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Abstract

Objectives. Successful vaccination is key to overcoming the COVID-19 pandemic. Immunosuppressive medication

is known to potentially compromise vaccination responses, and expansion of our knowledge on vaccination effi-

cacy in patients with autoimmune inflammatory rheumatic diseases (AIIRD) is therefore of utmost importance.

Methods. We conducted a single-centre observational study and evaluated the efficacy of approved COVID-19

vaccines in 303 adult AIIRD patients. Serum levels of IgG antibodies against the S1 subunit of SARS-CoV-2 spike

proteins (anti-S IgG) were measured at least two weeks after vaccination. In a subgroup of patients without hu-

moral response, T-cell responses were determined using an interferon-c gamma release assay.

Results. Overall seropositivity rate was 78.5% and was significantly lower in patients under immunosuppressive

therapy (75.7 vs 93.2%, P¼0.009). No difference regarding the vaccination type was observed. Glucocorticoids,

mycophenolate-mofetil, TNF inhibitors, tocilizumab, abatacept and rituximab were all associated with non-response

after proper vaccination. The risk was highest under RTX therapy (OR 0.004, 95% CI 0.001, 0.023, P<0.0001). A

strong negative correlation was observed between time since vaccination with an mRNA vaccine and anti-S anti-

body levels (r¼–0.6149, P<0.0001). In patients without humoral response, a T-cell response was found in 50%.

Conclusions. COVID-19 vaccination in patients with AIIRD is effective using any approved vaccine. Humoral re-

sponse might be impaired depending on the individual immunosuppressive medication. The risk of non-response is

highest under rituximab therapy. Anti-S IgG antibody levels wane over time after mRNA vaccination. Importantly,

50% of humoral non-responders showed a T-cellular response, suggesting T-cell-mediated protection to a certain

extent.

Key words: COVID-19, vaccination, humoral response, cellular T-cell response, rheumatic diseases,
immunosuppression

Rheumatology key messages

. Glucocorticoids, mycophenolate-mofetil, TNF inhibitors, tocilizumab, abatacept and rituximab were
associated with non-response after proper vaccination.

. The risk for serological non-response was highest under rituximab therapy (OR 0.004, 95% CI 0.001,
0.023, P<0.0001).

. Fifty per cent of the humoral non-responders had a detectable T-cell response.
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Introduction

Since the beginning of the COVID-19 pandemic, patients

with autoimmune inflammatory rheumatic diseases have

been considered to be at an increased risk for hospital-

ization and severe or even fatal outcomes [1–3]. Distinct

therapies such as the B-cell depleting rituximab or the

use of high glucocorticoid doses (�10 mg prednisone

equivalent) are main contributors to that risk [4–6]. On

the other hand, some biologic agents (e.g. TNF inhibi-

tors) are not associated with an increased risk of severe

COVID-19 and might even reduce the risk of hospitaliza-

tion [7–9]. Nevertheless, a proper vaccination against

COVID-19 is crucial to protect patients with autoimmune

inflammatory rheumatic diseases. While randomized tri-

als report high vaccine efficacy, the major drawback of

these trials from a rheumatologic perspective is the

(understandable) exclusion of immunocompromised

patients [10–12]. Unfortunately, as we know from other

vaccines (e.g. influenza, pneumococcal), humoral re-

sponse to vaccination can be impaired under immuno-

suppressive therapy [13–15]. So far, while first data on

COVID-19 vaccine response in immunocompromised

patients with rheumatic diseases have been published,

our knowledge remains limited and focused on messen-

ger RNA vaccines [16–18].

The aim of this study was to evaluate the humoral re-

sponse to any valid COVID-19 vaccination in patients

with various autoimmune inflammatory rheumatic condi-

tions under different kinds of immunosuppressive medi-

cation including conventional synthetic, biologic and

targeted synthetic DMARDs. In humoral non-

responders, the vaccine-induced T-cell response was

determined.

Methods and study design

Study participants

Consecutive adult patients with various autoimmune in-

flammatory rheumatic diseases have been recruited

from the outpatient clinic at Leipzig University during

their regular visits between July and September 2021.

They have been asked for their COVID-19 vaccination

status and valid vaccination was double-checked by ei-

ther reviewing the individual vaccination cards or using

the CovPass smart phone app. CovPass is an applica-

tion from the Robert Koch Institute for German resi-

dents, allowing to store and view European Union Digital

COVID Certificates for their valid COVID-19 vaccination

[19]. Details on the used vaccine and the application

dates were documented. Any approved vaccine [i.e.

