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Introduction: Previous studies have shown a reduction in the effectiveness of
primary COVID-19 vaccination in patients with rheumatic diseases. However,
limited data is available regarding the effectiveness of the COVID-19 vaccine
booster dose, especially on cellular response. The study aimed to assess the
humoral and cellular immunogenicity of a booster dose in patients with
inflammatory arthritis (IA).

Patients and methods: 49 |A and 47 age and sex-matched healthy controls
(HC) were included in a prospective cohort study. Both groups completed
primary COVID-19 vaccination and after more than 180 days received a
BNT162b2 booster shot. Humoral responses (level of IgG antibodies) and
cellular responses (IFN-y production) were assessed before and after 4 weeks
from the booster dose of the vaccine.

Results: After the booster dose, all participants showed an increased humoral
response, although significantly reduced antibody levels were observed in IA
patients compared to HC (p=0.004). The cellular response was significantly
lower both before (p<0.001) and after (p<0.001) the booster dose in IA patients
as compared to HC. Among the immunomodulatory drugs, only biological and
targeted synthetic drugs lowered the humoral response after booster
vaccination. However, the cellular response was decreased after all
immunomodulatory drugs except IL-17 inhibitors and sulfasalazine.
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Conclusion: Our data indicate that patients with rheumatic diseases present
lower humoral and cellular responses after the COVID-19 booster vaccine in
comparison to HC. This may translate into a recommendation for subsequent
booster doses of the COVID-19 vaccine for rheumatic patients.

KEYWORDS

COVID-19, booster vaccine, arthritis, immunogenicity, cellular response,

humoral response

1 Introduction

Patients treated with immunosuppressive drugs have an
increased risk of developing COVID-19. Among the more
vulnerable patients, there are patients with autoimmune
inflammatory rheumatic diseases (AIIRD) (1-3). Data on the
course of COVID-19 in AIIRD patients is more ambiguous.
Despite the lack of risk of more frequent hospitalizations or
intensive care unit admissions (2, 3), a recent meta-analysis
showed a slight increase in mortality in AIIRD patients compared
to the general population (3). COVID-19 vaccines have not fully
resolved the problem of patients undergoing immunomodulatory
therapy, as such therapy may result in reduced vaccine response.
Numerous studies showed that despite the full vaccination regimen,
patients with AIIRD are at increased risk of lack of humoral
response (4-10), and among AIIRD patients who have developed
post-vaccine antibodies their levels are lower than in healthy people
(10-12). Immunomodulatory drugs that reduce the
immunogenicity of COVID-19 vaccines to the greatest extent are
rituximab (RTX) (4, 5, 8-10, 12-16), mycophenolate mofetil
(MMF) (5, 8-10, 13, 15, 17), and abatacept (ABT) (8, 9, 18). A
similar immunogenicity-lowering effect was shown for
glucocorticosteroids (GCs) (5, 7, 9, 10, 13, 15). Data on other
immunomodulatory drugs are contradictory, although single
studies are showing a decrease in the humoral response after
methotrexate (MTX) (6, 7, 9, 17) and IL-6 inhibitors (18). A
weaker humoral response may, in turn, contribute to a premature
decline in post-vaccination immunity, especially in patients treated
with RTX (19), GCs (19), TNF inhibitors (11, 20), and ABT (20).
The humoral response is only one of the components of the vaccine
response. The cellular response was recorded in patients who did
not show a humoral response after RTX (14, 16, 21, 22). Still, the
exact role of the cellular response in ensuring the effectiveness of
COVID-19 vaccination remains unknown.

This naturally raises the question of the need and the
optimal timing for a COVID-19 additional vaccine dose for
ATIRD patients. Initially, following studies on other groups of
immunocompromised patients (i.e. solid-organ transplant
recipients (23)), research attempts were made to modify the
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primary vaccination schedule in AIIRD patients by giving
additional vaccine doses shortly after the standard schedule
(16, 24, 25). Currently, research is focused on studying the
immunogenicity of the COVID-19 booster doses — additional
doses given to patients after their response may have waned over
time (26). Unfortunately, despite the commencement of
widespread COVID-19 vaccination with booster doses in
many countries around the world, data on the effectiveness of
COVID-19 vaccine booster doses in patients with AIIRD is
scarce (27, 28). There are only a few studies describing the
immunogenicity of a booster dose in AIIRD patients (29-33),
but no study evaluating individual immunomodulatory drugs’
effect on cellular response to booster dose in AIIRD patients. The
aim of our study was therefore to assess the immunogenicity of a
booster dose of COVID-19 vaccination on humoral and cellular
levels in inflammatory arthritis (IA) cohort treated with
immunomodulatory drugs.

