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Immunogenicity and safety of
the booster BNT162b2 vaccine
in patients with axial
spondyloarthritis treated
with biological disease-
modifying drugs

Jitka Smetanova1†, Tomas Milota 1*†, Michal Rataj1,
Jana Hurnakova2, Hana Zelena3,
Anna Sediva1‡ and Rudolf Horvath1,2‡

1Department of Immunology, Second Faculty of Medicine Charles University and Motol University
Hospital, Prague, Czechia, 2Department of Paediatric and Adult Rheumatology, Motol University
Hospital, Prague, Czechia, 3Department of Virology, Public Health Institute, Ostrava, Czechia
Background: Vaccination confers relatively short-term protection against

severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), indicating

the need for booster doses. Immunocompromised individuals, including

those with immune-mediated inflammatory diseases (IMIDs), may have

pronounced immune response waning. Vaccine-boosted humoral and T-cell

responses minimize poor coronavirus disease 19 (COVID-19) outcome without

increasing adverse events (AE). There is limited evidence of third-dose

vaccination in axial spondyloarthritis (AxSpA) patients. We investigated

immune-response persistence after primary vaccination and immunogenicity

and safety after the BNT162b2 booster vaccination.

Methods: This prospective observational study enrolled an AxSpA cohort

treated with interleukin-17 (IL-17) and tumor necrosis factor-alpha (TNFa)
inhibitors. Serum SARS-CoV-2-specific and virus-neutralizing antibodies for

humoral response and flow cytometric detection of intracellular cytokines

following SARS-CoV-2-specific peptide-based stimulation for T-cell immune

responses were assessed, and safety was evaluated via a clinical questionnaire.

Results: Fifteen male AxSpA patients treated with TNFa (73·3%) or IL-17 (26·7%)

inhibitors were enrolled and had humoral response persistence at 6 months:

905·6 ( ± 186·1 SD) and 409·1 ( ± 335·7) U/mL. Specific antibody concentrations

further increased after booster vaccination to 989·7 ( ± 12·62) and 1000 U/mL

and T-cell responders from 53·3% to 80%, with no differences between AxSpA

(including “vaccination only” and “hybrid immunity” subgroups) and healthy

control (HC) cohorts. No severe AE occurred; the AE spectrum was

comparable to that of the general population.
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Conclusion: Immune-response persistence after primary vaccination and

immunogenicity after booster vaccination were unaffected by anti-IL17 or

anti-TNFa therapy with similar AE as in the general population.
KEYWORDS
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Introduction

The coronavirus disease 19 (COVID-19), caused by the

severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2), has become a global concern that severely affects

patients with risk factors, such as diabetes mellitus and

cardiovascular or respiratory tract diseases (1). Patients with

immune-mediated inflammatory diseases (IMIDs), despite

immune system dysregulation, do not have an increased risk

of severe COVID-19 compared to the general population (2). At

present, there is no cure for COVID-19, despite their short-term

efficacy (3), fail in the long term because of their significant

socioeconomic impact (4). Therefore, vaccination remains an

essential strategy to control disease spread and alleviate disease

severity (5, 6). Currently, two different mRNA (Comirnaty,

Pfizer/BioNTech and Spikevax, Moderna), two viral vector

(Vaxzevria, AstraZeneca and COVID-19 Vaccine Janssen,

Janssen/Johnson & Johnson), and one recombinant subunit

vaccine (Novaxovid, Novavax) have been authorized by the

European Medicines Agency (EMA) for the prevention of

COVID-19, and have shown high levels of immunogenicity

and efficacy in the general population that have been

confirmed by real-world evidence (7, 8). Furthermore, the

booster dose of vaccines has conferred increased protection

against the symptomatic course of COVID-19 and decreased

the risk of hospitalization and death (9). Although

glucocorticoids, mycophenolate mofetil, rituximab, and

abatacept attenuated the post-vaccination immune response,

there were no differences in immunogenicity in patients who

were receiving interleukin-17 (IL-17) or tumor necrosis factor

alpha (TNFa) inhibitors (10–12).
Nonetheless, despite the continuously expanding evidence

on the waning of specific immunity and response to booster

vaccination, there exists a knowledge gap with regard to the

effect in immune-mediated inflammatory diseases (IMIDs),

including axial spondyloarthritis (AxSpA). Therefore, we

assessed the kinetics of the cellular and humoral response 6

months after the second dose and investigated the effect and

safety of a third booster dose of the BNT162b vaccine in

patients with AxSpA who were treated with biological drugs

(bDMARDs), such as adalimumab (ADA) or secukinumab
02
(SEC). ADA and SEC are fully human monoclonal antibodies

