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ABSTRACT
Article history: The highly contagious human herpes virus Epstein-Barr Virus
Submited: November 12, 2024 (EBV) affects almost every person at some point in their lifetime.
Revised : November 29, 2024 Seroconversion—the production of antibodies—occurs primarily in
Accepted: December 13, 2024 the early years of life, although it can also happen in adolescence or

later in life as a result of EBV infection and the immunological
Keywords: response that goes along with it. Adolescents who contract
Epstein Barr virus, Multiple infectious mononucleosis may experience extensive lymphocytosis,
Sclerosis, neurodegenerative an acute, dangerous illness. Although semen or blood are rarely
disorders, immunological used in the transmission of EBV, saliva is the primary medium.
changes. Strong epidemiological and molecular evidence has been presented

in recent research investigations supporting the causal role of EBV
in multiple sclerosis (MS). MS is the most common chronic
inflammatory and neurodegenerative illness of the central nervous
system. It is believed that an infectious agent, primarily Epstein-
Barr virus, causes the disease in genetically predisposed individuals.
It is unclear how a common virus that usually causes benign latent
infections might exacerbate autoimmune diseases and cancer in
groups that are already at risk. Here, we summarise the data
supporting EBV's role as a causative agent for MS and discuss how
different risk variables could impact immunological regulation and
EBV infection.

INTRODUCTION

Infectious mononucleosis (IM) is caused by the lymphotropic herpes virus known as Epstein- Barr
virus (EBV) (1).After being identified in cells taken from African Burkitt's lymphoma, EBV was later
found to be quite common around the world (2, 3). EBV belongs to the family of Human Herpes
Viruses (HHVs), which is made up of eight viruses that are split into three subfamilies: Alpha, Beta,
and Gamma. EBV, also known as HHV4, is a member of the Lymphocryptovirus genus within the
Gammabherpesviridae family (4,5).

With about 100 genes that code for around 85 proteins and about 50 non-coding RNAs, the circular
double-stranded genome of EBV is roughly 172 kilobases (6 — 9).There are different EBV strains.
Type 1 (type A) and type 2 (type B) EBV variations were the first to be discovered. Although type 1
(B95-8, GD1, and Akata) is the most common EBV type globally, type 2 (AG876 and P3HR-1) is as
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common in sub-Saharan Africa (10). Individuals may get superinfected with two or more strains of
EBV due to the variations' differing replicative characteristics (11).

EBV's structure is similar to that of HHVs and other related viruses.Together with membrane proteins
derived from the host cell, it also has an outer lipid envelope made of several viral proteins that are
incorporated from the generating host cell. Glycoproteins (gPs) make up a large portion of the
proteins found on the viral outer membrane. There are now 13 gPs known to exist; 12 of them express
only during the productive, lytic replication cycle, and one of them—BARFL1, a decoy viral colony-
stimulating factor 1 receptor (VCSF1R)—may also express during latency. The viral tegument, in
which the capsid with its encased DNA and related proteins is embedded, is found inside the
envelope. (12,13)

Phases of primary infection, latency, and lytic reactivation comprise the life cycle of EBV, which is
typical of a large enveloped DNA virus. Encoding nine distinct envelope entrance gPs is the EBV
genome. Although the exact roles of the most significant gPs are unknown, their functions are all
somewhat understood. The envelope glycoproteins (gPs), which differ slightly depending on the host
cell, dictate the tropism of recently released EBV virions (14). B cells and epithelial cells are the two
main cell types infected with EBV. The first cells to become infected with EBV are epithelial cells
because the virus is spread by the saliva of recipients.After EBV is released from the oropharyngeal
epithelium, it then infects B cells when it enters the underlying tissue (15,16). The composition of the
envelope gPs in EBV virions released from epithelial cells favours B cells, while EBV virions
released from B cells prefer epithelial cells (17, 18).

