15 pos OR 0.07 (0.02–0.32) - -
Low serum 25-OH-vit D combined with
HLA-DRB*15 and EBV exposure

HR 5.27 (1.23–22.6)

Exposure to smoking RR 2.12 (1.43–3.15) - -
Caesarean delivery - OR 1.95 (0.81–4.71) -

+ association between risk factor and disease
- no association between risk factor and disease
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