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What are the infectious risks with disease-modifying drugs for multiple sclerosis and how to reduce them ? A review of litterature
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Patients with multiple sclerosis taking immunosuppressive therapy may be at risk of reactivating latent pathogens, community-acquired infections, worsening asymptomatic chronic infections, and contracting de novo infections. This risk was evaluated mainly in short-term clinical trials and few studies have investigated this risk in real-life settings.

In clinical practice, this infectious risk should be evaluated when a multiple sclerosis diagnosis is made in order to propose specific follow-up or immunization as soon as possible and thus avoid contraindications or risk of lowered vaccination responses. Systematic screening should also be proposed for each patient before second-line therapy to ensure the risk is in line with the treatment plan. This systematic screening must include HIV and hepatitis B and C for all patients before treatment. The immunization schedule needs to be updated and influenza vaccine could be proposed each year for patients receiving diseasemodifying drugs. Prevention is preferable to treatment, reducing both infectious morbidity and mortality, as well as interruptions in multiple sclerosis therapy. Therefore, preventive approaches should be tailored to individual patient and treatment risk factors.

In this review, we describe the infectious risk with immunossuppressive therapies and propose minimal screening recommendations to evaluate the risk and adapt the prevention and strategy of immunization to each case at multiple sclerosis diagnosis and at specific follow-up visits to avoid difficulties using live-attenuated vaccines or risk reduced immune responses.

Multiple sclerosis (MS) is a chronic disease characterized by inflammation, demyelization and neurodegeneration and is a common cause of disability in young adults.

In relapsing remitting MS, the mainstay treatment (immunomodulatory or immunosuppressive therapy prevents disease progression by reducing the risk of subsequent outbreaks and risk of new lesions appearing on magnetic resonance imaging. However, immunosuppressive therapy exposes these patients to a higher risk of infection: reactivated latent pathogens, community-acquired infection, worsened asymptomatic chronic infections, and contracting de novo infections. Although the infectious risk has been studied in individual registration studies, there are few reviews that combine this information. A recent retrospective cohort study using population-based administrative data identified associations between disease-modifying drugs exposure (DMT) by generation or class and infectionrelated physician or hospital claims [START_REF] Wijnands | Diseasemodifying drugs for multiple sclerosis and infection risk: a cohort study[END_REF]. Out of 6793 MS cases, followed for 8.5 years (mean), exposure to any second-generation DMT (oral DMT (fingolimod or dimethyl fumarate) or natalizumab) was associated with an increased hazard of an infection-related physician claim (aHR: 1.47; 95% CI 1.16 to 1.85) particularly with natalizumab (aHR: 1.59; 95% CI 1.19 to 2.11) but not the oral DMTs (aHR: 1.17; 95% CI 0.88 to 1.56) [START_REF] Wijnands | Diseasemodifying drugs for multiple sclerosis and infection risk: a cohort study[END_REF].

In clinical practice evaluating the infectious risk at MS diagnosis and during follow-up visits, and proposing prompt immunization is needed to avoid contraindications or risk of lower vaccination responses [START_REF] Lebrun-Frenay | Sandra Vukusic au nom du groupe français pour les recommandations sur la sclérose en plaques (France4MS) et de la Société Francophone de la Sclérose en Plaques (SFSEP)[END_REF]. Systematic screening should be proposed for each patient at MS diagnosis or at least, before second-line therapy to reduce infection risk. In this systematic screening, HIV and hepatitis B and C testing must be performed for all patients. In patients with HBs antigen positivity and planned immune suppression, prophylactic treatment is recommended with nucleos(t)ide therapy [START_REF] Koffas | Hepatitis B virus reactivation in patients treated with immunosuppressive drugs: a practical guide for clinicians[END_REF]. For anti-HBc positive antibodies, physicians can choose between either monitoring or antiviral prophylaxis according to the risk level: low (<1%, periodic monitoring), moderate (1-10%, prophylaxis or pre-emptive therapy) and high risk (>10%, see Fig. 1) [START_REF] Koffas | Hepatitis B virus reactivation in patients treated with immunosuppressive drugs: a practical guide for clinicians[END_REF].

Immunization schedule needs to be updated and influenzae vaccine should be proposed each year for patients receiving disease-modifying drugs [START_REF] Lebrun-Frenay | Sandra Vukusic au nom du groupe français pour les recommandations sur la sclérose en plaques (France4MS) et de la Société Francophone de la Sclérose en Plaques (SFSEP)[END_REF]. Live-attenuated vaccines were not allowed for patients receiving immunosuppressive drugs. Prevention is preferable to treatment, reducing both infectious morbidity and mortality, as well as interruptions to MS therapy.

There is a need to help clinicians to identify infectious risk and adapt treatment and management for each patient. This review summarized all the available infection data from of the phase 3 and post-marketing studies of the main second-line therapies used in MS.