ComirnatyVR (Biontech/Pfizer), SpikevaxVR (Moderna),

VaxzevriaVR (AstraZeneca) and COVID-19 vaccine

JanssenVR (Janssen-Cilag/Johnson&Johnson)] was con-

sidered. The individual patient’s characteristics including

the medication at the time of vaccination were obtained

from the medical record. Patients with a previous SARS-

CoV-2 infection were excluded.

Serological testing

To evaluate humoral immunity, IgG antibody levels

against the receptor binding domain (RBD) of the S1

subunit of the SARS-CoV-2 spike protein (anti-S IgG)

were measured in the patient’s sera if at least two

weeks had passed after documented vaccination using

a chemiluminescent immunoassay (SARS-CoV-2-IgG-II-

Quant-Assay, Architect i2000SR, Abbott, Abbott Park,

IL, USA). According to the manufacturer’s instructions,

an anti-S IgG �7.1 BAU/ml was considered as positive.

T-cell interferon-c gamma release (IGRA) assay

In some of the patients without humoral immunity (nega-

tive anti-S IgG antibody test), the T-cell response

against SARS-CoV-2 was evaluated using an IGRA in

order to determine if possibly protective cytotoxic T

cells exist.

From each patient, peripheral blood mononuclear cells

(PBMCs) were isolated from 9 ml heparinized whole

blood by density gradient centrifugation (1000� g,

10 min). PBMCs were washed with PBS (500�g, 10 min),

counted using an automatic blood counter (Sysmex XP-

300, Sysmex, Norderstedt, Germany) and diluted in

serum-free AIM-V-Medium (Fisher Scientific, Suisse) to a

final cell concentration of 2.5� 105 cells/100 ml. For

IGRA we used a T-Spot COVID ELIspot system (Oxford

Immunotech, Oxford, UK); 50ml AIM-V-medium served

as the negative control, 50 ml PHA as the positive control

and 50 ml Spike-protein mix as the target antigen. To

each of the wells, we added 100ml of the diluted cell

suspension and incubated the plate for 20 h at 37�C,

5% CO2. Supernatant was discarded, and wells were

washed three times with PBS. Afterwards, 50 ml of con-

jugate reagent (Oxford Immunotech, Oxford, UK) were

added to each well and incubated for one h at 4�C in

the dark. The conjugates were discarded and each well

was washed 3� with PBS. We added 50ml of substrate

solution (Oxford Immunotech, Oxford, UK) to each well

at room temperature for 7 min. The plate was washed

thoroughly with distilled water and dried. Finally, the

spots were counted by an ELIspot-reader (AID,

Straßberg, Germany). Test results were reactive if nega-

tive control were <10 spots, positive control >20 spots,

and Spike-Mix >10 spots.

Biostatistical analysis

To describe continuous data, mean and S.D. or median

and interquartile range (IQR) were used where appropri-

ate. Categorical data were described with absolute or

relative frequencies. To compare the frequencies of cat-

egorical variables, chi squared test or fisher’s exact test

was performed. For comparison of continuous data, stu-

dent’s t test or Mann–Whitney U test, as appropriate,

was applied. To assess the difference of three or more

groups, analysis of variance or Kruskal–Wallis test with

correction for multiple comparisons was done.

Multivariable analysis was carried out using multiple

logistic regression. A significant statistical difference
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was assumed when the P-value was <0.05. All analyses

were conducted using GraphPad PRISM Version 8.4 for

Mac (GraphPad Software Inc., San Diego, CA, USA).

Ethical approval

All procedures performed in this survey were in accord-

ance with the ethical standards of the institutional and/

or national research committee and with the 1964

Helsinki Declaration and its later amendments or

comparable ethical standards. The design of the study

was approved by the ethics committee of the University

of Leipzig (282/21-ek). Data obtained in this study did

not interfere with the course of treatment for patients

included. Informed consent was obtained from all indi-

vidual participants included in the study.

Results

Study population

In total, 303 patients with various rheumatic diseases

[66% female, mean age 61.4 (14.6) years] have been

included in this study. The majority of patients had

rheumatoid arthritis (41.9%), followed by spondyloarthri-

tis (24.8%) and connective tissue diseases (23.4%, with

80.3% systemic lupus erythematosus). The mean time

since documented vaccination in all patients was 80.3

(50.8) days. See Table 1 for further details on the pa-

tient population and the immunosuppressive

medication.

