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Abstract
Background: Risk factors for multiple sclerosis (MS) include human leukocyte antigen (HLA)-DR and Epstein-Barr virus
(EBV)-specific antibody responses, including an epitope within EBV nuclear antigen 1 (EBNA-1) that is of recent interest.
Objective: The objective of this paper is to assess case-control associations between MS risk and anti-EBV antibody
levels as well as HLA-DR profiles, gender and age in a population-based cohort.
Methods: Serological responses to EBV were measured in 426 MS patients and 186 healthy controls. HLA-DR typing
was performed using sequence-based methods.
Results: MS patients had significantly higher levels of antibodies against epitope-specific and polyspecific EBNA-1 and
viral capsid antigen (VCA), compared with controls (all p < 10–15). In regression analyses, anti-EBNA-1 and anti-VCA
antibody levels, protective HLA-DR*04/07/09 alleles and gender (all p < 0.003) contributed independently to a model
that classified cases and controls with an odds ratio > 20 (sensitivity 92%, specificity 64%). Notably, the strong influence
of high-risk HLA-DR alleles was abrogated after inclusion of EBV serology results.
Conclusions: The ability to discriminate MS cases and controls can be substantially enhanced by including anti-EBV
serology as well as HLA-DR risk profiles. These findings support the relevance of EBV-specific immunity in MS pathogenesis, and implicate both HLA-dependent and HLA-independent immune responses against EBNA-1 as prominent disease
risk factors.
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Introduction
Multiple sclerosis (MS) is a multifactorial disease involving host and environment risk factors. Genetic variants that
influence adaptive immune responses are clearly implicated,1 most notably human leukocyte antigen (HLA)-DR
alleles,2,3 although genetic factors explain less than a third
of overall variance.4 Environmental sunlight exposure is
also a major risk factor,5 which again appears to be influential during early development.6 Set against this background,
Epstein-Barr virus (EBV) infection appears to be an important, and perhaps necessary, step towards the development
of MS later in life.7 This was first identified in epidemiological studies of infectious mononucleosis5,8 and serological markers of EBV infection,7,9 with evidence that
Epstein-Barr nuclear antigen-1 (EBNA-1) is a particularly
important viral antigen in MS pathogenesis.7,9 For example,
anti-EBNA-1 antibodies have been implicated in oligoclonal

band formation10 and EBNA-1-specific effector T-cells
capable of cross-reacting with myelin antigens have been
identified.11 Resolving specific immunogenic targets within
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the EBNA-1 protein remains a challenge, although three
studies have identified antibodies specific to a putative
B-cell epitope within EBNA-1 amino acid (aa) positions
385–420 that are specifically enriched in MS cases (including MS discordant identical twins) compared with healthy
controls,12–14 where this antibody profile appears to be a
transient phenomenon during early infection.15
We therefore sought to investigate the influence of both
polyspecific and epitope-specific anti-EBNA-1 antibodies
on MS risk, in a well-characterised MS cohort in which
HLA-DR profiles have been previously shown to effectively stratify disease susceptibility.2

Materials and methods
Research participants
A total of 426 MS patients from the Perth (Western
Australia) Demyelinating Disease Database (PDDD)2 and
186 healthy controls from Busselton (Western Australia)
were included in the study.16 Serum samples were collected
and stored at –80⁰C until tested.

Standard protocol approvals, registrations
and patient consents
The study protocol was approved by the Sir Charles
Gairdner Hospital human research ethics committee, and
informed consent was obtained from all participants in the
PDDD cohort. Approval for use of control samples was
provided by the Busselton Population Medical Research
Institute ethics committee.

Serum sample preparation
MS cohort, healthy controls and internal assay control
serum samples were serially diluted using a BioMek FXP
robot to 1:1075, using sample diluent provided by the commercial EBNA-1(long) enzyme-linked immunosorbent assay
(ELISA) kit (DiaSorin), and refrigerated overnight. The
following day, samples were thoroughly mixed on an
orbital shaker before both commercial and in-house ELISAs
were performed on the same day from the same sample
dilutions.

