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ARTICLE INFO ABSTRACT

Handling editor: M.E. Gershwin Background: A 3™ COVID-19 vaccination is currently recommended for patients under immunosuppression.

However, a fast decline of antibodies against the SARS-CoV-2 receptor-binding domain (RBD) of the spike protein

Keywords: has been observed. Currently it remains unclear whether immunosuppressive therapy affects kinetics of humoral
SARS_'COY'z and cellular immune responses.
Vaccination Methods: 50 patients under immunosuppression and 42 healthy controls (HCs) received a 3¢ dose of an mRNA-
COVID-19 . . . .

. based vaccine and were monitored over a 12-weeks period. Humoral immune response was assessed 4 and 12
Immunosuppression

weeks after 3¢ dose. Antibodies were quantified using the Elecsys Anti-SARS-CoV-2 Spike immunoassay against
the receptor-binding domain (RBD) of the spike protein. SARS-CoV-2-specific T cell responses were quantified by
IFN-y ELISpot assays. Adverse events, including SARS-CoV-2 infections, were monitored over a 12-week period.
Results: At week 12, reduced anti-RBD antibody levels were observed in IMID patients as compared to HCs
(median antibody level 5345 BAU/ml [1781-10,208] versus 9650 BAU/ml [6633-16,050], p < 0.001).
Reduction in relative antibody levels was significantly higher in IMID patients as compared to HCs at week 12 (p
< 0.001). Lowest anti-RBD antibody levels were detected in IMID patients who received biological disease-
modifying anti-rheumatic drugs (DMARDSs) or a combination therapy with conventional synthetic and biolog-
ical DMARDs. Number of SARS-CoV-2-specific T cells against wildtype and Omicron variants remained stable
over 12 weeks in IMID patients. No serious adverse events were reported.

Conclusion: Due to a fast decline in anti-RBD antibodies in IMID patients an early 4" vaccination should be
considered in this vulnerable group of patients.

1. Introduction

COVID-19 vaccination is one of the most critical elements to combat
the SARS-CoV-2 pandemic. Humoral as well as cellular immune re-
sponses thereby contribute to vaccination response [1]. Reduced anti-
body levels against the receptor-binding domain (RBD) of the spike
protein have been reported in patients with immune-mediated inflam-
matory diseases (IMID) as compared to healthy controls (HCs) after

primary vaccination [2-4]. Immunosuppressive therapy with conven-
tional synthetic (cs) and biological (b) disease-modifying anti-rheumatic
drugs (DMARDs) can diminish vaccination response in IMID patients
[5]. Here, responses were lowest in patients receiving tumor necrosis
factor (TNF) inhibitor, combination therapy with methotrexate, JAK
inhibitors or abatacept [6-9]. In addition, a decline of anti-RBD anti-
body levels have been described in healthy individuals and, more pro-
nounced, in patients under immunosuppression after primary
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vaccination, which likely corresponds to a waning in clinical protection
and vaccine effectiveness [4,10-12]. Consequently, a 34 covVID-19
vaccination is authorized by the European Medicines Agency (EMA),
the U.S. Food and Drug Administration (FDA) and accordingly has been
recommended by the Center of Disease Control as well as the European
Alliance of Associations for Rheumatology (EULAR) and the American
College of Rheumatology (ACR) [13-15]. We and others recently re-
ported an impaired immune response to a 3" yaccination in IMID pa-
tients as compared to HCs [4,16]. Especially with the Omicron variant of
concern, lower neutralizing capacity and a faster waning of vaccine
response was reported [17]. However, it remains unclear whether
immunosuppressive therapy affects stability of a humoral and cellular
immune response over time. We therefore performed an open-label
extension trial which revealed a fast decline of anti-RBD antibodies
over a period of 12 weeks in immunosuppressed IMID patients as
compared to HC while cellular immune response was preserved.

2. Methods
2.1. Trial design and participants

In this open-label extension phase, individuals were invited to
participate in a 12 weeks observational period after a 3™ COVID-19
vaccination. As described previously, in the main open-label prospec-
tive clinical trial, participants received a 3" dose of a COVID-19 vaccine
using either BNT162b2 (30 pg dose) or mRNA-1273 (100 pg dose) [16].
Briefly, IMID patients under immunomodulatory therapy as well as HCs
(age >18 years) with an anti-RBD antibody level of <1500 BAU/ml
(binding antibody units per milliliter) after primary COVID-19 vacci-
nation were included. Only participants who were vaccinated with an
mRNA vaccine (BNT162b2 or mRNA-1273) were eligible. Main exclu-
sion criteria included previous infection with SARS-CoV-2, known al-
lergies to vaccine compounds or previous B-cell depleting therapies, due
to the different mode of action [18-20]. A detailed trial protocol can be
found in the supplementary appendix. The trial was registered in the
European Clinical Trials Database (EudraCT No.: 2021-002693-10) on
the July 15, 2021.

