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Backgrounds: Investigating the role of cytomegalovirus (CMV) in multiple sclerosis (MS)
could clarify its potential impacts on the disease progression and pathogenesis. This study
aimed to examine the relationship between CMV seropositivity and MS development as well
as its impact on the disease clinical course and patients’ disability status in North Khorasan
province.

Materials & Methods: This case-control study assessed 98 MS patients and 100 age- and
sex-matched healthy controls using the 2017 McDonald diagnostic criteria. Disability levels
were evaluated via the Expanded Disability Status Scale (EDSS). The presence and levels of
anti-CMV IgG and IgM antibodies in serum samples of both groups were quantified by ELISA.
Findings: All MS patients were seropositive for anti-CMV IgG and seronegative for anti-CMV
IgM, akin to healthy controls. Interestingly, MS patients exhibited significantly lower serum
anti-CMV IgG levels compared to healthy individuals (178.7 + 61.92 vs. 342.9 + 3.121, p<
.0001). Ethnicity and EDSS scores influenced anti-CMV IgG levels, with higher EDSS scores
correlated with lower serum levels. In patients with relapsing-remitting multiple sclerosis
(RRMS), serum levels of anti-CMV IgG exhibited significant variations based on age, EDSS
scores, and the disease duration.

Conclusion: This study reveals a complex link between CMV infection and MS. While anti-
CMV IgG antibodies were found in both MS patients and healthy individuals, lower levels in
MS patients might suggest a protective effect against MS progression. Additionally, reduced
anti-CMV IgG levels correlated with higher EDSS scores, indicating that diminished CMV-
specific immunity could worsen disease severity, especially in RRMS patients.

Keywords: Cytomegalovirus, Multiple sclerosis, Relapsing-remitting, Seropositivity, Disability
evaluation
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Introduction

Multiple sclerosis (MS) is a progressive in-
flammatory autoimmune disorder of the
central nervous system (CNS), characterized
by demyelination and neuronal damage.
Plaques, particularly in the white matter
around the brain lateral ventricles and optic
nerves, are indicative of the disease patholo-
gy. Cortical demyelination is correlated with
clinical progression, severity, and subtypes
of the disease, including relapsing-remitting
and progressive forms (12,

The epidemiology of MS varies significant-
ly by region, with a lower prevalence ob-
served in Asian populations than in Western
populations. Recent studies have indicated
increasing prevalence rates with notable
discrepancies across northern and south-
ern Asia Bl The prevalence of MS in Iran
(100/100,000) is higher than in southern
Europe (e.g., Greece: 43.6/100,000) but sig-
nificantly lower than in northern Europe
(e.g., Scotland: 376/100,000) ™ *I. This sug-
gests that regional variations are influenced
by genetic, environmental, and diagnostic
factors.

MS presents with various clinical courses:
relapsing-remitting (RRMS), primary pro-
gressive (PPMS), secondary progressive
(SPMS), and progressive-relapsing (PRMS).
RRMS is the most prevalent type, character-
ized by acute symptom exacerbations fol-
lowed by remissions. The transition to SPMS
involves a steady symptom worsening. PPMS
presents with continuous neurological dete-
rioration without remission, whereas PRMS
includes occasional recoveries amidst the
disease progression [l

MS risk factors include genetic pre-
dispositions,  particularly = the  HLA-
DRB1*1501/1503 alleles, and demographic
factors such as gender, with a higher preva-
lence in women. Environmental influences,
notably latitude affecting sunlight exposure
and vitamin D levels, along with lifestyle
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choices (such as smoking) and microbial in-
fections have also been implicated > 7. How-
ever, the interplay and relative contributions
of these factors to the risk and progression
of MS remain poorly understood. It has been
proposed that certain environmental fac-
tors, such as viruses, may serve as potential
triggers for the disease 8.

