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Background

Humoral and cellular immune responses are known to be crucial for patients to recover from COVID-19 and to protect them against SARS-CoV-2 reinfection once infected or vaccinated.



Objectives

This study aimed to investigate humoral and T cell responses to SARS-CoV-2 vaccination in patients with autoimmune diseases after the second and third vaccine doses while on rituximab and their potential protective role against reinfection.



Methods

Ten COVID-19-naïve patients were included. Three time points were used for monitoring cellular and humoral responses: pre-vaccine to exclude virus exposure (time point 1) and post-second and post-third vaccine (time points 2 and 3). Specific IgG antibodies were monitored by Luminex and T cells against SARS-CoV-2 spike-protein by ELISpot and CoVITEST. All episodes of symptomatic COVID-19 were recorded.



Results

Nine patients with antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis and one with an undifferentiated autoimmune disease were included. Nine patients received mRNA vaccines. The last rituximab infusion was administered for a mean (SD) of 15 (10) weeks before the first vaccine and six patients were CD19-B cell-depleted. After a mean (SD) of 19 (10) and 16 (2) days from the second and third vaccine dose, IgG anti-SARS-CoV-2 antibodies were detected in six (60%) and eight (80%) patients, respectively. All patients developed specific T cell responses by ELISpot and CoVITEST in time points 2 and 3. Previous B cell depletion correlated with anti-SARS-CoV-2 IgG levels. Nine (90%) patients developed mild COVID-19 after a median of 7 months of the third dose.



Conclusion

Rituximab in patients with autoimmune diseases reduces humoral responses but does not avoid the development of T cell responses to SARS-CoV-2 vaccination, which remain present after a booster dose. A steady cellular immunity appears to be protective against subsequent reinfections.
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Introduction

Since the initial cases of Coronavirus Disease-19 (COVID-19) reported in December 2019 in Wuhan (China) to March 2023, approximately 676 million people have been recognized to be infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) worldwide, and more than 6.8 million people have died (1). The advent of SARS-CoV-2 vaccines by the end of 2020 clearly saved humankind from massive devastation because COVID-19 clinical impact has been minimized and the global mortality rate has drastically reduced since then (2).

Humoral and cellular immune responses are known to be crucial for patients to recover from COVID-19 and to protect them against SARS-CoV-2 reinfection once infected or vaccinated (2). During the entire COVID-19 pandemic, SARS-CoV-2 immune protection has been broadly evaluated by detecting antibodies against the virus with automated standardized methods. Cellular response assessment has not been used on a routine basis because of the complexity, time consumption, and cost over most of the widely-used techniques currently exploring cellular immunity, such as the enzyme-linked immunospot assay (ELISpot) and the enzyme-linked immunosorbent assay (ELISA) QuantiFERON® (an Interferon-Gamma [IFN-γ] Release Assays [IGRAs]) for SARS-CoV-2 (3). In this sense, COVID-19 anti-Viral Immunity based on T cells for Evaluation in a Simple Test (CoVITEST) has been recently described as faster and less expensive than ELISpot and is a reliable method to measure and monitor anti-SARS-CoV-2 specific T cells since it is performed with whole blood instead of the peripheral blood mononuclear cells (PBMC) used in ELISpot (3).

Apart from immunoglobulin (Ig) G and IgM antibodies against SARS-CoV-2, T lymphocytes also play a crucial role in protecting the vaccinated population and convalescent patients against severe forms of COVID-19 infection and re-infection, respectively (2). While levels of vaccine-induced antibodies depend on age and are known to decline at 6 months after SARS-CoV-2 vaccination, an early (before antibody response formation) robust T cell immunity has been observed for up to 1 year after infection (4, 5) and at least 6 months after vaccination (6, 7) and remains irrespective of the age and other risk factors of immune dysfunction (6).