targeting TNFa and IL-17, respectively, indicated in AxSpA

patients with high disease activity after the failure or

intolerance of nonsteroidal anti-inflammatory drugs

(NSAIDs) (13).
Methods

Study design

This prospective observational study was conducted

according to the Strengthening the Reporting of Observational

Studies in Epidemiology (STROBE) recommendations

(completed STROBE checklist) (14), and focused on the

immunogenicity after the third booster dose of the BNT162b2

vaccine (primary endpoint); safety of the booster dose and

persistence of immune response after 6 months since the

primary vaccination schedule in patients with AxSpA

(secondary endpoints). The follow-up period was divided into

three study-related visits.
- Visit 1 (screening): Patient recruitment, inclusion criteria

assessment (see Study population), and clinical data

collection.

- Visit 2 (baseline, Day 0): Baseline disease activity

assessment and blood sample collection (for humoral

and T-cell immune response assessment) before vaccine

administration, and vaccination was performed,

according to the EULAR recommendations (15), by a

dispensary rheumatologist at the national referral center

for immunization.

- Visit 3 (follow-up, Day 30 ± 7): Clinical and safety data

collection and blood sample collection (for humoral and

T-cell immune response assessment).
The study design is presented as a flowchart in Figure 1.

The study was conducted from March to November 2021 in

accordance with the ethical standards of the Declaration of

Helsinki and was approved by the Motol University Hospital

Ethics Committee (EK-1729/20; issued on January 06, 2021).
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Study population

In this study, we enrolled only patients who met the

following inclusion criteria (1): fulfilled the Assessment of

Spondyloarthritis International Society (ASAS) classification

criteria (16) (2); were receiving bDMARD therapy that was

initiated at least 3 months before study enrolment (3); had

completed the primary vaccination schedule (two doses of 0.3

mL/30 mg BNT162b2 vaccine with a 3-week inter-dose interval

(4); had a 6-month interval following the completion of the

primary vaccination schedule; and (5) provided written

informed consent in accordance with the Declaration of

Helsinki. Based on the “COVID-19 (SARS-CoV-2) infection”

status, the participants were divided into two groups:

“vaccination only” and “hybrid” (RT-PCR-confirmed SARS-

CoV-2 infection after the third vaccine dose). In accordance

with the guidelines, RT-PCR tests were performed in

patients with symptoms of respiratory tract infection or

following contact with suspected or SARS-CoV-2-positive

individuals (17). The findings from these groups were

compared with those of age- and sex-matched healthy

controls (HC).
Clinical and safety data collection

Clinical data (including diagnosis, treatment, age, and sex)

were provided by dispensary rheumatologists. Disease activity

was evaluated using the Bath Ankylosing Spondylitis Disease
Frontiers in Immunology 03
Activity Index (BASDAI) and Ankylosing Spondylitis Disease

Activity Score (ASDAS). BASDAI ≥4 and ASDAS ≥2.1 indicate

high disease activity, representing one of the eligibility criteria

for initiation of the bDMARD therapy (18). Adverse events (AE)

were reported using the Patient Clinical Questionnaire (PCQ)

that focused on local (injection-site reactions), systemic

reactions (fever, headache, myalgia, and arthralgia), and

emergency medication (e.g., analgesic/antipyretic drugs). Pain

intensity was assessed using a 100-point visual analog scale

(VAS). Severe adverse events (SAEs) were defined as acute

conditions necessitating hospitalization or urgent medical

intervention that occurred after vaccination. The severity of

COVID-19 in RT-PCR-positive AxSpA patients was graded as

(1): asymptomatic (2); mild (infection requiring symptomatic

treatment only) (3); moderate (infection requiring antiviral

therapy, antivirotics, and/or anti-SARS-CoV-2 monoclonal

antibodies); and (4) severe infection (requiring oxygen therapy

and/or hospitalization).
Humoral response assessment

ELISA COVID-19 receptor-binding domain (RBD)

immunoglobulin G (IgG) (Test-Line Clinical Diagnostics,

Brno, Czech Republic) was used for the measurement of anti-

SARS-CoV-2 IgG titers (positive cutoff value >18 U/mL); the

anti-nucleocapsid (NCP), anti-spike 2, and RBD antibodies

(positive cutoff value >180 U/mL) were measured by

immunoblot assay (IB; Microblot-Array COVID-19 IgG, Test-
FIGURE 1

Study scheme (AS, ankylosing spondylitis; Nr-AxSpA, non-radiographic axial spondyloarthritis; TNFa, tumor necrosis factor alpha; IL, interleukin;
COVID-19, coronavirus disease 19).
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Line Clinical Diagnostics, Brno, Czech Republic). Responders

were defined as individuals in whom anti-RBD SARS-CoV-2-

specific antibodies higher than the positive cutoff level were

detected by IB and ELISA after 1 month.