In-house ELISA peptide synthesis/analysis
An in-house ELISA was developed to identify immunoglobulin G (IgG) antibodies against a putative B-cell
epitope PPPGRRFFHPVGEAD.12,13 This peptide was synthesised (Mimotopes Australia) with an SGSG sequence
spacer at the N-terminus, which was biotinylated to enable
binding in the correct orientation to the streptavidin-coated
plates. The correct peptide sequence was independently
confirmed (Proteomics Node, Perth, Australia). The peptide
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was re-constituted with dimethyl sulphoxide (DMSO) to 1
mg/ml, aliquoted and stored at –20⁰C.

In-house EBNA-1(short) ELISA
Streptavidin-coated plates (Thermo-Fisher Nunc, Australia)
were washed three times with 300 µl phosphate buffer solution (PBS) + 0.1% Tween-20 (PBST) using an ELx405
Microplate Washer (BioTek, Vermont, USA) and incubated
at room temperature for one hour with 100 µl EBNA-1(short)
biotinylated peptides (0.5 µg/ml). Plates were washed (four
times 300 µl PBST), and incubated for one hour at room
temperature on a PHMP plate shaker (Thermo Fisher
Scientific) after serially diluted internal assay controls and
either MS or healthy cohort samples were added in separate
wells. Plates were washed (four times 300 µl PBST) and
incubated with 100 µl anti-human IgG (Fc-specific)peroxidase antibody (Sigma Aldrich, Australia) for one
hour at room temperature. Following incubation, plates
were washed again (four times 300 µl PBST, two times 300
µl PBS only) and incubated with 100 µl super-sensitive
3,3’,5, tetramethylbenzidine (TMB) liquid substrate (Sigma
Aldrich, Australia) for 30 minutes before stopping the reaction with 100 µl 1N H2SO4. Data were recorded as optical
density (OD) at 450 nm on a DTX 880 Multimode detector
spectrophotometer (Beckman Coulter), and lower cut-off
was set at three standard deviations (SD) above the mean
OD450nm of the negative control for all assays (ODcut-off =
0.039).

Commercial EBNA-1(long) ELISA
A commercial ELISA (DiaSorin, Australia) was used to
determine IgG antibody levels against EBNA-1 and viral
capsid antigen (VCA) proteins. The assays were carried out
according to the manufacturer’s instructions with the
exception that all samples were serially diluted to 1:1075
after preliminary testing showed optimised results within
the linear range at this dilution (Supplementary Methods).
Data were recorded as OD at 450 nm–620 nm, as described
for the in-house ELISA protocol, and lower cut-off was set
at three SD above the mean OD450–620 nm of the negative
control across all plates for EBNA-1 (ODcut-off = 0.031) and
VCA ELISA (ODcut-off = 0.057).

Automation of sample preparation and
ELISA protocol
Samples were serially diluted using a BioMek-FXP laboratory automation station (Beckman Coulter), and ELISA
protocols were set up on a BioMekFX (Beckman Coulter)
and an ELx 405 washer (BioTek, Vermont, USA). Both
automation processes required the utilisation of the
BioMekFX software, with user-configured experimental methods to optimise deck layout, required reagents,
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Table 1. Selected demographic characteristics of multiple sclerosis cases and healthy controls.

