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Is Epstein-Barr Virus a Risk Factor for Multiple Sclerosis?

Aktham Ismail Alemam?® b, Mostafa Saleh Maleek?

Abstract

Background: The immune system is involved in the development of
multiple sclerosis (MS) in genetically predisposed persons who are
exposed to certain environmental stimuli that may include Epstein-
Barr virus (EBV). The aim of the present study is to evaluate if EBV
is an environmental risk factor in MS patients in Egyptian population.

Methods: This is a prospective comparative study of 41 patients (18
- 50 years) including 25 females and 16 males versus 41 age-gender
matched healthy controls tested for different EBV antibodies through
serological examination using ELISA test after taking their informed
consent. The data analysis was performed using Graphpad Prism 6.0
software.

Results: Thirty-one patients were of relapsing-remitting MS (RRMS),
eight cases were clinically isolated syndromes (CIS) and two cases
were primary progressive MS (PPMS). Expanded disability status
scale (EDSS) score of patients ranged from 0 to 8. Anti-EBV-viral
capsid antigen (VCA)-IgG, anti-EBV-early antigen (EA)-IgG and
anti-EBV-EBV nuclear antigen 1 (EBNA1)-IgG antibodies showed
no statistically significant difference between MS and control groups
with P values of 0.083, 0.517 and 0.833, respectively. No significant
statistical correlation was found between level of EBV antibodies and
MS clinical type, relapse or previous viral infection.

Conclusion: According to our study, EBV infection might not be an
independent factor in the development of MS in Eyptian population.
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Introduction

Multiple sclerosis (MS) is a complex heterogeneous, inflam-
matory disease characterized by loss of the myelin sheath that
surronds the nerve axons in the brain, cerebellum and spinal
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cord [1]. Understanding the triggers and mechanisms behind
the inflammatory process associated with MS is considered
the largest obstacle in primary prevention and in developing
effective treatment. It is thought that the immune system of
the body is involved in the development of MS in the persons
who are genetically predisposed and then exposed to certain
environmental stimuli [2, 3]. Some accumulating data point
to Epstein-Barr Virus (EBV) to play a role in the pathogen-
esis of MS [4-7]. It is one of the members in the herpes fam-
ily of viruses that are commonly present in humans. EBV
primarily targets the memory B cells and remains latent in
them. Depending on the type of latency, EBV gives differ-
ent sets of latent products [8, 9]. EBV is well known for its
close relationship with the immune system [10]. It is gener-
ally believed that some EBV-associated pathologies come as
a result of the disruption of the virus-host immune system
balance, and clinical symptoms and signs of EBV infection
emerge as a result of induced immune response rather than of
EBYV itself [11]. In this context, several groups have shown
that in MS, the immune response directed towards EBV is
disrupted [12] .

There are three hypothetical mechanisms that are sup-
posed to link EBV and MS through B cells. These include ei-
ther the reactivation of EBV in the memory B cells in the cen-
tral nervous system (CNS) [13], presence of cross-reactivity
of anti-EBV antibodies to human proteins in the CNS (mo-
lecular mimicry) [14], or helping in the facilitation of “forbid-
den” memory B cells to recognize an antigen in the CNS [15].
Seroepidimiological studies have reported that 100% of MS
patients are infected with EBV in contrast to 95.8% of healthy
age-matched controls [16]. It is postulated that elevated titers
of anti-EBV nuclear antigen 1 (EBNA1)-specific IgG have
been associated with an increased risk of subsequent develop-
ment of MS [17]. There are three recent meta-analyses show-
ing that EBV seropositivity substantially increases the risk of
MS (4.5-fold, 5.5-fold or 16-fold, respectively, depending on
the study) [18-20]. Also, others have found a relation between
EBYV reactivation as studied by early antigen (EA) and disease
activity in MS patients [21].

However, the relation between EBV and MS is not uni-
versally accepted as some studies have failed to consistently
prove the presence of the virus in MS brains [22, 23]. Also,
the very low levels of EBV in the body suggest that a direct
immune response against EBV appears to be an unlikely cause
of MS [24]. Additionally, MS is rare in children, meaning that
EBYV infections are insufficient to cause MS on their own [25].

In this study, we tried to evaluate the role of EBV as a
risk factor in MS patients in our community sample in Egypt
through serological examination.
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Patients and Methods

Patients

Blood samples were collected from 41 untreated cases of MS
during their diagnosis and before initiating any medical treat-
ment at Neurology Department, Minoufia University Hospi-
tals, Egypt, from November 2015 till December 2017 after
taking their consent to participate this research. The diagnosis
of MS was established based on clinical, laboratory and MRI
findings, according to modified McDonald’s criteria (2010)
[26]. There were no selection bias in this study. The duration
of follow-up to detect relapses was for 6 months.

