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ABSTRACT

Background: Evidence suggests that Epstein-Barr virus (EBV) plays a role in triggering or perpet-
uating disease activity in multiple sclerosis (MS).

Methods: We investigated 100 subjects (50 clinically isolated syndrome [CIS], 25 relapsing-
remitting [RR] MS, 25 primary progressive [PP] MS) for 1) evidence of EBV reactivation and 2)
disease activity as indicated by serial gadolinium (Gd)-enhanced MRIs over a 5-year period. EBV
DNA in blood was quantified by real-time quantitative PCR and EBV serology for anti-Epstein-
Barr virus nuclear antigen 1 (EBNA-1) immunoglobulin G (IgG), anti-viral capsid antigen (VCA) IgG,
and anti-EBV IgM. Data were analyzed using repeated measures analysis, analysis of variance,
and logistic regression analysis.

Results: All subjects had serologic evidence of previous EBV infection, but no lytic reactivation
was detected. Significant differences in EBNA-1 IgG titers were found between subgroups, high-
est in the RRMS cohort compared with PPMS (p � 0.001) and CIS (p � 0.001). Gd-enhancing
lesions on MRI correlated with EBNA-1 IgG (r � 0.33, p � 0.001) and EBNA-1:VCA IgG ratio (r �

0.36, p � 0.001). EBNA-1 IgG also correlated with change in T2 lesion volume (r � 0.27, p �

0.044) and Expanded Disability Status Scale score (r � 0.3, p � 0.035).

Conclusions: The correlation between elevated Epstein-Barr virus nuclear antigen 1 (EBNA-1) immu-
noglobulin G (IgG) and gadolinium-enhancing lesions suggests an association between Epstein-Barr
virus (EBV) infection and multiple sclerosis (MS) disease activity. The heightened immune response to
EBV in MS is specifically related to EBNA-1 IgG, a marker of the latent phase of the virus. The lack of
association between acute viral reactivation in the peripheral blood and Gd� lesions suggests a lim-
ited role of the former in driving disease activity. Neurology® 2009;73:32–38

GLOSSARY
CI � confidence interval; CIS � clinically isolated syndrome; CMV � cytomegalovirus; EBNA-1 � Epstein-Barr virus nuclear
antigen 1; EBV � Epstein-Barr virus; EDSS � Expanded Disability Status Scale score; FOV � field of view; Gd � gadolinium-
DTPA; HLA � human leukocyte antigen; IgG � immunoglobulin G; IL � interleukin; IQR � interquartile range; MHC � major
histocompatibility complex; MS � multiple sclerosis; OCB � oligoclonal IgG bands; OR � odds ratio; PHV-1 � phocine herpes-
virus type 1; PPMS � primary progressive multiple sclerosis; RRMS � relapsing-remitting multiple sclerosis; TE � echo time;
TR � repetition time; VCA � viral capsid antigen; VZV � varicella zoster virus.

Multiple sclerosis (MS) is an inflammatory demyelinating disorder of the CNS of unknown
etiology. Evidence suggests that MS is an autoimmune condition1-3 despite no definite immune
markers correlating with clinical course. It is likely that an interaction between genetic and
environmental factors causes and possibly perpetuates the disease.4,5 Epstein-Barr virus (EBV)
is a ubiquitous human herpesvirus infecting �90% of the healthy population. Seroepidemio-
logic evidence shows the risk of developing MS is greater in individuals previously exposed toSupplemental data at
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EBV, the combined risk of MS being 2.3
times higher in subjects with a history of in-
fectious mononucleosis,6,7 whereas the risk of
developing MS in seronegative subjects is ex-
tremely low (OR 0.06 [95% confidence inter-
val (CI) 0.03–0.13]).6 EBV reactivation has
been described using PCR for viral DNA and
serologic indices; however, the evidence for an
association with MS disease activity is
controversial.8-10 Others have hypothesized
that peripheral EBV reactivation activates au-
toreactive T cells, driving CNS inflammation
by molecular mimicry.11,12

Serial MRI studies in MS have shown that
most new MS lesions enhance on T1-weighted
MRI following administration of gadolinium-
DTPA (Gd).13,14 Gd-enhancing (Gd�) lesions
are 5 to 10 times more frequent than clinical
relapses and persist for approximately 4
weeks.15,16 In this study, we therefore sought to
identify peripheral EBV reactivation using PCR
and serologic testing in subjects with MS and to
correlate these data with Gd� lesions on serial
MRI as a marker of disease activity.

