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Summary
Background HLA-DRB1*15 genotype, previous infection with Epstein-Barr virus, and vitamin D insuffi  ciency are 
susceptibility factors for multiple sclerosis, but whether they act synergistically to increase risk is unknown. We 
aimed to assess the contributions of these risk factors and the eff ect of established precursors of multiple sclerosis, 
such as brain lesions on MRI and oligoclonal bands in CSF at the time of incident demyelination, on development of 
multiple sclerosis in children.

Methods In our prospective national cohort study, we assessed children who presented with incident CNS 
demyelination to any of the 16 paediatric health-care facilities or seven regional health-care facilities in Canada. We 
did univariate and multivariable analyses to assess contributions of HLA-DRB1*15, Epstein-Barr virus, vitamin D 
status, MRI evidence of brain lesions, and CSF oligoclonal bands as determinants of multiple sclerosis. We used 
classifi cation and regression tree analyses to generate a risk stratifi cation algorithm for clinical use.

Findings Between Sept 1, 2004, and June 30, 2010, we screened 332 children of whom 302 (91%) were eligible and 
followed-up for a median of 3·14 years (IQR 1·61–4·51). 63 (21%) children were diagnosed with multiple sclerosis 
after a median of 127 days (99–222). Although the risk of multiple sclerosis was increased with presence of one or 
more HLA-DRB1*15 alleles (hazard ratio [HR] 2·32, 95% CI 1·25–4·30), reduced serum 25-hydroxyvitamin D 
concentration (HR per 10 nmol/L decrease 1·11, 1·00–1·25), and previous Epstein-Barr-virus infection (HR 2·04, 
0·99–4·20), no interactions between these variables were detected on multivariate analysis. Multiple sclerosis was 
strongly associated with baseline MRI evidence of one or more brain lesion (HR 37·9, 5·26–273·85) or CSF oligoclonal 
bands (6·33, 3·35–11·96), suggesting established disease. One patient diagnosed with multiple sclerosis had a normal 
MRI scan, and therefore sensitivity of an abnormal MRI scan for multiple sclerosis diagnosis was 98·4%.

Interpretation Risk of multiple sclerosis in children can be stratifi ed by presence of HLA-DRB1*15 alleles, remote 
Epstein-Barr virus infection, and low serum 25-hydroxyvitamin D concentrations. Similar to previous studies in 
adults, brain lesions detected on MRI and CSF oligoclonal bands in children are probable precursors to the clinical 
onset of multiple sclerosis. Children with a normal MRI are very likely to have a monophasic illness.

Funding Canadian Multiple Sclerosis Scientifi c Research Foundation.

Introduction
HLA-DRB1*15 genotype, remote infection with Epstein-
Barr virus, and vitamin D insuffi  ciency are possible 
predisposing factors to multiple sclerosis,1,2 but have not 
previously been assessed in one cohort. Such an 
investigation would allow their interrelations and relative 
contributions to be established. Because risk of multiple 
sclerosis is strongly aff ected by country of residence 
during childhood,3 the contribution of environmental 
factors to development of this disease can be uniquely 
explored in children living in an area of high prevalence 
who have incident demyelination during the time of risk 
factor acquisition. In addition to consideration of these 
predisposing factors, clinical, MRI, and laboratory 
fi ndings at presentation provide predictive information 

about the likelihood of subsequent disease—although 
the relative contribution of these features in prediction of 
multiple sclerosis outcomes in the paediatric population 
is less well defi ned than it is for the adult population. 
Improved identifi cation of children who are very likely to 
be diagnosed with multiple sclerosis would justify clinical 
and MRI monitoring for diagnostic confi rmation and 
would enable prompt initiation of targeted treatment. 
Conversely, identifi cation of children in whom multiple 
sclerosis is unlikely would substantially reduce concern 
for the patients, parents, and care providers. We aimed to 
assess the contribution of predisposing environmental 
factors and clinical and laboratory fi ndings on 
development of multiple sclerosis in a national cohort of 
children in Canada.
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Methods
Participants and study design
In our prospective national cohort study of incident 
demyelination in children, we obtained comprehensive 
clinical, laboratory, and MRI data to examine the 
contribution and interrelations of HLA-DRB1*15, remote 
Epstein-Barr-virus infection, and vitamin D status as 
predisposing factors and clinical features, MRI images, 
and oligoclonal bands as predictors of multiple sclerosis. 
We developed a decision tree to aid in counselling 
regarding multiple sclerosis risk.

All 16 Canadian paediatric health-care facilities and 
seven additional regional health-care facilities (located 
>3 h from a paediatric facility) participated in this study, 
following ethics approval from ethics boards at every site. 
Children aged younger than 16 years were eligible if they 
presented to one of the facilities with neurological defi cits 
and MRI fi ndings that were consistent with an acute 
demyelinating syndrome (defi ned in webappendix pp 1–2), 
and were enrolled within 90 days of symptom onset. 
Guardians of all children and children who were old 
enough to comprehend the consent process (typically 
≥12 years) provided informed written and verbal consent; 
we obtained assent from younger children.

Procedures
To ensure consistency of the data, site investigators 
(paediatric neurologists or paediatricians) attended 
training sessions provided by BB, AB-O, DLA, and DS, 
and used standardised case report forms to record 
clinical data. Data were entered centrally by trained 
staff  at The Hospital for Sick Children (Toronto, ON, 
Canada). One investigator (BB) used a-priori criteria 
(based on the neurological examination and without 
reference to neuroimaging features) to delineate 
whether the clinical features of acute demyelinating 
syndrome were attributable to one site within the 
CNS (clinically monofocal disease) or more than one 
CNS site (clinically polyfocal disease), or whether the 
child met criteria for acute disseminated encephalo-
myelitis (polyfocal defi cits plus encephalopathy).

Serum and DNA blood samples were obtained up to 
90 days before symptom onset, shipped on the day of 
procurement, and processed centrally with standardised 
protocols. Serum samples were stored at –80°C until 
batched analysis, which was done masked to 
clinical data.