Overall seropositivity rate after complete COVID-19

vaccination was 78.5% with a lower mean age among

the responders [60 (14.6) vs 66.1 (14) years, P¼ 0.003].

Excluding the patients under B-cell-depleting therapy,

response rate was 85.4%. No difference regarding the

time since vaccination between responders and non-

responders was observed. Seroconversion rate was sig-

nificantly lower in patients under immunosuppressive

therapy than in patients without [75.7 vs 93.2%, odds

ratio (OR) 0.228, 95% CI 0.068, 0.760, P¼ 0.009]. The

yielded anti-S IgG levels were higher in patients under

60 years (P¼0.0017) and without DMARD therapy

(P¼0.0048), see Fig. 1. Further details on seropositivity

in the different patient subgroups can be obtained from

Table 2.

Humoral response under distinct disease-modifying
anti-rheumatic and immunosuppressive drugs

Treatment with AZA and MTX monotherapy was associ-

ated with a high seropositivity of 94.7% and 95.5%, re-

spectively. Combination of MTX with other therapies

reduced that rate to 60.9% (P< 0.0001). While combin-

ation with a tumor necrosis factor inhibitor (TNFi) led to

a reduced seroconversion rate of 75% (P<0.0001),

combination with abatacept (ABA) decreased that rate

even further (33.3%, P<0.0001). Seroconversion was

0% in combination with tocilizumab (TOZ, P< 0.0001). T
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Cytokine inhibiting therapy [TNFi, TOZ, interleukin (IL)

17 inhibitors] was associated with a seroconversion rate

of 85.6%. While seroconversion was 83.3% under TOZ

monotherapy, TNFi monotherapy led to a humoral re-

sponse in 90.7%. Importantly, none of the patients

under IL-17i treatment failed to mount a humoral re-

sponse (seroconversion rate 100%, P¼ 0.0021 and

P<0.0001 vs TNFi and TOZ, respectively).

Patients under glucocorticoid (GC) monotherapy

showed a humoral response in 85.2%, and patients

receiving GC in combination with either DMARD had a

significantly reduced seroconversion rate of 65.8%

(P¼0.0018). Patients with janus kinase inhibitor (JAKi)

treatment had a seropositivity in 86.4%, independently

of combination with MTX. Both MMF and ABA therapy

were associated with low seroconversion rates (75 and

35.3%, respectively). Of interest, treatment with belimu-

mab (BEL) was associated with a seroconversion rate of

80%.

Seropositivity was lowest under B-cell-depleting treat-

ment with rituximab (RTX, 10.3%). The low response

under RTX was independent of MTX co-medication.

Median distance to the last RTX application was

215 days (IQR 190-293) and the median B-cell count

was 0 cells/cl (IQR 0–21.5). While the B-cell count was

higher in responders without reaching significance (9 vs

0 cells/cl, P¼0.1842), the anti-S IgG titre correlated

positively with the peripheral B-cell count (r¼ 0.5348,

P¼0.0125).

The conducted logistic regression analysis (model a

priori adjusted for age, gender, diagnose, vaccine type

and time since vaccination) revealed treatment with GC,

MMF, TNFi, TOZ, ABA and RTX to be associated with

non-seroconversion after proper vaccination (for details

and OR see Fig. 2). The risk was highest among patients

under B-cell-depleting therapy with rituximab (OR 0.004,

95% CI 0.001, 0.023, P< 0.0001).

Differences in humoral immunity depending on the
used vaccine

The majority of the included patients (85.1%) have been

vaccinated with mRNA vaccines, while 14.9% were

immunized with vector vaccines. Seropositivity rate did

not differ between the two vaccine types (80.3% after

mRNA and 78% after vector-based vaccination, re-

spectively). The humoral responses differed significantly,

however. Anti-S IgG levels were higher in patients vacci-

nated with an mRNA vaccine compared with vector vac-

cine (168 BAU/ml vs 32.5 BAU/ml, P¼0.0002, Fig. 3A).

Anti-S IgG antibody titres after mRNA vaccine were

found to correlate strongly with the elapsed time be-

tween complete vaccination and analysis in the study

(r ¼–0.6149, P< 0.0001, see Fig. 3B). For vector vac-

cines, in contrast, no such correlation was seen (r ¼–

0.1255, P¼ 0.4660, data not shown). The lower titres

FIG. 1 Comparison of IgG antibodies against the spike protein of SARS-CoV-2 (anti-S IgG)

(A) Patients >60 vs <60 years, (B) Patients with and without DMARD therapy. Shown are individual values, median

and interquartile range. The dotted line represents the seropositivity cut-off (7.1 BAU/ml).