The relationship between viral infections
and MS is intricate, and certain DNA virus-
es, including members of the Herpesviridae
family and human endogenous retroviruses
(HERVs), have also been implicated as signif-
icantrisk factors for the disease. These virus-
es could manipulate host gene expression,
potentially causing immune dysregulation,
myelin damage, and neuroinflammation .
They establish lifelong latent infections that
may contribute to chronic neurological defi-
cits. Recent research has elucidated a strong
association between prior Epstein-Barr vi-
rus (EBV) infection and the development of
MS. EBV has been identified as a key trigger
in MS through immune-mediated mecha-
nisms, suggesting that it may play a signifi-
cant role in the disease onset and progres-
sion [1%, Other herpesviruses, including hu-
man herpesvirus 6 (HHV-6), varicella-zoster
virus (VZV), and cytomegalovirus (CMV),
have also been associated with multiple scle-
rosis (MS) pathogenesis; however, although
these associations are noteworthy, the spe-
cific roles of these viruses in MS remain less
clearly defined, and causal relationships
have not yet been established 111,
Numerous studies have explored the re-
lationship between CMV and MS, yielding
conflicting results regarding its effects, rang-
ing from no impact to protective and dele-
terious influences. While some research has
indicated that CMV may contribute to MS
pathogenesis, other studies have suggested
that it could limit the disease progression
(12151 Factors such as genetic background,
geographic location, age, and socioeconomic
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status may affect these associations [ 1617,
Therefore, further biological and epidemio-
logical investigations are required.
Objectives: This study aimed to examine
the relationship between CMV seropositivi-
ty and MS development as well as its impact
on the disease clinical course and patients’
disability status in a specific geographical
region, North Khorasan province.

Materials and Methods

Study population: This matched case-
control study was conducted at Imam
Hassan hospital in Bojnourd (Iran) on MS
patients aged 18-55 years, referred by the
MS Association. Participants were recruited
from the North Khorasan MS Association,
where their identity and contact details
were registered. Patients were invited to
voluntarily participate in the study while
being informed of its benefits, including free
consultation with a neurologist and potential
access to necessary treatments and tests.
Interested patients were referred to Imam
Hassan hospital in Bojnourd. Diagnoses were
confirmed by a neurologist using the 2017
McDonald criteria, all participants were in
the remission phase of the disease, forming
the case group for statistical analysis.
Exclusion criteriaforthe case groupincluded:
disease relapse within 30 days prior to
enrollment, recent immunosuppressive or
immunomodulatory treatment (within one
month), severe concomitant diseases such
as HIV/AIDS, primary immunodeficiency
disorders, chronic kidney disease, liver
cirrhosis or severe liver disease, active
cancer or hematological malignancies,
systemic autoimmune diseases, severe
neurological disorders (other than multiple
sclerosis), and severe chronic respiratory
diseases. Additional exclusion criteria
included pregnancy, antiviral drug use
(including ganciclovir, foscarnet, acyclovir,
valganciclovir, cidofovir, and letermovir),
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disease-modifying treatments (DMT) within
the past three months, family history of MS
in close relatives, more than two relapses
in the past two years, smoking, alcohol
consumption, and drug abuse.

Healthy controls were recruited from the
same geographic region as the patients
and matched for age, gender, and race/
ethnicity. They had no concomitant diseases
and had not recently used antiviral,
immunomodulatory, or immunosuppressive
medications that could influence immune
system function.

A standardized semi-structured question-
naire was administered to patients and
healthy controls to gather demographic and
clinical data, including personal background,
education, employment, health history, and
socioeconomic factors, which was then com-
plemented with the results of clinical exam-
inations and retrospective medical record
reviews. The clinical course of MS was de-
termined by evaluating the patient’s history,
neurological examinations, MRI findings, and
symptom patterns. The Expanded Disability
Status Scale (EDSS), developed by Dr. John F.
Kurtzke, was used to quantify disability levels
through neurological assessment from 0 (no
disability) to 10 (death due to MS).

