Jacques Morel 
  
Infection prevention and vaccination in the rheumatic diseases

Keywords: 

j-morel@chu-montpellier.fr --

a b s t r a c t

Patients with chronic inflammatory rheumatisms (CIR) have a higher risk of infections compared to healthy subjects. Viral and bacterial pneumonia are the most frequent infections observed in CIR with targeted disease modifying anti-rheumatic drugs (DMARDs). Moreover, drugs used to treat CIR (especially biologic and synthetic targeted DMARDs) increase the risk of infection and expose CIR patients to opportunistic infections such as tuberculosis reactivation. To limit the risk of infection, the risk-benefit ratio should be evaluated for each patient based on their characteristics and comorbidities. To prevent infections, an initial pre-treatment work-up must be performed, especially before the initiation of conventional synthetic DMARDs or biological and synthetic targeted DMARDs. This pretreatment assessment includes the case history, laboratory and radiology findings as well. The physician must make sure a patient's vaccinations are up-to-date. The vaccines recommended for patients with CIR being treated with conventional synthetic DMARDs, bDMARDs, tsDMARDs and/or steroids should be given. Patient education is also very important. During workshops, they learn how to manage their drug treatments in at-risk situations and learn which symptoms require treatment discontinuation.

Infection risk for CIR: influenza, pneumococcus, COVID-19 and opportunistic infections (tuberculosis, shingles, etc.).

Patients living with chronic inflammatory rheumatisms (CIR)have a higher risk of contracting a serious infection, which is defined as hospitalization, intravenous antibiotic therapy or death related to the infection. In a study done before biologics were avail-able, subjects with rheumatoid arthritis (RA) had a higher risk of developing a serious infection compared to subjects who did not have RA and were paired on age and sex [START_REF] Doran | Frequency of infection in patients with rheumatoid arthritis compared with controls: a population-based study[END_REF]. The most common infectionsseptic arthritis and osteomyelitiswere likely due the number of joint injections being performed at that time. The next most common were skin and soft tissue infections, followed by pneumonia. Based on randomized, placebo-controlled studies, a Cochrane review showed that the risk of developing a serious infection increased with nine biologics for all indications (except HIV/AIDS) [START_REF] Singh | Adverse effects of biologics: a network metaanalysis and Cochrane overview[END_REF]. This increased risk was significant for RA. Viral or bacterial pneumonia have become the most frequent infections in CIR [START_REF] Furer | Incidence and prevalence of vaccine preventable infections in adult patients with autoimmune inflammatory rheumatic diseases (AIIRD): a systemic literature review informing the 2019update of the EULAR recommendations for vaccination in adult patients with AIIRD[END_REF].

In the general population, seasonal influenza affects between 5and 10% of adults [START_REF] Furer | Incidence and prevalence of vaccine preventable infections in adult patients with autoimmune inflammatory rheumatic diseases (AIIRD): a systemic literature review informing the 2019update of the EULAR recommendations for vaccination in adult patients with AIIRD[END_REF]. Every year, 1 in 10 non-vaccinated adults con-tract the flu and half of them have symptoms. An American study showed that the incidence of flu is higher in patients with RA than E-mail address: j-morel@chu-montpellier.fr in control subjects. The risks of flu-related complications such as pneumonia or cardiovascular events (myocardial infarction, stroke)are 2.75 times higher in RA than in healthy individuals [START_REF] Blumentals | Rheumatoid arthritis and the incidence of influenza and influenza-related complications: a retrospective cohort study[END_REF]. Complications most often occur in those 70 years or older. The impact of treatments on the risk for contracting the flu is more controversial, with some studies showing a higher incidence in those receiving TNF inhibitors while other studies did not find such an increase with DMARDs or biologics [START_REF] Furer | Incidence and prevalence of vaccine preventable infections in adult patients with autoimmune inflammatory rheumatic diseases (AIIRD): a systemic literature review informing the 2019update of the EULAR recommendations for vaccination in adult patients with AIIRD[END_REF].

