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ABSTRACT

Background: Multiple sclerosis (MS) in the pediatric age group is being increasingly recognized. In
adults, complex interactions between genetic and environmental factors contribute to risk and
the major genetic component of MS susceptibility localizes to the major histocompatibility com-
plex (human leukocyte antigen [HLA]). Whether HLA alleles predict MS in at-risk children present-
ing with acquired demyelinating syndromes (ADS) of the CNS is unknown.

Methods: HLA-DRB1 alleles were typed using an allele-specific PCR amplification method on
samples from 266 children presenting with ADS enrolled in the prospective Canadian Pediatric
Demyelinating Disease Study and from 196 healthy controls.

Results: Sixty-four of 266 children with ADS met established criteria for a diagnosis of MS during a
mean follow-up of 3.2 � 1.5 years. Children harboring DRB1*15 alleles were more likely to be diag-
nosed with MS (�2 � 12.2, p � 0.001; OR � 2.7), an observation strengthened by children of Euro-
pean ancestry (�2 � 10.5, p � 0.001; OR � 3.3). DRB1*15 allele frequencies in children with ADS of
European ancestry subsequently diagnosed with MS were greater than in children with monophasic
ADS (�2 � 10.7, p � 0.001) or healthy controls (�2 � 12.5, p � 0.001). The proportion of children
with non-European ancestry diagnosed with MS was not influenced by DRB1*15 status.

Conclusion: DRB1*15 alleles confer increased susceptibility to pediatric-onset MS, supporting a
fundamental similarity in genetic contribution to MS risk in both pediatric- and adult-onset dis-
ease. The specificity of the DRB1*15 risk allele for children with subsequent MS diagnosis, but
not for all children with ADS, indicates that the risk conveyed by DRB1*15 relates to chronic CNS
disease (MS), rather than acquired demyelination in general. Neurology® 2011;76:781–786

GLOSSARY
ADEM � acute disseminated encephalomyelitis; ADS � acquired demyelinating syndrome; CCPGSMS � Canadian Collabor-
ative Project on the Genetic Susceptibility to Multiple Sclerosis; HLA � human leukocyte antigen; LETM � longitudinally
extensive transverse myelitis; MHC � major histocompatibility complex; MS � multiple sclerosis; ON � optic neuritis; OR �
odds ratio; TM � transverse myelitis.

Multiple sclerosis (MS) is being increasingly diagnosed in the pediatric age group.1 In children,
an initial attack of demyelination (acquired demyelinating syndrome [ADS] of the CNS) often
remains a monophasic illness, but in at least 20% of children it represents the first clinical
attack of MS.2 This contrasts with adult-onset disease, where most individuals presenting with
acute demyelination are subsequently diagnosed with MS. Whether pediatric MS shares the
same biological underpinnings (including environmental and genetic risk factors) implicated in
adult-onset MS is an area of active investigation.

In adult-onset MS, the best established haplotypic susceptibility resides in DRB1 alleles of
the major histocompatibility complex (MHC).3 In particular, susceptibility to adult-onset MS in
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white Northern European populations has
been fine mapped to the extended HLA class II
haplotype, HLA-DQA1*0102-DQB1*O6O2-
DRB1*1501-DRB5*0101.4

While a single study has reported a higher
frequency of HLA-DRB alleles in pediatric
MS,5 and another reported the absence of an
association of HLA in a cohort of children
with acute disseminated encephalomyelitis
(ADEM),6 little is known regarding the HLA
status in the unselected pediatric population
presenting with a first demyelinating attack
who are at high risk for developing MS. In
particular, it is not known whether certain
HLA alleles confer risk of developing ADS in
general (including children who remain with
monophasic ADS), or more specifically confer
the risk of recurrent disease (MS). We hypothe-
size that the presence of HLA-DRB1*15 alleles
will be associated with MS outcome in children
at risk.

METHODS Participants. Children age 16 years, 0 months,
or younger presenting within 30 days of onset of ADS at 1 of 23
participating pediatric health care centers across Canada were
recruited into the 8-year prospective Canadian National Pediat-
ric Demyelinating Disease Study (Coinvestigators). Comprehen-
sive structured clinical history and neurologic examinations were
performed at study entry and at all study visits (baseline, 3, 6,
and 12 months and annually, and at the time of recurrent
demyelination).