2.2. Procedures

Vaccine immune responses were assessed one week (cellular) or 4
weeks (humoral) after the 34 COVID-19 vaccination. In the herein
presented extension phase, humoral and cellular immunity was assessed
12 weeks after vaccination. All obtained serum samples were stored
below —70 °C at the Biobank of the Medical University of Vienna, which
provides centralized preparation and storage of biomaterial with certi-
fied quality management (International Organization for Standardiza-
tion (ISO) 9001:2015) [21]. Peripheral blood mononuclear cells
(PBMCs) were isolated one and 12 weeks after the 3™ dose using density
gradient centrifugation. Samples were stored in the vapor phase of
liquid nitrogen.

The study procedures were performed in accordance with Good
Clinical Practice guidelines and the Declaration of Helsinki. The trial
protocol was approved by the ethics committee (No.: 1583/2021) of the
Medical University of Vienna and competent authorities approved the
trial protocol. All participants provided their written informed consent
before enrollment. All individuals were recruited at the Division of
Rheumatology and all trial visits were conducted in a single center
(Vienna General Hospital). The first participant entered the extension
phase on November 2" 2021 and the last completed the 12-week
follow-up February 21% 2022.

2.3. Anti-SARS-CoV-2 antibody testing

Antibodies to the receptor-binding domain (RBD) of the viral spike
(S) protein were quantified using an Elecsys Anti-SARS-CoV-2 S
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immunoassay as previously described [22,23]. The assays detection
range was between 0.4 and 2500.0 BAU/mL, thus samples exceeding
this range were approximated by manual predilutions up to a value of
750,000 BAU/mL. All samples were analyzed on a Cobas e801 (Roche
Diagnostics, Rotkreuz, Switzerland) at the Department of Laboratory
Medicine, Medical University of Vienna (certified acc. to ISO 9001:2015
and accredited acc. to ISO 15189:2012).

2.4. T-cell responses

PepMix SARS-CoV-2 peptide pools for the wild type (WT) virus and
the Omicron variant were acquired from JPT (Berlin, Germany). Pep-
tides were dissolved in dimethyl sulfoxide was used to dissolve peptide
and further diluted in AIM-V medium for use in enzyme-linked immu-
nosorbent spot (ELISpot) assays as described previously [24,25].

To perform the ex vivo T-cell IFN-y ELISpot assay, participants’
PBMC samples from week one and 12 after the 3" COVID-19 vaccine
dose were thawed from the vapor phase of liquid nitrogen and processed
on the same day.

2.5. Statistical analysis

All participants who completed the extension phase were included
into the analysis. Antibody concentrations and cellular responses were
assessed either as absolute numbers and as fold change between week
one/four and week 12. A Wilcoxon signed rank test was performed to
assess differences of antibody levels between groups. A paired Wilcoxon
signed rank test was used for matched observations. Correlation be-
tween humoral and cellular immune responses were calculated using
Spearman’s rank correlation coefficient. All additional analyses were
performed in a descriptive manner. R version 4.2.1 (R Development
Core Team. Vienna, Austria) was utilized for the entire statistical anal-

LTS

ysis, using the packages: “tidyverse”, “ggpubr” and “tableone”.
2.6 Role of the funding source

Laboratory testing was provided the Vienna General Hospital and the
Medical University of Vienna. Otherwise, there was no specific funding
or grant for this research from any funding agency in the public, com-
mercial or not-for-profit sectors. The funders had no role in considering
the study design or in the collection, analysis, or interpretation of data,
the writing of the report, or the decision to submit the article for
publication.

3. Results
3.1. Patient characteristics

Overall, 103 individuals completed week 4 of the main trial. During
the extension phase, 6 healthy controls (HCs) and 5 patients were
excluded, with reasons being COVID-19 infections (2 HCs, 2 patients),
withdrawal (1 patient) or loss to follow up (3 HCs, 3 patients) (Fig. 1). A
total of 92 individuals, 50 patients and 42 healthy controls completed
the extension phase at week 12. Patient and HCs characteristics are
presented in Table 1. Disease entities in the patient cohort consisted of
inflammatory arthritis (44%), connective tissue disease (34%), vascu-
litis (14%), and other patients receiving immunosuppressive therapy
(8%) (Supplementary Table 1).