In addition, we tested the virus-neutralizing properties of the

sera. The virus neutralization test (VNT) was performed

according to a previously published protocol (19). Briefly, the

SARS-CoV-2 strains used for VNT were extracted from a clinical

sample (hCoV-19/Czech Republ ic/NRL_9640/2020|

EPI_ISL_626593) and CV-1 cells (African green monkey

kidney fibroblasts). Serum samples were diluted twofold and,

after mixing with the virus, resulted in a final serum

concentration of 1/10 to 1/2560. The results of the VNT are

expressed as a virus neutralization titer, which represents an

inverted value of the highest dilution of the sample that

neutralizes the cytopathic effect of the virus by more than 50%

(TCID50). Positivity was determined based on a titer ≥20. The

response was defined as the concentration or titer of antibodies

that exceeded the positive cutoff value.
T–cell response assessment

Culture and stimulation assays were performed according to

previously described methods (20). Briefly, peripheral blood

mononuclear cells (PBMCs) were stimulated using PepMixTM

SARS-CoV-2 S-RBD (0·1 µg/µL; JPT Peptide Technologies

GmbH, Berlin, Germany) and/or 5 µL BD Fast Immune™

CD28/CD49d (BD Biosciences, San Jose, CA, USA). Moreover,

stimulation with anti-human CD3-purified low endotoxin

(Exbio, Vestec, Czech Republic) and the costimulatory

antibody CD28/CD49d served as the positive controls.

After a total incubation of 6 hours, the stimulated PBMCs

were stained with fluorescence-activated cell sorting (FACS)

monoclonal antibodies against CD3 (Alexa 700; Exbio),

CD4 (PE-Cy7; Exbio), and CD8 (PE-Dy594; Exbio). After

fixation and permeabilization with 10× permeabilization

buffer, eBioscience™ Fixation/Perm diluent, and Fixation/

Permeabilization Concentrate (Thermo Fisher Scientific), the

PBMCs were further stained with antibodies against Interferon

gamma (IFNg–FITC) (Exbio) and TNFa–BV421 (Biolegend) for
the detection of intracellular cytokine production. Finally,

samples were analyzed on a FACS Fortessa flow cytometer

(BD Biosciences, San Diego, USA) and data were analyzed

using FlowJo (version 10.6.1, BD Biosciences). The production

of intracellular cytokines was calculated as the difference

between stimulated and unstimulated (?CD4+IFNg+ or ?

CD4+TNFa+) cells. The T–cell response was defined as a

1.5-times increase in the proportion of CD4+IFNg+ and/or

CD4+TNFa+ cells after specific stimulation with SARS-CoV-2-

derived peptides (>1.5 response rate).
Frontiers in Immunology 04
Statistical analysis

The mean and standard deviation (SD) were calculated for

continuous data (age, BMI, and laboratory parameters).

Statistically significant differences in the means were assessed

by the Mann–Whitney U test for unpaired data with non-

normal distribution and by the Wilcoxon test for paired data

with non-normal distribution. Normality was tested using the

Shapiro–Wilk normality test. The proportions were calculated

for attributive data. Statistically significant differences in

proportions were evaluated using Fisher’s exact test. Statistical

significance was reached when p<0.05 in the following ranges:

p<0.05 (*), p<0.01 (**), p<0.001 (***), and p<0.0001 (****).

