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Abstract

:

Introduction: The complexity of the MS patient’s management is constantly growing. Consequently, the MS care unit requires a multidisciplinary approach, including an infectious disease specialist to minimise the risk of infectious complications related both to the disease and DMTs. Materials and methods: We retrospectively evaluated the infectious disease consultations performed from 2015 to 2019 in our MS centre. Results: We identified 107 patients with at least one infectious disease consultation out of 1088 patients. We found a progressive increase in the number of consultations from 2015 to 2019. Nearly half of the consultations were requested at the time of starting MS treatment. The most frequent requests were represented by chronic or acute infections. The most prevalent infectious agents were Herpesviridae and Mycobacterium tuberculosis. Antibiotic or antiviral treatment and prophylactic treatment or vaccination represented together the most frequent outcomes of the consultations. Finally, a treatment delay was significantly associated with the advice of a prophylactic treatment or of a vaccination. Conclusion: There is an increasing awareness of the potential infectious complications of MS and of exposure to DMTs. The interaction between the MS neurologist and infectious disease specialist is fundamental to minimise the infectious risk related to the disease and to the DMTs, with a progressive shift from complication management to a broader prevention workup at the time of MS diagnosis, including both vaccination and prophylactic treatments.
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1. Introduction


Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system (CNS) affecting more than two million people worldwide [1].



MS pathogenesis is not fully understood and is thought to be multifactorial, involving a complex interplay between the immune system and different environmental factors [2,3]. Epidemiological studies suggest a potential role for many common infections in the MS aetiology, mainly focusing on EBV infection [4,5,6]. Moreover, some studies have shown that infections can be a trigger for MS relapses and for neurological worsening and progression [7,8].



Overall, MS patients have an increased risk of infections compared with the general population [9,10]. Injectable disease-modifying therapies (DMTs), such as interferon beta and glatiramer acetate, do not seem to significantly increase this risk [11]. In contrast, the new-generation DMTs, including oral immunosuppressive agents and monoclonal antibodies, have been associated with an increased risk of infections compared with placebo or interferon beta and glatiramer acetate, both in randomised clinical trials and in post-marketing surveillance [12].



Each DMT is associated with an increased risk of specific infections. Natalizumab increases the risk for life-threatening progressive multifocal leukoencephalopathy (PML). To a significantly lesser extent, PML has also been associated with exposure to other DMTs [13]. Herpes simplex virus (HSV) and varicella zoster virus (VZV) infections and reactivation have been observed in randomised clinical trials (RCTs) with fingolimod, alemtuzumab, cladribine and ocrelizumab [14]. HBV reactivation can be devastating for patients treated with alemtuzumab or with anti-CD20 monoclonal antibodies [15]. A specific diet and a prophylactic antibiotic treatment are recommended before the initiation of alemtuzumab in order to reduce the risk of infection with Listeria monocytogenes [16]. The risk of infection is also increased by specific patient characteristics, such as older ages and higher disability [14]. These immunosuppressive and immunomodulating agents increase the susceptibility to infections, reactivating latent pathogens, worsening asymptomatic chronic infections, and contracting de novo infections, demanding a meticulous safety monitoring.



Considering the complexity of the treatments available and the related infectious risks, the approach to MS patients’ management requires a multidisciplinary team. In recent years, there has been a greater awareness towards an adequate MS care unit, recognising the role of different specialists in MS to ensure a better quality of life through a personalised clinical framework [17].



In this perspective, our study aims to illustrate the evolving role of the infectious disease specialist in the context of the MS care unit to minimise the infection risk related to both MS and DMTs.




2. Materials and Methods


2.1. Patient Selection


This is a retrospective monocentric study to evaluate the incidence and the outcome of infectious disease counselling in a monocentric cohort of MS patients. We included patients with MS diagnosis followed at the Multiple Sclerosis Unit of Fondazione Policlinico Universitario Agostino Gemelli IRCCS from January 2015 to December 2019. Inclusion criteria included the following: MS diagnosis following the most recent McDonald criteria [18]; at least two neurological evaluations; and at least one infectious disease counselling session within the study period.



