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Vaccination against influenza and pneumococcal infections in patients with autoimmune disorders under biological therapy: Coverage and attitudes in patients and physicians

Keywords: Vaccination; influenza, pneumococcal infections, biological therapy, immunocompromised host, knowledge

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Methods:

A retrospective cross-sectional study was performed in adult patients attending hospitals for an auto-immune/inflammatory disease and treated with biological therapy. Vaccine uptake was evidenced from patient's medical records or from their pharmacist's records.

Questionnaires about attitudes and knowledge regarding vaccinations were administered to patients and their physicians. Multivariable logistic regression was used to determine factors significantly associated with influenza and pneumococcal vaccine receipt.

Results:

A total of 208 patients were included: 52% female and mean age 50.6 (± 14.7) years. Among them 173 completed the questionnaire while 72 physicians replied. Underlying inflammatory diseases were rheumatisms (46%), bowel diseases (31%) and skin diseases (23%). Vaccine uptake was 28% for influenza, 48% for pneumococcus and 22% received both vaccines. Main factors associated to positive uptake were receiving a prescription from a physician, as well as having a good knowledge of vaccines. Factors limiting vaccination were a negative attitude toward vaccines in general, and belonging to the group of inflammatory bowel diseases.

Main body 1 Introduction

Biological therapies are increasingly employed to treat autoimmune diseases as they offer targeted-therapy, but are nevertheless associated with more frequent infections and related mortality [START_REF] Furst | The risk of infections with biologic therapies for rheumatoid arthritis[END_REF][START_REF] Her | Alterations in immune function with biologic therapies for autoimmune disease[END_REF]. Among the commonest infections in immunocompromised patients are influenza and pneumococcal infections [START_REF] Van Aalst | Incidence of invasive pneumococcal disease in immunocompromised patients: A systematic review and meta-analysis[END_REF], despite the availability of safe and effective vaccines [START_REF] Moberley | Vaccines for preventing pneumococcal infection in adults[END_REF][START_REF] Agarwal | Are immunosuppressive medications associated with decreased responses to routine immunizations? A systematic review[END_REF][START_REF] Pugès | Immunogenicity and impact on disease activity of influenza and pneumococcal vaccines in systemic lupus erythematosus: a systematic literature review and meta-analysis[END_REF][START_REF] Sangil | Impact of vaccination on invasive pneumococcal disease in adults with focus on the immunosuppressed[END_REF][START_REF] Shigayeva | Invasive Pneumococcal Disease Among Immunocompromised Persons: Implications for Vaccination Programs[END_REF]. These vaccines are recommended for immunocompromised individuals by several public health policies or academic societies [START_REF] Lopez | Vaccination recommendations for the adult immunosuppressed patient: A systematic review and comprehensive field synopsis[END_REF]. For instance, French authorities recommend a yearly uptake for influenza, and for pneumococcus the administration of the 13-valent conjugate vaccine (PCV13) followed 2 months after by the 23-valent polysaccharide vaccine (PPSV23) [START_REF] Hcsp | Vaccination des personnes immunodéprimées ou aspléniques[END_REF]. Although flu and pneumococcal vaccination were previously recommended during the use of corticosteroids or immunosuppressants, biologics have been acknowledged as an additional indication only lately [START_REF] Lopez | Vaccination recommendations for the adult immunosuppressed patient: A systematic review and comprehensive field synopsis[END_REF].