However, a proportion of patients with immune-debilitating diseases have been described to lack complete humoral and/or cellular responses to SARS-CoV-2 vaccination, mainly to messenger RNA (mRNA) vaccines. These conditions include primary immunodeficiencies (8–10), neoplastic diseases (9, 11–13), HIV infection and low CD4 lymphocyte counts (14), and liver cirrhosis (15), as well as patients on hemodialysis (16, 17), recipients of solid organ transplants (9, 16, 18–20), stem cell transplantation (21–24), or CAR T-cell therapy (22, 24, 25), and patients with autoimmune diseases, such as rheumatoid arthritis (RA), spondyloarthropathies, systemic lupus erythematosus (SLE), mixed connective tissue disease, multiple sclerosis, autoimmune hepatitis, and different types of vasculitis, which are in turn treated with a wide variety of immunosuppressive agents (9, 26–32).

With regard to immune responses against SARS-CoV-2 mRNA vaccines in patients with autoimmune diseases treated with rituximab and other CD20-depleting agents, overall results reported inconsistent humoral responses (ranging from 9.1% to 68.4%) but stronger specific T cell responses (ranging from 64% to 100% of vaccinated patients) (30, 31, 33–40).

The present study was designed to investigate humoral and T-cell responses to SARS-CoV-2 vaccination in rituximab-treated patients with autoimmune diseases without a previous SARS-CoV-2 infection after the second vaccine dose. The contribution of a third (booster) vaccine dose in humoral and cellular responses was subsequently evaluated. In addition, measurements of T-cell responses by ELISpot were compared to those obtained with CoVITEST.



Patients and methods




Patients

Ten COVID-19-naïve patients with systemic autoimmune diseases treated with rituximab at the Department of Autoimmune Diseases, Hospital Clinic of Barcelona, were consecutively included between May 2021 and January 2022. The absence of SARS-CoV-2 exposure was self-reported by all patients and confirmed by being double negative for humoral and cellular response against SARS-CoV-2.

Patients were monitored for humoral and cellular immunization after vaccination with either mRNA-1273™ (Moderna®), BNT162b2™ (Pfizer-BioNTech®) mRNA vaccines, or ChAdOx1 nCoV-19™ (Oxford-Astrazeneca®) recombinant vaccine. Blood samples were collected at three time points: pre-vaccine or baseline (to exclude virus exposure, time point 1), post-second vaccine (time point 2), and post-third dose vaccination (time point 3) (Figure 1). Apart from the quantification of antibodies and specific T cells against SARS-CoV-2, other biological parameters collected included the dose and time of last rituximab infusion, time of vaccines administration, total lymphocyte, CD19+, CD4+, CD8+ counts, and CD4/CD8 cells ratio previous to vaccination. Patients were followed up after the three vaccine doses and all the episodes of symptomatic COVID-19 microbiologically confirmed by real-time quantitative polymerase chain reaction (RT-PCR) or rapid antigen test (RAT) were recorded.




Figure 1 | Time of sample collection. Created with BioRender.com.



This study was approved by the Research Ethics Committee of the Hospital Clínic of Barcelona (HCB/2020/0967). All procedures were performed in accordance with the ethical principles expressed in the 2013 Declaration of Helsinki. All participants signed informed consent.




Quantification of IgG antibodies to SARS-CoV-2 by Luminex®

IgG titers were measured by an in-house serological assay based on the Luminex technique that has the benefit of a higher dynamic range than other assays. Detected antibodies were directed against the Receptor-Binding Domain (RBD) of the spike protein of SARS-CoV-2 by Luminex (41). Crude median fluorescent intensities (MFI) were exported using the xPONENT software. The assay cut-off was based on the mean plus three standard deviations of MFIs from 47 negative controls. The data used for the calculations were the ratio of the MFI of the particular individual with the MFI obtained from the donor pool, and a value ≥1 was considered positive. Detection of antibodies from samples of participants previously diagnosed with COVID-19 and disease duration longer than 10 days since the onset of symptoms provided an assay sensitivity of 97% and a specificity of 100% for SARS-CoV-2 IgG antibodies (41).




