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Abstract

Background: Multiple sclerosis (MS) is a chronic debilitating disease known as one of the most common neurological dysfunctions
in young adults. Recent studies suggest that infections with herpesviruses play a critical role in the pathogenesis of MS.
Objectives: The present investigation aimed to detect the presence of cytomegalovirus (CMV) in patients with MS using polymerase
chain reaction (PCR) and enzyme-linked immunosorbent assay (ELISA) methods.
Patients and Methods: Plasma and peripheral blood mononuclear cells (PBMCs) were collected from MS patients (n = 82) and from
blood donors as control group (n = 89). They were tested for the presence of CMV antibodies and DNA by ELISA and PCR, respectively.
Results: Anti-CMV was positive in 65 (79.3%) and 69 (77.5%) of the MS patients and healthy subjects, respectively (P= 0.853). Similarly,
23 (28%) and 2 (2.2%) patients were positive for CMV DNA among the MS and control groups, respectively. Statistical analysis showed
that the frequency of CMV DNA in the MS patients was significantly higher than in the healthy controls (P < 0.001).
Conclusions: The results of this study showed a possible association between CMV infection and MS. Further experimental and
epidemiological studies using case-control approaches are needed to confirm this association.
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1. Background

Multiple sclerosis (MS) is a chronic autoimmune dis-
ease of the central nervous system (CNS) that affects ap-
proximately 400,000 individuals in the USA. Multiple scle-
rosis is characterized by the formation of lesions, inflam-
mation, and the destruction of myelin sheaths of neurons
(1, 2). The clinical courses of this disease are relapsing re-
mitting MS (RRMS), secondary progressive MS (SPMS), pri-
mary progressive MS (PPMS), and progressive relapsing MS
(PRMS). Relapsing remitting multiple sclerosis (approxi-
mately 85% of clinical cases) and PPMS (approximately 15%
of clinical cases) are the two main types (3). Of the for-
mer, approximately 87% of patients experience acute at-
tacks (relapses) followed by partial or full recovery (remis-
sion) (4). A growing body of literature has indicated that
MS is an autoimmune and inflammatory disease; however,
its underlying cause is still unclear. Many recent studies
conducted on children and adolescents with MS suggest
that viral infections play a critical role in its etiology (5, 6).

Cytomegalovirus (CMV) is a human pathogenic β-
herpes viral agent in the most common congenital infec-
tions. Many genetically different strains of CMV circulate

in the human population, but these antigenic differences
are probably not important determinants in human dis-
ease (7). Approximately 40% - 60%, and up to 100%, of
the general population is positive for anti-CMV, indicat-
ing primary infections during childhood or early adult-
hood (8). Reactivation of latent infections occurs in some
individuals in the presence of humoral immunity. This
virus has been isolated from the lung, liver, esophagus,
colon, kidneys, monocytes, and T and B lymphocytes, and it
can cause systemic infection. The primary disease consists
of an infectious mononucleosis-like syndrome, although
most CMV infections are subclinical. Similar to all her-
pesviruses, CMV establishes lifelong latent infections. The
virus can be shed intermittently from the pharynx and
in urine for months to years after the primary infection
(7). Cytomegalovirus probably plays a causative role in
the pathogenesis and onset of autoimmune disease. The
prevalence of CMV crucially depends on factors such as age,
ethnicity, socioeconomic status, and sexual history (9).

There has been recent controversy over the role of CMV
in the pathogenesis of MS. Some investigations have sug-
gested a positive association between CMV infection and
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MS disease activity (10), while others have indicated that
CMV infections are negatively associated with MS (11, 12).

2. Objectives

The present study aimed to determine the seropreva-
lence and distribution of CMV DNA in the peripheral blood
mononuclear cells (PBMCs) of patients suffering from
RRMS.

3. Patients and Methods

3.1. Patients

Eighty-two blood samples from MS patients and 89
from healthy blood donors (as the control group) in north-
ern Iran were collected based on patient age and gender.
MS was diagnosed with magnetic resonance imaging (MRI)
and according to the McDonald criteria (13, 14). The pa-
tients had no clinical history of other autoimmune dis-
eases, and all patients received treatment except for ten
who were considered treatment-naive. The study protocol
was reviewed and approved by the local ethics committee,
and conformed to the ethical guidelines of Islamic Azad
University, Tonekabon Branch, Iran.

3.2. Sample Preparation

Blood samples were collected from all of the MS pa-
tients and the healthy controls. The collected venous blood
samples (~ 5 mL) were poured into plasma-separator tubes
containing EDTA, then centrifuged. The serum samples
were stored at -80°C until the enzyme-linked immunosor-
bent assay (ELISA) was performed. PBMCs were separated
by Ficoll density gradient centrifugation according to the
manufacturer’s instructions (Sigma, Germany) and stored
in liquid nitrogen until further testing.