Risk of infection on fingolimod

Fingolimod was the first oral therapy approved by the Food and Drugs Administration in September 2009 for the treatment of MS. This molecule works by sequestering lymphocytes circulating in the lymph nodes, decreasing their number in the periphery and their passage to the central nervous system (CNS).

During the pivotal studies, the global infection rate was 65.1% with no difference with placebo group [START_REF] Cohen | Oral fingolimod or intramuscular interferon for relapsing multiple sclerosis[END_REF][START_REF] Kappos | A placebo-controlled trial of oral fingolimod in relapsing multiple sclerosis[END_REF]. Serious infections rate varied between 0.2 and 1.7%. The most frequent infections were herpes virus infections (HSV, VZV) and lower respiratory tract infections (4, 5 , 6, 7). To reduce the infectious risk, manufacturers recommended stopping fingolimod in patients with lymphopenia below 200/mm 3 .

In the early studies, 2 fatal herpes virus infections occurred: an HSV encephalitis and a primary varicella infection [START_REF] Arvin | Varicella-zoster virus infections in patients treated with fingolimod: risk assessment and consensus recommendations for management[END_REF][START_REF] Tyler | Fingolimod and risk of varicella-zoster virus infection: back to the future with an old infection and a new drug[END_REF]. Post-marketing data yielded numerous cases of CNS herpes virus infections, mostly CNS HSV infection and some CNS VZV infections. These fatal cases led to modifying clinical practice to include chickenpox or VZV testing if there was a doubt in the past history. If positive VZV serology occurs, no follow-up is needed but patients should be made aware of the potential risk associated with herpes zoster. Otherwise, for patients with a negative VZV serology, varicella immunization must be proposed at least one month before starting fingolimod treatment. This vaccine being a live-attenuated vaccine is contraindicated in patients receiving immunosuppressive drugs or in the 3 months following a corticosteroid bolus [START_REF]Calendrier des vaccinations et recommandations vaccinales françaises[END_REF]. Two doses were recommended, 4 to 8 weeks apart and 1 month before to introducing fingolimod. The benefit-risk balance is in favor of administering this vaccination.

Since fingolimod became available, other infections associated with an imbalance between humoral immune inadequacy and diminished cell-mediated immune response efficacy have been described: e.g. meningeal cryptococcus, histoplasmosis, atypical mycobacteria and Kaposi sarcoma (9, 10 , 11 , 12, 13). Cryptococcus infection appears in patients treated with fingolimod for a mean of 45 months and 22.7% of deaths were related. No tuberculosis (TB) case has been reported to date but screening should be considered in patients from endemic countries or otherwise at high risk.

Twenty-one cases of progressive multifocal leukoencephalopathy (PML) were described, although some patients had previously received azathioprine or natalizumab (14, 15 , 16). The estimated incidence of PML was 0.083 (95% CI 0.051-0.126) per 100 patients [START_REF] Ontaneda | Risk estimates of progressive multifocal leukoencephalopathy related to fingolimod[END_REF].

Moreover, some PML cases occurred with fingolimod in naive immunocompromised patients. This PML risk is low enough that routine monitoring for JCV antibodies are of uncertain benefit and not recommended. The risk of reactivating HBV is low (<1%) and periodic screening is proposed for anti-HBc positive antibodies.

Recently, some authors described the occurrence of human papilloma virus (HPV) diseases in patients with prolonged periods of lymphopenia while receiving fingolimod therapy: cutaneous warts (n=10) and one papillary squamous cell carcinoma of the palatine tonsil with an in situ hybridization positive for HPV [START_REF] Benedetti | HPVrelated papillary squamous cell carcinoma of the tonsil during treatment with fingolimod[END_REF][START_REF] Macaron | Clinical commentary on "Warts and all: Fingolimod and unusual HPV associated lesions[END_REF][START_REF] Triplett | Warts and all: Fingolimod and unusual HPV-associated lesions[END_REF] [START_REF] Jaafar | Skin warts during fingolimod treatment in patients with multiple sclerosis[END_REF]. These new data suggest an increased risk of other HPV-driven conditions such as cervical cancer following fingolimod administration. HPV viruses are responsible for approximately 90% of cervical cancers as well as a significant portion of anogenital cancers. Considering these impaired immune responses to viral infections and potential impaired cancer surveillance with fingolimod and immunosuppressed patient descriptions, annual gynecologic screening for HPV diseases could be recommended and discussing HPV monovalent vaccination could be discussed in some patients [START_REF]Calendrier des vaccinations et recommandations vaccinales françaises[END_REF] [START_REF] Benedetti | HPVrelated papillary squamous cell carcinoma of the tonsil during treatment with fingolimod[END_REF][START_REF] Macaron | Clinical commentary on "Warts and all: Fingolimod and unusual HPV associated lesions[END_REF][START_REF] Triplett | Warts and all: Fingolimod and unusual HPV-associated lesions[END_REF] [START_REF] Jaafar | Skin warts during fingolimod treatment in patients with multiple sclerosis[END_REF].