T cell responses measurement by IFN-γ ELISpot

To determine the presence of T cell responses against SARS-CoV-2 at different time points, PBMC at a concentration of 2x105 was stimulated in X-VIVO™ 15 medium (Lonza) with PepTivator® SARS-CoV-2 Prot_S (1 µg/mL, Miltenyi Biotec) covering the immunodominant sequence domains of the spike (S) glycoprotein of SARS-CoV-2 (GenBank MN908947.3 and Protein QHD43423.2) and nucleocapsid (N) peptide pools. Negative control wells lacked peptides, while positive control wells included anti-CD3-2 mAb. Cells were incubated for 16 to 20 hours at 37°C 5% CO2 in pre-coated anti-IFN-γ MSIP white plates (mAb 1-D1K, Mabtech). After incubation, plates were washed five times with PBS (Sigma-Aldrich) and incubated for 2 hours at room temperature with horseradish peroxidase (HRP)-conjugated anti-IFN-γ detection antibody (1 μg/mL; clone mAb-7B6-1; Mabtech). After five further washes with PBS, tetramethylbenzidine (TMB) substrate was added and spots were counted using an automated ELISpot Reader System (Autoimmun Diagnostika GmbH).

In order to quantify positive peptide-specific responses, spots of the unstimulated wells were subtracted from the peptide-stimulated wells, and the results were expressed as Spot forming units SFU/2x105 PBMC. The detection limit of the ELISpot assay was 1/200,000 cells. We determined SARS-CoV-2–specific spots by spot increment defined as stimulated spot numbers ≥ 6 SFU/2x105 PBMC. Only SARS-CoV2 S protein was evaluated by ELISpot in the present study since it is the only useful protein to monitor cellular response in mRNA-vaccinated patients (42).




T-cell responses evaluation by CoVITEST

Measurements at different points of SARS-CoV-2 specific T lymphocyte responses were also determined by CoVITEST, an in-house method based on the identification of specific T cells immunized against SARS-CoV-2 S and N proteins from whole blood, as previously described (3). Results from the evaluated cases were compared with those obtained by IFN-γ ELISpot.




Statistical analysis

Descriptive, both continuous and ordinal, variables were presented as means and standard deviations (SD) or medians and interquartile ranges (percentiles 25th to 75th) [IQR 25–75], as appropriate. Differences in means or medians between groups were calculated by Student’s t-test or Mann–Whitney U test. Differences in the ELISpot and CoVITEST values between groups were analyzed by ANOVA, and no post-test corrections were used since multiple comparisons were not needed. Correlations were calculated by the Spearman rank correlation coefficient. Statistical analyses were performed using GraphPad Prism (version 8; GraphPad Software Inc., San Diego, CA, USA). Statistical significance was set at a p-value < 0.05.




Results




Baseline characteristics

Nine of the 10 COVID-19-naïve patients (six women and four men) treated with rituximab had been diagnosed with antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (six with granulomatosis with polyangiitis [GPA] and three with microscopic polyangiitis [MPA]) and one patient had an undifferentiated autoimmune disease. Patients’ mean (SD) age was 55 (17) years. The mean (SD) disease duration was 10 (9) years. Patients were on rituximab during a mean (SD) of 35 (29) months. None received additional immunosuppressive agents other than prednisone, which was taken by four patients at a median [IQR 25-75] dose of 0 [0-2.5] mg/day.

Seven, two, and one patient received the first two doses of mRNA-1273, BNT162b2, and ChAdOx1 nCoV-19 vaccine, respectively. The mean (SD) time between the second and third vaccines was 15 (4) weeks. The same vaccine type was used in all patients except in the patient initially receiving the ChAdOx1 nCoV-19 vaccine, to whom a second BNT162b2 dose was administered.

The CD4+/CD8+ ratio was increased in eight (80%) patients. Previously to the initial vaccination, the last rituximab infusion was administered for a mean (SD) of 15 (10) weeks. Six patients were CD19 B cell-depleted, and four patients had detectable circulating CD19-positive B cells, with a mean (SD) of 5.9 (12.4) cells/mm3. Patients’ clinical and immunological characteristics are illustrated in Table 1.


Table 1 | Clinical characteristics, lymphocyte cell populations, and humoral and cellular responses to SARS-CoV-2 vaccines of patients with autoimmune diseases treated with rituximab in the present study.






