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Objective: To evaluate B-cell- and T-cell-mediated immune response to SARS-CoV-2 mRNA vaccination in patients 
with complex or rare systemic autoimmune diseases previously been treated with or under continuous treatment 
with B-cell-targeted therapies including rituximab (RTX) and belimumab (BEL). 
Materials and methods: Twenty-eight consecutive patients receiving RTX (n = 11) or BEL (n = 17) treatment and 
13 age-/sex-matched controls (non-rheumatic healthcare personnel) were recruited. None of the patients had 
detectable anti-SARS-CoV-2 antibodies caused by prior exposure to the virus. All the patients and controls 
received mRNA vaccines and were tested three to four weeks after completion of vaccination. In all the RTX 
patients, vaccination was started within 5 months from the last infusion, and B-cell depletion was confirmed in 
all but one of them. Total anti-SARS-CoV-2 RBD antibodies were analyzed using a diagnostic assay, while T-cell 
response was evaluated using the interferon-gamma release assay (IGRA). Further, SARS-CoV-2 pseudoviruses 
were employed to verify the strain-specific neutralizing capacity of the antibodies. 
Results: Detectable anti-SARS-CoV-2 antibodies were documented in 1 out of the 11 RTX patients and 16 of the 17 
BEL patients. The median concentration in the RTX and BEL patients was significantly lower than that in the 
controls (39.6 AU/ml vs. 1133 AU/ml, p = 0.002). The result of IGRA was positive in 8 of the 11 (72.7%) RTX 
patients and 16 of the 17 (94.1%) BEL patients, and interferon release in both the RTX and BEL patients was 
comparable to that in the control participants. 
Conclusion: B-cell-targeted therapies do not preclude SARS-CoV-2 vaccination, since virus-specific cellular im-
munity can be induced even in the absence of circulating B cells. An important finding was that lupus patients 
treated with BEL developed immune responses to SARS-CoV-2; this indicates retention of the immunogenicity of 
the COVID-19 vaccine.   

1. Introduction 

As part of the worldwide effort to control the SARS-CoV-2 pandemic, 
an aggressive vaccination program has been implemented, and it is one 
of the most effective public health measures to deal with this emergency. 
One of the types of vaccines being administered are novel, mRNA-based 
vaccines, which have shown an excellent safety profile and have been 
effective in reducing the incidence of severe clinical manifestations 
related to the acute respiratory syndrome caused by SARS-CoV-2, i.e., 

COVID-19 [1,2]. Patients with rheumatic diseases were among the first 
to be administered the vaccine, as they have systemic conditions that 
make them more prone to contracting the infection and to potentially 
developing a severe outcome [3,4]. However, a major concern for these 
patients is the risk of a reduced response to vaccination as a result of the 
immunosuppressive therapies they are administered. In order to address 
their concerns, the ACR 2021 guidelines have suggested precise timings 
for the suspension of immunosuppressive therapies before vaccination 
based on the type of drug used [5]. Both humoral and cell-mediated 
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immunity play a key role in the vaccine-induced protective response, but 
a growing body of literature shows that patients receiving immuno-
suppressive agents, particularly B-cell-targeted therapies, do not 
develop an adequate humoral immune response following vaccination 
[6]. Published data demonstrate that especially in rituximab 
(RTX)-treated patients, total B-cell depletion impairs the humoral 
response, and these patients exhibit a negative serological response to 
vaccination [7]. With regard to the effect of belimumab (BEL) on the 
immune response to vaccination, however, there is a very little infor-
mation available. BEL is an add-on therapy for systemic lupus erythe-
matosus (SLE) that inhibits the binding of B-lymphocyte stimulator to its 
receptor on B lymphocytes and interferes with their survival and acti-
vation. To date, it has been observed that, unlike RTX, this drug might 
not affect humoral response [8]. 

With regard to the T-cell response to vaccination, several studies 
have reported that it is conserved in RTX-exposed patients [9–11], but 
very little information is available about its effectiveness when it is 
administered early after RTX treatment in patients for whom the ther-
apeutic intervention is non-deferrable for clinical reasons (such as in-
duction or maintenance of treatment for severe diseases). With regard to 
BEL-exposed patients, more information is required about the T-cell 
response to vaccination [12]. Based on these gaps in the literature, the 
main aim of this study was to evaluate both B-cell- and T-cell-mediated 
immune responses to mRNA vaccination in patients with complex or 
rare systemic autoimmune diseases, such as vasculitis or systemic con-
nective tissue diseases, who are on treatment with one of two B-cell--
targeted therapies—RTX and BEL. We also investigated the possible 
influence of other concomitant immunosuppressive therapies and 
assessed the in vitro effective neutralizing capacity of anti-SARS-CoV-2 
antibodies elicited by vaccination in patients under treatment with BEL. 

