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Abstract 

Background Real world data on the response to the SARS‑CoV‑2 vaccine in patients with immunomediated diseases 
(IMIDs) treated with immunesuppressants is of great interest because vaccine response may be impaired. The main 
aim was to study the humoral and cellular immune response after SARS‑CoV‑2 vaccination in patients with IMIDs 
treated with immunosuppressants. The secondary aim was to describe the frequency of SARS‑CoV‑2 infections 
after vaccination in these patients.

Material and methods This is an observational study including 86 patients with IMIDs. All patients were treated 
with biologic or targeted synthetic disease‑modifying antirheumatic drugs [b/tsDMARDs: TNF inhibitors (TNFi), 
rituximab, anti‑interleukin 6 receptor (anti‑IL6R) or JAK inhibitors (JAKi)]. Demographic and clinical information were 
collected. After 4–6 weeks of 2nd and 3rd vaccine doses, humoral response was assessed using the Thermo Scientific 
ELiA SARS‑CoV‑2‑Sp1 IgG Test. Also, in patients with serum SARS‑CoV‑2 antibody levels under 100UI/ml, cellular 
response was analyzed using the QuantiFERON SARS‑CoV‑2 Starter Pack.

Results A total of 86 patients under b/tsDMARDs and 38 healthy controls were included. Most patients received TNFi 
(45 with TNFi, 31 with rituximab, 5 with anti‑IL6R and 5 with JAKi). SARS‑CoV‑2 antibodies (Ab) were present in an 86% 
of patients with IMIDs and in 100% healthy controls (p = 0.017). However, 12 (14%) patients had undetectable SARS‑
CoV‑2 Ab levels, all treated with rituximab. In addition, SARS‑CoV‑2 Ab (IU/ml) were statistically lower in patients 
(Mdn (IQR): 59.5 (17–163) in patients vs 625 (405–932) in controls, p < 0.001). Patients treated with rituximab had 
lower Ab levels than those treated with TNFi and controls (p < 0.001). The cellular response to SARS‑CoV‑2 vaccine 
was evaluated in 30 patients. Eleven patients had a positive cellular response, being more frequent in patients treated 
with rituximab (p = 0.03). SARS‑CoV‑2 infection was reported in 43% of patients and 34% of controls after vaccination. 
Only 6 (7%) patients required hospitalization, most of whom treated with rituximab (67%).
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Conclusion SARS‑CoV‑2 antibody levels were lower in patients than in controls, especially in patients treated 
with rituximab. A cellular response can be detected despite having a poor humoral response. Severe infections 
in vaccinated patients with IMIDs are rare, and are observed mainly in patients treated with rituximab.

Keywords Rheumatoid arthritis, SARS‑Cov2, Vaccine, Immunosuppressants, Spondyloarthritis, Biologics, TNF inhibitor, 
Rituximab

Introduction
The SARS-CoV-2 pandemic resulted in high morbidity 
and mortality due to COVID-19. The risk factors 
associated with worse COVID-19 outcomes among the 
general population include older age, sex, and chronic 
diseases [1–3]. Evidence for the severity of SARS-CoV-2 
infections in patients with immune-mediated diseases 
(IMIDs) is controversial [1, 4–6]. Unadjusted analyses 
from a recent meta-analysis demonstrated that SARS-
CoV-2 infection and death are more frequent in patients 
with IMIDs [1]. EULAR recommendations clarify that 
patients with IMIDs do not face a higher risk of SARS-
CoV-2 infection than individuals without IMIDs and 
that prognosis is no poorer when they contract it 
[7]. Although they do emphasize the importance of 
vaccination prior to starting immunosuppressants or 
schedule it in patients treated with anti-CD20, in a way to 
optimize vaccine immunogenicity [7].

Vaccination strategies protect against infections 
through stimulation of the humoral and cellular immune 
responses. The relative importance of humoral and 
cellular immunity in conferring protection from infection 
varies with the individual microorganism [8]. Antibody 
responses (seroconversion) are mediated by a B-cell 
response and are better represented in the literature 
than T cell-driven responses. The immunogenicity of the 
SARS-CoV-2 vaccine can be measured based on specific-
antibodies to spike protein or T-cell reactivity via the 
interferon (IFN)-γ response to SARS-CoV-2 peptides 
[8]. While the role of T-cell responses to SARS-CoV-2 
vaccines is not fully understood, emerging evidence 
suggests that T-cell responses may confer protection [9, 
10], even in the absence of a humoral response [11, 12]. 
However, it is not yet completely known how antibody 
titers influence the efficacy of these vaccines and how 
titers decline over time. In addition, the response to a 
vaccine may be affected by characteristics inherent to the 
individual, such as age, sex, obesity, and smoking [13].

Vaccination against SARS-CoV-2 has been the largest 
vaccination program in the history of the Spanish 
National Health System, and immunocompromised 
patients have been prioritized in vaccination schedules. 
The vaccines approved for prevention of SARS-CoV-2 
infections include mRNA vaccines (e.g., BNT162b2 

and mRNA-1273), non-replicating viral vector 
vaccines (e.g., Janssen Ad26.COV2.S and AZD1222), 
and traditional inactivated whole virus vaccines (e.g., 
CoronaVac). All currently available vaccines against 
SARS-CoV-2 have proven to be effective in clinical 
trials. However, their efficacy has not been tested in 
immunocompromised patients [14]. A recent meta-
analysis showed that seroconversion rates and antibody 
titers after SARS-CoV-2 vaccination are significantly 
lower in immunocompromised patients than in 
immunocompetent individuals [14]. Notwithstanding, 
there is no global consensus on how vaccination 
strategies should be both in immunocompromised and 
immunocompetent patients.

Immunosuppressive therapy plays a leading role 
in the impaired response in patients with IMIDs. 
Conventional, biologic, and targeted synthetic disease-
modifying antirheumatic drugs (c/b/ts-DMARDs) 
and corticosteroids are widely used in monotherapy 
or in combination to treat affected patients. Some of 
these drugs have been shown to impair the response 
to vaccines [15]. Data on this topic focus largely on 
influenza, pneumococcal, and tetanus vaccines [8]. 
In addition, most studies have evaluated the humoral 
immune response to the above-mentioned vaccines. 
Whether these data can be extrapolated to provide 
guidance for vaccination strategies in COVID-
19 remains uncertain. Recent data suggest that 
rituximab, corticosteroids, methotrexate, abatacept, 
mycophenolate mofetil, and JAK-inhibitors (JAKi) [17] 
impair SARS-CoV-2 vaccine responses in many patients 
[8, 16]. The focus has mainly been on patients treated 
with corticosteroids and anti-CD20 therapy such as 
rituximab, since this agent has been associated with an 
increased risk of serious infections and mortality [3, 17, 
18].

Although there is increasing evidence on how the 
response to the SARS-CoV-2 vaccine may be impaired 
in patients with rheumatic diseases, many areas 
remain to be clarified. There is an urgent need for 
real-world data on the immune response to the SARS-
CoV-2 vaccine in patients with IMIDs treated with 
immunosuppressants and on the incidence and severity 
of SARS-CoV-2 infection in adequately vaccinated 
patients.
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Methods
Aim
Our main aim was to study antibody-mediated and 
cellular-mediated responses after SARS-CoV-2 
vaccination in patients with IMIDs treated with different 
types of immunosuppressive drugs. Our secondary 
objectives were as follows: to describe the frequency 
and severity of SARS-CoV-2 infections after vaccination 
in patients with IMIDs, and to assess the B-cell 
compartment response after SARS-CoV-2 vaccination in 
patients treated with rituximab.

