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Background

The pathogenesis of multiple sclerosis (MS) has not yet been fully uncovered. There is increasing evidence that Epstein-Barr-Virus (EBV) infection, which affects over 90% of people during life and causes infectious mononucleosis, leads to an increased incidence of MS, and thus may play a crucial role in the pathophysiology of the disease.



Methods

Using the Disease Analyzer database (IQVIA) featuring diagnoses as well as basic medical and demographic data of outpatients from general practices in Germany, we identified a total of 16,058 patients with infectious mononucleosis that were matched to a cohort of equal size without infectious mononucleosis based on patients’ age, sex, index year and yearly consultation frequency. Incidence of MS was compared within a 10-year follow-up period.



Results

Within 10 years from the index date, the incidence of MS was 22.6 cases per 100,000 person-years among patient with infectious mononucleosis but only 11.9 cases per 100,000 person-years among individuals without infectious mononucleosis. In regression analysis, infectious mononucleosis was significantly associated with the incidence of MS (HR: 1.86, 95% CI: 1.09-3.16). Subgroup analysis revealed the strongest association between infectious mononucleosis and MS in the age group between 14 and 20 years (HR: 3.52, 95% CI: 1.00-12.37) as well as a stronger association in men compared to women.



Conclusion

Infectious mononucleosis is associated with an increased incidence of MS especially in younger individuals. Our data support the growing evidence of a decisive involvement of EBV in the currently unknown pathophysiology of MS and should trigger further research efforts to better understand and potentially prevent cases of this disabling disease in future.
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Introduction

Multiple sclerosis (MS) is an autoimmune disease of the central nervous system that causes immune-mediated demyelination and axonal degeneration, resulting in progressive neurological disability that affects over two million people globally (1, 2). MS is characterized by symptoms of neurological disability such as limb weakness or sensory loss, monocular visual loss, double vision or ataxia that occur periodically over a period from days to weeks and are fully or partially reversible (3). As the majority of patients eventually face a progressive clinical course leading to a decisively impaired mobility and cognition, MS is associated with a tremendous personal as well as socioeconomic burden (2). Currently, there is no approved treatment that can fully prevent or even reverse the progressive neurological deterioration (2). Therefore, a definite understanding of the pathophysiology of MS, which has not been elucidated so far, is of crucial importance to establish potential preventive measures.

Recently, the previously suspected hypothesis of a possible link between EBV infection, which affects over 90% of the population in Western countries during life and causes infectious mononucleosis, and the development of MS has been confirmed in a large collective of over 10 million young adults from the United States (4). The risk of MS increased up to 32-fold in individuals infected with EBV but not other viruses, including cytomegalovirus (4). Moreover, a causal relationship between EBV and MS is supported by data on elevated antibody titers against EBV nuclear antigens in MS patients (5) as well as the presence of EBV in demyelinated MS lesions (6, 7). However, evidence of a direct causality is still discussed controversially (8).

In order to further dissect the association between EBV infection and the incidence of MS, we performed a retrospective cohort study based on a large sample of outpatients in Germany. These data may help to further elucidate the pathophysiological involvement of EBV in the development of MS and to further advance possible preventive measures such as the development of a vaccine against EBV.



Materials and methods


Database

This present study uses the Disease Analyzer database (IQVIA), which contains drug prescriptions, diagnoses as well as basic medical and demographic data that are directly obtained in an anonymous format from general practitioners (9). The database covers approximately 3% of all outpatient practices in Germany. Diagnoses (according to International Classification of Diseases, 10th revision [ICD-10]), prescriptions (according to Anatomical Therapeutic Chemical [ATC] Classification system), and the quality of reported data are being monitored by IQVIA. In Germany, the sampling methods used to select physicians’ practices are appropriate for obtaining a representative database of general and specialized practices. It has previously been shown that the panel of practices included in the Disease Analyzer database is representative of general and specialized practices in Germany (9). Finally, this database has already been used in previous studies focusing on infectious mononucleosis (10) as well as MS (11, 12).