2. Materials and methods 

2.1. Patients 

Consecutive patients with autoimmune inflammatory disease who 
were receiving B-cell-targeted therapy with RTX or BEL at a single ter-
tiary rheumatology reference center for rare autoimmune systemic dis-
ease were recruited between March and July 2021. With regard to the 
recruitment of patients under RTX treatment, this study included only 
those who had received the first dose of vaccine within 5 months from 
the last RTX infusion. Importantly, the RTX infusion needed to have 
been administered for active disease that had required a prompt thera-
peutic intervention which could not be deferred. With regard to the 
patients under BEL treatment, the study included only SLE patients in 
remission or with low disease activity according to the Lupus Low Dis-
ease Activity State (LLDAS) [13], without the need for any changes in 
the drug schedule due to the vaccination program. Age- and 
sex-matched volunteers were included in a control group and were 
selected from among healthcare personnel of the analysis laboratory 
who had received the BNT162b2 vaccination, did not have any rheu-
matic conditions, and were not under treatment with immunosuppres-
sive drugs. All patients received the BNT162b2 mRNA vaccine injection 
on days 0 and 21 or the mRNA-1273 vaccine on days 0 and 28 according 
to the local guidelines at the time. Participants with a detectable 
response against the SARS-CoV-2 nucleocapsid at any time due to pre-
vious exposure to SARS-CoV-2 were excluded. 

Blood samples were collected three to four weeks after complete 
vaccination. Peripheral B-cell count analysis was performed with flow 
cytometry (normal level of CD19+ B lymphocytes = 105–560 cells/μl; 
percentage = 7–14%). 

The study was approved by the local Ethics Committee (approval no. 
CEUR-2019-OS-233), and all the patients and volunteers provided their 
informed consent. 

2.2. SARS-CoV-2 antibody detection 

Anti-SARS-CoV-2 antibodies were measured using two commercially 
available serological tests: iFlash-SARS-CoV-2 (Yhlo, distributed in Italy 
by Pantec), a paramagnetic particle-based chemiluminescence immu-
noassay, was used to assess anti-nucleocapsid (N) and anti-spike (S) IgG 
and IgM antibodies. This assay cannot recognize the SARS-CoV-2 protein 
RBD and was used to detect previous exposure to SARS-CoV-2 (cut-off, 
>10 U/ml). The second test used was Elecsys anti-SARS-CoV-2 elec-
trochemiluminescence immunoassay analyzer (ECLIA) by Roche Di-
agnostics (Mannheim, Germany). This is an immunoassay for 
quantitative determination of total (IgG/IgM/IgA) antibodies against 
SARS-CoV-2 spike 1 protein RBD, and is used to assess the serological 
response to vaccination (cut-off, >0.79 U/ml). 

2.3. Assessment of T-cell response (Coviferon) 

The T-cell-mediated cellular immune response to SARS-CoV-2, called 
also Coviferon, was evaluated using the interferon-gamma release assay 
(IGRA, Euroimmun). Freshly collected lithium-heparin blood (0.5 ml) 
was added to a stimulation tube coated with a peptide pool based on the 
S1 domain of the SARS-CoV-2 spike protein (Wuhan strain). Negative 
(blank) and positive (mitogen) controls were used to define individual 
background cell activation and to test the viability and responsiveness of 
T cells. 

The samples were incubated at 37 ◦C for 24 h in a 5% CO2 atmo-
sphere and then centrifuged at 12,000 g for 10 min. The Coviferon test 
results are considered reliable when the IFNγ released by the blank 
stimulation tube is < 9 pg/ml and by the mitogen stimulation tube is >
141 pg/ml. The Coviferon test result is positive when the difference 
between the IFNγ released by spike stimulation tube and blank stimu-
lation tube is > 12 pg/ml. 

In the same plasma supernatant, we measured IFNγ and a panel of 
other pro- and anti-inflammatory cytokines: TNFα, IL-2, IL-4, IL-6, IL-10, 
and IL-1β. Cytokines were measured by microfluidic ultrasensitive 
ELISA using the Protein simple plex technology on the ELLA instrument 
(R&D Systems, Biotechne, USA). 