Study design and patients
We performed an ambispective observational study 
of patients with various IMIDs, namely, rheumatoid 
arthritis (RA), spondyloarthritis (SpA), psoriatic arthritis 
(PsA), and connective tissue disease (CTD). Patients 
were receiving b/tsDMARDs, as follows: TNF inhibitors 
(TNFi), rituximab, anti-interleukin 6 receptor (anti-IL6R) 
agents, and JAKi.

Patients were recruited consecutively over 3  months, 
during which time they were invited to participate at 
their visits to the clinic (the month before and after the 
second and third doses of vaccine). The inclusion criteria 
were as follows: (i) IMIDs treated with b/tsDMARDs; 
and (ii) availability of laboratory tests 4–6 weeks after the 
second and/or third dose of the SARS-CoV-2 vaccine. 
The exclusion criteria were as follows: (i) IMIDs and 
not having received the second and/or third dose of the 
vaccine; and (ii) having received the vaccine more than 
6 weeks previously.

Demographic, clinical, and treatment data were 
collected from the electronic clinical records and the 
database used in the Complex Therapy Unit of the 
Rheumatology Department. The incidence and severity 
of SARS-CoV-2 infection after the 2nd and 3rd dose and 
data on disease flares were also recorded. These data on 
the incidence of infections and flares were obtained in 
the successive clinic visits until 6  months after the 3rd 
vaccine. In case of failing to attend it in person, they were 
contacted by telephone.

Serum samples were obtained 4–6  weeks after the 
second or third dose to evaluate the humoral, cell-
mediated, and functional response to the vaccine.

Methods
Humoral immune response
The humoral response was assessed in all of the patients 
included: samples were available for 63 patients after 
the second and third doses, for 3 patients only after the 
second dose, and for 20 patients only after the third 

dose. In addition, 38 controls were selected to compare 
the humoral response with that of the patients after the 
second dose.

The humoral response was assessed using 
fluoroenzyme immunoassay (EliA SARS-CoV-2-Sp1 IgG 
Test, Thermo Fisher Scientific) with serum samples. The 
lower limit of detection was 0.7  IU/ml, and the positive 
cut-off was set at 10 IU/ml. The upper limit of detection 
was 204 IU/ml. Data from IMIDs patients were compared 
with those from the 38 healthy controls analyzed 4 weeks 
after the second vaccine dose. In this cohort, samples 
above 204  IU/ml were subsequently diluted to obtain a 
final antibody concentration.

Cell‑mediated immune response
The cellular response was evaluated only in patients 
with a poor humoral response, which was defined as IgG 
antibody levels against SARS-Cov2 < 100  IU/ml, using 
a QuantiFERON SARS-CoV-2 (QTF-SARS-COV-2) 
Starter Pack (Qiagen). A cut-off value of 0.15 IU/ml was 
applied to differentiate between positive and negative 
cell-mediated immune responses.

Characterization of the B‑lymphocyte compartment 
in patients with RA treated with rituximab
Additionally, we investigated in detail the pre-germinal 
center (GC) B-cell compartment using flow cytometry. 
Samples were available in 13 (43%) of the 31 rituximab-
treated patients but only were selected 7 RA patients 
who had more than 1% of total  CD19+ B cells in 
peripheral blood. The B-cell phenotype in RA patients 
was compared with our 62 previously characterized 
HC cohort [19]. To that end, we used the pre-GC B-cell 
tube according to the EuroFlow standard operating 
procedures for sample preparation and data acquisition 
and analysis developed by EuroFlow [20, 21]. The pre-GC 
B-cell tube makes it possible to identify immature/
transitional B cells, mature naïve B lymphocytes, 
unswitched memory B cells  (MD+)  (CD27+  CD38lo  CD5− 
 CD24het  smIgM++D+), and switched memory B cells 
(MD−)  (CD27+/−  CD38lo CD5−  CD24het smIgM−D−). 
Immature/transitional B cells are sub-classified according 
to the expression of CD5, CD38, CD21, and CD24 into 
3 subsets of increasingly mature B lymphocytes: CD− 
 CD38++  CD21het  CD24++;  CD5+  CD38+/++  CD21het 
 CD24++; and  CD5+  CD38het  CD21+  CD24+ (immature/
transitional B lymphocytes). Mature naïve B lymphocytes 
are further divided into 3 subsets according to CD21 and 
CD24 expression into the following mature naïve B cells: 
 CD21+  CD24+; CD21−  CD24++; and CD21− CD24− 
(see Additional file 1: Fig. S1).
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Total absolute counts of B-cell subsets in RA patients 
were compared using normal reference ranges of absolute 
counts in healthy controls, as previously described [19].

Statistical analysis
First, descriptive analyses were performed for the 
demographic and clinical variables. The results are shown 
as mean and standard deviation (SD) or median and 
interquartile range (IQR) depending on the normality of 
the distribution for continuous variables and as relative 
frequencies for categorical variables. The frequency 
data were compared using the Pearson chi-squared 
or Fisher exact test. Unpaired continuous data were 
compared using the unpaired t test or Mann–Whitney 
test, depending on the data distribution. For multiple 
comparisons, one-way ANOVA or the Kruskal–Wallis 
test was used, again, depending on the data distribution. 
Additionally, multiple comparisons were adjusted using 
the Bonferroni test.

Second, associations between the humoral immune 
response to SARS-COV-2 vaccine, clinical variables, 
and treatments were evaluated using univariate and 
multivariate logistic regression models, and data were 
presented as the odds ratio (OR) and 95% confidence 
interval (CI). Variables with a p-value < 0.1 in the 
univariate analysis were selected for the multivariate 
analysis. The presence of collinearity between covariates 
was tested. In case of no interaction, the model was 
subsequently adjusted for these covariates.

Results
Patient characteristics
Of the 885 patients with IMIDs receiving active treatment 
with b/tsDMARDs in the Complex Therapy Unit until 
April 2022, 86 (50 RA, 20 SpA, 10 PsA, and 6 CTD) were 
included in this study, along with 38 healthy controls. The 
characteristics of the patients and controls are shown in 
Table  1. Most patients (45/86) received TNFi, 31 were 

Table 1 Patient characteristics

Data for sex, comorbidities, diagnosis, serological findings, and use of methotrexate andcorticosteroids are expressed as n (%). Data on age, BMI, and methotrexate 
and corticosteroid doses are expressed as mean ± SD

*The comparison between controls and patients revealed statistically significant differences (p < 0.05)

Controls
n = 38

All patients
N = 86

TNFi
n = 45

RTX
n = 31

Anti-IL6R
n = 5

JAKi
n = 5

Demographic and clinical characteristics

 Sex (female) 30 (79%) 55 (64%) 19 (42%) 27 (87%) 4 (80%) 5 (100%)

 Age 48 ± 14 56 ± 14* 53 ± 13 61 ± 12 52 ± 22 56 ± 10

 BMI 24 ± 2.4 27 ± 6.1* 26 ± 6.4 27 ± 5.4 26 ± 8.5 21 ± 1.6

Comorbidities

 Diabetes 0 (0%) 1 (1.2%) 1 (2.2%) 0 (0%) 0 (0%) 0 (0%)

 Arterial hypertension 7 (18%) 29 (34%) 12 (27%) 15 (48%) 1 (20%) 1 (20%)

 Current smokers 4 (12%) 12 (14%) 5 (31%) 5 (31%) 1 (6.3%) 1 (6.3%)

 Chronic lung disease 4 (12.5%) 2 (2.3%) 0 (0%) 2 (6.5%) 0 (0%) 0 (0%)

 Dyslipidemia 11 (29%) 26 (30%) 13 (29%) 13 (42%) 0 (0%) 0 (0%)

