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Impaired Antibody Response to the BNT162b2 Messenger
RNA Coronavirus Disease 2019 Vaccine in Patients With
Systemic Lupus Erythematosus and Rheumatoid Arthritis
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Objective. With a vaccine effectiveness of 95% for preventing coronavirus disease 2019 (COVID-19), Pfizer-
BioNTech BNT162b2 (BNT162b2) was the first vaccine against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) to be approved. However, immunosuppressive therapy was an exclusion criterion in the phase 3
trial that led to approval. Thus, extrapolation of the trial results to patients with rheumatic diseases treated with
immunosuppressive drugs warrants caution.

Methods. Patients with systemic lupus erythematosus (SLE; n = 61) and rheumatoid arthritis (RA; n = 73) were
included from the COPANARD (Corona Pandemic Autoimmune Rheumatic Disease) cohort, followed since the
beginning of the COVID-19 pandemic. Patients received the BNT162b2 vaccine between December 2020 and April
2021. All patients had total antibodies against SARS-CoV-2 measured before vaccination and 1 week after the second
vaccination (VITROS Immunodiagnostic Products).

Results. Of 134 patients (median age, 70 years), 77 % were able to mount a detectable serological response to the
vaccine. Among patients treated with rituximab, only 24% had detectable anti-SARS-CoV-2 antibodies in their serum
after vaccination. The time since the last rituximab treatment did not seem to influence the vaccine response. No
significant difference was observed between patients with RA or SLE when adjusting for treatment, and no correlation
between antibody levels and age was detected (r = -0.12; P = 0.18).

Conclusion. Antibody measurements against SARS-CoV-2 in patients with RA and SLE after two doses of the
BNT162b2 vaccine demonstrated that 23% of patients could not mount a detectable serological response to the vaccine.

B cell-depleting therapy (BCDT) is of specific concern, and our findings call for particular attention to the patients receiving

BCDT.

INTRODUCTION

The news regarding vaccines against severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2) impacted the world
in late 2020 and spiked global hope.

The Pfizer-BioNTech BNT162b2 (BNT162b2) was the first
vaccine against SARS-CoV-2 to be approved by the European
Medicines Agency, with a high vaccine effectiveness of 95% for
preventing coronavirus disease 2019 (COVID-19) (1). Although the
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phase 3 BNT162b2 vaccine trial was promising, it excluded most
patients with rheumatic diseases (RDs), and treatment with immu-
nosuppressive therapy was a key exclusion criterion (1). Thus,
extrapolation of the trial results to patients with RDs warrants
caution.

Vaccine response can be assessed in different manners. A
widely accessible way is by measuring antibodies against the
vaccine (2). With the BNT162b2 vaccine, the humoral response
correlated well with the cellular response (3). In a study of health
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care workers, 98% developed a significant antibody response
against the SARS-CoV-2 spike protein after a two-dose vacci-
nation with BNT162b2 (4).

Most knowledge on vaccine response in patients with RDs
originates from influenza and pneumococcal vaccines. Meth-
otrexate impairs the antibody response in patients with RDs
receiving the influenza vaccine. However, most patients gen-
erally achieved titers sufficient to be protected against infec-
tion (5). The majority of disease-modifying rheumatic drugs
(DMARDs) do not seem to influence the vaccine response
(6). Still, a potential suboptimal response to vaccines after B
cell-depleting therapy (BCDT) has been reported (7). The Euro-
pean League Against Rheumatism (EULAR) recommends that
patients on BCDT, when possible, receive vaccination 6 months
after or 1 month before BCDT (8). Whether these findings can
be extrapolated to guide vaccination strategies for COVID-19
remains uncertain (9).

Reports about the severity of COVID-19 in patients with
RDs have been conflicting (10-13). However, the pandemic has
prompted isolation and significant behavioral changes in this
group (14), and immunosuppression used in the management
of RDs potentially increases the patients’ vulnerability to infec-
tious diseases (15). In Denmark, patients with RDs receiving
immunosuppressants were quickly categorized by the govern-
ment as having a higher risk for severe COVID-19 than the gen-
eral population. This patient group was, therefore, among the
first in Denmark to receive the new vaccine.

Although data on immunosuppressed individuals follow-
ing messenger RNA (mRNA) vaccination are emerging that
demonstrate a reduced antibody response (16,17), no studies
on immunosuppressed patients with RDs receiving the com-
plete two-dose vaccination with the BNT162b2 vaccine have
been published.

We aimed to explore the antibody response against
SARS-CoV-2 after complete vaccination with BNT162b2 in
134 patients with systemic lupus erythematosus (SLE) and
rheumatoid arthritis (RA) from the COPANARD (Corona Pan-
demic Autoimmune Rheumatic Disease) cohort (14).

PATIENTS AND METHODS

Patients. Patients with SLE or RA in the outpatient clinic at
the Department of Rheumatology at Aarhus University Hospital
(AUH) were selected for this study. Patients were chosen from the
COPANARD cohort (14) and had been followed at AUH since the
pandemic’s first wave. A total of 134 individuals from this cohort
received BNT162b2 vaccination between late December 2020
and April 2021 and were included in this study.