2.4. Surrogate virus neutralization assay 

The assay was conducted with the target HEK293 T-cell line over-
expressing angiotensin-converting enzyme 2 (ACE2) and two different 
strains of green fluorescent protein (GFP)-expressing, replication- 
deficient retroviruses pseudo-typed with the spike protein of either the 
Wuhan-Hu1 strain or the B.1.1.7 strain (all the reagents were from 
Creative Diagnostics, Shirley, NY, USA). The pseudoviruses were incu-
bated for 1 h at 37 ◦C with log dilutions of patients’ sera ranging from 
pure to 106 before target cell seeding. Pre-pandemic sera (n = 3), sera 
from vaccinated (n = 4) and apparently healthy individuals, and a 
neutralizing monoclonal antibody against the spike protein were 
employed as negative and positive controls, respectively. Fluorescence 
images were acquired with an inverted microscope (DMI600B; Leica 
Microsystems, Germany) at 50 × magnification, and the GFP-positive 
area was computed using ImageJ. Data were normalized, and dose- 
response curves were computed with Prism9 for MacOS (GraphPad 
Software, San Diego, CA, USA) based on the number of transducing units 
obtained with incubation of pre-immune serum and pseudovirus at 
100% efficiency. Robust regression was applied to fit the data and to 
compute IC50. 

2.5. Statistical analysis 

Continuous variables were expressed as mean ± standard deviation 
(SD) or median and interquartile range (Q1 to Q3). Categorical variables 
were compared using Fisher’s exact test, and continuous variables were 
compared using the Mann-Whitney U test without correction for 
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multiple comparisons. The analyses were performed using SPSS statis-
tics for Windows, version 11.0 (SPSS Inc., Chicago, Ill., USA). 

3. Results 

3.1. Patients characteristics 

This study included 28 patients (11 in the RTX group and 17 in the 
BEL group) and 13 controls. None of the patients had, at the time of 
vaccination, detectable anti-SARS-CoV-2 antibodies due to prior expo-
sure to the virus. Details about the demographic features, clinical 
characteristics, and concurrent medications are provided in Table 1. All 
the RTX-treated patients received the first dose of the vaccine 13 ± 8 
weeks after the last drug infusion. Seven patients in the RTX group and 
six in the BEL group received low-dose corticosteroids at the time of 
vaccination. Fourteen patients were taking hydroxychloroquine, and 
among them, 13 were in the BEL group. Five patients in the RTX group 
and 11 in the BEL group received an immunosuppressive agent; this 
included two patients (one patient each from the RTX and BEL group) 
who were taking two immunosuppressants. One patient with dermato-
myositis from the RTX group received methotrexate with cyclosporin A, 
and one patient with SLE from the BEL group received methotrexate 
with tacrolimus (Table 1). 

The CD19+ B-cell count was significantly different between the two 
groups, but the total white blood cell count, lymphocyte count, CD4+

and CD8+ T-cell subpopulations, and serum IgG levels did not differ 
significantly between the RTX and BEL treatment groups (Table 2). 

3.2. Effect of B-cell-targeted therapy on the immune response to 
vaccination 

In the whole cohort of patients undergoing B-cell-targeted therapy 
with RTX or BEL, the median antibody titer was 39.65 (0–459.5) U/ml 
compared to 1133 (692.5–2260.5) U/ml in the control group (p <
0.0001) (Table 2). T-cell response was detectable in 24 out 28 (85%) 
patients and in all the control participants (100%) (Table 2). The median 
IFNγ level (T-cell response) was 149.85 (50.69–273.19) pg/ml in the 
patients and 204.01 (96.7–590.7) pg/ml in the controls (p > 0.05, 
Table 2, Fig. 1). Further, the median IL-2 level (T-cell response) of the 
patients was similar to that of the controls (230.28 [52.7–459.0] pg/ml 
vs. 245.2 [94.9–538.0] pg/ml] (Table 3, Fig. 1). None of the other cy-
tokines evaluated in the IGRA test were significantly different between 
the patients and controls (Table 3, Fig. 2). These findings indicate that B- 
cell-targeted therapy with RTX and BEL impaired the humoral response, 
but did not affect the T-cell response. 

3.3. Effect of RTX on the immune response to vaccination 

A very low titer of anti-RBD antibodies was documented only in 1 out 
of 11 patients in the RTX subgroup (0.93 U/ml, positive if > 0.79 U/ml), 
and this patient was the only one who showed an initial B-cell recovery 
(CD19+ B-cell count: 5 cells/μl) (p < 0.0001) (Table 2). In contrast, 8 of 
the 11 (72.7%) RTX-treated patients showed a T-cell response that was 
comparable to that of the control group, in terms of both IFNγ and IL-2 
release (Tables 2 and 3, Fig. 1). These findings indicate that anti-CD20 
monoclonal antibody therapy with RTX not only impairs humoral 
response against mRNA vaccination but also affects T-cell response, 
although to a much lesser extent. 

