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Abstract

Background: Multiple sclerosis (MS) is the most common neurological autoimmune disease, characterized by multifocal areas
of inflammatory demyelination within the central nervous system. It has been hypothesized that the stimulation of the immune
system by viral infections is the leading cause of MS among susceptible individuals.

Objectives: The aim of this study was to investigate the prevalence of the varicella zoster virus (VZV) in patients with relapsing-
remitting multiple sclerosis.

Patients and Methods: Plasma and peripheral blood mononuclear cells (PBMCs) collected from MS patients (n = 82) and controls
(n=89)were screened for the presence of anti-VZV antibodies and VZV DNA by the ELISA and PCR methods. DNA was extracted from
all samples, and VZV infection was examined by the PCR technique. Statistical analysis was used to investigate the frequency of the
virus in MS patients and a healthy control group.

Results: Of all the MS patients, 78 (95.1%) and 21 (25.6%) were positive for anti-VZV and VZV DNA, respectively. Statistical analysis of
the PCR results showed a significant correlation between the abundance of VZV and MS disease (P < 0.001). However, there was no
significant correlation between the abundance of anti-VZV antibodies and MS disease by the ELISA method.

Conclusions: These results support the hypothesis that VZV may contribute to MS in establishing a systemic infection process and

inducing an immune response.
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1. Background

Multiple sclerosis (MS), a degenerative chronic disease
of the central nervous system, is characterized by small de-
myelination in the brain and myeloid cord. Several clinical
studies have confirmed the contribution of viral or micro-
bial infections in the development of MS (1). In addition,
several human pathogenic viruses have been implicated as
potential candidates in the pathogenesis of MS. Some stud-
ies have indicated that, according to the clinical presenta-
tions and the histopathological properties of MS lesions, a
viral infection could be responsible for MS (2, 3).

Herpesviruses are a large family of DNA viruses, which
are responsible for several autoimmune diseases, includ-
ing systemic lupus erythematosus, MS and rheumatoid
arthritis (4, 5). Herpesviruses remain within the nervous
system of their hosts for decades, producing periodic inac-
tivations (2). Some herpesviruses are neurotrophic, espe-
cially those from the subgroup of a-herpes viruses, such as
herpes simplex virus (HSV) and varicella zoster virus (VZV)

(2, 6). Varicella (chickenpox) is highly contagious and is
a common epidemic disease of childhood. Most cases oc-
curin children younger than 10 years old. In temperate cli-
mates, VZV infection is much more common in winter and
spring than in summer. Zoster (shingles) occurs sporadi-
cally, mainly in adults and without seasonal distribution

(5)-

Although several herpesviruses have been involved as
participants in the pathology of MS, the most often cited by
current studies are human herpes virus 6 (HHV-6) and Ep-
stein Barr virus (EBV) (7, 8). Epidemiological studies from
geographical regions where the incidence of MS has en-
hanced in recent decades, have pointed out a high preva-
lence of VZV in the clinical history of MS patients. In addi-
tion, laboratory examinations have found a high viral load
of VZV DNA in leucocytes and cerebrospinal fluid (CSF) of
MS patients, limited to the transient stage of MS relapse,
followed by the disappearance of VZV during alleviation
(2). Although VZV has been suggested as a possible partic-
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ipant in the etiopathogenesis of MS (9, 10), the results of
several epidemiological investigations have failed to sup-
port this link. Previous studies have indicated that there
is inadequate document to confirm the correlation of MS
with VZV infections (11).

2. Objectives

Varicella zoster virus infection is a controversial risk
factor in the medical history of MS patients. Therefore, the
present study aimed to investigate the presence of VZV in
patients with MS.

3. Patients and Methods

3.1. Patients

Eighty-two blood samples from MS patients (23 males
and 59 females) and 89 blood samples from healthy indi-
viduals (control group) were collected based on age and
gender in four different cities in the north of Iran (Rasht,
Ramsar, Tonkabon and Chalus). The samples were trans-
ferred to the laboratory of genetics research at Islamic
Azad university, Tonekabon branch. Patients were diag-
nosed according to the McDonald et al. criteria (12). MS pa-
tients had no history of diabetes, allergy, or other autoim-
mune diseases, and all patients received treatment, except
10 that were considered ‘drug naive’. The study protocol
was approved by the local ethics committee and confirmed
by the ethical guidelines of Islamic Azad university, Tonek-
abon branch, Iran.

