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Abstract

:

Patients with different autoimmune inflammatory diseases (AIID) on biological therapy are at risk of pneumococcal disease. Adults with inflammatory arthropathies, connective tissue diseases, psoriasis, or inflammatory bowel disease on biological therapy such as anti-TNFα, rituximab, tocilizumab, abatacept, or anakinra were included in this study. Patients completed a protocol combining the pneumococcal vaccines PCV13 and PPV23. Immune response against pneumococcal serotypes 1, 3, 7F, 14, 19A, and 19F were assessed evaluating functional antibodies by an opsonophagocytosis killing assay (OPKA). In this study, 182 patients with AIID completed the sequential vaccination protocol. Patients on etanercept tended to achieve OPKA titers against a larger number of serotypes than the rest of patients on other biological therapies, while adalimumab was associated to a lower number of serotypes with OPKA titers. Rituximab was not associated with a worse response when compared with the rest of biological agents. Not glucocorticoids, nor synthetic disease-modifying antirheumatic drugs, interfered with the immune response. OPKA titers against serotype 3 which is one of the most prevalent, was obtained in 44% of patients, increasing up to 58% in those on etanercept. Hence, almost 50% of patients on biological therapy achieved functional antibodies after the administration of a complete pneumococcal vaccination protocol.
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1. Introduction


People with autoimmune inflammatory diseases (AIID) have an increased risk of invasive pneumococcal disease (IPD) and nonbacteremic pneumonia. The relative risk (RR) has been described between 2.5 and 4.9 in rheumatoid arthritis patients (RA) and between 5 and 14.2 in patients with systemic lupus erythematosus (SLE), being much higher in adults under 50 years old [1,2,3]. Pneumococcal vaccination reduces the severity of these infections and is associated to lower hospital admission rates, less visits to emergency units and reduced IPD rates in patients with autoimmune inflammatory rheumatic diseases (AIIRD) treated with anti TNF-α drugs [4]. Pneumococcal vaccination in adults with AIIRD was included in the first European League against Rheumatism (EULAR) recommendations in 2011 [5], keeping this vaccine strategy in 2019 for patients with AIIRD receiving immunosuppressive treatment [6]. EULAR recommendations agree with the Advisory Committee on Immunization Practices (ACIP) guidelines, that encourage routine use of 13-valent pneumococcal conjugate vaccine (PCV13) for adults aged ≥ 19 years with immunocompromising conditions (including those with diseases requiring treatment with immunosuppressive drugs), in addition to the 23-valent pneumococcal polysaccharide vaccine (PPV23) [7]. In Spain, the country where the present study was carried out, 18 different Scientific Societies, including Spanish Society of Rheumatology, elaborated a consensus document on pneumococcal vaccination in adults at risk by age and underlying clinical conditions. This document includes AIIRD as ones of those clinical conditions candidates for pneumococcal vaccination coverage [8].



Although AIID is one of the clinical conditions in which pneumococcal vaccination is recommended by international Scientific Societies and guidelines, the vaccination coverage remains low, and it varies from 6% to 62% [9,10]. The reasons for not being vaccinated include fear of adverse effects, absence of patient information by the primary-care doctors and rheumatologists and physicians’ concerns because treatment with a biological agent has been associated to an impaired immune response, that may affect the efficacy of the vaccines in these patients [11]. On the other hand, data on efficacy and/or effectiveness of pneumococcal vaccination in patients with AIID is difficult to interpret, taking into account that the scarce number of studies that analyze this subject differ in the vaccines used and the variables studied.



The aim of our study was to investigate different aspects of the immunological response to pneumococcal vaccination in patients with AIID that are receiving biological treatment. One goal was to evaluate the influence on the immune response by the biological therapy in order to demonstrate if the effect depends on the type of biological DMARD (disease modifying antirheumatic drug) used in routine clinical practice. We also wanted to know if concomitant treatment with glucocorticoids and/or synthetic DMARDs, as well as demographic data, diagnosis and a history of previous biological treatment, affect the vaccine response.




2. Materials and Methods


2.1. Participants


A noninterventional, multicenter, cohort study was designed to evaluate the immune response to Streptococcus pneumoniae vaccination in patients with AIID attending the Rheumatology, Dermatology or Gastroenterology services of the four University hospitals (Infanta Sofia, Madrid, Spain; Infanta Leonor Madrid, Spain; El Tajo, Madrid, Spain and Infanta Cristina, Madrid, Spain) that participated in the study. Patients that fulfilled the inclusion criteria were invited to enroll in the study. The recruitment period started in October 2014 and the follow-up period finished when the last serological test was performed, at least 4 weeks after the last vaccine was administrated. In total 277 subjects were included at the beginning of the study, 182 of which were analyzed. A flow diagram of selected patients is shown in Figure 1.