3.4. Effect of BEL on the immune response to vaccination 

The majority of BEL patients (16/17, 94.1%) developed anti-RBD 
antibodies. However, their average titer was significantly lower than 
that of the controls (median, 243 [77.55–744.0] U/ml) (p = 0.002). 
Additionally, the result of the Coviferon test was positive in 16 out of 17 
(94.1%) patients under BEL treatment. Importantly, the amount of IFNγ 
and IL-2 released (156.14 [61.5–266.9] pg/ml and 264.2 [57.9–447.46] 
pg/ml, respectively) did not differ significantly in comparison with the 
control group (Tables 2 and 3, Fig. 1). 

While the serological response to vaccination was almost completely 
abolished in the RTX-treated patients, in the BEL-treated patients, we 
recorded only a reduced level of anti-SARS-CoV-2 antibodies as 
compared to the controls. In contrast, the T-cell response in terms of 
both IFNγ and IL-2 release was not different between the two treatment 
groups (Tables 2 and 3, Fig. 1). 

Notably, all SLE patients under BEL treatment had CD19+ B-cell 
levels that were below the lowest normal value, ranging from 4 to 87 
cells/μl, with the B-cell count in one patient being below 5 cells/μl. 
These findings indicate that anti-BAFF monoclonal antibody treatment 
with BEL only slightly impairs humoral response and T-cell response to 
the mRNA vaccination. 

3.5. SARS-CoV-2-neutralizing capacity of anti-RBD antibodies in BEL 
patients after vaccination 

The serum samples of four representative vaccinated controls and six 
patients under treatment with BEL were tested for their ability to 
neutralize under in vitro conditions retroviruses pseudotyped with the 
spike protein of either the Wuhan-Hu1 strain (WT) or the B.1.1.7 strain 
(that originated in the UK) (Supplemental files, Figs. 1 and 2). Overall, 
no significant difference was observed in the ability of sera samples from 
both groups to neutralize either the WT pseudovirus (IC50 = 862.4 
[272.5–4872] for controls and 1771 [136.0–4039] for patients) or the 
UK pseudovirus [IC50 347 [278–22,905] for controls and 395.7 

Table 1 
Demographic characteristics, clinical features and co-medications.   

Controls 
(n = 13) 

Rituximab 
(n = 11) 

Belimumab 
(n = 17) 

Age in years, mean ± SD* 46 ± 9 61 ± 8 47 ± 8 
Women, n (%) 8 (60) 5 (45) 16 (95) 
Diagnosis, n (%)    

ANCA-associated vasculitis – 6 (54) – 
Mixed connective tissue disease – 2 (18) – 
Anti-synthetase syndrome – 2 (18) – 
Dermatomyositis – 1 (9) – 
Systemic lupus erythematosus – 0 17 (100) 

Type of vaccine, n (%)    
BNT162b2 13 

(100) 
11 (100) 13 (76) 

mRNA-1273 0 (0) 0 (0) 4 (14) 
Time (days) between vaccine doses, 

mean ± SD* 
21 ± 2 21 ± 2 22.3 ± 3 

Time (weeks) between the last RTX 
infusion and vaccination, mean ± 
SD* 

– 13 ± 8 – 

Co-medication, n (%) – 7 (63) 4 (36) 
Prednisone, mg/day (median, range) – 3.75 

(0–10 
1 (0–5) 

Hydroxychloroquine – 1 (9) 13 (76) 
Methotrexate – 2 (18) 1 (5) 
Mycophenolate mofetil – 0 5 (29) 
Azathioprine – 1 (9) 1 (5) 
Calcineurin inhibitors – 3 (36) 4 (14) 
Two immunosuppressive agents – 1 (9) 1 (6) 

Disease activity, n (%)    
Induction phase – 5 (45) – 
Maintenance phase – 6 (55) – 
Remission – – 13 (76) 
Low disease activity (according to 
LLDAS) 

– – 4 (24) 

ANCA, antineutrophil cytoplasmic antibody; LLDAS, Lupus Low Disease Activity 
State; SD, standard deviation. 
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[13.11–1563] for patients] (Fig. 1). A pairwise comparison of the ability 
of control and patient sera to neutralize the WT and UK pseudoviruses 
showed no strain-specific significant difference (Fig. 3). However, when 
BEL patients were stratified according to their levels of total anti-RBD 
antibodies as high responders (>800 AU/mL) and low responders 
(≤45 AU/mL), strain-specific differences emerged (Fig. 1). Indeed, 

consistent with the serological data, we observed that high responders 
neutralized the WT pseudovirus with a significantly higher dilution 
(IC50 = 165.0 [49.0–1149] and 3606 [2393–5337] in the low and high 
responders, respectively) (Fig. 3). Conversely, no significant difference 
was observed when the UK pseudovirus was employed, and the 
neutralizing capacity was highly heterogenous (IC50 = 747 

Table 2 
Humoral and cellular response to SARS-CoV-2 in patients and controls.   