Diagnosis

 RA – 50 (58%) 15 (33%) 27 (87%) 3 (60%) 5 (100%)

 SpA – 20 (23%) 20 (45%) 0 (0%) 0 (0%) 0 (0%)

 PsA – 10 (12%) 10 (22%) 0 (0%) 0 (0%) 0 (0%)

 CTD – 6 (7%) 0 (0%) 4 (13%) 2 (40%) 0 (0%)

Serology findings

 RF+ – 45 (47%) 13 (29%) 25 (83%) 2 (40%) 5 (100%)

 ACPA+ – 47 (55%) 14 (34%) 25 (86%) 3 (75%) 5 (100%)

 HLA‑B27+ – 14 (16%) 14 (47%) 0 (0%) 0 (0%) 0 (0%)

 ANA+ – 19 (22%) 5 (12%) 11 (38%) 3 (40%) 0 (0%)

Treatment

 Methotrexate use – 63 (73%) 23 (51%) 16 (52%) 2 (40%) 4 (80%)

 Methotrexate dose (mg/week) – 16.5 ± 6.1 16 ± 6.5 17.5 ± 5.5 17.5 ± 3.5 13 ± 8

 Prednisone use – 23 (27%) 6 (13%) 14 (45%) 2 (40%) 1 (20%)

 Prednisone dose (mg/day) – 3.14 ± 2.1 1 ± 1.1 3.6 ± 1.6 6.3 ± 1.7 2.5 ± 3.5

 Time under b/tsDMARD – 12.1 ± 14.7 10.3 ± 7.4 17 ± 9.2 17 ± 13.2 16 ± 3.8
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treated with rituximab, 5 with anti-IL6R agents, and 5 
with JAKi.

Overall, patients were older and had a higher BMI than 
controls (see Table  1). A sub-analysis was performed 
to assess whether these differences could be attributed 
to specific diagnoses (see Additional file  1: Table  S1). 
Differences in age were mainly attributed to the RA 
group. Patients with PsA and RA had the highest BMI.

All healthy controls and most patients (91%) received 
3 doses (see Additional file  1: Table  S2). Vaccination 
patterns are specified in detail according to treatment 
group in Additional file  1: Table  S2. The most common 
pattern in patients was all 3 doses with Pfizer, followed by 
Astra Zeneca + Pfizer + Moderna.

Humoral immune response to the SARS-Cov2 vaccination
After vaccination, anti-spike IgG antibodies against 
SARS-COV-2 were detected in 74 of the 86 patients 
with IMIDs (86%) and in all 38 of the healthy controls 
(100%) (p = 0.017). In addition, serum anti-SARS-
COV-2 antibody levels were statistically significantly 
lower in patients than in healthy controls regardless 

of the diagnosis (median [IQR]: 47 [8–146] IU/ml in 
RA, 129 [44–197] IU/ml in SpA, 87 [24–602] IU/ml in 
PsA, 3 [0.4–47] IU/ml in CTD, 625 [405–932] IU/ml in 
controls; p < 0.0001) (Additional file  1: Fig. S2). Table  2 
and Fig. 1 show serum anti-SARS-COV-2 antibody levels 
in each therapy group and separately by vaccine dose. 
Regardless the vaccination dose, the lowest anti-SARS-
COV-2 antibody levels were recorded in patients who 
received rituximab (p < 0.00005). Indeed, 70% of patients 
had low antibody levels (< 100  IU/mL) after the 2nd or 
3rd dose of the vaccine. Additional file 1: Table S3 shows 
the percentage of patients with low anti-SARS-COV-2 
antibody levels in each therapy group.

Serum anti-SARS-COV-2 antibody levels were 
undetectable in 12 patients (14%) after the third dose 
and in 9 after the second dose. All these patients were 
treated with rituximab (10 RA and 2 CTD). None of 
the 9 patients seroconverted between the second and 
third doses. However, among the 54 patients who 
seroconverted after the 2nd dose and had samples 
available after the 3rd dose, it was observed that the 
antibody levels were significantly lower after the 3rd dose 

Table 2 Humoral immune response after the second and third doses of SARS‑CoV‑2 vaccine

Anti‑SARS‑CoV‑2 antibody levels were compared between controls and patients only after the second dose of the vaccine. Of the total of 86 patients, 66 and 83 
patients had samples available after the second and third doses of vaccine, respectively. Patients treated with anti‑IL6R agents and JAKi were not included in the 
statistical comparisons owing to the small sample size. All data are expressed as median (IQR)

Serum anti-SARS-Cov-2 antibody levels (IU/ml) after the 2nd vaccine

Controls
n = 38

All patients
n = 66

TNFi
n = 34

RTX
n = 27

Anti-IL6R
n = 2

JAKi
n = 3

p

625 (405–932) 94 (42–204) 123 (43–204) 4 (0–51) 64 (61–64) 40 (18–58) < 0.0005

Serum anti- SARS-CoV-2 antibody levels (IU/ml) after the 3rd vaccine

All patients
N = 83

TNFi
n = 44

RTX
n = 29

Anti-IL6R
n = 5

JAKi
n = 5

– 40 (6.20–153) 80 (31–204) 3 (0–27) 153 (12–196) 35 (21–562) 0.03

Fig. 1 Humoral immune response after the second and third vaccine doses. A Comparison of anti‑SARS‑CoV‑2 Ab levels between controls 
and treatment groups after the second vaccine dose. B Comparison of anti‑SARS‑CoV‑2 Ab levels between treatment groups after the third vaccine 
dose
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(median [IQR]: 204 [47–530] IU/ml after 2nd dose vs 43 
[16–140] IU/ml after 3rd dose, p = 0.041).

A regression analysis was performed to assess which 
factors were associated with undetectable levels of anti-
SARS-COV-2 antibody. In the multivariate analysis, only 
receiving rituximab was associated with lack of humoral 
response (OR: 24.7; see Table 3).

Cell-mediated immune response to the SARS-COV-2 
vaccination
The cell-mediated immune response was studied in 30 
patients with a poor humoral immune response (anti-
SARS-COV-2 antibody levels < 100  IU/ml) after the 
second dose. Most were treated with rituximab (18 with 
rituximab, 10 with TNFi, and 2 with JAKi).

Cell-mediated responses to SARS-COV-2 were positive 
in 11 patients: 10 of 18 patients receiving rituximab 
(56%), 1 of the 10 patients treated with TNFi (9%), and in 
none of those receiving JAKi (Fig. 2). Thus, the differences 
in cell-mediated response were statistically significant 
between the rituximab and TNFi groups (p = 0.03).

Characterization of the B-lymphocyte compartment in RA 
patients treated with rituximab prior to SARS-COV-2 
vaccination
Of the 31 patients treated with rituximab, samples for 
cytometry were collected in 13 patients (42%) with RA. 
Of these, only 7 patients with RA had more than 1% of 
total CD19+ B cells in peripheral blood were detected. 
If disease activity was well controlled, the rituximab 
infusion was delayed more than 6 months to first 
schedule the first and second vaccinations. The median 
time between the last dose of rituximab and the first dose 
of SARS-COV-2 vaccine was 1.15 (1.04–2.12) year.

Flow cytometry revealed  CD19+ B cells in 7 patients 
(54%), all of whom had detectable anti-SARS-COV-2 
antibodies. The cellular immune response was analyzed 
in 4 patients, with QTF-SARS-COV-2 being positive in 
only 1 of them.