Study population

This retrospective cohort study included patients (≥14 years) with an initial diagnosis of infectious mononucleosis (ICD-10: B27) in 1,274 general practices in Germany between January 2000 and December 2018 (index date; Figure 1). Further inclusion criterion was an observation time of at least 12 months prior to the index date. Patients with a diagnosis of MS (ICD-10: M35) prior to index date were excluded. Patients with infectious mononucleosis were matched to individuals without infectious mononucleosis by sex, age, index year, and yearly consultation frequency. As infectious mononucleosis patients have a much higher consultation frequency at their GPs, and a higher consultation frequency can increase the probability of other diagnoses documentation, we also included consultation frequency per year in the matching process. For the individuals without infectious mononucleosis, the index date was that of a randomly selected visit between January 2000 and December 2018 (Figure 1).




Figure 1 | Selection of study patients.





Study outcomes and statistical analyses

The main outcome of the study was the incidence of MS (ICD-10: M35) as a function of infectious mononucleosis. Differences in the sample characteristics between individuals with and without infectious mononucleosis were tested using chi-squared tests for categorical variables and Wilcoxon tests for continuous variables. Univariable Cox regression models were conducted to study the association between infectious mononucleosis and the incidence of MS. These models were performed separately for women, men and five age groups. Finally, multivariable Cox regression models were conducted, adjusted for six autoimmune disorders including type 1 diabetes (ICD-10: E10), rheumatoid arthritis (ICD-10: M05, M06), psoriasis (ICD-10: L40), lupus erythematosus (ICD-10: M32), Hashimoto’s thyroiditis (ICD-10: E06.3), inflammatory bowel disease (ICD-10: K50, K51). P-values <0.05 were considered statistically significant. Analyses were carried out using SAS version 9.4 (SAS institute, Cary, USA).




Results


Characteristics of the study cohort

The present study included 16,058 patients with documented infectious mononucleosis as well as 16,058 matched individuals without infectious mononucleosis. The basic characteristics of the study cohort are summarized in Table 1. The mean age (SD) was 32 years (15 years), whereby 47% of patients were between 14 and 30 years old. 58.6% of patients were female. 5.7% of individuals with and 5.6% of individuals without infectious mononucleosis were diagnosed with at least one pre-defined autoimmune disorders at baseline. On average, patients visited their general practitioner 3.5 times per year during the follow-up period.


Table 1 | Basic characteristics of the study sample (after 1:1 matching by sex, age, index year, and yearly consultation frequency).





Association of infectious mononucleosis and the incidence of multiple sclerosis

Within 10 years from the index date, a total of 0.49% of patients with infectious mononucleosis and 0.26% of individuals without infectious mononucleosis were diagnosed with multiple sclerosis (MS, log-rank: p<0.001, Figure 2). The incidence of MS was 22.6 cases per 100,000 person-years among patients with infectious mononucleosis and 11.9 cases per 100,000 person-years among individuals without infectious mononucleosis.




Figure 2 | Kaplan-Meier curves regarding the incidence of multiple sclerosis diagnosis in patients with and without infectious mononucleosis.



In univariable regression analyses, infectious mononucleosis was significantly associated with the incidence of MS (HR: 1.86, 95% CI: 1.09-3.16, Table 2). In age-stratified analysis however, the only age group with significant association was 14-20 years (HR: 3.52, 95% CI: 1.00-12.37). With increased age, the association between infectious mononucleosis and MS became smaller and was not significant. The association in men was stronger than in women, however both values were not significant due to small samples (Table 2). Similar results were observed following adjustment for pre-existing autoimmune disorders (see materials and methods for details) in a multivariable regression model (Table 2).


Table 2 | Association between infectious mononucleosis and the subsequent incident multiple sclerosis diagnosis in patients followed in general practices in Germany (Cox regression models).






Discussion

In this study, we investigated a potential association between infectious mononucleosis and the incidence of multiple sclerosis (MS). Therefore, we used data from a large outpatient database which collects diagnoses as well as basic medical and demographic data directly from general practitioners and specialists in Germany (9). Our results demonstrate that the incidence of MS is significantly higher in patients with infectious mononucleosis than in matched patients without infectious mononucleosis.