Controls (n = 13) RTX or BEL (n =
28) 

P value (RTX or 
BEL vs. 
controls) 

RTX alone 
(n = 11) 

P value (RTX 
vs. controls) 

BEL alone 
(n = 17) 

P value (BEL 
vs. controls) 

P value 
(RTX vs. 
BEL) 

Presence of 
humoral 
response, n (%) 

13 (100) 18 (64.3) 0.0172 1 (9) <0.0001 16 (94.1) 1.0 <0.0001 

Anti-RBD titer, U/ 
ml 

1133 
(692.5–2260.5) 

39.65 (0–459.5) <0.0001 0 (0–0) <0.0001 243 (77.55–744.0) 0.002 <0.0001 

Positive Coviferon 
result, n (%) 

13 (100) 24 (85.7) 0.288 8 (72.7) 0.0815 16 (94.1) 1.0 0.269 

IFNγ release, pg/ml 204.01 
(96.7–590.7) 

149.85 
(50.69–273.19) 

0.249 114.9 
(3.15–414.7) 

0.277 156.14 
(61.5–266.9) 

0.363 0.746 

Total white blood 
cell count, cells/ 
μl 

– – – 5417.0 
(4978.0–6413.0) 

– 4764.0 
(3617.0–6781.0) 

– 0.305 

Lymphocyte count, 
cells/μl 

– – – 1270.0 
(925.0–1670.0) 

– 1220.0 
(840.0–1950.0) 

– 0.610 

CD3+ T cell count, 
cells/μl 

– – – 1070.0 
(870.0–1518.0) 

– 1109.0 
(701.0–1838.0) 

– 0.683 

CD4+ T cell count, 
cells/μl 

– – – 687.0 
(577.0–926.0)] 

– 581.0 
(351.0–1248.0) 

– 0.721 

CD8+ T cell count, 
cells/mmc 

– – – 483.0 
(259.0–562.0) 

– 339.0 
(250.0–481.0) 

– 0.121 

CD19+ B cell count, 
cells/μl 

– – – 0 (0–0) – 32.0 (9.0–48.0) – <0.0001 

Serum IgG, mg/dl – – – 1130.0 
(951.0–1510.0) 

– 887.0 
(834.0–1077.5) 

– 0.085 

BEL: belimumab; IFN: interferon; IL: interleukin; RTX: rituximab. 
Results are expressed as median (Q1–Q3 interquartile range) unless indicated otherwise. 

Fig. 1. Box-plot graphs depicting the IFNγ response (panel on the left) and the IL2 response (panel on the right) in RTX-/BEL-treated patients and controls CTRL, 
controls; RTX, rituximab; BEL, belimumab. 

Table 3 
Comparison of pro-inflammatory and anti-inflammatory cytokine release during the IGRA test in RTX- or BEL-treated patients and controls.   

Controls (n = 13) RTX or BEL (n =
28) 

P value (RTX or 
BEL vs. controls) 

RTX alone (n =
11) 

P value (RTX 
vs. controls) 

BEL alone (n = 17) P value (BEL vs. 
controls) 

P value 
(RTX vs. 
BEL) 

TNF-α, 
pg/ml 

135.3 (42.5–319.75) 74.9 (18.2–288.4) 0.69 231.8 
(37.3–362.7) 

0.776 48.3 
(14.4–277.25) 

0.398 0.422 

IL-6, 
pg/ml 

3425.4 
(2083.8–15,043.5) 

3972.5 
(47.0–7449.67) 

0.413 5026 
(264.6–7394.7) 

0.776 3104.9 (− 6.32 to 
8862.7) 

0.320 0.458 

IL-1β, 
pg/ml 

73.4 (19.0–187.45) 65.45 
(6.22–141.42) 

0.75 121.6 
(11.5–173.8) 

0.733 58.7 (0.85–129.8) 0.457 0.306 

IL-2, 
pg/ml 

245.2 (94.9–538.0) 230.28 
(52.7–459.0) 