Controls

Gender- and age-matched control serum samples were ob-
tained from 41 healthy controls.

Twenty-two patients (53.7%) showed a positive history
of previous viral infection (upper respiratory tract infection),
while 19 patients (46.3%) had no history of previous viral in-
fectin.

Antibody detection and quantification

Serum samples of patients with MS and controls were stored
frozen below 20 °C. Patient and matched control samples were
analyzed in parallel, blinded to case status, to obtain optimal
comparability. Antibody levels were measured by standard-
ized and European Community certified tests. ELISA classic
(Virion Serion, Wuerzburg, Germany) was used to test for
EBV-viral capsid antigen (VCA)-IgG, EBV-EBNA1-IgG and
EBV-EA-IgGp. Amounts of 100 pL of 1:100 diluted sera were
analyzed in antigen-coated microwells. Alkaline phosphatase-
conjugated anti-human IgG from goat (polyclonal) and para-
nitrophenylphosphate substrate were used, followed by incu-
bation for 30 min and then adding 100 pL stopping solution
to each well and shaking the micro test plate gently to mix.
Optical density values were measured within 60 min at 405 nm
against blank substrate; reference wave length was between
620 and 690 nm (e.g. 650 nm).

Statistical analysis

The analysis was performed using Graphpad Prism 6.0 soft-
ware. Fisher exact test with Yate’s corrections was used to
compare VCA, EA and EBNA1 antibody titers between MS
patients and controls.

Results

Patients age was ranging from 18 - 50 years with mean + SD of
31.66 £7.95, including 25 females (61%) and 16 males (39%),
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in addition to 41 age- and gender-matched healthy control sub-
jects after taking their consent.

Clinical characteristics of MS patients

Type of MS

Thirty-one cases ((75.6%) with RRMS (relapsing-remitting
MS); 8 cases (19.5%) with clinically isolated syndromes (CIS)
and 2 cases (4.9%) presented with PPMS (primary progressive
MS).

Initial clinical presentation

Nineteen cases with optic neuritis, 14 cases presented with
sensory symptoms like hemi- paresthesias, Lhermitte’s sign,
tingling and/or numbness, 12 cases with hemiparesis; 8 cases
with cerebellar manifestations; 1 case with dysarthria; 5 cases
with paraparesis, 4 cases with generalized tonic colonic sei-
zure; 2 cases with manifestations of increased intracranial
pressure (ICP).

Number of relapses

In our study, 11 patients (26.8%) showed no relapses, 12
patients (29.3%) showed one relapse, 11 patients (26.8%)
showed two relapses, 6 patients (14.6%) showed three relapses
and only one patient (2.4%) showed four relapses.

Expanded disability status scale (EDSS) of the patients

It ranged between 0 and 8 with a mean (2.8) and SD (1.564):
one patient was scaled as 0 which means no disability, two
patients had 1 on scale, two patients had a 1.5 on scale, seven
patients had 2 on scale, six patients had 2.5, twelve patients
had 3, five patients had 3.5, one patient had 6.5 and two pa-
tients had 8 on scale.

EBY antibodies

Regarding antibodies against EBV, we found that anti-EBV-
VCA-IgG was positive in all patients and the control group;
in the patients’ group, the titers ranged from 30 to 200 with a
mean + SD of 135.73 + 58.54, while in the control group, it
ranged from 35 to 200 with a mean £+ SD of 114.22 £+ 52.09,
which showed no significant difference (P = 0.083). Also, anti
EBV-EA-IgG was positive in all patients and control group;
in the patients’ group, the titers ranged from 10 to 180 with
a mean £ SD of 54.56 + 36.22, while in the control group,
it ranged from 13 to 170 with a mean = SD of 49.78 + 30.0,
which was statistically non-significant (P =0.517). In addition,
anti-EBV-EBNA 1-IgG was positive in all patients and the con-
trol group; in patients’ group, the titers range from 1.7 to 150
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Table 1. The Relations Between EBV Titers in MS Patients and History of Previous Viral Infection

Viral infection

Negative (n = 19) Positive (n = 22) Tvalue Pvalue
Anti-EBV-VCA-IgG 30.79 £ 63.77 140.00 + 54.77 -0.498 0.622
Anti-EBV-EA-1gG 52.63 +38.17 56.23 +35.26 -0.313 0.756
Anti-EBV-EBNA1-IgG 27.04 £32.92 15.12+10.43 1.514 0.145
Table 2. The Relation Between EBV Levels and Different Types of MS

CIS (n=38) RRMS (n =31) PPMS (n=2) P value
Anti-EBV-VCA-IgG 137.38 £56.70 135.68 £ 61.77 130.00 + 0.0 0.988
Anti-EBV-EA-1gG 47.00 £ 16.04 57.90 + 40.34 33.00 +9.90 0.528
Anti-EBV-EBNA1-1gG 32.75 +48.52 18.04 £13.22 12.50 £2.12 0.278

with a mean (20.64) and SD (24.1), while in the control group,
it ranged from 10 to 80 with a mean (19.71) and SD (14.94),
which also was statistically non-significant (P = 0.833).