Individuals
Mean age (range) in years
High-riska HLA-DRB1 carriers
Neutral-riskb HLA-DRB1 carriers
Low-riskc HLA-DRB1 carriers

Multiple sclerosis cases (n = 426)

Healthy controls (n = 186)

Female

Male

Female

Male

326
48.3 (21–83)
198
58
70

100
49.6 (15–77)
62
18
20

91
49.8 (18–87)
22
20
49

95
50.8 (19–88)
31
15
49

aHuman leukocyte antigen (HLA)-DRB1*15/*16/*08. bHLA-DRB1*01/*03/*10/*11/*12/*13/*14 with no high- or low-risk allele. cHLADRB1*04/*07/*09 without a high-risk allele.

labware, and liquid-handling techniques, pipetting and
associated parameters including sample and reagent volumes, aspiration and dispensing speeds, heights, mixing
and tip touching (adapted from Almeida et al.17).

by sequencing on an automated 96 capillary ABI-373 DNA
sequencer. Sequences were edited with the ASSIGN
V1.0.2.45 software (Connexio) and FASTA files generated
and aligned using Bioedit for subsequent analysis.

HLA typing

Statistical analysis

HLA typing of both MS and control cohort had been performed previously and described in Nolan et al.2 and Wu
et al.,18 respectively. Briefly, genotyping was performed
using polymerase chain reaction (PCR) with subsequent
sequencing on the ABI-Prism 3730 and 3730xl Genetic
Analysers. Sequence editing was carried out using ASSIGN
V4.0.1.36 (Conexio Genomics). All HLA typing results for
MS and healthy control samples were resolved to the
fourth-digit level using heterozygous ambiguity-resolving
primers where applicable.

Comparisons between cases and controls of HLA risk
groups and positivity of samples from the commercial and
in-house ELISAs were carried out using Pearson’s Chi
squared tests or Fisher exact tests as appropriate. ELISA
OD values were analysed on the log (base 10) scale to normalise data, with analyses based on multiple linear regression models/analysis of variance (ANOVA), with dummy
group covariates as applicable. OD values exceeding the
upper limit of measurement (OD 4.0) were incorporated via
normal-based censored linear regression. Case-control
logistic regression was used to assess the joint influence of
EBNA-1 and VCA antibody levels, as well as gender, age
and HLA-DR results on MS disease risk. Analyses were
carried out using the TIBCO Spotfire S+ version 8.2 statistical package (TIBCO Software Inc, Palo Alto, CA, USA).

EBNA-1 B-cell epitope sequencing strategy
DNA of MS samples from the PDDD was isolated from
buffy coats with an automated robotic setup using Genfind.
A minority of samples was manually extracted using
Qiagen following the manufacturer’s instructions. A novel
semi-nested PCR approach with a fully automated setup
utilising BioMek-FX robots was employed. All primers
used for amplification have been previously published19–21
and have been named according to the position in the reference strain B95-8. First-round PCR was performed using
Roche High Fidelity Taq in a 25 µl reaction with primers
EBV109111F-EBV109951R, resulting in an 840 base pair
(bp) fragment. A semi-nested PCR was followed using the
primer combination EBV109111F-EBV109869R, resulting
in a final 749 bp product. Alternatively, a shorter seminested PCR was performed using the primer combinations
EBV109111F-EBV109759R (648 bp) and EBV109111F109459R (348 bp), respectively.
Successful PCR products were purified with AMPure,
using an automated setup and sequenced with the PCR
primers at a concentration of 1 pmol/ul. Sequencing products were purified with magnetic beads using the Cleanseq
protocol according to the company’s instructions followed

Results
The study populations comprised 426 MS cases and 186
controls from a population-based cohort. As expected, the
MS cohort was enriched for females (p < 0.001) (Table 1).
The case/control by gender groups were well matched for
average age (males – cases 49.6 years (SD 11.3), controls
50.8 years (SD 17.7); females – cases 48.3 years (SD 12.0),
controls 49.8 years (SD 17.0); overall p = 0.4).

HLA-DR allele distribution in cases and
controls
We have recently determined HLA-DRB1 risk profiles in
this
cohort,
identifying
a
high-risk
group
(DRB1*08/*15/*16) as well as protective/low-risk alleles
(DRB1*04/*07/*09).2 Accordingly, cases and controls
were classified as ‘high risk’ if they carried alleles from the
high-risk group, ‘low-risk’ if they carried protective alleles
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Figure 1. ELISA results for two cohorts stratified by gender and according to HLA-DRB1 allele variation.