0.588 159.9 
(7.14–594.0) 

0.459 264.2 
(57.9–447.46) 

0.812 0.368 

IL-10, 
pg/ml 

35.6 (10.65–53.25) 30.0 (1.72–70.3) 0.648 31.5 (− 0.1 to 
49.6) 

0.691 28.5 (1.95–82.15) 0.711 0.963 

BEL: belimumab; IL: interleukin; RTX: rituximab; TNF: tumor necrosis factor. Results are expressed as median (Q1–Q3 interquartile range). 
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[44.29–1051] and 13.94 [10.61–3097] in the low and high responders, 
respectively) (Fig. 3). 

3.6. Effect of co-medications on T-cell activation and response 

The result of the IGRA test was negative in 6 of the 28 patients, and 4 
of them showed a completely negative IFNγ response to spike stimula-
tion. These four patients were vaccinated with BNT162b2, and three of 
them were from the RTX-treated group and one was from the BEL- 
treated group. Importantly, all four were receiving co-medication with 
drugs that affect T-cell activity: the three RTX-treated patients were 
taking calcineurin inhibitors, and the BEL-treated patient was taking 
mycophenolate mofetil. Moreover, all patients who showed an observ-
able T-cell response to mitogen were under treatment with prednisone 
or its equivalent at a dose ranging from 5 to 10 mg/day. 

3.7. Clinical follow-up of the patients 

The mean follow-up period was 8.8 ± 0.7 months from the second 
dose of the vaccine. During the follow-up period, two patients enrolled 
in this study developed symptomatic COVID-19 infection. Notably, both 
patients were taking either cyclosporin A or mycophenolate mofetil in 
combination with BEL, and both showed a humoral response to the 
vaccine. However, one of them had also shown a cellular response to the 
vaccine. One patient was treated with molnupiravir, but neither of them 
required hospitalization for COVID-19. None of the patients in the 

cohort reported disease relapse after vaccination. 

4. Discussion 

Patients with autoimmune systemic diseases are more vulnerable to 
infections and are at an increased risk of developing severe infective 
complications. Infections, in turn, can reactivate and worsen the auto-
immune disease itself in a vicious cycle [14]. Thus, vaccination is the 
main weapon to prevent these complications and represents an impor-
tant and safe instrument of care for rheumatic patients [15] that needs to 
be further promoted [16]. Unfortunately, the immunosuppressive drugs 
used to treat rheumatic diseases may impair the response to vaccines 
[15]. In the present study, we have explored the effect of two B-cell 
targeted therapies on both the humoral and cellular response to mRNA 
vaccines for SARS-CoV-2 in some systemic autoimmune diseases. 
Overall, our results show that B-cell-targeted therapies impair the hu-
moral response induced by anti-SARS-CoV-2 mRNA vaccines. However, 
for the first time, we demonstrated that while RTX abolishes the hu-
moral response when the vaccination is administered early under con-
ditions of complete B-cell depletion, BEL only slightly impairs antibody 
production and does not compromise the humoral response to the vac-
cine. In accordance with our findings, the report of Ruddy et al. also 
showed that there was no evidence of impairment of the humoral 
response after two-dose mRNA vaccination in 56 patients treated with 
BEL [17]. In contrast, Medeiros-Ribeiro et al. found seroconversion in 17 
out of 30 (56.7%) BEL-treated patients, and 14 out of the 17 (82.3%) 

Fig. 2. Box-plot graphs depicting the response to various cytokines (IL1β, TNFα, IL6, IL4, and IL10) in RTX-/BEL-treated patients and controls CTRL, controls; RTX, 
rituximab; BEL, belimumab. 

Fig. 3. Graphs depicting the IC50 values of vaccinated controls (green) and belimumab-treated patients after mRNA vaccination, stratified as high responders (in red) 
and low responders (in blue) *p < 0.05. IC50 corresponds to 50% inhibition of pseudovirus entry into the HEK293T-ACE2 cells at 7 days after exposure to non-diluted 
serum (101) or diluted serum (>101). 
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patients had neutralizing antibody activity against RBD (measured as 
the ability to block the interaction of the RBD of the viral spike glyco-
protein with ACE2 in cells) [18]. By applying a different and more 
specific experimental approach to measure the neutralizing capacity in 
an HEK293 T-cell line overexpressing ACE2 and two different strains of 
pseudovirus incubated with the patients’ sera, we confirmed that the 
humoral response in BEL-treated patients is not as efficient as that in the 
general population. In line with these findings, we observed that, while 
only 1 out of 6 patients had a very low IC50 (i.e., <100) against the WT 
strain, 3 out of 6 patients had an IC50 < 100 against the UK strain and 
none of the healthy controls had an IC50 < 100 against either of the two 
variants. These results indicate that BEL patients may be vulnerable to 
more infectious viral variants. 

