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Abstract

:

Introduction: The Coronavirus Disease 2019 (COVID-19) pandemic has been caused by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). The most important approach to prevent severe disease progression and to contain the pandemic is the use of COVID-19 vaccines. The aim of this study was to investigate the humoral and cellular response in immunosuppressed patients with inflammatory bowel disease (IBD) on treatment with anti-TNF (infliximab, adalimumab) and anti-α4ß7-Integrin (vedolizumab) 6 months after mRNA vaccination against SARS-CoV-2 compared to healthy subjects. Methods: In this prospective study, 20 IBD patients and 9 healthy controls were included 6 months after the second BNT162b2 vaccination. In addition to quantitative determination of IgG antibody levels against the SARS-CoV-2 receptor-binding domain (RBD) of the spike protein subunit S1, a SARS-CoV-2 surrogate neutralization test (sVNT) was used to assess potential neutralization capacity. SARS-CoV-2-specific T-cell responses were measured using an interferon-γ (IFN-γ) release assay (IGRA; Euroimmun Medical Laboratory Diagnostics, Lübeck, Germany). Results: S-IgG could still be detected in the majority of IBD patients 6 months after second vaccination. Compared to healthy controls, IBD patients treated with anti-TNF agents showed both lower neutralizing activity in sVNT (percent inhibition of ACE2 receptor binding by RBD protein) and lower IgG-S (AU/mL) antibody levels (AB) (sVNT: 79% vs. 2%, p < 0. 001; AB: 1018 AU/mL vs. 141 AU/mL, p = 0.025). In contrast, patients on therapy with vedolizumab showed no impairment in humoral immune response (sVNT, S-IgG) compared with healthy controls. Specific T-cellular reactivity was detected in 73% of IBD patients and in 67% of healthy controls independent of immunosuppressive therapy (anti-TNF., vedolizumab) (p = 0.189). Conclusion: Six months after BNT162b2 vaccination, this study found significantly decreased antibody levels in patients under anti-TNF therapy. IBD patients under anti-TNF and vedolizumab therapy had no impairment of T-cellular reactivity compared to healthy controls at this time point. Further studies with larger collectives for confirmation should follow.
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1. Introduction


Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is the pathogen of the Coronavirus Disease 2019 (COVID-19). The disease was first described in Wuhan, China, in December 2019 and has spread worldwide from there, causing the COVID-19 pandemic [1]. While COVID-19 results in mild to moderate symptoms in most people, it triggers severe illness with acute respiratory distress syndrome (ARDS) in a subset of patients [2,3,4]. Critical courses of disease are associated with severe lung injury, multiple organ failure, and high mortality. In severe COVID-19 courses, signs of hyperinflammation, as in classic cytokine storm syndromes, have been described [5,6]. Even after mild courses of the disease, some patients suffer from persistent symptoms, a symptom complex summarized as “long-COVID-19” [7,8,9]. Ulcerative colitis and Crohn’s disease are inflammatory bowel diseases (IBDs). For drug therapy for remission induction and remission maintenance, various immunosuppressive drugs are used to reduce intestinal inflammatory activity [10,11]. Immunosuppressive therapies (e.g., monoclonal antibodies or azathioprine) can lead to serious side effects, such as opportunistic infections. Since immunosuppressed patients have a higher susceptibility to severe disease progression in infections with endemic pathogens [12], the COVID-19 pandemic has raised major concerns about immunosuppressive therapy in IBD patients. Based on a possibly altered immunological status in IBD patients and depending on the existing immunosuppressive therapy, recent studies have indicated a potential association with severe disease progression [13]. Therapeutic approaches are being developed worldwide to combat COVID-19. In the European Union (EU) and Germany, in addition to anti-inflammatory and antiviral drugs, monoclonal antibodies were approved for passive immunization after SARS-CoV-2 infection [14]. Currently, the most effective protection against symptomatic SARS-CoV-2 infection and against severe disease progression can be achieved by vaccination. Therefore, vaccination is considered the most appropriate approach to combat the COVID-19 pandemic. In Europe, the mRNA vaccines mRNA-1273 and BNT162b2, the vector vaccines Ad26.CoV2.S and ChAdOx1, and the protein-based vaccine NVX-CoV2373 are currently approved [15,16,17,18]. The pivotal studies have demonstrated high efficacy of these vaccines in preventing severe and critical courses of the disease in immunocompetent patients. Patients with compromised immune systems due to pre-existing conditions or medication were not included in the pivotal studies. Recent studies have shown an attenuated immune response in IBD patients three months after vaccination depending on existing immunomodulatory therapy.



In a previous study, we found an impaired humoral immune response 3 months after second vaccination with an mRNA vaccine, particularly in patients on anti-TNF therapy, compared with healthy control subjects. Six months after the second vaccination, we found, in a cohort of only 4 IBD patients and 7 healthy controls, the first indications of a significantly more divergent humoral immune response in IBD patients compared to healthy controls [19].



We therefore conclude that it is still unclear as to what extent long-term humoral response after SARS-CoV-2 vaccination is impacted by immunosuppressive therapies [19,20,21,22,23,24,25,26,27,28].



The aim of this study was to investigate the humoral response in a larger IBD patient collective supplemented by the investigation of T-cellular reactivity six months after mRNA vaccination against COVID-19 compared to healthy subjects.




2. Methods


2.1. Study Subjects and Samples


The study was conducted in a prospective, monocentric study design. Serum samples were collected from IBD patients (n = 20) and healthy controls (n = 9) in the IBD outpatient clinic of the Department of Gastroenterology, Hepatology, Endocrinology, and Clinical Infectiology at Münster University Hospital, Germany, from June 2021 to March 2022. Vaccination of patients and controls was performed independently of this study on the recommendation of the treating physician. Blood samples were collected 6 months after the second vaccination (±20 days). Healthy controls had no previous diseases and were not taking regular medication. All included patients and healthy controls were asked about suspected or antigen/PCR test-proven SARS-CoV-2 infection. In addition, sera were tested for anti-nucleocapsid SARS-CoV-2 IgG as a marker of SARS-CoV-2 infection. Patients with proven/suspected COVID-19 disease (positive PCR or rapid antigen test, borderline/positive anti-nucleocapsid SARS-CoV-2 IgG test) were excluded from the study (n = 1 healthy controls). Only patients and controls vaccinated with the BNT162b2 mRNA vaccine were included in the study. For IBD patients with ulcerative colitis, the Mayo clinical score was determined at the time of blood collection, and for Crohn’s disease patients, the Crohn’s disease activity index (CDAI score) was determined in each case. According to the immunosuppressive therapy (adalimumab, infliximab, vedolizumab, azathioprine), IBD patients were divided into subgroups. All included patients had no change in therapy since the time point 12 weeks before the first vaccination (Figure 1). The study was approved by the local ethics committee (Münster University Hospital: 2021-039-f-S), and the study participants gave written consent.




