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A B S T R A C T   

Background: : A two- to three-fold increase in the risk of multiple sclerosis (MS) after infectious mononucleosis 
(IM) has been observed in cohort and case control studies. However, this association has not been investigated 
prospectively from IM. It remains to be determined whether long-term immunospecific sequelae with features 
consistent with presymptomatic MS occur after IM. 
Methods: : Sera were obtained from individuals with acute IM from 2003–2007 (n = 42) and from the same 
individuals at a follow-up (FU) study approximately 10 years after IM. These were assayed for antibodies against 
a variety of Epstein-Barr virus (EBV) antigens, including gp350, a novel recombinant glycoprotein from the EBV 
envelope. Similarly, single-protein antigens were used to assess measles and varicella-zoster reactivity (Ncore 
and varicella-zoster glycoprotein E [VZVgE]). The FU study also included cerebrospinal fluid (CSF) samples from 
21 of these individuals to test for IgG antibodies against the same viral antigens. As controls, CSF and serum 
samples were obtained from 15 EBV-seropositive volunteers who denied a history of IM, and serum samples were 
obtained from 24 EBV-seropositive blood donors. Anti-gp350, anti-Ncore and anti-VZVgE IgG levels were also 
analysed in sera and CSF samples from 22 persons with MS. 
Results: : The FU assays showed higher anti-gp350 IgG (p = 0.007, univariate) than among healthy controls, with 
no difference in serum anti-VCA or anti-EBNA1 IgG levels and no difference in anti-gp350 in the CSF samples. 
Anti-Ncore IgG and anti-VZVgE were higher in acute IM samples (p < 0.001 and p < 0.0001, respectively) than at 
FU, although anti-Ncore remained heightened in an age-adjusted analysis at FU (p = 0.014) compared to the 
control group. In the MS group, the serum anti-gp350 and anti-Ncore IgG levels were significantly higher than 
among the control group, but the anti-VZVgE levels were not. The CSF anti-gp350 and VZVgE levels were slightly 
higher among persons with MS than among the control group, whereas anti-Ncore IgG was markedly higher in 
persons with MS than in the control group. 
Conclusion: : In the present study IM showed certain similarities with MS. Increased anti-gp350 reactivity per-
sisted more than a decade after IM, reminiscent of the established increased anti-EBV reactivity in presymp-
tomatic MS. Acute IM was associated with increased anti-measles and anti-VZV immunoreactivity, similar to the 
MRZ reaction in MS, with some evidence suggesting that this measles reactivity persisted after a decade.   
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1. Introduction 

Several studies have established that Epstein-Barr virus (EBV) 
infection seems to always precede the clinical onset of multiple sclerosis 
(MS) (Abrahamyan et al., 2020). Primary EBV infection in childhood is 
generally mild or asymptomatic, whereas infection during adolescence 
often manifests as infectious mononucleosis (IM). An epidemiological 
study has indicated an association between kissing and IM (Balfour 
et al., 2005). Case-control studies have demonstrated that an in-
dividual’s risk of MS varies based on three mutually overlapping factors: 
age of primary EBV infection (higher age is associated with increased 
risk), anti-EBV antibody level (high level is associated with increased 
risk), and occurrence of the clinical phenotype IM (occurrence of this 
phenotype is associated with increased risk) (Bistrom et al., 2021; 
Hedstrom et al., 2019). The mechanism that drives the increase in MS 
risk after IM is unknown. There is a substantial immunological differ-
ence between IM and other primary EBV infections. One unique feature 
of IM is the expansion of the peripheral memory B cell population, such 
that up to 50% of these cells may carry the EBV genome (Hochberg et al., 
2004). The severity of IM is associated with the EBV copy number, 
(Balfour et al., 2005) which is also correlated with the level of specific 
and neutralizing antibodies to the immunodominant EBV envelope 
glycoprotein 350 (gp350). In addition to EBV-specific and heterophile 
glycolipid antibodies, some studies have found increased IgG antibody 
levels against several viruses—particularly measles and varicella-zos-
ter—during IM (Golaszewska et al., 2003; Haukenes et al., 1994). Decay 
of the IM cellular reaction is slow and remains ongoing after one year 
(Hadinoto et al., 2008). Indeed, increased intrathecal cytokine activity 
has been reported approximately a decade after IM (Jons et al., 2020). 
Occasional, specific, and persistent changes after IM have been proposed 
to be essential for the development of MS (Ruprecht, 2020). 

The oligoclonal antiviral reaction, a key feature of MS that distin-
guishes it from other neuroimmunological disorders, (Hottenrott et al., 
2018; Jarius et al., 2017) is thought to result from the migration of B 
cells across the blood-brain barrier, followed by hypermutation. The 
common heavy chain gene repertoires on both sides of the blood-brain 
barrier are compatible with an antigen-driven reaction (Eggers et al., 
2017). The intrathecal IgG is polyspecific and includes antibodies 
against measles, rubella, varicella-zoster, and herpes simplex 1;(Reiber 
et al., 1998) however, with a paradoxically low intrathecal response to 
EBV (Ruprecht et al., 2018). One hypothesis to address this paradox is 
that during a primary EBV infection preceding MS, B lineage cells that 
produce antibodies against measles, rubella, varicella, or herpes simplex 
1 (which are potentially neurotropic viruses) may already be present in 
the peripheral circulation at the average age of IM. These B cells may 
enter the central nervous system during an acute EBV infection; how-
ever, B cells that produce IgG directed against EBV are not yet present. 
Therefore, there is no increase in intrathecal IgG antibodies against EBV 
(Otto et al., 2016). It may also be relevant that the partition of EBV 
genome may be asymmetric during successive divisions of B cells, 
resulting in loss of the genome in some lineages (Nanbo et al., 2007). 
This phenomenon might explain the lack of EBV DNA in meningeal and 
parenchymal germinal centres (Magliozzi et al., 2013). 

The prevalence of MS among individuals who have had IM is higher 
than among those who have not had IM, but the actual numbers remain 
relatively low. Therefore, the aim of the present study was to examine 
whether post-IM individuals developed a spectrum of MS-related pre-
symptomatic events over a 10-year period. Individuals who had sero-
logically defined IM were compared to those who had asymptomatic 
EBV infection. The spectrum of MS-related presymptomatic events 
included presence of the MS oligoclonal trait, (Haghighi et al., 2000) 
increased anti-EBV antibody levels, and polyspecific antiviral activity (e. 
g., measles and Varicella-zoster), as reported in MS and MS trait states. 
We included an MS material as a comparator. To demonstrate common 
immunospecificity between post-IM states and MS we used antibodies 
against novel recombinant single protein antigens, glycoprotein 350 

(gp350) for EBV immunoreactivity, the N-terminal portion of the 
nucleocapsid protein (Ncore) for measles, and varicella-zoster glyco-
protein E (VZVgE) for VZV (Persson et al., 2014; Persson Berg et al., 
2020; Thomsson et al., 2011). 