CMV serological assay: In this study, serum
samples from all participants were collected
after obtaining informed consent and stored
at -70 °C prior to analysis. The presence
of anti-CMV IgG and IgM antibodies was
assessed using an ELISA kit (PishtazTeb Co.,
Tehran, Iran). The manufacturer reported
that the anti-CMV IgG kit exhibited a
sensitivity and specificity of 100%, while the
anti-CMV IgM kit demonstrated a sensitivity
of 100% and a specificity of 99%. Briefly,
for the detection of anti-CMV IgM, 100 pL of
patient serum samples along with positive
and negative control sera were added to
wells coated with cytomegalovirus (CMV)
antigen and incubated at 37 °C for 30 min.
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Following five washes, 100 pL of HRP-
conjugated anti-human IgM antibody was
introduced to each well. After an additional
30-min incubation at 37 °C and five washes,
100 pL of chromogen was added and
incubated for 15 min at room temperature
in the dark. Subsequently, 100 pL of stopping
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solution was added, and absorbance was
measured at 450 nm. The cut-off value was
defined as the mean optical density (OD) of
negative controls plus 0.15; samples with a
ratio exceeding 1.1 were deemed positive.
For the detection of anti-CMV IgG, similar
procedures were followed with serum

Table 1) Demographic profile of multiple sclerosis patients and controls

Variable

MS Patients: N=98

Healthy controls: N=100

Education levels, n (%)

[lliterate 8(8.16) 9(9)
Elementary school 21 (21.43) 21 (21)
High School 11 (11.22) 12 (12)
College or university 58 (59.19) 58 (58)
Ethnicity, n (%)

Persians 36 (36.73) 41 (41)
Khorasani Turks 20 (20.41) 10 (10)
Khorasani Kurds 37 (37.76) 42 (42)
Iranian Turkmens 2(2.04) 5(5)
Tats 5 (3.06) 2(2)
Employment status, n (%)

Homemaker 50 (51.02) 39 (39)
Unemployed 17 (17.35) 12 (12)
Full-time employee 18 (18.37) 35 (35)
Part-time employee 5(5.10) 11 (11)
Retired 6 (6.12) 3(3)
Not employed due to disability 2 (2.04) 0
Household income level, n (%)

Low-Income 43 (43.88) 43 (43)
Middle-Income 14 (14.29) 17 (17)
High-Income 41 (41.83) 40 (40)
Place of residence, n (%)

Village 17 (17.35) 17 (17)
City 81 (82.65) 83 (83)
Housing status, n (%)

Private 57 (58.16) 40 (40)
Rented 26 (26.53) 33(33)
With parents 15 (15.31) 27 (27)
Number of family members, n

(%)

3> 48 (48.98) 43 (43)
3-4 22 (22.45) 37 (37)
4< 28 (28.57) 20 (20)
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samples, standards, and control sera, which
were added to antigen-coated wells and
incubated for 30 min at room temperature.
After washing, HRP-conjugated anti-
human IgG antibody was added, followed
by chromogen and stopping solution, and
absorbance was measured at 450 nm. The
cut-off index was calculated by dividing the
serum sample OD by the standard OD of 10
AU/mL; values above 1.1 were considered
positive.

Statistical analysis: Statistical analysis was
conducted using GraphPad Prism software
(Version 9.0). Normality was assessed using
Kolmogorov-Smirnov test. Chi-square test
was used to compare the prevalence of an-
ti-CMV IgG and IgM antibodies between the
control and case groups, while independent
t-tests were used to evaluate anti-CMV IgG
levels. Fisher’s exact test was used to analyze
the demographic and clinical characteristics
of the seropositive and seronegative groups.

Ghahremani & et al.

One-way ANOVA was employed to assess an-
ti-CMV IgG levels among MS patients with
multiple demographic and clinical character-
istics. Data were reported as mean * standard
deviation, with significance set at p< .05.

Findings

A total of 198 individuals participated in this
study, comprising 98 MS patients and 100
healthy controls. Among the patients with
MS, 65 were female, and 33 were male, while
the control group included 66 females and 34
males. The median age of MS patients was 39
years (95% CI: 36-42), while the median age
of healthy controls was 40 years (95% CI: 36-
42). Additionally, 76% of MS patients and 68%
of controls were married (Table 1). In MS pa-
tients, the median age at the disease onset was
30 years (95% CI: 28-33), the median disease
duration was 8 years (95% Cl: 6-10 years), and
the mean EDSS score was 2.37 + 0.75 (Table 2).
Serological analysis of MS group revealed that