3.2. Sample Collection

Five mL of peripheral blood from MS patients and
healthy group were treated with EDTA and then cen-
trifuged. The serum samples were stored at -80°C until
enzyme-linked immunosorbent assay (ELISA).

3.3. VZV [U+2011]Specific Antibody Response

A serological marker for VZV was performed on the
stored serum samples from MS patients and the healthy
group. Serum from patients with MS and 89 healthy con-
trol subjects was searched for the IgG antibody to VZV anti-
gens by ELISA (EUROIMMUN anti-Varicella-Zoster-Virus IgG-
ELISA, Germany).

3.4. DNA Extraction

Peripheral blood mononuclear cells (PBMCs) were sep-
arated from fresh whole blood by Ficoll density gradient
centrifugation (Sigma, Germany), re-suspended in RPMI
(Sigma, Germany), and stored in liquid nitrogen for future
use. VZV DNA was extracted from the PBMC samples using
an extraction kit (Qiagen, Germany), according to the man-
ufacturer’s instructions. The purity of the extracted DNA
was confirmed based on the absorbance of the extracted
DNAat260 nm and 280 nm wavelengths by biophotometer
(Eppendorf, Germany). The samples were stored in a-80°C
freezer for future tests.

3.5. Human Beta-Globin Gene Amplification

The human beta-globin gene was used as an internal
control in order to confirm the accuracy of DNA extrac-
tion. The following primers, produced by TAG Copenhagen
(Denmark), were used to amplify the human beta-globin
gene: beta-globin-forward: 5-TCCAACATCAACATCTTGG T-
3’ and beta-globin-Reverse: 5-TCCCCCAAATTCTAAGCAGA-3’
(13). Each reaction mixture contained 10 pL of primer taq
premix (2X), 1 4L of 10 pmol of forward and reverse PCR
primers, 3 pL of distilled water and 5 p.L of DNA template.
PCR amplification conditions on a thermocycler (Biorad-
Germany) were as follows: 95°C for 5 minutes, followed by
35 cycles of 95°C for 45 seconds, 54°C for 30 seconds and
72°C for 30 seconds, with a final extension at 72°C for 5 min-
utes. An aliquot of all PCR products was run on a 1.5% (w/v)
agarose gel with a100 bp DNA ladder.

3.6. Polymerase Chain Reaction for the Detection of Varicella
Zoster Virus

Specific primers, produced by TAG Copen-
hagen (Denmark), were used to amplify the VZV
genes. The sequences of forward and reverse

primers were 5- ATGTCCGTACAACATCAACT-3’ and 5'-
CGATTTTCCAAGAGAGACGC-3', respectively (13).  Each
reaction mixture contained 10 pL of primer taq premix
(2X), 1 uL of 10 pmol of forward and reverse PCR primers,
3 pL of distilled water and 5 L of DNA template. The
negative control tube contained the same PCR reagents
as mentioned above, but 5 yL of water was used instead
of DNA template. The PCR amplification conditions on a
thermocycler (Biorad-Germany) were as follows: 95°C for
5 minutes, followed by 40 cycles of 94°C for 45 seconds,
54.5°C for 40 seconds and 72°C for 35 seconds, with a final
extension at 72°C for 10 minutes. An aliquot of all PCR
products was run on a 1.5% (w/v) agarose gel with a100 bp
DNA ladder (Fermentas-Russia) and electrophoresed at 75
V for 40 minutes. The bands were visualized by ethidium
bromide staining and photographed after UV treatment
by a transilluminator (UV doc, England).
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3.7. Statistical Analysis

The Statistical Program for the Social Sciences (SPSS-
16, SPSS Inc., Chicago, Illinois, USA) was used for statistical
analysis. Continuous variables were expressed as the mean
=+ standard deviation (SD) or median and were compared
using the independent t-test. Categorical variables were
expressed as percentages, and differences between groups
were judged for significance using the Chi-square test or
Fisher’s exact test. P values < 0.05 were considered signifi-
cant.