Limited data are available on vaccine coverage since the recommendations have been updated and notably on vaccine uptake in biologics immuno-suppressed patients. Globally, the coverage for seasonal flu and pneumococcal vaccines appears low, with rates ranging from 30% to 65% [START_REF] Hua | Reasons for nonvaccination in French rheumatoid arthritis and spondyloarthritis patients[END_REF][START_REF] Michel | Influenza vaccination status in rheumatoid arthritis and spondyloarthritis patients receiving biologic DMARDs[END_REF][START_REF] Brocq | Influenza and pneumococcal vaccine coverage in 584 patients taking biological therapy for chronic inflammatory joint: A retrospective study[END_REF][START_REF] Loubet | Pneumococcal and influenza vaccine uptake in adults with inflammatory bowel disease in France: Results from a web-based study[END_REF][START_REF] Bonhomme | Vaccination status in psoriasis patients on immunosuppressant therapy (including biologics)][END_REF][START_REF] Loubet | Attitude, knowledge and factors associated with influenza and pneumococcal vaccine uptake in a large cohort of patients with secondary immune deficiency[END_REF]. Studies in the field were usually centered on a specific disease, but a large audit recruiting 2881 patients from various autoimmune disease groups indicated that being treated with biologics was negatively associated with vaccine uptake [START_REF] Loubet | Attitude, knowledge and factors associated with influenza and pneumococcal vaccine uptake in a large cohort of patients with secondary immune deficiency[END_REF].

Absence of vaccination was related to the patients' lack of information and/or prescription, negative attitude toward vaccines in general and the fear of side effects [START_REF] Hua | Reasons for nonvaccination in French rheumatoid arthritis and spondyloarthritis patients[END_REF][START_REF] Michel | Influenza vaccination status in rheumatoid arthritis and spondyloarthritis patients receiving biologic DMARDs[END_REF][START_REF] Loubet | Attitude, knowledge and factors associated with influenza and pneumococcal vaccine uptake in a large cohort of patients with secondary immune deficiency[END_REF]. A better knowledge of major hurdles to vaccine uptake is important to adapt public health policies and improve vaccine coverage.

The main goal of our study was to assess the vaccine uptake (influenza and pneumococcal) in patients with various autoimmune diseases treated with biologics. We also aimed at exploring the attitudes and knowledge of the patients and their physicians, to identify factors associated with the decision to administer these vaccines.

2 Patients and methods

Objectives and population selection

The main objective of the study was to evaluate seasonal flu and pneumococcal vaccine coverage in patients with autoimmune/inflammatory disease receiving biologic therapy. Secondary objective was to assess association between vaccine uptake and vaccine perception/knowledge. We performed a multicentre cross-sectional survey in the 4 public hospitals of the French oversea territory of La Reunion island, located in the South West of Indian Ocean (hospitals: centre hospitalier Félix Guyon, groupe hospitalier Sud Réunion, centre hospitalier Gabriel Martin and groupe hospitalier Est Réunion). We recruited consecutive patients with autoimmune/inflammatory disorders treated with biologics.

Patients were identified during their passage at hospital for their disease as outpatients or during day hospitalisation. Patients screening was also completed with hospital informatics database. Patients were enrolled by their specialist in charge. Inclusion criteria were an age ≥ 18 years, being affiliated to national health insurance (therefore having vaccines for free) and having an autoimmune/inflammatory disease with an ongoing biological therapy between April and September 2015. These dates were chosen accordingly to the flu epidemic period and related vaccination campaign in La Reunion and South hemisphere. An exclusion criterion was the refusal of the patient to participate.

Data collection and intervention

The following data were collected between December 2015 and August 2016 in medical files from hospital and from patients' general practitioner records: demographics, medical history, type of autoimmune/inflammatory disease and related treatments including immunosuppressive therapy and past/current biological therapies, vaccination status for influenza during 2015 epidemic season and pneumococcal vaccine uptake in the 5 previous years. Other risk factors for seasonal influenza vaccine uptake were listed, which at the time of the study were defined as follow by the 2014 French Health authority recommendations: age ≥65, chronic lung disease, chronic cardiac failure, chronic kidney failure, chronic liver disease, immune deficiency, morbid obesity, diabetes, pregnancy [START_REF] Hcsp | Vaccination des personnes immunodéprimées ou aspléniques[END_REF]. The following comorbidities were recognized as risk factors for pneumococcal vaccine uptake by the French Health Authorities in 2014: asplenia, immune deficiency, chronic lung disease, chronic cardiac disease, chronic kidney failure, chronic liver disease, diabetes, skull base defect with cerebrospinal fluid leaks [START_REF] Hcsp | Vaccination des personnes immunodéprimées ou aspléniques[END_REF].