We established concentrations of serum 
25-hydroxy  vitamin D (the biomarker of vitamin D 
status) with the automated chemiluminescent 
LIAISON 25-hydroxyvitamin D total assay (DiaSorin, 
Stillwater, MN, USA).4 To establish vitamin D status at 
the time of acute demyelination, we assessed samples 
obtained within 40 days of symptom onset. We 
categorised the season of sample collection as winter 
(Jan 1–March 31), spring (April 1–June 30), summer 
(July 1–Sept 30), or autumn (Oct 1–Dec 31).

We detected serum IgG antibodies directed against 
Epstein-Barr virus capsid antigens, nuclear antigens 
(EBNA1), and early antigens using standardised ELISA 
kits (DiaSorin). Remote Epstein-Barr-virus infection was 
defi ned by the presence of antibodies against Epstein-Barr 
virus capsid antigens and EBNA1, and anti-EBNA1 IgG 
titres were established as previously described.5 We 
assayed neuromyelitis optica IgG antibodies by indirect 
immunofl uorescence using primate cerebellar sections 
with diluted sera (1 in 50) following the manufacturer’s 
instructions (Instru mentation Laboratory, Lexington, MA, 
USA), and aquaporin-4 antibodies were quantifi ed using a 
cell-based assay.6 Total genomic DNA was extracted from 
whole blood. We established HLA-DRB1*15 alleles by use 
of an allele-specifi c PCR amplifi cation method.7 When 
clinically indicated, lumbar punctures were done and CSF 
was analysed locally. We recorded total CSF white-blood-
cell count, presence of oligoclonal bands (defi ned as those 
not present in concurrently processed serum), and the 
method of oligoclonal band analysis. CSF IgG index was 
not obtained with suffi  cient consistency to be included.

For radiological assessment, standardised MRI 
protocols were optimised at all sites. All participants were 
off ered brain MRI  at baseline, 3 months, 6 months, and 
12 months, and at a second demyelinating event. We also 
obtained data from brain and spine scans that were done 
for clinical reasons.

Identifi able participant characteristics on scans were 
removed and the anonymous scans were analysed 
centrally at the McConnell Brain Imaging Centre and 
Montreal Neurological Institute (Montreal, QC, Canada). 
Baseline brain MRI scans were scored for the presence 
or absence of T2 lesions and serial scans were scored for 
presence of new T2 lesions or gadolinium-enhancing T1 
lesions according to criteria for lesion dissemination in 
time.8 We assessed spinal cord images for focal lesions or 
longitudinally extensive lesions that spanned more than 
three spinal segments.9

All participants were examined quarterly in the fi rst 
year, and once per year thereafter, and at the time of 
second demyelinating event if applicable. The primary 
outcome was a diagnosis of multiple sclerosis. Diagnoses 
of neuromyelitis optica, relapsing demyelination at a 
single site (optic nerves or spinal cord), and recurrent or 
multiphasic acute disseminated encephalomyelitis were 
conferred according to established criteria (see 
webappendix pp 1–2).

Statistical analysis
We estimated a sample size of 300 participants would be 
needed on the basis of the assumption that 25% of 
participants would be diagnosed with multiple sclerosis 
(β=0·80, α=0·05, seven-to-nine independent variables of 
interest and a low-to-medium multiple correlation 
coeffi  cient between variables of 0·2–0·3). Categorical 
variables are reported as frequency (%) and continuous 
variables as mean (SD) or median (IQR). For univariate 
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analyses, we did Kaplan-Meier analysis, χ² tests, Fisher’s 
exact tests, t tests, and Wilcoxon or Kruskal-Wallis tests 
as appropriate. For multivariable analysis, we constructed 
Cox proportional hazards models, where zero time was 
initial symptom onset and the event of interest was 
multiple sclerosis (defi ned at the earliest date of MRI or 
clinical confi rmation). We censored all other participants 
at the date of database lock for analysis, the last study 
visit before withdrawal, or loss to follow-up, whichever 
came fi rst. The proportional hazards assumption was 
tested using time-dependent covariates and graphical 
methods.10 We assessed linearity of continuous variables 
with Martingale residuals and model fi t by analysis of 
residuals. We report unadjusted and adjusted hazard 
ratios (HRs) and 95% CI as measures of association 
between multiple sclerosis and age at symptom onset 
(modelled continuously with age in years), sex, phenotype 
at presentation, presence or absence of one or more T2 
lesions on baseline brain MRI, presence or absence of 
one or more positive HLA-DRB1*15 alleles, serum 
25-hydroxyvitamin D concentration (modelled con-
tinuously), and remote Epstein-Barr virus exposure. We 
report the c statistic for the comparable logistic regression 
models as measures of model discrimination.

We used classifi cation and regression-tree analysis 
(CART), which uses a non-parametric binary recursive 
partitioning method to produce a decision tree that 
identifi es homogeneous subgroups of patients at 
diff erent risks of a disease state (ie, multiple sclerosis).11 
For a continuous variable, CART searches through the 
full range of values and fi nds the best cutpoint. The 
decision tree stratifi ed all patients according to the 
presence or absence of T2 brain lesions at onset, the age 
chosen as the optimal cut-point by the CART programme 
(≤11·85 years or >11·85 years), and clinical presentation 
with or without acute disseminated encephalomyelitis. 
Remote Epstein-Barr-virus infection, HLA-DRB1*15 
status, and serum 25-hydroxyvitamin D concentration 
were not retained in the decision tree, which is consistent 
with baseline clinical and MRI features that suggest a 
pathobiology already infl uenced by previous exposure to 
these prognostic factors. We used the Gini index as our 
splitting criterion, needing improvements of 0·001 or 
more to split the nodes. To reduce the risk of overfi tting, 
we used leave-one-out cross-validation. Statistical 
analyses were done with SAS version 9.2 and PASW 
version 18.0.