Risk of infection on teriflunomide

Teriflunomide blocks a mitochondrial enzyme preventing activated T and B cells from dividing as effectively, which decreases their passage into the CNS.

Pooled data from four placebo-controlled studies and extension data showed similar infection rates between teriflunomide and placebo groups (21, 22, 23 , 24). Rates of serious infections did not differ significantly between teriflunomide and placebo groups: 2.7% on 14 mg, 2.2% on 7 mg and 2.2% on placebo. Seven-year follow-up data from the TEMSO trial showed that infections in association with teriflunomide were typically mild in severity and opportunistic infections were rare. The most frequent infections were urinary tract infection, upper respiratory tract infections, nasopharyngitis, sinusitis and influenza (21, 22, 23 , 24). The most common viral infections were oral HSV, which occurred in 2% of patients on 14 mg. No PML cases have been reported to date. One case of gastrointestinal TB and one case of cytomegalovirus (CMV) hepatitis occurred in patients on 14 mg teriflunomide. A case of pulmonary TB and two cases of herpes zoster occurred in patients on 7 mg teriflunomide. No cases of TB were recorded during the extension phase of the study [START_REF] O'connor | Longterm safety and efficacy of teriflunomide: Nine-year follow-up of the randomized TEMSO study[END_REF]. However, TB has been well described with leflunomide, another molecule of the same class, commonly used to treat rheumatoid arthritis for many years. Despite rare cases of TB with teriflunomide, latent tuberculosis screening is recommended in the FDA-approved product label with a Quantiferon test and a chest-X ray.(25). If a documented latent TB infection occurs, patients must receive 3 months of isoniazide/rifampicin therapy. Teriflunomide can be introduced after 2 weeks of antituberculosis therapy if well tolerated. The risk of HBV reactivation is low (<1%) and periodic screening is proposed for anti-HBc positive antibodies.

In cases of severe infections occurring with teriflunomide or the need to use a live-attenuated vaccine, an accelerated elimination procedure using activated charcoal or oral cholestyramine over 11 days can be recommended.

Risk of infection on dimethyl fumarate (DMF)

The mechanism of action for DMF is unclear today, however it has a role in activating an anti-inflammatory transcriptional pathway, important for neuronal protection. It also has apoptotic effects on T lymphocytes, preferentially affecting the CD8 subset [START_REF] Fox | BG-12 (dimethyl fumarate): a review of mechanism of action, efficacy, and safety[END_REF].

In the phase 3 clinical trials, DMF was not associated with a significantly increased risk of infections (including opportunistic infections), the infection incidence was 60% versus 58% on placebo [START_REF] Fox | Placebocontrolled phase 3 study of oral BG-12 or glatiramer in multiple sclerosis[END_REF][START_REF] Gold | Placebocontrolled phase 3 study of oral BG-12 for relapsing multiple sclerosis[END_REF][START_REF] Kappos | Effect of BG-12 on contrast-enhanced lesions in patients with relapsing--remitting multiple sclerosis: subgroup analyses from the phase 2b study[END_REF]. Serious infections occurred at a frequency of 2% in both groups [START_REF] Fox | Placebocontrolled phase 3 study of oral BG-12 or glatiramer in multiple sclerosis[END_REF][START_REF] Gold | Placebocontrolled phase 3 study of oral BG-12 for relapsing multiple sclerosis[END_REF][START_REF] Kappos | Effect of BG-12 on contrast-enhanced lesions in patients with relapsing--remitting multiple sclerosis: subgroup analyses from the phase 2b study[END_REF]. DMF-associated grade 3 lymphopenia, occurred in about 5%, with only 3% experiencing a serious infection [START_REF] Fox | Placebocontrolled phase 3 study of oral BG-12 or glatiramer in multiple sclerosis[END_REF][START_REF] Gold | Placebocontrolled phase 3 study of oral BG-12 for relapsing multiple sclerosis[END_REF][START_REF] Kappos | Effect of BG-12 on contrast-enhanced lesions in patients with relapsing--remitting multiple sclerosis: subgroup analyses from the phase 2b study[END_REF]. The risk of infection, likewise, did not appear to be associated with the magnitude of lymphopenia and was reported in 3% grade 0, 6% grade 1, 4% grade 2, and 3% grades 3 and 4 cases [START_REF] Longbrake | Dimethyl fumarate associated lymphopenia in clinical practice[END_REF]. Current recommendations are to stop DMF in patients with prolonged lymphopenia below 0.5 × 10 9 /L, if sustained for 6 months. No TB has been reported to date but screening should be considered in patients from endemic countries or otherwise at high risk. The risk of HBV reactivation is low (<1%) and periodic screening is proposed for anti-HBc positive antobodies.