Patients older than 18 years, suffering from an AIIRD such as rheumatoid arthritis (RA), spondyloarthritis (SpA), psoriatic arthritis (PsA), undifferentiated arthritis (UA) or connective tissue diseases (CTD), psoriasis (Pso), or inflammatory bowel disease (IBD) were included. In addition, patients had to be on current biological treatment, with an antitumor necrosis factor (anti-TNFα) or other biological agent like, rituximab, tocilizumab, abatacept, or anakinra. Diagnosis and treatments accepted are explained in the results section. The rheumatologists in charge, depending on the patients’ characteristics and clinical parameters, prescribed the biological agent administered to every patient. Patients who stopped or changed their biological DMARD between the basal and the final serological test were excluded from the analysis. Concomitant treatment with synthetic DMARDs and/or glucocorticoids was admitted. Information about if participants had received previous biological agents different from that one they were receiving upon inclusion was recorded. Exclusion criteria included pregnancy, history of known allergy to any of the vaccine components, or an active infection. All participants provided written informed consent. The study did not include Patient and Public Involvement.




2.2. Ethical Approval Code


The Clinical Research Ethics Committee of University Hospital La Paz in Madrid, Spain, approved the study (authorization codes HUIGRI-2014-01, HULP: PI-1832).




2.3. Vaccination, Immune Response and Microbiology Data


Vaccination status was recorded from immunization databases of the Primary Care Centres. Patients completed a protocol combining PCV13 and PPV23 following international recommendations [5,6,7]. Blood samples were collected when entering the study and at least 4 weeks after the last vaccine was given. The immune response was evaluated using an opsonophagocytosis killing assay (OPKA) using human HL-60 cells differentiated to neutrophils [12]. The assay required the counting of viable colony forming units (CFU), heat-inactivation of patient’s sera at 56 °C for 30 min in order to avoid variations in phagocytosis mediated by different complement levels among patient’s sera and the use of baby rabbit complement as a source of complement components. Opsonization was performed in 96-microwell plates by incubating 10 µL of bacteria with 20 µL of human serum during 30 min at 37 °C with shaking followed by incubation for 45 min using 20 µL of baby rabbit complement and 40 µL of HL-60 in a 400:1 proportion cells:bacteria. Finally, different dilutions were cultured on blood agar plates to determine the number of viable bacteria after the opsonophagocytosis process. Opsonophagocytic titer (OT) was defined as the serum dilution that kills 50% of bacteria regardless the biological drug and the concomitant treatment used. Values of ≥8 fold increase rise in the OT were considered as a positive response [13,14]. We assessed the immune response to serotypes 1, 3, 7F, 14, 19A, and 19F. The criteria for selecting these serotypes were based in their high epidemiological incidence rates and invasiveness. Serotypes included in both vaccines, PCV13 and PPV23, and the six serotypes selected for OPKA are shown in Figure 2.




2.4. Statistics


For the descriptive analysis, the absolute (n) and relative (%) frequencies were used to express the qualitative variables. Mean ± standard deviation (SD) or median (interquartile range; IQR) were used to express the quantitative variables according to the normal distribution. The total number of cases per study variable was used to perform the calculations. To test the statistically significant differences of the vaccine response in the different scenarios, either the Chi-square test or Fisher’s exact test were performed for qualitative variables, while either the Student’s T test or Mann–Whitney U test was used for quantitative variables, according to the normality test. A linear regression analysis was used to evaluate the effects of sex, age and previous biological treatment on the immune response. Statistical significance was considered when the p-value was less than the alpha error (5%). Data analysis was performed with IBM SPSS statistics version 21.0 (IBM Corp; Armonk, NY, USA).





3. Results


The study analyzed 182 patients. Demographic characteristics (mean age and gender distribution), diagnosis and mean disease duration depending on the diagnosis, as well as biological therapy and concomitant treatments, are shown in Table 1.



Among diagnosis, SpA and RA accounted for 70.4% of the pathologies. Most patients (85.1%) were receiving TNF-α inhibitors. In this group, etanercept and adalimumab were the most frequent treatments, followed by infliximab (Table 1). Synthetic DMARDs were used in 42.3% of the patients, with methotrexate and leflunomide as the preferential drugs (Table 1). Prednisone at different doses was used in 15.4% of patients, with a median (IQR) prednisone dose of 5.0 (2.5) mg per day (Table 1). Pneumococcal vaccination status was registered before admission in the study protocol. Before entering the study, PPV23 had been administered in 115 subjects (63.2%), PCV13 in 21 subjects (12.1%) and only 9 patients (4.9%) had been immunized with both vaccines.



Analysis of the antibody response confirmed that at least one third of the patients achieved OT against each pneumococcal serotype (Table 2).



Serotype 3, which was the most prevalent serotype in adults when patients of this study were recruited [15], showed the largest number of patients with positive OT. The presence of OT against serotype 3 was statistically associated with the detection of OT against serotype 1 (p = 0.031), 7F (p = 0.004), 19A (p = 0.010), and 19F (p = 0.0001). Hence, 49% of the patients achieved OT against three or more serotypes resulting in a positive immunological response against ≥ 50% of the serotypes investigated (Table 3).