There was no significant difference between EBV titers in
MS patients and history of previous viral infection (Table 1).

Also, there was no significant difference in EBV levels
in relation to different types of presentation, but the levels
seemed to be lower in patients with primary progressive MS
(Table 2 and Fig. 1).

Regarding EBV profile in relation to occurrence of relaps-
es, there was no significant difference (Table 3). In addition,
there was no significant relation between the age in patients’
group and EBV levels.

Discussion

There is still a great debate over whether the association be-
tween EBV infection and MS is a chance or if, on the oppo-
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Figure 1. Comparison between the serum levels of EBV biomarkers:
anti-EBV-viral capsid antigen (VCA)-IgG, anti-EBV-early antigen (EA)-
IgG and anti-EBV- EBV nuclear antigen 1 antibody (EBNA1)-IgG of
both patients and controls with no significant difference between both
groups.

site side, there is a pivotal relationship, single or multiple [27].
Although some studies support a role for EBV in MS [28],
no proposed mechanism has been able to convincingly explain
this link so far [29, 30].

In this study, we evaluated the role of EBV as a risk factor
in MS patients. The most apparent results of our study were
the presence of anti-EBV antibodies in all patients and con-
trols which might indicate the high prevalence of EBV infec-
tion in our community in Egypt. These results coincide with
published data about the high seroprevalence of EBV in Egypt
with a rate between 60% and 86% [31].

Anti-EBV-VCA-IgG titers

In our series, anti EBV-VCA-IgG titers were positive in all
patients and the control group, which coincides with some
published reports [32]. Sundstrom and colleagues reported on
a large series involving 234 patients versus 693 controls that
anti-EBV-VCA-IgG was positive in both patients with MS and
controls in a percentage of 100% and 98.7% respectively; they
also reported that the titers were higher in the patient group, but
did not reach a statistical significant value [33]. Also, Ascherio
and colleagues concluded that EBV-VCA-IgG was present in
both MS patients and controls in a percentage of 99.3% and
93.4% respectively in their study [29].

Zivadinov and colleagues found in their study upon 133
patients versus 131 healthy controls that the prevalence of
VCA was 95% and 100% of patients and controls, respectively
[34]. Castellazzi and colleagues reported that VCA antibodies
were lower in MS patients; however, the authors used controls
with neurological disorders who are not healthy controls as in
our and other reports [35]. Conversly, Mouhieddine et al re-
ported that the titers of EBV-VCA were significantly higher in
patients than those in control group [36].

Anti-EBV-EA-IgG

In our study, the titers of anti EBV-EA-IgG were positive in all
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Table 3. The Relation Between EBV Titers and MS Relapses

Relapses occurrence

Negative (n = 12) Positive (n = 29) Pvalue
Anti-EBV-VCA-IgG 135.7+62.2 135.7£58.1 0.874
Anti-EBV-EA-1gG 59.6 £42.6 52.45+33.8 0.667
Anti-EBV-EBNA1-IgG 27.5+39.7 17.8 £13.5 0.807

patients and control group. Antibodies against EA are of inter-
est as they may indicate active EBV replication as if EBV in-
fection is driving the immune response in MS, then we would
expect increased anti-EA in relapse compared to stable discase
and with MS compared to controls. There is suggestive experi-
mental evidence that this may be the case [37].

There was a great controversy in published series: some
series showed high prevalence and significance of EA in the
patient group, other series showed lower seropositivity in both
groups, while others showed high prevalence in controls than
in patients.

Contrary to our findings, Buljevac and colleagued reported
the presence of anti-EBV-EA in 41.9% and 23.3% of patients
and controls, respectively [38].

Also Kjell-Morten and coleagues reported much higher
prevalence rates for anti-EBV-EA-IgG, 68.8% in patients and
46.5% in control subjects, with highly significant values in the
patient group [39].

Lindsey et al. found that EBVNA1-IgG and EA-IgA were
increased in MS compared to controls. EA-IgA had a median
value of 1.964 in the patients with MS and 1.248 in the con-
trols (P = 0.029, Wilcoxon signed-rank test) [40].

On the other hand, Wandinger and his colleagues reported
that EA was of no significance as it was positive in 13.8% and
17.1% in patients and controls, respectively [41].

Also, Pohl included 147 patients versus 147 controls, and
reported that EA was positive 6.1% versus 4.7%, respectively
[42].