PML occurred in five patients on dimethyl fumarate, and a grade 2 and 3 lymphopenia but some patients were without lymphopenia [START_REF] Baharnoori | Nonfatal PML in a patient with multiple sclerosis treated with dimethyl fumarate[END_REF][START_REF] Lehmann-Horn | PML during dimethyl fumarate treatment of multiple sclerosis: How does lymphopenia matter?[END_REF][START_REF] Nieuwkamp | PML in a patient without severe lymphocytopenia receiving dimethyl fumarate[END_REF][START_REF] Rosenkranz | PML in a patient with lymphocytopenia treated with dimethyl fumarate[END_REF][START_REF] Van Oosten | PML in a patient treated with dimethyl fumarate from a compounding pharmacy[END_REF]. Various risk factors play a role in PML development: lymphopenia, DMF decreasing vascular cell adhesion molecule 1 and partially impairs immune surveillance of JCV [START_REF] Khatri | The effect of dimethyl fumarate (Tecfidera) on lymphocyte counts: A potential contributor to progressive multifocal leukoencephalopathy risk[END_REF]. Lymphopenia and age are considered an independent risk for PML development. As described for teriflunomide, the utility of JCV antibody index measurements in the setting of DMF and risk of PML has not been clearly established.

Risk of infection on natalizumab

Natalizumab is a monoclonal antibody, directed against the VLA4 integrin, inhibiting activated lymphocytes from binding to the endothelium, and thus preventing the passage of these immunocompetent cells across the blood-brain barrier, and thus their entry into the CNS.

In the two-year phase 3 clinical trial study, the infections were generally mild to moderate in severity and did not lead to drug discontinuation. The overall incidence of infection was 79% in natalizumab and placebo groups and occurred at a rate of 1 per patient-year in each group [START_REF] Polman | A randomized, placebo-controlled trial of natalizumab for relapsing multiple sclerosis[END_REF]. Common infections were nasopharyngitis (32% with natalizumab, 33% with placebo), influenza (17% versus 16%), upper respiratory tract viral infection (13% vs 15%), urinary tract infection (13% vs 12%). Serious infections occurred in 3.2%of patients receiving natalizumab and in 2.6%of patients receiving placebo [START_REF] Polman | A randomized, placebo-controlled trial of natalizumab for relapsing multiple sclerosis[END_REF]. In the natalizumab group, the serious infections included cases of pneumonia, five cases of urinary tract infection or urosepsis and the remaining infections being pilonidal cyst infection, cellulitis, febrile infection, gastroenteritis, cryptosporidial diarrhea, mononucleosis, osteomyelitis, sinusitis, tonsillitis, viral infection and appendicitis.

More than 20 cases of severe VZV and HSV infections have been described since 2004: VZV meningovasculitis, retinal and CNS VZV vasculitis, acute VZV myelitis and HSV encephalitis (38 , 39 , 40 , 41).

In September 2018, 795 cases of PML (77 in France) out of 184,900 patients exposed have been reported corresponding to a global incidence of 4.16/1000. Since 2010, a PML stratification risk is based on JCV serology using highly reliable ELISA tests [START_REF] Gorelik | Anti-JC virus antibodies: implications for PML risk stratification[END_REF][START_REF] Plavina | Anti-JC virus antibody levels in serum or plasma further define risk of natalizumab-associated progressive multifocal leukoencephalopathy[END_REF]. In MS patients, 50 to 60% of patients have positive JCV testing. Since 2012, the anti-JCV antibody quantification index value, is only available via the natalizumab manufacturer. Risk stratification has been proposed to assess the benefit-risk balance, based on serology, index value, duration of natalizumab treatment, and past history of immunosuppressive therapy [START_REF] Plavina | Anti-JC virus antibody levels in serum or plasma further define risk of natalizumab-associated progressive multifocal leukoencephalopathy[END_REF]. It is strongly suggested to stop NTZ after 18 months or 2 years of treatment in patients with high index value (not only careful monitoring) because of a PML risk around 1%. In the absence of treatment discontinuation, those patients need to have close radiological monitoring with brain MRI every 3 months, including a diffusion sequence. This has increased the number of patients diagnosed with asymptomatic PML with a much better prognosis [START_REF] Dong-Si | Outcome and survival of asymptomatic PML in natalizumab-treated MS patients[END_REF]. Finally, considering the natalizumab half-life, clinico-radiological surveillance should be maintained within 6 months after treatment discontinuation.

Nevertheless, if PML is suspected, detecting the viral genome by PCR (polymerase chain reaction) in the cerebrospinal fluid has been shown to be highly specific (greater than 92%) with satisfactory sensitivity (greater than or equal to 75%) and available in various laboratories [START_REF] Koralnik | JC virus DNA load in patients with and without progressive multifocal leukoencephalopathy[END_REF][START_REF] Mcguire | JC virus DNA in cerebrospinal fluid of human immunodeficiency virus-infected patients: predictive value for progressive multifocal leukoencephalopathy[END_REF][START_REF] Weber | Specific diagnosis of progressive multifocal leukoencephalopathy by polymerase chain reaction[END_REF]. If the results are negative initially, the test must be repeated and diagnosis must not be ruled if PML remains suspected. Risk factors for natalizumab-associated PML include prior immunosuppression, prolonged treatment duration with natalizumab (particularly >24 months), and presence of anti-JCV antibodies [START_REF] Ho | Risk of natalizumab-associated progressive multifocal leukoencephalopathy in patients with multiple sclerosis: a retrospective analysis of data from four clinical studies[END_REF][START_REF] Schwab | Natalizumabassociated PML: Challenges with incidence, resulting risk, and risk stratification[END_REF].