We studied the influence of age and gender in the number of serotypes with OT after vaccination. We found no correlation between age and the immune response (p = 0.907). We also observed no influence of the gender (number of serotypes with OT response in men median (IQR): 2 (2.5) vs. 3 (3) in women, p = 0.374). Hence, we did not see differences in the number of serotypes with OT response between the group of patients who had received another biological agent, and those who had been treated with the same biological DMARD since the beginning (median [IQR]: 3 (3) vs. 2 (2), p = 0.206). As a result, the regression analysis confirmed that age, gender and having received a previous biological DMARD, did not affect the immune response.



Among biological DMARDs, etanercept showed a tendency to higher OT response compared to the other therapies (median [IQR]: 3 (2.5), p = 0.066) whereas adalimumab had lower OT levels (median (IQR): 1 (2), p = 0.015). Rituximab did not show a worse OT response when compared with the other biological agents (median (IQR): 3.5 (2.3), p = 0.088). Interestingly, patients treated with etanercept tended to achieve higher OT levels against serotype 3 (57.9% of patients on etanercept vs. 42.3% of subjects on other biologics, p = 0.052). In fact, almost 40% of patients with an OT response against serotype 3 were treated with etanercept in comparison to patients based in other biological therapies (Figure 3). Remarkably, Rituximab was other biological DMARD that was associated to a good immunological response against pneumococcus with at least 50% of the patients developing functional antibodies against the majority of serotypes investigated (Figure 3). Twenty-six patients (14.3%) did not achieve OT against any of the serotypes studied. None of the biological agents exhibited association with this absence of response.



Methotrexate, which was the most frequent synthetic DMARD used, did not interfere with the immune response in patients treated with biological agents. In this sense, the number of serotypes with positive response, was similar in patients treated or not with methotrexate (median (IQR): 2.3 (2.0) in patients on methotrexate vs. 2.0 (3.0) in those without methotrexate, p = 0.730). Similar results were obtained with the rest of the synthetic DMARDs assessed.



Glucocorticoids did not interfere with the immune response to any serotype, nor with the number of serotypes against which OT were achieved (median (IQR): 1.5 (2.0) in patients treated with glucocorticoids vs. 3 (3.0) in patients without them, p = 0.135). The small group of five patients who received a daily dose of prednisone higher than 7.5 mg, showed a lowest number of serotypes with OT than subjects untreated with glucocorticoids (median (IQR): 0 (2.0) vs. 3.0 (3.0), p = 0.023).



We also investigated the effect of the diagnosis in the immune response (Figure 4). We found no association between the number of serotypes with OT and diagnosis. The percentages of patients with OT against each of the serotypes studied presented not significant differences, except in the case of subjects with connective tissue diseases, which exhibited a significant higher proportion of responders to serotype 14 (p = 0.046) and serotype 19F (p = 0.040).




4. Discussion


This study evaluates the presence of functional antibodies against the six more prevalent pneumococcal serotypes that are in common between PCV13 and PPV23, which are the two vaccines recommended by different international organizations for immunizing patients with autoimmune diseases treated with biological agents [6,7]. In our study, almost 70% of patients had received PCV13 or PPV23 before being recruited, which is higher than the percentages shown in previous reports [10]. However, only 5% of patients had been vaccinated correctly following the approved guidelines. Considering that all participants came from the hospital out-clinics, this low vaccination coverage probably reflects a deficiency in the design and implementation of vaccination programs for AIID patients that strengthen the communication and collaboration between family physicians and specialists in our community. Our results may help to shed light on the matter of vaccine effectiveness on AIID on biological treatment, thus physicians can make a greater effort to help their patients to increase their adherence to pneumococcal vaccination protocols.



Vaccination is the best strategy to induce protection against IPD in these kinds of patients treated with DMARDs. Unfortunately, it has been described that patients with autoimmune diseases on immunosuppressive therapy have an impaired immune response to pneumococcal vaccines, being more profound with the conjugate vaccine than with PPV23, because immunosuppressive agents alter largely the cellular immune response generated with the conjugate vaccine [16]. In the current study, the immunological response was measured using an OPKA method to evaluate functional antibodies against the six most prevalent serotypes in adults causing IPD in Spain that are included in both PCV13 and PPV23 vaccines [15]. In 2015, when patients were recruited for this study, 33% of IPD cases were caused by these six serotypes and more importantly, these serotypes were associated to antimicrobial resistance rates accounting for 46% and 32% of reduced susceptibility to penicillin and erythromycin, respectively [15].



Administration of TNF-α blocking agents contributes with a more favorable response compared to patients treated with other immunosuppressive drugs [16,17]. In our study, almost 50% of patients elicited a functional antibody response against at least 50% of the serotypes investigated with a good immune response in patients treated with anti-TNF-α inhibitors such as etanercept for many of the serotypes investigated. Etanercept has been described as not interfering with the humoral response to PPV23 [18]. It has been associated with an immune response to PPV23 in patients with PsoA, similar to that obtained in PsoA patients receiving placebo [19]. Etanercept has also shown a good immune response in RA patients vaccinated with the PCV13 vaccine, not inferior to that obtained in control subjects with osteoarthritis [20]. Therefore, etanercept does not seem to interfere with the antibody production, preserving the humoral response to pneumococcal vaccines. The possible mechanisms explaining this preservation are not well known, but the effect of etanercept on follicular helper T (Tfh) cells, may play a role. Tfh cells represent a small subset of CD4+ helper T cells, which is known to be important during germinal center reaction for production of high-affinity, class-switched antibodies [21]. In this sense, a significant increase in both frequency and absolute numbers of Tfh cells was observed in patients with juvenile idiopathic arthritis treated with etanercept when compared to untreated patients [22].