Statistical analyses were performed using GraphPad Prism 8

(GraphPad Software, San Diego, CA, USA).
Results

Baseline characteristics

In total, 15 participants were enrolled in the study, of whom

11 were treated with TNFa inhibitors (73·3%) and 4 with anti-

IL-17 therapy (26·7%). The mean (SD) age was 43·27 ( ± 7·7)

years, the disease duration was 9·53 ( ± 6·12) years, and the

therapy duration was 3·87 ( ± 2·64) years. Four patients (26·7%)

were diagnosed with non-radiographic AxSpA. Extraskeletal

manifestations were present in seven patients (46·7%),

including four cases each (26·7%) of uveitis and psoriasis. Two

patients (13·3%) required comedication and dailyuse of NSAIDs

or methotrexate. The majority of the patients were in remission

or showed low disease activity. The mean values of ASDAS and

BASDAI were 1·31 ( ± 0·45) and 1·68 ( ± 1.41) points,

respectively. The mean (SD) C-reactive protein (CRP)

concentration was 3·26 mg/L ( ± 2.19 SD). There were no

statistically significant differences between the anti-TNFa and

anti-IL-17 groups. Four patients (26.7%) were diagnosed with

RT-PCR-confirmed SARS-CoV-2 infection within the first

month after receiving the third BNT162b vaccine dose

(booster). Patient characteristics are summarized in Table 1.
Persistence and re-induction of
humoral responses

At baseline, which represents the data 6 months after the

primary vaccine schedule, the humoral response was present in

all patients with AxSpA as well as in HC and was measured by IB

(>180 U/mL) and ELISA (>18 U/mL). In AxSpA, the mean (SD)

concentration of anti-RBD SARS-CoV-2-specific antibodies was

905·6 ( ± 186·1) U/mL using IB and 409·1 ( ± 335·7) U/mL using
frontiersin.org
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ELISA compared with 952·8 ( ± 69·9) and 332·7 ( ± 291·7) U/mL

in HC. There were no statistically significant differences between

the two cohorts. One month after vaccination, the mean

antibody concentrations increased to 989·7 ( ± 12·62) and

1000 U/mL in AxSpA patients and to 993·6 ( ± 7·63) and

879·8 ( ± 166·3) U/mL in HC (Figures 2A, C). When

evaluating the humoral response separately in distinct cohorts

based on COVID-19 status, we did not observe significant

differences in the humoral response between HC (mean ± SD

993·6 ± 7·63 and 879·8 ± 166·3 U/mL), vaccinated only (990·4 ±

5·52 and 1000 U/mL) and hybrid patient groups (987·9 ± 23·29

and 1000 U/mL) (Figures 2B, D). Similar findings were observed

with anti-SARS-CoV-2 neutralizing antibodies (Figures 3A, B).

Whereas the mean titer of virus-neutralizing antibodies was

2560 in HC, it reached 2000 ( ± 797·7) in “vaccinated only” and

1920 ( ± 739) in the “hybrid immunity” groups.
T–cell immune response after primary
and booster vaccination

Six months after the second dose of BNT162b2 vaccine

(primary vaccination schedule), “in-vitro” T–cell immune

response to RBD SARS-CoV-2 peptides persisted in 30·8%

(n=4/13) of HC and 53·3% (n=8/15) of AxSpA patients. One

month after the administration of the third (booster) dose, the

proportion of responders increased in both groups to 80% (12
Frontiers in Immunology 05
out of 15 AxSpA patients) and 100% (13 HC subjects) (Figure 4).

Nevertheless, the mean IFNg production (D% of CD4+IFNg+
cells) remained unchanged in both groups (without statistically

significant changes; Figure 5A). The IFNg response was

unaffected by concomitant SARS-CoV-2 infection (Figure 5B),

but we found significantly (p=0·04) higher TNFa responses (as

D% of CD4+TNFa) in AxSpA patients after vaccination

(0·28% ± 0·16) compared to that in HC (0·15% ± 11;

Figure 5C). The greater response (p<0.05) occurred

independently of the participant’s COVID-19 status (Figure 5D).
Safety

No SAE occurred after the administration of the third

booster vaccine dose, whereas AE were reported in 80%

(n=12/15) of participants within the 7-day follow-up period.

The most frequent AEs were local pain at the injection site

(80%, n=12/15), arthralgia (40%, n=6/15), myalgia (33·3%,

n=5/12), headache (33·3%, n=5/12), and localized exanthema

at the application site (33·3%, n=5/12). The spectrum of AE is

summarized in Figure 6. The mean (SD) duration of AE

was 3·3 days ( ± 2·5), and ranged from 1 to 8 days. The

mean (SD) value of PGA-VAS (100) was 25·36 ( ± 24·06) and

ranged from 0 to 70. Three patients required emergency

medication, including NSAIDs (ibuprofen, paracetamol, and

acetylsalicylic acid).
TABLE 1 Baseline characteristics of participants with axial spondyloarthritis (AxSpA).