METHODS We studied 100 subjects who from 1995 on-

wards had taken part in longitudinal MRI studies of MS at the

NMR Research Unit of the UCL Institute of Neurology in Lon-

don. Subjects had MRI scans at baseline and months 1, 2, 3, 6,

12, 18, 24, 30, 36, and 60. Blood samples (whole blood and

plasma) were collected and stored at �80°C. Fifty subjects with

clinically isolated syndrome (CIS), 25 with relapsing remitting

(RR) MS, and 25 with primary progressive (PP) MS were in-

cluded.17 Patients were consented to take part in longitudinal

MRI studies which included storage of blood samples in a speci-

men library for future use. This study was approved by the Na-

tional Hospital for Neurology and Neurosurgery and Institute of

Neurology joint research and ethics committee.

Detection of EBV DNA in plasma by real time PCR.
DNA was extracted from 200 �L plasma using the Qiagen

QiaCube with QIAmp DNA blood mini kit (Hilden, Ger-

many). A fixed amount of phocine (seal) herpesvirus type 1

(PHV-1) was added to the plasma prior to extraction as an inter-

nal control for both the extraction and amplification stages. A

multiplex quantitative real-time PCR assay for EBV and PHV-1

was performed using an Applied Biosystems 7500 real-time PCR

system (Warrington, UK) in a total reaction mixture of 50 �L

containing 20 �L DNA extract and 30 �L Applied Biosystems

universal master-mix with 400 nmol of each forward and reverse

primer and 200 nmol of each probe. The sequences of the EBV and

PHV-1 primers and probes are given in table e-1 on the Neurology®

Web site at www.neurology.org (EBV sequences provided by

Dr. Jeremy Garson, UCL). Thermal cycling consisted of 10

minutes at 95°C for initial denaturation and DNA polymerase

activation, followed by 45 cycles of denaturation at 95°C for 15 s

and annealing/extension at 60°C for 1 min. Each assay con-

tained template negative controls and a quantitative standard
curve dilution run in duplicate.

EBV-specific serology. We assessed the presence of IgM an-
tibodies to viral capsid antigen (VCA) and IgG antibodies to
VCA and Epstein-Barr virus nuclear antigen 1 (EBNA-1) with
the automated Liaison® quantitative chemiluminescent assay.
Samples with values � upper limit of detection were diluted to
extend the range of detection. VCA IgM was considered negative
if �20 U/mL, 20–40 U/mL was considered equivocal level,
�40 U/mL was considered positive. VCA IgG was considered
negative if �20 U/mL, 20–40 U/mL was considered equivocal,
and �40 U/mL was considered positive. EBNA-1 IgG was con-
sidered negative if �5 U/mL, 5–20 U/mL was considered equiv-
ocal, and �20 U/mL was considered positive. These ranges were
recommended by the kit manufacturer. Using a further dilution
step, the upper limit of detection was 7,500 U/mL for VCA IgG
and 6,000 U/mL for EBNA-1 IgG (table e-2).

Serology for control viruses. A single sample from each
subject (100 in total) was randomly selected for additional test-
ing for cytomegalovirus (CMV), varicella zoster virus (VZV),
and measles IgG using commercial kits from Virion Serion
(Launch Diagnostics). CMV was chosen as another leukotropic
herpesvirus, VZV (herpesvirus) and measles as two other com-
mon viruses. Twenty healthy control samples were included for
comparative purposes. CMV IgG was considered negative if
�25, equivocal if 25–40, and positive if �40 U/mL. Measles
IgG negative �150, equivocal 150–200, and positive �200
U/mL. VZV IgG negative �50, equivocal 50–100, and positive
�100 U/mL (table e-2).