Treatment with adalimumab in our patients showed a lower response in terms of phagocytic antibodies compared to other biological therapies. These results differ from previous reports where adalimumab showed a good antibody response after vaccination with PPV23 [23]. The difference may be explained in part because Kaine et al. investigated the presence of circulating antibodies and not of functional ones, as we did.



The use of rituximab alone or in combination with methotrexate has also been associated with an impaired immune response in patients with AIIRD [24]. Our results showed that patients treated with rituximab achieved functional phagocytic antibodies against each of the six serotypes analyzed. Hence, possible differences may be due to, first, the antibody determination, as they only measured IgG antibodies, and second, we used the sequential schedule (PCV13 and PPV23 vaccines) to vaccinate our cohort of patients whereas they only used PPV23 vaccine [24]. Another possible bias that could explain the different impact of rituximab on the immune response is the interval period between vaccination and treatment with rituximab. In Bingham’s study, patients received rituximab infusion shortly after vaccination [24]. In our study the majority of pneumococcal vaccines given to patients on rituximab, were administered with the recommended period of 4 weeks before and 6 months after rituximab administration [25], which could explain the higher immune response obtained in our patients treated with rituximab.



Therapy with methotrexate has been associated with reduced vaccine response to pneumococcus because this drug and its metabolites block the novo purine synthesis, affecting the proliferation of B and T cells causing, therefore, a more deleterious effect on the immune response [17,26]. Our results did not show impaired effects of synthetic DMARDs. Patients with and without therapy with methotrexate did not have differences in the OT for each of the six serotypes analyzed. The use of ELISA that quantify IgG levels or OPKA to measure functional killing antibodies, and differences among pneumococcal vaccines administered (PPV23, PCV13 or the sequential PCV13-PPV23) may influence the outcome of the immune response.



Administration of glucocorticoids affects antibody levels in patients undergoing immunosuppressive treatment for inflammatory diseases. The use of daily high doses of prednisone ≥ 20 mg affected negatively the antibody response to PPV23 and in those patients who responded, antibody levels decayed rapidly after vaccination [27]. In our study, although the number of patients with doses of prednisone ≥ 7.5 mg was scarce to achieve any conclusion, they had an impaired immune response of phagocytic antibodies, suggesting that even with a lower dose of prednisone, this therapy is detrimental for the immune response after vaccination.



Patients suffering AIID and treated with biological or synthetic DMARD therapies are at great risk for developing IPD. Serotype 3 is included in both PPV23 and PCV13 vaccines and its incidence in adult population is remarkably high despite the use of these vaccines in the population [15,28]. One possible reason to explain it is a low vaccine coverage in immunocompetent adults. However, the aggressive behavior of this particular serotype can be also attributed to microbiological features. This pathogen is able to produce, express and release a high amount of capsular polysaccharides that saturate anti-serotype 3 specific Ab, reducing opsonophagocytic killing and neutralization, that allows the bacterium to avoid very efficiently the host immune response [29]. Our findings indicate that almost 50% of the patients treated with biological therapies, elicited functional phagocytic antibodies against serotype 3 being even higher when etanercept was the therapeutic option. The pneumococcal serotypes chosen in our study for OPKA analysis, harbored multidrug resistance (MDR) that is a critical point, as these strains might be associated to treatment failure. Vaccination is essential because the host immune response against pneumococcus is boosted by the cooperation of certain antibiotics and specific antibodies [30]. In this sense, β-lactams and macrolides increase complement-mediated immunity and phagocytosis of MDR pneumococcal strains in the presence of functional phagocytic antibodies. Alteration of cell surface structures by these antibiotics even at subinhibitory concentrations results in greater exposure of microbial ligands that are normally hidden or hardly exposed. This alteration of the bacterial envelope stimulated opsonization by functional antibodies and acute phase proteins, increasing the recognition of S. pneumoniae by circulating phagocytes [31,32,33]. This is important for vaccinated patients with AIIRD and treated with biological therapies because although the level of antibodies may not be fully protective in many of them, the efficacy of antibiotic treatment in case of developing IPD would be much higher than in unvaccinated patients due to this immunomodulatory effect with antibiotics.



When we looked for some difference in immune response depending on the diagnosis, we found that a group of seven patients with connective tissue diseases showed a significantly better response to serotype 14 and serotype 19F, when compared with subjects with other diagnoses. Despite this, the small sample size, explained mainly because the number of biological agents approved for the treatment of connective tissue disease is low, is too small to draw any conclusion.



We studied the immune response to recommended pneumococcal vaccination in patients with AIID using an opsonophagocytic assay that allows us to evaluate the functional Ab titers, which may be more relevant than knowing the circulating Ab titers. However, as studies using this same method are scarce, it is difficult to establish comparison between them and achieve conclusions that are more powerful. The number of patients with certain treatments is too little to achieve any conclusion, but our sample reflects the reality of the daily out clinics.