Humoral responses after second and third vaccine doses

After a mean (SD) of 19 (10) days and 16 (2) days following the second and third vaccine dose, respectively, and a mean (SD) period between vaccines of 15 (4) weeks, IgG antibodies were detected after the second immunization in six (60%) patients and eight (80%) patients after the third immunization. Compared to IgG baseline levels, IgG titers significantly increased after the second and third vaccinations (Figure 2A). However, no statistically significant differences were observed in median [IQR 25-75] IgG titers after the second (1.97 [0.3-7.1]) and third (1.83 [1.1-7.2]) vaccine doses (p value= 0.72) (Table 1 and Figures 2A, B).




Figure 2 | (A) Levels of IgG antibodies against the Receptor Binding Domain (RBD) of the spike glycoprotein of SARS-CoV-2 by Luminex in the 10 included patients at baseline and after the second and the third vaccine doses. (B) Changes in levels of IgG antibodies against RBD of the spike protein of SARS-CoV-2 in all-time points collected. p value= 0.02*; p value= 0.01**; no statistical significance was found between IgG levels after the second and third vaccinations (p value= 0.72).



A positive correlation was found between B cell depletion and IgG anti-SARS-CoV-2 levels (Spearman’s correlation coefficient [Rs]= 0.42 and p value= 0.029). However, among 11 determinations with the absence of B cells, eight (73%) of them had detectable antibodies to SARS-CoV-2.




Specific T cell responses by ELISpot and CoVITEST after the second and third vaccine doses

As illustrated in Table 1, at the same time points for SARS-CoV-2 antibodies detection, all 10 and five (100%) patients had developed specific T cell responses to SARS-CoV-2 S protein by ELISpot and CoVITEST, respectively, after the second vaccine dose and all of them maintained T cell responses after the third vaccine administration. All T cell determinations by ELISpot and CoVITEST following the second and third vaccinations were significantly increased compared with the baseline levels in all patients (Figures 3A, B). Although ELISpot values were all positive after the second and third vaccine doses, median values [IQR 25–75] of specific T cell anti-SARS-CoV-2 were lower after the third vaccine compared to the second immunization (24 [10-53] vs. 12 [9-22]; p=0.044) (Figure 3A). No statistically significant differences between the extractions after the second and third immunization were observed for CoVITEST (19 [17-39.5] vs. 27 [19.5-51]; p=0.59) (Figure 3B).




Figure 3 | The T-cell response was measured in 10 and 5 patients by (A) ELISpot and (B) CoVITEST, respectively, both at baseline and after the second and third vaccine doses. In (A), p values of 0.02*, 0.007**, and 0.044***. Four patients with 0 spots at baseline are not included in (A). In (B), p values of 0.042* and 0.043**.






SARS-CoV-2 infection during the entire follow-up

During a mean (SD) follow-up period of 13 (1) months since the third vaccine dose, after a median [IQR 25-75] of 7 [4-7] months, nine (90%) patients suffered mild microbiologically proven (by PCR or RAT) COVID-19, clinically manifested with fever or low-grade fever, headache, musculoskeletal, and/or upper respiratory tract symptoms. Only one patient was admitted for a concomitant bacterial respiratory infection due to a chronic lung disease secondary to GPA-related bronchial obstructions and bronchiectasis and treated with bronchodilators and broad-spectrum antibiotics. Patients’ follow-up data is depicted in Table 1.




Discussion

Humoral and cellular-specific responses against SARS-CoV-2 are essential to protect patients from severe forms of COVID-19 (2, 3). While humoral immunity has been widely and routinely used to prove or monitor the immune response to SARS-CoV-2 infection or its vaccination, cellular responses by specific T lymphocytes sensitized to the infection or vaccination have been used mostly for research purposes (3).

Cellular immunity against SARS-CoV-2 is clearly protective from severe forms of the disease since it was demonstrated that pre-existing non-spike memory T cells protection (from cold coronaviruses) conferred cross-reactive protection to secondary exposure in SARS-CoV-2-naïve individuals (43, 44). The protective role of T cells in SARS-CoV-2 infection is also supported by the fact that early induction of IFN-γ producing SARS-CoV-2-specific T cells has been associated with milder diseases and accelerated viral clearance in patients with COVID-19 (45). In addition, T-cell responses have been developed in individuals without detectable humoral response after asymptomatic or mild COVID-19 (46, 47) or vaccination (9), and have been reported to be effective in the recovery of two patients with SARS-CoV-2 infection in the absence of B-cells and directed antibodies due to X-linked agammaglobulinemia (48).

