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Abstract 

Background: Multiple Sclerosis (MS) is a potentially debilitating autoimmune demyelinating 

disease affecting the central nervous system (CNS) which is diagnosed between the ages of 20-

49 years, leaving many years of life left for accumulation of disability (1,2). Disease modifying 

therapies exist to slow disease progression, but there is no curative treatment for MS (3). While 

the etiology of MS is incompletely understood, there are combined effects of genetics and the 

environment (4). Robust environmental risk factors have been identified, including vitamin D 

deficiency, cigarette smoking, childhood obesity, and Epstein Barr Virus (EBV) infection (4). It 

is estimated that up to 90.0% of MS cases are potentially preventable with risk factor 

modification (4). 

Objectives: The objective of this narrative literature review is to identify, appraise and 

summarize data concerning (1) the risk of MS development due to EBV infection, and (2) 

current progress for a prophylactic EBV vaccine. While other modifiable risk factors contribute 

to MS risk, recent evidence has shown that EBV infection has the most significant impact, and 

will therefore be the focus of this review(4,5). 

Methods: PubMed database was searched for relevant articles from December 14
th

, 2021 to 

January 16
th

, 2022. Two research questions were used; (1) ‘What is the impact of EBV infection, 

a modifiable risk factor, on MS incidence?’ and (2) ‘What primary prevention strategies for EBV 

infection are manageable in primary care?’. Studies were included for question #1 if they met the 

following criteria: (a) primary sources, not limited by study design, (b) available in English; (c) 

adult-onset MS (>16 years of age); (d) effect on incident MS cases; (e) latitudes >45° N or >45° 

S; and (f) in the past 5 years. Titles and abstracts were screened for relevance to the research 

questions before qualifying for a full article review. 

Results: A total of 7 articles met inclusion criteria for question (1), and a total of 9 articles for 

question (2). (1) EBV infection is associated with an increased risk of MS development, with the 

greatest risk associated with primary EBV infection in adolescence and early adulthood. (2) The 

majority of vaccination studies included were theoretical or in animal models. Prophylactic 

vaccination candidates with antigen targets for both early and latent infection appear to be 

promising areas for future research. There is currently no effective prophylactic EBV vaccine. 

Conclusion: EBV infection appears to be the most significant modifiable risk factor for MS 

development. While no prophylactic vaccine currently exists, the advent of such an 

immunization could potentially prevent up to 90% of incident MS cases. At this time, however, 

up to 55% of MS cases may be preventable by modification of the other significant risk factors; 

smoking, vitamin D insufficiency, and pediatric obesity. Though these are challenging health 

issues themselves, it is within the primary care provider’s scope to educate and counsel patients 

regarding MS primary prevention.  
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Introduction 

Multiple Sclerosis Background 

  MS is a potentially debilitating immune-mediated demyelinating and neurodegenerative 

disease that affects the CNS, leading to a wide array of symptoms including spasticity, tremor, 

ataxia, weakness, gait impairments, pain, paresthesia, vision impairment, cognitive impairments, 

and fatigue (1,6). While MS primarily affects white matter, lesions also occur in grey matter 

tissues, and neuronal pathology contributes to widespread CNS dysfunction (1,6). MS 

phenotypes can be divided into relapsing-remitting or progressive disease presentations, and MS 

is most often diagnosed between the ages of 20-49 years, leaving many years of life left for 

accumulation of disability (2,7). There is no cure for MS. Moderately effective disease-

modifying therapies exist to reduce relapse rates and slow disease progression, but these 

therapies cannot reverse the existing damage made to the CNS (3). 

Epidemiology & Etiology 

  MS continues to be the most common cause of non-traumatic neurological disability in 

young adults worldwide, with a global prevalence of 43.95 per 100,000 persons in 2020, 

resulting in 2.8 million people living with MS (2). Canada has one of the highest prevalences of 

MS, with approximately 100,000 individuals currently living with the disease (2). MS onset is 

most common between the 3
rd

 to 5
th

 decades of life (2,7). MS is 2 to 4 times more common in 

biologically female persons, for all but primary progressive MS (PPMS), which tends to present 

equally in both sexes (1,2). While the etiology of MS is not completely understood, it is known 

that there are combined effects of genetic and environmental risk factors (4).  

Genetic factors 

  Historically, MS has been most common in White persons of Northern European ancestry 
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(6). Siblings of an individual with MS have a 7-fold increased risk of developing MS as 

compared to the general population (8,9). Concordance rates are higher between monozygotic 

twins (20-30%) as compared to dizygotic twins (2-5%), and therefore the risk is associated with 

the amount of shared genetic information (8). Since the recurrence risk in monozygotic twins is 

only ~25%, genetic factors alone cannot account for the development of MS (8). 

  Genome-wide association studies (GWAS) have identified over 230 genes that are 

implicated in increased MS risk (10,11). Nearly 200 of these genes are found outside the major 

histocompatibility complex (MHC) and appear to have a regulatory function on the genetic 

expression of immune cells associated with MS (10,11). The remaining genes are associated with 

the extended MHC, specifically the human leukocyte antigen (HLA) class II loci (10,11). 

Individuals carrying the HLA-DRB1*15:01 allele have a 3-fold increase in MS risk, the greatest 

increase seen from any HLA allele (8,12). 

Modifiable Risk Factors 

  Robust environmental MS risk factors have been identified, including EBV infection, 

vitamin D insufficiency, tobacco inhalation, and pediatric and adolescent obesity (4). 

EBV Infection 

  EBV is a globally pervasive human-specific herpes virus transferred by saliva; 90-95% of 

adults are seropositive (13,14). EBV initially infects oral epithelial cells and local B cells; while 

epithelial cells shed virus for months post-infection, EBV also continues to replicate in B cells 

and disseminates to multiple lymphoid tissues in the body (13). EBV eludes the immune system 

by mimicking interleukins and inhibiting apoptosis, resulting in disseminated latent infection 

within B cells (13). 