5. Conclusions


Overall, our study shows that patients with autoimmune inflammatory diseases treated with biological agents, including rituximab, had a functional antibody phagocytic response after a correct program of vaccination using PCV13 and PPV23. These results reinforce the importance of increasing the coverage rates of pneumococcal vaccines in these patients.







Author Contributions


Conceptualization, P.R. and S.M.-F.; methodology, P.R., J.Y., T.N., L.G.-H., M.S. (Marina Salido), I.T.-V., A.J.-D., J.L., L.C., L.L., M.S. (Martina Steiner), T.C., M.D.M., M.G.-C., P.C. and S.M.-F.; formal analysis, P.R. and S.M.-F.; investigation, P.R., J.Y., T.N., L.G.-H., M.S. (Marina Salido), I.T.-V., A.J.-D., J.L., L.C., L.L., M.S. (Martina Steiner), T.C., M.D.M., M.G.-C., P.C. and S.M.-F.; writing—original draft preparation, P.R.; writing—review and editing, P.R., J.Y. and S.M.-F.; funding acquisition, S.M.-F. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Sociedad Madrileña de Reumatología (SORCOM)/MSD and, Pfizer. This study was also supported by Ministerio de Economía, Industria y Competitividad (grant number SAF2017-83388).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Clinical Research Ethics Committee of University Hospital La Paz in Madrid, Spain, (authorization codes HUIGRI-2014-01, HULP: PI-1832).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are contained within the article. Additional details are available upon request from the corresponding P.R. (ORCID 0000-0003-2277-6814) and J.Y. (ORCID 0000-0001-7996-0837).




Acknowledgments


We thank Bruno Corsini for technical help with OPKA assays.




Conflicts of Interest


P.R. declares she has received research grants from Sociedad de Reumatología Comunidad de Madrid (SORCOM)/MSD and Pfizer. J.Y. reports grants from MSD-USA, and personal fees from GSK, MSD and Pfizer, outside the submitted work. S.M.F. declares he has received research grants from Sociedad de Reumatología Comunidad de Madrid (SORCOM)/MSD and Pfizer, and personal fees from Abbvie, Janssen, Novartis, Roche, Sanofi, MSD and Celgene and Pfizer, outside the submitted work. The rest of authors declare that they have no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Wotton, C.J.; Goldacre, M.J. Risk of invasive pneumococcal disease in people admitted to hospital with selected immune-mediated diseases: Record linkage cohort analyses. J. Epidemiol. Community Health 2012, 66, 1177–1181. [Google Scholar] [CrossRef] [PubMed]

	



Backhaus, E.; Berg, S.; Andersson, R.; Ockborn, G.; Malmström, P.; Dahl, M.; Nasic, S.; Trollfors, B. Epidemiology of invasive pneumococcal infections: Manifestations, incidence and case fatality rate correlated to age, gender and risk factors. BMC Infect. Dis. 2016, 16, 367. [Google Scholar] [CrossRef] [PubMed]

	



Shea, K.M.; Edelsberg, J.; Weycker, D.; Farkouh, R.A.; Strutton, D.R.; Pelton, S.I. Rates of pneumococcal disease in adults with chronic medical conditions. Open Forum. Infec. Dis. 2014, 1, ofu024. [Google Scholar] [CrossRef]

	



Fernandez-Martinez, S.; Cortes, X.; Borrás-Blasco, J.; Gracia-Pérez, A.; Casterá, M.E. Effectiveness of a systematic vaccination program in patients with autoimmune inflammatory disease treated with anti-TNF alpha drugs. Expert. Opin. Biol. Ther. 2016, 16, 1317–1322. [Google Scholar] [CrossRef]

	



van Assen, S.; Agmon-Levin, N.; Elkayam, O.; Cervera, R.; Doran, M.F.; Dougados, M.; Emery, P.; Geborek, P.; Ioannidis, J.P.A.; Jayne, D.R.W.; et al. EULAR recommendations for vaccination in adult patients with autoimmune inflammatory rheumatic diseases. Ann. Rheum. Dis. 2011, 70, 414–422. [Google Scholar] [CrossRef]

	



Furer, V.; Rondaan, C.; Heijstek, M.W.; Agmon-Levin, N.; van Assen, S.; Bijl, M.; Breedveld, F.C.; D’Amelio, R.; Dougados, M.; Kapetanovic, M.C.; et al. 2019 update of EULAR recommendations for vaccination in adult patients with autoimmune inflammatory rheumatic diseases. Ann. Rheum. Dis. 2020, 79, 39–52. [Google Scholar] [CrossRef]

	



Use of 13-Valent Pneumococcal Conjugate Vaccine and 23-Valent Pneumococcal Polysaccharide Vaccine for Adults with Immunocompromising Conditions: Recommendations of the Advisory Committee on Immunization Practices (ACIP). Available online: https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6140a4.htm (accessed on 1 June 2020).