Presenting features at ADS were characterized by clinical his-
tory and examination (without MRI) as clinically isolated (all
clinical symptoms and signs localizable to a single site) optic
neuritis (ON), clinically isolated transverse myelitis (TM), or
clinically isolated–other (features localizable to a single CNS site
separate from the optic nerve or spine). Patients with findings
localized to multiple CNS sites with specific recording of optic
nerve or spine involvement were delineated as polyfocal ADS.
ADEM was diagnosed using predefined criteria which require
polyfocal deficits accompanied by encephalopathy.7 MS was di-
agnosed when either subsequent examination confirmed new
neurologic deficits persisting for 24 hours or longer in the ab-
sence of fever or infection8,9 and occurring more than 30 days
from ADS or if serial MRI scans revealed new lesions meeting
criteria for dissemination in time.10 For children with an initial
diagnosis of ADEM, 2 non-ADEM subsequent attacks (the first
of which occurred more than 3 months from the incident
ADEM event)8 were required.

A total of 316 children meeting inclusion criteria were en-
rolled between September 1, 2004, and June 1, 2010, in the
Canadian National Demyelinating Disease Study, with June 30,
2010, serving as the date of data closure for the present article.
We excluded from analysis 2 children who manifested with re-
current episodes of myelitis (alone or with ON) and confirmed
neuromyelitis optica immunoglobulin seropositivity as per estab-
lished criteria for the diagnosis of neuromyelitis optica.11 Four
families withdrew from the study. Eighteen children were ex-

cluded after subsequent investigations revealed an alternative di-
agnosis (tumor n � 3, CNS vasculitis n � 5, CNS lupus n � 1,
mitochondrial disease n � 2, CNS neuroborreliosis n � 1, reti-
nitis n � 1, cerebellitis n � 1, acute necrotizing encephalitis n �

1, neurosarcoidosis n � 1, stroke n � 1, and migraine n � 1).
Fourteen of the 292 eligible families declined genetic studies and
in 12 children limited quantity or quality of DNA did not per-
mit accurate genotyping. Thus, HLA-DRB1 alleles were typed
in 266 (91%) eligible children.

A control group of 196 unrelated, healthy adults of North-
ern European ancestry was recruited through the longitudinal,
population-based Canadian Collaborative Project on the Ge-
netic Susceptibility to Multiple Sclerosis (CCPGSMS).12

Standard protocol approvals and patient consents. In-
stitutional ethical approval was obtained at all 23 sites, and writ-
ten informed consent was obtained from all ADS study
participant families. The control population was consented as
part of the CCPGSMS.12

MRI analyses. Brain MRIs were ordered at baseline and at
months 3, 6, and 12, as well as at the time of a second demyeli-
nating event, using a standardized research MRI protocol. Addi-
tional annual MRIs were carried out on participants enrolled at
The Hospital for Sick Children (SickKids; n � 100), Toronto,
Canada. All scans were analyzed centrally. For the purpose of the
present study, scans were specifically evaluated for the presence
of new lesions according to established criteria for dissemination
in time.10 Although acquisition of spine MRIs was not a formal
component of our national program, the MRI reports of all
available spinal scans were reviewed centrally. Each spine lesion
was scored as longitudinally extensive (LETM, lesion extending
greater than 3 spinal segments in longitudinal extent) or as non-
LETM (maximal longitudinal extent less than 3 spinal seg-
ments). Patients with either combinations of LETM and
non-LETM lesions or a combination of one or more spinal cord
lesions with brain lesions present on the same scan were consid-
ered “other.” If the report did not clearly indicate the longitudi-
nal extent of the spinal lesion, the spine images were sent to the
central site (SickKids) for review.

Genotyping. Total genomic DNA, extracted from whole
blood, was used to type HLA-DRB1 alleles by an allele-specific
PCR amplification method,13 for all participants, with the excep-
tion of 10 children (2 of European ancestry) with limited DNA
availability, for whom only the presence of the DRB1*15 allele
was determined. Seventy-two (high-resolution) PCR reactions
were performed to amplify allelotypes corresponding to alleles
HLA-DRB1*01, 03, 04, 07, 08, 09, 10, 11, 12, 13, 14, 15, 16.
Samples were genotyped blinded to clinical diagnosis.