Viral envelope membrane fusion with target cell plasma membrane can directly result in epithelial
cell infection. EBV gP350/220, which interact with complement receptor (CR)2 (CD21) and CR1
(CD35), also plays a role in epithelial cell attachment. The main mechanisms by which the virus
attaches to the cell surface are through gH/gL interaction with Ephrin A2 (EphA2) and
avb5/avb6/avb8 integrins as well as via BMRF1, which interacts with bl integrins. The contact
between gH/gL and integrins is mediated by a KGD motif on gH, while the interaction between
gH/gL and EphA2 is mediated by the gP42 binding site on gH and the receptor's ligand binding as
well as repeats of fibronectin type I11.When integrins or EphA2 are attached to and interacting with
gH/gL, a conformational shift in gH/gL permits interaction with the trimeric gB. This, in turn, causes
a conformational change and acts as a fusogen to facilitate viral entry (19,20). The major
histocompatibility complex (MHC)-Il complex forms a complex with gP350/220, which binds CR2,
CR1, and gP42 to facilitate B cell infection (21). Following attachment, the virion is endocytosed,
allowing gH/gL to combine with gP42-MHC-II to produce a fusion complex that alters the shape of
gH/GI. Consequently, the virus is released into the cytoplasm when trimeric gB undergoes a
conformational change that facilitates the fusing of the viral membrane with the endosome membrane
(22, 23).

An orderly sequence of viral gene transcription, viral mMRNA translation, viral DNA replication, and
viral assembly of new virus results from the virus's successful invasion and takeover of cellular
control (24). Though less well understood than the entry process, the virion assembly and egress from
the host cell use the host cell exocytosis machinery and require other viral proteins in addition to the
structural, tegument, and envelope proteins (25).EBV uses a variety of distinct major host cell
membrane proteins for both entry and release. Because of the characteristics of gP42, it prefers to
infect epithelial cells when produced by B cells and vice versa, ensuring that some virions will
eventually revert to salivary gland cells and remain viable for spreading to new hosts (26).
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Natural killer (NK) and NK T cells (NKT) are activated, as well as the internal antiviral mechanisms
and extracellular immune response against EBV antigens are triggered by infection (27). Specific
helper T cells, antibodies, and cytotoxic T cells are produced. As a result, EBV has developed defence
mechanisms against the host cell's innate antiviral systems, the extracellular innate immune system,
and the adaptive immune system. The virus also dedicates a significant portion of its non-coding
RNAs and proteins to these defence mechanisms (26, 28).EBV's innate and adaptive immune evasion
mechanisms work together to guarantee the virus's survival in the host. EBV's capacity to adopt a
latent state with little viral gene expression and little viral peptide presentation to the immune system
is a key component of its immune evasion strategy (29). Although latency can also occur in epithelial
cells, this primarily affects memory B cells. Occasionally, EBV can revive from the latent state, for
example, in response to memory B cell antigen stimulation. This results in the lytic generation of
virions upon the expression of an ordered sequence of viral genes (30, 31). Thus, an enhanced
immune response against EBV is mounted, neutralising infected cells and driving the virus back into
latent state. Reactivation can also happen when the virus's cellular immunity "wanes,” and those who
have been infected will always have an ongoing "battle" with EBV. Individuals may eventually
develop EBV-related diseases, depending on their immune system and the environment. This can
happen in certain cases due to EBV immune evasion or EBV infection of other cell types (such as T
cells, NK cells, NKT cells, monocytes/macrophages, and others).(32). This review explores the
association between EBV infection and MS, emphasizing the role of immunological responses,
genetic factors, and viral reactivation in the pathogenesis of MS.

RESEARCH METHODS

This review analyzes recent literature focusing on the epidemiology, pathophysiology, and molecular
mechanisms underlying the association between EBV and MS. The data was gathered from a range of
studies, including epidemiological investigations, clinical trials, and molecular studies. Key findings
related to the immunological responses to EBV infection, the role of viral antigens, and the genetic
predisposition to MS are discussed. The review also highlights ongoing clinical research involving
antiviral therapies, vaccines, and cell-based treatments targeting EBV in MS patients.

RESULTS AND DISCUSSION

Epstein-Barr Virus Epidemiology:

Most children contract EBV early in infancy, and seroconversion—the development of Abs to EBV—
peaks between 1-2 years of age. Most infectious infections during this time are mild and may even go
undetected. Puberty causes a second peak in seroconversion because it increases the frequency of
close social contact with infected individuals. Adolescent infection is more dangerous and frequently
leads to IM, sometimes known as "kissing disease™ (13, 15). Latent infection does not appear to affect
overall health in most infected individuals; nevertheless, dysregulation of latency or a failure to
regulate the lytic infection can result in the development of lymphoproliferative disorders, including
lymphoma (33).

The virus load and immune system condition of an individual define the course of an EBV infection.
These factors are influenced to varying degrees by the individual's gene composition, prior infection
history, and a number of environmental factors.