Pneumococcal

pneumonia and invasive infections (septicemia, meningitis, arthritis/osteomyelitis) are also more frequent inpatients suffering from autoimmune diseases (including RA) than in healthy subjects with an incidence rate ratio (IRR) of 4.4 (3.8-5.2)and 2.5 (2.4-2.5), respectively. For pneumococcal pneumonia, the risk is highest in adults 18 to 49 years of age [START_REF] Furer | Incidence and prevalence of vaccine preventable infections in adult patients with autoimmune inflammatory rheumatic diseases (AIIRD): a systemic literature review informing the 2019update of the EULAR recommendations for vaccination in adult patients with AIIRD[END_REF].

Infection risk with targeted therapies

When biologics targeting tumor necrosis factor  (TNF ) were first introduced, clinicians were faced with an increase in the incidence of infections, often bronchopulmonary in origin. Along with infections due to classical microorganisms, opportunistic infections occurred: tuberculosis and other mycobacterial infections, and even legionellosis, pneumocystis, histoplasmosis, shingles, etc. [START_REF] Tubach | Risk of tuberculosis is higher with anti-tumor necrosis factor monoclonal antibody therapy than with solubletumor necrosis factor receptor therapy: the three-year prospective French research axed on tolerance of biotherapies registry[END_REF][START_REF] Salmon-Ceron | Drug-specific risk of non-tuberculosis opportunistic infections in patients receiving anti-TNF therapy reported to the 3-year prospective French RATIO registry[END_REF]. Tuberculosis was initially described in patients treated by infliximab and then reported with all TNF inhibitors, including etanercept [START_REF] Tubach | Risk of tuberculosis is higher with anti-tumor necrosis factor monoclonal antibody therapy than with solubletumor necrosis factor receptor therapy: the three-year prospective French research axed on tolerance of biotherapies registry[END_REF]. This tuberculosis can be particularly severe and difficult to diagnose, with a higher frequency of extrapulmonary forms (more than 50% of cases). For non-tuberculosis opportunistic infections, a higher risk was observed with monoclonal antibodies than with etanercept [START_REF] Salmon-Ceron | Drug-specific risk of non-tuberculosis opportunistic infections in patients receiving anti-TNF therapy reported to the 3-year prospective French RATIO registry[END_REF]. Systematic screening for latent tuberculosis, with the prescription of prophylactic antibiotics in case of a positive test, has led to a reduction in the risk of tuberculosis reactivation to the same level as RA patients not receiving a bio-logic [START_REF] Rutherford | Opportunistic infections in rheumatoid arthritis patients exposed to biologic therapy: results from the British Society for rheumatology biologics register for rheumatoid arthritis[END_REF]. Beyond tuberculosis, there is a higher risk of developing a serious infection when receiving a targeted therapy than when receiving conventional treatments. Based on registers of patients with RA and treated with biologics, the incidence of serious infections was between 2 and 6 per 100 patient-years (PY) depending on which targeted therapy was studied, while it was 1.5 to 1.8 per100 PY for traditional DMARDs such as methotrexate (MTX) [START_REF] Gottenberg | Comparative effectiveness of rituximab, abatacept, and tocilizumab in adults with rheumatoid arthritis and inadequate response to TNF inhibitors: prospective cohort study[END_REF][START_REF] Zink | Evaluation of the RABBIT risk score for serious infections[END_REF].A Cochrane meta-analysis of safety data from the pivotal trials of various biologics showed a fairly similar risk of serious infection between patients given biologics (all indications pooled) and those treated with non-biologic DMARDS, except for certolizumab and anakinra, which had a significantly higher risk [START_REF] Singh | Adverse effects of biologics: a network metaanalysis and Cochrane overview[END_REF]. JAK (janus activated kinase) inhibitors are the first drugs in a new therapeutic class. Four JAKi have received European marketing approval: baricitinib (an inhibitor of JAK1 and 2), tofacitinib (an inhibitor of JAK1 and 3), up adacitinib and filgotinib (preferentially inhibit JAK1). This selectivity is based on in vitro pharmacological data whose clinical impact has not yet been demonstrated. The follow-up is longest with tofacitinib, with data from 6194 RA patients included in 17 phase I to III trials, with an exposure period of 19,406 PY [START_REF] Cohen | Long-term safety of tofacitinib for the treatment of rheumatoid arthritis up to 8.5 years: integrated analysis of data from the global clinical trials[END_REF]. The rate of serious infection was calculated at 2.7/100 PY (2.5-3) for all doses combined. This data is not very different to that observed with TNF inhibitors. Opportunistic infections were also described in these trials, with an incidence rate for tuberculosis infections of 0.21/100 PY (0.14-0.40)and a rate of non-tuberculosis opportunistic infections of 0.25(0.18-0.36) [START_REF] Winthrop | Tuberculosis and other opportunistic infections in tofacitinib-treated patients with rheumatoid arthritis[END_REF]. However, the incidence rate of infections due to varicella and herpes zoster presenting as shingles (sometimes disseminated) is higher than with traditional DMARDs (4/100 PY) [START_REF] Winthrop | Herpes zoster and to facitinib: clinical outcomes and the risk of concomitant therapy[END_REF]. The occurrence of shingles has also been observed with other JAKi.