2.2. Quantification of Serum Markers


As an indicator of previous SARS-CoV-2 infection, qualitative IgG antibody determination against the nucleocapsid protein (N) of SARS-CoV-2 (SARS-CoV-2 IgG assay, Abbott Diagnostics, Abbott Park, North Chicago, IL, USA) was performed. IgG antibodies against the SARS-CoV-2 receptor binding domain (RBD) of the spike protein subunit S1 were quantified as a sign of a performed COVID-19 vaccination or/and a previous infection (SARS-CoV-2 IgG II Quant Assay, Abbott Diagnostics). The assays based on the chemiluminescence microparticle immunoassay (CMIA) technique are certified for clinical use (CE/IVD). Diagnostics were performed according to the manufacturer’s instructions (ARCHITECT device, Abbott, Chicago, IL, USA). All results were given as relative light units (rlu). Values for IgG (N) were calculated as indices of sample rlu divided by calibrator rlu (S/C), where S/C indices below 0.49 were considered negative, S/C indices between 0.49 and 1.39 were considered borderline, and S/C indices of 1.4 and above were considered positive. RBD IgG (S-IgG, quantitative) were determined from data reduction curves of sample and calibrator values (AU/mL). Values greater than/equal to 50.0 AU/mL indicate seropositivity. The cPassTM SARS-CoV-2 Neutralization Antibody Detection Kit (GenScript Biotech, Mainz, Germany), also CE/IVD certified, was used to assess the potential neutralization capacity. This surrogate virus neutralization assay quantifies inhibition of RBD protein binding to the human host cell receptor protein ACE2 by patient antibodies in a blocking ELISA format and correlates with virus neutralization assays [29]. According to the manufacturer’s instructions, patient samples were diluted 10-fold and measured in duplicate. Inhibition was calculated as follows: 1 − (OD value of sample/OD value of negative control) × 100%. Values less than 30% were considered negative; values at or above the cut-off indicated the presence of the SARS-CoV-2 neutralizing antibody. SARS-CoV-2 specific T-cell responses were measured using an interferon-γ (IFN-γ) release assay (IGRA; Euroimmun Medical Laboratory Diagnostics) according to the manufacturer instructions [30]. For this purpose, S1 peptide-stimulated T cells were measured in whole blood according to the manufacturer’s instructions [31].




2.3. SARS-CoV-2 Vaccines


IBD patients and healthy controls received the mRNA vaccine BNT162b2 (BioNTech/Pfizer, New York City, NY, USA), which is approved in the European Union (EU) for vaccination against SARS-CoV-2. The patients received the vaccine independently of this study on the recommendation of their treating physicians. Patients and controls vaccinated with the adenovirus vector-based vaccines Ad26.CoV2.S (Johnson & Johnson, New Brunswick, NJ, USA) and/or ChAdOx1 (AstraZeneca, Cambridge, UK), or the mRNA vaccine mRNA-1273 (Moderna, Cambridge, MA, USA), were excluded from the study [15,16,17,18].




2.4. Statistical Analysis


Categorical variables (representation of absolute numbers, percentages) were compared using the chi-square test or Fisher’s exact test. Continuous variables (presented as medians with interquartile ranges (IQR)) were compared with the t-test if normally distributed, and with the Mann–Whitney U test (Wilcoxon) if not normally distributed. For comparison of more than two groups, the Kruskal–Wallis test was performed. To compare subgroups, the Bonferroni correction post hoc test was performed when variance was equal (Levene’s test), and the Games–Howell test was performed when variance was different. Multicomparison analyses were performed using GraphPad Prism software (version 8.0 for Microsoft, GraphPad Software, La Jolla, CA, USA). All tests were two-sided, and a p-value < 0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed using SPSS 26 (IBM, Chicago, IL, USA).





3. Results


3.1. Cohort Characteristics


Of the 20 recruited IBD patients and 9 healthy controls, all individuals with suspected or confirmed SARS-CoV-2 infection were excluded from the study (n = 0 IBD patients, n = 1 healthy controls). As inclusion criteria, only patients and controls vaccinated twice with the mRNA vaccine BNT162b2 were included. The mean age of IBD patients was 42 years, and 55% were male. The body mass index (BMI) was 23 (22–24) kg/m2. There were no significant differences between patients and controls with respect to these characteristics (Table 1). Crohn’s disease was present in 45% of IBD patients (median CDAI score 0 [0]), and 55% of patients had known ulcerative colitis (median Mayo score 2 [0–3.5]). Oral mesalazine therapy was given in 20% of patients and oral predisolone therapy in 10%. Mesalazine therapy (supp.) was administered in 10%. Budesonide therapy (oral/supp.) was not used in any of the patients. The most common concomitant diseases in the patients were pre-existing cardiovascular disease (5%) and diabetes mellitus (5%) (Table 1). IBD patients were subdivided according to their current immunosuppressive therapies (n = 4 vedolizumab, n = 11 anti-TNF (infliximab/adalimumab), n = 2 azathioprine + anti-TNF). With regard to patient characteristics (age, sex, and BMI), there were no significant differences between the subgroups of IBD patients. There were no significant differences between groups in terms of known pre-existing conditions.




3.2. Significantly Decreased SARS-CoV-2 S-IgG and sVNT Inhibition Levels in IBD Patients 6 Months after Second Vaccination


SARS-CoV-2 S-IgG (AU/mL) and sVNT (percent inhibition) results were compared between all IBD patients and healthy controls six months after the second vaccination. IBD patients exhibited significantly decreased sVNT inhibition levels and S-IgG antibody levels (sVNT 14% (0–52%) vs. 79% (57–85%), p = 0.003; S-IgG 189 AU/mL (22–514 AU/mL) vs. 1018 AU/mL (618–1583 AU/mL), p = 0.002) (Table 2). In subgroup analysis between IBD patients with existing immunosuppressive therapies (vedolizumab, anti-TNF, anti-TNF + azathioprine), there were no significant differences in S-IgG levels or sVNT levels 6 months after the second vaccination (Post-Hoc-Tests: p > 0.05) (Figure 2a,b). In a subgroup analysis of IBD patients compared to healthy controls, significantly reduced sVNT and S-IgG levels were detected in patients on immunosuppressive therapy with anti-TNF agents (sVNT: 2.4% (0–43%) vs. 79% (57–85%), p < 0.001; S-IgG: 142 AU/mL (0–340 AU/mL) vs. 1017 AU/mL (618–1584 AU/mL), p = 0.025) and anti-TNF + azathioprine (sVNT: 0% (0–0%) vs. 79% (57–85%), p < 0.001; S-IgG: 98 AU/mL (98–98 AU/mL) vs. 1017 AU/mL (618–1584 AU/mL), p = 0.009). IBD patients on therapy with vedolizumab did not show reduced S-IgG and sVNT levels compared to healthy controls (sVNT: 55% (31–87%) vs. 79% (57–85%), p > 0.05; S-IgG: 694 AU/mL (370–3633 AU/mL) vs. 1017 AU/mL (618–1584 AU/mL), p > 0.05).