Role of the funding source
This study was funded by the Multiple Sclerosis Society 
of Canada Scientifi c Research Foundation. The funding 
source had no role in study design, data collection, data 
interpretation, or data analysis, in the writing of the 
report, or in the decision to submit for publication. BB 
and RAM had full access to all of the data in the study 
and BB had fi nal responsibility for the decision to submit 
for publication.

Results
Between Sept 1, 2004, and June 30, 2010, we enrolled 
332 children (fi gure 1), of whom 302 were eligible and 
followed up for more than 3 years (table 1). Six (2%) 
participants withdrew from the study after a median of 
93 days (IQR 85–187) of follow-up, and data were censored 
at time of withdrawal.

Of 302 eligible patients with acute demyelinating 
syndrome, 63 (21%) were diagnosed with multiple 
sclerosis (24 by MRI evidence of dissemination in time 
only). Median time to a second clinical event or change 
on brain MRI for children with multiple sclerosis was 
127 days (IQR 91–222). 50 (79%) of these 63 participants 
were diagnosed with multiple sclerosis within 365 days 
of onset. 245 (81%) of 302 participants were treated with 
corticosteroids, but this did not diff er between the 
49 (78%) of 63 children diagnosed with multiple sclerosis 
and the 191 (83%) of 231 children who were not (p=0·17). 
No participants were treated with disease-modifying 
therapies before confi rmation of their diagnosis of 
multiple sclerosis.

Figure 1: Participant characteristics
Children who have an initial event that meets criteria for ADEM have to have two other non-ADEM events to 
confer a diagnosis of multiple sclerosis.12 ADEM=acute disseminated encephalomyelitis. *Lasting >24 h and within 
distinct areas of the CNS,13 with MRI evidence of new lesion accrual on serial MRI. †New MRI lesions >3 months 
after acute demyelination, as per criteria for dissemination in time.8 ‡Recurrent optic neuritis or transverse myelitis 
in the absence of lesions elsewhere in the CNS and without antibodies to aquaporin-4. §Diagnosed on the basis of 
optic neuritis, longitudinally extensive (lesion spanning >3 spinal segments) transverse myelitis, or both, and 
serological evidence of antibodies directed against aquaporin-4.9 ¶Optic neuritis >3 months after ADEM, but no 
subsequent non-ADEM events. ||>3 months after ADEM without clinical attacks.

63 multiple sclerosis
      39 two or more attacks*
      24 MRI dissemination in time 
            only†
            1 withdrew after diagnosis 

8 relapsing demyelination
    2 recurrent optic neuritis‡
    2 recurrent transverse myelitis‡
    2 neuromyelitis optica§
    1 ADEM with one non-ADEM 
       event¶
    1 ADEM with MRI evidence of
       dissemination in time||

        302 eligible

       332 assessed for eligibility

30 excluded
      18 alternative diagnoses
            5 isolated small vessel CNS vasculitis
            3 brain tumour
            2 mitochondrial disease
            1 systemic lupus erythematosus
            1 infection with Borrelia burgdorferi
            1 neurosarcoidosis
            1 acute necrotising encephalitis
            1 retinitis
            1 stroke
            1 cerebellitis
            1 headache
      12 protocol violations
            5 enrolment >90 days after onset
            4 failure to confirm demyelination
            3 aged >16 years

231 monophasic acute 
         demyelinating syndrome

      5 withdrew



Articles

4 www.thelancet.com/neurology   Published online April 1, 2011   DOI:10.1016/S1474-4422(11)70045-X

Female sex and older age at symptom onset were 
associated with an increased risk of multiple sclerosis. 
However, although we explored the contribution of race, 
ancestry, and family history to multiple sclerosis risk, very 
large populations would be required to fully assess such 
determinants (table 1). The likelihood of subsequent 
multiple sclerosis diagnosis diff ered by phenotype at 
presentation (table 1, webappendix p 7). Compared with 
children who presented with polyfocal defi cits but no 
encephalopathy, those children with polyfocal defi cits and 
encephalopathy (ie, acute disseminated encephalomyelitis) 
were less likely to be diagnosed with multiple sclerosis 
(HR 0·10; 0·03–0·29). Mean age at onset of acute 
disseminated encephalomyelitis was 6·46 years (SD 4·2) 
compared with 10·7 years (4·1) for polyfocal disease 
(p<0·0001) and 10·6 years (4·1) for monofocal disease 
(p<0·0001). Mean follow-up in children who had acute 

disseminated encephalomyelitis at onset was 
2·82 years (1·55), compared with 2·82 years (1·55) for 
polyfocal disease and 3·06 years (1·65) for monofocal 
disease. Only four (5%) of 77 children with acute 
disseminated encephalomyelitis were diagnosed with 
multiple sclerosis (HR for children with vs 
without acute disseminated encephalomyelitis 0·18, 
95% CI 0·07–0·50).

On univariate analysis, the presence of one or more 
T2 lesions on initial brain MRI was strongly associated 
with multiple sclerosis (table 2). After adjustment for age 
at onset, presence of one or more T2 lesions remained 
associated with increased risk of multiple sclerosis 
(HR 44·39, 95% CI 6·16–319·98; c statistic 0·85). Only one 
of the 61 patients diagnosed with multiple sclerosis who 
underwent baseline MRI had normal brain imaging at 
onset; the sensitivity of an abnormal MRI for a diagnosis 

Overall (n=302)* Monophasic ADS (n=231) Multiple sclerosis (n=63) Hazard ratio (95% CI)

Follow-up (years) 3·14 (1·61–4·51) 3·06 (1·48–4·53) 3·51 (2·51–4·53) NS

Age at onset (years) 9·55 (4·5) 8·85 (4·5) 12·0 (3·8) 1·18 (1·10–1·27)

Age at multiple sclerosis diagnosis (years) ·· ·· 12·6 (3·9) ··

Phenotype at ADS

Monofocal 173 (57%) 132 (57%) 36 (57%) 1·0 (reference)