3.3. DNA Extraction

DNA extraction from the PBMCs was performed using
the commercial kit according to the manufacturer’s in-
structions (Qiagen, Germany). The purity of the extracted
DNA was confirmed based on its absorbance at 260 and 280
nm wavelengths by biophotometer (Eppendorf, Germany).
The extracted DNA was eluted in 50µL of elution buffer and
stored at -80 °C until assayed.

3.4. CMV-Specific Antibody Detection

ELISA was used for identifying anti-CMV IgG in the
plasma samples from the MS patients and the healthy con-
trols. CMV serology was measured by ELISA using a com-
mercial kit (EUROIMMUN Anti-cytomegalovirus IgG-ELISA,
Germany).

3.5. Polymerase Chain Reaction

Specific primers were produced by TAG Copenhagen
(Denmark) and used to amplify the CMV genes. A pair of
nucleotide primers (5’-CATGCGCGAGTGTCAAGGC -3’ and 5’-
ACTTTGAGCGCCATCTGTTCCT-3’) was targeted to the imme-
diate early gene in the PCR reaction. Each reaction was
performed in a total volume of 20 µL, which contained 10
µL of primer Taq premix (2X), 1 µL of 10 pmol of forward
and reverse PCR primers, 3 µL of distilled water and 5 µL
of DNA template. Thermal cycling (Biorad, Germany) con-
ditions were as follows: denaturation at 95°C for 5 min-
utes followed by 40 cycles of denaturation at 95°C for 30
seconds, annealing at 57°C for 45 seconds, and extension
at 72°C for 30 seconds. The amplification was followed by
a final extension step at 72°C for 10 minutes. An aliquot
of all PCR products was analyzed with conventional (1.5%
agarose) gel electrophoresis. The DNA concentration was
determined after visualization of the bands in comparison
with a standard DNA marker (100-bp ladder; Fermentas-
Russia).

Amplification of human beta-globin housekeeping
gene was used in order to ensure the accuracy of the
extracted DNA by using the following primers: beta-
globin-F: 5’-TCCAACATCAACATCTTGG T-3’ and beta-globin-
R: 5’-TCCCCCAAATTCTAAGCAGA-3’, produced by TAG Copen-
hagen (Denmark).

3.6. Statistical Analysis

Statistical program for social sciences (SPSS-16, SPSS
Inc., Chicago, IL, USA) was used for statistical analysis. Con-
tinuous variables were expressed as the mean ± standard
deviation (SD) or median, and were compared using the in-
dependent t-test. Categorical variables were expressed as
percentages, and differences between groups were judged
for significance using the chi-squared test or Fisher’s exact
test. P-Values of < 0.05 were considered significant.

4. Results

4.1. Demographic Features

A total of 171 different samples were analyzed; 82 were
from MS patients and 89 were from healthy controls.
The blood samples from the patient group were analyzed
based on factors such as age, gender, geographical area,
and history of viral infections. The patient group com-
prised 23 (28%) males (mean age 40.0 years, range 18 - 54
years) and 59 (72%) females (mean age 30.3 years, range 16
- 52 years) (Table 1). The control group of healthy blood
donors was composed of 34 (38.2%) males (mean age 25.64
years, range 19 - 70 years) and 55 (61.8%) females (mean age
26.0 years, range 17 - 50 years) (Table 1). There were 15 (18.3%)
MS patients with a familial history of MS.
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Table 1. Demographic Characteristics and CMV Frequency in RRMS Patients and Healthy Controlsa

Variable RRMS (n = 82) Healthy (n = 89) P Value

Gender

Male 23 (28) 34 (38.2) 0.194

Female 59 (72) 55 (61.8)

Age (y), mean ± SD 36.9 ± 9.30 34.32±10.56 0.096

Disease-onset age (y), mean ± SD 27.46 ± 7.9 - -

Definite diagnosis age (y), mean ± SD 30.04 ± 9.53 - -

Family history - -

Yes 15 (18.3)

No 65 (79.3)

Unavailable 2 (2.4)

CMV antibody

Positive 65 (79.3) 69 (77.5) 0.853

Negative 17 (20.7) 20 (22.5)

CMV DNA

Positive 23 (28.0) 2 (2.2) < 0.001

Negative 59 (72.0) 87 (97.8)

aValues are expressed as No. (%) unless otherwise indicared.