ALL (n = 15) Anti-TNFa (n = 11) Anti-IL-17 (n = 4) p-value

Age, years, mean ( ± SD) 43·27 (7·7) 42·55 (7·44) 45·25 (9·25) 0·83

Sex, males, n (%) 15 (100) 11 (100) 4 (100) 0·99

Disease duration, years, mean ( ± SD) 9·53 (6·12) 10·64 (6·79) 6·5 (2·08) 0·47

Therapy duration, years, mean ( ± SD) 3·87 (2·64) 4·27 (2·87) 2·75 (1·71) 0·44

Nr-AxSpA, n (%) 4 (26·7) 2 (18·2) 2 (50) 0·52

Extraskeletal manifestation, n (%) 7 (46·7) 5 (45·5) 2 (50) 0·99

Uveitis, n (%) (26·7) 2 (18·2) 2 (50) 0·52

Psoriasis, n (%) 4 (26·7) 4 (36·4) 0 0·52

Co-medication, n (%) 2 (13·3) 2 (18·2) 0 0·99

duNSAIDs, n (%) 1 (6·7) 1 (9·1) 0 0·99

csDMARDs, n (%) 1 (6·7) 1 (9·1) 0 0·99

ASDAS, points, mean ( ± SD) 1·31 (0·45) 1·21 (0·48) 1·58 (0·24) 0·14

BASDAI, points, mean ( ± SD) 1·68 (1·41) 1·52 (1·46) 2·07 (1·41) 0·54

SJC, number, mean ( ± SD) 0 0 0 0·99

TJC, number, mean ( ± SD) 0·33 (0·9) 0·45 (1·04) 0 0·79

CRP mg/L, mean ( ± SD) 3·26 (2·19) 2·56 (1·74) 5·18 (2·30) 0·08

COVID-19 (post-dose), n (%) 4 (26·7) 3 (27·3) 1 (25) 0·99
fronti
At baseline, there was no differences between the anti-TNFa and anti-IL-17 treatment cohorts.
TNFa, tumor necrosis factor-alpha; IL, interleukin; Nr-AxSpA, non-radiographic AxSpA; duNSAIDs, daily use of non-steroidal anti-inflammatory drugs; csDMARDs, conventional
synthetic disease-modifying drugs; ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; SJC, swollen joint count; TJC,
tender joint count; CRP, C-reactive protein; SD, standard deviation.
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B

C D

A

FIGURE 2

Pre-dose (6 months after completing the primary vaccination scheme) and post-dose (1 month after booster vaccination) humoral immune
responses were measured as the serum concentration of anti-RBD-specific antibodies (U/mL) using Immunoblot [IB, (A)] and ELISA (C) in the
cohorts of axial spondyloarthritis (AxSpA) and healthy control (HC) cohorts, “vaccinated only” (VAC) and “hybrid immunity” (HYB) AxSpA
subgroups (B, D); positive cutoff values (>180 U/mL for IB and >18 U/mL for ELISA) are marked as dashed line; statistically significant differences
are marked as **p < 0.01, ***p < 0.001,, NS (not significant) >0.05.
BA

FIGURE 3

The comparison of the titers (reaching from 1:10 to 1:2560) of virus-neutralizing antibodies between Axial spondyloarthritis (AxSpA) and healthy control
(HC) cohorts (A), “vaccinated only” and “hybrid immunity” AxSpA subgroups (B); no statistically significant differences found between cohorts.
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FIGURE 4

Pre- (6 months after primary vaccination scheme) and post-dose (1 month after booster vaccination) proportions of T cell immune responses
(defined as 1.5-time increase in the proportion of CD4+IFNg+ and/or CD4+TNFa+ cells after specific stimulation with SARS-CoV-2 derived
peptides) between Axial spondyloarthritis (AxSpA) and Healthy control subjects (HC); responders marked as dark beads, non-responders marked
as light beads, one bead represents 1% (of total); the differences between cohorts were not statistically significant.
B

C D

A

FIGURE 5

Pre-dose (6 months after primary vaccination scheme) and post-dose (1 month after booster vaccination) Interferon gamma (IFNg) T–cell
immune response measured as difference in the production of intracellular cytokine production between stimulated and unstimulated (A):
DCD4+IFNg+; (C): DCD4+TNFa+) cells in axial spondyloarthritis (AxSpA) patients and in healthy controls (HC), “vaccinated only” AxSpA (VAC),
hybrid immunity” AxSpA (HYB) cohorts respectively (B, D); statistically significant differences marked as *p < 0·05.
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Discussion