Polyfocal 52 (17%) 29 (13%) 23 (37%) 2·34 (1·39–3·95)

ADEM 77 (25%) 70 (30%) 4 (6%) 0·23 (0·08–0·65)

Female 156 (52%) 112 (48%) 41 (65%) 1·87 (1·11–3·14)

Female-to-male ratio 1·1 0·94 1·9 ··

Place of birth†

Canada 277 (94%) 212 (94%) 58 (94%) 0·91 (0·33–2·52)

Other 18 (6%) 13 (6%) 4 (6%) ··

Parental place of birth‡

Mother

Canada 201 (67%) 153 (67%) 43 (69%) 1·12 (0·66–1·93)

Other 99 (33%) 77 (33%) 19 (31%) 1·0 (reference)

Father

Canada 198 (67%) 153 (68%) 40 (65%) 0·89 (0·53–1·50)

Other 98 (33%) 73 (32%) 22 (35%) 1·0 (reference)

Familial origin§

European ancestry 194 (66%) 151 (67%) 39 (63%) 1·13 (0·67–1·89)

Non-European ancestry 101 (34%) 74 (33%) 23 (37%) 1·0 (reference)

Race¶

White 251 (85%) 193 (85%) 52 (84%) 1·03 (0·52–2·03)

Non-white 46 (15%) 34 (15%) 10 (16%) 1·0 (reference)

Family history of multiple sclerosis

Any 42 (14%) 32 (14%) 10 (16%) 1·14 (0·58–2·24)

First-degree relative 9 (3%) 7 (3%) 2 (3%) ··

Second-degree relative 14 (5%) 11 (5%) 3 (5%) ··

Third-degree relative 27 (9%) 21 (9%) 6 (10%) ··

Data are median (IQR), mean (SD), or n (%), unless otherwise stated. ADS=acute demyelinating syndrome. NS=not signifi cant. ADEM=acute disseminated encephalomyelitis 
(ie, polyfocal defi cits with encephalopathy). *Eight children with recurrent demyelination did not meet criteria for multiple sclerosis (fi gure 1) and are not included in the 
monophasic acute demyelinating syndrome or multiple sclerosis columns. †No data for fi ve participants; other group consists of three children born in the USA, two in 
Bangladesh, and one in each of China, Ecuador, Egypt, France, India, Israel, Kazakhstan, Mexico, Philippines, Saudi Arabia, South Korea, Sri Lanka, and Sweden. ‡No data for 
three mothers and six fathers. §No data for seven families. ¶No data for fi ve participants.

Table 1: Clinical and demographic characteristics of children with acute demyelinating syndromes
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of multiple sclerosis was 98·4%. Two (2%) of 103 children 
with normal brain MRI scans at onset had recurrent optic 
neuritis and two had recurrent transverse myelitis with 
persistently normal brain MRI scans. Of 223 children who 
underwent MRI and who were not diagnosed with multiple 
sclerosis or recurrent non-multiple sclerosis demyelination, 
98 had normal brain MRI (43·9% specifi city). After 
exclusion of children with initial presentations that met 
criteria for acute disseminated encephalomyelitis, 95 of 

155 children who were not diagnosed with multiple 
sclerosis had a normal brain MRI (61·3% specifi city).

60 of 185 children with one or more lesion on brain MRI 
were diagnosed with multiple sclerosis (32·4% positive 
predictive value). After exclusion of children with initial 
presentations that met criteria for acute disseminated 
encephalomyelitis, 56 of 116 children with one or more 
lesion on brain MRI were diagnosed with multiple 
sclerosis (48·3% positive predictive value), corresponding 

All* Monophasic ADS Multiple sclerosis Hazard ratio (95% CI)

Brain MRI

≥1 T2 lesion 188/291 (65%) 125/223 (56%) 60/61 (98%) 37·95 (5·26–273·85)

Spine MRI†

Any lesion 77/98 (79%) 60/74 (81%) 15/21 (71%) 0·15 (0·05–0·48)

Focal lesion(s) 17/77 (22%) 15/60 (25%) 11/15 (73%) ··

Longitudinal extension 44/77 (57%) 44/60 (75%) 4/15 (27%) ··

CSF oligoclonal bands‡ 44/170 (26%) 18/123 (15%) 24/40 (60%) 6·33 (3·35–11·96)

CSF white blood cell count 225/291 (77%) 178/223 (80%) 29/61 (48%) ··

Cells per μL 44·8 (70·7) 49·2 (76·6) 25·9 (35·7) 0·99 (0·99–1·00)

Serum sample

Obtained within 40 days 214/242 (90%) 175/189 (92%) 41/48 (83%) ··

Obtained within 90 days 240/242 (99%) 188/189 (99%) 47/48 (98%) ··

Epstein-Barr virus serology 

Remote infection 120/240 (50%) 82/185 (44%) 37/49 (76%) 3·39 (1·77–6·50)

Recent infection 7/240 (3%) 4/184 (2%) 3/49 (6%) 1·04 (1·01–1·08)

Epstein-Barr virus nuclear antigen

Titre (AU/mL)§ 178·1 (17·3–234·0) 153·8 (6·9–223·2) 212·0 (104·2–251·6) ··

Tertiles

≤76·6 56/170 (33%) 45/125 (36%) 8/42 (19%) 1·0 (reference)

76·7–213·8 57/170 (34%) 42/125 (34%) 15/42 (37%) 1·77 (0·75–4·17)

≥213·9 57/170 (34%) 38/125 (30%) 18/42 (44%) 2·20 (0·95–5·06)

HLA-DRB1*15

One allele 82/279 (29%) 54/212 (25%) 26/60 (43%) ··

Both alleles 15/279 (5%) 10/212 (5%) 5/60 (8%) ··

One or more alleles 97/279 (35%) 64/212 (30%) 31/60 (51%) 2·21 (1·33–3·67)