2 Patients and methods
2.1 Patients

The study was conducted at the COVID-19 vaccination
center in a rheumatology center. IA patients and healthy
controls (HC; sex and age-matched) visiting the vaccination
center between November 2021 to January 2022 were enrolled.
The inclusion criteria for both groups included age above 18,
willingness to get vaccinated with a booster dose of the COVID-
19 vaccination (BNT162b2, Pfizer-BioNTech), and a period
longer than 6 months from the end of primary COVID-19
vaccination. The additional inclusion criterion for the IA group
was a diagnosis of rheumatoid arthritis (RA) according to the
ACR-EULAR 2010 criteria, ankylosing spondylitis (AS)
according to modified New York criteria, psoriatic arthritis
(PsA) according to CASPAR criteria, or non-radiographic
spondyloarthritis (nrSpA) according to ASAS 2010 criteria.
The exclusion criteria for both groups were a previous allergic
reaction to vaccination against COVID-19, serious adverse event
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(SAE) after previous vaccination against COVID-19, or other
conditions which, in the opinion of the qualifying physician,
constitute a contraindication to vaccination. The additional
exclusion criterion in the control group was treatment with
any kind of immunomodulatory therapy. The study protocol
was approved by the hospital bioethics committee (KBT-3/2/
2021). All participants signed informed consent for inclusion in
the study. The study was conducted according to the Declaration
of Helsinki.

2.2 Methods

Patient characteristics (including use of drugs before the
booster vaccination and during the primary vaccination
schedule) and data on vaccination safety, including the
occurrence of adverse events (AE) and their grading according
to Common Terminology Criteria for Adverse Events v5.0
(CTCAE), were collected by qualifying physicians using a
structured interview. Data regarding primary COVID-19
vaccinations and previous COVID-19 infections were gathered
from both interviews and the national COVID-19 registry.
Additionally, to detect previous asymptomatic COVID-19
infection, SARS-CoV N ELISA Kit (TestLine Clinical
Diagnostics, Brno, Czech Republic) detecting antibodies
against SARS-CoV-2 nucleocapsid was performed. Blood
samples were collected from all recruited patients before the
booster COVID-19 vaccination and 4 weeks after the booster
vaccination. Data regarding patient characteristics was blinded
to the laboratory staff.

2.2.1 Humoral immunity assessment

To determine the concentration of IgG antibodies against
the SARS-CoV-2 S1 antigen, anti-SARS-CoV-2 QuantiVac
ELISA (Euroimmun, Liibeck, Germany) test was used. A cut-
off value of 8 RU/mL was used to define positive test values
according to the manufacturer’s instructions.

2.2.2 Cellular immunity assessment

The cellular response was measured in only part of the
patients, maintaining sex and age matching (the exact number of
patients tested with each method is shown in the Results section,
Figures 2, 3).

2.2.2.1 SARS-CoV-2 interferon gamma release assay
(IGRA)

To evaluate cellular response against viral proteins Quan-T-
Cell SARS-CoV-2 (Euroimmun, Liibeck, Germany) test was
used. A cut-off value of 18.44 mIU/mL was used to define
positive test values according to the manufacturer’s
instructions. In the first stage, freshly drawn heparinized
whole blood was incubated with the S1 antigen of the SARS-
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CoV-2 virus coated on the bottom of the test tube. Whole blood
was also incubated in a second negative control tube (assessment
of non-specific background response) and a third positive
control tube (assessment of overall T cell response after
stimulation). After incubation time (22-24h), serum plasma
was obtained. In the second stage, an ELISA test was
performed to measure the secreted IFN-y in the first step of
the test.

2.2.2.2 Cell isolation and stimulation

Peripheral blood mononuclear cells (PBMC) were isolated
from heparinized blood by density gradient centrifugation using
Ficoll-Paque (GE Healthcare Bio-Sciences, Uppsala, Sweden).
2,5%x105 PBMC/well were cultured in 96-well plates (Nunc,
Thermo Fisher Scientific, Waltham, MA, USA) in 200ul RPMI
1640 medium (Invitrogen, Paisley, UK) supplemented with 10%
heat-inactivated fetal calf serum (FCS) (Biochrom AG, Berlin,
Germany), 100 U/ml penicillin, 100 pg/ml streptomycin (both
antibiotics from Polfa Tarchomin, Warsaw, Poland), 30 pug/ml
kanamycin (Sigma, St Louis, MO, USA) and 1 mM HEPES
(Invitrogen) for 72 hours. At the beginning of the culture, cells
were stimulated with viral variants with PepMixTM SARS-CoV-2
(S-RBD B.1.617.2/Delta) (JPT Peptide Technologies, Berlin
Germany) or recombinant SARS-CoV-2 Spike S1+S2 (R683A,
R685A) Trimer (BioLegend, San Diego, CA, USA).

