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Abstract Viruses such as Epstein-Barr virus (EBV) which
can establish latent infections in the central nervous system
or the immune system have been associated with chronic
neurological disorders, including multiple sclerosis. Results
vary, therefore the aim of this study was to investigate the
presence of EBV using both viral DNA and antibody screen-
ing techniques, using PCR and ELISA assays respectively,
to evaluate viral presence in blood from control subjects and
patients with multiple sclerosis. Viral gene sequences for
latent proteins EBNA-1 and LMP-1 and lytic gene BamH1-
W were present equally in both patients and controls (<7%).
Anti-EBV-VCA IgG positive cases were present in >99% of
all study subjects, and anti-EBV-VCA IgG immune status
ratio showed a near-significant positive correlation with the
EDSS in patients with multiple sclerosis. In contrast, Anti-
EBV-VCA IgM positive cases were significantly increased
in patients (controls: 23.3%; patients; 41.9%; P00.046).
The IgM to IgG immune status ratio was near-significantly

higher in patients with relapse episodes in the year preced-
ing blood sampling (P00.058). Results from this and previ-
ous studies have shown higher prevalence rates for EBV
evaluating anti-EBV IgM positive cases against viral DNA
positive cases. Also, IgM, an innate immune response,
showed an association with relapse episodes, suggesting
viral re-activation as a contributing factor to these relapses.

Keywords Multiple sclerosis . Epstein-Barr virus . Anti-
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Introduction

Whilst the cause of multiple sclerosis (MS) has remained
elusive, virus infections have been implicated in the aetiol-
ogy of the disease (Hunter and Hafler 2000; Lünemann et al.
2007). Viruses such as Epstein-Barr virus (EBV) which can
establish latent infections in the central nervous system or
the immune system have been associated with chronic neu-
rological disorders, including multiple sclerosis (Myhr et al.
1998). EBV infects roughly 95% of adults worldwide (Farina
et al. 2000) and shows periodic reactivation which makes it a
possible candidate as a co-factor in the relapsing-remitting
course of MS (Buljevac et al. 2005). After primary infection
is over, a small number of infected B-lymphocytes persist in
the blood of virus carriers, resulting in a life-long persistence
of the virus to re-activate against a sustained host immune
response (Tierney et al. 1994; reviewed in Niller et al. 2008).
The EBV genome encodes 80 genes (Farina et al. 2000) and
latency is associated with several different patterns of viral
gene expression. After infection the linear genome circularizes
and the virus subsequently persists within the cell as multi-
copy circular plasmids (episomes) with minimal gene
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expression (Farina et al. 2000; reviewed in Niller et al. 2008).
The double-stranded EBVepisomes may or may not integrate
into host DNA (Farina et al. 2000). While latency is charac-
terized by the expression of a few latent genes only, the
complete virus is synthesized during the lytic cycle, after
which it exits the cell to infect adjacent cells (Lungu and
Gershon 2006). EBV can switch from the latent to lytic cycle
of virus replication, which is important for the viral spread
between cells (reviewed in Niller et al. 2008). Results on viral
presence in MS vary considerably and studies that investigate
the relationship between EBV and MS disease activity are
scarce (Buljevac et al. 2005). Hay and Tenser (2000) reported
EBV in all patients with MS, but also in all control subjects,
while Sotelo et al. (2007) reported the virus in 60% of patients
and Höllsberg et al. (2005) in 17% of patients only. Various
factors may have contributed to these differences in preva-
lence rates, but of special interest are the findings of Ordonez
et al. (2004) on the association between MS and another
herpesvirus, Varicella-Zoster virus (VZV), where they have
shown substantially different prevalence rates for the virus
in patients with MS, depending on the viral gene that was
investigated.

Similarly, the risk of developing MS has also been linked
to an increase in the level of antibody titers (anti-EBV)
against the virus, but also with no conclusive evidence as
to the association between these increases and the disease
aetiology (Wagner et al. 2004; Lünemann et al. 2007).
Strong associations reported include immunoglobulin G
against EBV nuclear antigens-1 (anti-EBV-EBNA-1 IgG)
and -2 (anti-EBV-EBNA-2 IgG) as well as EBV viral capsid
antigen (VCA) (anti-EBV-VCA IgG) (Myhr et al. 1998;
Ascherio et al. 2001; Lünemann et al. 2007). Thus, the
aim of this study was to search for EBV presence in patients
with MS and a control group, using both viral sequences
(PCR) and antibody assays (ELISA) to investigate the pres-
ence of EBV in patients with MS. Latent viral gene products
of specific interest in this study included latent membrane
protein (LMP1), encoded by the BNLF1 gene (also called
LMP1 gene) (Vera-Sempere et al. 1996) and latent nuclear
protein, EBNA-1. The lytic gene BamH1-W is expressed
during the lytic or active phase of viral replication and is one
of the viral promoters (Tierney et al. 1994). This region is a
good target gene for PCR amplification because this seg-
ment is present in 10 different sites on the virus genome and
therefore provides a more readily detected sequence than a
single copy viral gene, even in a sample with low viral copy
numbers (Cheung and Kieff 1982; Saito et al. 1989; Pre-
ciado et al. 2005). Antibodies of interest were anti-EBV-
VCA IgG and anti-EBV-VCA IgM, markers for previ-
ous and current EBV infection respectively. The exclu-
sion criteria used in this study included the use of fatty
acid supplements, interferon and cortisone or the presence of
a second disease.