3.3. Reduced Seroconversion Rates in IBD Patients Six Months after SARS-CoV-2 mRNA-Vaccination


Six months after the second COVID-19 vaccination, significantly lower seroconversion rates according to sVNT (inhibition > 30%) were observed in the immunocompromised IBD patients compared to the healthy controls (45% vs. 100%, p = 0.005). In contrast, SARS-CoV-2-S IgG levels (seropositivity > 49 AU/mL) 6 months after the second vaccination did not show significantly higher conversion rates in healthy controls (100%) compared to IBD patients (75%, p = 0.153). Depending on the existing immunosuppressive therapy (vedolizumab, anti-TNF, anti-TNF + azathioprine), there were no significant differences with respect to seroconversion rates (sVNT, S-IgG) (Figure 3a,b).




3.4. Sustained T-Cellular Reactivity in Immunosuppressed IBD Patients 6 Months after Second Vaccination


There were no significant differences between immunosuppressed IBD patients and healthy controls with respect to T-cellular reactivity six months after second vaccination against SARS-CoV-2. Positive T-cell reactivity was detectable in 73% of IBD patients compared to 67% of healthy controls (p = 0.189). Only marginal T-cell reactivity was detectable in 27% of patients (controls: 13%, p = 0.189). In the subgroup analysis of IBD patients after existing immunosuppression, there were no significant differences (p > 0.05) (Figure 4).





4. Discussion


Previous studies have examined the protective efficacy following dual SARS-CoV-2 vaccination in immunocompromised IBD patients in most studies at an interval of up to 12 weeks after complete baseline immunization. In these studies, S-IgG seroconversion rates and antibody levels were primarily considered. Regarding T-cellular reactivity after vaccination, there are only few data available, and these are furthermore limited to the first weeks after immunization. To our knowledge, the present study is the first to examine seroconversion rates, SARS-CoV-2 S-IgG and sVNT levels, and T-cellular reactivity in IBD patients compared with healthy subjects 6 months after the second vaccination with BNT162b2.



In a previous study, we found, in a cohort of only 4 IBD patients and 7 healthy controls, the first indications of a significantly more divergent humoral immune response in IBD patients compared to healthy controls 6 months after the second vaccination [19]. The study revealed significantly different absolute antibody levels and neutralization rates by sVNT in IBD patients compared with healthy subjects, but statistical significance may not have been reached due to low patient numbers [19].



In the present study, IBD patients receiving immunosuppressive therapy had significantly lower S-IgG levels (p = 0.001) than healthy controls six months after the second vaccination, but independent of individual existing immunosuppressive therapies, our study found no significant differences of S-IgG seroconversion rates in IBD patients (75% vs. 100% in healthy controls) 6 months after vaccination. These data support the findings of Frey et al. (2022) [32], who demonstrated a seroconversion rate (S-IgG) in 78.7% of immunosuppressed IBD patients 6 months after COVID-19 vaccination. Nevertheless, the sVNT assay in our study revealed significantly different seroconversion rates between both groups (45% in IBD patients vs. 100% in healthy controls) and significantly different percentage sVNT inhibition values (sVNT 14% in IBD patients vs. 79% in healthy controls, p = 0.003). Finally, besides reduced S-IgG levels, our data indicate a reduced neutralizing capacity of antibodies in IBD patients compared with healthy individuals 6 months after vaccination. To investigate effects of individual immunosuppressive therapies on neutralizing capacity, studies in larger cohorts are needed.



Going deeper into subgroup analysis, IBD patients treated with anti-TNF agents (infliximab/adalimumab) or anti-TNF agents and azathioprine had significantly lower S-IgG/sVNT levels than healthy controls. In contrast, IBD patients on therapy with vedolizumab and healthy controls did not differ significantly (p > 0.05) with respect to S-IgG and sVNT inhibition levels. However, our study corroborates previous studies that demonstrated significantly reduced antibody levels in immunocompromised IBD patients compared to healthy controls in the 2–12-week period after second vaccination [28,33,34,35,36]. In particular, patients on anti-TNF therapy showed significantly reduced sVNT inhibitory levels and decreased S-IgG levels [33,34,37,38,39]. Shebab et al. (2021) and Doherty et al. (2022) already demonstrated reduced seroconversion rates in patients on anti-TNF medication [35,40]. Patients on vedolizumab did not show impaired humoral immune responses up to 12 weeks after second vaccination compared to healthy controls [40,41].



In contrast, patients treated with vedolizumab were unaffected in their humoral immunity compared to healthy controls, which can be explained by the mechanism of action in targeting a gut-specific anti-integrin that does not impair systemic immunity and is in line with previous findings [42]. Furthermore, our results confirm previous studies showing attenuated vaccine efficacy in IBD patients on immunosuppressive therapies after vaccination against various other pathogens. In particular, patients on therapy with the immunomodulators methotrexate and thiopurines have been shown to have an attenuated serologic response to influenza vaccines, hepatitis B vaccines, and pneumococcal vaccines [41,43,44]. However, anti-TNF antibodies also lead to a reduced immune response and vaccine efficacy after a single hepatitis A or B vaccination in IBD patients [45,46]. Other studies have described impaired influenza and pneumococcal vaccination in IBD patients receiving therapy with anti-TNF [46]. Reduced responses after hepatitis A are also described in patients with other diseases such as rheumatoid arthritis on anti-TNF therapy [46]. In comparison, no impairment of immune responses after influenza, measles, mumps, rubella, or hepatitis B vaccination was observed in IBD patients receiving vedolizumab therapy. A possible explanation is the selective mechanism of action of the antibody against the α4β7-integrin, which is mainly expressed in the intestine [47].