Neuromyelitis optica IgG 2/279 (1%) 0/212 0/59 ··

Serum 25-hydroxyvitamin D concentrations 
within 40 days of onset

216/220 (97%) 175/175 (100%) 41/41 (100%) ··

Mean concentration (nmol/L) 63·9 (28·6) 66·4 (20·9) 52·3 (23·1) 0·89 (0·80–0·98)¶

Tertiles (nmol/L)

≤49·8 72/216 (33%) 51/175 (29%) 21/41 (51%) 1·0 (reference)

49·9–74·0 72/216 (34%) 60/175 (34%) 12/41 (29%) 0·52 (0·26–1·07)

≥74·1 72/216 (33%) 64/175 (37%) 8/41 (20%) 0·35 (0·15–0·79)

Data are number of positive tests/number of participants for whom a specifi c investigation was done and available for centralised assessment (%), mean (SD), or median 
(IQR), unless otherwise stated. ADS=acute demyelinating syndrome. AU=arbitrary units. *For 12 participants, only clinical examination and clinically obtained MRI studies 
were recorded, and four patients consented to clinical follow-up only, but their characteristics did not diff er from other participants; eight children with recurrent 
demyelination did not meet criteria for multiple sclerosis (fi gure 1) and are not included in the monophasic ADS or multiple sclerosis columns, but are summarised in 
webappendix p 6. †Spine MRI was available for 98 participants with clinical transverse myelitis or for whom spinal cord imaging was done as part of their assessment for 
demyelination; compared with focal transverse myelitis, longitudinally extensive transverse myelitis was associated with a lower risk of MS (hazard ratio 0·17, 95% CI 
0·05–0·59), even after adjustment for age (the mean age of children with ≥1 longitudinally extensive spinal lesion was 8·28 years (SD 4·9) compared with 12·1 years (3·8) for 
children with focal lesions only [p=0·001]). ‡We did CSF analysis with isoelectric focusing in 130 children, with immunofi xation in 14, and by protein electrophoresis in 23; in 
ten children, the method of analysis was not specifi ed; in centres without access to isoelectric focusing methods, the frequency of oligoclonal bands might be 
underestimated. §We analysed anti-Epstein-Barr-virus nuclear antigen titres for all children with serological evidence of remote Epstein-Barr-virus infection and suffi  cient 
serum for analysis. ¶Hazard ratios per 10 nmol/L increase in 25-hydroxyvitamin D concentration.

Table 2: Laboratory and imaging features at presentation: univariate analyses
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to a more than 60-fold increased risk (HR 61·23, 
95% CI 8·47–442·57). Conversely, of these 116 children 
without acute disseminated encepha lomyelitis, 96 had a 
normal brain MRI, of whom 95 were not diagnosed with 
multiple sclerosis (98·9% negative predictive value). 
Baseline MRI status was a more robust correlate of 
multiple sclerosis than was clinical phenotype 
(webappendix p 7).

44 (26%) of 170 children tested had CSF oligoclonal 
bands (table 2), which were most common in children 
with polyfocal demyelination (16 [44%] of 36 children), 
followed by children with monofocal demyelination 
(22 [27%] of 108 children), and then children with 
acute disseminated encephalomyelitis (eight [19%] 
of 42 children, p=0·04). Of those tested, 24 (60%) of 
40 children diagnosed with multiple sclerosis had 

oligoclonal bands compared with 18 (14%) of 123 of 
those not diagnosed with multiple sclerosis (HR 6·33; 
95% CI 3·35–11·96). 24 (57%) of 42 children with 
positive oligoclonal bands were diagnosed with 
multiple sclerosis.

Compared with 49 children with negative bands and no 
lesions on MRI, the 39 children with positive oligoclonal 
bands and MRI lesions had a much greater likelihood of 
diagnosis of multiple sclerosis (HR 45·89, 95% CI 
6·18–340·58). In 51 children with no lesions on MRI, 
only two (4%) had positive oligoclonal bands, but neither 
was diagnosed with multiple sclerosis.

146 (68%) of 216 participants analysed had serum 
25-hydroxyvitamin D concentrations of less than 
75 nmol/L. Concentrations seemed to be lower in the 
winter (median 53·8 nmol/L, IQR 37·8–71·2) and 
spring (59·2, 42·3–74·8) than they were in the 
summer (71·5, 49·8–89·7) and autumn (68·7, 
42·6–87·0), but this was not a signifi cant diff erence 
(p=0·06). Risk of multiple sclerosis did not diff er by 
season of presentation of acute demyelinating syndrome 

Hazard ratio (95% CI) for 
diagnosis of multiple sclerosis

Prognostic factors (41/204 have multiple sclerosis); c statistic 0·73

HLA-DRB1*15 ··

Negative 1·0 (reference)

≥1 positive allele 2·28 (1·23–4·22)

Remote Epstein-Barr-virus infection*

Negative 1·0 (reference)

Positive 2·55 (1·26–5·18)

10 nmol/L increase in serum 
25-hydroxyvitamin D†

0·86 (0·77–0·97)

Prognostic factors adjusted for age at onset (41/204 have multiple 
sclerosis); c statistic 0·76

Age at onset 1·12 (1·02–1·23)

HLA-DRB1*15

Negative 1·0 (reference)

≥1 positive allele 2·32 (1·25–4·30)

Remote Epstein-Barr-virus infection*

Negative 1·0 (reference)

Positive 2·04 (0·99–4·20)

10 nmol/L increase in serum 
25-hydroxyvitamin D

0·90 (0·80–1·00)

Prognostic factors adjusted for age at onset and season, in whites 
(34/168 have multiple sclerosis); c statistic 0·81

Age at onset 1·11 (0·99–1·25)

HLA-DRB1*15

Negative 1·0 (reference)

≥1 positive alleles 2·52 (1·28–4·97)

Remote Epstein-Barr-virus infection*

Negative 1·0 (reference)