MRI: T1 gadolinium-enhanced scans and T2-weighted
scans. Serial 2D spin echo T1-weighted MRI scans (before and
after Gd administration) covering the whole brain were obtained
for all subjects on a 1.5-T GE scanner (General Electric, Mil-
waukee, WI) with the same matrix 256 � 256 and a field of view
(FOV) of 24 cm2 (repetition time [TR] 540 msec; echo time
[TE] 20 msec; 28 slices of 5-mm thickness) for the RRMS and
PPMS cohorts and TR 600 msec, TE 17 msec, 46 slices of 3 mm
thickness for the CIS cohort. Postcontrast scans were acquired
20 minutes after administration of Gd (0.1 mmol/kg for the CIS
cohort and 0.3 mmol/kg in the RRMS and PPMS cohorts).
MRI scans were classified as active if there was at least one Gd�

lesion and non-active in those without. The total number of
Gd� lesions was also recorded. T2-weighted images were ac-
quired in all patients using 2D dual-echo spin echo MRI and T2
lesion volumes measured using semiautomated contouring on
electronic images, as previously described.18 All MRI data were
collected by researchers at the NMR Research Unit who were
blinded to clinical details.

Statistical analysis. Data were analyzed using SPSS 16 soft-
ware and Sigma plot 9.0 to generate figures. Repeated measures
analysis was used to detect changes over time within subjects.
Analysis of variance on ranks and logistic regression models were
used to detect differences between clinical subgroups and the
relationship between immunologic and MRI findings. Median
values of antibody titers were used as the data were not normally
distributed. A p value �0.05 (two-tailed analysis) was considered
significant. The funding body did not play a role in the study
design, collection, analysis, or interpretation of data.

RESULTS The baseline demographics of the CIS
and RRMS cohorts were similar with respect to age
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at enrollment, female:male ratio, and baseline Ex-
panded Disability Status Scale score (EDSS); subjects
with PPMS were older, had a higher EDSS score at
baseline, and the female:male ratio was reversed (ta-
ble 1). The change in EDSS during the study was
highest in the RRMS cohort (mean � 1.7; range �3
to 7.5) as compared to subjects with PPMS (0.8;
�1.5 to 3.5) and CIS (0.2; �3 to 3). Of 100 sub-
jects, complete blood samples and MRI datasets, ob-
tained at 450 timepoints, were available for this
study. A total of 121 data points from CIS subjects,
168 from the RRMS cohort, and 161 from patients
with PPMS were available for analysis. The mean
number of timepoints per subject was 4.5 (range
2–8). Twelve subjects remained CIS for the duration
of the study; all other subjects converted to
CDMS.19,20 Of the 12 remaining patients with CIS,
one subject developed two Gd� lesions at a single
timepoint. Five subjects with RRMS received inter-
feron beta treatment. Treatment was started between
years 3 and 5 in all cases; the 5-year data points were
excluded from the MRI analysis.

PCR and serology. The sensitivity of the assay to reli-
ably detect EBV DNA was 159 copies/mL. EBV
DNA was detected in eight samples of five RRMS
subjects. This was in low copy numbers, mostly be-
neath the sensitivity of the assay (mean 40 c/mL,
range 15–240 c/mL). These all occurred at time-
points when the patients’ MRI showed a Gd� lesion
but this finding was not a significant predictor of
Gd� lesions.

All subjects showed serologic evidence of previous
EBV infection. Eleven subjects on 13 occasions had
transiently positive VCA IgM: 3 RRMS, 2 PPMS,
and 6 CIS subjects; there was no association with
Gd� lesions. Distinct patterns of IgG response to
EBNA-1 and VCA were seen in subjects with relaps-
ing disease as compared with those subjects who re-
mained CIS at the end of the 5-year follow-up or
with PPMS (figure 1, A and B). Subjects with RRMS
generated higher median EBNA-1 IgG levels (670
[interquartile range (IQR) 251–1,683]) than those

with PPMS (267 [IQR 107– 650]) or CIS (419
[IQR 38–655]) and the difference was more pro-
nounced when the CIS cohort developing CDMS
were considered separately (780 [IQR 400–3,500]).
This was not the case for VCA IgG, which was
higher in the PPMS cohort. As IgG titers were not
normally distributed, by using the ratio of EBNA-1:
VCA IgG we generated a linear scale to describe sero-
logic responses in each group. Rates of seropositivity
for other viruses tested were 55 of 100 (55%) CMV,
97 of 100 (97%) VZV, and 96 of 100 (96%) mea-
sles. The clinical subtype was not found to be a pre-
dictor of antibody levels to these viruses.