Some RA patients had normal absolute total  CD19+ 
B cell counts, whereas others presented considerably 
lower counts than healthy controls (Fig. 3A). In addition, 
a relevant observation in the group of patients is that, 
the  CD19+ B cell counts levels were higher in those 
with a longer time since the last rituximab infusion 
(Mdn (IQR): 42 (20–81) cells/µl in patients with last 
infusion < 1.15  years versus 194 (117–231) cells/µl in 
patients with last infusion ≥ 1.15  years, p = 0.034). 
Additionally, the humoral response was also higher in 
patients with delayed RTX infusion [after 2nd dose: (Mdn 

Table 3 Factors associated with the absence of humoral 
immune response to the SARS‑CoV‑2 vaccination

The univariate analysis revealed that sex, age, RA diagnosis, rituximab and 
prednisone use were associated with undetectable serum levels of anti‑SARS‑
CoV‑2 antibodies. However, the multivariate analysis only showed an association 
with rituximab use
*  Statistically signicant data are shown in bold. 

Univariate 
analysis

Multivariate 
analysis

OR 95% CI OR 95% CI

Age 0.9 0.9–1.01 0.9 0.9–1.04

BMI 0.9 0.9–1.1 – –

Rituximab use 34* 4.1–280.2* 24.7* 2.9–
211.2*

Methotrexate use 1.3 0.4–4.3 – –

Methotrexate dose (mg/week) 0.9 0.8–1.1 – –

Prednisone use 4.2* 1.2–14* 2.2 0.5–9.3

Prednisone dose (mg/day) 0.9 0.6–1.3 0.3 0.1–1.9

Fig. 2 Cellular immune response after the second and third vaccine dose. Percentage of patients with a positive or negative cell‑mediated immune 
response after two doses according to treatment. RTX rituximab, TNFi TNF inhibitors, JAKi JAK inhibitors
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(IQR): 1.35 (0–67) IU/ml in patients with last infusion 
< 1.15  years versus 26 (2.7–104.25) IU/ml in patients 
with last infusion ≥ 1.15 years, p = 0.037); after  3rd dose: 
(Mdn (IQR): 0.95 (0–13.75) IU/ml in patients with last 
infusion < 1.15  years versus 27 (11.27–74.75) IU/ml in 
patients with last infusion ≥ 1.15 years, p = 0.039)].

Further characterization of the pre-GC B-cell 
compartment, which includes the immature/transitional 
and naïve B-cell subsets, had shown a slight expansion of 
the less differentiated CD5−  CD38++  CD21het  CD24++ 
immature/transitional B lymphocytes RA patients (1.76 
vs 0.89 cells/µL in healthy controls) and in the other 2 
more differentiated immature/transitional B-cell subsets: 
 CD5+  CD38+/++  CD21het  CD24++ (14.59 vs 5.60 cells/
µl in HD) and  CD5+  CD38het  CD21+  CD24+ (30.14 
vs 16.90 cells/µl in HD) (Fig.  3B). Regarding the naïve 
B-cell compartment, RA patients were characterized by 
a slight expansion of CD21−CD24− (2.75 vs 0.74 cells/
µl) and CD21−CD24++ naïve B cells (0.40 vs 0.17 cells/
µl) (Fig. 3C). Finally, regarding post-GC memory B cells, 
RA patients displayed a significant reduction (vs. healthy 
controls) in unswitched IgMD+ memory B cells (3.38 vs 
32 cells/µl, p < 0.0001) and switched IgMD+ memory B 
cells (6.56 vs 35 cells/µl, p < 0.0001) (Fig. 3D).

Clinical events after SARS-COV-2 vaccination
No differences were observed in the frequency of SARS-
COV-2 infection between patients and healthy controls 
after the second and third doses (43% patients vs 34% HC, 
p = 0.356). The frequency of SARS-COV-2 infection was 
similar in each treatment group: 58% (19/45) for TNFi, 
55% (14/31) for rituximab, 60% (2/5) for anti-IL6R, and 
60% (2/5) for JAKi (see Additional file  1: Fig. S1). Most 
patients had 1 SARS-COV-2-infection (92%) and only 
3 patients had 2 SARS-COV-2 infections. No healthy 
controls required hospitalization. Six patients (7%) 

required hospitalization between the second and third 
doses, and most of them were receiving rituximab (67%). 
All admitted patients had pneumonia. Only 1 patient was 
admitted to the intensive care unit after the second dose. 
This patient received rituximab, and a humoral immune 
response was not detected.

Disease flares after SARS-COV-2 infection were 
detected in 3 patients (1 with TNFi and 2 with rituximab). 
Disease activity was controlled by adjusting treatment 
with corticosteroids, although 1 patient required a 
change in biological treatment.

Discussion
This study provides insight into the clinical relevance 
of immune response to SARS-COV-2 vaccination in 
patients with IMIDs treated with immunosupressants. 
In our cohort, most of patients (86%) with IMIDs treated 
with b/tsDMARDs had detectable humoral responses. 
However, anti-SARS-COV-2 Ab levels were lower in 
patients than in controls, with rituximab being associated 
with a higher risk of an absent humoral response (OR: 
18.5), as expected. On the other hand, we found that 
up to 37% of patients with a poor humoral response 
may have a cellular response to the vaccine, being more 
frequently detected in patients treated with rituximab 
(91%). Another important issue is that the presence of 
CD19+ B cells in peripheral blood is associated with 
the time since the last rituximab infusion. The study of 
the pre-GC B cell compartment showed that the B cell 
regeneration pattern in patients is mainly at the expense 
of immature cells.

There is substantial variation in the immune response 
to vaccination between individuals. Factors that influence 
humoral and cellular vaccine responses include intrinsic 
host factors such as age, sex, genetics, and comorbidities, 
perinatal factors such as gestational age, birth weight, 
feeding method, and maternal factors, as well as extrinsic 

Fig. 3 Characterization of B cells in patients with RA treated with rituximab. Absolute counts of major pre‑GC and post‑GC B‑cell subsets are shown 
using box and whiskers plots separately for HC (n = 62) in black and RA patients (n = 7) red dots, where horizontal lines and vertical lines represent 
the median and both 5th and 95th percentile values, respectively
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factors like preexisting immunity, microbiota, infections, 
and antibiotics [13]. Additionally, environmental factors 
including geographic location, season, family size, and 
toxins, behavioral factors such as smoking, alcohol 
consumption, exercise, and sleep, and nutritional 
factors such as body mass index, micronutrients, and 
enteropathy can also influence how individuals respond 
to vaccines [13]. Sex differences in the response to 
vaccination have been reported [22, 23]. Females generate 
overall higher antibody levels, experience more adverse 
events, have higher B cell frequencies and exhibit elevated 
innate immune cell phagocytic activity [22]. In contrast, 
males have increased NK cell numbers, enhanced type-1 
immune responses, and so on [22]. However, in our 
study we have observed that women are associated with 
lower levels of antibodies. These discrepancies are due 
to the fact that most of the patients are female and the 
lowest levels were found in patients with RA treated with 
rituximab. The impact of the BMI on the response to 
vaccines is more controversial [24–26]. Bates et al. found 
no association between antibody titers and BMI at 50 and 
200  days after vaccination against SARS-COV-2 in 127 
people [24]. In our cohort, RA patients had a higher BMI 
but this was not independently associated with lack of 
humoral response.

Moreover, factors related with vaccine (such as vaccine 
type, product, adjuvant, and dose) and administration 
(schedule, site, route, time of vaccination, and 
coadministered vaccines and other drugs) are also 
important [13, 27]. An understanding of all these factors 
and their impacts on the design of vaccine studies and 
decisions on vaccination schedules can help to improve 
vaccine immunogenicity and efficacy. In fact, in a study 
carried out in the Swiss cohort (SCQM) including 
565 patients, two-dose vaccination with mRNA1273 
(Moderna) versus BNT162b2 (Pfizer) resulted in a 
higher anti-SARS-CoV-2 Ab levels [27]. In our study 
most patients (50) received the vaccination scheme with 
BNT162b2 (Pfizer) and only 8 patients were vaccinated 
with mRNA1273 (Moderna) as the first 2 doses. Thus, 
statistical significance analyses regarding vaccine type 
could not be performed in our study.