	



González-Romo, F.; Picazo, J.J.; García, A.; Labrador, M.; Barrios, V.; Magro, M.C.; Gil, P.; de la Cámara, G.; Rodríguez, A.; Barberán, J.; et al. Consenso sobre la vacunación anti-neumocócica en el adulto por riesgo de edad y patología de base. Actualización 2017. Rev. Esp. Quim. 2017, 30, 142–168. [Google Scholar]

	



Nguyen, M.; Lindegaard, H.; Hendricks, O.; Friis-Møller, N. Factors associated with influenza and pneumococcal vaccine uptake among rheumatoid arthritis patients in Denmark invited to participate in a pneumococcal vaccine trial (Immunovax_RA). Scand. J. Rheumatol. 2017, 46, 446–453. [Google Scholar] [CrossRef]

	



Brocq, O.; Acquacalda, E.; Berthier, F.; Albert, C.; Bolla, G.; Millasseau, E.; Destombe, C.; Azulay, J.; Asquier, C.; Florent, A.; et al. Influenza and pneumococcal vaccine coverage in 584 patients taking biological therapy for chronic inflammatory joint: A retrospective study. Jt. Bone Spine. 2016, 83, 155–159. [Google Scholar] [CrossRef] [PubMed]

	



Loubet, P.; Kernéis, S.; Groh, M.; Loulergue, P.; Blanche, P.; Verger, P.; Launay, O. Attitude, knowledge and factors associated with influenza and pneumococcal vaccine uptake in a large cohort of patients with secondary immune deficiency. Vaccine 2015, 33, 3703–3708. [Google Scholar] [CrossRef]

	



Ramos-Sevillano, E.; Urzainqui, A.; de Andrés, B.; González-Tajuelo, R.; Domenech, M.; González-Camacho, F.; Sánchez-Madrid, F.; Brown, J.S.; García, E.; Yuste, J. PSGL-1 on Leukocytes is a Critical Component of the Host Immune Response against Invasive Pneumococcal Disease. PLoS Pathog. 2016, 12, e1005500. [Google Scholar] [CrossRef] [PubMed]

	



Manoff, S.B.; Liss, C.; Caulfield, M.J.; Marchese, R.D.; Silber, J.; Boslego, J.; Romero-Steiner, S.; Rajam, G.; Glass, N.E.; Whitney, C.G.; et al. Revaccination with a 23-valent pneumococcal polysaccharide vaccine induces elevated and persistent functional antibody responses in adults aged 65 > or = years. J. Infect. Dis. 2010, 201, 525–533. [Google Scholar] [CrossRef] [PubMed]

	



Lee, H.; Nahm, M.H.; Kim, K.-H. The Effect of Age on the Response to the Pneumococcal Polysaccharide Vaccine. BMC Infect. Dis. 2010, 10, 60. Available online: https://pubmed.ncbi.nlm.nih.gov/20219110/ (accessed on 26 November 2020). [CrossRef] [PubMed]

	



De Miguel, S.; Domenech, M.; González-Camacho, F.; Sempere, J.; Vicioso, D.; Sanz, J.C.; García Comas, L.; Ardanuy, C.; Fenoll, A.; Yuste, J. Nationwide trends of invasive pneumococcal disease in Spain (2009-2019) in children and adults during the pneumococcal conjugate vaccine era. Clin. Infect. Dis. 2020. [Google Scholar] [CrossRef]

	



Van Aalst, M.; Langedijk, A.C.; Spijker, R.; de Bree, G.J.; Grobusch, M.P.; Goorhuis, A. The effect of immunosuppressive agents on immunogenicity of pneumococcal vaccination: A systematic review and meta-analysis. Vaccine 2018, 36, 5832–5845. [Google Scholar] [CrossRef]

	



Visser, L.G. TNF-α Antagonists and Immunization. Curr. Infect. Dis. Rep. 2011, 13, 243–247. [Google Scholar] [CrossRef]

	



Chiricozzi, A.; Gisondi, P.; Bellinato, F.; Girolomoni, G. Immune Response to Vaccination in Patients with Psoriasis Treated with Systemic Therapies. Vaccines 2020, 8, 769. [Google Scholar] [CrossRef]

	



Mease, P.J.; Ritchlin, C.T.; Martin, R.W.; Gottlieb, A.B.; Baumgartner, S.W.; Burge, D.J.; Whitmore, J.B. Pneumococcal vaccine response in psoriatic arthritis patients during treatment with etanercept. J. Rheumatol. 2004, 31, 1356–1361. [Google Scholar]

	



Rákóczi, É.; Perge, B.; Végh, E.; Csomor, P.; Pusztai, A.; Szamosi, S.; Bodnár, N.; Szántó, S.; Szücs, G.; Szekanecz, Z. Evaluation of the immunogenicity of the 13-valent conjugated pneumococcal vaccine in rheumatoid arthritis patients treated with etanercept. Jt. Bone Spine 2016, 83, 675–679. [Google Scholar] [CrossRef]

	



Craft, J.E. Follicular helper T cells in immunity and systemic autoimmunity. Nat. Rev. Rheumatol. 2012, 8, 337–347. [Google Scholar] [CrossRef] [PubMed]

	