Specific T-cell responses to SARS-CoV-2 infection or vaccination in the general population have been reported to be close to 100%. However, its duration is not clear yet. In this sense, a robust T cell immunity against SARS-CoV-2 has been reported to be maintained in the great majority of patients for up to 9 to 12 months following COVID-19 recovery regardless of the severity of the infection (4, 5), and at least for 6 months after mRNA vaccination (7). Of note, memory T-cell responses to SARS-CoV-1 have been detected 17 years after the outbreak of SARS in 2003, supporting long-lasting protection against COVID-19 once T cells have been sensitized to the coronavirus (49)

The disappearance of circulating IgG SARS-CoV-2 antibodies is part of the normal kinetics of natural immunity since once the infection is under control, the adaptive immune response declines and allows the immune system to be ready to react against new threats. If a robust memory response has been armed, reinfection can be abrogated even before it is fully established (50). The constant finding of new SARS-CoV-2 variants due to numerous mutations in the spike RBD entails that new coronaviruses can potentially escape from humoral immunity. However, these pathogens do not escape from memory T cells induced by previous contact with the wild-type virus or vaccines since specific T cells react against conserved regions within any of the viral proteins of the different SARS-CoV-2 variants. This cellular immunity finally protects the patient from severe diseases and also contributes to reducing transmission (50).

Contrarily to the general (healthy) population, cellular responses to SARS-CoV-2 have been found to be reduced in vulnerable populations, such as patients with primary immunodeficiencies or those secondarily immunocompromised (8–25), including those with autoimmune diseases (9, 26–32). Most immunosuppressive agents, including glucocorticoids, mycophenolate, methotrexate, tumor necrosis factor (TNF) inhibitors, tocilizumab, abatacept, and rituximab have been associated with poor humoral responses in patients with autoimmune diseases after SARS-CoV-2 vaccination (26–28, 32), and the highest risk has been identified with the use of rituximab (26). A retrospective series of 496 immunocompromised patients with debilitating diseases, including 149 with autoimmune diseases, found attenuated humoral and cellular responses after the initial SARS-CoV-2 vaccine since 62% of the cases seroconverted for anti-spike 1 IgG and 71% developed cellular responses. Moreover, the proportion of positive response only increased to 69% and 73% of patients following a booster dose, which represents poor increases of 10% and 3%, respectively. Treatments associated with low humoral response rates after primary vaccination have included the use of anti-CD20 monoclonal antibodies, sphingosine 1-phosphate (S1P) receptor modulators, and mycophenolate. However, only the administration of S1P receptor modulators and mycophenolate, but not rituximab, has been associated with low cellular response rates (9).

Among immunosuppressive drugs, anti-CD20-directed agents selectively and rapidly reduce circulating B cells, preserving tissue B cells and antibody-producing B cells (51). The use of rituximab as the first anti-CD20 monoclonal antibody became an inflection point in the successful control and cure of several B cell-mediated diseases, such as lymphoproliferative disorders and chronic inflammatory and autoimmune diseases, such as ANCA-associated vasculitis. Apart from rituximab, the anti-CD20 drug is still the most frequently used; second- and third-generation anti-CD20 monoclonal antibodies, such as ocrelizumab and ofatumumab, have been developed and also used with good results in different autoimmune diseases (51).

As depicted in Table 2, SARS-CoV-2 vaccines in patients  with ANCA-associated vasculitis, multiple sclerosis, RA, SLE, inflammatory myopathies, and others, rituximab has been associated with poor humoral responses, ranging from 9.1% to 68.4% positivity after the two first vaccine doses (30, 31, 33–40, 52, 53). However, despite the incomplete humoral response to SARS-CoV-2 mRNA vaccines, patients with multiple sclerosis treated with anti-CD20 agents develop specific cellular responses up to 90 days after vaccination in 64% to 100% of patients (30, 37–40). Similar results, in terms of developing attenuated humoral but full T cell responses, ranging from 72.7% to 100% of patients have also been reported in patients with different systemic autoimmune diseases treated with rituximab (30, 31, 33–36). In patients with chronic lymphocytic leukemia and lymphoma treated with rituximab, a lack of humoral but preserved cellular immunity has been similarly reported (11, 54).