The seroconversion rate in our cohort of patients with 
IMIDs was very high (86%). However, anti-SARS-CoV-2 
Ab levels were lower in patients with IMIDs treated with 
b/tsDMARDs than in controls. These data are consistent 
with previous publications [8]. In an observational 
multicenter study, researchers observed that BNT162b2 
(Pfizer) was immunogenic in most patients with IMIDs 
with a good safety profile. In parallel, they found that 
drugs such as rituximab, mycophenolate, glucocorticoids, 
and abatacept were associated with a lower humoral 
response to the vaccine [8, 15]. These findings coincide 

with our data, which show that the lowest levels of 
antibodies were detected in patients with rituximab. 
Furthermore, all patients with undetectable levels of 
anti-SARS-CoV-2 Ab in our cohort were treated with 
this drug. A recent review found that patients with SLE 
have lower rate of seroconversion than healthy controls 
and patients with RA [28]. In the present study, we only 
included 6 patients with connective tissue disorders, so 
statistical analysis comparing with other pathologies 
are not able to be performed. However, it is worth 
emphasizing that anti-SARS-CoV-2 Ab levels were lower 
in patients with CTD than in the other pathologies (see 
Additional file 1: Fig. S2).

Another interesting point to describe in detail is the 
cellular response that patients with IMIDs can generate 
against the SARS-COV-2 vaccine. Lledó et  al. found 
that cellular immune response against SARS-CoV-2 
was similar between patients with IMIDs (53) and 
controls (61) [29]. They also observed that this response 
was not affected by the different pathologies or by 
immunosuppressive treatments. Another recent study by 
Bock et  al. evaluated the humoral and cellular response 
to the SARS-CoV-2 vaccine in patients with multiple 
sclerosis treated with immunosuppressant [30]. First, 
they found that patients treated with anti-CD20 therapy 
had a poor humoral response but an intact cellular 
response. In contrast, an impaired cellular and humoral 
response was seen in patients treated with sphingosine 
1 phosphate inhibitors [30]. This may be due to the 
direct action of this drug on T lymphocytes, secondarily 
affecting the T-cell dependent B-cell activation. Our 
results are in agreement with findings observed in this 
last study. We found that the cellular response was more 
frequent in patients with anti-CD20 therapy than in 
those with anti-TNF therapy and with JAK inhibitors. 
These differences could be due to the type of assay used 
to evaluate the cellular response. Whereas Lledó et  al. 
used the ELISpot assay to evaluate the cellular response, 
Bock et  al. and our study used the QTF-SARS-COV-2 
assay. Both assays evaluated the same immune response 
but have different nuances. ELISpot is performed with 
PBMC and measures interferon-producing cells after a 
stimulus, while the QTF-SARS-COV-2 measures serum 
interferon production after a stimulus [31]. Another 
aspect to consider is that Lledó et  al. included a small 
number of patients treated with TNFi and rituximab (10 
and 4 patients, respectively). A possible hypothesis that 
supports our findings in TNFi group lies in the influence 
of these drugs on the homeostasis of T lymphocytes 
regulating their response in many ways [32]. Hence, it 
is logical that in patients treated with TNFi, the cellular 
response to vaccines may be impaired.
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Delving into the mechanism of rituximab, CD20 is 
expressed on circulating peripheral blood B cells, but 
not on bone marrow stem cells or plasma cells [33]. 
Therefore, anti-CD20 drugs would not be expected to 
deplete the total B-cell pool, and theoretically, should not 
compromise humoral immunity as B-cell regeneration 
from bone marrow precursors is not directly inhibited. 
B-cell recovery upon treatment discontinuation is quite 
heterogeneous, and mild to profound impact on the 
peripheral B-cell compartment can be observed, together 
with partial or severe impairment of the antibody 
response. Here, in fact we observed RA patients with 
almost normal absolute counts of total B-cells whereas 
others presented reduced B-cells or undetectable B-cell 
counts. In general, B-cell numbers remains reduced 
or undetectable in peripheral blood up to 2–6 months 
post-rituximab [34]. B-cell reconstitution may take 
longer to reach pretreatment levels, depending on 
underlying clinical context, medication dosing, and 
treatment duration, concomitant administration of 
immunosuppressive medications, age and patient 
comorbidities [35]. Here, RA patients presented 
increased absolute numbers of the three immature/
transitional B-cell subsets that are the first populations 
of maturation that appear in peripheral blood during 
reconstitution after rituximab as previously observed 
[36] (Fig.  3B and Additional file  1: Fig. S3). In addition, 
the expansion of  CD21− B-cells have been described in 
the naïve B-cell compartment and in the memory B cell 
(MBC) compartment [37]. Here, the MBC is severely 
reduced, but within the naïve B-cell compartment we 
also detected in some patients the expansion of  CD21− 
 CD24− mature naïve B cells. Although we have not 
evaluated the B-cell phenotype prior to the rituximab 
treatment, it could be presumed that the regeneration 
of B-cell compartment, with accumulation of  CD21− 
B-cells, is similar to the preexisting one which is the result 
of the chronic stimulation occurred in the pathogenesis 
of RA.

In concordance with delayed MBC compartment 
reconstitution, seven patients with RA presented severely 
reduced unswitched  IgMD+ MBC and switched  IgMD+ 
MBC, as also previously reported in systemic lupus 
erythematous (SLE) patients treated with rituximab [38]. 
Considering all, a message that we take from the basic 
to the clinic, is that delaying the infusion of rituximab 
prior to vaccination enables the regeneration of B cell 
compartment thus favoring a better vaccination response.

A very reassuring fact is that in our cohort there is no 
difference in the frequency of infections between patients 
and controls after vaccination and they were mostly 
mild cases. The infections requiring hospitalization 
after vaccination were scarce and they only occurred 

in patients who were treated with rituximab. These 
results support the importance of promoting an 
adequate vaccination strategy as stated in the EULAR 
recommendations for vaccination in patients with IMIDs 
[7]. However, many unanswered questions remain. In this 
work we have observed that the majority of patients with 
IMIDs treated with b/tsDMARD had detectable anti-
SARS-COV-2 antibodies and infections in vaccinated 
patients were mostly mild.

Following the recommendations from the Ministry 
of Health, all patients received additional COVID-
19 vaccine boosters (third, fourth and fifth doses). It 
is evident that vaccination against SARS-COV-2 has 
decreased the frequency and severity of infections. In 
fact, our data show that the majority of patients presented 
mild infections after vaccination like those observed 
in the general population. However, an interesting 
point observed in this work is that the antibody titers 
were significantly lower after the 3rd dose than after 
the initial regimen that included the 1st and 2nd doses. 
This fact reflects how the antibody response diminishes 
over time and may be related to the dose used and/or 
the timing of the booster. Therefore, the frequency and 
number of boosters needed for these patients are unclear. 
In this sense, efforts should be made to move towards 
more personalized strategies, establishing profiles of 
patients at higher risk based on scientific evidence.” In 
this sense, efforts should be made to move towards more 
personalized strategies, establishing profiles of patients at 
higher risk based on scientific evidence.

Some limitations were observed in the present study. 
First, the limited number of patients in the groups 
of patients treated with anti-IL6R and JAKi. Second, 
some differences in age and BMI between controls 
and patients. However, these age differences were only 
observed in patients with RA. Regarding BMI, recent 
data do not seem to find a relationship between BMI and 
response to the SARS-COV-2 vaccine. Another aspect 
to consider is that the cellular response was only studied 
in patients with a poor humoral response, so we cannot 
compare the cellular response between patients with a 
good humoral response or not.