At present, there is insufficient knowledge about T-cell reactivity in immunosuppressed IBD patients after SARS-CoV-2 vaccination. Surprisingly, 6 months after the second SARS-CoV-2 vaccination, our study found no differences in T-cellular reactivity between immunosuppressed IBD patients and healthy controls. Subgroup analyses provided no evidence of an influence of individual immunosuppressive therapies (Anti-TNF agents or vedolizumab) on T-cell reactivity. Positive T-cell reactivity was detected in 73% of IBD patients (67% controls) and borderline T-cell reactivity in 27% of IBD patients (13% controls), both results showed no statistical significant differences. Reuken et al. (2021) have demonstrated T-cellular reactivity comparable to healthy controls after the first COVID-19 vaccination in IBD patients independent of existing immunosuppressive therapy [25]. In the study recently published by Li et al., robust T-cell reactivity was demonstrated in IBD patients on anti-TNF therapy 8 weeks after vaccination [48]. According to X et al., T-cellular reactivity was detected in approximately 80% of IBD patients receiving therapy with anti-TNF or vedolizumab at 8 to 10 weeks after COVID-19 secondary inoculation [42]. Our study was now the first to demonstrate comparable T-cell reactivity in IBD patients on immunosuppressive therapy and healthy individuals even 6 months after second SARS-CoV-2 vaccination. These results emphasize the relevance of cellular immunity in preventing severe disease progression, especially considering the markedly reduced humoral immunity in IBD patients shown here and in other studies. Although our study showed a markedly reduced humoral immune response and reduced neutralization capacity in patients receiving anti-TNF therapy, even in these patients a preserved and not reduced T-cellular reactivity could be detected compared to healthy individuals.



This study has some limitations. While serological markers have been shown to roughly correlate with vaccination success in terms of protective immunity, a quantitative threshold could not be identified [49]. Hence, we characterized the potential neutralizing activity of patient sera by both a quantitative anti-spike IgG assay and sVNT [29,50]. Cutoff values given by manufacturers reflect diagnostic criteria for positivity while not warranting protection against infection [49]. Some of the IBD patients had other pre-existing conditions (cardiovascular disease, diabetes) compared to healthy controls. The impact of preexisting conditions on the efficacy of vaccination against SARS-CoV-2 does not appear to be clear. Although Naschitz et al. showed attenuated humoral responses in people with diabetes, cancer, and multiple diseases [51], a more recent study found comparable humoral responses in patients with type I and type II diabetes compared with healthy controls, but showed attenuated responses in renal insufficiency [52]. In our study, T-cell reactivity was tested using only a SARS quantiferon assay with determination of the amount of interferon-gamma released after stimulation with SARS-CoV-2 specific proteins. These results cannot provide a fully comprehensive test of T-cell immunity, because T-cell immunity is subject to very complex mechanisms apart from interferon-gamma synthesis. In this study, a small patient and control population was investigated. In particular, the results of the subgroup analyses have limited statistical power as a consequence. Further studies with larger collectives should follow.




5. Conclusions


In our study, we demonstrated for the first time significantly reduced S-IgG levels and sVNT inhibition levels in IBD patients on anti-TNF therapy 6 months after the second SARS-CoV-2 vaccination. In contrast, the humoral vaccination response in patients receiving vedolizumab therapy was not affected. Although our study demonstrated a significantly reduced humoral immune response in patients receiving anti-TNF therapy, SARS-CoV-2 specific T-cell reactivity was unaffected in these patients. Our study thus once again emphasizes the importance of cellular immunity and points to the need for individually tailored vaccination regimens, especially for patients on anti-TNF therapy, to optimize the humoral vaccination response. Further studies with larger collectives should follow to confirm these results.







Author Contributions


Conceptualization, R.V.; methodology, E.L. and T.M.N.; software, R.V.; validation, R.V. and E.L.; formal analysis, R.V.; investigation, R.V.; resources, R.V. and P.-R.T.; data curation, R.V.; writing—original draft preparation, R.V.; writing—review and editing, R.V., E.L., P.-R.T. and T.M.N.; visualization, R.V.; supervision, R.V. and T.M.N.; project administration, R.V.; funding acquisition, R.V., T.M.N. and P.-R.T. All authors have read and agreed to the published version of the manuscript.




Funding


Founding by Innovative Medizinische Forschung (IMF), Medizinische Fakultät, Westfälische Wilhelms-Universität Münster, Germany (Funding Number: TE212102).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics Committee of Muenster, Germany (protocol code: 2021-039-f-S, 2021).




Informed Consent Statement


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




Acknowledgments


The authors thank Petra Gerlich, Sonja Dufentester, and Elke Weber for supporting this work and for their expert technical assistance.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Coronaviridae Study Group of the International Committee on Taxonomy of Viruses. The species Severe acute respiratory syndrome-related coronavirus: Classifying 2019-nCoV and naming it SARS-CoV-2. Nat. Microbiol. 2020, 5, 536–544. [CrossRef] [PubMed]

	



Vollenberg, R.; Matern, P.; Nowacki, T.; Fuhrmann, V.; Padberg, J.-S.; Ochs, K.; Schütte-Nütgen, K.; Strauß, M.; Schmidt, H.; Tepasse, P.-R. Prone Position in Mechanically Ventilated COVID-19 Patients: A Multicenter Study. J. Clin. Med. 2021, 10, 1046. [Google Scholar] [CrossRef] [PubMed]

	



Cummings, M.J.; Baldwin, M.R.; Abrams, D.; Jacobson, S.D.; Meyer, B.J.; Balough, E.M.; Aaron, J.G.; Claassen, J.; Rabbani, L.E.; Hastie, J.; et al. Epidemiology, clinical course, and outcomes of critically ill adults with COVID-19 in New York City: A prospective cohort study. Lancet 2020, 395, 1763–1770. [Google Scholar] [CrossRef]

	



Tepasse, P.-R.; Hafezi, W.; Lutz, M.; Kühn, J.; Wilms, C.; Wiewrodt, R.; Sackarnd, J.; Keller, M.; Schmidt, H.H.; Vollenberg, R. Persisting SARS-CoV-2 viraemia after rituximab therapy: Two cases with fatal outcome and a review of the literature. Br. J. Haematol. 2020, 190, 185–188. [Google Scholar] [CrossRef]

	



Kessel, C.; Vollenberg, R.; Masjosthusmann, K.; Hinze, C.; Wittkowski, H.; Debaugnies, F.; Nagant, C.; Corazza, F.; Vély, F.; Kaplanski, G.; et al. Discrimination of COVID-19 from Inflammation-Induced Cytokine Storm Syndromes Using Disease-Related Blood Biomarkers. Arthritis Rheumatol. 2021, 73, 1791–1799. [Google Scholar] [CrossRef]

	



Jose, R.J.; Manuel, A. COVID-19 cytokine storm: The interplay between inflammation and coagulation. Lancet Respir. Med. 2020, 8, e46–e47. [Google Scholar] [CrossRef]