Statistical analyses. The likelihood of MS diagnosis in chil-
dren with ADS was assessed as a function of HLA-DRB1*15
status (proportion of patients with one or both alleles, compared
to those with no alleles). Frequency of DRB1 alleles (each allele
contributing independently) was compared between groups (MS
vs monophasic ADS; MS vs healthy controls; monophasic ADS
vs healthy controls). As only 10 children with ADS and 6 with
MS were homozygous for DRB1*15, we did not attempt to ana-
lyze MS risk as a function of homozygosity vs heterozygosity for
HLA. Continuous summary statistics are presented as mean �

SD. Odds ratios, �2, or Fisher exact test (2-tailed), where appro-
priate, assessed differences between groups. Survival analysis as-
sessed the time to MS diagnosis as a function of HLA-DRB1*15
status. Logistic regression was used to control for effect of age
and sex.
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RESULTS Of 266 children with ADS, 64 (24%)
met criteria for the diagnosis of MS over an average
follow-up duration of 3.2 � 1.5 years. The average
time from ADS presentation to MS diagnosis was
10.2 � 9.0 months (median 6.3; range 1.2–37.3).
Clinical and demographic characteristics of all chil-
dren are presented in table 1. As previously reported,
older age at ADS and female sex were associated with
a greater likelihood of MS diagnosis.2,14

Children presenting with ADS who harbored one
or both DRB1*15 alleles were more likely to be diag-
nosed with MS during the period of follow-up (37%
[34/93 children]) as compared to children who did
not harbor DRB1*15 alleles (17% [30/173]; �2 �

12.2, p � 0.001; odds ratio [OR] � 2.7). The in-
creased MS risk conferred by DRB1*15 appeared to
be greater in children reporting European ancestry:
37% (21/57) of DRB1*15-positive children were di-
agnosed with MS, vs 15% (18/119) of DRB1*15-
negative children (�2 � 10.5, p � 0.001; OR �

3.3). In contrast, the risk of MS diagnosis in children
with ADS of non-European ancestry was not influ-
enced by the presence of DRB1*15 alleles: 36%
(13/36) of DRB1*15-positive children were
diagnosed with MS, vs 22% (12/54) of DRB1*15-
negative children (�2 � 2.1, p � 0.15). Survival
analysis (time to MS diagnosis) also revealed that
DRB1*15-positive children had a greater propensity
to be diagnosed with MS (log-rank [Mantel-Cox]
test: �2 � 12.6, p � 0.0004) (figure). While sex and
age at ADS were associated with a greater likelihood
of MS diagnosis, logistic regression accounting for
both age and sex revealed that HLA-DRB1*15 status
remained an independent predictor of MS diagnosis
(OR � 3.2, 95% confidence interval 1.7–6.1).

For all children presenting with ADS (n � 266),
the allele frequency for DRB1*15 was 0.20 (109/532
alleles). The DRB1*15 allele frequencies were higher
in children with ADS subsequently diagnosed with
MS, compared to children with monophasic ADS
(�2 � 12.0, p � 0.001; OR � 2.2). In the 176 ADS
patients of European ancestry (n � 137 monophasic
ADS; n � 39 MS), DRB1*15 was the most frequent
allele (18%, 64/352 alleles). Comparison across
groups revealed higher DRB1*15 allele frequencies
in children with ADS subsequently diagnosed with
MS, compared to those with monophasic ADS
(�2 � 10.7, p � 0.001; OR � 2.6) or controls
(�2 � 12.5, p � 0.001; OR � 2.7). No difference
was seen comparing children with monophasic ADS
to controls (�2 � 0.01, p � 0.90). No differences in
allele frequencies were noted between groups for
other DRB1 alleles. Of the 39 children with ADS
diagnosed with MS, 21 (54%) had at least one
DRB1*15 allele, compared to only 36 of 137 (26%)

Table 1 Clinical and demographic features of children with ADS diagnosed
with MS vs those remaining monophasic ADS

Feature
Diagnosed with
MS (n � 64)

Monophasic ADS
(n � 202) p Value

Age at ADS, y, mean � SD (range) 12.1 � 3.6 (1.9–15.9) 9.0 � 4.6 (0.5–16) �0.001

Age at confirmation of MS,a

mean � SD (range)
12.9 � 3.8 (3.2–18.0)

Years of observation to date,
mean � SD (range)

3.5 � 1.4 (0.7–5.8) 3.1 � 1.5 (0.3–5.8) NS

Sex, F/M (F:M) 42/22 (1.9:1) 96/106 (0.9:1) 0.009

Ancestry,b n (%)