3.2. Humoral immune response

Anti-RBD antibody levels were compared between IMID patients and
HCs after the 3" vaccination. At week 12, antibody concentrations were
significantly higher in HCs than IMID patients (9650 BAU/ml
[6633-16,050] vs. 5345 BAU/ml [1781-10,208], p < 0.001) (Fig. 2A).
Analysis of anti-RBD antibody levels at week 12 relative to week 4
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Fig. 1. Trial flow diagram.

Table 1
Characteristics of patients and healthy controls who completed week 12.
Data are presented as n (%) or mean + standard deviation (SD).

Healthy controls Patients
N 42 50
Age 48.9 (+14.5) 57.9 (+16.0)
Sex: male 20 (47.6%) 11 (22.0%)

Primary vaccination compound

showed that IMID patients at week 12 retained 41% [31%-57%] and
HCs 58% [48%-67%] of week 4 antibody levels, suggesting a pro-
nounced waning of anti-RBD antibodies in IMID patients (Fig. 2B). No
association of absolute or relative antibody waning with age could be
observed (Supplemental Fig. 1).

3.3. Cellular immune response

BNT162b2 41 (97.6%) 46 (92.0%)
mRNA-1273 1 (2.4%) 4 (8.0%) Cellular immune response was determined one and 12 weeks after
3" vaccination compound 3" COVID-19 vaccination by ELISpot assay. In 25 HCs and 28 IMID
BI\};E:?ES ‘1‘1(2(%‘70}6)%) ;‘5( 1(3%30;“) patients both timepoints could be obtained. Participant characteristics
m| - . 0 . 0 . . .
SARS-CoV-2-S antibodies at week 4 (BAU/ 22,191 15,951 are provided in Supplementary Table 2. " )
ml) (+£14,512) (+16,508) No explicit decrease in SARS-CoV-2-specific spot-forming cells
(SFCs) was observed in IMID patients after restimulation with WT and
Omicron peptides 12 weeks after 3 vaccination (WT: median, week 1:
91 [49-316] vs. week 12: 87, [46—214] per 108 SFCs; Omicron:
A B
p=0.00076 p=0.00064
= p=3.5e-08
£ 3 300
=2 € e
< =
ail SY .
o 10* (=) ®
m m O
x x 3
Y 1o o 5 100
2 // 52
? . P
0 2 ) x
P S = 30 - .
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HCs
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Fig. 2. Humoral immune response at week 4 after 3*¢ vaccination. A) Antibody levels to the receptor-binding domain (RBD) of the viral spike (S) protein in
patients (n = 50) and healthy controls (n = 42) at screening (week 0), week 4 and week 12 after the 3" yaccination. B) Relative anti-RBD antibody abundance at

week 12 (week 4 = 100%) in patients and HCs.
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median, week 1: 122 [ 50—301] vs. week 12: 92 [48—151] per 108
SFCs), suggesting a stable cellular immune response over a period of 12
weeks (Fig. 3A). A significant correlation was observed between SARS-
CoV-2 spike-specific T-cells and anti-RBD antibodies at week 4 and
week 12, which was detectable in patients as well as HCs, indicating the
importance of a cellular immune response for antibody production and
stability (Fig. 3B and Supplemental Fig. 2).

3.4. Effects of immunosuppressive therapy on humoral immune response

Of the 50 patients 25 individuals received a treatment with
¢sDMARDs, 14 with bDMARDSs, 10 combination treatment of csDMARDs
and bDMARDs and 1 patient received a glucocorticoid mono treatment
(Supplementary Table 3).

Anti-RBD antibody levels were compared in IMID patients who
received either cs DMARDs, bDMARDs or a combination treatment of
csDMARDs and bDMARDs 4 and 12 weeks after the 3™ vaccination.
Decreased levels of anti-RBD antibody levels were observed for IMID
patients, in particular under bDMARD or combination therapy (Fig. 4A).
Analysis of anti-RBD antibody levels at week 12 relative to week 4
showed that IMID patients under csDMARD therapy retained 47%
[38%-57%], IMID patients under bDMARD therapy retained 38%
[24%-41%] and IMID patients under combination therapy retained 47%
[32%-68%] of their peak antibody levels, suggesting a pronounced
waning of anti-RBD antibodies in IMID patients under immunosup-
pressive therapy as compared to HCs (59% [48%-67%]) (Fig. 4B).

3.5. Safety

Between week 4 and week 12, no serious adverse events occurred.
Two IMID patients and two HCs were tested positive for SARS-CoV-2
between week 4 and 12 and were subsequently excluded from anal-
ysis. All had a mild disease course not requiring hospitalization.