Seroconversion with newly detected anti-JCV antibodies occurs in up to 10% of natalizumabtreated patients per year but likely does not reflect new infection and does not seem to confer any additional risk of PML beyond that associated with known seropositive status [START_REF] Schwab | Natalizumabassociated PML: Challenges with incidence, resulting risk, and risk stratification[END_REF].

Natalizumab-treated patients with MS who are anti-JCV antibody negative are at risk of seroconversion to become anti-JCV antibody positive [START_REF] Vennegoor | High cumulative JC virus seroconversion rate during long-term use of natalizumab[END_REF]. The manufacturer has reported that the rate of seroconversion from anti-JCV antibody negative to positive and remaining positive on subsequent testing is 3-8% annually compared to 1-2% in the general population.

Other opportunistic infections have been reported: cryptosporidiosis. TB, aspergilloma, atypical mycobacterial infection, Candida pneumonia, cryptococcal fungemia/meningitis and herpetic meningoencephalitis [START_REF] De Masson | Cavitary pulmonary disease in a patient treated with natalizumab[END_REF][START_REF] Hradilek | Asymptomatic lung disease caused by Mycobacterium kansasii as an opportunistic infection in a patient treated with natalizumab for relapsing-remitting multiple sclerosis[END_REF][START_REF] Midaglia | Skin infection due to Mycobacterium marinum in a patient being treated with natalizumab[END_REF][START_REF] Singer | The role of natalizumab in the treatment of multiple sclerosis: benefits and risks[END_REF]. Screening for latent TB should be considered in patients from endemic countries or otherwise at high risk. The risk of HBV reactivation is moderate (1-10%) and prophylactic or pre-emptive therapy should be discussed for anti-HBc positive antibodies.

Risk of infection on anti-CD20 therapy (rituximab/ocrelizumab) a) Rituximab

Rituximab, an anti-CD20 monoclonal antibody, increases antibody-dependent cell-mediated cytotoxic effects and decreases complement activation. In randomized trials of rituximab to treat MS, the overall infection incidence was comparable in participants receiving rituximab to those receiving placebo (55 , 56). However, in the OLYMPUS trial serious infections were more common with rituximab than placebo, 4.5% versus less than 1%, respectively. Also, rituximab was associated with a higher risk of certain specific infections, including sinusitis and urinary tract infection (55 , 56).

Of the infectious complications associated with rituximab, Pneumocystis jiroveci pneumonia (PJP) has been a concern. There are many case reports of PJP associated with rituximab treatment of various disease states, including aggressive B-cell lymphoma, rheumatoid arthritis and autoimmune disorders [START_REF] Meites | Use of a 2-Dose Schedule for Human Papillomavirus Vaccination -Updated Recommendations of the Advisory Committee on Immunization Practices[END_REF] as monotherapy or in combination with other agents.

Current recommendations include screening for hepatitis B and C prior to initiating therapy, monitoring for hepatitis for several months after starting rituximab, and discontinuing the drug immediately with any evidence of hepatitis B reactivation (58).

There may also be increased risk of PML with rituximab. The risk is unknown in the MS population and there have been no published cases of PML in MS patients to date, several studies have estimated the prevalence of PML among patients treated with rituximab in other disease states. Nevertheless, the PML incidence has been reported to be 1 in 32 000 patients in patients receiving rituximab [START_REF] Bohra | Progressive Multifocal Leukoencephalopathy and Monoclonal Antibodies: A Review[END_REF].

b) Ocrelizumab

Ocrelizumab is an anti-CD20 humanized monoclonal antibody that depletes B lymphocytes excluding hematopoietic stem cells, pro-B cells, and differentiated plasma cells. Ocrelizumab was ocrelizumab was approved by FDA for the treatment of MS in 2017. However, rituximab is still used in clinical practice.

In two side-by-side phase III trials of ocrelizumab versus interferon beta-1a, infection rates were 58.5% in ocrelizumab versus 52.5% in interferon beta-1a in OPERA I and II and 71.4% versus 69.9% in placebo group in the Oratorio trial (60 , 61). Serious infections were numerically less frequent with ocrelizumab (1.3 or 1.4 vs. 2.9% and 6.2 vs. 6.7% respectively) (60 , 61). The most common infections were upper respiratory tract infection, nasopharyngitis, urinary tract infection and influenza (60) [START_REF] Montalban | Ocrelizumab versus Placebo in Primary Progressive Multiple Sclerosis[END_REF]. There was no apparent relationship between decreased IgM levels and serious infections [START_REF] Montalban | Ocrelizumab versus Placebo in Primary Progressive Multiple Sclerosis[END_REF].