Glaesener, S.; Quách, T.D.; Onken, N.; Weller-Heinemann, F.; Dressler, F.; Huppertz, H.-I.; Thon, A.; Meyer-Bahlburg, A. Distinct Effects of Methotrexate and Etanercept on the B Cell Compartment in Patients With Juvenile Idiopathic Arthritis. Arthritis. Rheumatol. Hoboken. Nj 2014, 66, 2590–2600. [Google Scholar] [CrossRef]

	



Kaine, J.L.; Kivitz, A.J.; Birbara, C.; Luo, A.Y. Immune responses following administration of influenza and pneumococcal vaccines to patients with rheumatoid arthritis receiving adalimumab. J. Rheumatol. 2007, 34, 272–279. [Google Scholar]

	



Bingham, C.O.; Looney, R.J.; Deodhar, A.; Halsey, N.; Greenwald, M.; Codding, C.; Trzaskoma, B.; Martin, F.; Agarwal, S.; Kelman, A. Immunization responses in rheumatoid arthritis patients treated with rituximab: Results from a controlled clinical trial. Arthritis Rheum. 2010, 62, 64–74. [Google Scholar] [CrossRef] [PubMed]

	



Pham, T.; Fautrel, B.; Gottenberg, J.-E.; Goupille, P.; Hachulla, E.; Masson, C.; Morel, J.; Mouthon, L.; Saraux, A.; Schaeverbeke, T.; et al. Rituximab (MabThera) therapy and safety management. Clinical tool guide. Jt. Bone. Spine. Rev. Rhum. 2008, 75, S1–S99. [Google Scholar]

	



Subesinghe, S.; Bechman, K.; Rutherford, A.I.; Goldblatt, D.; Galloway, J.B. A Systematic Review and Metaanalysis of Antirheumatic Drugs and Vaccine Immunogenicity in Rheumatoid Arthritis. J. Rheumatol. 2018, 45, 733–744. [Google Scholar] [CrossRef] [PubMed]

	



Fischer, L.; Gerstel, P.F.; Poncet, A.; Siegrist, C.-A.; Laffitte, E.; Gabay, C.; Seebach, J.D.; Ribi, C. Pneumococcal polysaccharide vaccination in adults undergoing immunosuppressive treatment for inflammatory diseases—A longitudinal study. Arthritis Res. Ther. 2015, 17, 151. [Google Scholar] [CrossRef]

	



Ladhani, S.N.; Collins, S.; Djennad, A.; Sheppard, C.L.; Borrow, R.; Fry, N.K.; Andrews, N.J.; Miller, E.; Ramsay, M.E. Rapid increase in non-vaccine serotypes causing invasive pneumococcal disease in England and Wales, 2000–2017: A prospective national observational cohort study. Lancet. Infect. Dis. 2018, 18, 441–451. [Google Scholar] [CrossRef]

	



Choi, E.H.; Zhang, F.; Lu, Y.-J.; Malley, R. Capsular Polysaccharide (CPS) Release by Serotype 3 Pneumococcal Strains Reduces the Protective Effect of Anti-Type 3 CPS Antibodies. Clin. Vaccin. Immunol. CVI 2016, 23, 162–167. [Google Scholar] [CrossRef]

	



Domenech, M.; Sempere, J.; de Miguel, S.; Yuste, J. Combination of Antibodies and Antibiotics as a Promising Strategy Against Multidrug-Resistant Pathogens of the Respiratory Tract. Front. Immunol. 2018, 9, 2700. [Google Scholar] [CrossRef] [PubMed]

	



Cafini, F.; Yuste, J.; Giménez, M.-J.; Sevillano, D.; Aguilar, L.; Alou, L.; Ramos-Sevillano, E.; Torrico, M.; González, N.; García, E.; et al. Enhanced in vivo activity of cefditoren in pre-immunized mice against penicillin-resistant S. pneumoniae (serotypes 6B, 19F and 23F) in a sepsis model. PLoS ONE 2010, 5, e12041. [Google Scholar] [CrossRef]

	



Ramos-Sevillano, E.; Rodríguez-Sosa, C.; Díez-Martínez, R.; Giménez, M.-J.; Olmedillas, E.; García, P.; García, E.; Aguilar, L.; Yuste, J. Macrolides and β-lactam antibiotics enhance C3b deposition on the surface of multidrug-resistant Streptococcus pneumoniae strains by a LytA autolysin-dependent mechanism. Antimicrob. Agents. Chemother. 2012, 56, 5534–5540. [Google Scholar] [CrossRef] [PubMed]

	



Ramos-Sevillano, E.; Rodríguez-Sosa, C.; Cafini, F.; Giménez, M.-J.; Navarro, A.; Sevillano, D.; Alou, L.; García, E.; Aguilar, L.; Yuste, J. Cefditoren and ceftriaxone enhance complement-mediated immunity in the presence of specific antibodies against antibiotic-resistant pneumococcal strains. PLoS ONE 2012, 7, e44135. [Google Scholar] [CrossRef] [PubMed]








[image: Vaccines 09 00203 g001 550] 