2. Materials and methods 

2.1. Study design and participants 

A follow-up investigation was conducted among currently healthy 
individuals who had contracted IM from 2003–2007. The biobank of the 
Department of Clinical Microbiology of the Sahlgrenska University 
Hospital in Gothenburg was searched for serum specimens drawn with a 
clinical indication with anti-viral capsid antigen (VCA) IgM titres ≥
1:160. These samples were stored at -20 C. The precise interval from 
symptomatic onset of IM to sampling is unknown. A total of 129 persons 
met the additional inclusion criteria of residency in the Gothenburg 
region and age between 7–30 years at the time of sampling. All in-
dividuals who met the inclusion criteria were sent letters to request their 
participation in the follow-up investigation. Forty-six individuals agreed 
to participate in the study as volunteers. No specific reasons for non- 
participation were requested. 

The participants completed a health questionnaire that contained 
standardized questions concerning previous IM, autoimmune diseases, 
and other disorders. Three individuals were excluded based on the 
presence of other autoimmune diseases (systemic lupus erythematosus: 
n = 1 and rheumatoid arthritis n = 1) or human immunodeficiency virus 
(n = 1), because they were considered likely to have an altered immune 
response. One individual developed MS during the follow-up period; 
however, no follow-up material was obtained from this individual prior 
to the onset of MS. New blood samples were acquired at follow-up (FU) 
from the remaining 42 individuals (FU group), 21 of whom also vol-
unteered to contribute cerebrospinal fluid (CSF) via a lumbar puncture. 
The median time of follow-up was 10 years after the contraction of IM 
(interquartile range: 9–12 years). All participants confirmed a history of 
a typical IM episode in a questionnaire administered as part of the 
follow-up investigation. Seventeen volunteers without a history of IM 
were included in the investigation as healthy control persons. These 
individuals provided serum and CSF. Sera were also obtained from 24 
EBV seropositive blood donors with unknown IM status. Two of the 17 
healthy volunteers had negative EBNA1 and VCA serologies, an indi-
cation that they had not encountered the infection, and were therefore 
categorized as EBV seronegative. 

The EBV seropositive healthy control group (HC) consisted of 39 
serum donors and 15 CSF donors. 

For the blood donors, the prevalence of past IM was estimated based 
on recently published age-related cumulative prevalence in a Scandi-
navian population (13% of males aged 30 years and 22% of females aged 
30 years) (Rostgaard et al., 2019). The estimated prevalence of past IM 
among the HC group was approximately 13%. 

Sera and CSF samples were selected from specimens that had been 
sampled from persons with MS from 1996–1997 and kept at -80 C. The 
selection process aimed for optimal age matching with the FU group 
material (Haghighi et al., 2000). Both relapsing-remitting (n = 13) and 
secondary progressive patients (n = 9) were included. 

Table 1 presents the gender and age distributions of the four included 
groups. All participants in the post-IM study provided written consent to 
participate in the study. The Research Ethics Committee of Umeå (Dnr 
2017-484-32M) approved the post-IM study. The MS study was 
approved by the Research Ethics Committee of Gothenburg (Dnr S361- 
96, S8-97, R584-98). 

2.2. Laboratory methods 

Anti-gp350 IgG antibodies were analysed using ELISA with a novel 
recombinant single-protein gp350 antigen (Persson Berg et al., 2020). 
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Anti-EBNA1 IgG and anti-VCA IgM and IgG analyses were performed 
using Architect ELISA (Abbott, Illinois, USA). Antibody reactivity to the 
measles Ncore protein and VZVgE was analysed using ELISA with a 
single protein antigen, as previously described (Persson et al., 2014; 
Thomsson et al., 2011). The relative levels of detectable anti-EBV gp350 
IgG antibodies were measured as optical density, using a spectropho-
tometer. The CSF/serum quotient (QOD) was determined based on 
paired serum and CSF values, using a CSF/serum dilution of 1/100. 
Total intrathecal IgG was not corrected for due to a concern that doing so 
might produce overly low antibody QOD (Reiber and Lange, 1991). The 
presence of CSF oligoclonal IgG bands was analysed using isoelectric 
focusing, and the presence of two or more distinct bands was considered 
pathological. 

2.3. Statistical analysis 

Due to the non-normal distribution of the findings, a Mann-Whitney 
test was selected to draw comparisons between the FU and control 
groups. A pairwise comparison of the IM and FU groups was conducted 
using a Wilcoxon test, and a non-parametric ANOVA was used when 
applicable. The correlation between Ncore and VZVgE levels in indi-
vidual IM and FU serum was examined using Spearman’s rank correla-
tion test. These statistical analyses were performed using Graphpad 

version 8.4.2. Quantile regression was used to model group differences 
adjusted for age, and a p-value less than 0.05 was considered significant 
(Koenker, 2005). 

The importance of including age in the multifactorial analysis of the 
key findings among the FU group is debatable. Both EBV and anti- 
measles IgG antibodies persist throughout life following natural infec-
tion (Amanna et al., 2007). However, anti-measles antibodies acquired 
by vaccination decrease with age, as is common in the present age 
group, (Davidkin et al., 2008) which indicates the importance of an age 
adjustment of the Ncore values in this study. Additionally, VZV anti-
bodies have been found to decrease slowly with age (Amanna et al., 
2007). 

3. Results 

3.1. Serum analysis – antibody levels at IM and FU 

Anti-EBNA1 IgG and anti-gp350 IgG, as well as most anti-VCA IgG 
values, were lower among the IM group than among the control group 
and were markedly increased among the FU group. Anti-VCA IgM values 
were higher at the time of acute IM and significantly lower among the 
FU group (see Fig. 1a, Table 2). Both anti-Ncore IgG and anti-VZVgE IgG 
antibodies had a higher concentration in serum during acute IM (p <
0.001 and p < 0.0001, respectively) compared to the FU group (see 
Fig. 1a, Table 2). Individual IM and FU anti-Ncore levels were positively 
correlated (ρ = 0.6, p < 0.001) and a similar correlation was observed 
between IM and FU VZVgE levels (ρ = 0.6, p < 0.0001). 