Conclusions
On brief, the humoral immune response to the SARS-
COV-2 vaccine is poorer in patients than in healthy 
controls, especially in those treated with rituximab. 
However, in patients with rituximab, a cellular-mediated 
immune response can be detected despite having a poor 
humoral response. Finally, severe infections in vaccinated 
patients with IMIDs are rare, mainly observed in patients 
treated with rituximab.
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In conclusion, a scheduled delay of the rituximab 
infusion to ensure a better humoral response to the 
vaccine would be recommended in patients with IMID.

Abbreviations
IMIDs  Immune‑mediated diseases
RA  Rheumatoid arthritis
SpA  Spondyloarthritis
PsA  Psoriatic arthritis
CTD  Connective tissue disease
BMI  Body mass index
c/b/ts‑DMARDs  Conventional, biologic, and targeted synthetic disease‑

modifying antirheumatic drugs
JAKi  JAK‑inhibitors
TNFi  TNF inhibitors
anti‑IL6R  Anti‑interleukin 6 receptor
SLE  Systemic lupus erythematous

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13223‑ 023‑ 00832‑0.

Additional file 1: Table S1. Comparison of characteristics between 
controls and patients classified by diagnosis. Table S2. SARS‑CoV‑2 
vaccination patterns in patients and controls. Table S3. Comparison 
of patients with low anti‑SARS‑Cov‑2 antibody levels (< 100 IU/ml) in 
each therapy group. Figure S1. Distribution of B‑cell subsets by degree 
of maturation, including immature cells (CD5− CD38++ CD21het 
CD24++, CD5+ CD38+/++CD21het CD24++ and CD5+ CD38het 
CD21+ CD24+), naïve cells (CD21+ CD24+, CD21−CD24− and CD21− 
CD24++), and memory B cells (MBC) in peripheral blood. Figure S2. 
Humoral immune response after the second vaccine dose in patients with 
IMIDs. Comparison of the second vaccine dose between controls and 
patients. Figure S3. Proportion of patients with SARS‑CoV‑2 infections 
in each therapy group. This graph shows the proportion of patients who 
developed SARS‑CoV‑2 infection and its severity after the second dose of 
vaccine according with each treatment.

Acknowledgements
We wish to thank the HULP Biostatistics Service, especially Mariana Diaz‑
Almirón and Francisco Gaya, for their support with the database and data 
analysis. We would also like to thank the Spanish Foundation of Rheumatology 
for providing medical writing/editorial assistance during the preparation of 
the manuscript.

Author contributions
CPR, MNN, DP, GB, IM, LN, CT, and AB performed the clinical evaluation of 
the patients. MH, AMF and CPR filled out the database and carried out the 
statistical analysis. AMF, LPM, YS, PN, MGM, and ELG carried out the laboratory 
tests. CPR and AMF wrote the manuscript under the supervision of LPM, ELG, 
AB, and PN.

Funding
Not applicable.

Availability of data and materials
Data can be provided upon request to the authors.

Declarations

Ethics approval and consent to participate
This study has been approved by the ethics committee (PI‑4101) and the 
patients have been informed and have signed the informed consent for their 
participation.

Consent for publication
We have signed a consent for publication (see Additional file 1).

Competing interests
CPR and IM report grants from Abbvie, Pfizer, Novartis, Lilly, Janssen, UCB, 
Amgen and Roche outside the submitted work. MNN reports grants from UCB, 
Lilly and Janssen outside the submitted work. AB reports grants form Abbvie, 
Amgen, Pfizer, Galapagos, Novartis, Gilead, BMS, Nordic, Sanofi, Sandoz, 
Lilly, UCB and Roche outside the submitted work. DP reports grants from 
Abbvie, Pfizer, Novartis, Janssen, Lilly and UCB outside the submitted work. 
GB reports grants from Abbvie, Pfizer, Lilly and Roche outside the submitted 
work. CT reports grants from Abbvie, Pfizer, Novartis, Lilly and UCB outside the 
submitted work. LN, AMF, LPM, PN, YS, MGM, ELG, MD and MDA declare no 
competing interests.

Author details
1 Rheumatology Unit, La Paz University Hospital, Paseo de la Castellana 261, 
28046 Madrid, Spain. 2 Immunology, La Paz University Hospital, Madrid, Spain. 
3 Canarias University Hospital, Tenerife, Spain. 4 Center for Biomedical Network 
Research on Rare Diseases, ISCIII (CIBERER U767), Madrid, Spain. 5 Lymphocyte 
Pathophysiology in Immunodeficiencies Group, La Paz Institute for Health 
Research (IdiPaz), Madrid, Spain. 6 Center for Biomedical Network Research 
on Rare Diseases, ISCIII (CIBERER U754), Madrid, Spain. 

Received: 24 April 2023   Accepted: 6 August 2023

References
 1. Conway R, Grimshaw A, Konig MF, Putman M, Duarte‑García A, Tseng 

LY, et al. SARS‑CoV‑2 infection and COVID‑19 outcomes in rheumatic 
diseases: a systematic literature review and meta‑analysis. Arthritis 
Rheumatol. 2022;74(5):766–75. https:// doi. org/ 10. 1002/ art. 42030.

 2. Nuño L, Novella‑Navarro M, Bonilla G, Franco‑Gómez K, Aguado P, 
Peiteado D, et al. Clinical course, severity and mortality in a cohort 
of patients with COVID‑19 with rheumatic diseases. Ann Rheum Dis. 
2020;79(12):1659–61. https:// doi. org/ 10. 1136/ annrh eumdis‑ 2020‑ 218054.

 3. Strangfeld A, Schäfer M, Gianfrancesco MA, Lawson‑Tovey S, Liew JW, 
et al. Factors associated with COVID‑19‑related death in people with 
rheumatic diseases: results from the COVID‑19 global rheumatology 
alliance physician‑reported registry. Ann Rheum Dis. 2021;80:930–42. 
https:// doi. org/ 10. 1136/ annrh eumdis‑ 2020‑ 219498. (Epub 2021 Jan 27).

 4. Kroon FPB, Najm A, Alunno A, Schoones JW, Landewé R, Machado PM, 
et al. Risk and prognosis of SARS‑CoV‑2 infection and vaccination against 
SARS‑CoV‑2 in rheumatic and musculoskeletal diseases: a systematic 
literature review to inform EULAR recommendations. Ann Rheum Dis. 
2022;81:422–32. https:// doi. org/ 10. 1136/ annrh eumdis‑ 2021‑ 221575.

 5. Bower H, Frisell T, Di Giuseppe D, Delcoigne B, Ahlenius GM, Baecklund 
E, et al. Impact of the COVID‑19 pandemic on morbidity and mortality in 
patients with inflammatory joint diseases and in the general population: 
a nationwide Swedish cohort study. Ann Rheum Dis. 2021;80:1086–93. 
https:// doi. org/ 10. 1136/ annrh eumdis‑ 2021‑ 219845.

 6. Cordtz R, Lindhardsen J, Soussi BG, Vela J, Uhrenholt L, Westermann R, 
et al. Incidence and severeness of COVID‑19 hospitalization in patients 
with inflammatory rheumatic disease: a nationwide cohort study from 
Denmark. Rheumatology. 2021;60:SI59–67. https:// doi. org/ 10. 1093/ 
rheum atolo gy/ keaa8 97.