Table 2 | Studies analyzing humoral and cellular responses to SARS-CoV-2 vaccines in patients with autoimmune diseases treated with anti-CD20 agents.



Overall, these previous results from patients with autoimmune diseases treated with rituximab were comparable to those found in our patients, in whom humoral and cellular responses were obtained in 60% and 100% of them after the first two SARS-CoV-2 vaccine doses, respectively. Although no statistically significant increase in the median IgG titer was observed, an increase of 25% (from 60% to 80%) in the humoral response from the second to the third vaccine dose was detected. This would appear to be a significant improvement, particularly if extrapolated to a larger cohort. However, both second and third (booster) doses maintained cellular responses in 100% of cases.

In patients treated with rituximab and vaccinated against SARS-CoV-2, B cell depletion has been identified as the main independent factor contributing to the lack of antibody response (9, 55). For this reason, COVID-19 vaccines have been recommended to be administered at least after 6 months after the previous rituximab infusion (56). In our series, B cell counts of previous SARS-CoV-2 vaccination similarly correlated with the presence of specific IgG antibodies. However, in eight of the 11 determinations of patients with complete B cell depletion, IgG anti-SARS-CoV-2 antibodies were detected. Therefore, the absence of B cells does not seem to totally preclude the capacity to produce specific anti-SARS-CoV-2 antibodies. In addition, after following vaccinated patients for a mean of 13 months from the third dose, the protective effect against severe reinfection was observed during at least a median of 7 months period in which 90% of our rituximab-treated patients suffered mild COVID-19. Therefore, vaccine protection after the third dose occurred without substantial immunological changes between the second and the third vaccine doses.

With regard to the studies evaluating vaccine boosters or revaccination in the general population, an increase in levels of IgG antibodies and specific T cells against SARS-CoV-2 has been observed after every vaccine dose (57, 58). However, other studies found that the frequency and intensity of T cell responses have not been significantly boosted by a repeated vaccination (59). In addition, in the studies showing a good response to revaccination, humoral and cellular response after initial vaccination (and previous to vaccine booster administration) seemed to be already protective in most patients (57, 58). This fact shows that the real need or the right time for revaccination remains to be elucidated. Moreover, the main clinical trials about COVID-19 vaccines have not included immunocompromised individuals to prove the real effect in this vulnerable population in whom rapid loss or no humoral response to SARS-CoV-2 infection or vaccination is expected. By contrast, this group of patients has been selected for routine revaccinations (57, 58). The onset and exacerbation of different autoimmune diseases have been increasingly associated with COVID-19 vaccination or revaccination, mostly those vaccinated with mRNA vaccines (60–66). In this sense, the relapse rate in a series of 5,121 patients with autoimmune diseases after SARS-CoV-2 vaccination has been reported in 4.4%, with 0.6% of patients suffering severe flares (67).

The present study has several limitations, including the reduced number of patients with autoimmune diseases included and the relatively short period to prove the duration of specific cellular responses in these patients. No healthy controls (or patients with autoimmune diseases not receiving rituximab) were planned to be included as a comparison group for better characterizing humoral and cellular responses. However, the strengths of the study are based on the homogeneity of patients and the time-point sampling. In addition, these results emphasize the value of ELISpot and CoVITEST as two accurate methods to detect initial cellular responses after COVID-19 or in SARS-CoV-2 vaccinated immunocompromised individuals. This study also provides information about the clinical response to vaccines anti-SARS-CoV-2 in real life, highlighting the value of a maintained T cell response in developing mild forms of COVID-19 after new exposures and protection against severe disease.



Conclusions

We identified a robust T cell response in patients with autoimmune diseases treated with rituximab despite a reduced humoral response to SARS-CoV-2 vaccination. A booster (third) vaccine dose slightly increases SARS-CoV-2 antibody levels in some patients and maintains cellular responses in all patients.