Herpes virus-related infections were numerically more frequent with ocrelizumab than with interferon β-1a (5.9 vs. 3.4%) or placebo (4.7 vs. 3.3%), with oral herpes being the most common [START_REF] Hauser | Ocrelizumab versus Interferon Beta-1a in Relapsing Multiple Sclerosis[END_REF][START_REF] Montalban | Ocrelizumab versus Placebo in Primary Progressive Multiple Sclerosis[END_REF]. The majority of respiratory and herpes-virus-related infections were mild or moderate in severity. No opportunistic infections or TB occurred across these trials. No TB was reported. To date, no PCP was described with ocrelizumab in MS. In the real world setting, no other infection was described [START_REF] Moss | Prospective longitudinal cohort study evaluating the effectiveness, safety and tolerability of ocrelizumab in clinical practice, a real-world experience[END_REF].

Since August 2018, more than 65,000 people have been treated with ocrelizumab globally, of which more than 61,000 come from the post-marketing setting. As of September 2018, there have been six confirmed cases of carry-over PML in MS patients who were treated with ocrelizumab [START_REF] Hauser | Ocrelizumab in Primary Progressive and Relapsing Multiple Sclerosis[END_REF]. PML developed a few months after stopping one DMT and starting a different DMT [START_REF] Giovannoni | Switching patients at high risk of PML from natalizumab to another disease-modifying therapy[END_REF]. In these cases, PML could have developed without causing symptoms while the patient was still on the previous DMT, or shortly after stopping the previous DMT.

To date, there have been no confirmed cases of PML in patients treated with ocrelizumab in the clinical studies.

It is unlikely ocrelizumab would be associated with a significant risk of TB reactivation given its specificity for CD20, resulting in B-cell depletion without affecting cell-mediated immunity. Three large clinical trials of ocrelizumab without required latent TB screening found no cases of TB [START_REF] Hauser | Ocrelizumab versus Interferon Beta-1a in Relapsing Multiple Sclerosis[END_REF][START_REF] Montalban | Ocrelizumab versus Placebo in Primary Progressive Multiple Sclerosis[END_REF][START_REF] Hauser | Ocrelizumab in Primary Progressive and Relapsing Multiple Sclerosis[END_REF]. The same data in other inflammatory diseases found the same findings.

c) Rituximab and ocrelizumab

The major infectious risk with these drugs is viral hepatitis B reactivation. Anti-CD20 depletes B lymphocytes with potential decrease anti-HBs antibodies that can induce hepatitis B replication. The FDA issued a boxed warning for rituximab regarding the risk of reactivation of hepatitis B after case reports prompted a review of its Adverse Event Reporting System database since market approval of the drug. Of 109 case reports of acute liver injury attributed to hepatitis B, 32 contained sufficient data to meet hepatitis B virus reactivation criteria (58). The risk of replication depends on the serologic status of the patients but could be more than 10%. Patients with higher risk are those with positive HBs antigens with or without viral replication. Those with intermediate risk are those with only antiHBc antibodies and low risk were those with positive anti-HBs antibodies, positive anti-HBc antibodies, negative HBs antigen [START_REF] Pei | Analysis of hepatitis B surface antibody titers in B cell lymphoma patients after rituximab therapy[END_REF]. This risk was evaluated at 14% in patients who had antibodies to hepatitis B core antigen only versus 5% in those who also had anti-HBs [START_REF] Paul | Role of surface antibody in hepatitis B reactivation in patients with resolved infection and hematologic malignancy: A meta-analysis[END_REF].

In a recent literature review screening 55 studies with 3640 HBs antigen-negative and anti-HBc-positive patients who received immunosuppressive therapy, HBV reactivation was reported in 236 (6.5%) patient regimens [START_REF] Cholongitas | Hepatitis B virus reactivation in HBsAg-negative, anti-HBc-positive patients receiving immunosuppressive therapy: a systematic review[END_REF]. The pooled HBV reactivation rates were lower in patients with positive than in those with negative anti-HBs in studies with rituximabcontaining or regimens [START_REF] Cholongitas | Hepatitis B virus reactivation in HBsAg-negative, anti-HBc-positive patients receiving immunosuppressive therapy: a systematic review[END_REF].