  While EBV infection often is asymptomatic, primary infection in adolescents and young 
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adults may result in symptomatic infectious mononucleosis (IM) in 30-50% of these age groups 

(13,14). Primary infection in adolescence is more common in developed nations, potentially due 

to greater hygiene in infancy (4,13). This trend follows similar geographical gradients of MS 

distribution, where MS prevalence increases with increasing distance from the equator (4). While 

previous studies have linked EBV seropositivity alone to an increased relative risk (RR) of MS 

development, primary infection later in life and IM has a stronger association (RR 2.3) (4). 

However, late asymptomatic primary infection and IM should not be considered equivalent, as 

IM may have other viral etiologies (14). Therefore, it is likely that the timing of primary EBV 

infection is a critical factor in the increased risk of MS.  

  While the relationship between EBV seroconversion and MS risk is incompletely 

understood, recent studies have identified potential mechanistic explanations. An in vitro and 

animal study found that the HLA-DRB1*15:01 allele acts as a co-receptor for EBV in B cells 

(15). Another in vitro animal study demonstrated that EBNA1, an EBV transcription factor, had 

high-affinity molecular mimicry with the human adhesion molecule, GlialCAM, which is 

expressed in glial cells in the CNS (16). That study also identified that persons with MS 

demonstrated both anti-EBNA1 and anti-GlialCAM antibodies (16).   

Tobacco Inhalation 

  Cigarette smoking is associated with an increased risk of MS (OR 1.6) and interacts 

synergistically with  HLADRB1*15:01 (combined OR 15) (17). The risk increases with smoking 

duration and quantity (4,17). The mechanism by which cigarette smoking may influence MS 

risk is unclear, however, irritation of lung tissue and subsequent systemic inflammatory response 

is the leading theory (4,17). This is supported by the dose-dependent relationship, as well as oral 

tobacco consumption (chewing tobacco) being associated with a decreased MS risk (4,18). 
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Additionally, nicotine has been shown to have a neuroprotective effect (18). Notably, while 

studies examining cannabis use and increased MS risk are lacking, based on the posited 

‘respiratory irritant’ pathway, smoking cannabis may also potentially increase MS risk and may 

be an important area for future research with cannabis use increasing in Canada (19). 

Vitamin D Insufficiency 

  Similar to the geographical distribution of MS, vitamin D levels have a latitudinal 

gradient, with deficiency (<50 nmol/L) and insufficiency (51-74 nmol/L) rates being more 

common in populations living furthest from the equator (4,20,21). This gradient of vitamin D 

levels is secondary to the primary source of vitamin D being ultraviolet radiation, which is 

reduced at higher latitudes (4,22). While this link was first recognized mainly through 

retrospective and observational studies, recent Mendelian randomization (MR) studies have 

identified a causal link between low vitamin D levels and increased risk of MS (21,23,24). 

Insufficient vitamin D levels have been shown to have an MS OR of 1.4 (17). 

  Vitamin D plays a considerable role in the immune system. The active vitamin D 

metabolite 1,25(OH)2VD3 (vitamin D3) interacts with multiple immune cells and has an 

inhibitory effect on T helper cell actions, including inhibition of interleukin production, and 

inhibiting B cell production and differentiation, which impacts cellular and humoral mediated 

immunity (21,25). Additionally, vitamin D receptors are present on many other cells in humans, 

including within the CNS, and it has been associated with neuroprotective effects (26). 

Pediatric & Adolescent Obesity 

  Adolescent obesity has been associated with a two-fold increased MS risk, and like 

tobacco inhalation, interacts synergistically with the HLADRB1*15:01 gene (combined OR 14) 

(17). While previous studies have indicated that elevated pediatric BMI (<10 years) was not 
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associated with an increased MS risk, recent MR studies indicate that elevated BMI in childhood 

is casually associated with MS, though studies remain discordant (23). The association appears 

to be positive and linear, even when controlled for physical activity (4,17).  

  Several mechanisms have been proposed for the etiologic role of pediatric obesity. First, 

the bioavailability of vitamin D tends to be lower in obese individuals (17,27). However, recent 

MR studies have demonstrated that pediatric obesity is an independent risk factor from vitamin 

D, and therefore increases risk by another mechanism (23). Pathways suggested concern adipose 

tissues' inherent increased inflammation levels and their release of the hormone leptin, which 

also increases inflammation, suggesting that overall increased systemic inflammation increases 

the risk of MS development (17). 

MS Primary Prevention 

  Primary prevention of MS is often overlooked, however, it is estimated that 

approximately 55.8% of all MS cases may be prevented with risk factor modifications of the four 

main environmental risk factors; vitamin D insufficiency, tobacco smoking cessation, pediatric 

and adolescent obesity, and IM prevention (4). Furthermore, while not currently available, an 

estimated 90.0% of MS cases could be prevented by a prophylactic EBV vaccine (4). Given the 

significant impact of this disease on Canadians, as well as the current and future projections of 

the financial burden due to MS on the healthcare sector, primary prevention of MS is important 

to decrease the incidence, and ultimately the prevalence, of MS (4,28). 

Literature Review Objectives 

 The objective of this narrative literature review is to identify, appraise and summarize 

data concerning (1) the risk of MS development due to EBV infection, and (2) current progress 

for a prophylactic EBV vaccine. While other modifiable risk factors contribute to MS risk, recent 
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evidence has shown that EBV infection has the most significant impact, and will therefore be the 

focus of this review (4,5). Given that MS is an incurable progressive neurological disease, but 

has known modifiable environmental risk factors, interventions for primary prevention warrant 

better implementation. The goal of this review is to share information with primary care 

providers about currently available and potential future interventions for MS primary prevention, 

and educate them in regards to counseling and providing interventions for patients that may 

benefit from risk modifications. 