A possible causal relationship between infections with the Epstein-Barr virus and MS has been postulated before (5). One difficulty in investigating a possible association between infectious mononucleosis and MS is that, despite showing incidence rates of up to 1 of 200 population in high prevalence areas, the prevalence of MS is only about 0.1% in the general population (2), whereas EBV is ubiquitous, affecting up to 95% of all adults (13). A recently published study by Kjetil Bjornevik and colleagues, that inspired our study, solved this problem by observing over 10 million individuals serving as military personnel over an extended period of time. Of these, 5.3% were EBV negative and could be screened longitudinally for risk of EBV infection and development of MS (4). The authors showed that the risk of developing MS was significantly increased after infection with EBV, but not after infection with other viruses, such as cytomegalovirus, which is transmitted similarly to EBV.

Our own data confirm this important relationship in a German collective; in some respects, of course, our study differs from that of Bjornevik and co-workers. While we also followed up patients with documented EBV infection longitudinally over a period of 10 years and document the manifestation of MS, our data are not based on the analysis of serum samples but on the documentation of ICD-10 codes by primary care physicians. Of note, we can provide an analysis of relative risk across a wide range of different age groups. This analysis seems important from our point of view, since both infectious mononucleosis and MS have an age-dependent incidence pattern: MS has an incidence peak around the age of 30, but significantly earlier initial manifestations are also possible in childhood (14). The prevalence of EBV infection/seroconversion is already 50% in 6-8-year-olds and shows a steep increase to almost 90% in 18-19 year olds (15). With the onset of puberty, the proportion of EBV primary infection presenting as infectious mononucleosis increases markedly (16). The strongest association between infectious mononucleosis and MS was found in the youngest age group of our study, 14 to 20 years. There seems to be a particular risk here. This is all the more remarkable as the time course between the initiation of the MS disease process and the clinical manifestation is probably protracted (2), a time lag of 3.8 to 5.6 years is postulated between seroconversion and MS onset (17). Thus, to the extent that there is a causal relationship between EBV infection and MS incidence, it appears to be particularly effective at a young age. Conversely, it could be assumed that other risk factors for the occurrence of MS are pronounced in advanced age. Various genetic and environmental risk factors have been demonstrated: For reasons unknown so far, 3/4 of all affected are female (18). A genetic predisposition has been demonstrated, over 200 gene variants have been shown to be associated with an increased risk of developing MS of which the most prominent example is the human leukocyte antigen DRB1*1501 haplotype (odds ratio~3) (2). Environmental factors include climate zone (higher incidence in temperate latitudes), nicotine use and obesity.

Particularly through the study by Bjornevik et al. (4) as well as other studies, there is now a body of evidence that EBV infection potentially contributes to a breakdown of immune tolerance networks supporting the development of MS. For example, Ruprecht and co-workers observed that virtually all MS patients are EBV seropositive (19). This was also shown in a large German cohort of patients with early-stage MS (20). Prospective long-term studies found that high IgG titers directed against Epstein-Barr Nuclear Antigen (EBNA)-1 or EBNA complex (EBNAc) were associated with an increased risk of subsequent MS (5). For persons with an anti-EBNAc-Titer ≥ 320 the risk for developing MS was reported to be 30-fold in patients with EBNA complex IgG titers >/=320 than among those with titers <20 (21). Overall, our data reinforce previous research findings that EBV plays a causal role in the pathophysiology of MS. Under certain pathophysiological conditions, EBV seems to trigger specific biological changes that are required for the development of MS. However, the exact mechanism as well as the role of possible cofactors are still unclear.

An established concept that is discussed as a pathophysiological basis in various autoimmune diseases is that of molecular mimicry. This concept is based on a cellular or humoral immune response directed against infectious agents, which is misdirected by reacting with autoantigens (22). Another theory is that EBV may persist latently in autoreactive B lymphocytes. These in turn could induce autoreactive T cells as antigen-presenting cells, which could then ultimately trigger the organ damage in autoimmune diseases like MS (23). One of the arguments in favour of this theory is the close link between EBV replication and B cell biology (24). A recent study by Lanz et al. (25) combines both theories providing a mechanistic link between EBV infection and the pathobiology of MS: the authors extracted a cerebrospinal fluid (CSF)-derived mAb targeting EBNA1AA386-405 that reveals molecular mimicry to GlialCAM. This cross-reactivity represents a broader phenomenon in MS patients, as plasma blasts from the CSF of MS patients generate antibodies against multiple GliaICAM epitopes. The authors concluded that this mechanism could even represent a potential approach for innovative therapies for MS.