To reduce this risk, the management of this patients must be discussed in a multidisciplinary team to choose the best care. The most well-established strategy for patients at high risk for HBV reactivation or HBV flares involves prophylaxis with antiviral drugs, which are effective and safe [START_REF] Reddy | American Gastroenterological Association Institute guideline on the prevention and treatment of hepatitis B virus reactivation during immunosuppressive drug therapy[END_REF]. Alternatively, a pre-emptive strategy of monitoring of HBV DNA with PCR, typically every 3 months, followed by initiating antiviral medication if needed, can be considered, though it has less supporting evidence [START_REF] Reddy | American Gastroenterological Association Institute guideline on the prevention and treatment of hepatitis B virus reactivation during immunosuppressive drug therapy[END_REF]. No cases of HBV infection in major clinical trials have been reported, though screening protocols are not available. Figure 1 describes management strategies according to HBV testing results. Pre-emptive or curative therapy includes tenofovir, entecavir or lamivudine. Curative treatment is a life-saving therapy and pre-emptive treatment can be stopped 12 months after anti-CD20 withdrawal.

Risk of infection on alemtuzumab

Alemtuzumab is a humanized anti-CD52 monoclonal antibody that depletes B and T cells long term. Overall infectious rate in clinical trials was 71% in alemtuzumab and 53% in interferon groups with 3% of serious infections, 16% HSV infections compared to 1% and 3% respectively for interferon [START_REF] Cohen | Alemtuzumab versus interferon beta 1a as first-line treatment for patients with relapsing-remitting multiple sclerosis: a randomised controlled phase 3 trial[END_REF][START_REF] Coles | Alemtuzumab for patients with relapsing multiple sclerosis after disease-modifying therapy: a randomised controlled phase 3 trial[END_REF]. Infections included nasopharyngitis, urinary tract infection, upper respiratory tract infection, sinusitis, herpetic infections, influenza, and bronchitis. Nevertheless, infections were mostly mild to moderate and decreased over time [START_REF] Wray | Infection risk with alemtuzumab decreases over time: pooled analysis of 6-year data from the CAMMS223, CARE-MS I, and CARE-MS II studies and the CAMMS03409 extension study[END_REF].

In controlled clinical studies, 16% of alemtuzumab-treated patients developed a herpes viral infection compared to 3% of interferon beta-1a patients. These events included oral herpes (8.8%), herpes zoster (4.2%), herpes simplex (1.8%), and genital herpes (1.3%). Serious herpetic infections included primary varicella (0.1%), herpes zoster (0.2%), and herpes meningitis (0.1%). According to these results, aciclovir suppressive therapy should be administered on day 1 of each cycle for at least 2 months or until CD4 cell counts above 200/mm 3 whichever occurs later [START_REF]Lemtrada (package insert)[END_REF] [START_REF] Buonomo | Risk of opportunistic infections in patients treated with alemtuzumab for multiple sclerosis[END_REF][START_REF]of Listeria infection after alemtuzumab treatment of multiple sclerosis[END_REF].

To date, at least 25 cases of Listeria monocytogenes infections (meningitis, encephalitis, sepsis, and gastroenteritis), including fatal cases of Listeria meningoencephalitis, have occurred in alemtuzumab-treated patients [START_REF] Holmoy | Listeria monocytogenes infection associated with alemtuzumab --a case for better preventive strategies[END_REF][START_REF] Pappolla | Simultaneous CMV and Listeria infection following alemtuzumab treatment for multiple sclerosis[END_REF]. Listeria infections have occurred as early as 3 days after treatment and up to 8 months after the last dose. Physicians can advise patients to avoid or adequately heat foods that are potential sources of Listeria monocytogenes like deli meat, dairy products made with unpasteurized milk, soft cheeses, or undercooked meat, seafood, or poultry. Cotrimoxazole prophylaxis is proposed to prevent both Listeria infection and P. jirovecii pneumonia until one month after the last infusion or, alternatively, until the peripheral blood CD4 T-cell count recovers to 200/mm 3 (77) [START_REF] Buonomo | Risk of opportunistic infections in patients treated with alemtuzumab for multiple sclerosis[END_REF][START_REF]of Listeria infection after alemtuzumab treatment of multiple sclerosis[END_REF].

Opportunistic infections that have been reported include TB, aspergillosis, coccidioidomycosis, histoplasmosis, nocardia, Pneumocystis jirovecii pneumonia, nocardiosis and CMV infections [START_REF] Buonomo | Risk of opportunistic infections in patients treated with alemtuzumab for multiple sclerosis[END_REF]. Active and latent tuberculosis cases occurred in 0.3% of alemtuzumab-treated patients, most often in endemic regions. TB screening must be performed prior to initiating therapy. For CMV, the optimal strategies to monitor, prevent and manage CMV infections or reactivations are still debated. Cervical HPV infection, including cervical dysplasia, occurred in 2% of alemtuzumab-treated patients and annual cervical HPV screening is recommended. To date, no PML cases have been reported in patients with MS.

No data are available on the association of alemtuzumab with HBV or HCV reactivation because patients with evidence of active or chronic infections were excluded from the clinical studies. The risk of HBV reactivation is high (>10%) and the management is similar to these described for anti-CD20 therapy (figure 1).