We used Delta protein because this variant was dominant in
the Polish population during the blood collection. Each protein
was used at a concentration of I1ug/mL. Unstimulated cells
cultured without viral proteins served as a negative control.

2.2.2.3 Flow cytometry

The cells were washed and stained for surface antigens using
anti-CD3 FITC, antibody. Subsequently, cells were fixed and
permeabilized using BD Cytofix/Cytoperm kit. Intracellular
stainings using anti-IFN-y-PE and appropriate isotype control
antibodies were done. After the washing step, cells were acquired
and analyzed using a FACSCanto II cell sorter/cytometer and
Diva software. All used reagents were purchased from Becton
Dickinson (San Jose, CA, USA). In stimulation experiments,
frequencies of activated CD3+ IFN-y+, T cells were background-
subtracted, with the frequency in the negative (unstimulated)
control sample representing the background. The representative
gating strategy is shown in Supplementary Figure 1.

2.3 Statistics

The compliance of the data with the normal distribution was
assessed using the Shapiro-Wilk test. The significance of the
observed differences between the two groups was assessed using
the Student’s t-test for variables with a normal distribution, the
Mann-Whitney U test for variables without a normal
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distribution, and for categorical variables, the Chi-square test or
the Fisher’s exact test (for tables with values less than 5). For
more than two groups without normal distribution, we used the
Kruskal-Wallis test with post hoc analysis with the Dunn’s test.
The correlation was assessed using Spearman’s rank correlation
coefficient with non-parametric variables. The effect of mitogen
stimulation was assessed by the Wilcoxon test. The significance
of the correlation after adjusting for the confounding factors was
checked by linear regression. The multivariant ANOVA analysis
was performed to identify the predictors of a higher AE rate. In
both multivariant analyses, only patients without missing data
were included. Statistical significance was set at p < 0.05.
Statistical analysis was performed using Statistica 13.3 software
(StatSoft Polska, Cracow, Poland). Figures were created using
GraphPad Prism 6 software (GraphPad Software, San Diego,
CA, US).

3 Results
3.1 Patient characteristics

The study involved 96 patients — 49 with IA and 47 HC.
Patient characteristics are presented in Table 1. There were no
significant differences between the groups, apart from the greater
number of ex-smokers in the IA group and the longer interval
between the primary vaccinations and the booster dose in the
HC group. The types of immunomodulatory treatment received
and patients’ diseases among the IA group are presented
in Table 2.

3.2 Humoral responses to SARS-CoV-2
vaccination in IA patients

Both HC and IA patients before a booster dose of the
COVID-19 vaccine showed low levels of anti-S protein IgG
antibodies (Figure 1). The study showed a reduced persistence of
the humoral response among patients in the IA group (79.6%)
after 6 months from primary vaccination compared to HC
(100%, p<0.001). After a booster dose, levels of antibodies
raised in both HC and IA, but significantly more in HC
(median 1693 RU/ml) compared to all A patients (median
1227 RU/ml, p=0.004), with the lowest levels of anti-S protein
IgG antibodies in RA patients (median 1040 RU/ml, p=0.016). In
IA patients, we did not observe any correlation between
antibody levels before and after the booster. However, in HC
such a correlation exists (r=0.38, p=0.01; Supplementary
Figure 2), which may indicate impairment of humoral
immunity in IA patients. The kinetics of anti-S-IgG
concentration are shown in Supplementary Figure 3.
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3.3 Cellular responses after SARS-CoV-2
vaccination in A patients

The IFN-y production in the whole blood after viral protein
stimulation was significantly lower in the IA group (median 9.4
fold change) in comparison to the HC (median 130.8 fold
change; p<0.001) before a booster vaccination. After the
booster dose, similarly lower IFN-y production in the IA
group (median 30.3 fold change) compared to the HC
(median 580.6 fold change; p<0.001) was shown. Analyzing
the individual types of IA, significantly lower IFN-y
production after viral protein stimulation was observed in the
RA patients group as compared to HC both before and after the
booster dose (Figure 2). Stimulation by mitogen has resulted in
higher IFN-y production than stimulation by viral proteins. The
mitogen-stimulated IFN-y production was significantly lower in
RA in comparison to HC before and after the booster dose. The
kinetics of viral antigen-stimulated fold change of IFN is shown
in Supplementary Figure 4.