Materials & Methods 

Study Inclusion Criteria 

  Two research questions were used; (1) ‘What is the impact of EBV infection, a 

modifiable risk factor, on MS incidence?’ and (2) ‘What primary prevention strategies for EBV 

infection are manageable in primary care?’. Studies were included for question #1 if they met the 

following criteria: (a) primary sources, not limited by study design, (b) available in English; (c) 

adult-onset MS (>16 years of age); (d) effect on incident MS cases; (e) latitudes >45° N or >45° 

S; and (f) in the past 5 years. Adult-onset MS was the focus of this review as pediatric-onset MS 

is rare, and with the recognition of myelin oligodendrocyte glycoprotein antibody spectrum 

disorder (MOGSD), pediatric-onset MS may be lower in prevalence than previously reported 

(29). Due to the size limitations of this project, only studies from the past 5 years were 

considered. Specific latitude ranges were chosen to ensure the information was relevant to the 

Canadian population, given the geographical gradient of MS distribution and gradients of 

multiple risk factors. Studies were included for question #2 if they met criteria (a), (b), and (f). 

Outcome and Intervention Measures 

  For study question #1, the primary outcome was the incidence of adult-onset MS (any 
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disease course) in relation to EBV seropositivity or history of IM.  For study question #2, the 

primary intervention of interest was prophylactic EBV vaccine candidates.  

Search Strategy 

  The PubMed database was searched from December 14
th

, 2021 until January 16
th

, 2022. 

MeSH search terms including “Multiple Sclerosis”, “Risk Factors”, “Epstein-Barr virus”, 

“Primary prevention”, and “Vaccines” were used to complete the search (Appendices A & B).  

Study Selection 

  Article titles were screened for relevance to the two study questions, and those meeting 

inclusion criteria underwent abstract review. Reference lists of articles searched were also 

reviewed for relevant studies. Studies that were considered appropriate after abstract review had 

design characteristics and results exported into Excel. Selected articles underwent a full review 

to ensure correct inclusion criteria (see Figures 1 & 2). 

Results 

Risk Factors: EBV & IM 

  Seven articles satisfied the inclusion criteria (Table 1). Sample sizes for the studies 

ranged from 2,531 to 2,492,980, all of which were in vivo studies. Overall there were two 

retrospective case-control studies, one retrospective population-based case-control study, two 

prospective nested case-control studies, and one retrospective nested case-control study. For 

intervention measures, two studies utilized EBV serology, four studies used history of IM, and 

one study utilized both measures. For all studies, the outcome measure was MS incidence. 

EBV serology 

  Bjornevik et al identified a 32-fold increase (HR 32.4, 95% CI: 4.3-245.3, p<0.001) in 

MS risk after EBV seroconversion in early adulthood (5). This longitudinal study of active US 
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military members analyzed 3 serial serum samples from incident MS cases as compared to 

controls, where all individuals in both cohorts were EBV seronegative at the time of entry into 

the study (5). Six EBV IgG antigens were analyzed with both ELISA and Western blot (5,30). 

For individuals who developed MS, EBV seroconversion preceded elevation of serum 

neurofilament light chain (SNfL) levels, a non-specific marker for acute neuroaxonal injury, and 

SNfL elevation was not identified in the control cohort (5). Of the 35 incident MS cases, all but 

one did not seroconvert prior, with their last seronegative only 3 months before their diagnosis 

(5). The median time from EBV seroconversion, estimated as the halfway point between the last 

negative and 1
st
 positive sample, to MS onset was 7.5 years, with a range from 2-15 years (29). 

  The antibody response to ~200 viral species was equal between MS and control cases, 

except for EBV, significantly decreasing the likelihood of reverse causation or ‘second-hit’ from 

another virus (5). This study also looked at cytomegalovirus (CMV), as a positive control as it is 

also spread via saliva and is a herpes virus similar to EBV; CMV seroconversion was not 

associated with increased HR of MS, but instead was associated with a slight decrease in risk (5). 

This study meets several Bradford-Hill criteria for determining causality (31,32) (Appendix C). 

This study is strengthened by its study design, serial samples, and overall large sample size but is 

limited by selection bias and small sample sizes for SNfL and virome analyses. 

  In Finland, a prospective nested case-control study analyzed the association of EBV and  

MS in pregnant persons enrolled in the Finnish Maternity Cohort (FMC) and in their progeny 

(33). EBV-seropositive pregnant persons had an increased risk of MS (RR 3.44, 95% CI: 1.55-

7.63), p=0.003), and there was an increase in risk noted with increasing anti-EBNA-1 IgG levels 

(RR top vs bottom quintile: 3.42, 95% CI: 2.56-4.56, p <1.11
-16

) (33). While there was no 

increased risk of MS in the progeny of EBV seropositive pregnant persons, an increased risk was 
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seen related to anti-VCA IgG levels (33). Progeny whose pregnant parent had anti-VCA IgG 

levels in the uppermost quintile were noted to have an increased risk of MS when controlling for 

the pregnant person's 25(OH)D and cotinine levels, progeny sex, and gestational age at collection 

(RR 2.01, 95% CI: 1.05-2.86, p=0.01) (33). This study is strengthened by its design and 

population-based sample but is limited by the absence of controlling for additional MS risk 

factors. 

 IM history 

  A prospective population-based cohort study by Xu et al in 2021 found that IM diagnosed 

in hospital during childhood (0-10 years) and adolescence (11-19 years) were associated with 

respective increases in the risk of MS (HR 2.87, 95% CI: 1.44-5.74; HR 3.19, 95% CI: 2.29-

4.46) (34).  There was also an associated risk in early adulthood (20-24 years), however, unlike 

the younger age categories, this relationship was not significant when controlled for familial 

factors (34). While this study was strengthened by its design, control of familial factors, and 

large sample size, but was limited by selection bias, as only in-hospital IM diagnoses were 

included (34). A nested case-control study by Dobson et al found that medically documented IM 

was associated with an increased risk of MS (35). Interestingly, they only found a statistically 

significant association in the black population (OR 4.94, 95% CI: 1.23-17.89, p<0.05; n = 

13,400), whereas the association with the white population was not statistically significant (OR 

1.29, 95% CI: 0.6-2.0, p>0.05; n = 13,400) (35). This study is strengthened by its large sample 

size and consideration of ethnicity but is limited by selection bias. 