3.2. Serum analysis – antibody levels at FU compared to healthy controls 

The serum level of anti-gp350 IgG was higher in the FU group than in 
the healthy control group (p = 0.007). Anti-VCA IgG levels were non- 
significantly higher in the FU group compared to the control group (p 
= 0.08), and no differences were observed between the two groups in 
EBNA1 IgG (p = 0.9) or anti-Ncore IgG (univariate analysis; see Table 2, 
Fig. 1b). Age-adjusted anti-gp350 and anti-Ncore IgG levels were higher 
(p = 0.045 and p = 0.014) among the FU group than among the healthy 
control group (see Table 2). No difference in VZVgE levels was observed 

Table 1 
Participant gender and age by study group.   

IM (n =
42) 

FU (n =
42) 

FU CSF 
(n = 21) 

HC (n 
= 39) 

HC CSF 
(n = 17) 
*) 

MS (n 
= 22) 

Sex (F/ 
M) 

24/18 24/18 13/8 21/18 11/6 16/6 

Median 
age, 
years 
(range) 

18 
(11–34) 

28 
(22–43) 

27 
(22–40) 

23 
(18–34) 

25 
(20–46) 

35 
(18–45) 

IM: infectious mononucleosis; FU: follow-up; CSF: cerebrospinal fluid; HC: 
healthy control; MS: multiple sclerosis. *) Among the 17 volunteers without a 
history of IM, 15 were seropositive for EBNA1 and VCA. 

Fig. 1. a and b. Antibody reactivity against Epstein-Barr virus antigens, measles Ncore antigen, and varicella-zoster VZVgE in serum obtained during infectious 
mononucleosis (IM) and at follow-up (FU). Fig. 1a shows IM and FU samples on an individual level. Fig. 1b shows boxplots comparing the FU group to a healthy 
control (HC) group. Error bars indicate the range from minimum to maximum (n = 42 IM; n = 42 FU; n = 39 HC). EBNA1: Epstein-Barr nuclear antigen 1; gp350: 
glycoprotein 350; VCA: viral capside antigen; Ncore: N-terminal portion of the measles nucleocapsid protein; VZVgE: varicella-zoster glycoprotein E; OD: optical 
density; S/CO: sample to cut-off. 
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between the FU group and the healthy control group. 

3.3. CSF analysis 

No individuals in the FU or HC groups had CSF oligoclonal IgG 
bands. Total CSF IgG was also within the normal range for all partici-
pants. Anti-gp350 levels were not significantly higher among the FU 
group (p = 0.08) than among the EBV-seropositive control group vol-
unteers (n = 15). However, anti-gp350 levels were significantly higher 
among the FU group (p = 0.01) when compared to all control volunteers 
(n = 17). The QOD for gp350 was lower among the FU group than among 
the EBV-seropositive control group volunteers (p = 0.02). No differences 
in anti-Ncore levels, anti-VZVgE CSF levels or QOD were found between 
the FU and HC groups (see Table 3, Fig. s1). 

3.4. Serum and CSF analysis of MS samples 

Persons with MS had significantly higher serum reactivity against 
gp350 than the EBV-seropositive control group (p = 0.006; see Fig. 2, 
Table 4). Additionally, the anti-gp350 reactivity in CSF was higher 
among the MS group than among the EBV-seropositive control group 
with borderline significance (p = 0.048; see Fig. 2, Table 4). Anti-Ncore 
was significantly higher in both the sera (p = <0.0001) and CSF (p =
<0.0001) samples of persons with MS than those of control individuals 
(see Table 4, Fig. 2). Anti-VZVgE levels were significantly higher in CSF 
samples (p = 0.01) from persons with MS than in samples from control 
persons; however, no significant difference was observed in sera sam-
ples. The QOD for gp350 was not higher in people with MS than in the 
control group. For Ncore and VZVgE levels, people with MS had a 
significantly higher QOD than control group individuals (p < 0.0001 and 
p < 0.001; see Table 5). 

Table 2 
Antibody reactivity against Epstein-Barr virus (EBV), Ncore measles, and vari-
cella VZVgE antigens in serum drawn during infectious mononucleosis (IM) and 
at follow-up (FU), compared to EBV-seropositive healthy controls (HC).   

IM (n =
42) 

FU 
(n=42) 

HC 
(n=39) 

P paired 
IM vs.FU 

P IM vs.HC P FU 
vs. HC 

gp350 
IgG       

OD 0.1 
(0.062) 

1.16 
(1.85) 

0.68 
(0.84) 

<0.0001 <0.0001 
<0.0001* 

0.007 
0.045* 

EBNA1 
IgG       

S/CO 0.38 
(0.27) 

15.4 
(13.52) 

17.0 
(14.0) 

<0.0001 <0.0001 
<0.0001* 

n.s. n.s. 
* 

VCA 
IgG       

S/CO 7.0 
(8.04) 

56.1 
(30.4) 

41.78 
(34.9) 

<0.0001 <0.0001 
<0.0001* 

0.08 n. 
s.* 

VCA 
IgM       

S/CO 10.31 
(13.3) 

0.24 
(0.35) 

0.13 
(0.56) 

<0.0001 <0.0001 
<0.0001* 

n.s. n.s. 
* 

Ncore 
IgG       

OD 0.86 
(0.89) 

0.53 
(0.59) 

0.45 
(0.54) 

<0.0001 0.0002 
0.0006* 

n.s. 
0.014* 

VZVgE 
IgG       

OD 1.19 
(1.02) 

0.59 
(0.53) 

0.53 
(0.40) 

<0.0001 <0.0001 
0.0007* 

n.s. n.s. 
* 

Data are given as median (interquartile range). Probability values are univariate 
unless marked with an asterisk (*: age-adjusted multivariate). OD: optical den-
sity; S/CO: sample to cut-off; gp350: EBV glycoprotein 350; EBNA1: Epstein-Barr 
nuclear antigen 1; VCA: Epstein-Barr viral capsid antigen; Ncore: measles 
nucleocapsid protein; VZVgE: varicella-zoster glycoprotein E; n.s.: not 
significant 

Table 3 
Antibody reactivity against Epstein-Barr virus gp350, measles Ncore, and vari-
cella VZVgE antigens in cerebrospinal fluid (CSF) drawn at follow-up (FU), 
compared to all (n = 17) or EBV-seropositive (n = 15) healthy controls (HC).  

CSF FU (n =
21) 

HC (n =
17) 

EBV+ HC (n =
15) 

P 

gp350 
IgG     

OD 0.31 
(0.42) 

0.18 
(0.24) 

0.18 (0.22) n.s. (p = 0.08)* 
EBV+ HC 

Ncore IgG     
OD 0.21 

(0.17) 
0.17 
(0.17)  

n.s. 