Serum levels (measured as logged optical density (OD)) of anti-EBNA-1(long), anti-VCA and anti-EBNA-1(short) IgG from multiple sclerosis (MS; grey)
cases and healthy controls (white). MS patients had significantly higher anti-EBNA-1(long) (a), anti-VCA (b) and anti-EBNA-1(short) (c) IgG than controls
(p < 10–15), but females had significantly higher anti-VCA IgG than males in cases only (p = 0.0001). Anti-EBNA-1(long) (d) IgG was higher in ‘high risk’
(p = 0.0001) and ‘neutral’ (p = 0.05) while anti-VCA (e) IgG levels were no different between high-risk, neutral and low-risk HLA-DRB1 alleles. AntiEBNA-1(short) (f) IgG was higher in high-risk HLA-DRB1 for MS cases only (p = 0.0008).
ELISA: enzyme-linked immunosorbent assay; HLA: human leukocyte antigen; EBNA-1: Epstein-Barr virus nuclear antigen 1; IgG: immunoglobulin G;
VCA: viral capsid antigen.

but no high-risk alleles, or ‘neutral’ if both alleles were outside these groups. High-risk individuals were more prevalent among MS cases (odds ratio (OR) 2.40, p = 0.0009),
and low-risk individuals were less frequent (OR 0.43, p =
0.0013), compared with the remaining ‘neutral’ group.
There was no significant difference in mean ages across the
high-risk, neutral and low-risk groups (p = 0.5).

Polyspecific EBNA-1(long) and VCA antibodies
in cases and controls
The assays were validated using a serially diluted internal
control, which had low inter-assay variability of 4.4%–
9.1% for EBNA-1 and 16.4%–19.5% for VCA. There was
no significant difference overall in levels of anti-EBNA1(long) for males and females (mean difference (MD) 0.044
(standard error (SE) 0.041); p > 0.3) (Supplementary Table
e-2), while values were higher for the MS cases (MD 0.58

(SE 0.042); p < 10–15, Figure 1(a)). For anti-VCA the values were again higher in MS cases than controls (MD 0.35
(SE 0.035); p < 10–15, Figure 1(b)), and were higher in
females than males (MD 0.13 (SE 0.034); p = 0.0001).
This equated to positive anti-EBNA-1(long) results in 99.3%
of MS samples and 85.5% of healthy control samples (p <
10–11); and positive anti-VCA results in 100% of MS samples and 90.3% of healthy controls (p < 10–10). The three
MS and 27 healthy control serum samples that were initially EBNA-1 negative were tested at a lower dilution,
resulting in EBV ELISA positivity of all MS samples and
15 healthy controls. After adjusting for case/control
groups, EBNA-1(long) antibody levels were significantly
increased in the ‘high-risk’ HLA-DR group relative to the
‘low-risk’ group (MD 0.17 (SE 0.045); p = 0.0001, Figure
1(d)). Levels in the ‘neutral’ group were marginally higher
than the ‘low-risk’ group (MD 0.11 (SE 0.055); p = 0.05).
However, there was no significant difference between
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Figure 2. Gender-separated correlations of ELISA values and age for multiple sclerosis (MS) and healthy controls.

Correlations between age and serum levels (measured as logged optical density (OD)) of anti-EBNA-1(long), anti-VCA and anti-EBNA-1(short) IgG from
MS cases (a–c) and healthy controls (d–f), plotted by gender. Higher EBNA-1(long) IgG (a,d) levels were associated with younger age among females
(p = 0.0009) while values were higher among older males (p = 0.02). Anti-VCA IgG (b,e) levels did not change over age in females, but increased for
males (p = 0.0001). No significant difference was seen for anti-EBNA-1(short) IgG (c,f), or for slopes among cases and controls (p > 0.3) for any ELISA.
ELISA: enzyme-linked immunosorbent assay; HLA: human leukocyte antigen; EBNA-1: Epstein-Barr virus nuclear antigen 1; IgG: immunoglobulin G;
VCA: viral capsid antigen.