Due to the widespread prevalence of EBV, relatively little research has been done on the genetic
components of disease. Therefore, genetic correlations will only be related to the age of infection, as
almost everyone eventually contracts the disease. Studies looking at populations have shown a
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correlation between EBV seropositivity and certain MHC-I1 and -1 alleles. Furthermore, there is a
connection between EBV seropositivity and inadequacy of mannan-binding lectin (34).

Additionally, there is a connection between EBV seropositivity and some polymorphisms in the
(IL) 10 gene and other immune system genes (35).Nevertheless, the relative lack of seronegative
individuals hinders all these investigations.One's EBV status is known to be influenced by
environmental influences. The factors that have been found thus far are body mass index (BMI),
smoking, and sunlight/Vitamin D (36).

These variables probably affect people's overall immunological health, which in turn affects how
susceptible they are to contracting EBV. For example, it has been suggested that exposure to sunlight
and VitD can prevent autoimmunity by boosting the quantity of CD8+ T cells that can manage EBV
infection (37). Furthermore, it has been suggested that obesity affects the cellular immune response to
infections and produces a persistent immune-mediated inflammatory state (38); however, additional
research is needed to fully comprehend these connections.The more severe course of EBV infection in
adolescence or later in life suggests that previous infections may influence an individual's
immunological repertoire and consequent ability to fight off subsequent infections.

Association Between Ebr And Multiple Sclerosis :

It is well recognised that EBV infection is linked to a wide range of illnesses, and that prior IM raises
the risk of many of these illnesses (40). The illness known as IM is characterised by a protracted
fever, enlarged lymph nodes, lethargy, malaise, and other symptoms. Studies on genetic variables
linked to IM are scarce. Certain MHC-1 and -l alleles as well as polymorphisms in the IL10 gene
have been linked to the development of IM, much like EBV infection itself (41).EBV is the cause of
several cancers, including nasopharyngeal epithelial carcinomas and B cell lymphomas, which affect
the two main cell types that the virus targets (42, 43).

It has been observed that MS CSF contains oligoclonal bands that are reactive to both human
herpesvirus 6 and EBV, as well as antibody reactivity to EBNA1 and EBNAZ2 epitopes. Furthermore,
it has been observed that the CSF of MS patients contains cytotoxic T lymphocytes (CTLS) that are
reactive to EBV lytic proteins (44, 45). In individuals with early MS, the presence of serum antibodies
to EBNAL has been linked to higher intrathecal 1gG levels, indicating a potential role for EBV at the
start of MS symptoms.

With a distinctive elevation of various pro-inflammatory cytokines, such as IL-12, TNF, IFNy,
lymphotoxin-a, and osteopontin, cytokine production is severely disrupted in multiple sclerosis.
TGFp and IL-10 levels rise during illness remission, while IL-10 production is downregulated prior to
disease return (46). In peripheral blood from MS patients, inflammatory B cells have also been found
to secrete greater amounts of IL-10 and GM-CSF (47).

The significance of EBV as a driver of disease activity in MS patients is expected to be clarified by
ongoing clinical research utilising antivirals, vaccines, and cell-based strategies that target EBV. EBV
infection raises the chance of MS by around 32 times, and HLA-DR2b (HLA-DRB1*1501b and
HLA-DRA1*0101a) and symptomatic to severe infectious mononucleosis enhance the risk even
further. It is not entirely known how these environmental and genetic factors increase risk in multiple
sclerosis, but there are still a lot of logical explanations (46, 48)

It is still difficult to identify which of these are the most common factors and how to intervene
therapeutically in the most effective way. Autoantibodies that are cross-reactive with multiple EBV
antigens are present in MS patients. Self-antigens and EBV antigens cross-react, involving humoral as
well as cellular immune responses. MS patients' autoreactive antibodies also react with viral proteins,
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particularly EBNAL (49).Patients with MS1 usually have higher levels of EBNA1 antibodies in their
serum and CSF (49, 50). It was discovered that there is more to elevated titres of EBNA1 antibodies
than only HLA typel23. High titres of EBNAL antibodies are linked to a higher risk of MS (51). It's
unclear which antigen triggers immunogenicity in many of these polyreactive EBNAZ1-specific
antibodies.

CONCLUSION

It is yet unknown if EBV plays a major role in the onset of the illness (for example, through molecular
mimicry) or if the infection is merely chronic and recurrent. The duration of infection probably has a
role in the immune system's removal of viruses, autoreactive T cells, and antibodies that attack parts
of the central nervous system. Several genetic risk alleles,particularly HLA-DRB1*1501, which may
amplify the impact of EBV infection by aberrantly presenting autoreactive peptides, must further
aggravate these occurrences.
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