VZVgE 
IgG 

0.15 
(0.05) 

0.15 
(0.13)   

OD    n.s. 

Data are given as median (interquartile range). OD: optical density; n.s.: not 
significant. *p = 0.01 if compared to all controls, including EBV-seronegative (n 
= 17) 

Fig. 2. Antibody reactivity (IgG) measured as optical density (OD) against 
Epstein-Barr virus antigen gp350, measles antigen Ncore, and varicella-zoster 
antigen VZVgE in sera and cerebrospinal fluid (CSF) from 22 multiple scle-
rosis (MS) patients compared to EBV-seropositive healthy controls (HC; serum: 
n = 39, CSF: n = 15). Significance level is indicated by asterisks. Error bars 
indicate range from minimum to maximum. 
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4. Discussion 

This prospective cohort study investigated patient outcomes one 
decade after IM. Forty-two evaluable individuals were currently healthy. 
Among this group, none had developed asymptomatic intrathecal IgG 
oligoclonal bands. However, the group of healthy individuals who had 
contracted IM approximately 10 years ago did have heightened levels of 
IgG antibodies against EBV gp350 compared to a control group. Anti- 
EBV immunoreactivity is an established feature of presymptomatic MS 
(Ascherio et al., 2001; DeLorenze et al., 2006; Sundstrom et al., 2004). A 
recent study found that EBV seropositivity often presents in the decade 
before the onset of MS (Bistrom et al., 2021). This period overlaps with 
the decade of follow-up in the present study. A serological follow-up 
study after IM demonstrated a maximal anti-gp350 titre after a me-
dian of 333 days (Bu et al., 2016). Higher IM viral loads were correlated 
with higher levels of gp350 antibodies six months after IM (Weiss et al., 
2017). Our control group was restricted to volunteers who did not have a 
history of IM (though they had had asymptomatic primary EBV in-
fections); therefore, the persistently high gp350 antibody level was 
associated with previous IM, which indicates that persons with IM had a 
stronger EBV infection with a higher viral set point and likely a different 
path of infection, compared to the control group (Balfour et al., 2013; 
Hochberg et al., 2004). It is improbable that the higher gp350 titre after 
IM compared to after asymptomatic primary EBV infection is dependent 
on the follow-up time after EBV infection, because no significant 
decrease over time has been observed in humoral immunity against EBV, 
and such immunity is likely to be maintained for life (Amanna et al., 
2007). 

The present study found a slightly higher CSF level of anti-gp350 
among the FU group than among the control group of 17 volunteers, 

two of whom had negative EBV serology. No increase in anti-gp350 
reactivity was found in the CSF in the pre-conceived analysis 
comparing persons who had had IM to those who had had other primary 
EBV infections. Moreover, a relatively low CSF/serum quotient for 
gp350 was observed in the FU group after IM, though this finding is 
dependent on a substantial increase in the serum antibody level among 
this group. Thus, no evidence of any delayed IM-induced immunoreac-
tivity was found in the CSF samples of this small cohort. 

In a previous study, a CSF oligoclonal trait was associated with 
increased measles antibodies in first-degree relatives of persons with MS 
(Haghighi et al., 2000). Incited by the MS trait and recent studies on 
heterophile glycolipid antibodies in IM (unpublished), as well as a need 
to test the specificity of the anti-gp350 IgG antibody we included mea-
sles and varicella-zoster antibodies. We observed heightened anti-Ncore 
and anti-VZVgE antibodies in sera from acute IM patients. This obser-
vation confirms other research findings of very high measles virus 
antibody titres in some cases, (Laitinen and Vaheri, 1974) as well as a 
pattern of increased IgG antibodies against several viruses, particularly 
measles and varicella-zoster, in IM patients (Haukenes et al., 1994). We 
documented anti-measles and anti-VZV reactivity using IgG antibodies 
against a purified single protein to minimize the contribution from 
auto-antibodies (Persson et al., 2014; Thomsson et al., 2011). Based on 
these findings, it seems that anti-measles and anti-VZV immunoreac-
tivity in acute IM may be part of a polyspecific reaction. The heightened 
anti-measles reactivity in sera had declined at the time of FU but 
remained at the limit of significance, and the anti-gp350 antibodies 
persisted robustly increased at the time of FU. These findings are in sera 
samples and not CSF; however, intriguing similarities exist between the 
polyspecific reaction observed in acute IM sera and the MRZ index 
observed in MS. 

The increased anti-EBV reactivity observed in gp350 after IM was not 
apparent using common EBV serology methods, such as use of EBNA1 or 
VCA as the antigen, although a trend of increased anti-VCA activity was 
observed. The sensitivity is lower when using EBNA1 than when using 
VCA as antigen, because approximately 6% of healthy individuals with a 
history of EBV infection do not generate anti-EBNA1 IgG (Niller and 
Bauer, 2017). Further, gp350 is likely a constituent of the VCA, the other 
target antigens of which are undefined, and this test may therefore 
display a relatively high sensitivity. In this context, the anti-gp350 assay 
conducted in this study, which uses a single protein antigen to express aa 
1-860, is likely more sensitive than previous tests, which have used the 
carboxy-terminal portion of gp350 (Persson Berg et al., 2020). However, 
other causes may explain the difference in gp350 compared to EBNA1 
and VCA reactivity at FU. During EBV latency, the virus occasionally 
completes a replicative cycle of infection in Waldeyeŕs ring (Hawkins 
et al., 2013). Gp350 is a target for neutralizing antibodies in the host 
immune defence system(Simon et al., 2012) and is a late lytic antigen 
(Nanbo et al., 2018). The increased anti-gp350 after IM likely indicates a 
high viral setting during IM, but it may also indicate a heightened pro-
pensity for reactivated infections after IM. 

The anti-gp350 IgG was used to confirm the “antibody paradox” in 
MS, which describes a high serum and low CSF level of anti-EBV anti-
bodies despite otherwise high intrathecal polyspecific antiviral reac-
tivity. An unexplained aspect of MS is that no distinct autoantigen has 
been defined as the target of the oligoclonal immunoreactivity in the 
CSF, (Brandle et al., 2016) whereas consensus has been reached 
regarding the presence of a polyspecific intrathecal antiviral reaction. A 
review of nine studies on MS found a positive intrathecal antibodies 
index against EBNA1 in 9.7% of persons with MS, which is markedly 
lower than the presence of intrathecally enriched antibodies against 
representative measles (56%), varicella (51%), rubella (57%), and 
herpes-1 (27%) antigens (Ruprecht et al., 2018). However, one study did 
report an increased antibody index for EBNA1 (Houen et al., 2020). Two 
mechanisms could relate the migration of the polyspecific antibody re-
action to the intrathecal compartment in MS to a previous primary EBV 
infection. Antibodies may originate from EBV-induced proliferation of 

Table 4 
Antibody reactivity against Epstein-Barr virus (EBV) antigen gp350, measles 
antigen Ncore, and varicella antigen VZVgE in sera and cerebrospinal fluid (CSF) 
from persons with multiple sclerosis (MS), compared to EBV-seropositive 
healthy controls (HC).   