The cellular response was also assessed as intracellular IFN-y
production by T cells. Both stimulators: virus wild-type protein
and Delta protein increased the production of IFN-y by T cells.
The percentage of T cells secreting IFN-y after stimulation with
virus wild-type protein was significantly lower in the IA group
(median 0.6 fold change) compared to HC (median 1.2 fold
change) after the booster dose of vaccination. Such a difference
was not observed before the booster dose. Considering diagnosis,
we observed that the group of RA patients showed significantly
lower intracellular production of IFN-y both before and after the
booster dose of vaccination compared to the HC (Figure 3).
However, we did not observe any differences between IA patients
and HC in intracellular IFN-y production after Delta protein
stimulation. Interestingly, the cellular response to the Delta
variant was maintained in 100% of HC and 93% of IA
patients. The kinetics of the percentage of CD3+ INF-y+ cells
after wild-type viral protein stimulation is shown in
Supplementary Figure 5.

3.4 Effect of immunomodulatory
drugs on the immunogenicity of
the COVID-19 vaccines

The analysis of the effect of immunomodulatory drugs on
the immunogenicity of the COVID-19 vaccines is shown in
Table 3 (A - before the booster dose, B — after the booster dose).
The analysis showed a significantly reduced cellular response
compared to the control group 6 months after primary
vaccination with all drugs except JAK and IL-17 inhibitors.
Similarly, all drugs except IL-17 inhibitors and sulfasalazine
reduced cellular response 4 weeks after the booster dose. The
humoral response was lowered after primary vaccination by IL-6
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TABLE 1 Patient characteristics.

10.3389/fimmu.2022.1033804

Inflammatory arthritis (n=49) Healthy control (n=47) difference

Age (mean * SD) 53 £ 139 48.6 + 14.1 ns
Sex - female (n, %) 34 (68%) 33 (71.7%) ns
BMI (median, min, max) 26.2 (17.5, 41.6) 25.2 (18, 43.6) ns
Smoking (n, %)

-current 5 (10.2%) 4 (8.5%) ns

-past 13 (26.5%) 4 (8.5%) p=0.031
Days after the end of primary vaccination (median, min, max) 196 (123, 314) 267 (105, 355) p<0.001
Days after booster vaccination (median, min, max) 31 (22, 52) 31 (27, 77) ns
COVID-19 infection before booster vaccination (n, %) 14 (28.6%) 18 (38.3%) ns

-asymptomatic 4 (8.2%) 7 (14.9%) ns
Vaccine primary scheme (n, %)

-Pfizer 37 (75.5%) 41 (87.2%) ns

-AstraZeneca 6 (12.2%) 4 (8.5%)

-Moderna 4 (8.2%) 1(2.1%)

-Johnson&Johnson 2 (4.1%) -

-Unknown - 1(2.1%)
Vaccine booster dose (n, %)

-Pfizer 49 (100%) 47 (100%) ns
COVID-19 infection after booster vaccination (n, %) 7 (14.3%) 12 (25.5%) ns

ns, non significant.

inhibitors (p=0.044), and after booster dose by JAK inhibitors
(p=0.004), IL-6 inhibitors (p<0.001), and all biological drugs
combined (p=0.001). There were no statistically significant
differences in humoral and cellular responses between patients
using biological and targeted synthetic disease-modifying
antirheumatic drugs in monotherapy vs in combination with
conventional disease-modifying antirheumatic drugs, both
before and after booster vaccination.

3.5 Effect of other factors on
the immunogenicity of the
COVID-19 vaccines

The study showed no significant correlation of
immunogenicity levels with the interval between the primary
immunization and the booster dose. Age of the patients
correlated negatively with some results of the cellular response —
IFN-y production by CD3" cells after stimulation with wild-type
proteins measured after 6 months (R=-0.4, p=0.014) and IGRA
after booster dose (R=-0.3, p=0.025). However, age’s effect on the
humoral response was not confirmed. After 6 months from
primary vaccination patients who had COVID-19 infection
before the primary vaccination had higher antibody levels
(p<0.001) and higher cellular response (measured by IGRA,
p=0.005) compared to those who did not have COVID-19. Still,
prior COVID-19 infection did not affect the immunogenicity of a
booster vaccination. Another factor affecting the immunogenicity
of the vaccine was active smoking. Patients with active smoking
had lower antibody titers after 6 months (p=0.014). Past smoking
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remained irrelevant. The type of vaccine in the baseline regimen
also did not affect the levels of humoral and cellular responses.

3.6 Safety of COVID-19 vaccines among
patients with |IA

The study also assessed the safety of COVID-19 vaccines
among patients with IA. The incidence of AE after primary
vaccinations is presented in Table 4. Although half of the
subjects experienced AE, most of the AE were mild, there were
only isolated cases of CTCAE grade 3 AE. The frequency of AE
did not differ among the patients with IA and the HC. People
experiencing AE were younger (p=0.013), had higher antibody
levels (both after 6 months from primary vaccination p=0.015
and after a booster dose p=0.031), as well as a better cellular
response after booster dose (p=0.038). After accounting for the
interaction between age and immune response levels, a
significant relationship remained between the incidence of AE
and higher antibody levels after 6 months from primary
vaccination (p=0.027).