For each patient, we collected the following clinical and paraclinical parameters: age, sex, disease duration, EDSS, disease course, and the number and the year of infectious disease counselling.




2.2. Infectious Disease Counselling Description


For each infectious disease evaluation, we collected the following data: the timing of the request; the clinical motivation; the outcome of the counselling; and the eventual impact on MS treatment.



Regarding the timing of the evaluation, we distinguished three different moments: the diagnostic workup, treatment initiation or switching, and evaluation during treatment exposure.



We divided the counselling requests into the following categories: isolated serological findings to be interpreted; fungal or parasitic infection; bacterial infection; viral infection; and vaccination.



The outcomes of the counselling were classified as non-specific (interpretation of a result without the need for further interventions); antibiotic/antiviral treatment; vaccination/prophylaxis (the last intended for latent or chronic inactive infections); and treatment authorisation without further analysis.



Finally, the impact on MS treatment was divided into no impact, delay in treatment initiation, and suspension/changing of treatment.




2.3. Statistical Analysis


Continuous variables were described as the mean ± standard deviation. Dichotomic or categorical variables were expressed as frequencies. The eventual relationship between categorical variables was explored with the chi-squared test. Eventual associations between specific items of the infectious disease consultation were evaluated through the chi-squared adjusted residual analysis with Bonferroni correction. All two-tailed p-values < 0.05 were considered significant. Data were analysed using the Statistical Package for Social Sciences, version 16.0 (IBM SPSS, Inc., Chicago, IL, USA).





3. Results


3.1. Patients’ Characteristics


We identified 107 patients with at least one infectious disease counselling session out of the 1088 patients who were followed in our MS centre within the study period. Patients’ clinical features are described in Table 1. Briefly, the mean age was 41 years with a female predominance and a widely variable disease duration. Relapsing MS represented the most frequent disease course with a wide range of EDSS scores (from 0 to 8.0). We included 155 unique infectious disease consultations in our analysis. Nearly 35% of the patients underwent more than one infectious disease consultation during the study period. Regarding the year of counselling, we found a progressive increase in the number of consultations from 2015 to 2019.




3.2. Infectious Disease Counselling


Nearly half of the consultations were requested at the time of starting MS treatment, while one-third were requested as follow-up evaluations during treatment exposure and only a minority as part of the diagnostic workup (see Table 2).



The most frequent requests were represented by chronic or acute infections (56.8%). Bacterial agents represented the most frequent cause of infection (n = 44, 28.4%), followed by viral infection (n = 37, 23.9%). The most prevalent infectious agents were Herpesviridae (more than half represented by HSV-1 infection) and Mycobacterium tuberculosis (included in the bacterial infection) with 20 cases each. We found only a few cases of fungal infections, mainly Candida urinary tract infections, and one case of intestinal Giardiasis.



However, nearly 25.2% of the evaluations were requested following isolated serological alterations without evident clinical impact (see Table 3).



Antibiotic or antiviral treatment and prophylactic treatment or vaccination represented together the most frequent outcomes of the consultations (58.1%). In the other cases, the clinical/serological findings were considered non-specific and the treatment was authorised without further examinations (see Table 4). Half of the consultations resulted in a delay in treatment initiation while 41.3% had no impact on the timing of MS treatment initiation (Table 5).



In the diagnostic work-up period, the most frequent motivation of infectious disease evaluation was the presence of isolated serological alterations while infections, particularly the viral ones, represented the more prevalent cause of evaluation in patients exposed to DMTs (p < 0.01; Figure 1A).



Regarding the relationship between the motivation of the request and the outcome of the consultation, we found that the presence of asymptomatic serological alterations was significantly associated with an interpretation as non-specific or with treatment authorisation without further investigations (p < 0.01). Furthermore, a suspected infection (especially for viral infection) resulted in antibiotic/antiviral treatment in most cases (p < 0.01), while in the cases of evaluation for eventual vaccination or bacterial latent infections (in most cases latent tuberculosis, n = 20), a prophylactic treatment or vaccination advice was given (Figure 1B).