levels in the ‘high-risk’ and ‘neutral’ groups (p = 0.22).
Differences between cases and controls remained highly
significant after adjustment for influence of HLA-DR
effects (MD 0.54 (SE 0.042); p < 10–15, Figure 1(d)), with
again no significant difference in EBNA-1(long) titres in
males and females (p = 0.24). This was not observed looking at anti-VCA antibody levels, with no significant difference between the low- and high-risk groups (MD 0.062
(SE 0.037) p = 0.09), and values slightly lower in the neutral group (Figure 1(e)).
Interestingly, higher EBNA-1(long) antibody levels
were associated with younger age among females (p =
0.0009) while values were higher among older males (p =
0.02) (Figure 2). For VCA there was no significant
change over age for females (p = 0.56), while again for

males, values increased with age (p = 0.0001). There was
no significant difference in the slopes among cases and
controls (p > 0.3).

Epitope-specific anti-EBNA-1(short) antibodies
in cases and controls
We developed and optimised a novel in-house ELISA assay
to detect IgG antibodies directed against a previously identified EBNA-1 domain.11,12 To confirm the relevance of this
epitope sequence in vivo, 45 MS samples were successfully
amplified and sequenced covering the 16aa of the EBNA-1
epitope PPPGRRFFHPVGEAD. Of these, 40 sequences
were completely conserved with further five samples showing variation at positions G13A/V and E14Q/D/G.
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Figure 3. Correlation of two anti-EBNA-1 antibody assays:
EBNA-1(long) and EBNA-1(short) targeting polyclonal versus
epitope-specific antibodies.

Correlation between anti-EBNA-1(long) and EBNA-1(short) logged optical
density (OD) values for multiple sclerosis (MS) cases () and healthy
controls (). MS cases had significantly higher anti-EBNA-1(short) IgG
levels compared to controls across all anti-EBNA-1 values (p < 10–15),
but there was no significant difference in slopes between the two
cohorts (p = 0.3).
EBNA-1: Epstein-Barr virus nuclear antigen 1; IgG: immunoglobulin G.

MS serum samples showed 97.9% positivity against this
short peptide, compared with 77.4% healthy controls (p <
10–14), and ELISA titres were significantly higher among MS
cases compared with controls (MD 0.78 (SE 0.053); p < 10–
15) (Figure 1, Supplementary Table e-2). There was no detectable influence of HLA-DR profiles on epitope-specific
EBNA-1 antibody levels in controls (p = 0.98, Figure 1(f)),
though levels were slightly higher among the high-risk group
for the MS cases compared with combined low- and neutralrisk groups (MD 0.16 (SE 0.047); p = 0.0008). There was no
significant influence of age (p = 0.22, Figure 2) or gender (p
= 0.25, Figure 1(c)). Examining correlations between these
two anti-EBNA-1 antibody assays, we observed consistently
higher epitope-specific antibody levels in cases compared to
controls across all anti-EBNA-1 values (p < 10–15) (Figure
3). There was no significant difference in slopes between
cases and controls (p = 0.3) nor between sexes (p = 0.9).
Inter-assay variability of serially diluted internal controls
(IC) for this assay was 21.4%–25.4%.