The inclusion criterion for the patients with SLE was ful-
fillment of the American College of Rheumatology (ACR) 1982
revised classification criteria for SLE. The inclusion criteria for

patients with RA were fulfillment of either the 1987 ACR or
the 2010 ACR/EULAR Classification Criteria and treatment
with either a biological or small molecule DMARD. Al patients
resided in the same geographical region of Denmark (Central
and North Region).

Vaccination. All patients were vaccinated via the public
vaccine services following the national vaccine program. Patients
were offered the BNT162b2 vaccine, with 21 (interquartile range,
21-24) days between the two vaccinations.

Blood samples. Blood samples were collected and ana-
lyzed at the Department of Clinical Microbiology at AUH. Samples
were collected prior to vaccination and 1 week after the second
vaccination.

SARS-CoV-2 antibody testing. The serum was tested
for antibodies against SARS-CoV-2 using the VITROS Immuno-
diagnostic Products Anti-SARS-CoV-2 Total test (Ortho Clinical
Diagnostics).

The analyses were performed by experienced staff at the
Department of Clinical Microbiology at AUH on the VITROS®
5600 according to the manufacturer’s instructions. The assay
is a commercial SARS-CoV-2 double antigen sandwich chemi-
luminescent immunoassay, which detects total antibodies cap-
tured by recombinant SARS-CoV-2 spike S1 protein coated in
a microtiter well. A one-level calibration is lot specific and links
the sample signal to a cutoff value. A signal/cutoff (S/CO) of 1
or more was considered positive, and a S/CO of less than 1
was considered negative.

Results were based on a single test result. Performance
characteristics of the VITROS SARS-CoV-2 total antibody chemi-
luminescent immunoassay have been determined in a Danish
validation study (18). The assay had a sensitivity of 95.3% (95%
confidence interval [Cl], 90.7-97.7) and a specificity of 100% (95%
Cl, 99.4-100). No cross-reactivity was observed.

Statistics. All values reported are medians with interquartile
ranges (IQRs) unless otherwise stated. The statistical significance
of differences was assessed using the Mann-Whitney nonpara-
metric test for continuous variables and Pearson’s ¥ test for cat-
egorical variables. Univariate and multivariate logistic regression
analyses were performed with presence of SARS-CoV-2 antibod-
ies after vaccination as the dependent variable.

Ethics. Patients were offered participation in the study after
informed consent. The project was approved by The Danish Data
Protection Agency (1-16-02-19-21). The Central Denmark Region
Committee on Health Research Ethics was consulted concern-
ing the present study (1-10-72-1-21). The study was conducted
according to the Declaration of Helsinki.
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Table 1. Demographics, disease characteristics, and treatment
details for the 134 patients included in the study

SLE RA
Patients included, n 61 73
Female sex, n (%) 41 (77.0) 49 (67.1)

Age, median (IQR), years
BMI, median (IQR), kg/m?

60.2 (46.3-67.1) 70.3(66.9-73.5)
247 (22.5-275) 26.4(23.3-28.9)

Disease duration, median (IQR), 15 (7-30) 19 (10-24)
years
Charlson score, median (IQR) 3(2-4) 4 (3-5)
Smoking status, %
Active 8.3 99
Previous 433 60.5
Never 483 29.6
Hypertension, n (%) 19 (31.2) 33(45.2)
ACE-inhibitor or AT2-antagonist 28 (45.9) 33(45.2)
treatment, n (%)
SARS-CoV-2 antibody positive 1/50 (2) 0/65 (0.0)
prevaccination, n (%)
White, n (%) 60 (98.3) 73(100)
RA
ACPA positivity, n (%) 63/72 (87.5)
IgM-RF positivity, n (%) 58(79.5)
Erosive disease on X-ray, n (%) - 63 (86.3)
DMARD, n (%) -
Methotrexate - 40 (54.8)
Salazopurine - 2(2.7)
Hydroxychloroquine - 1(1.4)
Prednisone - 8(11)
Leflunomide - 5(6.9)
Azathioprine - 2(2.7)
Biologics and small molecules
Number of biologics tried, - 2(1-3)
median (IQR)
TNF-inhibitors, n (%) - 36 (49.3)
Rituximab, n (%) - 15 (20.6)
JAK inhibitor, n (%) - 8 (11)
Anti-IL-6, n (%) - 8 (11)
Abatacept, n (%) - 6(8.2)
SLE
ACR classification criteria, n (%)
Malar rash 31(50.8) -
Discoid rash 4(6.6) -
Photosensitivity 25(41)
Oral ulcers 15 (24.6) -
Nonerosive arthritis 53(86.9) -
Pleuritis or pericarditis 17(27.9) -
Renal disorder 19(31.2) -
Neurologic disorder 5(8.2) -
Hematologic disorder 52 (85.3)
Immunologic disorder 55(90.2)
Positive antinuclear antibody 61 (100) -
SLICC/ACR Damage Index, 1(1-2) -
median (IQR)
Treatment
Hydroxychloroquine, n (%) 37(60.7) -
Prednisone, n (%) 29 (47.5) -
Prednisone dose mg, 5(5-7.5) -
median (IQR)
Azathioprine, n (%) 15 (24.6) -
Mycophenolate mofetil, n (%) 16 (26.2) -
Methotrexate, n (%) 6(9.8) -
Rituximab, n (%) 2(3.3)
Belimumab, n (%) 3(4.9)
(Continued)