4 Discussion

In our study, we assessed the immunogenicity of COVID-19
booster vaccination in IA patients, including the effect of
individual immunomodulatory drugs on both humoral and
cellular immunity. There was no difference in the median IgG
anti-S levels between the TA group and HC before the booster
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TABLE 2 Inflammatory arthritis group characteristics.

Disease type (n, %)
-Rheumatoid arthritis
-Ankylosing spondylitis
-Psoriatic arthritis
-nrSpA

10.3389/fimmu.2022.1033804

28 (57.1%)

12 (24.5%)

8 (16.3%)
1(2%)

Immunomodulatory treatment during primary vaccination (n=43, 87.7%)

GCs (n, %)
-dose (median, min, max)
cDMARD:s (n, %)

-MTX
-SSA
-HCQ
bDMARDs and tsDMARDs (n, %)
-TNFi
-IL-6i
JAKi
-IL-171
bDMARDs and tsDMARDs used:
-in monotherapy

-with cDMARDs

Treatment suspension during primary vaccination (n, %)

11 (22.4%)
5 (2.5, 10)

21 (42.8%)
5 (10.2%)
1(2%)
28 (57.1%)

15 (30.6%)
5 (10.2%)
5 (10.2%)
3 (6.1%)

16 (37.2%)
12 (27.9%)

8 (16.3%)

Immunomodulatory treatment during booster vaccination (n=46, 93.9%)

GCs (n, %)
-dose (median, min, max)
cDMARD:s (n, %)
-MTX
-SSA
“HCQ
bDMARDs and tsDMARDs (n, %)
-TNFi
-JAKi
-IL-61
-IL-17i
bDMARDs and tsDMARDs used:

-in monotherapy
-with cDMARDs

Treatment suspension during booster vaccination (n, %)

14 (28.6%)
5 (2.5, 37.5)

24 (49%)
6 (12.2%)
1(2%)
31 (63.3%)

17 (34.7%)
7 (14.3%)
5 (10.2%)
3 (6.1%)

19 (41.3%)
12 (26.1%)

3 (6.1%)

bDMARD:, biological disease-modifying antirheumatic drugs; GCs, glucocorticoids; HCQ, hydroxychloroquine; IL-6i, IL-6 inhibitors; IL-17i, IL-17 inhibitors; JAKi, JAK inhibitors; MTX,
methotrexate; nrSpA, non-radiographic spondylarthritis; ns, nonsignificant; SSA, sulfasalazine; TNFi, TNF inhibitors; tsDMARDs, targeted synthetic disease-modifying antirheumatic drugs.

dose. Still, our study showed a lack of humoral response in part
of the IA group 6 months after primary vaccination (in 20.4% of
IA patients versus none in HC). This effect was most
pronounced in patients treated with IL-6 inhibitors. We
demonstrated also a significantly lower IFN-y production in
IA patients as compared to HC before the booster dose of the
vaccine, lowered by all immunomodulatory drugs except JAK
and IL-17 inhibitors. Our study showed an increase in the
humoral response after a booster dose, but the obtained
antibody levels in TA patients were lower compared to the HC.
The lowest levels of antibodies were obtained in patients treated
with IL-6 and JAK inhibitors. Compared to the HC, the cellular
response after the booster vaccine was reduced in IA patients
treated with most of the immunomodulatory drugs except IL-17
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inhibitors and sulfasalazine. The study also assessed the safety of
vaccination against COVID-19 in patients with IA. Although
most IA patients (53%) experienced AE, the majority were mild
AE, without SAE.

According to current EULAR (34) and ACR (26) guidelines,
vaccination with a booster dose is recommended in patients with
AIIRD. Though in our study there was no difference in the
median IgG anti-S levels between the IA group and HC more
than 6 months after primary vaccination (most likely due to the
small sample size), previous studies have shown a gradual
reduction and loss of the humoral response in patients with
AIIRD over time (11, 19, 20, 30). However, so far only a few
studies on the humoral response after the COVID-19 vaccine
booster have been published. Our data is in line with the study

frontiersin.org


https://doi.org/10.3389/fimmu.2022.1033804
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wronski et al.