	



Deer, R.R.; Rock, M.A.; Vasilevsky, N.; Carmody, L.; Rando, H.; Anzalone, A.J.; Basson, M.D.; Bennett, T.D.; Bergquist, T.; Boudreau, E.A.; et al. Characterizing Long COVID: Deep Phenotype of a Complex Condition. EBioMedicine 2021, 74, 103722. [Google Scholar] [CrossRef]

	



Varghese, J.; Sandmann, S.; Ochs, K.; Schrempf, I.-M.; Frömmel, C.; Dugas, M.; Schmidt, H.H.; Vollenberg, R.; Tepasse, P.-R. Persistent symptoms and lab abnormalities in patients who recovered from COVID-19. Sci. Rep. 2021, 11, 12775. [Google Scholar] [CrossRef]

	



Nasserie, T.; Hittle, M.; Goodman, S.N. Assessment of the Frequency and Variety of Persistent Symptoms among Patients with COVID-19: A Systematic Review. JAMA Netw. Open 2021, 4, e2111417. [Google Scholar] [CrossRef]

	



Torres, J.; Mehandru, S.; Colombel, J.-F.; Peyrin-Biroulet, L. Crohn’s disease. Lancet 2017, 389, 1741–1755. [Google Scholar] [CrossRef]

	



Ungaro, R.; Mehandru, S.; Allen, P.B.; Peyrin-Biroulet, L.; Colombel, J.-F. Ulcerative colitis. Lancet 2017, 389, 1756–1770. [Google Scholar] [CrossRef]

	



Beaugerie, L.; Rahier, J.-F.; Kirchgesner, J. Predicting, Preventing, and Managing Treatment-Related Complications in Patients with Inflammatory Bowel Diseases. Clin. Gastroenterol. Hepatol. 2020, 18, 1324–1335.e2. [Google Scholar] [CrossRef] [PubMed]

	



Singh, A.K.; Jena, A.; Kumar-M, P.; Sharma, V.; Sebastian, S. Risk and outcomes of coronavirus disease in patients with inflammatory bowel disease: A systematic review and meta-analysis. United Eur. Gastroenterol. J. 2021, 9, 159–176. [Google Scholar] [CrossRef] [PubMed]

	



Fachgruppe COVRIIN beim Robert-Koch-Institut. Medikamentöse Therapie bei COVID-19 mit Bewertung Durch die Fachgruppe COVRIIN beim Robert Koch-Institut Stand: 2022; The Robert Koch Institute: Berlin, Germany, 2022. [Google Scholar] [CrossRef]

	



Baden, L.R.; El Sahly, H.M.; Essink, B.; Kotloff, K.; Frey, S.; Novak, R.; Diemert, D.; Spector, S.A.; Rouphael, N.; Creech, C.B.; et al. Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N. Engl. J. Med. 2021, 384, 403–416. [Google Scholar] [CrossRef]

	



Polack, F.P.; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Pérez Marc, G.; Moreira, E.D.; Zerbini, C.; et al. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N. Engl. J. Med. 2020, 383, 2603–2615. [Google Scholar] [CrossRef]

	



Sadoff, J.; Gray, G.; Vandebosch, A.; Cárdenas, V.; Shukarev, G.; Grinsztejn, B.; Goepfert, P.A.; Truyers, C.; Fennema, H.; Spiessens, B.; et al. Safety and Efficacy of Single-Dose Ad26.COV2.S Vaccine against COVID-19. N. Engl. J. Med. 2021, 384, 2187–2201. [Google Scholar] [CrossRef]

	



Voysey, M.; Clemens, S.A.C.; Madhi, S.A.; Weckx, L.Y.; Folegatti, P.M.; Aley, P.K.; Angus, B.; Baillie, V.L.; Barnabas, S.L.; Bhorat, Q.E.; et al. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: An interim analysis of four randomised controlled trials in Brazil, South Africa, and the UK. Lancet 2021, 397, 99–111. [Google Scholar] [CrossRef]

	



Vollenberg, R.; Tepasse, P.-R.; Kühn, J.E.; Hennies, M.; Strauss, M.; Rennebaum, F.; Schomacher, T.; Boeckel, G.; Lorentzen, E.; Bokemeyer, A.; et al. Humoral Immune Response in IBD Patients Three and Six Months after Vaccination with the SARS-CoV-2 mRNA Vaccines mRNA-1273 and BNT162b2. Biomedicines 2022, 10, 171. [Google Scholar] [CrossRef]

	



Chanchlani, N.; Lin, S.; Chee, D.; Hamilton, B.; Nice, R.; Arkir, Z.; Bewshea, C.; Cipriano, B.; Derikx, L.A.A.P.; Dunlop, A.; et al. Adalimumab and Infliximab Impair SARS-CoV-2 Antibody Responses: Results from a Therapeutic Drug Monitoring Study in 11 422 Biologic-Treated Patients. J. Crohns. Colitis 2022, 16, 389–397. [Google Scholar] [CrossRef]

	



Kappelman, M.D.; Weaver, K.N.; Boccieri, M.; Firestine, A.; Zhang, X.; Long, M.D. Humoral Immune Response to Messenger RNA COVID-19 Vaccines Among Patients with Inflammatory Bowel Disease. Gastroenterology 2021, 161, 1340–1343.e2. [Google Scholar] [CrossRef]

	



Kennedy, N.A.; Goodhand, J.R.; Bewshea, C.; Nice, R.; Chee, D.; Lin, S.; Chanchlani, N.; Butterworth, J.; Cooney, R.; Croft, N.M.; et al. Anti-SARS-CoV-2 antibody responses are attenuated in patients with IBD treated with infliximab. Gut 2021, 70, 865–875. [Google Scholar] [CrossRef] [PubMed]

	



Melmed, G.Y.; Botwin, G.J.; Sobhani, K.; Li, D.; Prostko, J.; Figueiredo, J.; Cheng, S.; Braun, J.; McGovern, D.P.B. Antibody Responses After SARS-CoV-2 mRNA Vaccination in Adults with Inflammatory Bowel Disease. Ann. Intern. Med. 2021, 174, 1768–1770. [Google Scholar] [CrossRef] [PubMed]

	



Pozdnyakova, V.; Botwin, G.J.; Sobhani, K.; Prostko, J.; Braun, J.; McGovern, D.P.B.; Melmed, G.Y.; Appel, K.; Banty, A.; Feldman, E.; et al. Decreased Antibody Responses to Ad26.COV2.S Relative to SARS-CoV-2 mRNA Vaccines in Patients With Inflammatory Bowel Disease. Gastroenterology 2021, 161, 2041–2043.e1. [Google Scholar] [CrossRef] [PubMed]