Patients were considered vaccinated (primary endpoint) if they had one of the following: patient's personal immunization record evidencing effective uptake (sticker with batch number), medical record indicating vaccination was done, vaccine prescription recorded in the notes and usual pharmacy indicating vaccine was delivered to the patient.

For pneumococcal vaccination, the vaccination was considered complete if the patient had received the PCV13 vaccine and the vaccine PPSV23 vaccine. The vaccination was considered incomplete if he had received only one of the two vaccines.

A paper-based questionnaire was proposed to all included patients and their referring physician (specialist and general practitioner). The patient's questionnaire requested details about awareness of their vaccination status for the seasonal flu vaccine during the last year and for the pneumococcal vaccine in the past years. It also asked questions on vaccination perception and knowledge with a multiple response choice on a 5-point Likert scale. The patient could refuse without giving any specific reason. The practitioner's questionnaire requested details on their knowledge about vaccination recommendations in immunosuppressed patients and about their habits for seasonal flu and pneumococcal vaccines prescription, as well as their attitude toward vaccines in general. Physicians were solicited at least twice through phone calls or emails.

Ethics

Informed consent was provided prior to enrolment and data were collected anonymously. The study was conducted according to the principles expressed in the Declaration of Helsinki and approved by the human ethic committee CPP Ile De France VI (ref A02198-45).

Statistical analysis

Qualitative variables were expressed as percentages, quantitative variables as means and standard deviation (SD). Normality of the data was assessed using the Shapiro-Wilk test and homoscedasticity using the Levene's test. Comparisons of percentages were performed with the Chi2 test or the Fisher's exact test, as appropriate. Comparison analyses of continuous variables were performed with Student t-test or Mann-Whitney's test. Flu and pneumococcal vaccine uptake determinants were studied separately, by bivariate analysis.

To assess independent determinants of vaccine uptake, multivariate analyses by logistic regression were performed. Variables with a p-value <0.2 at the bivariate analysis were included in the models, and selected by backward stepwise selection procedure (removal criteria: p>0.1). Age and gender were forced in the models. All hypotheses were tested with a two-tailed alpha value of 5%. Results are expressed with odds ratio (OR) and 95% confidence interval (CI) with the corresponding p-value. All analyses were performed using STATA 11.2 (StataCorp, Texas).

Results

Study population

A total of 208 patients were included in the study. Main characteristics are described in table 1. Underlying diseases corresponded to 3 main groups: joint, bowel and skin inflammatory diseases. Patients were treated by the ongoing biological therapy for 3.9 (± 2.9) years in average. If not considering the use of biologics, many patients had additional risk factors considered as indications for vaccine uptake: 64 (30.8%) and 46 (22.1%) patients for influenza and pneumococcal infections respectively.

Vaccination attitudes and knowledge

Attitudes and knowledge about vaccination were explored through questionnaires administered to patients and their physicians in charge.

For physicians

The questionnaire was completed by 72 physicians (33% responders): 49 were general practitioners and 23 were specialists. A large majority of physicians had a positive attitude toward vaccine: 65% were clearly favorable, 18% rather favorable, and 17% declared that it depends on the vaccine. More than 70% stated being aware of the most recent recommendations and stated prescribing the influenza vaccine for patients under biologics.

For pneumococcal vaccine, only 59% of general practitioners declared prescribing the vaccine against 83% of specialists in charge (p=0.049). The main reason for not doing so was the fact of forgetting for most physicians. In addition, many general practitioners considered that this prescription should be supervised by the specialist only. However, the vast majority of physicians (83%) considered that vaccination responsibility was to be shared between general practitioners and specialists. Rarely physicians declared not prescribing the vaccines because they feared a side-effect, or because they estimated the vaccine was useless. Of note, 61% of the physicians declared having insufficient information about vaccination in the field of immunosuppressant therapy, 86% being general practitioners.

For patients

Among the 208 patients included, 173 (83%) completed the questionnaire. Attitudes toward vaccines in general were contrasted: 19% with favorable opinions, 30% rather favorable, 12% not favorable, 32% mixed feelings depending on the vaccine, and 9% without opinion. Regarding general knowledge about vaccination, patients self-estimated their knowledge as: high for 11%, average for 44%, low for 24% and restricted for 21%.