Logistic regression and receiver-operating
characteristic curve analyses
Beginning with a model based on our previous study,2 casecontrol logistic regression analyses described in Table 2
demonstrate the independent effects of high-risk HLA-DR
alleles (adjusted OR 2.40, p = 0.0009) and protective
HLA-DR alleles (adjusted OR 0.43, p = 0.0013) as well as
female gender (adjusted OR 3.57, p = 1.7 × 10–10).
Following incorporation of the significant and independent influences of anti-EBNA-1(long) values (adjusted
OR 6.76 per unit log increase, p = 1.8 × 10–14) and anti-
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VCA values (adjusted OR 4.96 per unit log increase, p =
6.3 × 10–7) in a second model, the influence of high-risk
HLA-DR alleles was no longer significant (adjusted OR
1.40, p = 0.26) although the effects of protective HLA-DR
alleles (adjusted OR 0.42, p = 0.0061) and female gender
(adjusted OR 2.63, p = 3.5 × 10–5) were preserved.
Finally, Model 3, which included the addition of significant EBNA-1(short) values (adjusted OR 3.47 per unit log
increase, p = 1.7 × 10–9), maintained significance of antiEBNA-1(long) values (OR 3.17, p = 3.0 × 10–5), anti-VCA values (OR 4.30, p = 2.3 × 10–5) as well as protective HLA-DR
alleles (OR 0.38, p = 0.003) but decreased further the effect
of the high-risk HLA-DR group (OR 1.26, p = 0.47).
The improvements in predictive ability of the successive
models are evident from the receiver-operating characteristic
curves based on the linear-logistic model scores (Figure 4).
While anti-EBNA-1(short) and anti-VCA values have higher
OR than anti-EBNA-1(long), excluding EBNA-1(long) reduces
the predictive ability of the model from the final model
(data not shown). The final model here is defined by:
2.62–0.975(HLA-DRlow-risk)
+
0.23(HLA-DRhigh-risk)–
1.0(Male) + 1.46 × logVCA + 1.15 × logEBNA(long) + 1.24
× logEBNA(short). For this model the area under the curve
(C-statistic) is 0.885 (95% confidence interval 0.853–
0.911), providing a sensitivity of 394/426 = 92% and specificity of 119/186 = 64% at a cut-off logistic value of ≥ 0
(OR 21.9).

Discussion
This study extends our previous observation that groups of
HLA-DR alleles provide both high-risk and protective
influences on MS risk,2 with evidence that the ability to
discriminate MS cases and controls can be substantially
enhanced by the inclusion of quantitative measures of serological response to EBV infection. As observed in previous
studies,7,9,11,22,23 higher anti-EBNA-1 antibody levels are
highly significantly associated with MS risk. This appears
to reflect disease predisposition, given evidence that higher
anti-EBNA-1 antibody levels can be observed years before
disease onset9 and remain stably elevated both before and
after the onset of clinically isolated demyelinating syndromes.23 Higher anti-EBNA-1 antibody levels have also
been associated with increased clinical and radiological
features of disease activity beyond the initial demyelinating
event,24,25 although longitudinal anti-EBNA-1 serological
profiles have not been assessed in relation to MS disease
progression. In this context, it is notable that a recent
genome-wide study of determinants of quantitative antiEBNA-1 antibody levels26 has identified a large heritable
component (~43%) with a much smaller influence of local
environment (~4%). Moreover, significant genetic associations were located almost exclusively within the HLA
region,26 in keeping with our observations that antiEBNA-1 antibody levels were associated with HLA-DR
alleles in cases and controls.
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Table 2. Analysis of genetic and serological multiple sclerosis risk factors using progressive logistic regressions.
Model 1

HLA-DR High-risk group
HLA-DR Low-risk group
Gender (female)
EBNA-1(long) OD values (log)
VCA OD values (log)
EBNA-1(short) OD values (log)

Model 2

Model 3

Odds ratio

p value

Odds ratio

p value

Odds ratio

p value

2.40
0.43
3.47

0.0009
0.0013
1.7 × 10–10

1.40
0.42
2.63
6.76
4.96

0.26
0.0061
3.5 × 10–5
1.8 × 10–14
6.3 × 10–7

1.26
0.38
2.73
3.17
4.30
3.47

0.47
0.003
4.0 × 10–5
3.0 × 10–5
2.3 × 10–5
1.7 × 10–9

Logistic regressions for significance of multiple sclerosis risk factors identified previously by this group2 (Model 1), including commercial enzymelinked immunosorbent assay (ELISA) values (Model 2) and in-house ELISA results (Model 3). These identify that including commercial anti-EBNA1(long) and anti-VCA ELISA values abrogates high-risk HLA-DRB1 alleles as a risk factor, as does the addition of anti-EBNA-1(short) ELISA values. HLA:
human leukocyte antigen: EBNA-1: Epstein-Barr virus nuclear antigen 1;VCA: viral capsid antigen; OD: optical density.