Materials and methods

Ethics approval

Ethics approval for the study was obtained from the Health
Sciences Research Ethics Committee (HSREC) of the Cape
Peninsula University of Technology (CPUT). Patients with
MS were contacted and recruited through the MS Society,
Western Cape Branch, South Africa.

Study population

31 female patients and 30 age- and gender matched healthy
control subjects participated in the study. The median (quar-
tile range) for age in years was for controls: 50.0 (23.0) and
for patients: 51.0 (23.0). The patients recruited were diag-
nosed by a neurologist based on clinical, laboratory and
magnetic resonance imaging (MRI) findings. Inclusion cri-
teria included patients who have been diagnosed by a neu-
rologist and who have had an MRI scan, while exclusion
criteria included patients on interferon, cortisone or fatty
acid supplementation and patients diagnosed with an addi-
tional disease. Six of the patients reported a relapse during
the 3 month period prior to the study and an additional 11
patients reported a relapse 5–12 months prior to the study.
The patients did not receive cortisone treatment, therefore
these relapses were self-reported. Fourteen patients had not
relapsed for more than a year before the start of the study.

Measurement of the disability status of patients

The functional disability status of each patient wasmeasured by
a trained clinician using the Kurtzke Expanded Disability Sta-
tus Scale (EDSS) (Kurtzke 1983). Scales for the Kurtzke EDSS
are from 0 to 10, in which the 0 score indicates no disability at
all and 10 indicates death due to MS. The median (quartile
range) for the EDSS of patients with MS was 5.50 (3.50).

Blood sample analysis

Venous blood from both the patients and control subjects was
collected into anti-coagulant EDTA tubes and serum separation
clot activator tubes (Beckman Coulter, South Africa). DNA for
polymerase chain reaction (PCR) assays was extracted from
whole blood, while serum was used for the ELISA assays.

Polymerase chain reaction (PCR) assays

A standard PCR technique was used to screen for the pres-
ence of gene sequences for EBV-EBNA-1 (latent nuclear
protein), LMP-1 (latent membrane protein) and lytic gene
BamH-1W in human DNA from blood from study subjects.
Methods and/or primer sequences were adapted from
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Cinque et al. (1993) (EBNA-1), Dutton et al. (2007) (LMP-
1), Saito et al. (1989) (BamH-1W) and Preciado et al. (2005)
(BamH-1W). Primer sequences used in this study are sum-
marized in Table 1. Primers were used at a final concen-
tration of 0.5 μM and assays were optimized to include
8 mM MgCl2 and 15% DMSO. PCR reactions were
performed using GoTaq Hot Start Polymerase (Promega,
Whitehead Scientific, Cape Town, South Africa), which
consisted of an initial 5-minute denaturation step at 94°C,
followed by 40 cycles, consisting of a denaturation step for
30 s at 94°C, an annealing step for 1 min at 50°C (EBNA-1),
48°C (LMP-1) and 46°C (BamH1-W) respectively, and an
extension for 1 min at 72°C, followed by a final extension
of 5 min at 75°C. PCR products were visualized on 3%
agarose gels. Primers were synthesized by Whitehead Scien-
tific, Cape Town, South Africa. The EBV positive control was
from Nanogen Products, Separation Scientific SA (Pty) Ltd),
Cape Town, South Africa. The PCR assays were repeated and
showed the same amplifications.

Restriction enzyme digestion

Samples were further digested with restriction enzyme Not-
1, following the manufacturer’s instructions (Promega,
Whitehead Scientific, Cape Town, South Africa), after
which PCR amplification with the BamH1-W primer set
was repeated on all samples. Restriction enzymes cleave
double-stranded DNA at specific sites and would therefore
linearize circular episomal viral DNA, possibly ensuring

better amplification with PCR assays. The recognition se-
quence for Not-1 is 5′-…GC↓ GGCC GC-3′…/…3′-
CGCCGG↓ CG…-5′. Not-1 does not have a restriction site
in the BamH1-W regions and would therefore leave the gene
intact for PCR amplification.