Gd-enhancing lesions and T2 lesion volumes. Subjects
with active scans had significantly higher median
EBNA-1 IgG titers compared to subjects with non-
active scans (median 791 [95% CI 414–1704] vs
251 [95% CI 82–599], p � 0.001). There was a
correlation of EBNA-1 IgG titer with number of
Gd� lesions (Spearman r � 0.33, p � 0.001). The
ratio of EBNA-1 IgG:VCA IgG was also significantly
higher in samples at time of a Gd� lesion (3.8 [95%
CI 1.4 – 6.4] Gd� vs 1.008 [95% CI 0.03–2.0]
Gd-negative, p � 0.001, Spearman r � 0.36,
p � 0.001) (figure 1, C and D; figure 2).

Subjects recruited in the CIS cohort received
standard dose Gd. Hence, it was considered possible
that in subjects with CIS, fewer Gd� lesions were
detected than in the groups receiving triple dose Gd.
Therefore, subgroup analysis was performed to ana-
lyze the relationship of EBNA-1 IgG and ratio of
EBNA-1:VCA IgG with Gd� lesions within each
subgroup. Subjects who converted from CIS to
CDMS had more Gd� lesions than those remaining
CIS for the duration of the study (table e-3). The
median EBNA-1 IgG titer and ratio of EBNA-1:
VCA IgG was consistently higher in subjects with
active scans than those with non-active scans. The
correlation with the number of Gd� lesions re-
mained significant in patients with CIS converting to
RRMS as well as the RRMS and PPMS cohorts (ta-
ble 2). Using repeated measures analysis, there was
no effect of timepoint on serologic indices or appear-
ance of new Gd� lesions.

The change in T2 lesion volume (mm3) from
baseline to last follow-up was calculated for each sub-
ject and then correlated with the mean individual
EBNA-1 and VCA IgG titers. Regression analysis of
all subjects found EBNA-1 IgG was a significant pre-
dictor of T2 lesion volume change (p � 0.025) and
correlated with change in T2 lesion volume (r2 �

0.26, p � 0.035). Subgroup analysis: CIS T2 lesion
volume change (r 2 � 0.359, p � 0.018), RRMS
(r2 � 0.31, p � 0.051), and PPMS (r2 � 0.074, p �

Table 1 Demographics of patients from whom samples were obtained

CIS (n � 50) RRMS (n � 25) PPMS (n � 25)

Female, n (%) 31 (62) 17 (68) 10 (40)

Male, n (%) 19 (32) 8 (32) 15 (60)

F:M ratio 1.63:1 2.1:1 1:1.5

Mean age, y (range) 32.5 (17–49) 36.3 (26–48) 45.4 (25–62)

Mean EDSS at baseline (range) 1.18 (0–2.5) 1.17 (0–2.5) 4.87 (3.5–6.5)

Mean change in EDSS at 5 y (range) 0.2 (�3 to 3) 1.7 (�3 to 7.5) 0.8 (�1.5 to 3.5)

CIS � clinically isolated syndrome; RRMS � relapsing-remitting multiple sclerosis; PPMS �

primary progressive multiple sclerosis; EDSS � Expanded Disability Status Scale score.
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0.73). There was no significant correlation of VCA
IgG with T2 lesion volume change.

Change in EDSS. EBNA-1 IgG level was also found
to be a predictor of change in EDSS over the dura-
tion of the study (p � 0.035) and titer correlated
with change in EDSS (r2 � 0.3, p � 0.004), CIS
cohort (r2 � 0.335, p � 0.028), RRMS cohort (r2 �
0.34, p � 0.04), and PPMS (not significant).

To evaluate whether the elevated EBNA-1 IgG in
subjects with more active disease is a specific finding
or due to nonspecific hyperresponsiveness of the im-
mune system, we tested a cross-sectional sample set,
consisting of 100 samples from the CIS/MS cohorts
and 20 randomly selected healthy control samples for

CMV, VZV, and measles IgG. Median titers were
compared between clinical groups and healthy con-
trols and correlation between viral titers and Gd�

lesions was tested. EBNA-1 IgG was the only anti-
body whose titer was consistently different between
subgroups and correlated with Gd� lesions (table 3).
Neither age nor gender had any influence on the de-
tected associations.