European 39 (61) 137 (68) NS

Non-European 25 (39) 65 (32)

Presentations as defined by
neurologic examination
at ADS,c n (%)

ADEMd 5 (8) 65 (32) 0.0001

Clinically isolated transverse
myelitise

8 (13) 42 (21) NS

Clinically isolated optic
neuritisf

12 (19) 51 (25) NS

Clinically isolated–otherg 16 (25) 18 (9) �0.001

Polyfocalh 23 (36) 26 (13) �0.0001

Presentation as defined by MRI
characteristics at ADS, n (%)

Transverse myelitis (n � 55i) n � 11 n � 44

Non-LETM 6 (56) 14 (32) NS

LETM 5 (45) 26 (59) NS

Otherj 0 (0) 4 (9) NS

Clinically isolated optic
neuritis (n � 59k)

n � 11 n � 48

No brain lesions 1 (9) 37 (84) �0.001

>1 T2 lesion 10 (91) 11 (16) �0.001

Abbreviations: ADEM � acute disseminated encephalomyelitis; ADS � acquired demyeli-
nating syndrome; LETM � longitudinally extensive transverse myelitis; MS � multiple scle-
rosis; NS � not significant.
a Age at second clinically evident demyelinating episode or age at the time of MRI confirma-
tion of dissemination in time.
b Ancestry was defined by parental self-report. Children were considered to be of European
heritage if both parents reported European ancestry. Of note, all children classified as Eu-
ropean were also self-reported as white. Non-European participants had one or both par-
ents who described their ancestry as Asian (n � 32), mixed (n � 28), Aboriginal (n � 7),
Caribbean (n � 5), Middle Eastern (n � 5), Central-South American (n � 4), African (n � 2),
and not reported (n � 7).
c A structured history and neurologic examination were performed for all participants. The
clinical designation (clinically isolated or polyfocal) and identification of anatomic structure
involved were based solely on the findings of clinical examination and history, without con-
sideration of MRI features.
d ADEM was defined according to international consensus criteria which require the presence
of neurologic deficits localizable to multiple CNS sites accompanied with encephalopathy.7
e Clinically isolated transverse myelitis was defined based on clinical examination features
localized to the spinal cord (bilateral motor deficits, bladder or bowel dysfunction, spinal
sensory level).
f Clinically isolated optic neuritis was defined based on reduction in visual acuity, typically
accompanied by pain with ocular movement, reduction in color perception, relative afferent
papillary deficit, and when present, by optic nerve swelling.
g Children were classified as having a clinically isolated–other presentation if clinical fea-
tures localized to a single site in the CNS extrinsic to the optic nerve or spinal cord.
h Polyfocal features were defined by the presence of neurologic deficits localized to more than one
region of the CNS (could include combinations of spinal cord, optic nerves, elsewhere in brain).
i Spinal MRIs were available for 55 of the 71 children with ADS presenting clinically with TM
(including both clinically isolated TM and TM in context of a polyfocal presentation).
j The category “other” is used for patients with either combinations of LETM and non-LETM lesions
or a combination of one or more spinal cord lesions with brain lesions present on the same scan.
k Brain MRI was available for 59 of the 63 children with ADS presenting with clinically
isolated optic neuritis.
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children with monophasic ADS (�2 � 10.5, p �
0.001). The proportion of controls with at least one
DRB1*15 allele was 25%, similar to that of mono-
phasic ADS, but lower than in the children with
ADS who were diagnosed with MS (�2 � 12.9, p �
0.001). While comparison to controls is restricted to
Northern Europeans, one cannot exclude potential

confounding of associations based on population
stratification.

As an exploratory analysis, we examined the asso-
ciation of DRB1*15 alleles with MS diagnosis as a
function of different clinical presentations of the 266
children with ADS (table 2). We observed that in
clinically isolated TM presentations, the presence of
DRB1*15 alleles seemed to increase the risk of a sub-
sequent MS diagnosis, though this trend did not
reach statistical significance. However, when MRI
features of spinal cord involvement were considered,
it was evident that ADS presentations of TM that
were not longitudinally extensive (non-LETM) were
significantly more likely to be diagnosed with MS if
they had at least one DRB1*15 allele. Among chil-
dren presenting with ON, presence of MRI brain
lesions was, as expected, associated with increased
risk of a subsequent MS diagnosis, though this risk
did not appear to be significantly influenced by
DRB1*15 status. As only 5 out of 70 children pre-
senting with ADEM have been diagnosed with MS,
meaningful analysis of an HLA-DRB1*15 effect was
not possible in this subgroup.