Infection risk with corticosteroid therapy

While the risk of infection with targeted therapy is now well known, that of corticosteroid therapy is often under estimated, especially with low doses (5 mg/day or less). Dixon et al. studied the risk of developing a serious infection based on the dose and duration of exposure to oral glucocorticoid therapy [START_REF] Dixon | Immediate and delayed impact of oral glucocorticoid therapy on risk of serious infection in older patients with rheumatoid arthritis: a nested casecontrol analysis[END_REF]. A daily corticosteroid dose of 5 mg for 3 years increases the risk of developing a serious infection by 2-fold relative to a subject not receiving corticosteroids. A dosage of 30 mg/day for3 months increases the risk nearly 5-fold of developing a serious infection. The dose and duration of oral glucocorticoid therapy must be taken into consideration for treatment decisions because, in the end, a targeted therapy can be less risky than corticosteroids, especially if discontinuation is achieved because of this treatment.

In patients with CIR, the risk of developing a severe COVID-19 infection is related more to comorbidities and the treatments used than to the disease, in the absence of interstitial pneumonia. High-dose and long-term corticosteroids and DMARDs that target the lymphocytes such as mycophenolate mofetil, cyclophosphamide, rituximab are associated with severe COVID-19 infections, along with a worse response to vaccinations againstSARS-Cov2 [START_REF]FAI2R/SFR/SNFMI/SOFREMIP/CRI/IMIDIATE consortium and contributors. Severity of COVID-19 and survival in patients with rheumatic and inflammatory diseases: data from the French RMD COVID-19 cohort of 694 patients[END_REF].

Infection prevention in CIR

The first recommendation to provide to patients and referring physicians is that, in cases of patent infection, targeted therapies (biologics and JAKi) must be stopped. In certain high-risk scenarios, it is recommended to stop targeted therapies in a timeframe corresponding to 2 or even 5 half-lives. This means that the time frame for stopping differs depending on the molecule. How-ever, it may be possible to reduce this time frame. In fact, in RA patients receiving infliximab, stop timing ≤ 4 weeks before joint replacement surgery was sufficient to limit the risk of infection or flare-ups [START_REF] George | Perioperative timing of infliximab and the risk of serious infection after elective hip and knee arthroplasty[END_REF]. An excessively long stoppage of the targeted therapy may be complicated by a flare-up of the CIR, with a need to resort to glucocorticoids. This might expose patients to a higher risk of developing a serious infection than the one associated with the targeted therapy. Beyond the regular adaptation of CIR treatments based on disease activity level, preventative measures can be suggested to reduce the risk of developing a serious infection. It is crucial to perform a pre-treatment work-up before a DMARD is initiated and even more, before starting a targeted biological or synthetic therapy, to limit infection-related complications [START_REF] Furst | Updated consensus statement on bio-logical agents for the treatment of rheumatic diseases, 2011[END_REF].The case history and clinical examination will be used to evaluate the overall risk by looking for factors that contribute to infections such as comorbidities (diabetes, diverticulosis, respiratory conditions, chronic wounds, recurrent infections such as herpes, shingles, urinary/bronchial/sinus infections) and the presence of foreign materials (joint implants, long-term urinary catheter). The context will determine whether a targeted therapy should be used and which molecule to prescribe. Serious and uncontrolled infections (septicemia, opportunistic infections) in scenarios where there is a high-risk of bacterial infection (recent prosthetic joint infection, long-term urinary catheter) are contraindications to the initiation of a targeted therapy. Except for rituximab, testing for latent tuberculosis infection (LTI) should be done before starting a biologic or JAKi, in accordance with the recommendations of the French Health Products Safety Agency (AFSSAPS): Tubertest®with5 units, or in vitro Quanti FERON Gold®test or T-Spot-TB®plusa lung X-ray. In case of LTI, a 9-month course of isoniazid (INH)monotherapy or 3month regimen of INH plus rifampicin should be considered; the targeted therapy can be started 3 weeks after the antibiotics are initiated. A Spanish study showed that since this routine screening was implemented, there has been an 80% decrease in the incidence of LTI reactivation in RA patients receiving TNF inhibitors, bringing the rate in line with RA patients who were not receiving TNF inhibitors (0.09 cases per 100 patients versus 0.564before screening) [START_REF] Carmona | Effectiveness of recommendations to prevent reactivation of latent tuberculosis infection in patients treated with tumor necrosis factor antagonists[END_REF].