Interestingly, 65% of the patients considered not being appropriately informed about vaccines and that such information should be delivered by the physicians, mainly primarycare physician. Regarding knowledge about influenza vaccine for their specific case, 47% estimated that this vaccine was useful, 27% not useful and others had no opinion. The main fears related to vaccination were the risk of an auto-immune disease flare, an allergic reaction and the development of a genuine infection following the jab.

Vaccine coverage and correlates

Vaccine uptake

Results for vaccine coverage are presented in figure 1. Main results are a coverage rate of 28% for influenza and 49% for pneumococcal infections. For pneumococcal vaccine, vaccination was complete in 42% of the patients while 7% received only one of the 2 vaccines. The vaccination rates varied according to the underlying disease. The lowest rates were registered for bowel disease group (9% for influenza and 28% for pneumococcal infections) and the highest rates for joint disease group (38% and 61% respectively).

Interestingly, results from the objective method and the self-declaration assessment, as part of the administered questionnaire, yielded different vaccine uptake rates. The concordance was of 88% for influenza vaccine and of 44% (77/175) for pneumococcal vaccine uptake.

Factors associated with vaccination

Table 2 and table 3 report the factors associated to vaccine uptake for influenza and pneumococcal vaccine respectively. Analysis was performed on the 173 patients for whom no data was missing, including answers to questionnaire.

In the bivariate analysis, age was significantly associated to vaccine uptake only for influenza: OR=3.4 (CI: 1.23 -9.43, P=0.02) and 5.28 (CI: 1.6-17.83, P=0.02) for people aged 40-64 years and people over 65 years respectively compared to those under 40 years. Sex and age were not statistically associated to vaccine uptake in the multivariate analysis. Being in the group of inflammatory bowel diseases was negatively associated with both vaccinations. Unfavorable attitude toward vaccines in general was negatively associated to influenza vaccine uptake (adjusted OR 0.04 with 95% CI 0.003-0.46), but not to pneumococcal vaccine. The following factors were positively associated with vaccination: level of general knowledge about vaccines, receiving a prescription from physicians in charge or a reminder/recall letter from health authorities. Patients who received the flu vaccine in previous years were more likely to be vaccinated for the study period. Some factors were statistically associated to vaccine uptake in the bivariate analysis but not selected through the backward selection process of multivariate analysis: the fact of being advised for these vaccines, having another risk factor for severe flu disease and being under immunosuppressant in addition to biological therapy for the pneumococcal vaccine.

Discussion

Our study shows a poor vaccine coverage for influenza and pneumococcal infections in a cohort of patients receiving biological therapy for autoimmune/inflammatory disorders.

Vaccination uptake was negatively associated with unfavorable attitude toward vaccines, and the fact of belonging to the group of inflammatory bowel disease. Factors positively associated with vaccine uptake were a good knowledge about vaccines and the fact of receiving a prescription for the vaccination from the physicians in charge or receiving a reminder from health authorities.

La Reunion is a French territory with a population characterized by admixture between descents from Africa, Europe and Asia. Average income and education levels are lower than in France mainland and Europe in general. However, people benefit from the French national health insurance system and therefore vaccines are freely available for people with chronic autoimmune diseases. Hence finance is not a limitation to vaccination but education may constitute a limitation. In 2015, the estimate from Reunion health agency was a vaccine coverage of 34% for influenza for the 110,000 at-risk individuals among 850,000 inhabitants [START_REF]Seasonal flu[END_REF]. On the same period, it is estimated that nearly 180,000 individuals suffered from seasonal flu [START_REF]Seasonal flu[END_REF].