An important question is whether these associations and pathomechanisms are EBV-specific. In particular, herpes viruses such as cytomegalovirus (CMV) have a similar pattern of infection and contamination as EB virus. In our study, we do not present data regarding CMV infection nor the degree of CMV contamination in both study groups. In this regard, we would like to mention again the study by Bjornevik et al, who were able to convincingly show that CMV, in contrast to EBV, is not associated with an increased incidence of MS (4).

Although in our study the number of female MS patients clearly outweighs the number of male patients, a stronger association between EBV and MS is seen in male patients. This result, paradoxical at first sight, points to the important research field of gender-typical differences in possible risk factors and mechanisms in the development of autoimmune diseases (26, 27). Gender-specific influencing factors can be gene- and/or hormone-associated and can affect any aspect of an autoimmune response, including, as in our study, whether and how a viral infection is transfected into an autoimmune disease (28). In the development of MS after EBV infection, reinforcing signals seem to act in men, whereas in women other influencing factors might be more effective. Due to our study design, we cannot provide a definitive mechanistic explanation for the association between EBV and MS, but future mechanistic studies will certainly need to take gender-specific factors into account to unravel the complex interplay of the inflammatory pathways involved.

Our study is subject to limitations, which are unavoidable due to the database analysis and the study design. Firstly, we cannot exclude the possibility that diagnoses have sometimes been misclassified or that their coding is missing within the ICD-10 coding system. As such, analyses with respect to earlier disease stages of MS including the clinically isolated syndrome (CIS) were not feasible. In addition, there is a lack of data from specialized MS centres, which diagnose and treat a relatively big share of MS patients in Germany. Furthermore, the German Disease Analyzer Database does not contain information on patient lifestyle, risk factors like smoking or socioeconomic status as well as genetic factors or immunological markers, which are of clearly of high relevance to further dissect etiological aspects of MS. Likewise, data on disease severity or the subtype of MS were not available. We cannot provide data on mortality. As described above, our study is not based on serological determinations of an antibody titer against EBV, but on ICD-10 coding of a clinically apparent diagnosis of infectious mononucleosis. Therefore, it may well be that there is also an undetermined proportion of patients with EBV in the control group, which may dilute the differences between the two groups and may explain why the risk increase due to EBV in our study is lower than in the study by Bjorvik et al. (32-fold increased risk there). On the other hand, the very fact that the results in our study are nevertheless significant shows, that the association shown between EBV and MS is strong. In this context, we also believe that our main finding of a significantly increased risk of MS after clinical apparent mononucleosis at a young age is a very good complement to the new study by Bjornevik et al. (4).

In summary, we found a significantly increased incidence of MS in patients with clinically apparent EBV infection. Therefore, our study should lead to functional studies on a potential causal relationships between both entities and involved signalling pathways. These data could improve our understanding of the development of MS and possibly help to find novel therapies. As an example, future preventive options could include EBV vaccination for genetically vulnerable relatives of MS patients.



Data availability statement

The raw data supporting the conclusion of this article will be made available upon reasonable request from the corresponding authors.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

SL, KK, and CR designed the study. KK performed statistical analyses and generated figures and tables. SL, CD, CR, and KK wrote the manuscript. TL, SM provided intellectual input. All authors agreed to the final version of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

There was no specific funding for this study. In general, work in the group of TL was funded from the European Research Council (ERC) under the European Union’s Horizon 2020 research and innovation program through the ERC Consolidator Grant PhaseControl (Grant Agreement n° 771083). The lab of TL was further supported by the German Cancer Aid (Deutsche Krebshilfe 110043 and a Mildred-Scheel-Professorship) and the German-Research-Foundation (SFB-TRR57/P06, LU 1360/3-1, CRC1380/A01, and CA 830/3-1).