Blood tests for the hepatitis B and C viruses (HBV, HCV) and HIV are done before starting a DMARD. These tests are repeated depending on the individual risk and the results of previous tests, especially for HBV and if the last test was more than5 years prior. In cases of an active viral infection (HBV, HCV,HIV), the input of a specialist (hepatologist, infectious disease) will be required before any treatment decision is made. A complete blood count test is done to look for neutropenia or lymphopenia that may contribute to the development of certain infections. Other laboratory or morphological examinations will be requested depending on the clinical context and sometimes, the molecule administered. Thus, below-normal immunoglobulin G (IgG) levels have been associated with a higher risk of developing a serious infection in patients being treated with rituximab. Levels below6 g/L of IgG were associated with a higher risk of serious infection [START_REF] Gottenberg | Risk factors for severe infections inpatients with rheumatoid arthritis treated with rituximab in the autoimmunity and rituximab registry[END_REF]. In patients being treated with rituximab who have IgG < 6 g/L, one should consider rotation to another biologic or at least increased surveillance if the rituximab is continued. In case of recurrent infections in patients with low IgG and/or IgM, a change in treatment should be considered and treatment with2 immunoglobulins should be discussed with an infectious disease physician.

Additional morphological examinations such as a lung CT scan, sinus X-ray or panoramic dental X-ray and specialist opinion are requested, depending on the situation. In the ideal scenario, this screening and prevention assessment would be done at the onset of CIR and then regularly during the follow-up. This specific work-up could help to better evaluate the risk of infection and better prevent it by investigating all the elements that contribute to this risk. In France, certain rheumatology departments are already offering thisto patients with CIR.

Vaccination

Vaccination is another means to prevent infections. The updated vaccinations recommended for the general population must be pro-posed to all patients with CIR, especially before starting a DMARD. We have to make sure that the patient's standard vaccines are up to date, and if needed, catch-up on the immunization schedule, ideally before treatment starts [START_REF] Morel | Vaccinations in adults with chronic inflammatory joint disease: immunization schedule and recommendations for patients taking synthetic or biological disease-modifying anti-rheumatic drugs[END_REF] (Fig. 1). A booster vaccine against diphtheria, tetanus and polio is recommended every 10 years. A booster of the whooping cough vaccine is recommended once in adulthood, while maintaining a 10-year interval from the prior dose.

Along with these typical vaccines in the immunization schedule, two others are specifically recommended. The one against the seasonal flu (every year) and the one against pneumococcus, whose immunization program has been simplified given the new recommendations for the pneumococcal 13-valent conjugate vaccine PCV13 (Prevenar13®) in adults. For patients with RA, pneumococcal immunization was previously done only using the 23-valent polysaccharide vaccine, PPSV23 (Pneumovax®). The newly recommended immunization program consists of the PCV13vaccine followed by the PPSV23 vaccine 8 weeks later. This strategy, called "prime/boost", helps to induce an initial thymus-dependent response that subsequently amplifies the later response to the polysaccharide vaccine that helps to expand the serotype coverage. In patients with CIR who are being treated with drugs that modulate immunity, it is recommended to provide a booster 5 years after the PCV13/PPSV23 program. In fact, the first observational study done in patients with RA and ankylosing spondylitis showed that,1.5 years after vaccination with the 7-valent PCV, the percentage of patients with persistent antibody response against the pneumococcal 23F and 6B serotypes was significantly reduced when they were receiving MTX, TNF inhibitors or TNF inhibitors plus MTX [START_REF] Kapetanovic | Persistence of antibody response 1.5 years after vaccination using 7-valent pneumococcal conjugate vaccine in patients with arthritis treated with different anti-rheumatic drugs[END_REF].Thus, it is recommended to provide a booster dose with the PPSV23(Pneumovax®) 5 years after PCV13/PPSV23 immunization. Vaccination against the seasonal flu and against pneumococcal disease can be done on the same day at two different injection sites. These two vaccines are well tolerated in patients who have CIR, like in the general population.