  A retrospective case-control study in the UK sought to identify any increased risk of MS 

development related to the seasonality of IM infection (36). No such seasonal association was 

found, but any IM infection was associated with an increased risk of MS (OR 1.77, 95% CI:1.53-
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2.05) (36). Additionally, the study utilized medical records for IM confirmation and either first 

clinical signs (e.g. optic neuritis (ON)) or MS diagnostic date as the endpoint and found that the 

median onset was 15 years, with an interquartile range of 9.2 to 22.8 years (36). The strengths of 

this study include its large national database and case-control design, but limitations include 

retrospective design and record bias. Another retrospective case-control study also identified an 

association between self-reported IM infection and MS risk, and observed an antagonistic 

relationship between IM and smoking concerning MS risk (‘never smokers’ OR 3.06, 95% 

CI:2.31-4.03 vs ‘ever smokers’ OR 2.92, 95% CI:2.2-3.88)  (37). This study was strengthened by 

its large sample size and case-control design but limited by its retrospective design, recall bias, 

and non-response selection bias. 

EBV and IM   

  A retrospective population-based case-control study found that individuals with anti-

EBNA-1 IgG levels greater than their samples median had an increased risk of developing MS 

irrespective, though influenced, by their smoking status (‘never smokers’ OR 2.7, 95% CI:2.4-

3.0 vs ‘ever smokers’ OR 3.8, 95% CI:3.4-4.3) (38). This study also found an increased MS risk 

associated with self-reported IM infection, with similar modification of the association by 

smoking status (‘never smokers’ OR 1.7, 95% CI:1.5-2.1 vs ‘ever smokers’ OR 2.5, 95% CI:2.0-

3.0) (38). The strengths of this study include its large population based sample, case-control 

design, and serological samples, and limitations include its retrospective design, recall and 

selection biases. 

Primary Prevention: EBV & IM 

  Nine articles satisfied the inclusion criteria (Table 2). Sample sizes for the studies ranged 

from 20 to 723 for in vivo studies, with all but one experimental study design being in vitro or 
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animal models. Overall there were two descriptive studies, one uncontrolled longitudinal study, 

one randomized uncontrolled trial, four randomized controlled trials (RCTs), and one ongoing 

phase I clinical trial.  

Descriptive studies 

  In 2019 Gosce et al applied a computer-based compartmental model using data from 723 

UK individuals from the Health Survey for England to analyze hypothetical prophylactic EBV 

vaccine models (39). This descriptive study considered immunization efficacy and duration and 

identified that while certainly the best vaccine is both 100% effective and provides lifelong 

protection, this is unlikely to be achievable (39). With that caveat, they identified the next best 

vaccination strategy should prioritize duration over efficacy, with a vaccine that has lifelong 

protection but only 80% efficacy identified to decrease IM incidence in ages 12-18 and 19-24 

years when vaccination occurs in age groups 5-11 or 12-18 year age groups, as compared to 

prevalence when no vaccination was implemented (39). The study also identified that 

vaccination <1 year of age, after depletion of maternal antibodies, with a high efficacy >80% but 

short duration, would appear to increase IM cases, as more individuals would be entering their 

adolescence with negative EBV seroprevalence and with waning immunization protection (39). 

This study was limited by a lack of statistical analysis, and no model considering multiple 

immunizations. 

  Another study by Alonso-Padilla et al also used a computer-based model, but for 

descriptive bioinformatics analysis of potential B and T cell epitopes for vaccines with 

comparative analysis with world population major histocompatibility complex (MHC) (40). A 

possible prophylactic EBV vaccine consisting of B cell epitopes, CD4 and CD8 T cell epitopes, 

with an estimated population protection coverage (PPC) of >95% was proposed (40). A total of 
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25 EBV antigen genes made up the hypothetical vaccine including 14 CD8 T cell epitopes, 4 

CD4 T cell epitopes, and 7 B cell epitopes (Table 2) (40). While this study utilized mainly 

experimentally validated epitopes, it is theoretical and therefore requires experimental validation. 

RCTs 

  A randomized controlled trial (RCT) in a humanized mouse model (n = 20) in 2018 

identified a prophylactic EBV vaccine using virus-like particles (VLPs) and light particles (LPs) 

consisting of latent infection protein EBNA-1inserted into the EBV major tegument protein 

BNRF1 (41). NSG-A2 mice, humanized with CD34+ hematopoietic progenitor cells (HPCs), 

were immunized at 0 and 4 weeks with phosphate-buffered saline (PBS), VLPs/LPs alone or 

VLPs/LPs with EBNA1 protein, and were then challenged with wild type EBV at 10 weeks (41). 

Mice immunized with VLPs/LPs-EBNA1 showed only 14% EBV DNA in peripheral blood 

samples as compared to 100% of controls with qPCR (p = 0.009 v. PBS, p = 0.035 v. VLPs/LPs 

alone), and spleen samples isolated from these mice had lower EBV-encoded RNAs (EBER+) as 

compared to controls with in situ hybridization analysis (p = 0.0027 v. PBS, p = 0.0286 v. 

VLPs/LPs alone) (41). This study is limited due to the animal model. 

  In 2019, Ruhl et al conducted an RCT in huDEC205-Tg C57BL/6 mice (n = 154) to 

determine the efficacy of a prophylactic heterologous prime-boost vaccination strategy against 

the EBNA1 protein (42). Mice were vaccinated and received a heterologous booster at 10 days, 

either PBS + PBS, αDEC-E1 (dendritic cell receptor for EBNA1) + Adeno-E1-LMP (adenovirus 

vector to EBNA1, latent membrane protein), or Adeno-E1-LMP + MVA-IiE1 (Modified 

Vaccinia virus Ankara, viral vector, to EBNA1) (42). A subsample of mice (n = 34) had 

peripheral mononuclear blood cells (PMBCs) monitored for 21 weeks; samples were stimulated 

with EBNA1 peptides and both αDEC-E1 + Adeno-E1-LMP and Adeno-E1-LMP + MVA-IiE1 
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immunizations demonstrated increased IFN-γ levels in CD8 T cells as compared to control (p < 

0.05 & p < 0.01) (42). This study is limited by its animal and in vitro models and lack of 

infection challenge. 