Positive 2·62 (1·06–6·47)

10 nmol/L increase in serum 
25-hydroxyvitamin D

0·84 (0·74–0·97)

Season

Oct 1–Dec 31 1·0 (reference)

Jan 1–March 31 0·71 (0·28–1·82)

April 1–June 30 0·64 (0·22–1·87)

July 1–Sept 30 1·32 (0·51–3·42)

(Continues in next column)

Hazard ratio (95% CI) for 
diagnosis of multiple sclerosis

(Continued from previous column)

Prognostic factors adjusted for age at onset (26/189 have multiple 
sclerosis based on a second clinical event‡); c statistic 0·81

Age at onset 1·18 (1·03–1·35)

HLA-DRB1*15

Negative 1·0 (reference)

≥1 positive allele 2·52 (1·14–5·53)

Remote Epstein-Barr-virus infection*

Negative 1·0 (reference)

Positive 2·68 (1·21–5·90)

10 nmol/L increase in serum 
25-hydroxyvitamin D

0·87 (0·75–1·01)

Prognostic factors, brain MRI, and clinical phenotype (40/210 have 
multiple sclerosis); c statistic 0·90

Age at onset 1·09 (1·00–1·19)

Brain MRI

No brain lesions 1·0 (reference)

≥1 T2 brain lesion 53·73 (7·33–393·79)

Clinical phenotype

Non-ADEM 1·0 (reference)

ADEM 0·08 (0·02–0·32)

10 nmol/L increase in serum 
25-hydroxyvitamin D

0·82 (0·72–0·94)

The c statistic applies to the entire model. ADEM=acute disseminated 
encephalomyelitis. EBNA=Epstein-Barr virus nuclear antigen. *Seropositive for 
antiviral capsid antigens and anti-EBNA antibodies. †Hazard ratio of 0·86 (or 0·9 
in the adjusted model) is the risk reduction per 10 nmol/L increase in serum 
25-hydroxyvitamin D concentration; the increase in multiple sclerosis risk in the 
adjusted model can also be expressed as a hazard ratio of 1·11 (95% CI 1·00–1·25) 
per 10 nmol/L decrease in serum 25-hydroxyvitamin D concentration. ‡Excludes 
participants who were diagnosed with multiple sclerosis on the basis of MRI only.

Table 3: Models for prediction of multiple sclerosis in children with acute 
demyelinating syndrome
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(p=0·61) but decreased with increasing vitamin D 
concentration (p=0·006; table 2).

After adjustment for age, the risk of multiple sclerosis 
was higher in children with remote Epstein-Barr-virus 
infection than in those without infection (HR 2·58, 
95% CI 1·33–5·02). In children who were 
Epstein-Barr virus seropositive, median anti-EBNA1 
titres were higher in those subsequently diagnosed with 
multiple sclerosis than they were in those with 
monophasic demyelination (p=0·003), as has been 
reported in a study of EBNA1 titres in adults with 
multiple sclerosis.14 97 (35%) of 279 children for whom 
HLA analysis was done had one or more HLA-DRB1*15 
alleles and were at increased risk of multiple sclerosis 
(table 2).

Our multivariable models showed that HLA-DRB1*15 
alleles, remote Epstein-Barr-virus infection, and reduced 
vitamin D concentrations were independently associated 
with development of multiple sclerosis (table 3, fi gure 2), 
but no interactions between these three predisposing 
factors were detected. After adjustment for age at onset, 
the presence of HLA-DRB1*15 alleles remained associated 
with development of multiple sclerosis, but remote 
Epstein-Barr-virus infection and reduced vitamin D 
concentrations did not signifi cantly aff ect outcomes. 
Furthermore, in analyses restricted to the more 
homogeneous population of white participants (table 1) 
and adjusted for season, remote Epstein-Barr-virus 
infection, low serum 25-hydroxyvitamin D concentrations, 
and presence of HLA-DRB1*15 alleles were associated 
with development of multiple sclerosis. Although the 
fi ndings need to be interpreted with caution because of 
the low power of the analysis, table 3 shows the association 
of the predisposing factors of interest with multiple 
sclerosis as defi ned by a second clinical event.

16 (57%) of 28 children with all three risk factors were 
diagnosed with multiple sclerosis, compared with only 
one (5%) of 20 who had no such exposures 
(webappendix p 8; HR 5·27, 95% CI 1·23–22·6).

We created a decision tree to assist clinicians in 
stratifi cation of patients with acute demyelinating 
syndrome with respect to their risk of multiple sclerosis 
(fi gure 2). On the basis of brain MRI, age at onset, and 
clinical phenotype (ie, with or without acute disseminated 
encephalomyelitis), the decision tree predicted a risk of 
multiple sclerosis of less than 5% in children with acute 
disseminated encephalomyelitis or normal brain MRI. 
For children with a presentation of an acute demyelinating 
syndrome other than acute disseminated encephalo-
myelitis and abnormal brain MRI, those older than 
11·85 years have a 60·6% predicted risk of multiple 
sclerosis, whereas those under the age 11·85 years have a 
predicted risk of 28·1%.

Discussion
In our nationwide prospective cohort study of children 
with incident demyelination, the presence of 

HLA-DRB1*15 alleles, remote Epstein-Barr-virus 
infection, and low 25-hydroxyvitamin D concentrations 
predisposed to multiple sclerosis. Our fi ndings add to 
those of previous studies5,15–18 comparing the frequency of 
these exposures between paediatric and adult patients 
with established multiple sclerosis with healthy controls 
(panel). We show that the three exposures are present in 
children manifesting with a demyelinating attack during 
the putative window of multiple sclerosis risk acquisition, 
that they distinguish children with monophasic 
demyelination from those with a sentinel multiple 
sclerosis attack, and that they convey risk independently 
of one another. Webappendix pp 3–4 compares our study 
with previously published work that explored risk 
determinants for multiple sclerosis in children.