4. Discussion

In this open-label extension study we investigated the stability of a
humoral and cellular immune response after a 3 COVID-19 vaccination
in IMID patients compared to HCs. While cellular immune response was
largely maintained, IMID patients under immunosuppressive therapy
showed a rapid decrease of anti-RBD antibody levels over a 12-weeks

A
WT Omicron
1000 R
® H ° o ®
o A 8
% (]
2 100 m
=
= : % N gl B
(LT_) 8 ele © ° °
%) 10 g °le o o
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period.

It has widely been accepted that anti-RBD antibody levels correlate
to clinical protection of SARS-CoV-2 infections and that virus neutrali-
zation requires sufficient antibody levels [26-28]. Previous reports de-
pict, that IMID patients have an impaired immune response to primary
COVID-19 vaccination leading to reduced antibody levels when
compared to healthy individuals [2-4]. Based on these data the Center of
Disease Control (CDC) and the World Health Organization (WHO) rec-
ommended a 3" vaccination for immunocompromised individuals,
which is in line with statements from the American College of Rheu-
matology (ACR) and European Alliance of Associations for Rheuma-
tology (EULAR) [29,30]. Patients under immunosuppressive therapy
exhibit more pronounced antibody waning than healthy controls after
the second dose [8,9,11]. Similarly, we observed reduced anti-RBD
antibody levels in IMID patients 12 weeks after 3™ vaccination. Our
data imply treatment strategy as the most important factor for antibody
decrease. Stratification of patients based on their treatment showed that
patients under bDMARD or combination of bDMARD and c¢sDMARD
therapy have the lowest anti-RBD antibody levels with the highest
relative decrease compared to week 4. The data are in line with recently
published reports, that show a negative effect of csDMARD therapy,
bDMARD therapy or combination therapy on the efficacy of a 2" and 3™
COVID-19 vaccination, but also on the stability of the vaccination [3,4,
7,16].

Cellular immune responses are essential for immunogenicity after
COVID-19 vaccination [1]. However, data on cellular immune response
in IMID patients after COVID-19 vaccinations are scarce. We observed
an induction of a cellular immune response one week after a 3rd
COVID-19 vaccination, which could be maintained over a period of 12
weeks after restimulation with WT peptides. There was only a slight
decrease of the cellular response to Omicron peptides highlighting the
relevance of a third vaccination for currently circulating variants of
concern. SARS-CoV-2-specific T cells for both WT and Omicron variants
correlated with anti-RBD antibody levels at week 4 and 12, supporting
the importance of a cellular immune response for antibody
development.

Several concerns have been raised regarding adverse events of an
additional COVID-19 vaccination with respect to pronounced side ef-
fects as well as disease flares [31]. Also in a three months assessment, no
disease flares have been reported in IMID patients and no severe adverse
events in both groups, emphasizing the safety of a 3™ vaccination in

B
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Fig. 3. SARS-CoV-2-specific T-cell response. SARS-CoV-2-specific T-cell responses were determined by ELISpot assay from peripheral blood mononuclear cells
(PBMCs) stimulated with wild type (WT) and Omicron spike subunit S1 and S2 peptide pools at week 0, 1 and 12 after the 3" vaccination. A) Ex vivo IFN-y ELISpot
results of 28 patients and 25 HCs for SARS-CoV-2 WT and Omicron peptide pools at week 0, week 1 and week 12 post vaccination. B) Correlation of average SFCs/10°
PBMCs for Omicron peptide pools at week 1 with antibody levels to the receptor-binding domain (RBD) of the viral spike (S) protein at week 4 and 12 post

vaccination.
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IMID patients.

The mRNA-1273 vaccine in the full dose (100 pg) is supposed to be
more immunogenic compared to BNT162b2 in healthy individuals [32,
33]. In this extension phase only two patients were vaccinated with
RNA-1273, which diminishes the risk of a vaccine-induced bias between
the two cohorts on the one hand, but does not allow a comparison of the
two vaccination compounds as a 3™ vaccination.

Although this investigation addresses stability of a humoral and
cellular immune response of a 3" vaccination in IMID patients as
compared to HCs in a controlled setting, there are some limitations: a
significant effect of different treatment strategies was observed, how-
ever a higher number of patients will be required to draw solid con-
clusions on the action of individual DMARD-containing therapies on
antibody stability. Additional data are needed to further understand
disease-specific effects on the stability of a humoral immune response.

Together our data support that a 3" yaccination is safe in IMID pa-
tients. However, particularly in patients under immunosuppressive
therapy a timely 4™ vaccination should be considered.
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