10000 .
? "
P~ 3 »
5 1000 - % Dl
E. oggo .
(7)) 100 - o ¢
(9 —— O,
()] 0o°
: 10- 00
wd
c
©
e 14
@)}
L)
01 1 1 1 1 1 1
HC RA SpA HC RA SpA
before booster  after booster
dose dose

The level of IgG anti-S before and after a booster dose of the
COVID-19 vaccine in patients with rheumatoid arthritis (RA;
n=28) and spondyloarthritis (SpA; n=21) compared to healthy
controls (HC; n=43/47 before/after). In the group comparison,
the Kruskal-Wallis test with post hoc analysis with the Dunn'’s
test was performed. Dots represent individual values and the line
represents the median. A p values were expressed as follows
0.05>p>0.01 as*.

by Le Moine et al., who showed a significant increase in SARS-
CoV-2 spike-specific antibody levels 6 months after primary
vaccination after the booster dose in patients with RA compared
with RA patients who did not receive a booster dose (31). A
similar increase, in IgG-neutralizing antibody levels, was shown
after the booster dose in the study by Ferri et al., lower in AIIRD
patients than in healthy controls (32). The study by Benucci et al.
showed increased antibody levels after the COVID-19 vaccine
booster dose in RA patients but lowered humoral response after
ABT and RTX (29). Similarly, the study by Connolly et al.
observed an increase in antibody titers after a booster dose and
lowered response in patients treated with RTX and MMF (30).
Our study confirmed an increase in the humoral response after a
booster dose, but the obtained antibody levels were lower
compared to the HC, which may suggest a faster decline of the
response and the need for further booster doses in the future.
COVID-19 vaccines are also able to induce a cell-mediated
immune response. The current research suggests that in AIIRD
patients, the efficacy of cellular response may be also diminished
after the primary vaccination in comparison to the general
population (16, 17, 20). Up to date, only one study evaluated
both humoral and cellular responses after booster vaccination in
AIIRD patients. Assawasaksakul et al. assessed patients with
systemic lupus erythematosus and RA and showed an increase in
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FIGURE 2

Fold change of INF-y production after (A) viral protein and (B)
mitogen stimulation in patients with rheumatoid arthritis (RA;
n=20) and spondyloarthritis (SpA; n=25) compared to healthy
controls (HC; n=20) before and after a booster dose of COVID-
19 vaccine. In the group comparison, the Kruskal—Wallis test
with post hoc analysis with the Dunn'’s test was performed. Dots
represent individual values and the line represents the median. A
p values were expressed as follows: 0.01>p>0.001 as**; p<0.001
as***; p<0.0001 as****,

both humoral and cellular responses after the booster dose (33).
The authors however did not compare it with a control group. In
our study cellular response appeared to be reduced in IA patients
treated with most of the immunomodulatory drugs as compared
to the HC. These results may indicate that the cellular response
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FIGURE 3

(A) Percentage of CD3+ INF-y+ cells after wild-type viral protein stimulation in patients with rheumatoid arthritis (RA; n=10) and
spondyloarthritis (SpA; n=14) compared to healthy controls (HC; n=12) before and after a booster dose of COVID-19 vaccine. (B) Percentage of
CD3+ INF-y+ cells after delta viral protein stimulation in patients with RA (n=11) and SpA (n=15) compared to HC (n=11) before and after booster
dose of COVID-19 vaccine. In the group comparison, the Kruskal-Wallis test with post hoc analysis with the Dunn’s test was performed. Dots
represent individual values and the line represents the median. A p values were expressed as follows: 0.05>p>0.01 as*
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TABLE 3A Effect of immunomodulating drugs on the immunogenicity of the COVID-19 vaccines more than 6 months from primary vaccination.

IgG antibodies, median RU/ml (min, max)

Healthy control (HC, n=43)
GCs (n=11)

MTX (n=21)

SSZ (n=5)

bDMARD:s and tsDMARDs (n=28)

- TNFi (n=15)
- IL-6i (n=5)
- JAKi (n=5)
- IL-17i (n=3)

IGRA, median fold change (min, max)

Healthy control (HC, n=16)
GCs (n=9)

MTX (n=16)

SSZ (n=3)

bDMARDs and tsDMARDs (n=20)

- TNFi (n=8)
- IL-6i (n=5)
- JAKi (n=4)
- IL-17i (n=3)

% of CD3+INFy+ after Delta (median, min, max)

62.2 (8.2, 1326.9)
223 (1.1, 1364.9)
65.7 (2.1, 303.9)
8.3 (3.4, 200.1)
43.8 (0, 953.8)
424 (3.9, 637.9)
6.1 (1.1, 145)
80 (0, 953.8)
236.8 (181.9, 250.2)

130.8 (7.1, 10015.3)
1(0.5,252.3)
6.7 (0.5, 159.5)
1.8 (0.9, 38.3)
7.5 (0, 6823.6)
8.4 (1.8, 159.5)
1(0.5, 40.7)

5.5 (0, 6823.6)
91.6 (44.5, 145.6)

Difference compared to HC
ns

ns

ns

ns

ns

p=0.044

ns

ns

Difference compared to HC
p=0.004

p<0.001

p=0.033

p=0.001

p=0.006

p=0.002

ns

ns

Healthy control (HC, n=12)
GCs (n=4)