TABLE 2 Seropositivity rate, stratified by disease and

medication (n¼303)

Patient group Seropositivity, n (%)

All patients 238/303 (78.5)

RA 85/127 (66.9)
Spondyloarthritisa 71/75 (94.7)
CTD 60/71 (84.5)

SLE 47/57 (82.5)
ANCA-associated vasculitis 11/17 (64.7)

Large-vessel vasculitis 7/7 (100.0)
Adult-onset Still’s disease 2/3 (66.7)
Idiopathic juvenile arthritis 2/2 (100.0)

Medication (any combination)
Glucocorticoids 98/149 (65.8)

MTX 84/111 (75.7)
AZA 18/19 (94.7)
MMF 18/24 (75)

TNF inhibitor 59/70 (84.3)
JAK inhibitor 19/22 (86.4)

IL17 inhibitor 19/19 (100)
Abatacept 6/17 (35.3)
Tocilizumab 5/7 (71.4)

Belimumab 4/5 (80)
Rituximab 3/29 (10.3)

aIncluding axial spondyloarthritis and psoriatic arthritis.
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achieved by vector vaccine were not due to waning anti-

body titres, because the mean time since complete vac-

cination was 83.7 (51.4) days for mRNA vaccines and

58.2 (35.4) days for vector vaccines (P¼ 0.003).

T-cell response in patients without humoral
immunity

Sixty-five patients (21.5%) did not mount a humoral re-

sponse after valid vaccination. T-cell response was

assessed in 20 of these patients. The majority of the

evaluated patients (45%) were treated with the B-cell-

depleting agent RTX. ABA, MMF and TNFi were each

used in three patients (15%). Only one patient was

treated with belimumab.

In total, 50% of the patients had a detectable T-cell

response towards the SARS-CoV-2 spike protein. The

rate of T-cell response was highest in patients under

RTX treatment (55.6% vs 33.3% in patients with ABA,

MMF or TNFi therapy). There was no correlation

FIG. 2 Odds ratios (OR) for seroconversion after COVID-19 vaccination as determined by multiple logistic regression

ABA: abatacept; BEL: belimumab; GC: glucocorticoids; JAKi: JAK inhibitor; RTX: rituximab; TNFi: TNF inhibitor; TOZ:

tocilizumab.

FIG. 3 Difference of anti-S IgG titre and antibody time course depending on the used vaccine

(A) Anti-S IgG titre comparison after vaccination with either mRNA or vector vaccine. Shown are individual values,

median and interquartile range. The dotted line represents the seropositivity cut-off (7.1 BAU/ml). (B) Relationship be-

tween anti-S IgG titre and time after vaccination with an mRNA-based vaccine. The shaded area represents the 95%

CI. mRNA: messenger ribonucleic acid. *** P<0.001.

Humoral and cellular response to COVID-19 vaccination in AIIRD
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between anti-S IgG titres and ELIspot numbers (data

not shown) and the peripheral B-cell count was higher in

patients without T-cell response (20.5 vs 4 cells/cl,

P¼0.7863).

Of particular interest, absolute ELIspot count though

was increased in patients with totally depleted B cells

(P¼0.0398, Fig. 4), with 88.9% of them under RTX

treatment.

Cellular immunity was impaired by the use of gluco-

corticoids (OR 0.062, 95% CI 0.003, 1.329, P¼ 0.0379).

Discussion

This study reports a seropositivity rate of 78.5% after

valid COVID19 vaccination for patients with various

autoimmune inflammatory rheumatic diseases and dif-

ferent anti-rheumatic drugs. Response to vaccination

was significantly higher in patients without immunosup-

pressive therapy (93.2 vs 76.1%). Importantly, we saw

no difference in seroconversion between the used vac-

cine types.

In the current literature, reported rates of seroconver-

sion in immunocompromised patients with autoimmune

inflammatory rheumatic diseases vary from 49% to

100% [16–18, 20–22], most likely due to a great variabil-

ity in study design, the used vaccines, medication and

the patient population enrolled. While a smaller investi-

gation (n¼84) showed a seropositivity rate of 94%

(none of the patients had been under RTX therapy nor

treatment with abatacept or mycophenolate-mofetil)

[18], larger studies with a greater treatment variety

reported up to 86% response rate [16]. Investigations

focusing on RTX treatment demonstrated lower rates of

humoral response (49–59.3%) [20, 22]. Most of the stud-

ies investigated vaccination with the mRNA vaccine

BNT162b2 (ComirnatyVR ).