Although we cannot exclude possible biological 
interactions, we did not detect additive or multiplicative 
interactions between HLA-DRB1*15 genotype, remote 
Epstein-Barr-virus infection, and low serum 
25-hydroxy vitamin D concentrations on multivariate 
analysis. A larger sample size might show such 
interactions. In a post-hoc analysis we assessed risk of 
multiple sclerosis in children with all three factors versus 
those with none; the absence of all three predisposing 
factors conveyed a notably low risk of multiple sclerosis 
(webappendix p 8). In children harbouring all three 
exposures, only 57% have been diagnosed so far, and 
although this percentage will probably increase with 
time, these three factors are unlikely to be wholly 
suffi  cient for the development of multiple sclerosis.

Notably, the 16 children with CSF oligoclonal bands and 
abnormal brain MRI who were not diagnosed with 
multiple sclerosis had numerically higher mean serum 
25-hydroxyvitamin D concentrations than did children 
who had CSF oligoclonal bands and abnormal brain MRI 
who were diagnosed with multiple sclerosis so far 
(53·0 nmol/L [SD 21·1] vs 42·2 nmol/L [15·7]; p=0·25). 
Because this diff erence was not signifi cant, these data 

Figure 2: Multiple sclerosis risk stratifi cation algorithm for children presenting with an acute demyelinating 
syndrome
We generated the algorithm by classifi cation and regression-tree analysis (CART).11 Use of the algorithm provides 
risk estimates of 1·9–60·6%. The classifi cation accuracy is 83·7%. ADEM=acute disseminated encephalomyelitis.

T2 lesions absent on brain MRI
Multiple sclerosis risk 1·9%

T2 lesions present on brain MRI

Presentation with acute
demyelinating syndrome

Age at onset ≤11·85 years Age at onset >11·85 years
Multiple sclerosis risk 60·6%

ADEM presentation
Multiple sclerosis risk 3·3%

Non-ADEM presentation
Multiple sclerosis risk 28·1%
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need replication, but raise the possibility that vitamin D 
status either modifi es the eff ect of other prognostic factors 
or that vitamin D status infl uences the degree of disease 
activity or time to relapse. Webappendix p 5 summarises 
data for the presence or absence of every predisposing 
factor in children diagnosed with multiple sclerosis.

Our approach to the data was to assess predisposing 
factors as predictors of multiple sclerosis. MRI evidence 
of brain lesions and CSF oligoclonal bands were also 
assessed as predictors of multiple sclerosis, but were 
not regarded as predisposing factors. Our fi rst statistical 
model of the eventual diagnosis of multiple sclerosis 
was designed to show an association with the 
predisposing factors (table 3, webappendix p 8). Because 
abnormal brain MRI and CSF oligoclonal bands were 
assumed to show an already established multiple 
sclerosis biology, the predictive power of these variables 
should be strong. The good association that we noted 

between abnormal brain MRI and subsequent diagnosis 
of multiple sclerosis, and the nearly 99% negative 
predictive power of a normal brain MRI at initial 
presentation, coupled with the increased prevalence of 
oligoclonal bands in children diagnosed with multiple 
sclerosis (HR 6·33,  95% CI 3·35–11·96) support this 
assertion and its clinical relevance. Separate models 
should show associations between the predisposing 
factors and the presenting clinical and paraclinical 
characteristics. In a logistic-regression model adjusting 
for age at onset, remote Epstein-Barr-virus infection 
was associated with a decreased risk of an acute 
disseminated encephalomyelitis compared with 
non-acute disseminated encephalomyelitis presentation 
(OR 1·91, 0·98–3·73). Finally, predisposing factors 
might initiate a disease process that is initially 
subclinical, thus infl uencing clinical and MRI features 
and the likelihood of CSF oligoclonal bands at the time 
of presentation with an acute demyelinating syndrome. 
If so, we would expect that inclusion of predisposing 
factors and clinical or paraclinical characteristics in the 
same model would result in the clinical and paraclinical 
features being so powerfully associated with the 
outcome that the contribution of predisposing factors 
could be obscured. In support of this concept, when 
MRI was included in the multivariate model, HLA 
status was no longer retained as a variable (table 3), and 
when clinical presentation was included (specifi cally 
with or without acute disseminated encephalomyelitis), 
remote Epstein-Barr-virus infection was no longer 
retained. However, vitamin D status was retained even 
in the presence of clinical and paraclinical data.

Special consideration needs to be given to children 
with acute disseminated encephalomyelitis. In our 
study, this group was younger than children with 
polyfocal or monofocal acute demyelinating syndrome. 
Only four children (6%) who were diagnosed with 
multiple sclerosis had acute disseminated 
encephalomyelitis. The frequency of multiple sclerosis 
in children presenting with acute disseminated 
encephalomyelitis in our study diff ers from a French 
study19 of 132 children with acute disseminated 
encephalomyelitis, of whom 24 (18%) were diagnosed 
with multiple sclerosis (mean observation 5·4 years 
[SD 3·3]). Our requirement of clear documentation of 
encephalopathy, together with a shorter follow-up than 
occurred in the French study19 and the adjudication of 
acute disseminated encephalomyelitis (and all acute 
demyelinating syndrome presentations) on the basis of 
clinical features only (as is permitted in the diagnostic 
criteria12), might have contributed to these diff erences. 
Compared with children presenting with polyfocal 
defi cits without encephalopathy, children with polyfocal 
defi cits with encephalopathy (ie, acute disseminated 
encephalomyelitis) were less likely to be diagnosed with 
multiple sclerosis, supporting the requirement for 
encephalopathy as a useful criterion for diagnosis of 