	



Reuken, P.A.; Andreas, N.; Grunert, P.C.; Glöckner, S.; Kamradt, T.; Stallmach, A. T Cell Response After SARS-CoV-2 Vaccination in Immunocompromised Patients with Inflammatory Bowel Disease. J. Crohns. Colitis 2022, 16, 251–258. [Google Scholar] [CrossRef] [PubMed]

	



Spencer, E.A.; Klang, E.; Dolinger, M.; Pittman, N.; Dubinsky, M.C. Seroconversion Following SARS-CoV-2 Infection or Vaccination in Pediatric IBD Patients. Inflamm. Bowel Dis. 2021, 27, 1862–1864. [Google Scholar] [CrossRef] [PubMed]

	



Tepasse, P.-R.; Vollenberg, R.; Nowacki, T.M. Vaccination against SARS-CoV-2 in Patients with Inflammatory Bowel Diseases: Where Do We Stand? Life 2021, 11, 1220. [Google Scholar] [CrossRef]

	



Wong, S.-Y.; Dixon, R.; Martinez Pazos, V.; Gnjatic, S.; Colombel, J.-F.; Cadwell, K. Serologic Response to Messenger RNA Coronavirus Disease 2019 Vaccines in Inflammatory Bowel Disease Patients Receiving Biologic Therapies. Gastroenterology 2021, 161, 715–718.e4. [Google Scholar] [CrossRef]

	



von Rhein, C.; Scholz, T.; Henss, L.; Kronstein-Wiedemann, R.; Schwarz, T.; Rodionov, R.N.; Corman, V.M.; Tonn, T.; Schnierle, B.S. Comparison of potency assays to assess SARS-CoV-2 neutralizing antibody capacity in COVID-19 convalescent plasma. J. Virol. Methods 2021, 288, 114031. [Google Scholar] [CrossRef]

	



Schwarz, T.; Tober-Lau, P.; Hillus, D.; Helbig, E.T.; Lippert, L.J.; Thibeault, C.; Koch, W.; Landgraf, I.; Michel, J.; Bergfeld, L.; et al. Delayed Antibody and T-Cell Response to BNT162b2 Vaccination in the Elderly, Germany. Emerg. Infect. Dis. 2021, 27, 2174–2178. [Google Scholar] [CrossRef]

	



Hillus, D.; Schwarz, T.; Tober-Lau, P.; Vanshylla, K.; Hastor, H.; Thibeault, C.; Jentzsch, S.; Helbig, E.T.; Lippert, L.J.; Tscheak, P.; et al. Safety, reactogenicity, and immunogenicity of homologous and heterologous prime-boost immunisation with ChAdOx1 nCoV-19 and BNT162b2: A prospective cohort study. Lancet Respir. Med. 2021, 9, 1255–1265. [Google Scholar] [CrossRef]

	



Frey, S.; Chowdhury, R.; Connolly, C.M.; Werbel, W.A.; Segev, D.L.; Parian, A.M. Antibody Response Six Months after SARS-CoV-2 mRNA Vaccination in Patients with Inflammatory Bowel Disease. Clin. Gastroenterol. Hepatol. 2022. [Google Scholar] [CrossRef] [PubMed]

	



Caldera, F.; Knutson, K.L.; Saha, S.; Wald, A.; Phan, H.S.; Chun, K.; Grimes, I.; Lutz, M.; Hayney, M.S.; Farraye, F.A. Humoral Immunogenicity of mRNA COVID-19 Vaccines Among Patients with Inflammatory Bowel Disease and Healthy Controls. Am. J. Gastroenterol. 2022, 117, 176–179. [Google Scholar] [CrossRef] [PubMed]

	



Cerna, K.; Duricova, D.; Lukas, M.; Machkova, N.; Hruba, V.; Mitrova, K.; Kubickova, K.; Kostrejova, M.; Teplan, V.; Vasatko, M.; et al. Anti-SARS-CoV-2 Vaccination and Antibody Response in Patients with Inflammatory Bowel Disease on Immune-modifying Therapy: Prospective Single-Tertiary Study. Inflamm. Bowel Dis. 2021. [Google Scholar] [CrossRef] [PubMed]

	



Doherty, J.; Morain, N.O.; Stack, R.; Girod, P.; Tosetto, M.; Inzitiari, R.; Sheridan, J.; Cullen, G.; Mc Dermott, E.; Buckley, M.; et al. Reduced serological response to COVID-19 vaccines in patients with IBD is further diminished by TNF inhibitor therapy; Early results of the VARIATION study (VAriability in Response in IBD Against SARS-COV-2 ImmunisatiON). J. Crohns. Colitis 2022. [Google Scholar] [CrossRef]

	



Alexander, J.L.; Kennedy, N.A.; Ibraheim, H.; Anandabaskaran, S.; Saifuddin, A.; Castro Seoane, R.; Liu, Z.; Nice, R.; Bewshea, C.; D’Mello, A.; et al. COVID-19 vaccine-induced antibody responses in immunosuppressed patients with inflammatory bowel disease (VIP): A multicentre, prospective, case-control study. Lancet Gastroenterol. Hepatol. 2022, 7, 342–352. [Google Scholar] [CrossRef]

	



Shehab, M.; Alrashed, F.; Alfadhli, A.; Alotaibi, K.; Alsahli, A.; Mohammad, H.; Cherian, P.; Al-Khairi, I.; Alphonse Thanaraj, T.; Channanath, A.; et al. Serological Response to BNT162b2 and ChAdOx1 nCoV-19 Vaccines in Patients with Inflammatory Bowel Disease on Biologic Therapies. Vaccines 2021, 9, 1471. [Google Scholar] [CrossRef] [PubMed]

	



Kennedy, N.A.; Lin, S.; Goodhand, J.R.; Chanchlani, N.; Hamilton, B.; Bewshea, C.; Nice, R.; Chee, D.; Cummings, F., Jr.; Fraser, A.; et al. Infliximab is associated with attenuated immunogenicity to BNT162b2 and ChAdOx1 nCoV-19 SARS-CoV-2 vaccines in patients with IBD. Gut 2021, 70, 1884–1893. [Google Scholar] [CrossRef] [PubMed]

	



Classen, J.M.; Muzalyova, A.; Nagl, S.; Fleischmann, C.; Ebigbo, A.; Römmele, C.; Messmann, H.; Schnoy, E. Antibody response to SARS-CoV-2 vaccination in patients with inflammatory bowel disease—results of a single-center cohort study in a tertiary hospital in Germany. Dig. Dis. 2021. [Google Scholar] [CrossRef]