The vaccination rates found in our study were of 28% for influenza and 48% for pneumococcal vaccine. The low coverage evidenced in our study is in line with several studies conducted in immunocompromised patients, with average rates ranging from 30% to 65% for influenza and pneumococcal vaccines [START_REF] Hua | Reasons for nonvaccination in French rheumatoid arthritis and spondyloarthritis patients[END_REF][START_REF] Michel | Influenza vaccination status in rheumatoid arthritis and spondyloarthritis patients receiving biologic DMARDs[END_REF][START_REF] Brocq | Influenza and pneumococcal vaccine coverage in 584 patients taking biological therapy for chronic inflammatory joint: A retrospective study[END_REF][START_REF] Loubet | Pneumococcal and influenza vaccine uptake in adults with inflammatory bowel disease in France: Results from a web-based study[END_REF][START_REF] Bonhomme | Vaccination status in psoriasis patients on immunosuppressant therapy (including biologics)][END_REF][START_REF] Loubet | Attitude, knowledge and factors associated with influenza and pneumococcal vaccine uptake in a large cohort of patients with secondary immune deficiency[END_REF][START_REF] Hmamouchi | Low rate of influenza and pneumococcal vaccine coverage in rheumatoid arthritis: data from the international COMORA cohort[END_REF][START_REF] Malhi | Vaccination in inflammatory bowel disease patients: attitudes, knowledge, and uptake[END_REF], although the pneumococcal vaccine uptake is usually lower in these published data, unlike our studied population. Some observations suggested that immunosuppressant and/or biologics use was an under-recognized risk factor requiring immunization, and that this group had therefore a lower vaccine coverage [START_REF] Loubet | Attitude, knowledge and factors associated with influenza and pneumococcal vaccine uptake in a large cohort of patients with secondary immune deficiency[END_REF][START_REF] Sowden | An audit of influenza and pneumococcal vaccination in rheumatology outpatients[END_REF][START_REF] Haroon | The uptake of influenza and pneumococcal vaccination among immunocompromised patients attending rheumatology outpatient clinics[END_REF]. Our study included only patients under biologics thus did not allow comparison with other groups of treatment-related immune suppression. However, we observed a moderately better coverage for both vaccines when patients had at least one other risk factor indicating a need for vaccination, suggesting biologics use may be an overlooked risk factor here. In the same line, the rate for seasonal flu vaccination in our biologic-treated patients is also lower than the estimate for the whole eligible population of Reunion island: 28 vs 34% [START_REF]Seasonal flu[END_REF]. The hypothesis that biologics are an under-recognized risk factor is not sustained by studies where it was associated to a better vaccine uptake [START_REF] Hmamouchi | Low rate of influenza and pneumococcal vaccine coverage in rheumatoid arthritis: data from the international COMORA cohort[END_REF][START_REF] Malhi | Vaccination in inflammatory bowel disease patients: attitudes, knowledge, and uptake[END_REF].

In a large-scale European epidemiological study it was estimated that only 44% of eligible individuals received annual influenza vaccination [START_REF] Preaud | Annual public health and economic benefits of seasonal influenza vaccination: a European estimate[END_REF]. Thus, coverage rates for influenza vaccine retrieved in immunosuppressed [START_REF] Hua | Reasons for nonvaccination in French rheumatoid arthritis and spondyloarthritis patients[END_REF][START_REF] Michel | Influenza vaccination status in rheumatoid arthritis and spondyloarthritis patients receiving biologic DMARDs[END_REF][START_REF] Brocq | Influenza and pneumococcal vaccine coverage in 584 patients taking biological therapy for chronic inflammatory joint: A retrospective study[END_REF][START_REF] Loubet | Pneumococcal and influenza vaccine uptake in adults with inflammatory bowel disease in France: Results from a web-based study[END_REF][START_REF] Bonhomme | Vaccination status in psoriasis patients on immunosuppressant therapy (including biologics)][END_REF][START_REF] Loubet | Attitude, knowledge and factors associated with influenza and pneumococcal vaccine uptake in a large cohort of patients with secondary immune deficiency[END_REF][START_REF] Hmamouchi | Low rate of influenza and pneumococcal vaccine coverage in rheumatoid arthritis: data from the international COMORA cohort[END_REF][START_REF] Malhi | Vaccination in inflammatory bowel disease patients: attitudes, knowledge, and uptake[END_REF], including those under biologics, are somehow similar to other groups at risk evaluated in the latter study [START_REF] Preaud | Annual public health and economic benefits of seasonal influenza vaccination: a European estimate[END_REF]. Overall, the rates found in our study and other similar studies argue for insufficient coverage and the need to understand this phenomenon.