Panel: Research in context

Systematic review
References for this report were identifi ed through searches of PubMed for articles 
published between Jan 1, 1980 and Jan 1, 2011, and were restricted to publications in 
English. Search terms were “multiple sclerosis”, “pediatrics”, “risk factors”, “human 
leukocyte antigens” OR “HLA”, “Epstein Barr virus” OR “EBV”, “vitamin D”, “magnetization 
transfer imaging” OR “MRI”, and “oligoclonal bands” OR “OCB”. Studies exploring viruses 
other than Epstein-Barr virus were not reviewed and manuscripts describing MRI features 
of established paediatric multiple sclerosis cohorts were included only if the presence or 
absence of brain lesions at the time of the fi rst attack (acute demyelinating syndrome 
event) was clearly delineated. References cited in the original articles and published 
reviews were also assessed. Articles included in webappendix pp 3–4 were restricted to 
original manuscripts that reported on paediatric acute demyelinating syndromes (also 
termed clinically isolated syndromes) or paediatric multiple sclerosis. Case report data 
were not included. For every original manuscript, we present the population studied, 
ascertainment (retrospective or prospective), study design (case-control or cohort), 
outcome of interest, and key fi ndings.

Interpretation
The published work on predisposing factors and clinical or paraclinical predictors of 
multiple sclerosis outcome in children is summarised in webappendix pp 3–4 along with a 
brief commentary on the relation between the studies and this report. These studies can 
be broadly grouped into case-control analyses exploring the prevalence of predisposing 
risk factors in children with multiple sclerosis compared with controls, retrospective 
descriptive analyses of prevalent paediatric multiple sclerosis cohorts (single centre or 
collaborative multicentre), and prospective cohort studies of participants with incident 
acute demyelinating syndromes. Our report is a novel population-based incident study of 
acute demyelination in the paediatric population in which more than one predisposing 
factor and clinical, laboratory, and MRI parameters are assessed concurrently. Our 
population is substantially larger than that assessed in most other reported studies. We 
provide new information about the relative contributions of these factors to multiple 
sclerosis outcomes in children and provide a risk-stratifi cation algorithm for use in the 
clinical setting. The strength of association of HLA genotype, Epstein-Barr-virus infection, 
and vitamin D concentrations with multiple sclerosis outcome in our young population 
also provides robust support for these factors being predisposing contributors and 
supports the epidemiological notion that these factors operate during a childhood-based 
window of multiple sclerosis susceptibility. 
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monophasic disease. Our decision not to assess MRI 
features as part of the adjudication of clinical 
presentation was intended to allow determination of 
the role of MRI as an independent correlate of multiple 
sclerosis outcome.

Finally, we created a simple decision tree to help 
clinicians to stratify multiple sclerosis risk on the basis 
of clinical and MRI information that would be readily 
available at presentation with acute demyelinating 
syndrome (fi gure 2). Although the presence of 
T2 lesions is straightforward to adjudicate on standard 
imaging, more complex scoring of MRI scans for lesion 
dissemination in space8 might have added specifi city, 
but such criteria are not commonly used by paediatric 
health providers and can be described incorrectly.20 Our 
proposed decision tree will also help to provide 
appropriate counselling of families and selection of 
children for surveillance such as serial MRI.

Our study has several limitations. Although we aimed 
to enrol all eligible Canadian children, those with mild 
symptoms might not have reported to paediatric health-
care facilities. However, we believe that few children 
with key symptoms were missed because every 
Canadian paediatric health-care facility participated. 
Moreover, for 3 years, we used the reporting system of 
the Canadian Paediatric Society (CPS) to establish the 
incidence of acute demyelination in Canadian children.21 
In the fi nal year of the CPS study, enrolment at all 
23 sites in the present study occurred concurrently, and 
we obtained data for 98% of children reporting to the 
CPS.21 Although every eff ort was made to obtain all 
clinical, laboratory, and MRI data at all times and 
according to the rigorous protocol parameters designed 
for the study, we did not succeed for all participants, 
refl ecting the challenges inherent in such work in the 
paediatric context. This issue was particularly important 
when considering spinal fl uid analyses. We did not do 
lumbar punctures for research, but were allowed access 
to information about CSF oligoclonal bands for patients 
for whom such testing was done on clinical indication. 
Therefore, children from whom spinal fl uid was 
obtained diff ered clinically from those whose clinical 
status at presentation of acute demyelinating syndrome 
did not prompt lumbar puncture. We also acknowledge 
that some of the children presently classifi ed as having 
monophasic demyelination will ultimately be 
reclassifi ed as having multiple sclerosis. Apart from the 
16 children with brain MRI lesions who are presently 
classifi ed as having monophasic demyelination, the 
absence of baseline lesions or new lesions on serial 
MRI over the fi rst year, and published data indicating a 
short interval between the fi rst and second attacks 
(typically <12 months) in paediatric multiple sclerosis,22–24 

reduces the likelihood of misclassifi cation of outcome 
in our cohort. Moreover, such misclassifi cation would 
bias our fi ndings towards the null hypothesis. We used 
CART to develop our decision tree, which is a 

data-driven technique and is sensitive to the actual 
dataset, Thus, assessment of the decision tree in an 
independent cohort is necessary. Finally, we did not 
assess all putative predisposing factors, but focused on 
HLA-DRB1*15, Epstein-Barr virus, and vitamin D status 
because suffi  cient evidence exists to implicate these 
factors as biologically plausible.

The presence of HLA-DRB1*15 alleles is an inherited 
risk factor for multiple sclerosis, whereas vitamin D 
insuffi  ciency and exposure to Epstein-Barr virus are 
acquired environmental risks that might contribute 
through altering expression of immune-related genes25 

or immune behaviour through, for example, viral 
persistence in human B cells and subsequent virus-
infl uenced immunological responses.14,26,27 T cell and 
B cell responses to myelin and other antigens are raised 
in children with acute demyelinating syndrome and 
confi rmed multiple sclerosis,28,29 but studies 
incorporating knowledge of the HLA-DRB1*15, Epstein-
Barr virus, and vitamin D status of the child have not 
been done. Such studies might yield new insights into 
how predisposing factors contribute to multiple 
sclerosis biology.
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