We found a significant association between treatment suspension and viral infection (p < 0.01), as viral infections represented the most frequent cause of treatment suspension or switch (10 out of 12). Moreover, isolated serological alterations had no impact on MS treatment in most cases (Figure 1C).



Finally, a treatment delay was significantly associated (p < 0.01) with the advice of a prophylactic treatment or of a vaccination, while treatment suspension or change followed the advice of an antibiotic or antiviral treatment (Figure 1D).





4. Discussion


In our monocentric study, we retrospectively evaluated 107 patients with MS in a five-year span undergoing infectious disease evaluation to understand the timing, motivation, outcome and impact of this counselling on MS management. The role of an infectious specialist in the MS care unit can be crucial in several situations, such as screening for infection in naive patients, the safety monitoring of patients exposed to DMTs, and the management of respiratory (RTIs) and urinary tract (UTIs) infections that are more prevalent in elderly and more disabled patients [19,20].



In our study, we observed that the number of infectious counselling requests progressively increased from 2015 to 2019. In this timeframe, different highly effective DMTs were approved, including alemtuzumab, ocrelizumab and cladribine, requiring specific baseline infectious evaluations and thus resulting in an increased awareness of the potential infectious risks [12].



Nevertheless, most patients (50.3%) were evaluated by the infectious specialist at the time of starting or changing the treatment with DMTs. Most of these evaluations were driven by the request of a specific vaccination, mainly hepatitis B virus (HBV) and varicella zoster virus (VZV), or of the management of latent/chronic infections (mainly tuberculosis and to a lesser extent chronic inactive HBV) [21,22]. The resulting infectious disease consultation outcomes were represented by the need for specific vaccinations or for prophylactic antibiotic or antiviral therapy before DMT started. This finding represents an important shift in MS care from infectious complication management to a wider prevention work-up at the time of MS diagnosis [23]. Considering the ever-expanding scenario of the available DMTs carrying specific infectious risks, it is fundamental to perform an extensive study of potential infection risk as soon as possible to minimise the risk of life-long exposure to different DMTs [21].



At the time of diagnostic evaluation, data should be collected on physiological and epidemiological factors, occupational history, past medical history of previous infections and vaccinations, and family history, in order to produce a kind of “infectious identity card” [24]. Moreover, these evaluations, and the consequent interventions, should be performed before starting with the therapy since several DMTs could reduce the efficacy and the safety of vaccinations or interfere with other prophylactic strategies [25].



A recent paper from Riva et al. evaluated the relationship between MS and vaccination. In this consensus work, the authors concluded that, despite the need for more research in this specific field, MS patients should be vaccinated before starting DMT, and a specific infectious and immunisation history at diagnosis should be collected [21].



However, vaccination and prophylactic treatments are associated with a treatment delay with potential clinical implications [26].



Some patients (14.2%) required an infectious disease consultation at the time of diagnosis. The presence of isolated serological alterations represents the most important motivation of the counselling request for those patients. These serological alterations were mainly represented by the presence of EBV genome both in serum or in the CSF, the transient finding of IgM specific for HSV and Borrelia burgdorferi, without any specific epidemiological history and or symptoms [27,28]. Despite most of these non-specific serological alterations not affecting the beginning, change or suspension of the therapy, some caused a treatment delay to be properly interpreted.



In our study, we had only one case with an infectious disease consultation required for a progressive multifocal leukoencephalopathy (PML) suspicion, subsequently not confirmed. Strict clinical vigilance to minimise the risk of PML, especially for natalizumab-treated patients, was performed by the neurologist following a stratification risk protocol [29]. The specific awareness and expertise of the MS neurologists in the field should explain this finding. Moreover, in these specific situations, it could be the fundamental role of the neuroradiologist to identify early magnetic resonance (MRI) changes before symptom onset [30].