Crucial information obtained from our questionnaires and multivariate analysis is the importance of knowledge of vaccines and advice/prescription from health professionals to promote vaccination. Previous studies have already underpinned information/prescription about vaccines as key elements to achieve a better vaccine coverage in patients with [START_REF] Loubet | Attitude, knowledge and factors associated with influenza and pneumococcal vaccine uptake in a large cohort of patients with secondary immune deficiency[END_REF] [ [START_REF] Brocq | Influenza and pneumococcal vaccine coverage in 584 patients taking biological therapy for chronic inflammatory joint: A retrospective study[END_REF][START_REF] Loubet | Pneumococcal and influenza vaccine uptake in adults with inflammatory bowel disease in France: Results from a web-based study[END_REF][START_REF] Sowden | An audit of influenza and pneumococcal vaccination in rheumatology outpatients[END_REF] or without immunocompromised condition [START_REF] Nichol | Factors associated with influenza and pneumococcal vaccination behavior among high-risk adults[END_REF][START_REF] Schneeberg | Knowledge, attitudes, beliefs and behaviours of older adults about pneumococcal immunization, a Public Health Agency of Canada/Canadian Institutes of Health Research Influenza Research Network (PCIRN) investigation[END_REF][START_REF] Akmatov | Poor knowledge of vaccination recommendations and negative attitudes towards vaccinations are independently associated with poor vaccination uptake among adults -Findings of a population-based panel study in Lower Saxony, Germany[END_REF]. Moreover, patients are usually in demand for more information about vaccines from their practitioners and the healthcare providers [START_REF] Albright | Attitudes about adult vaccines and reminder/recall in a safety net population[END_REF]. In our study, patients who estimated having a good knowledge about vaccines were more likely to be vaccinated. Therefore, information about vaccines should be routinely and repeatedly delivered in the population of drug-induced immunocompromised. The patients of the present study acknowledged that this information should be delivered by their primary care physician in priority. In Reunion (and France) largescale information campaign through media are already performed for influenza vaccination in the elderly. This model should be extended to other population at risk. Lack of awareness regarding infection risk related to biologics is probably shared by patients and physicians. From the point of view of clinicians, this may be explained by the absence of specific studies conducted in immunosuppressed individuals demonstrating a clear benefit of vaccination in terms of mortality and/or morbidity. As a result, the relevance of these vaccinations in immunocompromised patients is often questioned. A recent metaanalysis showed that pneumococcal infections incidence was 6-times higher in patients with inflammatory diseases compared to healthy controls [START_REF] Van Aalst | Incidence of invasive pneumococcal disease in immunocompromised patients: A systematic review and meta-analysis[END_REF]. Influenza is also more frequent and associated to more complications in chronic inflammatory diseases [START_REF] Tinsley | Increased Risk of Influenza and Influenza-Related Complications Among 140,480 Patients With Inflammatory Bowel Disease[END_REF][START_REF] Blumentals | Rheumatoid arthritis and the incidence of influenza and influenza-related complications: a retrospective cohort study[END_REF]. Alleged vaccine efficacy in the immunosuppressed population relies on evidenced immunogenicity, but not on survival rates. However, positive impact on survival with influenza vaccine and decrease in pneumonia rates with pneumococcal vaccine have been shown in larger populations at risk, the elderly for example [START_REF] Nichol | Effectiveness of influenza vaccine in the community-dwelling elderly[END_REF][START_REF] Jansen | Decline in influenza-associated mortality among Dutch elderly following the introduction of a nationwide vaccination program[END_REF][START_REF] Bonten | Polysaccharide conjugate vaccine against pneumococcal pneumonia in adults[END_REF]. Therefore, usefulness and efficacy of these vaccines can probably be generalized to immunocompromised individuals from inflammatory disease group.