Conflict of interest

Author KK was employed by IQVIA.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Collaborators GBDMS. Global, regional, and national burden of multiple sclerosis 1990-2016: A systematic analysis for the global burden of disease study 2016. Lancet Neurol (2019) 18(3):269–85. doi: 10.1016/S1474-4422(18)30443-5

2. Reich, DS, Lucchinetti, CF, and Calabresi, PA. Multiple sclerosis. N Engl J Med (2018) 378(2):169–80. doi: 10.1056/NEJMra1401483

3. Brownlee, WJ, Hardy, TA, Fazekas, F, and Miller, DH. Diagnosis of multiple sclerosis: Progress and challenges. Lancet (2017) 389(10076):1336–46. doi: 10.1016/S0140-6736(16)30959-X

4. Bjornevik, K, Cortese, M, Healy, BC, Kuhle, J, Mina, MJ, Leng, Y, et al. Longitudinal analysis reveals high prevalence of Epstein-Barr virus associated with multiple sclerosis. Science (2022) 375(6578):296–301. doi: 10.1126/science.abj8222

5. Levin, LI, Munger, KL, Rubertone, MV, Peck, CA, Lennette, ET, Spiegelman, D, et al. Temporal relationship between elevation of Epstein-Barr virus antibody titers and initial onset of neurological symptoms in multiple sclerosis. JAMA (2005) 293(20):2496–500. doi: 10.1001/jama.293.20.2496

6. Moreno, MA, Or-Geva, N, Aftab, BT, Khanna, R, Croze, E, Steinman, L, et al. Molecular signature of Epstein-Barr virus infection in Ms brain lesions. Neurol Neuroimmunol Neuroinflamm (2018) 5(4):e466. doi: 10.1212/NXI.0000000000000466

7. Serafini, B, Rosicarelli, B, Franciotta, D, Magliozzi, R, Reynolds, R, Cinque, P, et al. Dysregulated Epstein-Barr virus infection in the multiple sclerosis brain. J Exp Med (2007) 204(12):2899–912. doi: 10.1084/jem.20071030

8. Lassmann, H, Niedobitek, G, Aloisi, F, Middeldorp, JM, and NeuroproMiSe EBVWG. Epstein-Barr Virus in the multiple sclerosis brain: A controversial issue–report on a focused workshop held in the centre for brain research of the medical university of Vienna, Austria. Brain (2011) 134(Pt 9):2772–86. doi: 10.1093/brain/awr197

9. Rathmann, W, Bongaerts, B, Carius, HJ, Kruppert, S, and Kostev, K. Basic characteristics and representativeness of the German disease analyzer database. Int J Clin Pharmacol Ther (2018) 56(10):459–66. doi: 10.5414/CP203320

10. Kap, EJ, Konrad, M, and Kostev, K. Clinical characteristics and sick leave associated with infectious mononucleosis in a real-world setting in Germany. Int J Clin Pract (2021) 75(10):e14690. doi: 10.1111/ijcp.14690

11. Jacob, L, Smith, L, Koyanagi, A, Haro, JM, Konrad, M, Tanislav, C, et al. Is there an association between multiple sclerosis and osteoarthritis in Germany? A retrospective cohort study of 8,600 patients from Germany. Mult Scler J Exp Transl Clin (2021) 7(2):20552173211022784. doi: 10.1177/20552173211022784

12. Jacob, L, Tanislav, C, and Kostev, K. Multiple sclerosis and incidence of urinary and fecal incontinence in almost 9,000 patients followed up for up to 10 years in Germany. Neuroepidemiology (2021) 55(2):92–9. doi: 10.1159/000513234

13. Thacker, EL, Mirzaei, F, and Ascherio, A. Infectious mononucleosis and risk for multiple sclerosis: A meta-analysis. Ann Neurol (2006) 59(3):499–503. doi: 10.1002/ana.20820

14. Sun, C, Chen, XC, Kang, YF, and Zeng, MS. The status and prospects of Epstein-Barr virus prophylactic vaccine development. Front Immunol (2021) 12:677027. doi: 10.3389/fimmu.2021.677027

15. Gbaguidi, B, Guillemin, F, Soudant, M, Debouverie, M, Mathey, G, and Epstein, J. Age-Period-Cohort analysis of the incidence of multiple sclerosis over twenty years in Lorraine, France. Sci Rep (2022) 12(1):1001. doi: 10.1038/s41598-022-04836-5