 7. Landewé R, Kroon F, Alunno A, Najm A, Bijlsma JW, Bürnester GR, 
et al. EULAR recommendations for the management and vaccination 
of people with rheumatic and musculoskeletal diseases in the 
context of SARS‑CoV‑2: the November 2021 update. Ann Rheum Dis. 
2022;81(12):1628–39. https:// doi. org/ 10. 1136/ annrh eumdis‑ 2021‑ 222006. 
(Epub 2022 Feb 23).

 8. Friedman MA, Curtis JR, Whinthrop KL. Impact of disease‑modifying 
antirheumatic drugs on vaccine immunogenicity in patients with 
inflammatory rheumatic and musculoskeletal diseases. Ann Rheum Dis. 
2021;80(10):1255–65. https:// doi. org/ 10. 1136/ annrh eumdis‑ 2021‑ 221244.

 9. Sattler A, Angermair S, Stockmann H, Moira‑Heim K, Khadzhynov D, 
Treskatsh S, et al. SARS‑CoV‑2‑specific T cell responses and correlations 

https://doi.org/10.1186/s13223-023-00832-0
https://doi.org/10.1186/s13223-023-00832-0
https://doi.org/10.1002/art.42030
https://doi.org/10.1136/annrheumdis-2020-218054
https://doi.org/10.1136/annrheumdis-2020-219498
https://doi.org/10.1136/annrheumdis-2021-221575
https://doi.org/10.1136/annrheumdis-2021-219845
https://doi.org/10.1093/rheumatology/keaa897
https://doi.org/10.1093/rheumatology/keaa897
https://doi.org/10.1136/annrheumdis-2021-222006
https://doi.org/10.1136/annrheumdis-2021-221244


Page 11 of 11Plasencia‑Rodríguez et al. Allergy, Asthma & Clinical Immunology           (2023) 19:71  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

with COVID‑19 patient predisposition. J Clin Invest. 2020;130(12):6477–89. 
https:// doi. org/ 10. 1172/ JCI14 0965.

 10. Tan AT, Linster M, Tan CW, Bert NL, Chia WN, Kunasegaran K, et al. Early 
induction of functional SARS‑CoV‑2‑specific T cells associates with 
rapid viral clearance and mild disease in COVID‑19 patients. Cell Rep. 
2021;34(6): 108728. https:// doi. org/ 10. 1016/j. celrep. 2021. 108728.

 11. Schwarzkopf S, Krawczyk A, Knop D, Klump H, Heinold A, Heinemann FM, 
et al. Cellular immunity in COVID‑19 convalescents with PCR‑confirmed 
infection but with undetectable SARS‑CoV‑2‑specific IgG. Emerg Infect 
Dis. 2021;27(1):122. https:// doi. org/ 10. 3201/ 2701. 203772.

 12. Wang Z, Yang X, Zhong J, Zhou Y, Tang Z, Zhou H, et al. Exposure to 
SARS‑CoV‑2 generates T‑cell memory in the absence of a detectable 
viral infection. Nat Commun. 2021;12(1):1724. https:// doi. org/ 10. 1038/ 
s41467‑ 021‑ 22036‑z.

 13. Zimmermann P, Curtis N. Factors that influence the immune response to 
vaccination. Clin Microbiol Rev. 2019;32(2):e00084‑18. https:// doi. org/ 10. 
1128/ CMR. 00084‑ 18.

 14. Lee AR, Wong SY, Chai LY, Lee SC, Lee MX, Muthiah MD. Efficacy of 
covid‑19 vaccines in immunocompromised patients: systematic review 
and meta‑analysis. BMJ. 2022;376: e068632. https:// doi. org/ 10. 1136/ 
bmj‑ 2021‑ 068632.

 15. Arnold J, Winthrop K, Emery P. COVID‑19 vaccination and antirheumatic 
therapy. Rheumatology. 2021;60(8):3496–502. https:// doi. org/ 10. 1093/ 
rheum atolo gy/ keab2 23.

 16. Furer V, Eviatar T, Zisman D, Peleg H, Paran D, Levartovsky D, et al. 
Immunogenicity and safety of the BNT162b2 mRNA COVID‑19 vaccine 
in adult patients with autoimmune inflammatory rheumatic diseases 
and in the general population: a multicentre study. Ann Rheum Dis. 
2021;80(10):1330–8. https:// doi. org/ 10. 1136/ annrh eumdis‑ 2021‑ 220647.

 17. FAI2R/SFR/SNFMI/SOFREMIP/CRI/IMIDIATE consortium and contributors. 
Severity of COVID‑19 and survival in patients with rheumatic and 
inflammatory diseases: data from the French RMD COVID‑19 cohort of 
694 patients. Ann Rheum Dis. 2021;80(4):527–38. https:// doi. org/ 10. 1136/ 
annrh eumdis‑ 2020‑ 218310. (Epub 2020 Dec 2).

 18. Bachiller‑Corral J, Alina Boteanu A, Garcia‑Villanueva MJ, de la Puente C, 
Revenga M, Diaz‑Miguel MC. Risk of severe COVID‑19 infection in patients 
with inflammatory rheumatic diseases. J Rheumatol. 2021;48(7):1098–
102. https:// doi. org/ 10. 3899/ jrheum. 200755. (Epub 2021 Mar 15).

 19. Pino‑Molina L, López‑Granados E, Lecrevisse Q, Torres Canizales J, 
Pérez‑Andrés M, Blanco E, et al. Dissection of the pre‑germinal center 
B‑cell maturation pathway in common variable immunodeficiency 
based on standardized flow cytometric EuroFlow tools. Front Immunol. 
2021;11(February):1–14. https:// doi. org/ 10. 3389/ fimmu. 2020. 603972.

 20. Van Dongen JJM, van der Burg M, Kalina T, Perez‑Andres M, Mejstrikova E, 
Vlkova M, et al. EuroFlow‑based flowcytometric diagnostic screening and 
classification of primary immunodeficiencies of the lymphoid system. 
Front Immunol. 2019;10(June):1–2. https:// doi. org/ 10. 3389/ fimmu. 2019. 
01271.

 21. Kalina T, Flores‑Montero J, Van Der Velden VHJ, Martin‑Ayuso M, Böttcher 
S, Ritgen M, et al. EuroFlow standardization of flow cytometer instrument 
settings and immunophenotyping protocols. Leukemia. 2012;26(9):1986–
2010. https:// doi. org/ 10. 1038/ leu. 2012. 122.

 22. Fischinger S, Boudreau CM, Butler AL, Streeck H, Alter G. Sex differences 
in vaccine‑induced humoral immunity. Semin Immunopathol. 
2019;41(2):239–49. https:// doi. org/ 10. 1007/ s00281‑ 018‑ 0726‑5.

 23. Klein SL, Flanagan KL. Sex differences in immune responses. Nat Rev 
Immunol. 2016;16(10):626–38. https:// doi. org/ 10. 1038/ nri. 2016. 90. (Epub 
2016 Aug 22).

 24. Bates JT, Farmer AP, Bierdeman MA, Ederer DR, Carney LS, Montgomery 
DD, et al. IgG antibody response to the Pfizer BNT162b2 SARS‑CoV‑2 
vaccine in healthcare workers with healthy weight, overweight, and 
obesity. Vaccines (Basel). 2022;10(4):512. https:// doi. org/ 10. 3390/ vacci 
nes10 040512.

 25. Callahan ST, Wolff M, Hill HR, Edwards KM, Keitel W, Atmar R, et al. Impact 
of body mass index on immunogenicity of pandemic H1N1 vaccine in 
children and adults. J Infect Dis. 2014;210:1270–4. https:// doi. org/ 10. 
1093/ infdis/ jiu245.