MS 
SERA 
(n=22) 

HC sera 
(n=39) 

P MS CSF 
(n=22) 

HC CSF 
(n=15) 

P 

gp350 
IgG       

OD 1.98 
(1.24) 

0.68 
(0,84) 

0.0063 0.31 
(0.41) 

0.18 
(0.22) 

0.048 

Ncore 
IgG       

OD 2.5 (1.2) 0.48 
(0.56) 

<0.0001 1.78 
(1.41) 

0.17 
(0.17) 

<0.0001 

VZVgE 
IgG       

OD 0.75 
(1.0) 

0.53 
(0.4) 

n.s. 0.46 
(0.81) 

0.15 
(0.13) 

0.01 

Data are given as median (interquartile range). OD: optical density; n.s.: not 
significant 

Table 5 
QOD values (ODcsf/ODsera) in persons with MS and healthy controls (HC).   

MS (n =
22) 

EBV+ HC (n 
= 15) 

FU (n =
21) 

P 

gp350 
QOD 

0.34 
(0.17) 

0.31 (0.31) 0.2 
(0.09) 

MS vs. HC n.s. FU vs. HC 
= 0.024 

Ncore 
QOD 

0.94 
(0.52) 

0.37 (0.18) 0.42 
(0.13) 

MS vs. HC <0.0001 FU 
vs. HC n.s. 

VZVgE 
QOD 

0.52 
(0.64) 

0.27 (0.11) 0.32 
(0.18) 

MS vs. HC = 0.001 FU 
vs. HC n.s. 

Data are given as median (interquartile range). QOD: optical density quota; 
gp350: Epstein-Barr virus glycoprotein 350; Ncore: measles nucleocapsid pro-
tein; VZVgE: varicella-zoster antigen; n.s.: not significant 
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lymphoid cell clones with specificity from previous childhood infections 
with neurotropic potential (Otto et al., 2016). Alternatively, the present 
finding of heightened Ncore and VZV antibody levels in acute IM may 
indicate that a polyspecific antibody response appears de novo as part of 
the heterophile reaction in acute IM (Golaszewska et al., 2003). 

Persistent post-IM immunoreactivity was observed in serum but not 
in CSF. This finding is of interest given the contemporary view in MS 
pathogenesis that pathogenic lymphocytes are triggered in the periphery 
with waves of transmigrating lymphocytes over the blood-brain-barrier 
(van Langelaar et al., 2020). At the time of IM or later, EBV may act as a 
peripheral trigger for the initial pathogenic activation. 

The selection of individuals with IM was based on immunofluores-
cence assays for anti-VCA IgM that were performed approximately 10 
years prior to the present study. Persons with a titre greater than 160 
were included. When reanalysed with ELISA, the high VCA IgM and low 
VCA IgG and EBNA1 values compared to normal reference values in the 
samples confirm acute IM. Notably, the VCA IgM values may have 
actually been higher originally, because IgM molecules may degrade 
more than IgG molecules after the freezing and thawing process. One 
individual in the IM group had an elevated EBNA1 IgG value, which 
raises a question of whether this individual had IM. The individual was 
included in the analysis on the basis of highly positive IgM reactivity by 
immunofluorescence and personal recollection of the acute IM episode. 
It is likely that the sample was drawn after a delay from symptomatic 
onset. 

A notable limitation of this study is the small number of participants 
included. Additionally, several other features of the presymptomatic 
phase of MS could have been investigated, including the use of magnetic 
resonance imaging to examine whether participants had reached a 
radiologically isolated syndrome stage. The strengths of the study 
include the prospective follow-up design with paired serum and CSF 
samples and the use of specific single-protein antigens. 

In conclusion, the study findings describe the long-term serological 
effects of a verified IM. This is the first description of the post-IM state in 
longitudinal virological terms over a decade in comparison to asymp-
tomatic EBV infections. Elevated levels of measles and varicella-zoster 
antibodies were found in acute IM, and persistent immunoreactivity to 
EBV and possibly measles was observed in sera after IM. Additional long- 
term virological studies with adequate power, including monitoring of 
EBV reactivation, are warranted to further investigate this persistent 
change, which may be linked to late clinical effects of EBV infection, 
including MS. 

CRediT authorship contribution statement 

Daniel Jons: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Project administration, Visualization, 
Writing – original draft, Writing – review & editing. Linn Persson Berg: 
Methodology, Writing – review & editing. Peter Sundström: Concep-
tualization, Resources, Writing – review & editing. Sara Haghighi: Data 
curation. Markus Axelsson: Writing – review & editing, Resources. 
Måns Thulin: Formal analysis. Tomas Bergström: Conceptualization, 
Methodology, Resources, Supervision, Writing – review & editing. Oluf 
Andersen: Conceptualization, Funding acquisition, Methodology, 
Project administration, Supervision, Writing – original draft, Writing – 
review & editing. 

Declaration of Competing Interests 

The study was financed by grants from the Swedish state under the 
ALF agreement between the Swedish government and county councils 
(ALFGBG-772071), as well as by grants from from the Research Foun-
dation of the Gothenburg MS Society, Björnsson Research Foundation, 
Gothenburg, Sweden and The Gothenburg Society of Medicine. OA 
received a research grant from Sanofi. MA received honoraria for 
advisory boards and lectures from Biogen Idec, Merck, Novartis, and 

Sanofi. SH received honoraria for advisory boards from Biogen Idec, 
Merck, Novartis, and Sanofi. 

Acknowledgements 

We like to thank all the participants in the study and also Maria 
Johansson for excellent laboratory assistance. We acknowledge the 
Mammalian Protein Expression Core Facility at the University of Goth-
enburg, Sweden, for providing the EBV gp350 antigen. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.msard.2021.103288. 