	



Shehab, M.; Abu-Farha, M.; Alrashed, F.; Alfadhli, A.; Alotaibi, K.; Alsahli, A.; Alphonse Thanaraj, T.; Channanath, A.; Ali, H.; Abubaker, J.; et al. Immunogenicity of BNT162b2 Vaccine in Patients with Inflammatory Bowel Disease on Infliximab Combination Therapy: A Multicenter Prospective Study. J. Clin. Med. 2021, 10, 5362. [Google Scholar] [CrossRef]

	



Wörns, M.A.; Teufel, A.; Kanzler, S.; Shrestha, A.; Victor, A.; Otto, G.; Lohse, A.W.; Galle, P.R.; Höhler, T. Incidence of HAV and HBV infections and vaccination rates in patients with autoimmune liver diseases. Am. J. Gastroenterol. 2008, 103, 138–146. [Google Scholar] [CrossRef]

	



Lin, S.; Kennedy, N.A.; Saifuddin, A.; Sandoval, D.M.; Reynolds, C.J.; Seoane, R.C.; Kottoor, S.H.; Pieper, F.P.; Lin, K.-M.; Butler, D.K.; et al. Antibody decay, T cell immunity and breakthrough infections following two SARS-CoV-2 vaccine doses in inflammatory bowel disease patients treated with infliximab and vedolizumab. Nat. Commun. 2022, 13, 1379. [Google Scholar] [CrossRef]

	



Kapetanovic, M.C.; Saxne, T.; Nilsson, J.-A.; Geborek, P. Influenza vaccination as model for testing immune modulation induced by anti-TNF and methotrexate therapy in rheumatoid arthritis patients. Rheumatology 2007, 46, 608–611. [Google Scholar] [CrossRef] [PubMed]

	



Kapetanovic, M.C.; Saxne, T.; Sjöholm, A.; Truedsson, L.; Jönsson, G.; Geborek, P. Influence of methotrexate, TNF blockers and prednisolone on antibody responses to pneumococcal polysaccharide vaccine in patients with rheumatoid arthritis. Rheumatology 2006, 45, 106–111. [Google Scholar] [CrossRef]

	



Andrade, P.; Santos-Antunes, J.; Rodrigues, S.; Lopes, S.; Macedo, G. Treatment with infliximab or azathioprine negatively impact the efficacy of hepatitis B vaccine in inflammatory bowel disease patients. J. Gastroenterol. Hepatol. 2015, 30, 1591–1595. [Google Scholar] [CrossRef] [PubMed]

	



Papp, K.A.; Haraoui, B.; Kumar, D.; Marshall, J.K.; Bissonnette, R.; Bitton, A.; Bressler, B.; Gooderham, M.; Ho, V.; Jamal, S.; et al. Vaccination Guidelines for Patients with Immune-Mediated Disorders on Immunosuppressive Therapies. J. Cutan. Med. Surg. 2019, 23, 50–74. [Google Scholar] [CrossRef] [PubMed]

	



Scribano, M.L. Vedolizumab for inflammatory bowel disease: From randomized controlled trials to real-life evidence. World J. Gastroenterol. 2018, 24, 2457–2467. [Google Scholar] [CrossRef]

	



Li, D.; Xu, A.; Mengesha, E.; Elyanow, R.; Gittelman, R.M.; Chapman, H.; Prostko, J.C.; Frias, E.C.; Stewart, J.L.; Pozdnyakova, V.; et al. The T-cell clonal response to SARS-CoV-2 vaccination in inflammatory bowel disease patients is augmented by anti-TNF therapy and often deficient in antibody-responders. medRxiv 2021. [Google Scholar] [CrossRef]

	



Perkmann, T.; Perkmann-Nagele, N.; Koller, T.; Mucher, P.; Radakovics, A.; Marculescu, R.; Wolzt, M.; Wagner, O.F.; Binder, C.J.; Haslacher, H. Anti-Spike Protein Assays to Determine SARS-CoV-2 Antibody Levels: A Head-to-Head Comparison of Five Quantitative Assays. Microbiol. Spectr. 2021, 9, e0024721. [Google Scholar] [CrossRef]

	



Tan, C.W.; Chia, W.N.; Qin, X.; Liu, P.; Chen, M.I.-C.; Tiu, C.; Hu, Z.; Chen, V.C.-W.; Young, B.E.; Sia, W.R.; et al. A SARS-CoV-2 surrogate virus neutralization test based on antibody-mediated blockage of ACE2-spike protein-protein interaction. Nat. Biotechnol. 2020, 38, 1073–1078. [Google Scholar] [CrossRef]

	



Naschitz, J.E.; Kertes, J.; Pinto, G.; Zaigraykin, N.; Oz, D.; Goland, E.; Nasser, S.; Supino-Rosin, L.; Lazar, R.; Ekka-Zohar, A. Comparison of Covid-19 antibody status after vaccination between residents in long-term geriatric care and residents assisted-living facilities. Infect. Dis. 2022, 54, 292–296. [Google Scholar] [CrossRef]

	



Sourij, C.; Tripolt, N.J.; Aziz, F.; Aberer, F.; Forstner, P.; Obermayer, A.M.; Kojzar, H.; Kleinhappl, B.; Pferschy, P.N.; Mader, J.K.; et al. Humoral immune response to COVID-19 vaccination in diabetes is age-dependent but independent of type of diabetes and glycaemic control: The prospective COVAC-DM cohort study. Diabetes Obes. Metab. 2022, 24, 849–858. [Google Scholar] [CrossRef] [PubMed]








[image: Jpm 12 00694 g001 550] 