The immune response to vaccination may not be optimal depending on the treatments [START_REF] Hua | Effect of methotrexate, anti-tumor necrosis factor _, and rituximab on the immune response to influenza and pneumococcal vaccines in patients with rheumatoid arthritis: a systematic review and meta-analysis[END_REF]. Patients receiving MTX and leflunomide had a worse immune response to the influenza and pneumococcal vaccines, based on antibody titers. A study of vaccine strategies has shown that temporary discontinuation for 2 weeks following the influenza vaccine will significantly improve the humoral immune response without having more flare-ups [START_REF] Park | Effect of methotrexate discontinuation on efficacy of seasonal influenza vaccination in patients with rheumatoid arthritis: a randomised clinical trial[END_REF]. Thus, one should consider whether the CIR activity will allow MTX to be suspended for 2 weeks after the vaccines. For rituximab, all studies showed worse vaccine protection in the months following the infusions. Thus, it is recommended to administer the vaccines; if possible, after the 4th month that follows the last rituximab infusion. For abatacept, a reduction in humoral response is observed that is greater for the conjugate vaccine than the polysaccharide vaccine. While we do not yet have enough data to provide clear recommendations, a suspension, like for MTX, could probably improve the vaccine response.

When an inert varicella zoster virus vaccine is available, it could be recommended for patients treated with JAKi and also when a biologic is initiated [START_REF] Lal | Efficacy of an adjuvanted herpes zoster subunit vaccine in older adults[END_REF]. Other vaccines are given on a case-by-case basis, depending on the situation, like travel to certain countries. Live (attenuated) vaccines are contraindicated with the treatments used for CIR. Thus, DMARDs should be suspended 3 months before a patient receives a live vaccine. The vaccines in question are those against the Bacille Calmette-Guérin (BCG), the MMR (Mumps, Measles, Rubella) vaccine, yellow fever vaccine, chickenpox vaccine, and oral poliovirus vaccines.

COVID-19 vaccines

The first vaccines approved in Europe were the messenger RNA (mRNA) vaccines BNT162b or Comirnaty®(Pfizer/BioNTech) and the mRNA 1273 or Spikevax®(NIH/Moderna) [START_REF] Baden | Efficacy and safety of the mRNA-1273SARS-CoV-2 vaccine[END_REF][START_REF] Polack | Safety and efficacy of the BNT162b2 mRNACovid-19 vaccine[END_REF]. These two mRNA vaccines are given as two intramuscular doses 1 month apart. Two liveattenuated adenovirus DNA vaccines are avail-able: the one developed by Oxford University and Astra-Zeneca(ChAdOx1/Vaxzevria®) in which two doses are given 28 days apart, and the one developed by Janssen (Ad26.COV2-S) that requires only one injection [START_REF] Ramasamy | Safety and immunogenicity ofChAdOx1 nCoV-19 vaccine administered in a prime-boost regimen in[END_REF][START_REF] Sadoff | 4youngand old adults (COV002): a single-blind, randomised, controlled, phase 2/3 trial[END_REF]. The NVX-CoV2373 vaccine (Nuvaxovid®) uses more traditional technology by administration of the spike protein, like vaccines against whooping cough or HBV [START_REF] Heath | Safety and efficacy of NVX-CoV2373 Covid-19 vaccine[END_REF]. The vaccine is given as two doses 3 weeks apart for the primary vaccine series. Persons who received only a single dose of a vaccine, no matter which one, and who refuse or cannot get a second dose of the same vaccine, can complete their primary vaccination with Nuvaxovid®. Although others will be available as more phase 3clinical trials are completed, mRNA vaccines have gradually taken over due to their wide availability, effectiveness and safety. In fact, deaths related to blood clots happened with DNA vaccines [START_REF] Sánchez Van Kammen | Frequency of thrombo-cytopenia and platelet factor 4/Heparin antibodies in patients with cerebral venous sinus thrombosis prior to the COVID-19 pandemic[END_REF].Even if these events were extremely rare, they stuck in the minds of the general population, which no longer wanted to receive this type of vaccine. The large-scale availability of mRNA vaccines now allows every person to be vaccinated.