Figure 4. Receiver operating characteristic curve for logistic
scores including HLA-DRB1 risk alleles, gender and ELISA values.
Receiver operating characteristic curves demonstrate the additional
predictive power of including results from the commercial anti-EBNA1(long), anti-VCA and additionally the in-house EBNA-1(short) ELISA
(C = 0.885), compared to the HLA-DR risk groups alone.
HLA: human leukocyte antigen; ELISA: enzyme-linked immunosorbent assay;
EBNA-1: Epstein-Barr virus nuclear antigen 1;VCA: viral capsid antigen.

Previous studies have identified statistical interactions
between HLA-DRB1*15 and anti-EBNA-1 antibody levels12 or history of EBV-associated infectious mononucleosis,27 suggesting that these risk factors may share a common
pathway in disease susceptibility. Our data would support
this view, particularly the finding that the strong independent
effect of high-risk HLA-DR alleles (Model 1, p = 0.0009) on
MS risk (Table 2) was substantially abrogated after incorporation of the influence of anti-EBNA-1(long) antibody levels
(Model 2, (EBNA-1(long), p = 1.8 × 10–14; high-risk HLA-DR
alleles, p = 0.26).
It is also interesting that we found highly significant
influences of age and gender on both EBNA-1 and VCA
antibody levels in this study, which would indicate that
both values have increased among females relative to males

over calendar time – among cases as well as controls. This
is intriguing in light of epidemiological evidence that the
ratio of females to males with MS has steadily increased in
recent decades,28 although any causal association is speculative at present.
We also confirmed the specific association between antibody responses directed against a putative B-cell epitope
located in the central region of EBNA-1 and MS risk.12,13
This effect was highly statistically significant, and independent of the broader influence of anti-EBNA-1(long) antibodies,
so that in our final logistic regression model each of these
serological measures contributed greater than three-fold
increased adjusted OR per unit increase in log OD value
(Table 2). Unlike anti-EBNA-1(long), though, these epitopespecific antibodies were not influenced by HLA-DR genotypes, gender or age – which may in part explain why they
remain significantly associated with MS risk even when
comparing identical twins.13 This also supports the contention that this EBNA-1 domain is a true B-cell epitope, in
keeping with previous studies that demonstrated prominent
although transient epitope-specific responses during acute
infectious mononucleosis14 as well as dominant epitope-specific anti-EBNA-1 IgG antibodies in healthy controls as well
as patients with nasopharyngeal carcinoma.29
Incorporating the combined effects of HLA-DR genotyping and quantitative anti-EBV antibody levels provides for a
final logistic score that performs remarkably well in terms of
diagnostic sensitivity and specificity (Figure 4), given that
neither of these parameters has any direct association with the
neurological features of MS. These results require cautious
interpretation when considering that this cohort has served a
‘discovery’ dataset, and it is clear from other studies that have
estimated the influence of genetic risk factors in MS4 that the
classification sensitivity and specificity will typically be
lower when examined in a validation dataset. Nevertheless, it
is interesting that our own estimates of the influence of
HLA-DR genotypes closely match those identified in this
study.4 The discriminatory capacity of our final model – with
a sensitivity of 92%, specificity of 64% and an overall OR of
21.9 for a logistic score greater than zero – certainly argues
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for the relevance of EBV-specific immunity in MS pathogenesis, as well as for the potential development of diagnostic
and treatment strategies that specifically target this aspect of
disease susceptibility.
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