DISCUSSION In this study, we have shown, in a
large MS/CIS cohort, the absence of significant lytic
reactivation of EBV in the periphery either by direct
detection of viral DNA in plasma or serologic evi-
dence of reactivation, defined by VCA IgM response

Figure 1 Pattern of humoral response in clinical subgroups

(A) Box plot of Epstein-Barr virus nuclear antigen 1 (EBNA-1) immunoglobulin G (IgG) (U/mL) by clinical subgroup. Median
value and 95% confidence interval indicated. There are significant differences between subjects with relapsing-remitting
multiple sclerosis (RRMS) and primary progressive multiple sclerosis (PPMS), and also between subgroups with RRMS and
clinically isolated syndrome (CIS). (B) Box plot of viral capsid antigen (VCA) IgG (U/mL) by clinical subgroup. VCA levels were
highest in PPMS. Significant differences were detected between CIS/PPMS and between RRMS/PPMS. (C) Box plot of
EBNA-1 IgG titer in patients with non-active vs patients with active MRI. Samples from patients with active MRI had higher
levels of anti-EBNA-1 IgG. (D) Comparison of the ratio of anti-EBNA-1:VCA IgG titers in patients with non-active/active
MRI.
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or significant fall in EBNA-1 IgG. However, consis-
tent with prior reports, we found that all subjects
showed evidence of prior EBV infection. This pro-
vides further support for the hypothesis that previous
EBV infection may be a necessary cofactor for devel-
oping MS. The pattern of serologic response was dis-
tinct between clinical subgroups, which may imply a
different immunologic response to primary infection
with EBV, which subsequently determines the clini-
cal phenotype of disease. The higher levels of
EBNA-1 IgG in CIS patients converting to CDMS
within 5 years may also be a useful biomarker in the
future but further studies are required to investigate
this. We found that higher titers of EBNA-1 IgG
were associated with the development of Gd� lesions
on MRI. This elevation of EBNA-1 IgG is indepen-
dent of VCA IgG titers. We also found that a higher
EBNA-1 IgG titer predicted increased T2 lesion vol-
ume change and EDSS progression over the study
period, particularly in the CIS and RRMS cohorts.
The dose of Gd administered in the CIS cohort was
lower than in the other study groups; thus each sub-

group was also analyzed separately. The elevation of
EBNA-1 IgG with Gd� lesions remained consistent.
Triple dose Gd is used as a more sensitive measure of
lesion activity, detecting up to 75% more lesions
than single dose Gd.21,22 However, while a higher
dose of Gd results in higher numbers of Gd� lesions
detected, the number of non-active scans becoming
active is low.18 Against this backdrop it was justified
to categorize scans as either active or non-active to
report differences in antibody profiles.

Elevated levels of IgG to other viruses have been
described in relation to MS.23-25 We therefore tested
the serologic response to other herpesviruses (CMV
and VZV) and measles (another ubiquitous virus).
Although antibodies to other viruses were elevated in
some subjects, the levels were not found to correlate
with EBNA-1 IgG or with presence of Gd� lesions,
suggesting that hyperresponsiveness of the immune
response to EBV is specifically related to EBNA-1
IgG and—by inference—to the latent phase of the
virus.

EBV is a ubiquitous virus infecting �90% of the
adult population worldwide. Primary infection usu-
ally occurs in the first decade of life and is largely
asymptomatic. However, in industrialized countries
�50% of the population experience primary infec-
tion at a later age and are more likely to develop
infectious mononucleosis.26 EBV infects naive hu-
man B cells causing clonal expansion of these cells
and subsequent lifelong latent infection in mature
memory B cells. In the resting memory B cell no
proteins are actively expressed and antigen cannot be
detected on the surface of these cells.12 Of all the
EBV proteins, EBNA-1 is consistently expressed in
dividing EBV-infected B cells of healthy carriers27

and is a dominant antigen for both humoral and cel-
lular immune responses. Anti-EBNA-1 IgG has pre-
viously been described as an independent risk factor

Figure 2 Scatterplot of log (number of
gadolinium-enhancing lesions � 1)
and ratio of anti-EBNA-1:VCA IgG

Table 2 Median values and interquartile ranges of EBNA-1 IgG titers and EBNA-1:VCA IgG ratios in patients with clinically isolated
syndromes (CIS), patients who converted from CIS to relapsing remitting (RR) multiple sclerosis (CIS/RRMS), patients with
RRMS, and patients with primary progressive multiple sclerosis (PPMS)