Furthermore, we required an infectious disease consultation for a human papillomavirus (HPV) infection in one case, since in our setting HPV-related disease is mainly managed together with the gynaecologists. A periodic screening for HPV-related disease is mandatory in MS patients, particularly for those exposed to sphingosine-1-phosphate modulators [31].



Few patients (n = 12) in our study suspended DMT after the infectious disease consultation. In most cases, a viral infection (HSV or VZV reactivation) represented an infectious complication leading to treatment discontinuation, as expected for the DMT risk profiles [32].



Study Limits


We decided to not include 2020 data since the COVID-19 pandemic forcibly increased the number of requests for infectious disease counselling.



The estimation of infection prevalence in MS patients was not an objective of our study since most of the RTIs and UTIs are directly managed by the general practitioner, not requiring a specialist evaluation in the MS centre.





5. Conclusions


The new concept of the MS care unit stressed the importance of a multidisciplinary approach in which specific competences facilitate correct treatment and increase the safety for patients. With our study, we underline the increasing importance of the infectious disease specialist as another competence to add to the MS care unit supporting the neurologist in the minimisation of the infectious risk related to DMTs, and in the timely management of eventual complications.







Author Contributions


Conceptualisation, M.L. and M.M.; methodology, M.L. and V.D.A.; formal analysis, M.L.; data acquisition, V.D.A. and G.P.; resources, V.N., A.B., C.D.F., A.C. and V.C.; writing—original draft preparation, M.L., P.D.G. and M.M.; writing—review and editing, V.D.A., V.N., A.B., C.D.F., G.P., A.C. and V.C.; supervision, M.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


All data were gathered after approval by the Ethics Committee of the Fondazione Policlinico Universitario A. Gemelli IRCCS. This study was conducted in accordance with specific national laws and the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. This study did not interfere in the care received by patients.




Informed Consent Statement


Written informed consent was obtained from all subjects involved in the study.




Data Availability Statement


All data are available to researchers upon request for the purpose of reproducing the results or replicating the procedure by directly contacting the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest regarding the content of the present paper.




References


	



Available online: https://www.msif.org/wp-content/uploads/2020/10/Atlas-3rd-Edition-Epidemiology-report-EN-updated-30-9-20.pdf (accessed on 30 September 2020).

	



Thompson, A.J.; Baranzini, S.E.; Geurts, J.; Hemmer, B.; Ciccarelli, O. Multiple sclerosis. Lancet 2018, 391, 1622–1636. [Google Scholar] [CrossRef]

	



Marrodan, M.; Alessandro, L.; Farez, M.F.; Correale, J. The role of infections in multiple sclerosis. Mult. Scler. 2019, 25, 891–901. [Google Scholar] [CrossRef] [PubMed]

	



Pakpoor, J.; Disanto, G.; Gerber, J.E.; Dobson, R.; Meier, U.C.; Giovannoni, G.; Ramagopalan, S.V. The risk of developing multiple sclerosis in individuals seronegative for Epstein-Barr virus: A meta-analysis. Mult. Scler. 2013, 19, 162–166. [Google Scholar] [CrossRef] [PubMed]

	



Bjornevik, K.; Cortese, M.; Healy, B.C.; Kuhle, J.; Mina, M.J.; Leng, Y.; Elledge, S.J.; Niebuhr, D.W.; Scher, A.I.; Munger, K.L.; et al. Longitudinal analysis reveals high prevalence of Epstein-Barr virus associated with multiple sclerosis. Science 2022, 375, 296–301. [Google Scholar] [CrossRef]

	



Xu, Y.; Smith, K.A.; Hiyoshi, A.; Piehl, F.; Olsson, T.; Montgomery, S. Hospital-diagnosed infections before age 20 and risk of a subsequent multiple sclerosis diagnosis. Brain J. Neurol. 2021, 144, 2390–2400. [Google Scholar] [CrossRef]

	