  Zhang et al conducted an RCT in special pathogen-free (SPF) BALB/c mice (n =35) in 

2020 (43). Chimeric VLPs comprised of hepatitis core antigen 149 (HBc149) and 3 peptides 

from envelope glycoprotein gp350 were used to immunize mice at 0, 2 and 4 weeks, with either 

control gp350 monomer, control HBc149, or HBc149 + various epitope trimer arrangements 

(43). Serum samples were collected weekly for 14 weeks and analyzed for anti-gp350 titers by 

ELISA; two VLP arrangements, 149-3A & 149-3B had increased titers as compared to the 

monomer control with each sample (p ≤ 0.001, for both) (43). Additionally, week 10 serum 

samples were diluted and cultured with a human cell line (n = 5). Both 149-3A & 149-3B 

demonstrated decreased percentage of infected cells as compared to control (p ≤ 0.05 and p ≤ 

0.001, respectively) (43). This study is limited by its animal and in vitro models. 

  Most recently in 2021, Kang et al constructed a nanoparticle vaccine with a protein 

scaffold of lumazine synthase (LS) or I3-01 with various gp350 protein arrangements and 

conducted an RCT with BALB/c mice (n = 120) and macaque (n = 6) models (44). Mice were 

vaccinated at 0, 3, and 6 weeks; serum samples taken after the 2
nd

 boost showed that gp350D123 

(gp350 truncated protein) combined with LS had increased neutralizing antibody titers of sera 

against EBV as compared to gp350D123 alone (p<0.01), the full gp350 ectodomain + LS 

(p<0.01) and mAb 72A1 (p<0.05) (44). These results were applied to the macaque model, 

vaccinations at 0, 4, 12, and 16 weeks with PBS, gp350D123, or gp350D123 + LS; serum samples 

collected weekly for 18 weeks showed that gp350D123 + LS  induced increased total antibody 

titers as compared to the other conditions, and these titers were persistently elevated by 
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comparison (∼1.0−2.0 log10), though no statistical analysis was included (44). This study is 

limited by its animal and in vitro models, small sample size, and no infection challenge. 

Experimental, non-RCTs 

  A 2016 study by Cui et al constructed mono- and multimeric epitope vaccines consisting 

of gB, gH, gL, and gp350 proteins (45). Rabbits (n = 25) were vaccinated on days 0, 21, and 42, 

with serum samples analyzed for neutralizing antibody titers on day 52; both tetrameric gp350 

and trimeric gH/gL vaccines showed increased neutralizing antibodies as compared to their 

monomeric counterparts (p < 0.05 for both) (45). This study has multiple limitations, including 

its small sample size, lack of negative control, no infection challenge, and short timeline. 

  An uncontrolled longitudinal study by Brooks et al in 2016 assessed T cell responses to 

PMBCs from EBV seropositive persons (n = 20) stimulated with EBNA2, EBNA-LP & BHRF1 

(46). It was identified that EBV seropositive CD4 & CD8 T cells had the most frequent response 

to EBNA2 (89% of donors) (46). This study was limited by its small sample size and limited 

HLA types due to mainly Caucasian donors. 

Clinical trials 

  In late 2021, ModernaTX, Inc. initiated a phase I clinical trial, randomized, parallel 

assignment, placebo-controlled and quadruple masked (participant, care provider, investigator, 

outcomes assessor) (NCT05164094/The Eclipse Trial) (47). This trial is assessing safety as well 

as B-cell neutralizing antibody and antigen-specific binding antibody titers for a prophylactic 

RNA vaccine, mRNA-1189, against gp350 (47,48). Pre-clinical trials in immunosuppressed mice 

resulted in antibodies against gp350, gH/gL, and gB, which are implicated in both B and 

epithelial cell entry (48). The trial is recruiting 272 individuals, ages 18-30 years old for four 

intervention arms, to receive three varying doses of the mRNA-1189 or placebo normal saline, 
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with immunizations scheduled on Days 1, 57, and 169 (47). This study is strengthened by its 

design and sample size; however it is weakened by the sample ages, as individuals of this age 

have likely already seroconverted. The outcome measure is antibody titers; however future 

studies will need to address EBV infection challenges. 

Discussion 

Risk Factors: EBV & IM 

  After primary EBV infection, latent infection persists in B-lymphocytes and influences 

the immune system, increasing the risk of MS development (49). The relationship between EBV 

and MS is incompletely understood, however, molecular mimicry is a leading hypothesis with 

EBV proteins having a high affinity to multiple human molecules including HLA-DRB1*15:01, 

GlialCAM, and myelin basic protein (MBP) (15,16,50). EBV infection is ubiquitous, and the 

severity of EBV primary infection is influenced by age; adolescents are at greater risk of 

symptomatic IM, whereas younger individuals tend to have an asymptomatic course (51). Age at 

primary infection tends to increase with increasing latitude, following a similar geographic 

distribution as MS prevalence (4). 

  The studies analyzed in this review identified that an IM diagnosis in adolescence, 

elevated EBNA-1 IgG levels, elevated VCA IgG levels in the parent during pregnancy, and EBV 

seroconversion in young adults, all increase risk of MS incidence. The strongest association 

factor was EBV seroconversion during early adulthood, suggesting that the timing of primary 

infection is more significant than symptomatic infection. However, of the three studies that 

analyzed EBV serostatus as an intervention measure, only one study analyzed multiple 

serological samples to determine accurate primary infection timing. The remaining four studies 

used IM diagnosis as their intervention measure.  
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EBV vs IM status 

  Previous reviews have identified that any EBV infection is associated with an increased 

risk of MS and that a history of IM confers an even greater risk (4). While the timing of primary 

infection in adolescence appears to be the strongest risk factor, IM incidence is significantly 

more common in this age group, making the separation of these two scenarios challenging. The 

articles included in this review measured EBV infection differently, varying from EBV 

serological analysis alone, to history of IM alone, or a combination of both. Unlike Bjornevik et 

al, other studies analyzing EBV serological status did not recruit individuals who were EBV 

seronegative, which likely contributed to the wide difference in associations with MS risk 

between these studies, given the ubiquitous nature of EBV infection.  