Although most of the physicians in our study declared comply with the most recent recommendations, there were still many patients stating they were not offered to be vaccinated. Several explanations may be hypothesized to explain this low prescription: a lack of medical awareness of vaccination utility and/or recommendations, the fact of forgetting to prescribe the vaccines, and the feeling that this prescription should be supervised by the specialist from the point of view of GP. In our study many practitioners estimated their knowledge about vaccination was insufficient and implicitly would benefit from dedicated training. As an illustration, the fact that patients in the group of inflammatory bowel disease were less vaccinated suggests that some physicians are less aware of vaccination needs.

These observations are backed up by the comparison of two studies performed by the same authors and with the same methods demonstrating a lower coverage in inflammatory bowel disease patients (34% for influenza, 38% for pneumococcal infections) compared to a larger group of autoimmune diseases (57% for influenza, 51% pneumococcal vaccines) [START_REF] Loubet | Pneumococcal and influenza vaccine uptake in adults with inflammatory bowel disease in France: Results from a web-based study[END_REF][START_REF] Loubet | Attitude, knowledge and factors associated with influenza and pneumococcal vaccine uptake in a large cohort of patients with secondary immune deficiency[END_REF]. This strengthens the conviction that physicians' information plays a critical role in improving vaccination rate. Another factor limiting vaccine proposal is the problem of oversight. This negligence was stated as the most important by the physicians of our study, but also in other studies [START_REF] Brocq | Influenza and pneumococcal vaccine coverage in 584 patients taking biological therapy for chronic inflammatory joint: A retrospective study[END_REF][START_REF] Haroon | The uptake of influenza and pneumococcal vaccination among immunocompromised patients attending rheumatology outpatient clinics[END_REF]. One solution to avoid this pitfall is a systematic and periodic assessment of risk factors and immunization status, associated to physician and patient reminder/recall strategies [START_REF] Vann | Patient reminder and recall interventions to improve immunization rates[END_REF][START_REF] Briss | Reviews of evidence regarding interventions to improve vaccination coverage in children, adolescents, and adults. The Task Force on Community Preventive Services[END_REF]. In order to optimise these reminder strategies, health professionals could maybe use the new technologies, such as recall messages or educative videos delivered through smartphones, public health campaign posted on social networks. The field of connected health is increasingly developing and benefits from the demand of patients who are calling for original and modern ways to deliver information. Health professionals could also benefit from new technologies and digital records that deliver appropriate automatic reminders to encourage vaccine prescriptions according to the patient's status. Further studies are needed to assess efficacy of these methods.

This study suffers from several limitations, one being the questionable accuracy of information retrieved from records' retrospective analysis and also from patients' declarations because of recall bias. To limit these weaknesses, we used an objective definition of vaccine uptake, with direct and indirect proof, thereby increasing accuracy of vaccine uptake results. Another limitation is the relatively small sample size. However, we focused on a specific group of drug-related immunocompromised patients, one of largest to date with an objective assessment of vaccine uptake. In addition, we did not limit our analysis to a specific group of inflammatory disease which allowed to make comparisons between these groups of diseases. Another strength is the collection of information regarding attitudes and knowledge from both patients and related health professionals. This raised interesting results and nuanced the interpretation of answers given to the questionnaires.

Conclusion

Vaccination coverage for influenza and pneumococcal vaccines in our group of biologics-immunosuppressed patients is rather low. This reflects insufficient implementation of national and international recommendations. Biologic therapies appear as an underrecognized risk factor requiring immunization. This concern may be partly explained by suboptimal information delivered to patients and healthcare providers. In terms of public health policy, appropriate actions should focus on improving information on vaccines indications/utility and promoting knowledge about these vaccines. Legend: for each analysis the reference (ref) group is indicated (odds ratio = 1). The adjusted odds ratios are inferred from this reference group, with values above 1 corresponding to a better vaccine uptake and values below 1 corresponding to a lower uptake. IS = immunosuppressant 1 Variables included in the multivariate model but not selected by the backward stepwise selection
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 2 factors associated with influenza vaccine uptake (bivariate and multivariate analysis, N=173)

	Vaccine uptake	crude OR [95% IC]	p-value	adjusted OR [95% IC]	p-value
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