 26. Frasca D, Ferracci F, Diaz A, Romero M, Lechner S, Blomberg BB. Obesity 
decreases B cell responses in young and elderly individuals. Obesity. 
2016;24:615–25. https:// doi. org/ 10. 1002/ oby. 21383. (Epub 2016 Feb 9).

 27. Raptis CE, Berger CT, Ciurea A, Andrey DO, Polysopoulos C, Lescuyer 
P, et al. Type of mRNA COVID‑19 vaccine and immunomodulatory 
treatment influence humoral immunogenicity in patients with 
inflammatory rheumatic diseases. Front Immunol. 2022;13:1016927. 
https:// doi. org/ 10. 3389/ fimmu. 2022. 10169 27.

 28. Wei Tang W, Gartshteyn Y, Ricker E, Inzerillo S, Murray S, Khalili L, et al. 
The use of COVID‑19 vaccines in patients with SLE. Curr Rheumatol Rep. 
2021;23(11):79. https:// doi. org/ 10. 1007/ s11926‑ 021‑ 01046‑2.

 29. Lledó A, Retuerto M, Almendro‑Vázquez P, Fernández‑Ruiz M, Galindo M, 
Laguna‑Goya R, et al. SARS‑CoV‑2‑specific T‑cell responses after COVID‑19 
recovery in patients with rheumatic diseases on immunosuppressive 
therapy. Semin Arthritis Rheum. 2021;51(6):1258–62. https:// doi. org/ 10. 
1016/j. semar thrit. 2021. 10. 006.

 30. Bock H, Juretzek T, Handreka R, Ruhnau J, Löbel M, Reuner K, et al. 
Humoral and cellular immune responses to SARS CoV‑2 vaccination 
in people with multiple sclerosis and NMOSD patients receiving 
immunomodulatory treatments. Mult Scler Relat Disord. 2022;59: 103554. 
https:// doi. org/ 10. 1016/j. msard. 2022. 103554.

 31. Fu YC, Ying‑Shih Su YS, Shen CF, Cheng CM. How to evaluate COVID‑19 
vaccine effectiveness—an examination of antibody production and T‑cell 
response. Diagnostics (Basel). 2022;12(6):1401. https:// doi. org/ 10. 3390/ 
diagn ostic s1206 1401.

 32. Davignon JL, Rauwel B, Degboé Y, Constantin A, Boyer JF, Kruglov A. 
Modulation of T‑cell responses by anti‑tumor necrosis factor treatments 
in rheumatoid arthritis: a review. Arthritis Res Ther. 2018;20(1):229. https:// 
doi. org/ 10. 1186/ s13075‑ 018‑ 1725‑6.

 33. Roll P, Palanichamy A, Kneitz C, Dorner T, Tony HP. Regeneration of B cell 
subsets after transient B cell depletion using anti‑CD20 antibodies in 
rheumatoid arthritis. Arthritis Rheum. 2006;54(8):2377–86. https:// doi. 
org/ 10. 1002/ art. 22019.

 34. Christou EAA, Giardino G, Worth A, Ladomenou F. Risk factors 
predisposing to the development of hypogammaglobulinemia and 
infections post‑Rituximab. Int Rev Immunol. 2017;36(6):352–9. https:// doi. 
org/ 10. 1080/ 08830 185. 2017. 13460 92. (Epub 2017 Aug 11).

 35. Sacco KA, Abraham RS. Consequences of B‑cell‑depleting therapy: 
hypogammaglobulinemia and impaired B‑cell reconstitution. 
Immunotherapy. 2018;10(8):713–28. https:// doi. org/ 10. 2217/ 
imt‑ 2017‑ 0178.

 36. Palanichamy A, Barnard J, Zheng B, Owen T, Quach T, Wei C, Looney RJ, 
Sanz I, Anolik JH. Novel human transitional B cell populations revealed by 
B cell depletion therapy. J Immunol. 2009;182(10):5982–93. https:// doi. 
org/ 10. 4049/ jimmu nol. 08018 59.

 37. Thorarinsdottir K, Camponeschi A, Gjertsson I, Mårtensson IL. CD21‑/low 
B cells: a snapshot of a unique B cell subset in health and disease. Scand J 
Immunol. 2015;82(3):254–61. https:// doi. org/ 10. 1111/ sji. 12339.

 38. Anolik JH, Barnard J, Owen T, Zheng B, Kemshetti S, Looney RJ, Sanz I. 
Delayed memory B cell recovery in peripheral blood and lymphoid tissue 
in systemic lupus erythematosus after B cell depletion therapy. Arthritis 
Rheum. 2007;56(9):3044–56. https:// doi. org/ 10. 1002/ art. 22810.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1172/JCI140965
https://doi.org/10.1016/j.celrep.2021.108728
https://doi.org/10.3201/2701.203772
https://doi.org/10.1038/s41467-021-22036-z
https://doi.org/10.1038/s41467-021-22036-z
https://doi.org/10.1128/CMR.00084-18
https://doi.org/10.1128/CMR.00084-18
https://doi.org/10.1136/bmj-2021-068632
https://doi.org/10.1136/bmj-2021-068632
https://doi.org/10.1093/rheumatology/keab223
https://doi.org/10.1093/rheumatology/keab223
https://doi.org/10.1136/annrheumdis-2021-220647
https://doi.org/10.1136/annrheumdis-2020-218310
https://doi.org/10.1136/annrheumdis-2020-218310
https://doi.org/10.3899/jrheum.200755
https://doi.org/10.3389/fimmu.2020.603972
https://doi.org/10.3389/fimmu.2019.01271
https://doi.org/10.3389/fimmu.2019.01271
https://doi.org/10.1038/leu.2012.122
https://doi.org/10.1007/s00281-018-0726-5
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.3390/vaccines10040512
https://doi.org/10.3390/vaccines10040512
https://doi.org/10.1093/infdis/jiu245
https://doi.org/10.1093/infdis/jiu245
https://doi.org/10.1002/oby.21383
https://doi.org/10.3389/fimmu.2022.1016927
https://doi.org/10.1007/s11926-021-01046-2
https://doi.org/10.1016/j.semarthrit.2021.10.006
https://doi.org/10.1016/j.semarthrit.2021.10.006
https://doi.org/10.1016/j.msard.2022.103554
https://doi.org/10.3390/diagnostics12061401
https://doi.org/10.3390/diagnostics12061401
https://doi.org/10.1186/s13075-018-1725-6
https://doi.org/10.1186/s13075-018-1725-6
https://doi.org/10.1002/art.22019
https://doi.org/10.1002/art.22019
https://doi.org/10.1080/08830185.2017.1346092
https://doi.org/10.1080/08830185.2017.1346092
https://doi.org/10.2217/imt-2017-0178
https://doi.org/10.2217/imt-2017-0178
https://doi.org/10.4049/jimmunol.0801859
https://doi.org/10.4049/jimmunol.0801859
https://doi.org/10.1111/sji.12339
https://doi.org/10.1002/art.22810

	Immune response after SARS-CoV-2 vaccination in patients with inflammatory immune-mediated diseases receiving immunosuppressive treatment
	Abstract 
	Background 
	Material and methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Aim
	Study design and patients
	Methods
	Humoral immune response
	Cell-mediated immune response
	Characterization of the B-lymphocyte compartment in patients with RA treated with rituximab

	Statistical analysis

	Results
	Patient characteristics
	Humoral immune response to the SARS-Cov2 vaccination
	Cell-mediated immune response to the SARS-COV-2 vaccination
	Characterization of the B-lymphocyte compartment in RA patients treated with rituximab prior to SARS-COV-2 vaccination
	Clinical events after SARS-COV-2 vaccination

	Discussion
	Conclusions
	Anchor 24
	Acknowledgements
	References