Enzyme-linked immunoassays (ELISA) assays

Enzyme-linked immunosorbent assays (ELISA) were used
to determine anti-EBV-viral capsid antigen (anti-EBV-
VCA) IgM and IgG in serum samples from patients with
MS and control subjects. Samples were prepared and
assayed for the presence of anti-EBV-VCA IgM (cat no.
72936) and IgG (cat no. 72937) (separate assays) according
to the manufacturer’s instruction (Bio-Rad, Cape Town,
South-Africa). Briefly, each assay contained a reagent
blank, 3 calibrators at different concentrations, a negative
and two positive controls. These were diluted 1:21 (e.g.
10 μl +200 μl) with sample diluent and 100 μl of each of
these was added to respective wells pre-coated with antigen.
Serum samples from patients and controls were added un-
diluted to the remaining wells of the 96-well microplate.
The plate was incubated for 20 min at room temperature
(RT) (21–25°C). Wells were washed 4 times with 300 μl of
washing solution. 100 μl of conjugate was added to the
wells and incubated for 20 min at RT. The washing step
was repeated. 100 μl of chromogen/substrate solution was
added to each well and then left in the dark for 10 min at RT.
A blue colour change was indicative of wells containing

Table 1 Primer sequences used
in this study for the detection of
Epstein-Barr virus

Epstein-
Barr virus

Primers Primer sequences Base count origin Band
size

BamH1-WF 5′-CCA GAG GTA AGT GGA CTT-3′ 14614–14631 122 bp
BamH1-W R 5′-GAC CGG TGC CTT CTT AGG-3′ 14718–14735

LMP-1F 5′-ACAATGCCTGTCCGTGCAAA-3′ 169081–169100 180 bp
LMP-1 R 5′-CTTCAGAAGAGACCTTCTCT-3′ 169243–169263

EBNA-1F 5′-AAG GAG GGT GGT TTG GAA AG-3′ 109 332–109 351 297 bp
EBNA-1 R 5′-AGA CAA TGG ACT CCC TTA GC-3′: 109 609–109 628

Table 2 Differences in the EBV
profile between controls and
patients with multiple sclerosis

Key:
aEBV Epstein-Barr virus
bEBNA1 Epstein-Barr nuclear
antigen-1
cLMP1 Latent membrane protein
dEDSS Kurtzke Extended Dis-
ability Status Scale

Controls Patients with MS P-value

Virus

EBVa: BamH1-W Positive cases 2/30 (6.7%) 2/31 (6.5%) NA

EBV: EBNA1b Positive cases 0/30 0/31 NA

EBV: LMP1c Positive cases 0/30 0/31 NA

Total EBV Positive cases 2/30 (6.7%) 2/31 (6.5%) NA

History

Age in years Median (quartile range) 50.0 (23.0) 51.0 (23.0) 0.769

Relapses past year Positive cases NA 17/31 (54.8%) NA

EDSSd Median (quartile range) NA 5.50 (3.50) NA
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detectable levels of IgM or IgG antibodies (separate
assays). 100 μl of stopping solution was added to each
well and incubated for 5 min. A colour change took
place from blue to yellow. The plate was read at a
wavelength of 450 nm and the optical density (O.D.)
of each well was determined. To account for day-to-day
fluctuations in assay activities due to RT and timing, a
correction factor provided by the manufacturer was used
for each assay. The reagent blank, positive controls,
negative control as well as each calibrator were in their
respectable ranges which were supplied by the manu-
facturer. The immune status ratio (ISR), indicative of anti-
body load was calculated for each specimen by dividing the
specimen O.D. value by the cut-off calibrator value. Interpre-
tation of the results: an ISR value of ≤0.90 indicated a negative
result, that is Individuals were presumed to be uninfected with
EBV, an ISR of 0.91–1.09 indicated samples to be retested at a
later stage, while an ISR of ≥1.10 indicated a positive result,
that is a significant level of detectable anti-EBV-VCA IgM or
IgG (separate assays), indicative of current or previous infec-
tion respectively.

Statistical analysis

A statistics programme, STATISTICA (STATISTICA 10,
StatSoft Inc 1984–2010) was used to perform all

statistical analyses. Descriptive data are presented as
median (inter-quartile range). For asymmetrical data
Mann Whitney U was used to compare distributions
between the cases and control subjects. The Chi-square
(A/D) was used to compare categorical variables. Cor-
relations were calculated using Spearman’s Rank corre-
lation coefficient. A p-value of less than 0.05 was taken
as statistically significant.