References 

Abrahamyan, S., Eberspacher, B., Hoshi, M.M., Aly, L., Luessi, F., Groppa, S., Klotz, L., 
Meuth, S.G., Schroeder, C., Gruter, T., Tackenberg, B., Paul, F., Then-Bergh, F., 
Kumpfel, T., Weber, F., Stangel, M., Bayas, A., Wildemann, B., Heesen, C., Zettl, U., 
Warnke, C., Antony, G., Hessler, N., Wiendl, H., Bittner, S., Hemmer, B., Gold, R., 
Salmen, A., Ruprecht, K., German Competence Network Multiple, S., 2020. Complete 
Epstein-Barr virus seropositivity in a large cohort of patients with early multiple 
sclerosis. J Neurol Neurosurg Psychiatry 91 (7), 681–686. https://doi.org/10.1136/ 
jnnp-2020-322941. 

Amanna, I.J., Carlson, N.E., Slifka, M.K., 2007. Duration of humoral immunity to 
common viral and vaccine antigens. N Engl J Med 357 (19), 1903–1915. https://doi. 
org/10.1056/NEJMoa066092. 

Ascherio, A., Munger, K.L., Lennette, E.T., Spiegelman, D., Hernan, M.A., Olek, M.J., 
Hankinson, S.E., Hunter, D.J., 2001. Epstein-Barr virus antibodies and risk of 
multiple sclerosis: a prospective study. JAMA 286 (24), 3083–3088. https://doi.org/ 
10.1001/jama.286.24.3083. 

Balfour Jr., H.H., Holman, C.J., Hokanson, K.M., Lelonek, M.M., Giesbrecht, J.E., 
White, D.R., Schmeling, D.O., Webb, C.H., Cavert, W., Wang, D.H., Brundage, R.C., 
2005. A prospective clinical study of Epstein-Barr virus and host interactions during 
acute infectious mononucleosis. J Infect Dis 192 (9), 1505–1512. https://doi.org/ 
10.1086/491740. 

Balfour Jr., H.H., Odumade, O.A., Schmeling, D.O., Mullan, B.D., Ed, J.A., Knight, J.A., 
Vezina, H.E., Thomas, W., Hogquist, K.A., 2013. Behavioral, virologic, and 
immunologic factors associated with acquisition and severity of primary Epstein- 
Barr virus infection in university students. J Infect Dis 207 (1), 80–88. https://doi. 
org/10.1093/infdis/jis646. 

Bistrom, M., Jons, D., Engdahl, E., Gustafsson, R., Huang, J., Brenner, N., Butt, J., Alonso- 
Magdalena, L., Gunnarsson, M., Vrethem, M., Bender, N., Waterboer, T., 
Granasen, G., Olsson, T., Kockum, I., Andersen, O., Fogdell-Hahn, A., Sundstrom, P., 
2021. Epstein-Barr virus infection after adolescence and human herpesvirus 6A as 
risk factors for multiple sclerosis. Eur J Neurol 28 (2), 579–586. https://doi.org/ 
10.1111/ene.14597. 

Brandle, S.M., Obermeier, B., Senel, M., Bruder, J., Mentele, R., Khademi, M., Olsson, T., 
Tumani, H., Kristoferitsch, W., Lottspeich, F., Wekerle, H., Hohlfeld, R., 
Dornmair, K., 2016. Distinct oligoclonal band antibodies in multiple sclerosis 
recognize ubiquitous self-proteins. Proc Natl Acad Sci U S A 113 (28), 7864–7869. 
https://doi.org/10.1073/pnas.1522730113. 

Bu, W., Hayes, G.M., Liu, H., Gemmell, L., Schmeling, D.O., Radecki, P., Aguilar, F., 
Burbelo, P.D., Woo, J., Balfour Jr., H.H., Cohen, J.I., 2016. Kinetics of Epstein-Barr 
Virus (EBV) Neutralizing and Virus-Specific Antibodies after Primary Infection with 
EBV. Clin Vaccine Immunol 23 (4), 363–369. https://doi.org/10.1128/CVI.00674- 
15. 

Davidkin, I., Jokinen, S., Broman, M., Leinikki, P., Peltola, H., 2008. Persistence of 
measles, mumps, and rubella antibodies in an MMR-vaccinated cohort: a 20-year 
follow-up. J Infect Dis 197 (7), 950–956. https://doi.org/10.1086/528993. 

DeLorenze, G.N., Munger, K.L., Lennette, E.T., Orentreich, N., Vogelman, J.H., 
Ascherio, A., 2006. Epstein-Barr virus and multiple sclerosis: evidence of association 
from a prospective study with long-term follow-up. Arch Neurol 63 (6), 839–844. 
https://doi.org/10.1001/archneur.63.6.noc50328. 

Eggers, E.L., Michel, B.A., Wu, H., Wang, S.Z., Bevan, C.J., Abounasr, A., Pierson, N.S., 
Bischof, A., Kazer, M., Leitner, E., Greenfield, A.L., Demuth, S., Wilson, M.R., 
Henry, R.G., Cree, B.A., Hauser, S.L., von Budingen, H.C., 2017. Clonal relationships 
of CSF B cells in treatment-naive multiple sclerosis patients. JCI Insight 2 (22). 
https://doi.org/10.1172/jci.insight.92724. 

Golaszewska, E., Kurowska, E., Duk, M., Koscielak, J., 2003. Paul-Bunnell antigen and a 
possible mechanism of formation of heterophile antibodies in patients with 
infectious mononucleosis. Acta Biochim Pol 50 (4), 1205–1211 doi: 0350041205.  

Hadinoto, V., Shapiro, M., Greenough, T.C., Sullivan, J.L., Luzuriaga, K., Thorley- 
Lawson, D.A., 2008. On the dynamics of acute EBV infection and the pathogenesis of 
infectious mononucleosis. Blood 111 (3), 1420–1427. https://doi.org/10.1182/ 
blood-2007-06-093278. 

Haghighi, S., Andersen, O., Rosengren, L., Bergstrom, T., Wahlstrom, J., Nilsson, S., 
2000. Incidence of CSF abnormalities in siblings of multiple sclerosis patients and 
unrelated controls. J Neurol 247 (8), 616–622. 