Anti-SARS-CoV-2, particularly mRNA vaccines, show high

levels of immunogenicity and efficacy, and thereby play an

important role in the struggle against the COVID-19

pandemic. Unfortunately, positive responses are limited by the

waning of the immune response over time. Numerous studies

have shown that the humoral response substantially decreased

by 5–6 months after vaccination. The decline in response was

pronounced mainly in older (age >55 to 65 years) and

immunocompromised patients in whom booster vaccination

should be prioritized (21, 22). Recommendations for booster

vaccinations are specified in international guidelines (15).

However, the immunogenicity, efficacy, and safety of booster

vaccinations remain largely unclear in the majority of IMIDs.

In this study, we aimed to investigate the impact of TNFa
and IL-17 inhibitors on booster vaccination with BNT162b2 in a

cohort of AxSpA patients. First, we evaluated the persistence of

humoral and cellular responses before booster vaccination (6

months after completing the primary schedule). We did not find

any significant differences between AxSpA patients and HC,

which suggests a negligible effect of biologics on response

waning that was comparable to that of HCs. No decline in the

total serum concentration of specific anti-SARS-CoV-2

antibodies, virus-neutralizing antibodies, or T–cell immune
Frontiers in Immunology 08
response was observed, whereas other studies that evaluated

the immunogenicity of the anti-SARS-CoV-2 vaccine in patients

with anti-TNFa inhibition reported a significant decrease in

specific antibodies at the end of the 6-month follow-up period

(23). Similar to our results, the T-cell immune response

remained unaffected compared to that in HC (24).

Next, we investigated the immunogenicity of the third

booster dose a month after vaccination. High titers of specific

anti-RBD SASRS-CoV-2 antibodies and virus-neutralizing

antibodies were found in all vaccinated AxSpA patients who

were on bDMARDS and had enrolled in the study. Moreover, we

detected T–cell immune responses in a high proportion of

AxSpA patients. Both humoral and T–cell responses were

comparable to those of the HC. The beneficial effects of

booster vaccination have been confirmed in other studies. The

booster dose was capable of inducing a response even in

seronegative patients who did not respond to the standard

dosage regimen, irrespective of heterologous or homologous

vaccination (25, 26). Furthermore, determined the differences

in immunogenicity of “vaccinated only” and “hybrid immunity”.

However, we did not observe any significant differences in the

humoral and T–cell immune responses. However, the “hybrid

immunity” response is mainly reflected in the reduction of

reinfection and poor outcomes (27) or prolonged protection

against SARS-CoV-2 infection for up to 1 year (28). It is
FIGURE 6

The spectrum of adverse events as a proportion of patients (%) reported by patient clinical questionnaire within the 7-day follow-up period after
booster vaccination.
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important to mention that particular studies have used different

methods for humoral and cellular response assessments.

Therefore, these findings must be compared and interpreted

cautiously. Moreover, the level of specific anti-SARS antibodies

or T–cell responses that predict immune protection remains

unknown, with the exception of neutralizing antibodies (29, 30).

The efficacy of vaccination must be confirmed through long-

term observations. The final part of our study focused on safety.

No severe AE occurred, and the AE spectrum did not differ from

that of the general population (31).
Conclusions

Despite the limitations of our study, including the small

sample and the short follow-up interval after booster

vaccination, our data provide important insights into the

immune response persistence, immunogenicity, and safety of

the third booster dose of the BTN162b vaccine in patients with

AxSpA who were treated with different bDMARDs. Thus, we

conclude that TNFa and IL-17 inhibitors do not impair humoral

and T–cell immune responses. These conclusions support the

recommendations for patients with IMIDs, which can be

administered as disease-modifying antirheumatic drugs,

including TNFa inhibitors, with the exception of B–cell

depletion therapy (32). Neither therapy affected persistence of

the immune response. Administration of the booster dose was

unassociated with new safety concerns. The AE spectrum was

comparable to that of the general population. Despite the

increasing evidence on the efficacy and safety of the currently

recommended vaccination schemes, many questions with

regard to the waning immunity of the booster vaccination,

which indicates the need for a second booster dose, or

the efficacy against new virus variants in IMIDs or other

immunocompromised patients remain unclear.
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