16. Balfour, HH Jr., Sifakis, F, Sliman, JA, Knight, JA, Schmeling, DO, and Thomas, W. Age-specific prevalence of Epstein-Barr virus infection among individuals aged 6-19 years in the united states and factors affecting its acquisition. J Infect Dis (2013) 208(8):1286–93. doi: 10.1093/infdis/jit321

17. Rostgaard, K, Balfour, HH Jr., Jarrett, R, Erikstrup, C, Pedersen, O, Ullum, H, et al. Primary Epstein-Barr virus infection with and without infectious mononucleosis. PloS One (2019) 14(12):e0226436. doi: 10.1371/journal.pone.0226436

18. Levin, LI, Munger, KL, O'Reilly, EJ, Falk, KI, and Ascherio, A. Primary infection with the Epstein-Barr virus and risk of multiple sclerosis. Ann Neurol (2010) 67(6):824–30. doi: 10.1002/ana.21978

19. Ramagopalan, SV, Dobson, R, Meier, UC, and Giovannoni, G. Multiple sclerosis: Risk factors, prodromes, and potential causal pathways. Lancet Neurol (2010) 9(7):727–39. doi: 10.1016/S1474-4422(10)70094-6

20. Ruprecht, K. The role of Epstein-Barr virus in the etiology of multiple sclerosis: A current review. Expert Rev Clin Immunol (2020) 16(12):1143–57. doi: 10.1080/1744666X.2021.1847642

21. Abrahamyan, S, Eberspacher, B, Hoshi, MM, Aly, L, Luessi, F, Groppa, S, et al. Complete Epstein-Barr virus seropositivity in a Large cohort of patients with early multiple sclerosis. J Neurol Neurosurg Psychiatry (2020) 91(7):681–6. doi: 10.1136/jnnp-2020-322941

22. Munger, KL, Levin, LI, O'Reilly, EJ, Falk, KI, and Ascherio, A. Anti-Epstein-Barr virus antibodies as serological markers of multiple sclerosis: A prospective study among united states military personnel. Mult Scler (2011) 17(10):1185–93. doi: 10.1177/1352458511408991

23. Dreyfus, DH, Farina, A, and Farina, GA. Molecular mimicry, genetic homology, and gene sharing proteomic "Molecular fingerprints" using an ebv (Epstein-Barr virus)-derived microarray as a potential diagnostic method in autoimmune disease. Immunol Res (2018) 66(6):686–95. doi: 10.1007/s12026-018-9045-0

24. Pender, MP. Infection of autoreactive b lymphocytes with ebv, causing chronic autoimmune diseases. Trends Immunol (2003) 24(11):584–8. doi: 10.1016/j.it.2003.09.005

25. Ok, CY, Li, L, and Young, KH. Ebv-driven b-cell lymphoproliferative disorders: From biology, classification and differential diagnosis to clinical management. Exp Mol Med (2015) 47:e132. doi: 10.1038/emm.2014.82

26. Lanz, TV, Brewer, RC, Ho, PP, Moon, JS, Jude, KM, Fernandez, D, et al. Clonally expanded b cells in multiple sclerosis bind ebv Ebna1 and glialcam. Nature (2022) 603(7900):321–7. doi: 10.1038/s41586-022-04432-7

27. Ngo, ST, Steyn, FJ, and McCombe, PA. Gender differences in autoimmune disease. Front Neuroendocrinol (2014) 35(3):347–69. doi: 10.1016/j.yfrne.2014.04.004

28. Klein, SL, and Flanagan, KL. Sex differences in immune responses. Nat Rev Immunol (2016) 16(10):626–38. doi: 10.1038/nri.2016.90



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Loosen, Doege, Meuth, Luedde, Kostev and Roderburg. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu.2022.937583_cover.jpg
’ frontiers ‘ Frontiers in Immunology

Infectious mononucleosis is
associated with an increased
incidence of multiple sclerosis:
Results from a cohort study of
32,116 outpatients in Germany





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Infectious mononucleosis is associated with an increased incidence of multiple sclerosis: Results from a cohort study of 32,116 outpatients in Germany

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Database

          



          		

            Study population

          



          		

            Study outcomes and statistical analyses

          



        



        



        		

          Results

        

          		

            Characteristics of the study cohort

          



          		

            Association of infectious mononucleosis and the incidence of multiple sclerosis

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-13-937583-g002.jpg
Hatlents with multiple sclerosis (%)