CIS CIS/RRMS RRMS PPMS

No active MRI Active MRI No active MRI Active MRI No active MRI Active MRI No active MRI Active MRI

EBNA-1 IgG,
U/mL(range)

419 (35–656) 655 (461–1,115) 491 (4–1,895) 865 (121–6,000) 486 (221–1,362) 745 (453–3,350) 275 (71–438) 491 (250–1,000)

EBNA-1 IgG
vs Gd�

Not significant r � 0.33;
p � 0.002

r � 0.29;
p � 0.029

r � 0.31;
p � 0.001

EBNA-1:VCA,
ratio (range)

0.84 (0.06–4.0) 1.42 (1.02–2.92) 1.33 (0–15.0) 2.62 (0.38–17.0) 1.28 (0.42–2.8) 5.16 (1.6–9.54) 0.56 (0.11–1.48) 1.66 (0.32–5.03)

EBNA-1:VCA
vs Gd�

Not significant r � 0.32;
p � 0.003

r � 0.33;
p � 0.004

r � 0.26;
p � 0.007

Correlation of EBNA-1 IgG titer and EBNA-1:VCA IgG ratio with number of gadolinium-enhancing lesions (Gd�).
EBNA-1� Epstein-Barr virus nuclear antigen 1; IgG � immunoglobulin G; VCA � viral capsid antigen; active MRI � at least one Gd� lesion detected; r �

Spearman correlation coefficient.

36 Neurology 73 July 7, 2009



in subjects destined to develop MS.28,29 EBNA-1 IgG
and T-cell responses are selectively increased in sub-
jects with MS and are known to target myelin anti-
gens.30 In over 95% of subjects with CDMS, local
synthesis of oligoclonal IgG bands (OCB) can be de-
tected in the CSF,31 and a proportion of OCB recog-
nize EBV-specific antigens. Three independent
studies have extracted peptides homologous with
EBV from random peptide libraries using CSF-
derived MS IgG and have shown intrathecal IgG
synthesis reactive to EBV protein.32-34 There are se-
quence homologies between EBNA-1 and myelin
proteins and EBV infection of B cells induces the
expression of heat shock protein �B crystalline,
which in turn is homologous with myelin basic pro-
tein and may explain crossreactivity of EBNA-1 anti-
bodies and myelin basic protein.11

The phenomenon of epitope spreading has also
been described in subjects with MS who show in-
creased T-cell–mediated activity against a broader
range of epitopes of specific antigens as compared to
healthy controls. This has been described both in
adults and children with MS.35 These broadened re-
sponses to EBV antigens are specific to EBNA-1 and
not seen in response to VCA. This may explain the
raised total EBNA-1 IgG we see in this study (and
many others) and future work to elucidate the
epitopes that these antibodies are directed toward
would be useful in answering this question.

Intrathecal B-cell follicles, which are closely asso-
ciated with subpial gray matter lesions, have been
described in postmortem brain tissue of subjects with
MS.36 More recently, the same group has reported
high levels of EBV-infected B cells in such follicles in
21 of 22 postmortem MS brain specimens, a finding
not seen in neurologic control cases. Fifty percent of
these subjects also showed anti-EBV IgG in CSF col-
lected postmortem.37 These results corroborate our
findings of elevated EBNA-1 IgG in subjects with more

active disease. A pool of EBV-infected memory cells
may exist both peripherally and centrally that generate
or sustain a population of autoreactive T cells, thereby
mediating the inflammatory response in MS.
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Measles IgG 1,068 (642–7,016) 2,950 (1,995–4,679) 2,051 (805–5,098) 450 (207–1,361) p � 0.222 r � �0.026; p � 0.8

The effect of the clinical subgroup on the antibody titer was tested using multivariate analysis of variance. Correlations (Spearman rank correlation [r])
between antibody titers in patients and number of gadolinium-enhancing lesions (Gd�) are shown.
*Significant difference between all groups.
†Significant difference of healthy controls vs 1) CIS and 2) RRMS.
EBNA-1 � Epstein-Barr virus nuclear antigen 1; IgG � immunoglobulin G; VCA � viral capsid antigen; VZV � varicella zoster virus; CMV � cytomegalovirus.
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