D. Jons et al.                                                                                                                                                                                                                                     

https://doi.org/10.1016/j.msard.2021.103288
https://doi.org/10.1136/jnnp-2020-322941
https://doi.org/10.1136/jnnp-2020-322941
https://doi.org/10.1056/NEJMoa066092
https://doi.org/10.1056/NEJMoa066092
https://doi.org/10.1001/jama.286.24.3083
https://doi.org/10.1001/jama.286.24.3083
https://doi.org/10.1086/491740
https://doi.org/10.1086/491740
https://doi.org/10.1093/infdis/jis646
https://doi.org/10.1093/infdis/jis646
https://doi.org/10.1111/ene.14597
https://doi.org/10.1111/ene.14597
https://doi.org/10.1073/pnas.1522730113
https://doi.org/10.1128/CVI.00674-15
https://doi.org/10.1128/CVI.00674-15
https://doi.org/10.1086/528993
https://doi.org/10.1001/archneur.63.6.noc50328
https://doi.org/10.1172/jci.insight.92724
http://refhub.elsevier.com/S2211-0348(21)00555-1/sbref0012
http://refhub.elsevier.com/S2211-0348(21)00555-1/sbref0012
http://refhub.elsevier.com/S2211-0348(21)00555-1/sbref0012
https://doi.org/10.1182/blood-2007-06-093278
https://doi.org/10.1182/blood-2007-06-093278
http://refhub.elsevier.com/S2211-0348(21)00555-1/sbref0014
http://refhub.elsevier.com/S2211-0348(21)00555-1/sbref0014
http://refhub.elsevier.com/S2211-0348(21)00555-1/sbref0014


Multiple Sclerosis and Related Disorders 56 (2021) 103288

7

Haukenes, G., Viggen, B., Boye, B., Kalvenes, M.B., Flo, R., Kalland, K.H., 1994. Viral 
antibodies in infectious mononucleosis. FEMS Immunol Med Microbiol 8 (3), 
219–224. https://doi.org/10.1111/j.1574-695X.1994.tb00446.x. 

Hawkins, J.B., Delgado-Eckert, E., Thorley-Lawson, D.A., Shapiro, M., 2013. The cycle of 
EBV infection explains persistence, the sizes of the infected cell populations and 
which come under CTL regulation. PLoS Pathog 9 (10), e1003685. https://doi.org/ 
10.1371/journal.ppat.1003685. 

Hedstrom, A.K., Huang, J., Michel, A., Butt, J., Brenner, N., Hillert, J., Waterboer, T., 
Kockum, I., Olsson, T., Alfredsson, L., 2019. High Levels of Epstein-Barr Virus 
Nuclear Antigen-1-Specific Antibodies and Infectious Mononucleosis Act Both 
Independently and Synergistically to Increase Multiple Sclerosis Risk. Front Neurol 
10, 1368. https://doi.org/10.3389/fneur.2019.01368. 

Hochberg, D., Souza, T., Catalina, M., Sullivan, J.L., Luzuriaga, K., Thorley-Lawson, D.A., 
2004. Acute infection with Epstein-Barr virus targets and overwhelms the peripheral 
memory B-cell compartment with resting, latently infected cells. J Virol 78 (10), 
5194–5204. https://doi.org/10.1128/jvi.78.10.5194-5204.2004. 

Hottenrott, T., Dersch, R., Berger, B., Endres, D., Huzly, D., Thiel, J., Rauer, S., Stich, O., 
Salzer, U., Venhoff, N., 2018. The MRZ reaction helps to distinguish rheumatologic 
disorders with central nervous involvement from multiple sclerosis. BMC Neurol 18 
(1), 14. https://doi.org/10.1186/s12883-018-1018-3. 

Houen, G., Heiden, J., Trier, N.H., Draborg, A.H., Benros, M.E., Zinkeviciute, R., 
Petraityte-Burneikiene, R., Ciplys, E., Slibinskas, R., Frederiksen, J.L., 2020. 
Antibodies to Epstein-Barr virus and neurotropic viruses in multiple sclerosis and 
optic neuritis. J Neuroimmunol 346, 577314. https://doi.org/10.1016/j. 
jneuroim.2020.577314. 

Jarius, S., Eichhorn, P., Franciotta, D., Petereit, H.F., Akman-Demir, G., Wick, M., 
Wildemann, B., 2017. The MRZ reaction as a highly specific marker of multiple 
sclerosis: re-evaluation and structured review of the literature. J Neurol 264 (3), 
453–466. https://doi.org/10.1007/s00415-016-8360-4. 

Jons, D., Zetterberg, H., Malmestrom, C., Bergstrom, T., Axelsson, M., Blennow, K., 
Thulin, M., Sundstrom, P., Andersen, O., 2020. Intrathecal immunoreactivity in 
people with or without previous infectious mononucleosis. Acta Neurol Scand. 
https://doi.org/10.1111/ane.13280. 

Koenker, R., 2005. Quantile Regression Cambridge University Press. 
Laitinen, O., Vaheri, A., 1974. Very high measles and rubella virus antibody titres 

associated with hepatitis, systemic lupus erythematosus, and infectious 
mononucleosis. Lancet 1 (7850), 194–197. https://doi.org/10.1016/s0140-6736 
(74)92496-9. 

Magliozzi, R., Serafini, B., Rosicarelli, B., Chiappetta, G., Veroni, C., Reynolds, R., 
Aloisi, F., 2013. B-cell enrichment and Epstein-Barr virus infection in inflammatory 
cortical lesions in secondary progressive multiple sclerosis. J Neuropathol Exp 
Neurol 72 (1), 29–41. https://doi.org/10.1097/NEN.0b013e31827bfc62. 

Nanbo, A., Noda, T., Ohba, Y., 2018. Epstein-Barr Virus Acquires Its Final Envelope on 
Intracellular Compartments With Golgi Markers. Front Microbiol 9, 454. https://doi. 
org/10.3389/fmicb.2018.00454. 

Nanbo, A., Sugden, A., Sugden, B., 2007. The coupling of synthesis and partitioning of 
EBV’s plasmid replicon is revealed in live cells. EMBO J 26 (19), 4252–4262. 
https://doi.org/10.1038/sj.emboj.7601853. 

Niller, H.H., Bauer, G., 2017. Epstein-Barr Virus: Clinical Diagnostics. Methods Mol Biol 
1532, 33–55. https://doi.org/10.1007/978-1-4939-6655-4_2. 

Otto, C., Hofmann, J., Ruprecht, K., 2016. Antibody producing B lineage cells invade the 
central nervous system predominantly at the time of and triggered by acute Epstein- 
Barr virus infection: A hypothesis on the origin of intrathecal immunoglobulin 
synthesis in multiple sclerosis. Med Hypotheses 91, 109–113. https://doi.org/ 
10.1016/j.mehy.2016.04.025. 

Persson Berg, L., Thomsson, E., Hasi, G., Backstrom, M., Bergstrom, T., 2020. 
Recombinant Epstein-Barr virus glycoprotein 350 as a serological antigen. J Virol 
Methods 284, 113927. https://doi.org/10.1016/j.jviromet.2020.113927. 