4.2. Detection of CMV-Specific IgG Antibody

The prevalence of CMV-specific IgG antibody among
the MS patients and healthy controls were 65 (79.3%) and
69 (77.5%), respectively (Table 1). The statistical analysis
showed no significant relationship between the frequency
of CMV antibodies and MS (P= 0.853). No significant associ-
ations were found when comparing the MS patients to the
control group based on gender, drug-administration sta-
tus, age, or type of drug treatment (P for all > 0.05) (Table
2).

Table 2. Frequency of CMV Antibodies in MS Patients

Variable CMV Positive (n =
65)

CMV Negative (n =
17)

P Value

Gender 0.997

Male 18 (27.7) 5 (29.4)

Female 47 (72.3) 12 (70.6)

Age (y), mean ±
SD

37.74 ± 9.42 33.76 ± 8.38 0.118

Family history,
No. (%)

0.908

Yes 12 (18.5) 3 (17.6)

No 51 (78.5) 14 (82.4)

Unavailable 2 (3.1) 0 (0.0)

4.3. PCR Results

Conventional standard PCR was used to identify CMV
DNA in the PBMCs. The amplified fragments of human
beta-globin gene and viral DNA were 180 bp and 267 bp, re-
spectively. As indicated in Table 1, among the MS patients
and healthy controls, 23 (28%) and 2 (2.2%) were positive
for CMV DNA, respectively. The statistical analysis showed
that the presence of CMV DNA was significantly different
in both groups (P < 0.001). No significant differences were
found between the MS patients and the controls based on
gender, drug-administration status, age, and type of drug
treatment in terms of CMV DNA positivity (P for all > 0.05)
(Table 3).

5. Discussion

More than 80 types of disorders are known to result
from the immune system attacking the body. The onset of
autoimmunity depends on both genetic and environmen-
tal factors (e.g. viruses) (9, 15). MS is characterized by the in-
filtration of immune cells into the central nervous system
(CNS) upon autoreactivity (16). Previous studies suggested
that Epstein-Barr virus (EBV), a human γ-herpesvirus, was
associated with the risk of progression to MS (17). Recently,
some surveys indicated that CMV infection could be cor-
related with certain types of autoimmune disease. Sev-
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Table 3. Frequency of CMV DNA in MS Patients

Variable CMV DNA Positive
(n = 23)

CMV DNA
Negative (n = 59)

P Value

Gender, No. (%) 0.274

Male 4 (17.4) 19 (32.2)

Female 19 (82.6) 40 (67.8)

Age (y), mean ±
SD

37.68 ± 8.96 36.60 ± 9.49 0.467

Family history,
No. (%)

0.476

Yes 3 (13.0) 12 (20.3)

No 19 (82.6) 46 (78.3)

Unavailable 1 (4.3) 1 (1.7)

eral investigations have demonstrated that CMV infection
may trigger an immune attack against the patient’s own
cells by molecular mimicry. According to previous stud-
ies, a high prevalence of CMV IgG antibodies was found in
patients with certain autoimmune disorders (9). CMV is
probably capable of triggering some immune regulation-
evasion mechanisms, which may decrease immune reac-
tivity in MS patients (18). After an initial infection with CMV,
the virus can remain in PBMCs for life, in the latent phase
(19, 20).

The present study showed positivity for anti-CMV IgG
antibodies in a remarkable 65 (79.3%) of the MS patients.
However, there was no significant correlation with the
presence of specific antibodies in MS patients compared
to the controls (P = 0.853). These findings were simi-
lar to those of Sanadgol et al., indicating that the pres-
ence of anti-CMV antibodies alone may not be an impor-
tant marker for MS development (10). Previous investiga-
tions showed that serum concentrations of the main im-
munoglobulin isotypes may be affected by systemic CMV
infections (10). However, concentrations of immunoglob-
ulin isotypes were not evaluated. On the other hand, a
higher CMV DNA prevalence in MS patients compared with
the healthy control group was found (P < 0.001). This find-
ing was similar to the previous report by Sanadgol et al.
(10). In the latter survey, CMV DNA was found at different
frequencies in various samples of a majority of MS sub-
types. In other reports, however, CMV has been found to
be negatively correlated with MS (11, 21). In fact, Zivadinov
et al. showed a protective effect of CMV against MS (18).

Taken together, the risk of developing MS may be in-
creased via systemic CMV infection. Although this was a
case-control study, we cannot conclusively confirm that
CMV plays a critical role in MS disease. The present re-
port and others from Iran have shown a remarkably high

CMV prevalence in MS patients (10). However, further ex-
perimental and epidemiological studies are needed to con-
firm and prove our findings, using larger samples of MS pa-
tients.
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