Table 2) Clinical characteristics of multiple sclerosis patients

Characteristics N=98
History of hospitalization, n (%)

Yes 8 (8.16)
No 21 (21.43)
Age of the disease onset, mean+SD 31.6+£9.2
Age of the disease diagnosis, mean+SD 32.1+9.7
Average duration of the disease, mean+SD 8.3+5.3
Clinical course, n (%)

Primary progressive MS (PPMS) 12 (12.24)
Secondary progressive MS (SPMS) 13 (13.26)
Progressive relapsing MS (PRMS) 3 (3.06)
Relapsing remitting MS (RRMS) 61 (62.24)
First symptom of the disease, n (%)

Darkness eye 24 (24.49)
Diplopia 22 (22.45)
Limb numbness 22 (22.45)
Paresthesia 20 (20.41)
Ataxia 3 (3.06)
Tremor 3 (3.06)
Motor deficit 4 (4.08)
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Table 3) Comparison of anti-CMV IgG levels in MS patients according to various demographic characteristics

Anti-CMV IgG (AU/mL)

Variable mean+SD P Value
Male 191.0 £ 57.94
Gender 17
Female 173.5 £ 59.59
35> 184.9 £ 45.73
Age 35-45 181.1 + 48.62 91
45 < 178.1 £ 73.12
Persians 187.1 £ 58.84
Khorasani Turks 205.5 £45.07
Ethnicity Khorasani Kurds 165.8 £ 60.99 .042
Iranian Turkmens 149.0 £ 58.03
Tats 209.6 £ 68.53
Homemaker 175.2 + 69.64
Unemployed 185.9 + 51.87
Full-time employee 179.1 £ 77.02
Employment status Part-time employee 205.7 £ 67.02 95
Retired 178.3 +51.20
Not employed due to
ezl 189.9 + 51.37
Village 181.6 £ 57.15
Place of residence .52
City 192.4 £+ 73.91
ns **‘*m*sm | 300 | . " =
500 ? I___ ) ]
_ 400 ;:: £ 200 T
-E. 300 C'; g'
2 — = &
Q 200 E ; 100
- 100 E
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Figure 1) Serum levels of anti-CMV IgG in patients with relapsing-remitting multiple sclerosis (RRMS)

based on various demographic and clinical characteristics. RRMS patients and individuals with other disease
phenotypes (No RRMS) demonstrate significantly lower anti-CMV IgG levels than healthy controls (A). The
levels of anti-CMV IgG vary by age (C), the disease duration (E), and Expanded Disability Status Scale (EDSS)
scores (F), but do not differ significantly based on gender (B) or ethnicity (D). Data are presented as the mean
+ standard deviation. NS: non-significant, *: p <.05, **: p< .01, ****: p<.0001.a
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all samples were positive for anti-CMV IgG,
while none were positive for anti-CMV IgM.
The healthy control group exhibited similar
findings. Notably, the mean serum anti-CMV
IgG concentration was significantly lower in
MS patients than in controls (178.7 + 61.92
vs. 342.9 * 3.121, p< .0001). Further statis-
tical evaluation indicated no significant dif-
ferences in anti-CMV IgG levels based on age,
gender, or occupation in the MS group (p<
.05); however, ethnicity significantly influ-
enced anti-CMV IgG levels (p=.042), such that
Khorasani Turks displayed higher anti-CMV
IgG levels compared to Iranian Turkmens and
Khorasani Kurds (p< .05) (Table 3).

In this study, no significant difference in se-
rum anti-CMV IgG levels was observed be-
tween RRMS and non-RRMS patients (p<
.05). However, RRMS patients exhibited sig-
nificantly lower anti-CMV IgG levels than
healthy controls (170.3 + 65.9 vs. 3429 #*
121.3, p< .0001) (Figure 1A). Furthermore,
no significant differences in anti-CMV IgG lev-
els were found based on gender or ethnicity
among patients with RRMS (p< .05) (Figure
1B and D). However, a significant difference
in anti-CMV IgG levels was observed based on
age (p=.02) (Figure 1C).