  All of the studies reviewed that measured EBV serostatus measured EBNA-1 IgG levels, 

which indicates latent or reactivated EBV infection (14). Additionally, Munger et al also 

analyzed maternal VCA-IgG and its effects on progeny, which is present in both acute and latent 

EBV infection (33). Notably, higher serum levels of both EBNA-1 IgG and VCA-IgG were 

associated with a greater RR of MS incidence (33,52). Of the 4 studies that reported IM histories, 

only 2 of these were medically confirmed whereas the other 2 were self-reported. 

  Bjornevik et al’s 2022 study provides significant weight to the mounting evidence that 

EBV appears possibly necessary, though not sufficient, to subsequent MS development (4,5). 

The risk of confounding in this association is implausible, given that this hypothetical 

confounder would require to have a dual >60-fold risk increase in both subsequent MS 

development and EBV seroconversion (5,53). Currently known associations to increased risk of 

MS such as HLA-DRB15 homozygosity, vitamin D insufficiency, cigarette smoking, and 

pediatric obesity, are at most contributing a risk factor of <5 individually, and given that it is 
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extremely unlikely that there is an unknown unidentified confounder, this strengthens this 

study’s validity (4,5).  

  Importantly, of the 35 incident MS cases, 1 individual was found to have not EBV 

seroconverted before their diagnosis, with the last serum collection only 3 months before 

diagnosis (5). Given that the timelines for EBV infection to neuroaxonal injury have been 

observed to be a median of 7.5 to 15 years, for an individual to seroconvert and have 

inflammatory changes in such a small period is an outlier and exceedingly unlikely. With that 

said, earlier studies have reported a minimum of 1.7 years to conversion, which is more in 

keeping with this short turnaround (4,5,54). The study posits the individual may have been 

infected but did not seroconvert, and a false negative in serological testing is also possible (5,55). 

As MS is largely a clinical diagnosis, it is not implausible that misdiagnosis could occur; with 

similar (though significantly less prevalent) neurological inflammatory diseases such as 

neuromyelitis spectrum disorder (NMOSD) and MOGSD, the individual could have been 

misdiagnosed (56). Alternatively, the individual may have had MS without a primary EBV 

infection, and EBV seroconversion may be causal, but not necessary for MS development. 

Seroconversion timeline 

  Earlier studies have posited that the association between EBV and MS may be due to 

initial immune dysfunction during the pre-clinical stage of MS disease causing an increased risk 

of EBV infection (5,57). Bjornevik et al’s 2022 study is the only one that enrolled seronegative 

individuals and tracked serostatus over time. Due to this serial analysis of EBV serostatus, the 

study identified that primary EBV infection preceded MS onset. The additional analysis of serial 

SNfL levels, which were only elevated in incident MS cases, showed that EBV seroconversion 

also preceded neuroaxonal injury; therefore seroconversion appears to be a trigger for immune 
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dysregulation. Furthermore, the virome analysis did not identify any other association with viral 

infections, including CMV which has similar epidemiology to EBV, further strengthening the 

evidence against immune dysfunction before EBV infection (5).  

  This study also noted MS onset occurred at a median of 7.5 years post-seroconversion, as 

compared to Downham et al who noted a median of 15 years. Whereas Bjornevik et al measured 

EBV serostatus, Downham et al measured IM diagnosis. Dissimilarities in these observations are 

expected due to their differing definitions of the triggering event, and therefore they cannot be 

directly compared. 

Serum Neurofilament Light Chain Levels 

  SNfL levels were only analyzed in Bjornevik et al’s 2022 study, with no other studies 

utilizing any other means of assessing CNS damage. Elevated SNfL levels are a marker of 

neuroaxonal damage that is non-specific to MS, and may also be seen in stroke, peripheral 

neuropathies, and neurodegenerative diseases (5,58). As the study population is relatively young 

(>90% were <40 years), it is unlikely that they would have comorbid strokes or 

neurodegenerative diseases, and peripheral neuropathies have a different clinical presentation 

(58). A potential confounder would be traumatic brain injury (TBI), which can raise SNfL levels 

for several years post-injury and would not be an uncommon occurrence in this military 

population, but injuries of this nature were not documented (58,59). However, within-person 

changes of SNfL levels were only significant in the incident MS population and not controls, and 

it is improbable that the control group would have differing TBI incidence. There, it is most 

likely that the neuroaxonal injury is associated with a recent preceeding EBV infection. 

Summary  

  Considering Bjornevik et al’s 2022 study is not an RCT; we cannot use it to determine 
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causality. However, the ability to do such a study to examine this relationship is essentially 

impossible, and unethical, therefore we must consider the nature of evidence we will accept to 

influence clinical practice. Utilizing the Bradford-Hill criteria for causal inference, we can 

establish a causal relationship (31,32) (Appendix C). Bjornevik et al’s study satisfies the criteria 

for strength of association, temporality, specificity, plausibility, and coherence. Including the 

other articles in this review, further criteria are established including consistency and biological 

gradient. Ideally, Bjornevik et al’s 2022 study should be replicated with another cohort, with 

increased sample sizes for the EBV seroconversion, and SNfL level analysis, with the addition of 

IM history, documented. While there is significant evidence to identify EBV seroconversion in 

adolescence as one causal factor for MS development, further research will be of benefit. 

Primary Prevention: EBV & IM 

  Prophylactic vaccines have been a cornerstone of healthcare since their inception, 

providing cost-effective and long-term protection from preventable diseases (60). Primary care 

practitioners, family physicians, physician assistants, and nurse practitioners, are effective 

providers in counseling and delivering vaccines. While vaccine hesitancy is a persistent concern, 

most of the Canadian population receives their routine childhood immunizations (61). Given the 

increasing evidence of a causal link between EBV infection and MS, primary prevention via 

prophylactic EBV vaccine is being identified as the most important intervention (4,62).  

  Although multiple EBV vaccines have been investigated over the past three decades, no 

vaccine has effectively prevented primary infection, though there have been candidates that 

decreased symptomatic IM (63,64). With EBV’s ubiquitous nature and a strong causal link to 

MS development, a prophylactic vaccine is the most effective answer. While not from the herpes 

family, previous prophylactic vaccine strategies against viruses such as human papillomavirus 
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(HPV) have yielded a significant decrease in its causal disease, cervical cancer (60). 