Fungal infections, especially oral and vaginal candidiasis, occurred more commonly in alemtuzumab treated patients (12%) than in patients treated with interferon beta-1a (3%) in controlled clinical studies in MS.

All candidate alemtuzumab patients should be tested for VZV antibodies and vaccinated against chickenpox for seronegative patients at least 6 weeks before starting therapy.

Risk of infection with cladribine

Cladribine has a triple action which selectively reduces T and B lymphocytes and modulates cytokines (reduction of pro-inflammatory cytokines and increase in anti-inflammatory cytokines). In the entire monotherapy oral cohort, the incidence for overall infections, severe infections, infections leading to discontinuation, or opportunistic infections was not higher for patients receiving cladribine tablets compared with patients receiving placebo: 24.9% versus 27.1, 0.8 and 0.9%, 0,1 vs 0.2% and 1.1 and 1.2% respectively for cladribine and placebo [START_REF] Comi | Long-term effects of cladribine tablets on MRI activity outcomes in patients with relapsing-remitting multiple sclerosis: the CLARITY Extension study[END_REF][START_REF] Giovannoni | A placebo-controlled trial of oral cladribine for relapsing multiple sclerosis[END_REF][START_REF] Giovannoni | Safety and efficacy of cladribine tablets in patients with relapsing-remitting multiple sclerosis: Results from the randomized extension trial of the CLARITY study[END_REF].

More than half of the opportunistic infections were of mucocutaneous and cutaneous fungal nature, resolved, and did not include any difficult-to-treat infections (such as cryptococcosis, toxoplasmosis, Pneumocystis jirovecii pneumonia, or CMV infection). A recent posthoc analysis evaluated infectious adverse effects occurring during exact periods of grade 3 or 4 lymphopenia in patients treated with cladribine tablets 3.5 mg/kg [START_REF] Cook | Infections During Periods of Grade 3 or 4 Lymphopenia in Patients Taking Cladribine Tablets 3.5 mg/kg: Data from an Integrated Safety Analysis[END_REF]. Adjusted-adverse effects incidence per 100 patient years for any infections and infestations during periods of grade 3 or 4 lymphopenia was 57.53 vs 24.5 outside these periods [START_REF] Cook | Infections During Periods of Grade 3 or 4 Lymphopenia in Patients Taking Cladribine Tablets 3.5 mg/kg: Data from an Integrated Safety Analysis[END_REF]. Types of infectious adverse events with grade 3 or 4 were similar to those without grade 3 or 4 and did not show any specific pattern: infections of the upper respiratory tract, nasopharyngitis, pharyngitis [START_REF] Cook | Infections During Periods of Grade 3 or 4 Lymphopenia in Patients Taking Cladribine Tablets 3.5 mg/kg: Data from an Integrated Safety Analysis[END_REF]. Herpes zoster was reported in eight patients with grade 3 or 4 (Adj AE per 100PY 4.50 vs 0.73 without grade 3 or 4), cases were dermatomal and mild to moderate in severity. In case of lymphopenia <200/mm 3 , pre-emptive anti-herpetic therapy must be discussed in patients with a past history of HSV infection or frequent relapse.

No PML has been described to date among 1,976 patients exposed to cladribine corresponding to 8,650 patient-years. No TB was described with cladribine for MS but rare cases were reported in hairy cell leukemia.

What is the minimal infectious screening need before drug introduction?

To minimize the risk of infection, it is necessary to screen for infection risk to evaluate the level of risk and adapt prevention and immunization strategy, to each case (Table 1).

However, it would be more appropriate to perform infection risk screening at MS diagnosis and adapt immunization and specific follow-up to avoid using live-attenuated vaccines which are associated with difficulties and risk of reduced immune responses.

In conclusion, immunosuppressive therapies in MS could expose patients to opportunistic or community-acquired infections. Preventing infection with specific check-up and adapted immunization strategies can minimize this potential risk. Moreover, patients must be informed about this risk and the need to seek medical advice if clinical symptoms occur. Therefore, preventive approaches should be tailored to individual patients and treatment risk factors. 
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 1 Figure 1: Algorithm of HBV management before anti-CD20 and alemtuzumab therapy
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		. Explorations				
			FINGOLIMOD TERIFLUNOMIDE DMF	NATALIZUMAB Anti-	CLADRIBINE
							CD20
	Blood cell counts	Χ	Χ	Χ	Χ	Χ	Χ
	VZV testing		Χ			Χ	Χ	Χ
	HIV testing		Χ	Χ	Χ	Χ	Χ	Χ
	HBV testing		Χ	Χ	Χ	Χ	Χ	Χ
	HCV testing		Χ	Χ	Χ	Χ	Χ	Χ
	JCV testing					Χ	
	CD4/CD8	cell				X	Χ	Χ
	counts						
	Immunoglobulines				X	Χ
	(IgG, A, M)						
	Quantiferon	TB		Χ		Χ		Χ
	Gold						
	C reactive protein				X	X
	Cytobacteriological					
	examination of the urine					X