In patients with RRMS, no significant
correlation was found between the age of
the disease onset/ diagnosis and anti-CMV
IgG levels (p= .05). However, a significant
association was observed between the
disease duration and anti-CMV IgG levels (p=
.002) (Figure 1E). Additionally, a significant
relationship was identified between EDSS
scores and anti-CMV IgG levels in this patient
population (p=.014) (Figure 1F), indicating
potential implications for the disease
progression and immune response.

Discussion

The relationship between CMV infection and
MS pathogenesis remains controversial, with
unclear implications as either a protective
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factor or a potential risk enhancer. Limited
research has explored the connection
between CMV serostatus and disability levels
in MS patients. Further seroepidemiological
studies across diverse populations are
essential to elucidate the role of CMV in
MS development. Therefore, this study
assessed the seroprevalence of CMV and its
correlation with disability status and clinical
disease progression among MS patients.
The present study results indicated that all
MS patients were seropositive for anti-CMV
IgG antibodies while remaining seronegative
for anti-CMV IgM antibodies, consistent with
the findings observed in healthy control
subjects. Notably, serum levels of anti-CMV
IgG were significantly lower in MS patients
compared to healthy controls. Additionally,
variations in serum anti-CMV IgG levels
among MS patients were correlated with
factors such as ethnicity and EDSS scores.
Specifically, in patients exhibiting the RRMS
phenotype, serum anti-CMV IgG levels were
dependent on patient age, EDSS scores, and
the disease duration.

CMV typically establishes lifelong latency
following an initial asymptomatic infection,
with anti-CMV IgM antibodies indicating
recent infection or reactivation [8. In
this study, all MS patients and healthy
controls tested positive for anti-CMV IgG
antibodies, reflecting past exposure, while
all participants were seronegative for anti-
CMV IgV, indicating no recent infection or
reactivation. Several factors may account for
this consistent seronegativity. Demographic
characteristics and the size of our cohort
might have contributed to this seropositivity,
as previous studies have shown only 2-4%
seropositivity for anti-CMV IgM in similar
age groups 1% 2%, Furthermore, individuals
might have transitioned from anti-CMV IgM
to IgG due to prior exposure. The immune
status of MS patients and the impact of DMTs
may also play a role in preventing detectable

Summer 2025, Volume 11, Issue 3
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IgM responses.

In this study conducted in northeastern Iran,
aseropositivityrate of 100% wasreported for
anti-CMV IgG antibodies among MS patients.
In contrast, Najafi et al. (2016) reported a
seropositivity rate of 79.3% in northern Iran
(211 Sanadgol et al. (2011) reported 87.2%
in southeastern Iran ?%, and Karampoor et
al. (2017) reported 98.8% in central Iran
(23], However, studies conducted in Europe
and the United States have indicated lower
seroprevalence rates for anti-CMV IgG in
MS patients, ranging from 36 to 65% 3 2+
261, Comparison of various studies indicates
that the seroprevalence of CMV among
MS patients in Iran has exceeded the rates
observed in Europe and the United States,
with a notable upward trend in recent years.
In this study, no significant difference in
CMV seroprevalence was found between
MS patients and healthy controls. This
finding aligns with the findings of other
studies conducted by Najafi et al. (2016) 21,
Sanadgol et al. (2011) *?, as well as a meta-
analysis of 16 related studies [**.. Conversely,
Karampoor et al. (2023) # reported higher
seropositivity rates of anti-CMV IgG in MS
patients compared to controls, suggesting a
potential role of CMV in MS pathogenesis.
Numerous studies conducted in European
countries and the United States have
demonstrated that the seroprevalence
of anti-CMV IgG in MS patients is lower
than in healthy individuals (2426 27 These
studies have highlighted the potential
protective effect of CMV against MS, which
is often interpreted through the lens of
the hygiene hypothesis. However, a recent
study conducted in Italy in 2024 found no
significant difference in the seroprevalence
of anti-CMV IgG between MS patients and
healthy controls **], suggesting the need for
further investigation into this relationship.
Thakolwiboon et al. (2020) reported that in
Europe, CMV IgG seroprevalence was lower
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in MS patients than in controls, while an
opposite trend was observed in the Middle
East, and no significant association was
found between the two in North America 7,
In this study, serum anti-CMV IgG levels
were significantly lower in MS patients
than in healthy controls. Additionally, there
were no notable differences in anti-CMV
IgG levels based on age, occupation, or
gender among MS patients; however, ethnic
disparities were found to influence anti-
CMV IgG levels. This supports the findings
of Langer-Gould et al. (2017), who similarly
reported reduced anti-CMV IgG levels
in MS patients compared to controls [2°,
Contrarily, studies by Zivadinov et al. (2006)
(121 and Sundqvist et al. (2014) 1?8 reported
no significant differences in anti-CMV IgG
titers between MS patients and healthy
individuals. Moreover, Sanadgol et al. (2011)
221 found higher anti-CMV IgG levels in MS
patients than in controls. While Zivadinov
et al. (2006) 2! confirmed no significant
age or gender differences in anti-CMV IgG
levels, Perri et al. (2024) "3 indicated that
age could affect CMV serostatus, but gender
could not. Furthermore, research highlights
that CMV seropositivity may vary according
to race/ethnicity in MS patients [, aligning
with the present study findings.