4. Results

The demographic and clinical features of MS patients
and healthy controls are given in Table 1. In this study, 171
blood samples were examined, among which 82 samples
belonged to the patient group and 89 samples belonged
to the control group. The blood samples from the patient
group were collected based on factors such as age, gender,
geographical area, history of viral infection, genetics, med-
ications and disease duration. To describe the sample fea-
tures, first, the collected data were summarized and con-
cluded by descriptive statistics index, then, all the results
from observing the selected samples were generalized to
the society.

Table 1. Demographic Characteristics and VZV Frequency in RRMS Patients and
Healthy Control Group?

Variable RRMS (n=82)  Healthy(n=89) PValue
Gender 0.194
Male 23(28) 34(38.2)
Female 59(72) 55 (61.8)
Age,y 36.9 +9.30 34.32 £10.56 0.096
Disease onset age 27.46 7.9 NA
Disease definite 30.04 +9.53 NA
recognition age
Family history
Yes 15(18.3) NA
No 65(79.3) NA
Unavailable 2(2.4) NA
VZV antibody 0.539
Positive 78(95.1) 82(92.1)
Negative 4(4.9) 7(7.9)
VZV PCR < 0.001
Positive 21(25.6) 3(3.4)
Negative 61(74.4) 86(96.6)

*Values are expressed as mean = SD or No. (%).
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The sex ratio of the MS group was 2.56:1, and a similar
age distribution was observed between female (median 34
years; range 19 - 70) and male (median 39 years; range 18 -
54) patients. For the healthy individuals, the sex ratio was
1.61:1, and the age distribution was similar between female
(median 31years; range 15 - 58) and male (median 34 years;
range 10 - 35) patients. There was no significant difference
between the controls and the MS patients (P value = 0.194).
Fifteen (18.3%) patients had a familial history of MS.

The standard PCR technique was used to identify the
DNA of the virus. The amplified fragments of the human
beta-globin gene and viral DNA were 122 bp and 267 bp, re-
spectively (Figures 1and 2).

Figure 1. Beta-Globin Amplification Products Analyses in a 1.5% Agarose Gel

3 2 1 M

Lane M, ladder; Lanes 1and 2, human beta-globin gene; and Lane 3, negative control.

4.1. Detection of VZV Specific IgG Antibody

Of all participants in this study, 160 (93.56%) were pos-
itive for anti-VZV. Seventy-eight (95.1%) and 82 (92.1%) were
positive for anti-VZV in MS patients and the healthy control
group, respectively. Statistical analysis showed that there
was no significant relationship between the frequency of
anti-VZV antibodies in the MS patients and the healthy in-
dividuals (P=0.539). In addition, no significant differences
were found between gender, drug receives status, age, and
the type of drug treatment in the MS patients (P = 0.325,
0.071and 0.693, respectively).
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Figure 2. VZV Amplification Products Analyses in a 1.5% Agarose Gel

Lane M, ladder; Lane 1, positive control; Lanes 2 and 3, viral DNA (+); Lane 4, viral DNA
(-); and Lane 5, negative control.

4.2. PCR Finding

Varicella zoster virus DNA detection in MS patients and
the healthy control group was performed in the PBMCs. As
shown in Table 2, of all the participants, 24 (14%) were posi-
tive for VZV DNA. Furthermore, 21 (25.6%) and 3 (3.4%) were
positive for VZVDNA in MS patients and the healthy control
group, respectively (Table 3). We found that the presence
of VZV DNA was significantly different in both groups (P =
0.001). No significant differences were found between MS
patients based on gender, drug receives status, age, and the
type of drug treatment (P = 0.874, 0.625 and 0.797, respec-
tively).

Table 2. Frequency of VZV DNA Infection in Patients With MS*

Variable VZV Positive (n= VZV Negative (n= P Value
21) 61)
Gender 0.951
Male 6(28.6) 17(27.9)
Female 15(71.4) 44 (72.1)
Age,y 36.22 £ 8.711 3715+ 9.58 0.693
Family history 0.548
Yes 5(23.8) 10 (16.4)
No 16(76.2) 49 (80.3)
Unavailable 0 2(33)

*Values are expressed as mean = SD or No. (%).

Table 3. Frequency of VZV DNA Infection Healthy Control Group®

Variable VZV Positive VZV Negative PValue
Gender 0.555
Male 2(66.7) 32(371)
Female 1(333) 54(62.9)
Age,y 32£514 34.46 £10.8 0.615

Values are expressed as mean =+ SD or No. (%).