Buljevac, D.; Flach, H.Z.; Hop, W.C.; Hijdra, D.; Laman, J.D.; Savelkoul, H.F.; van Der Meché, F.G.; van Doorn, P.A.; Hintzen, R.Q. Prospective study on the relationship between infections and multiple sclerosis exacerbations. Brain J. Neurol. 2002, 125, 952–960. [Google Scholar] [CrossRef]

	



Correale, J.; Fiol, M.; Gilmore, W. The risk of relapses in multiple sclerosis during systemic infections. Neurology 2006, 67, 652–659. [Google Scholar] [CrossRef]

	



Montgomery, S.; Hillert, J.; Bahmanyar, S. Hospital admission due to infections in multiple sclerosis patients. Eur. J. Neurol. 2013, 20, 1153–1160. [Google Scholar] [CrossRef]

	



Persson, R.; Lee, S.; Ulcickas Yood, M.; Wagner Usn Mc, C.M.; Minton, N.; Niemcryk, S.; Lindholm, A.; Evans, A.M.; Jick, S.S. Infections in patients diagnosed with multiple sclerosis: A multi-database study. Mult. Scler. Relat. Disord. 2020, 41, 101982. [Google Scholar] [CrossRef]

	



Luna, G.; Alping, P.; Burman, J.; Fink, K.; Fogdell-Hahn, A.; Gunnarsson, M.; Hillert, J.; Langer-Gould, A.; Lycke, J.; Nilsson, P.; et al. Infection Risks among Patients with Multiple Sclerosis Treated with Fingolimod, Natalizumab, Rituximab, and Injectable Therapies. JAMA Neurol. 2020, 77, 184–191. [Google Scholar] [CrossRef]

	



Moiola, L.; Barcella, V.; Benatti, S.; Capobianco, M.; Capra, R.; Cinque, P.; Comi, G.; Fasolo, M.M.; Franzetti, F.; Galli, M.; et al. The risk of infection in patients with multiple sclerosis treated with disease-modifying therapies: A Delphi consensus statement. Mult. Scler. 2021, 27, 331–346. [Google Scholar] [CrossRef] [PubMed]

	



Sriwastava, S.; Kataria, S.; Srivastava, S.; Kazemlou, S.; Gao, S.; Wen, S.; Saber, H.; Tripathi, R.; Sheikh, Z.; Peterson, S.; et al. Disease-modifying therapies and progressive multifocal leukoencephalopathy in multiple sclerosis: A systematic review and meta-analysis. J. Neuroimmunol. 2021, 360, 577721. [Google Scholar] [CrossRef] [PubMed]

	



Prosperini, L.; Haggiag, S.; Tortorella, C.; Galgani, S.; Gasperini, C. Age-related adverse events of disease-modifying treatments for multiple sclerosis: A meta-regression. Mult. Scler. 2021, 27, 1391–1402. [Google Scholar] [CrossRef] [PubMed]

	



Loomba, R.; Liang, T.J. Hepatitis B Reactivation Associated with Immune Suppressive and Biological Modifier Therapies: Current Concepts, Management Strategies, and Future Directions. Gastroenterology 2017, 152, 1297–1309. [Google Scholar] [CrossRef] [PubMed]

	



Holmøy, T.; von der Lippe, H.; Leegaard, T.M. Listeria monocytogenes infection associated with alemtuzumab—A case for better preventive strategies. BMC Neurol. 2017, 17, 65. [Google Scholar] [CrossRef]

	



Soelberg Sorensen, P.; Giovannoni, G.; Montalban, X.; Thalheim, C.; Zaratin, P.; Comi, G. The Multiple Sclerosis Care Unit. Mult. Scler. 2019, 25, 627–636. [Google Scholar] [CrossRef]

	



Thompson, A.J.; Banwell, B.L.; Barkhof, F.; Carroll, W.M.; Coetzee, T.; Comi, G.; Correale, J.; Fazekas, F.; Filippi, M.; Freedman, M.S.; et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol. 2018, 17, 162–173. [Google Scholar] [CrossRef]

	