Persson, L., Longhi, S., Enarsson, J., Andersen, O., Haghigi, S., Nilsson, S., Lagging, M., 
Johansson, M., Bergstrom, T., 2014. Elevated antibody reactivity to measles virus 
NCORE protein among patients with multiple sclerosis and their healthy siblings 
with intrathecal oligoclonal immunoglobulin G production. J Clin Virol 61 (1). 
https://doi.org/10.1016/j.jcv.2014.06.011. 

Reiber, H., Lange, P., 1991. Quantification of virus-specific antibodies in cerebrospinal 
fluid and serum: sensitive and specific detection of antibody synthesis in brain. Clin 
Chem 37 (7), 1153–1160. 

Reiber, H., Ungefehr, S., Jacobi, C., 1998. The intrathecal, polyspecific and oligoclonal 
immune response in multiple sclerosis. Mult Scler 4 (3), 111–117. 

Rostgaard, K., Balfour Jr., H.H., Jarrett, R., Erikstrup, C., Pedersen, O., Ullum, H., 
Nielsen, L.P., Voldstedlund, M., Hjalgrim, H., 2019. Primary Epstein-Barr virus 
infection with and without infectious mononucleosis. PLoS One 14 (12), e0226436. 
https://doi.org/10.1371/journal.pone.0226436. 

Ruprecht, K., 2020. The role of Epstein-Barr virus in the etiology of multiple sclerosis: a 
current review. Expert Rev Clin Immunol 16 (12), 1143–1157. https://doi.org/ 
10.1080/1744666X.2021.1847642. 

Ruprecht, K., Wildemann, B., Jarius, S., 2018. Low intrathecal antibody production 
despite high seroprevalence of Epstein-Barr virus in multiple sclerosis: a review of 
the literature. J Neurol 265 (2), 239–252. https://doi.org/10.1007/s00415-017- 
8656-z. 

Simon, K.C., O’Reilly, E.J., Munger, K.L., Finerty, S., Morgan, A.J., Ascherio, A., 2012. 
Epstein-Barr virus neutralizing antibody levels and risk of multiple sclerosis. Mult 
Scler 18 (8), 1185–1187. https://doi.org/10.1177/1352458511433920. 

Sundstrom, P., Juto, P., Wadell, G., Hallmans, G., Svenningsson, A., Nystrom, L., 
Dillner, J., Forsgren, L., 2004. An altered immune response to Epstein-Barr virus in 
multiple sclerosis: a prospective study. Neurology 62 (12), 2277–2282. https://doi. 
org/10.1212/01.wnl.0000130496.51156.d7. 

Thomsson, E., Persson, L., Grahn, A., Snall, J., Ekblad, M., Brunhage, E., Svensson, F., 
Jern, C., Hansson, G.C., Backstrom, M., Bergstrom, T., 2011. Recombinant 
glycoprotein E produced in mammalian cells in large-scale as an antigen for 
varicella-zoster-virus serology. J Virol Methods 175 (1), 53–59. https://doi.org/ 
10.1016/j.jviromet.2011.04.014. 

van Langelaar, J., Rijvers, L., Smolders, J., van Luijn, M.M., 2020. B and T Cells Driving 
Multiple Sclerosis: Identity, Mechanisms and Potential Triggers. Front Immunol 11, 
760. https://doi.org/10.3389/fimmu.2020.00760. 

Weiss, E.R., Alter, G., Ogembo, J.G., Henderson, J.L., Tabak, B., Bakis, Y., 
Somasundaran, M., Garber, M., Selin, L., Luzuriaga, K., 2017. High Epstein-Barr 
Virus Load and Genomic Diversity Are Associated with Generation of gp350-Specific 
Neutralizing Antibodies following Acute Infectious Mononucleosis. J Virol 91 (1). 
https://doi.org/10.1128/JVI.01562-16. 

D. Jons et al.                                                                                                                                                                                                                                     

https://doi.org/10.1111/j.1574-695X.1994.tb00446.x
https://doi.org/10.1371/journal.ppat.1003685
https://doi.org/10.1371/journal.ppat.1003685
https://doi.org/10.3389/fneur.2019.01368
https://doi.org/10.1128/jvi.78.10.5194-5204.2004
https://doi.org/10.1186/s12883-018-1018-3
https://doi.org/10.1016/j.jneuroim.2020.577314
https://doi.org/10.1016/j.jneuroim.2020.577314
https://doi.org/10.1007/s00415-016-8360-4
https://doi.org/10.1111/ane.13280
https://doi.org/10.1016/s0140-6736(74)92496-9
https://doi.org/10.1016/s0140-6736(74)92496-9
https://doi.org/10.1097/NEN.0b013e31827bfc62
https://doi.org/10.3389/fmicb.2018.00454
https://doi.org/10.3389/fmicb.2018.00454
https://doi.org/10.1038/sj.emboj.7601853
https://doi.org/10.1007/978-1-4939-6655-4_2
https://doi.org/10.1016/j.mehy.2016.04.025
https://doi.org/10.1016/j.mehy.2016.04.025
https://doi.org/10.1016/j.jviromet.2020.113927
https://doi.org/10.1016/j.jcv.2014.06.011
http://refhub.elsevier.com/S2211-0348(21)00555-1/sbref0033
http://refhub.elsevier.com/S2211-0348(21)00555-1/sbref0033
http://refhub.elsevier.com/S2211-0348(21)00555-1/sbref0033
http://refhub.elsevier.com/S2211-0348(21)00555-1/sbref0034
http://refhub.elsevier.com/S2211-0348(21)00555-1/sbref0034
https://doi.org/10.1371/journal.pone.0226436
https://doi.org/10.1080/1744666X.2021.1847642
https://doi.org/10.1080/1744666X.2021.1847642
https://doi.org/10.1007/s00415-017-8656-z
https://doi.org/10.1007/s00415-017-8656-z
https://doi.org/10.1177/1352458511433920
https://doi.org/10.1212/01.wnl.0000130496.51156.d7
https://doi.org/10.1212/01.wnl.0000130496.51156.d7
https://doi.org/10.1016/j.jviromet.2011.04.014
https://doi.org/10.1016/j.jviromet.2011.04.014
https://doi.org/10.3389/fimmu.2020.00760
https://doi.org/10.1128/JVI.01562-16

	Follow-up after infectious mononucleosis in search of serological similarities with presymptomatic multiple sclerosis
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Laboratory methods
	2.3 Statistical analysis

	3 Results
	3.1 Serum analysis – antibody levels at IM and FU
	3.2 Serum analysis – antibody levels at FU compared to healthy controls
	3.3 CSF analysis
	3.4 Serum and CSF analysis of MS samples

	4 Discussion
	CRediT authorship contribution statement
	Declaration of Competing Interests
	Acknowledgements
	Supplementary materials
	References