MTX (n=10)

SSZ (n=2)

bDMARDs and tsDMARDs (n=15)

- TNFi (n=8)
- IL-6i (n=4)
- JAKi (n=2)
- IL-17i (n=1)

1.1 (0.4, 8.1)
0.1 (0, 0.4)
05 (0, 3)
0.1(0.1,0.1)
0.8 (0, 3.6)
03 (0, 1.9)
0.9 (0, 1.6)
1.9 (0.1, 3.6)
1.8 (1.8, 1.8)

% of CD3+INFy+ after Wild type, fold change (median, min, max)

Healthy control (HC, n=12)
GCs (n=6)

MTX (n=11)

SSZ (n=2)

bDMARD:s and tsDMARDs (n=17)

- TNFi (n=8)
- IL-6i (n=5)
- JAKi (n=2)
- IL-17i (n=2)

1.7 (0.1, 3.7)
0.4 (0, 2.1)
0.5 (0, 1.9)
0.6 (0.4, 0.8)
1.1 (0, 4.2)
1.6 (0, 4.2)
0.6 (0,1.2)
0.4 (04, 0.4)
1.1 (0.3, 1.9)

Difference compared to HC
p=0.002

ns

p=0.022

ns

ns

ns

ns

Difference compared to HC
ns

p=0.012

ns

ns

ns

bDMARDs, biological disease-modifying antirheumatic drugs; GCs, glucocorticoids; IL-6i, IL-6 inhibitors; IL-17i, IL-17 inhibitors; JAKi, JAK inhibitors; MTX, methotrexate; ns,
nonsignificant; SSZ, sulfasalazine; TNFi, TNF inhibitors; tsDMARDs, targeted synthetic disease-modifying antirheumatic drugs.

may be more sensitive to immunomodulatory treatment in
comparison to the humoral response. On the other hand, it
should be noted that due to persistent inflammation in RA, T
cells have an exhausted phenotype, which is characterized by the
diminished ability to respond to viral antigens (35). Therefore,
lower immunogenicity of vaccination in these patients may
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result not only from immunomodulatory treatment but also
from the features of the underlying disease itself.

Although current variants of the SARS-CoV-2 appear to result
in a milder course of the disease, COVID-19 still poses a risk to
immunocompromised patients. Up to date, vaccination guidelines
regarding booster doses for AIIRD patients are based on experts’
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TABLE 3B Effect of immunomodulating drugs on the immunogenicity of the COVID-19 vaccines after 4 weeks from booster dose.

IgG antibodies, median RU/ml (min, max)

Healthy control (HC, n=47)

GCs (n=14) 1167.7 (30.8, 4524.7)
MTX (n=24) 1199.4 (30.8, 4724.7)
SSZ (n=6) 1311.2 (30.8, 3950.7)
bDMARDs and tsDMARDs (n=31) 999.1 (95.5, 2325.4)

- TNFi (n=17) 1304.5 (141.6, 2142.2)

- IL-6i (n=5) 329.8 (272.2, 999.1)

- JAKi (n=7) 614.8 (95.5, 1870.9)

- IL-17i (n=3) 2295.8 (1504.4, 2325.4)

IGRA, median fold change (min, max)

1693.1 (530.5, 5419.1)

Difference compared to HC
ns

ns

ns

p=0.001

ns

p=0.004

p<0.001

ns

Healthy control (HC, n=16)

580.6 (4, 22303.4)

GCs (n=12) 7.7 (0.7, 213)
MTX (n=20) 34.6 (0.7, 2699.7)
SSZ (n=4) 60.3 (5.7, 527.8)
bDMARDs and tsDMARDs (n=23) 30.4 (0.7, 2699.7)
- TNFi (n=10) 75.4 (8.5, 2699.7)
- IL-6i (n=5) 7.1 (0.7, 179.7)
- JAKi (n=6) 11.6 (2.3, 21.4)
- IL-17i (n=3) 151.5 (48.4, 409.5)

% of CD3+INFy+ after Delta (median, min, max)

Healthy control (HC, n=12) 1.7 (0.1, 3.7)
GCs (n=8) 0.4 (0, 2.1)
MTX (n=13) 0.8 (0, 2.1)
SSZ (n=2) 1(0.8,1.2)
bDMARD:s and tsDMARDs (n=19) 1.1 (0, 4.2)
- TNFi (n=9) 1.7 (0, 4.2)
- IL-6i (n=5) 0.6 (0, 1.2)
- JAKi (n=3) 0.4 (0.4, 0.5)
~IL-17i (n=2) 1.1 (0.3, 1.9)