The present study findings align with those
of previous research showing that CMV
plays a complex role in MS. Liinemann et
al. (2024) ™ found that high CMV-specific
immunity was associated with lower serum
neurofilament light chain and disability
scores, indicating a protective effect. In
contrast, Alari-Pahissa et al. (2018) ?”! and
Perrietal. (2024) ™Inoted that CMV infection
might lead to altered immune responses
such as increased differentiated T and NK
cells, which could exacerbate disability in
MS patients. Thus, low anti-CMV IgG levels
may reflect a weak immune response,
contributing to the disease progression.
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Limited research has explored the
relationship between CMV serostatus and
disability in MS patients.

This study established a direct correlation,
indicating that lower EDSS scores were
associated with elevated serum anti-CMV
IgG levels. This finding is in contrast to
the findings of other studies conducted by
Zivadinov et al. (2006) %, who reported
an inverse relationship, and Alari-Pahissa
et al. (2018) ?"1, who found no significant
association between CMV serostatus and
EDSS scores in MS patients.

This investigation revealed no significant
differences in serum anti-CMV IgG levels
between RRMS and other MS phenotypes,
corroborating a previous study [, In
patients with RRMS, anti-CMV IgG levels
did not vary significantly by gender or
ethnicity; however, significant variations
were associated with age. Perri et al
(2024) also noted a significant correlation
between CMV serostatus and older age 3.
In contrast, Sanadgol et al. (2011) indicated
significant gender differences in anti-CMV
IgG titers among RRMS patients 22, While
Najafi et al. (2016) found no age or gender
differences in CMV serostatus Y, our data
indicated significant associations between
EDSS scores and disease duration with anti-
CMV IgG levels, which is different from prior
reports linking CMV serostatus with clinical
variables [31.

This study had several limitations that might
have impacted its findings. First, the absence
of molecular methods, such as polymerase
chain reaction (PCR), restricted our ability to
detect active CMV infection in MS patients.
Additionally,immune cell phenotypes or serum
cytokine profiles were not assessed, which
could elucidate the immunological effects of
CMV on MS. Finally, since all MS patients were
anti-CMV IgG seropositive, we were unable to
differentiate the effects of active versus past
CMV infections on clinical outcomes.

Infection Epidemiology and Microbiology

Ghahremani & et al.

Conclusion

Taken together, this study underscores the
complex relationship between CMV infection
and MS. While the consistent presence of
anti-CMV IgG antibodies in both MS patients
and healthy controls confirms widespread
prior exposure, the observed trend of lower
serum anti-CMV IgG levels in MS patients,
potentially indicative of a protective role,
warrants further investigation. Crucially,
the correlation between lower anti-CMV IgG
levels and higher EDSS scores, particularly in
RRMS patients, suggests a detrimental effect
of diminished CMV-specific immunity on the
disease severity. Future studies are essential
to elucidate the precise mechanisms by
which CMV influences MS pathogenesis
and progression, thus paving the way for
potential therapeutic interventions.
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