DISCUSSION Unique to our work is the evaluation
of HLA alleles in a nonselected prospectively fol-
lowed population of children with ADS, represent-
ing a population at risk for the diagnosis of MS. We
show that presence and frequencies of DRB1*15 al-
leles in these children confers increased risk for a sub-
sequent diagnosis of pediatric-onset MS. This was
not the case for monophasic children with ADS, in-
dicating that DRB1*15 does not represent a risk fac-
tor for development of acquired demyelination in
general. The association between DRB1*15 and di-
agnosis of MS in our ADS population was influenced
by the increased frequency of DRB1*15 in children
with European ancestry, while DRB1*15 conveyed
no increased MS risk in children of non-European
ancestry.

In a single prior study examining HLA alleles in
children with established MS,5 44.6% of Russian pe-
diatric patients with MS were found to have at least
one HLA-DRB1*15 allele, similar to the frequency
in our children with ADS who subsequently devel-
oped the diagnosis of pediatric MS (all children with
MS: 34/64 [53%]; European children with MS:
21/39 [54%]).

Conceptually, presentations with ADS may repre-
sent several diverse biologies with differential MS
risk, as evidenced by the particular influence of
HLA-DRB1*15 status on MS outcome in children
presenting with TM and non-LETM lesions. We did
not observe an influence of DRB1*15 on MS out-
come in children presenting with ON, as has been

Figure Time to multiple sclerosis diagnosis in children following acquired
demyelinating syndrome (ADS) as a function of HLA-DRB1*15 status

Table 2 Evaluation of HLA as a function of clinical presentations and
MS outcome

Clinical presentation

Proportion diagnosed with MS

p Value
HLA-DRB1*15
positive

HLA-DRB1*15
negative

All ADS, % (n) 37 (34/93) 17 (30/173) �0.001

Presentationsa as defined
by neurologic examination
at ADS, % (n)

ADEM 10 (2/21) 6 (3/49) NS

Clinically isolated
transverse myelitis

36 (4/11) 10 (4/39) 0.06

Clinically isolated optic
neuritis

29 (7/24) 13 (5/39) NS

Clinically isolated–other 60 (9/15) 37 (7/19) NS

Polyfocal 55 (12/22) 41 (11/27) NS

Presentationsb as defined
by MRI characteristics
at ADS, % (n)

Transverse myelitis
(n � 55)

n � 16 n � 39

Non-LETM 31 (5/16) 3 (1/39) 0.006

LETM 6 (1/16) 10 (4/39) NS

Other 0 (0/16) 0 (0/39) NS

Clinically isolated optic
neuritis (n � 59)

n � 22 n � 37

No brain lesions 5 (1/22) 0 (0/37) NS

>1 T2 lesion 23 (5/22) 14 (5/37) NS

Abbreviations: ADEM � acute disseminated encephalomyelitis; ADS � acquired demyeli-
nating syndrome; HLA � human leukocyte antigen; LETM � longitudinally extensive trans-
verse myelitis; MS � multiple sclerosis; NS � not significant.
a For definitions of clinical presentations, see table 1.
b For definitions of imaging presentations, see table 1.
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reported in adults.15 Exploration of the association of
HLA alleles and MS outcome in children presenting
initially with ADEM features will require a longer
observation period, as the time from initial presenta-
tion to confirmed MS relapse in younger children
(who are more likely to have an ADEM event) can
exceed 5 years.2
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Editor’s Note to Authors and Readers: Levels of Evidence coming to Neurology®

Effective January 15, 2009, authors submitting Articles or Clinical/Scientific Notes to Neurology® that report on clinical
therapeutic studies must state the study type, the primary research question(s), and the classification of level of evidence assigned
to each question based on the classification scheme requirements shown below (left). While the authors will initially assign a
level of evidence, the final level will be adjudicated by an independent team prior to publication. Ultimately, these levels can be
translated into classes of recommendations for clinical care, as shown below (right). For more information, please access the
articles and the editorial on the use of classification of levels of evidence published in Neurology.1-3
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