Recent data indicate a reduced or absent humoral response to the 
COVID-19 vaccine in a large proportion of patients treated with B-cell- 
targeted therapies, in particular RTX [7,9–11]. Some authors have 
demonstrated a correlation between circulating anti-spike antibodies 
and peripheral CD19+ B-cell count, highlighting the absence of a sero-
logical response in patients with complete B-cell depletion [7,19]. 
Further, an important association has been shown between the CD4+

cell count and immune response [19]. Therefore, B-cell reconstitution 
and CD4+ cell count may be crucial in developing an adequate humoral 
response to vaccination, and accordingly, it is important to choose the 
optimal interval after the last exposure to RTX. To date, available data 
indicate that a mean interval of 6 months is ideal: in patients vaccinated 
one year after RTX therapy, the serological response rate increases ac-
cording to the degree of CD19+ B-cell reappearance [7,20]. The updated 
ACR COVID-19 Vaccine Guidance Task Force guidelines also recom-
mend the administration of COVID-19 vaccination at the latest possible 
time after the last dose of RTX [5]. 

With regard to T-cell response, our study confirmed that RTX did not 
have a strong impact on T-cell response or the production of pro- 
inflammatory and anti-inflammatory cytokines. Further, this study 
demonstrates for the first time that BEL therapy has similar effects in 
terms of T-cell response and inflammatory cytokine production. Several 
authors have reported the maintenance of T-cell response against the 
vaccine in patients treated with RTX, regardless of humoral response 
and time after the last RTX infusion [6,7,9–12,21], but there is still some 
controversy about this [19]. Nonetheless, in keeping with the present 
findings, the robustness of the inflammatory response has been 
demonstrated in rheumatic and non-rheumatic patients under treatment 
with anti-CD20 antibodies, and the T-cell responses were found to be 
even higher in patients than in controls [22]. 

Data on immunization early after RTX therapy are substantially 
lacking in the literature. This poses a big problem for patients with a 
critical disease that requires non-deferrable therapeutic intervention 
despite the pandemic or for patients undergoing RTX maintenance for 
severe diseases. Our results indicate that early exposure to RTX (<5 
months after last infusion) does not preclude SARS-CoV-2 vaccination, 
since a cellular immune response can be elicited even in the absence of 
circulating B cells. This finding is relevant in light of the increasing 
evidence of the pivotal role of the T-cell response in protection against 
hospitalization and death by SARS-CoV-2 infection [23]. 

In our cohort, despite the lack of significant differences, the levels of 
proinflammatory cytokines, i.e., TNFα, IL-1β, and IL-6, tended to be 
higher in the RTX-treated patients than in the controls, as observed in 
previous studies [22], while the levels of the same cytokines were 
similar between the BEL-treated patients and controls. These findings 
underscore the inverse correlation between B-cell depletion and 
inflammation after vaccination. This is consistent with the poor out-
comes caused by a hyperinflammatory state in RTX-treated patients 
infected with SARS-CoV-2 [4]. 

Interestingly, the pivotal role of IL-2-secreting T cells in providing 
protection from COVID-19 has been highlighted by a recent preliminary 
work [24]. The authors suggested that this effect is probably a result of 
the priming of these T cells after exposure to other coronaviruses in the 

past [24]. Therefore, it is reasonable to hypothesize a similar mechanism 
of priming IL-2-secreting T-cells against SARS-CoV-2 after vaccination in 
patients who do not show a humoral response. 

Concomitant medications, including medium to high doses of glu-
cocorticoids, may have a strong impact on T-cell response [15,18,25, 
26]. In fact, in our cohort, the patients who did not have T-cell reactivity 
were on co-medications that impair T-cell response, such as calcineurin 
inhibitors and mycophenolate mofetil in combination with low to me-
dium doses of prednisone. Indeed, COVID-19 was diagnosed in two 
patients who were taking BEL plus cyclosporin A or mycophenolate 
mofetil. Thus, during the present outbreak, concomitant treatment with 
B-cell-depleting therapies and T-cell inhibitors should be avoided, if 
possible, and patients who are on such treatment should be considered 
to be at the highest risk of COVID-19 and serious outcomes unless 
vaccinated. In these patients, we suggest that mycophenolate be with-
drawn for one or two weeks after the vaccination if the disease is stable, 
according to published data [5]. No data are available regarding the 
effect of withdrawing calcineurin inhibitors [27], even though this 
would be advisable based on the immunogenicity observed in solid 
organ transplant recipients [28]. 