  The studies analyzed in this review identified multiple promising vaccine candidates 

including epitope vaccines, antigen-antibody conjugates, nanoparticles, chimeric and non-

chimeric VLPs, and mono- and multimeric proteins. Multi-antigen, viral fusion, multimeric, and 

heterologous prime-boost strategies were shown to induce increased immunogenicity. Except for 

the two descriptive studies, all experimental studies identified were completed in animal models 

or in vitro. Half of the experimental studies targeted latent infection proteins, and half targeted 

envelope glycoproteins. One descriptive bioinformatics analysis posited a vaccine candidate with 

both humoral and cell-mediated epitopes.  

 Immunization timing 

  The timing of vaccination was only examined in one descriptive study, but it necessitates 

discussion. While EBV seropositivity alone has been associated with an increased RR of MS, 

seroconversion in early adulthood or IM has a much greater RR (5). Therefore, the focus of 

protection should be during adolescence and early adulthood, and immunization duration will be 

a vital parameter. This is consistent with previous studies that have identified the risk of early 

vaccination paradoxically increasing IM cases, as waning immunity post-vaccination in 

adolescence could result in increased rates of later primary infections (4,17).  However, 

vaccination in early adolescence may be less effective, as many individuals will have already 

seroconverted. Additional information of value in future dynamics modeling would be the 

inclusion of boosters on immunization timing, as early immunization with multiple boosters may 

be more protective given that early asymptomatic EBV infection is still associated with MS risk. 

Potential Increase in MS incidence 

  As with the risk of immunization timing, immunization itself could unintentionally 
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increase MS incidence, depending on the specific antigens used in the vaccine. This could occur 

if the mechanistic relationship between EBV and MS is due to molecular mimicry. Multiple 

human molecules including GlialCAM, MBP, and the HLA-DRB1*15:01 allele have similar 

epitope characteristics as EBV proteins (15,16,50). EBNA1 was used in multiple studies and has 

a high affinity to GlialCAM, and LMP was used in one study and has a high affinity to MBP 

(16,50). Additionally, HLA-DRB1*15:01 allele being implicated could potentially be a 

contraindication to immunization in individuals with this allele, as it has been shown to act as an 

EBV co-receptor (15).  

Animal models 

  While animal studies are the gold standard for pre-clinical trials, considering that none of 

the experimental studies included containing an in vivo human model, there are significant 

limitations to this review, as natural EBV infection is limited in non-human animals. For 

example, mice, used in the majority of our experimental studies, are not susceptible to natural 

EBV infection, though can be humanized or made immunodeficient to study short-term 

protection only, and there are no humanized rabbit models (65). One study used cynomolgus 

macaques, after identifying a potential vaccine in a mouse model. There is evidence that c. 

macaques B cells can be infected by EBV, and they are naturally infected by a homologous EBV 

virus, cynomolgus lymphocryptovirus (cLCV) (66). This is a closer model but has restrictions as 

EBV infection challenges are limited since B cell infections are not immortalized as they are in 

humans (65,67).  

Antigenic targets 

  In the past, EBV glycoproteins, mainly gp350, have been the main antigenic target in 

prophylactic vaccine development (68). Vaccine candidates targeting glycoproteins have the 
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advantage of inhibiting the initial infection of epithelial and, most importantly, B cells; however 

EBV infection also occurs in NK and T cells, though is not well understood (63,68). Previous 

human trials have shown a vaccine candidate with recombinant gp350 was able to decrease the 

incidence of IM but did not impact EBV seroconversion (64). By comparison, the studies 

reviewed that utilized gp350 and other glycoproteins found significantly stronger neutralizing 

antibodies when using multimers, chimeric VLPs, or nanoparticle approaches. Therefore, this 

initial glycoprotein vaccine candidate may potentially have increased immunogenicity with 

similar variations and may result in protection against seroconversion. Another human trial 

examining induction of T-cell immunity with latent infection protein EBNA3A had a similar 

response, decreasing IM incidence without preventing EBV seroconversion (63,69). Ruhl et al’s 

2019 study also identified the prevention of symptomatic infection with another latent infection 

protein, EBNA1, with the limitation of a mouse model (42). 

  Since neither an approach specific to EBV envelope proteins nor latent infection proteins 

have given adequate protection from seroconversion, a combination of these approaches may 

provide optimum immunogenicity and multi-cell type protection. Alonso-Padilla et al posited a 

theoretical multi-epitope vaccine candidate, interestingly including both T and B cell epitopes, 

including glycoproteins and latent infection proteins (40). van Zyl et al study proposed a similar 

envelope plus latent protein combination, with a significant, though not a complete reduction of 

EBV infection in mice (41). 

Summary 

  While prevention of IM is promising, inhibition of EBV seroconversion is likely 

significantly more important in preventing MS. Vaccines that result in immunogenicity to 

glycoproteins, early infection, and latent proteins appear to be a promising area of further 
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research for a prophylactic immunization strategy. Further research of these vaccine candidates 

is required in humans to determine clinical utility.  

Primary Prevention: Other Modifiable Risk Factors 

  Smoking cessation continues to be a challenge for individuals and care providers but is 

mainly managed in the primary care setting with motivational interviewing, support services, and 

pharmacotherapy (70,71). While the number of cigarette smokers is declining, 12.9% of the 

Canadian population are smokers and approximately 25% of never smokers report exposure to 

secondhand smoke (72,73). It’s estimated that smoking cessation and avoidance of passive 

smoking could result in an 8% decrease in incident MS cases (4). 

  Vitamin D insufficiency and deficiency are extremely common in Canada, with 70-97% 

of the population having inadequate levels (74). Dietary vitamin D supplementation with 

approximately 2000 – 4000 IU daily in adults appears to be sufficient to achieve adequate serum 

levels (>75 nmol/L) of vitamin D, and supplements are generally well tolerated (4,21).  

Counselling surrounding vitamin D supplementation is easily integrated into primary care and 

may contribute to a 40% decrease in incident MS cases (4).  