Results

Differences in the EBV profile between controls and patients
with multiple sclerosis are summarized in Table 2

EBV detection No amplification was found with gene
sequences for latency proteins EBNA-1 and LMP-1. On
the other hand, PCR assays showed a low prevalence rate
for BamH-1W in both control subjects and patients with
MS, 2/30 (6.7%) and 2/31 (6.5%) respectively (Fig. 1).
Repeat PCR assays for BamH1-W with Not-1 digested
DNA showed the same amplification results as those with
undigested samples.

Antibodies against EBV All controls (30/30) (100%) tested
positive and 30 (96.8%) patients with MS tested positive for
anti-EBV-VCA IgG (Fig. 2a). The anti-EBV-VCA IgG

Fig. 1 Low prevalence of EBV in patients with MS and control
subjects. PCR results for EBV BamH1-W: no 1 to 8: controls: all
negative (in total 2 positive cases); no 9 to 16: patients with MS: 1

positive sample (in total 2 positive cases); no 17: negative control:
negative; no 18: EBV positive control: positive; no 19: DNA ladder.
Amplification product of EBV BamH1-W: Band size: 122 base pairs

Fig. 2 a The anti-EBV-VCA
IgG positive cases were similar
in patients with multiple scle-
rosis and control subjects: pos-
itive cases in controls: 30/30
(100%); patients: 30/31
(96.8%); P 0 not applicable. b:
The anti-EBV-VCA IgM posi-
tive cases were significantly in-
creased in patients with
multiple sclerosis: positive
cases in controls: 7/30 (23.3%);
patients: 13/31 (41.9%);
P00.046
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Table 3 Differences in the EBV profile between patients with and without relapse episodes

Patients with MS P-value

Relapses past year No relapses past year

Virus Positive cases Too low for analysis Too low for analysis

Antibodies

Anti-EBV-VCA IgG Positive cases 16/31 (53.3%) 14/31 (46.7) NA

Anti-EBV-VCA IgM Positive cases 8/31 (25.8%) 5/31 (16.1%) 0.423

Anti-EBV-VCA IgG ISR Median (quartile range) 3.66 (1.42) 4.12 (0.82) 0.200

Anti-EBV-VCA IgM ISR Median (quartile range) 0.83 (0.61) 0.69 (0.67) 0.186

Anti-EBV-VCA IgM to IgG ISR Median (quartile range) 0.251 (0.308) 0.172 (0.148) 0.058

Fig. 3 a: The anti-EBV-VCA
IgG immune status ratio
showed a significant inverse
correlation with age in control
subjects: R0−0.476, P00.008.
b: The anti-EBV-VCA IgG im-
mune status ratio did not show a
significant correlation with age
in patients with multiple
sclerosis: R00.165; P00.391
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immune status ratio showed no difference between con-
trols and patients with MS. The anti-EBV-VCA IgM pos-
itive cases were significantly increased in patients: positive
cases in controls: 7/30 (23.3%); patients: 13/31 (41.9%);
P00.046 (Fig. 2b). The anti-EBV-VCA IgM immune status
ratio showed no difference between controls and patients
with MS.

Differences in the EBV profile between patients
with and without relapse episodes during the preceding year
are summarized in Table 3

The anti-EBV-VCA IgM to IgG immune status ratio was
near-significantly higher in patients with relapse episodes in
the year preceding blood sampling: median and quartile
range: patients with a relapse 0.25 (0.31); patients without
a relapse: 0.17 (0.15); P00.058.

Association between EBV and antibodies against EBV

There was no association between viral presence in blood
and either anti-EBV-VCA IgG or IgM in serum from
patients with MS: EBV positive cases in patients: 6.5%,
anti-EBV IgG positive cases: 96.8% and anti-EBV IgM
positive cases 41.9%.

Correlation studies between the EBV profile and history
of controls and patients with multiple sclerosis

The anti-EBV-VCA IgG immune status ratio showed a
significant inverse correlation with age in control subjects,
but not in patients: controls: R0−0.476, P00.008; patients:
R00.165; P00.391 (Fig. 3a and b). The anti-EBV-VCA IgG

immune status ratio showed a near-significant positive cor-
relation with the EDSS in patients with MS: R00.336,
P00.075 (Fig. 4).