This study has some limitations, and the main one is the low number 
of patients recruited. In addition, our cohort of patients was heteroge-
neous in terms of both their diagnoses and co-medications. Yet, the 
clinical efficacy of such an immune response remains to be defined, as 
well as the effect of a booster dose and the impact of new viral variants in 
these patients. On the other hand, this study presents considerable 
original data. As far as we know, this is the first report that focuses on 
very early immunization after RTX treatment, i.e., before 5 months, and 
almost all the patients had B-cell depletion at the time of vaccination. 
Moreover, this is the first time two different B-cell therapies are being 
compared, and this is the largest group of BEL-treated lupus patients to 
be analyzed for both B-cell and T-cell response to the vaccine up to now. 
The long-lasting protective effect of vaccination is also highlighted here, 
since COVID-19 was diagnosed only in two patients during a follow-up 
period of almost 9 months after vaccination. Finally, the evaluation of 
the T-cell response also included the measurement of a large panel of 
pivotal pro-inflammatory and anti-inflammatory cytokines that further 
support the robustness of T-cell reactivity in this setting. 

5. Conclusion 

B-cell-targeted therapies are the cornerstone of treatment for many 
systemic autoimmune diseases, and they often represent non-deferrable 
treatment for some clinical conditions. It has been suggested that B-cell 
recovery before vaccination increases the chances of an adequate hu-
moral response to the vaccine [29]. However, our results indicate that 
B-cell depletion cannot preclude SARS-CoV-2 vaccination, since a 
cellular immune response can be elicited even in the absence of circu-
lating B cells. Indeed, recent data show that the cellular response, rather 
than the humoral immune response, can be boosted by a third vaccine 
dose in RTX-treated patients [30]. The present findings highlight the 
effects of co-medications on T-cell response. Further, the findings indi-
cate the activation of an immune response following COVID-19 vacci-
nation in SLE patients treated with BEL, although the neutralizing 
capacity might be lowered. 
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Thurah, R.B. Landewé, A. Molto, U. Müller-Ladner, K. Schreiber, L. Smolar, 
J. Walker, K. Warnatz, N.M. Wulffraat, O. Elkayam O, 2019 update of EULAR 
recommendations for vaccination in adult patients with autoimmune inflammatory 
rheumatic diseases, Ann. Rheum. Dis. 79 (2020) 39–52, https://doi.org/10.1136/ 
annrheumdis-2019-215882. 

[16] L. Quartuccio, A. Zabotti, T. Gallo, S. De Vita, F. Valent, Influenza vaccination in 
chronic inflammatory arthritis undergoing immunosuppressive treatments: 
temporal trend and factors of adherence, Rheumatology 60 (2021) 2456–2460, 
https://doi.org/10.1093/rheumatology/keaa454. 

[17] J.A. Ruddy, C.M. Connolly, B.J. Boyarsky, W.A. Werbel, L. Christopher-Stine, 
J. Garonzik-Wang, D.L. Segev, J.J. Paik, High antibody response to two-dose SARS- 
CoV-2 messenger RNA vaccination in patients with rheumatic and musculoskeletal 
diseases, Ann. Rheum. Dis. 80 (2021) 1351–1352, https://doi.org/10.1136/ 
annrheumdis-2021-220656. 

[18] A.C. Medeiros-Ribeiro, N.E. Aikawa, C.G.S. Saad, E.F.N. Yuki, T. Pedrosa, S.R. 
G. Fusco, P.T. Rojo, R.M.R. Pereira, S.K. Shinjo, D.C.O. Andrade, P.D. Sampaio- 
Barros, C.T. Ribeiro, G.B.H. Deveza, V.A.O. Martins, C.A. Silva, M.H. Lopes, A.J. 
S. Duarte, L. Antonangelo, E.C. Sabino, E.G. Kallas, S.G. Pasoto, E. Bonfa, 
Immunogenicity and safety of the CoronaVac inactivated vaccine in patients with 
autoimmune rheumatic diseases: a phase 4 trial, Nat. Med. 27 (2021) 1744–1751, 
https://doi.org/10.1038/s41591-021-01469-5. 

[19] M.B. Moor, F. Suter-Riniker, M.P. Horn, D. Aeberli, J. Amsler, B. Möller, L.M. Njue, 
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