Munch and his colleagues reported in their series that the
prevalence of EA was higher in controls (41.3%) than in pa-
tients (36.2%) [43].

Anti-EBV-EBNA1-IgG titers

Our results of anti-EBV-EBNA1-IgG titers were in agreement
with Honarmand et al, who found that seropositivity to anti-
EBNAI-IgG did not show a significant difference between
the MS patients and control group (92.9% and 88.4%, respec-
tively), and nor was seropositivity to anti-EBV-CA IgG differ-
ent between the two groups (95.2% and 95.3%, consequently).
Seropositivity to both anti-EBNA1 and anti-EBV-CA showed
that past infection did not show significant associations with
the later development of MS [44]. Banwell and his colleagues
found a high prevalence of EBNA1 in both patients and con-
trol group, but this study was restricted to pediatric age group
only [45]. Conversly, other investigators reported an increase
in the prevalence or concentration of antibodies to EBNAI in
MS patients [46]. This might be because those studies worked

22 Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™

upon EBNAT titers in serum except some who worked upon
CSF, reporting a highly significant difference in prevalence in
patients (79.7%) than controls (14.5%) with a highly signifi-
cant difference in titers between both of them [21]. Also, Lune-
mann reported that the persons who have increased antibody
response to EBNA1 have higher odds ratio of developing MS
when compared to those with baseline IgG titers to EBNAI
[21].

EBY titers and MS relapse

According to the correlation between EBV titers and relapse
occurrence, we found it non-significant, which agrees with
published series by Buljevac and colleagues who reported
that there was no relationship between increased EA titers
and exacerbations or clinical phenotype [38]. Also, Lindsey
found that none of the antibody levels were altered in relapse
[40]. Meanwhile, Wandinger and colleagues reported some
indications for relatively more active EBV replication in a
subgroup of 11 MS patients with clinical exacerbations than
in eight clinically stable patients [41]. The discrepancy be-
tween these two studies might be due to technical differenc-
es, such as the use of a different polymerase chain reaction
(PCR) and the lack of cerebrospinal fluid (CSF) samples in
our study. In their study, the significance was only reached
after making a composite score of several serological tests
together with PCR.

Generally, in the same direction of our results, Willis
proved that EBV could not be detected in any of the MS speci-
mens containing white matter lesions, yet EBV was readily de-
tectable in multiple EBV control tissues including several CNS
lymphomas. The CNS EBYV infection was rare in MS brain and
this may indicate that EBV infection is unlikely to contribute
directly to MS brain pathology [23].

Sargsyan et al proved that no EBV RNA was found in MS
CSF B-lymphocytes or plasma cells. The EBV-encoded RNA
(EBER)-1 was the only and rarely detected transcript in active
MS plaques. The frequency of detected intrathecal anti-EBV
antibody synthesis in the patients with MS did not differ from
that in non-MS inflammatory CNS disease control patients.
They concluded that application of real-time PCR to MS brain
and single B-lymphocytes in CSF did not reveal any evidence
of active EBV infection [47].

Farrell et al proved that the correlation between elevated
EBNAI1-IgG and gadolinium-enhancing lesions may indicate
the presence of association between EBV infection and the
activity of MS disease. The heightened immune response to
EBV in MS was specifically related to EBNA1-IgG, a marker
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of the latent phase of the virus. The deficiency of association
between acute viral reactivation in the peripheral blood and
gadolinium-positive lesions suggests a limited role of the for-
mer in driving MS activity [48].

The unreliable transmission of EBV during memory
B-cell division may solve the absence of EBV in the CNS,
while still allowing “forbidden” memory B cells to reach this
site. However, no mechanism can explain the multi-decade
delay between EBV infections in early childhood and MS in
early adulthood [49]. The relative risk of MS in EBV carriers
(> 4.5-fold) is difficult to be explained by EBV acting as a
surrogate for other factors, as these factors would have be to
extremely correlated with EBV exposure [29]. The anti-EBV
antibodies that are present in the CNS [50] could unintention-
ally have a high attraction to human proteins through mo-
lecular mimicry, activating MS-causing inflammation in this
site [51]. However, this simple mechanism fails to explain
the multi-year delay between EBV seroconversion and MS
onset in young adults, as anti-EBV antibodies precede MS
onset by many years [52].

There were some limitations in this study. The numbers
of the patients with clinically isolated syndromes (only eight
patients) and cases with primary progressive MS (only two
cases) were low and consequently, the relevance of a related
statistical analysis of the results may be weak. Also, the dura-
tion of follow-up for relapses may be needed to be longer than
6 months for observation of more reapses.

Conclusions

EBYV infection might not be an independent factor in the de-
velopment of MS in our Egyptian population. Further studies
are needed to prove or exclude the role of EBV in MS in other
different regions.
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