Our findings, which are similar to those found in previous studies using anti-CD20 agents in patients with autoimmune diseases vaccinated against SARS-CoV-2, should have implications for clinical decision-making and public health policies in the care of immunosuppressed patients and other vulnerable populations. Hopefully, further revaccination surveillance studies will soon clarify the real protective duration of cellular responses to SARS-CoV-2 exposure and vaccinations, and the potential causal relationship between vaccines and new-onset or relapses of autoimmune diseases. By now, in absence of specific antibodies to SARS-CoV-2 after the first vaccine doses, rapid monitoring of specific cellular responses should be warranted in patients before administering unnecessary booster doses if a cellular response is present.
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Time on rituximab (months) 33 30 15 13 66 100 6 24 22 45 35+29
Prednisone dose (mg/day) 00 00 75 25 00 00 100 25 00 00 0025
Vacine s admiistrd mRNA RGOSl mRNA gy RN R AR g en
1 ChAdOx1-S

Data previous to the first vaccine dose

(w:;i;l: from the last rituximab dose to the first vaccine 2% . 5 10 1 u 1 16 7 2% 1510
Lymphocytes (cells/mm®) 1300 2000 2300 1600 2100 1900 1500 1100 2500 1400 1770 + 460
CD4/CDS cells (ratio) 16 = 3.1 15 06 L5 09 32 18 15 1.5 [1.2-1.8]
CD19-B cells (cells/mm’) 169 0 23 0 0 38 15 0 0 0 01[0-59]

First and second vaccine doses

m"l;i:;\e from the second vaccine to response evaluation 19 15 14 15 2 » 15 9 15 15 19510
IgG anti-RBD SARS-CoV-2 (MFI ratio) 7.04 1.66 024 229 0.38 14.88 741 0.12 067 227 197 [0.3-7.1]
ELISpot T—cell response 92 m 10 9 35 13 10 64 49 10 24[10-53]
CoVITEST T-cell response 24 55 18 NP NP 16 NP NP NP 19 19 [17-39.5]

Data previous to the third vaccine dose

‘Time from the last rituximab dose to the third vaccine

(vecks) 10 24 12 4 34 12 3 28 23 13 16+ 10
Lymphocytes (cells/mm’) 1400 1300 2800 2000 2100 2100 4100 900 3500 1700 2190 + 1006
CD4/CDS cells (ratio) 16 23 21 22 06 15 07 25 18 24 2(13-22)
CD19-B cells (cells/mm’) 0 0 56 0 28 107 82 495 0 0 14[0-185)

Third vaccine dose

‘Time from the third vaccine to response evaluation

(dare) 15 15 15 15 15 15 20 15 15 15 162
1gG anti-RBD SARS-CoV-2 (MFI ratio) 173 192 036 256 024 1230 605 10.69 135 165 183 [11-72]
ELISpot T-cell response 2 2 7 6 14 10 9 14 10 2 12[9-22)

CoVITEST T-cell response 16 2 34 NP NP 68 NP NP NP 27 27[195-51)

Patients’ follow-up after the third vaccine dose

Follow-up from study initiation (months) 19 18 19 20 19 18 17 17 17 18 181
Follow-up from the third vaccine (months) 14 13 14 13 " 11 13 it 11 4 1Bl
COVID-19 (microbiologically confirmed) ** Yes Yes Yes Yest Yes Yes Yes Yes No# Yes Yes

Time COVID-19 after 3rd vaccine (months) 2 7 7 8 3 5 7 8 - 6 7(4-7]

COVID-19, COronaVirus Disease-19; CoVITEST, Covid19 anti-Viral Immunity based on T cells for Evaluation in a Simple Test, ELISpot, Enzyme-linked immunospot assay: F, Female; GPA, Granulomatosis with polyangiitis; IgG, Immunoglobulin G: M, Male; MFI,
Mean fluorescence intensity; MPA, Microscopic polyangitis; NP, Not performed; RBD, Receptor-Binding Domain; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2; UAD, Undifferentiated autoimmune disease.

* In patient 3, after the initial ChAdOx1-S vaccine, the third vaccine administered was BNT162b2.

** Seven patients suffered from mild COVID-19 after the third vaccine dose against SARS-CoV-2.

# Five months after the third dose, patient 4 and patient 9 received a fourth vaccine dose of mRNA-1273 and BNT162b2, respectively. Patient 4 presented with mild COVID-19 symptoms 6 months after the fourth vaccine dose.






