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Causality 

• This is the key question in examining the relation between infection 
and chronic diseases

• Requires demonstration that the disease risk in infected > than in 
uninfected **,***

• The above question can only be answered by rigorous longitudinal 
epidemiological studies

**   When feasible: that prevention of infection results in disease reduction

*** Infection may also aggravate pre-existing chronic disease



Mostly infected with EBV 
in early childhood

High hygiene/sanitation, escaped EBV infection in 
early childhood

MS risk according to EBV infection and history of mononucleosis (= late age at EBV infection) 

Robust finding (confirmed

in  prospective study in 2007

by Nielsen et al.)

Consistent, but based on

case-control studies with

prevalent MS cases

† * Values based on meta-analyses of case-control studies, both p<10-8  

~40 fold higher

than EBV negative
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34*

*All 34 with onset 

after EBV infection
51% of EBV negative seroconverted 

during follow-up

6.8% EBV -



EBV CMV

Bjornevik et al. Science 2022



sNfL levels were elevated years before MS onset

Bjornevik et al. JAMA Neurol. 2020



Does EBV infection precede NfL increase?

Bjornevik et al. Science 2022



MS associated with immune dysregulation?

p<0.05 (two-sided Fisher Exact test)



• MS is a rare complication of EBV 
infection

• Factors that increase risk include:

• Family history of MS / genotype
• History of IM (age at EBV infection?)
• Vitamin D deficiency or insufficiency
• Tobacco smoking
• Obesity during adolescence
• Low intake of alpha-linolenic acid
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* P<0.01; ** P<0.001

RR of MS corresponding to a 4-fold increase in anti-EBV and 

anti-CMV serum antibody titers. Cases (n=18) with blood 

collected before onset (median: 1.9 yrs before) NHS/NHS2:

Ascherio et al. JAMA 286, 3083-3088 (2001)

*



Levin et al. JAMA 2005



FMC, N=1069 cases
1,867 controls
all EBV positive

Munger et al. Annals of Neurology 2019



Munger at al. Mult Scler 2011;18(8):1185-87

N=217 MS cases,

422 controls

all EBV positive



Kusunoki et al. 1993



Munger at al. Mult Scler 2011;18(8):1185-87



Delorenze et al., Arch Neurol, 2006 Jun;63(6):839-44.

EBNA titers in MS cases as % of matched controls – Kaiser Multiphasic Health Study



Munger et al. Neurology 2015



Top EBV peptides and potential mimics
 

 

 

 

Table S1. 

Table S1. Viral peptides in the pre-onset samples with significantly different antibody binding between cases and controls1 

Viral species Strain Protein 
UniProt 

ID 
Protein 
length 

Peptide 
start 

Peptide 
end 

Proportion 
in Cases 

Proportion 
in Controls P-value 

Epstein-Barr virus B95-8 EBNA-1 P03211 641 365 420 0.73 0.2 0.000073 

Epstein-Barr virus B95-8 Capsid protein VP26 P14348 176 113 168 0.87 0.47 0.0022 

Epstein-Barr virus B95-8 Envelope glycoprotein M P03215 405 365 405 0.37 0.03 0.0025 

Epstein-Barr virus GD1 EBNA-1 (Fragment) Q5MJ03 237 29 84 0.47 0.1 0.0034 

Epstein-Barr virus B95-8 EBNA-3 P12977 944 701 756 0.63 0.23 0.0038 

Epstein-Barr virus B95-8 EBNA-1 P03211 641 421 476 0.83 0.47 0.0061 

Human enterovirus 71 BrCr Genome polyprotein Q66478 2193 589 644 0.43 0.1 0.0074 

Epstein-Barr virus AG876 EBNA-3 Q69138 925 729 784 0.6 0.23 0.0082 

Epstein-Barr virus GD1 Nuclear antigen 1 (Fragment) Q19NX3 89 29 84 0.63 0.27 0.0089 

Epstein-Barr virus GD1 EBNA-2 Q3KSV2 451 197 252 0.63 0.27 0.0089 

Epstein-Barr virus B95-8 EBNA-3 P12977 944 813 868 0.47 0.13 0.01 

Human rhinovirus 23 HRV-23 Polyprotein A5GZE6 2149 1681 1736 0.07 0.37 0.01 

Dengue virus type 3 China/80-2/1980 Genome polyprotein Q99D35 3390 1 56 0 0.23 0.011 

Influenza B virus B/Bangkok/163/1990 Hemagglutinin Q67369 360 281 336 0 0.23 0.011 

BK polyomavirus BKPyV Large T antigen P03071 695 57 112 0 0.23 0.011 

Human parainfluenza 4a virus Toshiba Nucleoprotein  P17240 551 505 551 0.03 0.3 0.012 

Epstein-Barr virus AG876 EBNA-3 Q69138 925 645 700 0.3 0.03 0.012 

Influenza B virus B/Panama/45/1990 Nucleoprotein O36433 560 29 84 0.03 0.3 0.012 

Epstein-Barr virus B95-8 EBNA-3 P12977 944 1 56 0.5 0.17 0.013 

Epstein-Barr virus GD1 EBNA-6 Q3KST0 1009 449 504 0.5 0.17 0.013 

Epstein-Barr virus B95-8 EBNA-3 P12977 944 589 644 0.53 0.2 0.015 

Epstein-Barr virus B95-8 EBNA-6 P03204 992 701 756 0.7 0.37 0.019 

Epstein-Barr virus AG876 EBNA-1 Q1HVF7 641 421 476 0.7 0.37 0.019 

Epstein-Barr virus B95-8 EBNA-2 P12978 487 393 448 0.43 0.13 0.02 

Bjornevik K, Cortese M et al. Longitudinal analysis reveals high prevalence of Epstein-Barr virus associated with multiple sclerosis. Science. 2022



Top EBV peptides and potential mimics
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Mimic Peptide Aminoacid sequence Sequence in EBV Position in EBV antigen

GlialCAM GlialCAM 370-389 ATGRTHSSPPRAPSSPGRSR SQSSSSGSPPRRPPPGRRPF EBNA1 386-405

Alpha-b crystallin CRYAB 43-57 SLSPFYLRPPSFLRA RRPFF EBNA1 402-406

CRYAB 1-15 MDIAIHHPWIRRPFF RRPFF EBNA1 402-406

Anoctamin ANO2 140-149 PGDIELGPLD PGAIEQGPAD EBNA1 431-440

MBP MBP 85-99 ENPVVHFFKNIVTPR TGGVYHFVKKHVHES BALF5 627-641
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Peptide rank

Outside top 30 EBV pep



J. Exp. Med. 2022 Vol. 219 No. 11 e20220650



“Therefore, MS is not only preceded by EBV infection, but also associated

with broader EBV-specific TCR repertoires, consistent with an ongoing anti-EBV immune 

reaction in MS.”



Schneider-Hohendorf, J. Exp. Med. 2022 Vol. 219 No. 11 e20220650
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