Vaccination is recommended for patients with CIR given the risk of developing a more severe form, especially when receiving treatments that modulate humoral or cell-mediated immunity such as MTX, rituximab, abatacept and long-term corticosteroid therapy. In the end, after receiving an mRNA vaccine, the humoral response observed in those receiving immuno modulatory therapy is close to that observed with other vaccines. Treatments against cytokines and the JAKi have little effect on the humoral response to vaccines, while treatments that target lymphocytes (MTX, rituximab, abatacept, mycophenolate mofetil) are associated with a worse response [START_REF] Furer | Immunogenicity and safety of the BNT162b2mRNA COVID-19 vaccine in adult patients with autoimmune inflammatory rheumatic diseases and in the general population: a multicentre study[END_REF]. In practice, there is no contraindication to COVID-19 vaccination in patients with CIR. This vaccination must be done as soon as possible. The tolerance to mRNA vaccines in patients with CIR differs little to that in healthy subjects, with the risk of flare-ups being comparable to other vaccines. There is no consensus on treatment discontinuation: EULAR recommends continuing treatments [START_REF] Furer | update of EULAR recommendations for vaccination in adult patients with autoimmune inflammatory rheumatic diseases[END_REF] while the American College of Rheumatology recommends a temporary discontinuation of MTX and JAKi treatments (7 days after vaccine) and abatacept (7 days before and 7 days after) [START_REF] Curtis | American college of rheumatology guidance for COVID-19 vaccination in patients with rheumatic and musculoskeletal diseases: version 3[END_REF].These treatment stoppages can only improve the vaccine response measured as antibody titers against the spike (anti-S) proteins ofSARS-CoV-2. However, it can only be considered if the disease activity allows it and if it does not delay vaccine administration. Rituximab considerably weakens the antibody response of mRNA vaccines. For this reason, a 3rd dose is recommended 1 month after the 2nd dose. The last dose of the SARS-CoV2 vaccine should be given 2 to 4 weeks before the next rituximab cycle, if the disease activity allows it. The level of antibody titers against anti-S proteins that provides protection against a severe form of has not yet been defined. However, at titer of 260 BAU (Binding Antibody Unit) or higher is an accepted threshold to aim for after a full immunization program. If the immune response is not adequate, monoclonal antibodies can be administered for pre-exposure prophylaxis [START_REF] Kaplon | Antibodies to watch in 2021[END_REF]. Association of nirmatrelvir/ritonavir should be administrated within the five days following the first symptoms of COVID-19.

Educating patients about their disease is also a good means to prevent complications by emphasizing the risks of infection when undergoing treatment, the behaviors to adopt as a function of the circumstance of infection risk or even warning symptoms such as fever or weight loss [START_REF] Piperno | Efficiency of an education program on the safety knowledge and skills of patients with rheumatoid arthritis treated by biologics[END_REF]. Various treatment education programs aimed at patients who have RA and workshops on the management of biological treatments with information about the rules that should lead to treatment discontinuation are available. The impact of patient education is still difficult to evaluate but the exchanges between healthcare professionals and patients in these programs are a supplemental tool for reducing the risks related to the disease and the treatments used. To summarize, infections are complications, sometimes serious, of the treatments used for CIR. Preventing these infections requires an exhaustive assessment of the infection risks and update of the vaccinations recommended for immunocompromised patients receiving biologic therapy and/or corticosteroids. Educating the patient on how to react to high-risk situations (stopping the treatment at the right time) and regular monitoring of these patients by the referring physician and rheumatologist are cornerstones of this infection prevention. Disclosure of interest Jacques Morel received less than D 10,000 in fees from Abbvie, Amgen, Biogen, Boehringer Ingelheim, Bristol Myers Squibb, Frésenius, Galapagos, Glaxo Smith Kline, Janssen, Lilly, Médac, Novartis, Pfizer, Sandoz. Jacques Morel received a research grant from BMSand Pfizer.