5. Discussion

Multiple sclerosis is a chronic inflammatory demyeli-
nating disease of the central nervous system. Genetic and
environmental factors jointly determine the susceptibility
of developing MS (14,15). Nowadays, researchers claim that
many viruses, such as measles, VZV and EBV, are involved in
the development of MS. These viruses can have long-term
survival in the body (16). The present study investigated
the prevalence of VZV in MS patients and healthy controls.
In our study, 21(25.%6) of patients with relapsing-remitting
MS (RRMS) had VZV DNA, which was significantly higher
than the control group. In addition, 78 (95.1%) of patients
had specific antibodies against VZV.

The findings of our study suggest the effective role of
viral infection in the pathology of MS disease. However,
some studies, such as Franciotta et al. have reported no
significant relationship between VZV and MS disease (17).
Franciotta et al. screened the DNA of human herpesviri-
dae in the serum and CSF of MS patients. The DNA of HSV,
VZV, CMV, EBV and HHV-6 were examined in serum and CSF
samples in 54 MS patients by the PCR method. All serum
and CSF samples were negative in terms of the existence of
herpesvirus DNA, but one sample of CSF in MS patients was
positive in terms of the presence of EBV DNA. The findings
of this study did not support the role of herpesviruses in
the pathogenesis of MS (17). However, recent studies have
been conducted because of the observation that the inci-
dence of MS in Mexico was increasing, from a very rare dis-
ease in the 1970s to a common disease nowadays. This was
observed by the progressive incidence distribution of new
reports in neurological units throughout the country (18,
19). In addition, a nationwide population-based study in
Taiwan showed that the incidence of MS could be corre-
lated with herpes zoster activation. Kang et al. observed a
significantly higher risk factor for MS within a 1-year follow-
up period of VZV attack, compared with the control group
(20).

The present study showed that there is a meaningful
relationship between the frequency of VZV in MS patients
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and the control group, using the PCR method. As with the
epidemiology of MS, the epidemiology of VZV is signifi-
cantly different in various temperate and tropical regions,
and its gradient prevalence decreases from north to south.
VZV is common in temperate regions in childhood, while
in tropical and subtropical regions it occurs later in life
and affects less than 50% of the general population (21). As
the north of Iran belongs to the temperate region, the risk
of VZV in childhood and the high levels of VZV-specific an-
tibodies appear reasonable (22).

In our study, viral DNA from VZV was found in PBMCs
from patients with MS, who were possibly in the acute re-
lapse phase at the time of the study. According to this
supposition, the presence of VZV DNA only during the ini-
tial weeks of clinical aggravation could be similar to the
characteristic diseases affected by VZV. Viral DNA can be de-
tected in PBMCs only during the primary days of the acute
phase (23).

Consistent with our study, other groups have found
a significant relationship between human herpesviruses
and MS disease (24-28). Sanders et al. analyzed active and
inactive plaque textures in MS disease and a control group
by the PCR method. They concluded that HSV, HHV-6, and
VZV were more prevalent in MS cases compared to the con-
trol group (24). Based on our study and recent evidence,
we propose that VZV is significantly associated with MS dis-
ease (2,20,29).

Ordonez et al. studied the possible role of VZV in the
pathology of MS disease. They showed that the presence
of VZV in blood mononuclear cells is restricted to the MS
clinical relapse period. This finding suggests that either
latent VZV is activated during an MS relapse, or VZV plays
an important role in the etiological pathogenesis of MS
(26). Furthermore, Ordonez et al. studied advanced forms
of MS and their association with VZV. They examined the
presence of VZV DNA in the blood lymphoid and cerebro-
spinal fluid (CSF) of 20 progressive MS patients by the PCR
method. VZV DNA was observed in 65% of CSF samples and
viral particles, such as VZV, were found in 30% of the cases
(27).1f VZV has an association with the etiopathology of MS,
some moot points, related to population genetic predispo-
sition and to the mechanisms of viral latency and reactiva-
tion of VZV, are engrossing subjects for future studies.

The present study analyzed the distribution of VZV in
the blood samples of RRMS patients and a healthy control
group. Our finding has been implicated as a major partici-
pant in the etiology of MS disease.
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