Figure 1. Study flow chart. Inclusion of IBD patients in the period from January 2021 to March 2022 on immunosuppressive medication and healthy controls. Blood collection 6 months following the 2nd vaccination (+/−20 days). Exclusion of patients and controls with suspected or confirmed SARS-CoV-2 infection. IBD, inflammatory bowel disease; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2. 
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Figure 2. Comparison of SARS-CoV-2-S IgG levels between IBD patients on immunosuppressive therapy and healthy controls 6 months after the second vaccination (a) and of sVNT inhibition levels in IBD patient subgroups and healthy controls 6 months after the second vaccination, with the representation of the cut off value (30% inhibition) noted as a dashed line (b). * p < 0.05, ** p < 0.01. ns, not significant. Continuous variables were compared with the t-test if normally distributed, and with the Mann–Whitney U test (Wilcoxon) if not normally distributed. For comparison of more than two groups, the Kruskal–Wallis test was performed. To compare subgroups, the Bonferroni correction post hoc test was performed when the variance was equal (Levene’s test), and the Games–Howell test was performed when variance was different. 
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Figure 3. Humoral response of IBD patients and healthy controls 6 months after second vaccination. (a) Percentage seroconversion rates (SARS-CoV-2 S-IgG ≥ 50 AU/mL); (b) percentage sVNT inhibition. IBD: inflammatory bowel disease. ** p < 0.01. ns, not significant. Categorical variables were compared using the chi-square test or Fisher’s exact test. 
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Figure 4. SARS-CoV-2-specific T-cellular reactivity (in%) of IBD patients and healthy controls six months after the second vaccination. Subdivision into positive T-cellular reactivity and marginally positive T cellular reactivity. ns, not significant. Categorical variables were compared using the chi-square test or Fisher’s exact test. 
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Table 1. Cohort characteristics of IBD patients. Representation of the entire IBD patient cohort and classification of patients by immunosuppressive therapy: vedolizumab, Anti-TNF (adalimumab, infliximab), Anti-TNF + azathioprine. IBD: inflammatory bowel disease; IQR: interquartile range; BMI: body mass index; CDAI score: Crohn’s disease activity index; p-value 1: Mann–Whitney U test (Wilcoxon); p-value 2: Kruskal–Wallis.
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Patients

	

	
Controls

(n = 9)

	
IBD

(n = 20)

	
p-Value 1

	
Vedolizumab

(n = 4)

	
Anti-TNF

(n = 14)

	
Anti-TNF + Azathioprine

(n = 2)

	
p-Value 2






	
Patient characteristics

	
Age, years median (IQR)

	
42 (37–57)

	
39 (26–47)

	
0.216

	
40 (35–55)

	
36 (24–49)

	
39

	
0.709




	
Sex, male (%)

	
5 (55)

	
12 (60)

	
0.822

	
4 (100)

	
8 (57)

	
2 (100)

	
0.057




	
BMI (kg/m2)

	
23 (22–24)

	
25 (23–28)

	
0.198

	
23 (21–31)

	
25 (23–28)

	
27

	
0.613




	
IBD

	
Crohn’s disease (%)

	
0 (0)

	
9 (45)

	

	
2 (50)

	
4 (29)

	
2 (100)

	
0.634




	
CDAI score, median (IQR)

	
0 (0)

	
0 (0–0)

	

	
120 (0–120)

	
0 (0–0)

	
0 (0–0)

	
0.104




	
Ulcerative colitis (%)

	
0 (0)

	
11 (55)

	

	
2 (50)

	
10 (71)

	
0 (0)

	
0.634




	
Mayo score, median (IQR)

	
0 (0)

	
2 (0–3.5)

	

	
2.5 (2–2.5)

	
0 (0–0)

	
0 (0–0)

	
0.554




	
Medication

	
Prednisolone p.o. (%)

	
0 (0)

	
2 (10)

	

	
2 (50)

	
0 (0)

	
0 (0)

	
0.012




	
Budesonide p.o. (%)

	
0 (0)

	
0 (0)

	

	
0 (0)

	
0 (0)

	
0 (0)

	
1.000




	
Budesonide supp. (%)

	
0 (0)

	
0 (0)

	

	
0 (0)

	
0 (0)

	
0 (0)

	
1.000




	
Mesalazine p.o. (%)

	
0 (0)

	
4 (20)

	

	
0 (0)

	
4 (29)

	
0 (0)

	
0.159




	
Mesalazine supp. (%)

	
0 (0)

	
2 (10)

	

	
0 (0)

	
2 (14)

	
0 (0)

	
0.360




	
Pre-existing conditions

	
Cardiovascular disease

	
0 (0)

	
1 (5)

	

	
1 (25)

	
0 (0)

	
0 (0)

	
0.086




	
Respiratory disease (%)

	
0 (0)

	
0 (0)

	

	
0 (0)

	
0 (0)

	
0 (0)

	
1.000




	
Kidney insufficiency (%)

	
0 (0)

	
0 (0)

	

	
0 (0)

	
0 (0)

	
0 (0)

	
1.000




	
Metastatic neoplasm (%)

	
0 (0)

	
0 (0)

	

	
0 (0)

	
0 (0)

	
0 (0)

	
1.000




	
Diabetes (%)

	
0 (0)

	
1 (5)

	

	
1 (25)

	
0 (0)

	
0 (0)

	
0.086




	
Hematologic malignancy (%)

	
0 (0)

	
0 (0)

	

	
0 (0)

	
0 (0)

	
0 (0)

	
1.000
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Table 2. T-cell reactivity, SARS-CoV-2 S-IgG levels, and sVNT values of IBD patients and healthy controls 6 months after the second vaccination. Partitioning of the IBD patient population was done based on immunosuppressive therapy: vedolizumab, Anti-TNF (adalimumab, infliximab), Anti-TNF + azathioprine. IBD: inflammatory bowel disease; IQR: interquartile range; p-value 1: Mann–Whitney U test (Wilcoxon); p-value 2: Kruskal–Wallis.
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	T-Cell-Reactivity
	IBD Patients

(n = 15)
	Controls (n = 8)
	p-Value 1
	Vedolizumab

(n = 4)
	Anti-TNF

(n = 11)
	Anti-TNF + Azathioprine

(n = 0)
	p-Value 2





	Positive T-Cell reactivity (%)
	11 (73)
	6 (67)
	0.189
	3 (75)
	8 (73)
	0 (0)
	1.000



	Marginal T-Cell reactivity (%)
	4 (27)
	1 (13)
	0.189
	1 (25)
	3 (27)
	0 (0)
	1.000



	Negative T-Cell reactivity (%)
	0 (0)
	1 (13)
	0.189
	0 (0)
	0 (0)
	0 (0)
	1.000



	Humoral Reactivity
	IBD Patients

(n = 20)
	Controls (n = 8)
	p-Value 1
	Vedolizumab

(n = 4)
	Anti-TNF

(n = 14)
	Anti-TNF + Azathioprine

(n = 2)
	p-Value 2



	SARS-CoV-2 S-IgG (AU/mL), median (IQR)
	189 (22–514)
	1018 (618–1583)
	0.001
	694 (370–3633)
	141 (0–340)
	98
	0.057



	Seroconversion rate S-IgG (%)
	75
	100
	0.153
	100
	64
	100
	0.640



	sVNT (%), median (IQR)
	14 (0–52)
	79 (57–85)
	0.002
	55 (31–87)
	2 (0–42)
	0
	0.042



	Seroconversion rate sVNT (%)
	45
	100
	0.005
	75
	43
	0
	0.088
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