Ineichen, B.V.; Schneider, M.P.; Hlavica, M.; Hagenbuch, N.; Linnebank, M.; Kessler, T.M. High EDSS can predict risk for upper urinary tract damage in patients with multiple sclerosis. Mult. Scler. 2018, 24, 529–534. [Google Scholar] [CrossRef]

	



Seddone, S.; Marturano, M.; Bientinesi, R.; Lucchini, M.; Bassi, P.; Mirabella, M.; Nociti, V. Lower urinary tract disorders in multiple sclerosis patients: Prevalence, clinical features, and response to treatments. Neurourol. Urodyn. 2021, 40, 1500–1508. [Google Scholar] [CrossRef]

	



Riva, A.; Barcella, V.; Benatti, S.V.; Capobianco, M.; Capra, R.; Cinque, P.; Comi, G.; Fasolo, M.M.; Franzetti, F.; Galli, M.; et al. Vaccinations in patients with multiple sclerosis: A Delphi consensus statement. Mult. Scler. 2021, 27, 347–359. [Google Scholar] [CrossRef]

	



Dantas, L.A.; Pereira, M.S.; Gauza, A.M.; Schulz, M.E.B.; Silva, G.F.D.; Martin, M.E.M.; Medeiros Junior, W.L.G.; Gonçalves, M.V.M. Latent tuberculosis infection reactivation in patients with multiple sclerosis in use of disease-modifying therapies: A systematic review. Mult. Scler. Relat. Disord. 2021, 55, 103184. [Google Scholar] [CrossRef] [PubMed]

	



Smith, T.E.; Kister, I. Infection Mitigation Strategies for Multiple Sclerosis Patients on Oral and Monoclonal Disease-Modifying Therapies. Curr. Neurol. Neurosci. Rep. 2021, 21, 36. [Google Scholar] [CrossRef] [PubMed]

	



Papeix, C.; Donze, C.; Lebrun-Frénay, C. Infections and multiple sclerosis: Recommendations from the French Multiple Sclerosis Society. Rev. Neurol. 2021, 177, 980–994. [Google Scholar] [CrossRef]

	



Coyle, P.K.; Gocke, A.; Vignos, M.; Newsome, S.D. Vaccine Considerations for Multiple Sclerosis in the COVID-19 Era. Adv. Ther. 2021, 38, 3550–3588. [Google Scholar] [CrossRef] [PubMed]

	



Witman Tsur, S.; Adrian Zaher, E.; Tsur, M.; Kania, K.; Kalinowska-Łyszczarz, A. Current Immunological and Clinical Perspective on Vaccinations in Multiple Sclerosis Patients: Are They Safe after All? Int. J. Mol. Sci. 2021, 22, 3859. [Google Scholar] [CrossRef] [PubMed]

	



Coyle, P.K.; Krupp, L.B.; Doscher, C. Significance of reactive Lyme serology in multiple sclerosis. Ann. Neurol. 1993, 34, 745–747. [Google Scholar] [CrossRef]

	



Houen, G.; Heiden, J.; Trier, N.H.; Draborg, A.H.; Benros, M.E.; Zinkevičiūtė, R.; Petraitytė-Burneikienė, R.; Ciplys, E.; Slibinskas, R.; Frederiksen, J.L. Antibodies to Epstein-Barr virus and neurotropic viruses in multiple sclerosis and optic neuritis. J. Neuroimmunol. 2020, 346, 577314. [Google Scholar] [CrossRef]

	



Vukusic, S.; Rollot, F.; Casey, R.; Pique, J.; Marignier, R.; Mathey, G.; Edan, G.; Brassat, D.; Ruet, A.; De Sèze, J.; et al. Progressive Multifocal Leukoencephalopathy Incidence and Risk Stratification Among Natalizumab Users in France. JAMA Neurol. 2020, 77, 94–102. [Google Scholar] [CrossRef]

	



Scarpazza, C.; Signori, A.; Prosperini, L.; Sormani, M.P.; Cosottini, M.; Capra, R.; Gerevini, S. Early diagnosis of progressive multifocal leucoencephalopathy: Longitudinal lesion evolution. J. Neurol. Neurosurg. Psychiatry 2019, 90, 261–267. [Google Scholar] [CrossRef]