  Prevention and management of pediatric and adolescent obesity is a complex health issue 

that is impacted by social, economic, and environmental factors. These influences result in 

significant challenges; however, a primary care provider can educate and counsel the family as a 

whole to create positive lifestyle changes. There continues to be a significant proportion of the 

pediatric and adolescent population who have an elevated BMI; approximately 1 in 3 Canadian 

youth are overweight, while 1 in 7 is obese (75) It’s estimated that early-life obesity prevention 

could result in a 7.8% decrease in incident MS cases (4). 
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Conclusion 

  EBV infection is likely the most significant modifiable causal risk factor for MS 

development. Given the ubiquitous nature of EBV infection and the relatively infrequent 

incidence of MS, EBV infection appears to be potentially necessary, but not sufficient for MS 

development. Primary infection timing in adolescence contributes a significantly greater risk 

than IM or childhood infection, potentially due to the EBV’s prolonged latent cycle and potential 

reactivation. Prophylactic vaccination strategies are likely the best approach to preventing EBV 

infection and thereby drastically decreasing incident MS cases (4).  

  Currently, there is no approved treatment for EBV infection, save for supportive 

management (13). While attempts at vaccine development have been ongoing since 1985, there 

has yet to have been a successful prophylactic treatment that protects from EBV seroconversion 

(63,68). Vaccine candidates in pre-clinical trials are focusing on a variety of antigenic targets, 

and those with the greatest efficacy in animal models include a multi-antigenic approach, 

targeting both lytic and latent infection proteins. Previous vaccine trials have had success in 

preventing IM but not seroconversion (48). Currently, an mRNA vaccine is undergoing phase I 

trials (47). Additionally, the timing of vaccination will be an important consideration, as early 

vaccination with inadequate duration, may exacerbate late primary infections. Prophylactic 

immunizations are successful health initiatives that fall under the scope of general, primary care 

practitioners. While EBV prophylaxis is not yet available, primary care providers can further 

implement education and interventions surrounding smoking cessation, vitamin D insufficiency, 

and pediatric and adolescent obesity. 
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Figure 1. EBV & IM Risk factor study inclusion and exclusion process 
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Figure 2. EBV & IM Primary prevention study inclusion and exclusion process 
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Table 3. Modifiable Risk Factors for Multiple Sclerosis that could be addressed by Primary Care 

Providers 

Risk Factor Potentially 

Preventable 

Cases 

Prevention Strategies 

Smoking 8.0%  Smoking cessation 

o Counseling, motivational interviewing 

o Pharmacotherapy 

Vitamin D 

deficiency 

40.0%  Vitamin D supplementation 

o Education and counseling 

o Supplementation 2000-4000 IU daily 

Pediatric 

Obesity 

7.8%  Education and counseling for families regarding 

diet and physical activity 

o Moderate to vigorous physical activity 

daily 

o Routine sleep pattern with an adequate 

amount of sleep 

o Limit screen time to 1-2 hours per day 

 Minimize use of obesogenic medications 

 Connecting with food banks and/or financial 

nutrition support applications 

EBV infection 90.0%  Primary prevention via prophylactic vaccines 

EBV = Epstein Barr Virus 
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Table 4. Key Findings and Gaps for Epstein Barr Virus Vaccine Research and Development  

Study 

Designs/Outcomes 
 Most studies in animals; non-human animals are not naturally 

infected by EBV 

 Limited RCTs and clinical trials 

 Trials in humans decreased IM but not EBV seroconversion 

Antigenic Targets  Envelope glycoproteins: gp350, gp220, gp42, gB, gH, gL 

 Latent infection proteins: EBNA-1, EBNA-2, EBNA-LP 

 Lytic infection proteins: BHFR1 

 Vaccine modeling has shown the greatest efficacy with multi-

antigen formulations including both lytic and latent proteins, 

however, studies employing this strategy are absent 

 Most targets inhibit B cell infection, however, NK and T cell 

infection also occurs but is incompletely understood 

Vaccine Designs  mRNA  

 Nanoparticles 

 VLPs/LPs +/- viral vectors 

 Heterologous prime boost with viral vectors 

 Mono and multimeric antigens 

Vaccine 

Schedule/Timing 
 Immunity during adolescence and early adulthood is most 

important 

 Limited analysis of early immunization with subsequent 

boosters 

 Depending on vaccination timing and duration, waning of 

immunity could also result in increased IM 

Potential Unintentional 

Consequences 
 Potential for a paradoxical increase in MS if the relationship 

between EBV and MS is related to molecular mimicry 

(GlialCAM, MBP, HLA-DRB1*15:01) and is triggered by 

vaccination as well 

RCT = randomized controlled trial 

 

 

 

 

 

 

 

 



44 
 

Appendix A. Search strategy for EBV & IM Risk Factors 

("Multiple Sclerosis"[Mesh]) AND ("Risk Factors"[Mesh:NoExp] OR 

"Environment"[Mesh:NoExp]) AND ("Epstein-Barr"[Mesh] OR "Infectious 

Mononucleosis"[Mesh] OR "EBV" OR "IM") 

 

Appendix B. Search strategy for EBV & IM Primary Prevention 

("Epstein-Barr Virus Infections"[Mesh]) AND "Vaccin*"[Mesh]) AND (("Primary 

Prevention"[Mesh]) OR (Prophyla*)) 

 

Appendix C. Bradford Hill Criteria for causality 

9 criteria to consider if an observed association could be considered causation. 

1. Strength of the association – the larger the association, the more likely it is to be causal. 

2. Consistency – are the results homogeneous over several epidemiological studies? 

3. Specificity – is the disease exclusive to the particular exposure? 

4. Temporality – does the exposure precede the onset of the disease? 

5. Biological Gradient – does the dose of the exposure affect the severity of the disease? 

6. Plausibility – is the association consistent with biological and/or social models? 

7. Coherence – is the cause-effect relationship consistent with what is already known? 

8. Experiment – do experiments affecting the exposure change the incidence of disease? 

9. Analogy – are there similar relationships between similar exposures and diseases? 

 

 

 

 

 

 