Discussion

Results from this study showed a very low prevalence rate
for EBV DNA in blood from both patients and control
subjects, and these positive cases were detected by amplifi-
cation of virus lytic gene BamH1-W, but not with gene
sequences for latent proteins EBNA-1 or LMP-1. Similarly,
Ordonez et al. (2004) showed different prevalence rates for
Varicella-Zoster virus in patients with MS, depending on the
viral gene that was investigated. During latency the EBV
genome may be present as multi-copy circular plasmids
(episomes) with minimal gene expression (reviewed in
Niller et al. 2008). Double-stranded EBV episomes may or
may not integrate into host DNA (Farina et al. 2000). After
infection its linear genome circularizes and the virus subse-
quently persists within the cell as an episome (Farina et al.
2000). The immediate early (IE) and early (E) gene products
prompt the expression of late (L) genes whose products are
required for packaging of the newly synthesized viral DNA
and assembly of mature virions (Lungu and Gershon 2006).
Therefore, double-stranded circular DNA, differential gene
expression and low viral copy numbers could all possibly
obstruct effective viral detection. However, repeat
experiments on DNA digested with restriction enzymes
Not-1 that presumably linearizes episomes, showed iden-
tical results as with undigested samples. These results
suggested that low viral copy numbers and possibly differen-
tial gene expression contributed to the low positive cases
reported in this study.
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Fig. 4 Near-significant
positive correlation between
anti-EBV-VCA IgG and the
Kurtzke Expanded Disability
Status Scale (EDSS) in patients
with multiple sclerosis:
R00.336, P00.075
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However, while EBV DNA positive cases were very low
in both controls and patients, anti-EBV-VCA IgM, a marker
for active viral replication, was detected in significantly
higher numbers in patients with MS (41.9%) than in controls
(23.3%). Similar to these findings, Buljevac et al. (2005)
reported the presence of anti-EBV-early antigen (EA), also
with a lack of viraemia. In contrast to our results (41.9% and
23.3% for patients and controls respectively), both Buljevac
et al. (2005) and Myhr et al. (1998) reported anti-EBV-VCA
IgM in less than 5% of patients and of control subjects.
However, both Buljevac et al. (2005) and Myhr et al. (1998)
reported much higher prevalence rates for anti-EBV-early
antigen (EA) IgG, in 48% and 68.8% of patients respective-
ly, and in 25% and 46.5% of control subjects respectively.
While anti-EBV-VCA IgG are markers for previous EBV
infection, both anti-EBV-VCA IgM and anti-EBV-EA IgG
are markers for reactivation of EBVand both indicate active
viral replication (Buljevac et al. 2005). Viral EA are
expressed early in the lytic cycle (Pearson et al. 1987), while
the viral capsid antigens (VCA) are structural proteins
which are expressed during acute infection (Gaudet et al.
2005; Hislop et al. 2007). The low number of anti-EBV-
VCA IgM positive cases reported by (Buljevac et al. (2005)
was suggested to be a result of the strong T lymphocyte
responses against EBV proteins of the early replication
phase, such as EA and which could possibly have prevented
viral replication, including capsid formation and shedding
(Buljevac et al. 2005). In this study, this process was possi-
bly not interrupted to the same degree as in the study by
Buljevac et al. (2005), because we have shown a higher
number of positive cases for anti-EBV-VCA IgM, clearly
showing acute infection.

On the other hand, anti-EBV-VCA IgG that are markers
for previous EBV infection (Buljevac et al. 2005), were
present in both MS patients and controls. Similarly,
Sundström et al. (2004) reported anti-EBV-VCA IgG posi-
tivity in both patients with MS and referents. In contrast,
Castellazzi et al. (2010) found these antibodies to be lower
in MS patients, however, the authors compared these to
those of individuals with neurological disorders. However,
similar to our findings, Castellazzi et al. (2010) and Santiago
et al. (2010) reported a positive correlation between anti-
EBV-VCA IgG and the EDSS. Although in our study this
association was not statistically significant and could there-
fore not sustain the thesis of an association between EBV
and MS, the near significant results suggested the existence
of a trend, one that was also previously shown by Santiago
et al. (2010).

The limitations of this study include, the absence of
access to the magnetic resonance imaging (MRI) findings,
however the participants were recruited through the MS
Society, South Africa and one of the inclusion criteria was
the diagnosis by a neurologist. In conclusion, our results

seem to concur with the notion that infection with EBV may
not necessarily be associated with the development of MS,
but the significant increase of anti-EBV-VCA IgM positive
cases in patients with MS, in the absence of a similar
increase in IgG positive cases, is an important finding in
this study and requires further investigation. We postulate
that recent infection by EBV in individuals with MS may
accelerate the relapse rate and disease progression.
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