	



Mhanna, E.; Nouchi, A.; Louapre, C.; De Paz, R.; Heinzlef, O.; Bodini, B.; Assouad, R.; Chochon, F.; Lubetzki, C.; Papeix, C.; et al. Human papillomavirus lesions in 16 MS patients treated with fingolimod: Outcomes and vaccination. Mult. Scler. 2021, 27, 1794–1798. [Google Scholar] [CrossRef]

	



Epstein, D.J.; Dunn, J.; Deresinski, S. Infectious Complications of Multiple Sclerosis Therapies: Implications for Screening, Prophylaxis, and Management. Open Forum Infect. Dis. 2018, 5, ofy174. [Google Scholar] [CrossRef] [PubMed]








[image: Jpm 12 00591 g001 550] 





Figure 1. (A) A bar chart showing the relative percentage of the type of infectious disease counselling requests divided by the timing of the consultation. (B) A bar chart showing the relative percentage of the type of infectious disease counselling requests divided by the specialist’s advice. (C) A bar chart showing the relative percentage of the type of infectious disease counselling requests divided by the impact on MS treatment. (D) A bar chart showing the relative percentage of the specialist’s advice divided by the impact on MS treatment. In (A–D) the p values below 0.05 of the chi-squared adjusted residual analysis are reported. 
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Table 1. Patients’ demographics.






Table 1. Patients’ demographics.









	Patients
	n = 107





	Female sex, n (%)
	78 (72.9)



	Age, years, mean (SD)
	41.4 (14.4)



	Disease duration, years, mean (SD)
	8.5 (9.4)



	EDSS, median [range]
	1.5 [0–8.0]



	Disease course, n (%)
	



	RMS
	78 (72.9%)



	SPMS
	19 (17.8%)



	PPMS
	10 (9.3%)



	Number of counselling, n (%)
	



	1
	69 (64.5%)



	2
	30 (28.0%)



	3
	6 (5.6%)



	4
	2 (1.9%)



	Year of counselling, n (%)
	



	2015
	5 (4.7%)



	2016
	8 (7.5%)



	2017
	22 (20.6%)



	2018
	26 (24.3%)



	2019
	46 (43.0%)







EDSS: Expanded Disability Status Scale; RMS: Relapsing Multiple Sclerosis; SPMS: Secondary Progressive Multiple Sclerosis; PPMS: Primary Progressive Multiple Sclerosis; SD: standard deviation.
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Table 2. Timing of counselling request.






Table 2. Timing of counselling request.





	Counselling Timing
	n = 155





	Diagnostic workup
	22 (14.2%)



	Start or change treatment
	78 (50.3%)



	Follow-up on treatment
	55 (35.5%)







All values are reported as a number (percentage).
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Table 3. Infectious disease counselling request.






Table 3. Infectious disease counselling request.





	Counselling Motivation
	n = 155





	Isolated serological findings to be interpreted
	39 (25.2%)



	Fungal or parasitic infection
	7 (4.5%)



	Bacterial infection
	44 (28.4%)



	Viral infection
	37 (23.9%)



	Vaccination
	28 (18.1%)







All values are reported as a number (percentage).
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Table 4. Counselling outcome.






Table 4. Counselling outcome.





	Counselling Timing
	n = 155





	Non-specific
	46 (29.7%)



	Antibiotic or antiviral treatment
	30 (19.4%)



	Prophylaxis or vaccination
	60 (38.7%)



	Treatment authorisation
	19 (12.3%)







All values are reported as a number (percentage).
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Table 5. Counselling impact on MS-specific treatment.






Table 5. Counselling impact on MS-specific treatment.





	Impact on MS Treatment
	n = 155





	Treatment changed or suspended
	12 (7.7%)



	Treatment delay
	79 (51.0%)



	No impact
	64 (41.3%)







All values are reported as a number (percentage).
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