Difference compared to HC
p<0.001

p<0.001

ns

p<0.001

p=0.047

p<0.001

p=0.004

ns

Difference compared to HC
ns
ns
ns
ns
ns
ns
ns

ns

% of CD3+INFy+ after Wild type, fold change (median, min, max)

Healthy control (HC, n=12) 1.2 (0.1, 2.6)
GCs (n=6) 0.7 (0, 1.8)
MTX (n=11) 0.5 (0, 1.3)
SSZ (n=1) 0.1 (0.1, 0.1)
bDMARDs and tsDMARDs (n=18) 0.5 (0, 3.4)
- TNFi (n=9) 1(0,3.4)
- IL-6i (n=5) 0.1 (0, 0.9)
- JAKi (n=2) 0.3 (0.1, 0.5)
- IL-17i (n=2) 0.8 (0.4, 1.1)

Difference compared to HC
ns

p=0.037

ns

ns

ns

p=0.019

ns

bDMARDs, biological disease-modifying antirheumatic drugs; GCs, glucocorticoids; IL-6i, IL-6 inhibitors; IL-17i, IL-17 inhibitors; JAKi, JAK inhibitors; MTX, methotrexate; ns,
nonsignificant; SSZ, sulfasalazine; TNFi, TNF inhibitors; tstDMARDs, targeted synthetic disease-modifying antirheumatic drugs.

opinions, not on well-documented studies. Therefore, scientific
evidence to develop optimal booster vaccination regimens for
patients treated with immunomodulatory drugs is needed.

The greatest advantage of our study is the assessment of the
effect of individual immunomodulatory drugs on both humoral
and cellular responses after the COVID-19 booster dose. The
biggest limitation of our study is the relatively small sample size
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and a short period of observation after the booster dose. Studies
on a larger group of patients may allow for a more precise
determination of booster vaccine immunogenicity in patients
treated with specific immunomodulatory drugs, while studies
with a longer follow-up period will allow for finding the optimal
time between booster doses. Additionally, we did not measure
the neutralization capacity of antibodies, and disease flares were
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TABLE 4 Adverse events (AE) after primary vaccination in inflammatory arthritis patients and healthy controls.

Number (%) All patients (n=96) Inflammatory arthritis (n=49) Healthy control (n=47) difference
Any AE 48 (50%) 6 (53.1%) 22 (46.8%) ns
Injection site reaction 36 (37.5%) 8 (36.7%) 18 (38.3%) ns
-mild 29 (30.2%) 4 (28.6%) 15 (31.9%)
-moderate 7 (7.3%) 4 (8.2%) 3 (6.4%)
Malaise 28 (29.2%) 16 (32.7%) 12 (25.5%) ns
“mild 20 (20.1%) 12 (24.5%) 8 (17%)
-moderate 7 (7.3%) 3 (6.1%) 4 (8.5%)
-severe 1 (1%) 1 (2%) -
Myalgia 28 (29.2%) 16 (32.7%) 12 (25.5%) ns
-mild 21 (21.9%) 10 (20.4%) 11 (23.4%)
-moderate 6 (6.25%) 5 (10.2%) 1(2.1%)
-severe 1 (1%) 1 (2%) -
Fever 22 (22.9%) 15 (30.6%) 7 (14.9%) ns
-mild 17 (17.7%) 11 (22.4%) 6 (12.8%)
-moderate 5 (5.2%) 4 (8.2%) 1(2.1%)
Headaches 16 (16.7%) 9 (18.4%) 7 (14.9%) ns
-mild 12 (12.5%) 6 (12.2%) 6 (12.8%)
-moderate 3 (3.1%) 2 (4.1%) 1(2.1%)
-severe 1 (1%) 1 (2%) -
Arthralgia 12 (12.5%) 7 (14.3%) 5 (10.6%) ns
-mild 9 (9.4%) 5(10.2%) 4 (8.5%)
-moderate 2 (2.1%) 1 (2%) 1(2.1%)
-severe 1 (1%) 1 (2%) -
Sleep disturbance, mild 2 (2.1%) 2 (4.1%) - ns
Syncope, moderate 1 (1%) 1 (2%) - ns
Allergic reaction, mild 1 (1%) 1 (2%) - ns

ns, nonsignificant.

based on patient reports. Finally, a limitation on the usefulness
of our results is that currently, we do not know the antibody and
cellular response levels that can effectively protect against
COVID-19 infection in IA patients.

Our study confirmed the necessity and good immunogenicity
of COVID-19 booster doses in IA patients. Moreover, we
determined the effect of a booster dose on cellular response,
which appears to be a sensitive marker for assessing the
immunogenicity of COVID-19 vaccination in IA patients.
Overall, our results may support health professionals and
policymakers on the recommendation for subsequent
booster doses to ensure the successful vaccination of
immunocompromised patients.
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