—|nfectious mononucleosis (n="1605%
—[|0 infectious mononucleosis (n=16,058)

log-rank p=0.020

049

0.26

3 4 5 G 7 8 0 10
Yeaars cince ndey date





OEBPS/Images/table2.jpg
Univariable Multivariable
regression regression*

Cohorts  Incidence of MS among individuals Incidence of MS among individuals Hazard p- Hazard p-

with infectious mononucleosis without infectious mononucleosis Ratios values Ratios values
(cases per 100,000 patient years) (cases per 100,000 patient years) (95% CI) (95% CI)
Total 22,6 119 186 (109- 0022 188 (L10-  0.021
3.16) 3.19)
Age 14-20 226 6.1 352 (100-  0.049 403 (L12-  0.033
12.37) 14.52)
Age 21-30 29.6 175 174 (070- 0236 173 (0.69-  0.241
437) 435)
Age 31-40 28.9 165 163 (0.55- 0377 161 (0.55- 0387
4.77) 4.72)
Age 41-50 149 122 125 (028- 0771  122(027- 0793
5.59) 5.48)
Age >50 109 86 132 (022- 0761  132(022- 0760
7.92) 7.94)
Women 27.1 152 172 (093-  0.086 176 (094-  0.076
3.20) 3.28)
Men 163 73 230 (0.82- 0113 231 (0.82-  0.113
6.46) 6.48)

*Adjusted for autoimmune disorders (type 1 diabetes, rheumatoid arthritis, psoriasis, lupus erythematosus, Hashimoto’s thyroiditis, inflammatory bowel disease.





OEBPS/Images/fimmu-13-937583-g001.jpg
Individuals (214 years) with at least
one visit to one of 1,274 general
practitioners between January 2000
and December 2018
n=8,254,100

At least one diagnosis of infectious
mononucleosis (ICD-10: B27)
n=33,441

Initial diagnosis of infectious

mononucleosis due to Epstein-Barr virus
or unspecified infectious mononucleosis
(ICD-10: B27.0, B27.9) in 2000-2018
(index date)
n=24,380

Patients with a follow-up time of at least
12 months prior to the index date
n=16,225

No multiple sclerosis (ICD-10: M35)
diagnosis prior to index date
n=16,158

No infectious mononucleosis diagnoses
n=8,220,659

Randomly selected visit date between
2000 and 2018 (index date)
n=8§,220,659

Patients with a follow-up time of at least
12 months prior to the index date
n=3,257,018

No multiple sclerosis (ICD-10: M35)
diagnosis prior to index date
n=3,245,670

Individual matching (1:1) by sex, age, index year, and yearly consultation frequency

Infectious mononucleosis cohort

n=16,058

Non-Infectious mononucleosis cohort
n=16,058






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/table1.jpg
Variable

Age (Mean, SD)
Age 14-20

Age 21-30

Age 31-40

Age 41-50

Age >50
Women

Men

Yearly consultation
frequency

Autoimmune
disorders (any)

Type 1 diabetes

Rheumatoid
arthritis

Psoriasis
Lupus
erythematosus
Hashimoto’s
thyroiditis
Inflammatory
bowel disease

Proportion affected among individuals with
infectious mononucleosis (%)

n=16,058
316 (15.0)

4,969 (30.9)
4240 (26.4)
2,734 (17.0)
1,991 (12.4)
2,124 (13.2)
9,407 (58.6)
6,651 (41.4)

35 (4.3)

908 (5.7)

0 (0.4)
228 (1.4)

226 (1.4)
7 (0.04)

332 (21)

118 (0.7)

Proportions of patients given in %, unless otherwise indicated. SD, standard deviation.

Proportion affected among individuals without
infectious mononucleosis (%)

n=16,058
317 (15.1)
4,815 (30.0)
4,325 (26.9)
2,740 (17.1)
2,024 (12.6)
2,154 (13.4)
9,407 (58.6)
6,651 (41.4)
35 (4.3)

892 (5.6)

129 (0.8)
164 (1.0)

223 (1.4)
3(0.02)

294 (1.8)

125 (0.8)

p-
value

0.494
0.440

1.000

0.700

<0.001
0.001

0.887
0.206

0.125

0.652