Figure 1. Flow diagram of patients included, excluded and finally analyzed. 
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Figure 2. Serotypes included in PCV13 (red color) and PPV23 (green color) and serotypes evaluated for opsonophagocytosis killing assays (hatched). Nonvaccine serotypes (white color). 
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Figure 3. Patients with OT > 50% against each serotype, depending on the biological agent received. Abatacept and anakinra were not included due to the scarce number of patients. St (serotype), OT (opsonization titers). 
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Figure 4. Patients with OT > 50% against each serotype, depending on the diagnosis. Abatacept and anakinra were not included due to the scarce number of patients. St (serotype), OT (opsonization titers). 
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Table 1. Demographic data, diagnosis, disease duration, biological therapy, and concomitant treatment with synthetic disease modifying antirheumatic drugs (DMARDs) and/or glucocorticoids, of the 182 participants.
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	Group
	n (%)
	Age

(Mean ± SD)
	Gender, n (%)

Females
	Disease Duration

(Mean ± SD),

in Years





	Whole cohort
	182 (100)
	50 ± 13
	109 (59.9)
	9.4 ± 8.8



	Diagnosis
	
	
	
	



	Spondyloarthritis
	65 (35.7)
	46 ± 11
	28 (43.1)
	9.8 ± 10.0



	Rheumatoid arthritis
	63 (34.6)
	55 ± 12
	50 (79.4)
	9.9 ± 7.9



	Psoriatic arthritis
	28 (15.3)
	50 ± 12
	14 (50.0)
	7.6 ± 8.1



	Psoriasis
	8 (4.4)
	46 ± 10
	5 (62.5)
	17.0 ± 10.5



	Inflammatory bowel disease
	7 (3.9)
	41 ± 11
	3 (42.9)
	7.9 ± 6.6



	Connective tissue

diseases *
	7 (3.9)
	54 ± 16
	7 (100.0)
	2.4 ± 2.1



	Undifferentiated

arthritis
	4 (2.2)
	33 ± 11
	2 (50.0)
	4.7 ± 7.2



	Biological DMARDs
	
	
	
	



	Etanercept
	57 (31.3)
	49 ± 14
	30 (52.6)
	6.3 ± 5.4



	Adalimumab
	54 (29.7)
	50 ± 10
	29 (53.7)
	10.8 ± 9.5



	Infliximab
	21 (11.5)
	49 ± 13
	13 (61.9)
	15.1 ± 12.7



	Golimumab
	17 (9.3)
	49 ± 11
	9 (52.9)
	8.6 ± 7.9



	Certolizumab
	6 (3.3)
	56 ± 10
	3 (50.0)
	5.5 ± 3.7



	Rituximab
	14 (7.7)
	56 ± 11
	12 (85.7)
	10.9 ± 9.6



	Tocilizumab
	10 (5.5)
	49 ± 17
	10 (100.0)
	7.9 ± 7.3



	Abatacept
	2 (1.1)
	41 ± 16
	2 (100.0)
	9.8 ± 5.9



	Anakinra
	1 (0.6)
	41
	1 (100.0)
	5.5



	Synthetic DMARDs
	
	
	
	



	Methotrexate
	55 (30.2)
	51 ± 14
	38 (69.1)
	9.3 ± 7.8



	Leflunomide
	15 (8.2)
	56 ± 14
	10 (66.7)
	8.2 ± 6.8



	Sulfasalazine
	3 (1.6)
	50 ± 11
	1 (33.3)
	7.5 ± 10.6



	Azathioprine
	2 (1.1)
	34 ± 15
	2 (100.0)
	7.0 ± 7.0



	Hydroxychloroquine
	1 (0.6)
	50.8
	1 (100.0)
	4.8



	Cyclosporine
	1 (0.6)
	51.8
	1 (100.0)
	15.8



	Glucocorticoids
	
	
	
	



	Prednisone ≤7.5 mg/d
	23 (12.6)
	55 ± 16
	18 (78.3)
	10.6 ± 9.0



	Prednisone >7.5 mg/d
	5 (2.7)
	49 ± 14
	3 (60.0)
	3.0 ± 4.2







*: includes 1 systemic sclerosis, 1 Still disease, 1 amyloidosis, 1 ANCA-associated vasculitis, 1 rheumatic polymyalgia, 1 Sjögren syndrome, 1 panuveitis. DMARDs: disease modifying antirheumatic drugs. Variables with just 1 case show absolute values.
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Table 2. Number and percentage of patients that presented final OT 1 against each one of the six serotypes studied.
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	Pneumococcal Serotypes
	Patients with OT n (%)





	1
	80 (44.0)



	3
	86 (47.3)



	7F
	65 (35.7)



	14
	81 (44.5)



	19A
	65 (35.7)



	19F
	60 (33.0)







1 OT: opsonization titers.
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Table 3. Number and percentage of patients that presented final OT 1 against each one of the six serotypes studied.
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	Pneumococcal Serotypes
	Patients with OT n (%)





	0
	26 (14.3)



	1
	40 (22.0)



	2
	27 (14.8)



	3
	39 (21.4)



	4
	28 (15.4)



	5
	20 (11.0)







1 OT: opsonization titers.
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