Our results indicate that not only medication with rit-

uximab, abatacept, glucocorticoids and mycophenolate-

mofetil, but also with TNFi hampers humoral immunity.

Interestingly, while Furer et al. reported no negative im-

pact of TNFi on seroconversion from their trial [16], col-

leagues from the Netherlands found reduced odds for

seroconversion after one vaccination shot, particularly in

combination with MTX [23]. Because we did not find a

difference in seropositivity rate after vaccination with

mRNA or vector vaccine, the exclusive use of

ComirnatyVR in the trial from Furer et al. cannot explain

this difference. A large investigation from the UK in

patients with inflammatory bowel diseases and therapy

with infliximab reports a reduced seroconversion rate of

85% after vaccination, comparable to our findings [24].

In general, combination therapy (e.g. MTXþTNFi) seems

to be more immunosuppressive than monotherapy.

Concordantly, a recent small investigation showed that

functional humoral immunity was not impaired in

patients with psoriasis under monotherapy with MTX or

cytokine inhibitors after mRNA-based vaccination [25].

Of particular importance is the finding that none of the

patients receiving anti-IL-17 therapy, neither in mono-

therapy nor in combination, failed to seroconvert.

Because IL-17i treatment is particularly used in patients

with spondyloarthritis, this finding might contribute to

the high seropositivity rate (94.7%) in that patient group.

High seropositivity rates were also found in patients

treated with AZA, MTX monotherapy and JAK inhibitors.

These results suggest that withholding therapy prior to

vaccination might not be necessary with these immuno-

suppressive medications. Importantly, when MTX is

used in combination with other DMARDs, suspending

the combination partners for vaccination should be con-

sidered (particularly TNFi, TOZ or ABA).

B-cell-depleting therapy was the strongest predictor

of failing humoral response after complete vaccination.

The very low response rate of 10.3% is likely to be

explained by the short median distance to the last RTX

application (215 days, IQR 190–293) and the almost total

depletion of the B-cell compartment. Other trials with a

higher seroconversion rate under RTX treatment

reported longer median distances (>1 year) to the last

application and at least partial B-cell reconstitution

[22, 26]. Humoral response seems to correlate with the

time to the prevaccination RTX administration, with a

more than 2-fold increase when vaccination is per-

formed 12 months rather than 6 months after RTX treat-

ment [16]. Furthermore, a distinct amount of circulating

FIG. 4 Comparison of ELIspot count between patients with detectable and depleted B cells

Shown are individual values, mean and standard error of the mean.
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B cells (10 cells/cl, [27]) might be required for serocon-

version. In our cohort, seropositive patients show higher

B-cell counts than seronegative patients without reach-

ing significance, very likely due to the low rate of sero-

conversion and therefore low numbers in the responder

arm. The correlation of anti-S IgG titre with the periph-

eral B-cell count emphasizes the critical role of B cells

in eliciting a humoral response after vaccination of RTX-

treated patients.

RTX is predominantly used for the treatment of RA

and ANCA-associated vasculitis (AAV), which most

probably contributes to the reduced seroconversion

rates in these patient subgroups in our cohort (serocon-

version rate in RA patients without RTX 78.5%, in AAV

patients without RTX 100%, accordingly).

Compared with vaccination with an mRNA vaccine,

the induced antibody titres were significantly lower after

vaccination with a vector vaccine. In contrast, while

anti-S IgG titres showed a strong negative correlation

with time since vaccination in mRNA-vaccinated patients,

such a relationship was not seen in patients after vector-

based vaccination. The negative correlation mirrors wan-

ing antibody titres that have already been predicted at the

beginning of the worldwide vaccination campaign and

could be confirmed just recently for mRNA vaccines [28,

29]. Although the implications of waning antibody levels

are still a matter of debate, higher antibody levels are like-

ly associated with an increased protection particularly

against virus variants [30]. Furthermore, anti-S IgG have

been demonstrated to correlate with neutralizing antibody

levels [28] and a publication from Israel reports an

impaired protection 6 months after vaccination [31]. Lower

antibody levels after vector vaccination consequently

raise concerns about actual protection, especially in

immunocompromised patients. Nevertheless, a protective

threshold has yet to be defined. Therefore, the recently

approved mRNA booster vaccination for patients at risk

(including patients with autoimmune inflammatory

rheumatic diseases) in Germany [32] therefore meets

concerns in this direction and is particularly needed for

patients under RTX and ABA treatment. Because humoral

response most likely depends on the elapsed time since

the last RTX application and the accompanied B-cell

repopulation, that interval should be lengthened when

clinically feasible. Likewise, ABA administration should be

postponed to improve vaccine-induced immunity. CYC

was not used in any of our patients but is a potent im-

munosuppressive with depleting effects on B and T cells.

Consequently, a hampering effect comparable to RTX or

MMF may be presumed. While specific literature on the

impact of CYC on COVID19 vaccination response in

humans is missing, CYC is known to impair influenza vac-

cine responses. A recent investigation in mice suggests

an impaired humoral immunity against SARS-CoV-2 spike

protein [33]. The American College of Rheumatology rec-

ommends timing of IV administration approximately one

week after each vaccine dose when feasible [34].

At least 50% of the non-responders in our cohort

showed a detectable T-cell response. Other studies

reported cellular response rates ranging from 20% in a

mixed cohort of patients receiving RTX for various indi-

cations [22] up to 82.6% in patients with AAV and podo-

cytopathies [20]. It must be taken into consideration,

however, that T-cell response has been determined in-

dependently of seroconversion in these studies [20, 22].

Focusing on SLE patients, two recent investigations

showed a positive correlation between anti-S IgG and T-

cell response [35, 36]. Both patients with and without

humoral response were included. Because our T-cell

substudy only considered patients without humoral re-

sponse, these results could not be compared with our

finding of a missing correlation between humoral and

cellular response. Important, though, is our finding of an

increased ELIspot count in humoral non-responders with

totally depleted B cells when being compared with

patients with measurable B cells. The pre-print publica-

tion of the OCTAVE trial [37] reported comparable T-cell

responses between healthy controls and diseases such

as inflammatory arthritis or AAV. Lacking further com-

parative analyses (e.g. differentiation after serostatus or

B-cell count), the interpretation is difficult. Taking our

finding of an increased ELIspot count in non-

seroconverted, B-cell-depleted patients into account,

we suggest that the missing serological response due to

lack of B cells might be counteracted by an increased

T-cell response.

T-cell response is important for recovery from COVID-

19 and provides increased immunity against re-infection

[38]. Although T cells might not be able to prevent infec-

tion, they can reduce the viral load and therefore the

pathogenicity of the virus [39]. Investigations in rhesus

macaques suggest a protective role of CD8-driven cellu-

lar immunity against SARS-CoV-2 even in the context of

waning or subprotective antibody titres [40].

The detection of a positive T-cell response against the

spike protein in 50% of patients without seroconversion

is encouraging and might confer protection even in the

absence of specific antibodies.

The limitations of our study include the observation-

al design, the small size of some medication sub-

groups, and the variable time since vaccination. Our

logistic regression model was adjusted accordingly for

the time elapsed since vaccination. In future studies,

longitudinal determination of anti-S IgG antibody lev-

els will also be required to investigate the individual

course of the waning of antibody responses. As in any

COVID-19 vaccination-related investigations, a pro-

tective antibody level threshold is currently missing

due to lacking data.

Conclusions

Vaccination against COVID-19 in patients with inflamma-

tory rheumatic conditions is effective using both mRNA

and vector vaccines. Our results indicate that serocon-

version is highest in patients without immunosuppres-

sion and that humoral response might be impaired

depending on the individual immunosuppressive

Humoral and cellular response to COVID-19 vaccination in AIIRD
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therapy. The risk of non-response is highest in patients

under B-cell-depleting therapy, but abatacept, glucocor-

ticoids, mycophenolate-mofetil, TNF inhibitors and

tocilizumab were also identified as risk factors for non-

response. If clinically feasible, postponing of RTX and

ABA therapy is likely to improve vaccine-induced hu-

moral immunity. Anti-S IgG shows a strong negative

correlation with the time since complete mRNA-based

vaccination, indicating waning antibody levels. Booster

vaccinations are probably needed to maintain high anti-

body levels and to ensure protection particularly in

patients with B-cell-depleting therapy. Encouraging, is

that 50% of the humoral non-responders show a cellular

response, which suggests protection to some extent.
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