Table 1. (Cont’d)

SLE RA
5(8.2) -

Other (privigen, tacrolimus,
and taltz), n (%)
No treatment, n (%) 6(9.8)

Abbreviation: ACE, angiotensins-converting enzyme; ACPA, anti-
citrullinated protein antibody; ACR, American College of Rheumatol-
ogy; anti-IL-6, interleukin 6 inhibitor; AT2, angiotensin Il receptor;
BMI, body mass index; DMARD, disease-modifying rhematic
drug; IgM-RF, 1gM rheumatoid factor; IQR, interquartile range;
JAK, Janus kinase; RA, rheumatoid arthritis; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; SLE, systemic lupus
erythematosus; SLICC/ACR, Systemic Lupus International Collabo-
rating Clinics/American College of Rheumatology; TNF, tumor necro-
sis factor.

RESULTS

Patients. We included 134 patients in the study, including
73 patients (54%) with RA and 61 patients (46%) with SLE, with
a median age of 70 (69-74) years and 60 (46-67) years, respec-
tively (Table 1). Patients with RA were significantly older than the
patients with SLE (P < 0.001). The majority of patients were female
(96 [72%]) and white (133 [99%]). Patients with RA were predom-
inantly treated with tumor necrosis factor (TNF) inhibitors (49%),
rituximab (21%), and anti-IL-6 therapy (11%), with approximately
half of the patients (55%) being treated in combination with meth-
otrexate. All patients with SLE were antinuclear antibody positive
(61 [100%])), and 19 (31%) had kidney affection. Patients with SLE
were primarily treated with hydroxychloroquine (37 [61%)]), pred-
nisolone (29 [48%]), azathioprine (15 [25%]), and mycophenolate
(16 [26%)).

Total SARS-CoV-2 antibodies. Of 134 patients, 31
(23%) had undetectable antibodies against SARS-CoV-2, which
were measured 8 (7—11) days after the second vaccination with
the BNT162b2 vaccine (Figure 1A). Fewer patients with RA (49
[67%)]) than those with SLE (54 [89%)]) had measurable antibod-
ies against SARS-CoV-2. However, the difference observed with
diagnosis was nonsignificant when adjusting for treatment with
rituximalb (P = 0.28; Supplemental Table 1). We did not observe
a difference in antibody levels between the two patient groups
(P =0.08) (Figure 1B). No correlation was observed between anti-
body serum level and age (r = -0.12; P = 0.18) (Supplemental
Figure 1).

Treatment influences on antibody response. \We
observed patients without a detectable vaccine response in all
treatment groups except belimumab. This was most pronounced
in the rituximab group, in which only 4 of 17 (24%) responded (Fig-
ures 2A and 2B). In a univariate model, only hydroxychloroquine
and rituximab were significantly associated with no response to
the vaccine. However, rituximab treatment alone remained sig-
nificantly associated with no antibody vaccine response after
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Figure 1. Antibody response against messenger RNA coronavirus
disease 2019 (COVID-19) vaccine Pfizer-BioNTech BNT162b2 1
to 2 weeks after the vaccine in patients with rheumatoid arthritis
(RA) and systemic lupus erythematosus (SLE). (A) Percentage of
patients with positive severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) antibody results after vaccination. (B) Levels of
SARS-CoV-2 antibodies in serum after vaccination. One outlier, a
patient with lupus, with antibody levels of 1120 arbitrary units (AU)/
ml, is removed from the display. The patient was the only patient with
positive antibody levels prior to vaccination.

a multivariate analysis adjusting for diagnosis and hydroxychlo-
roquine (odds ratio, 0.07; 95% Cl, 0.02-0.26) (Supplemental
Table 1). For all biologic DMARD (bDMARD) treatments (except
abatacept), the combination with methotrexate decreased the
number of responders, although this was not statistically signifi-
cant (Supplemental Figures 2A and 2B).

Among the patients treated with rituximab, the time since
the last rituximab infusion did not seem to influence the antibody
levels (Figure 3). The median interval between last rituximab treat-
ment and vaccination was 187 days (IQR, 150-245 days). None
of the patients treated with rituximab who developed a detectable
antibody response against SARS-CoV-2 received combination
therapy with methotrexate (Figure 3).

DISCUSSION

Vaccines against SARS-CoV-2 are now widely available, and
it is recommended that patients with RD be vaccinated (19). In
Denmark, the first vaccine to become available was BNT162b2.
However, knowledge of the vaccine’s efficacy in patients with a
compromised immune system and patients treated with immuno-
suppressive drugs was not available (1).

As a proxy for immunogenicity, we measured the total anti-
bodies against SARS-CoV-2 in 134 patients with SLE and RA
after a standard two-dose vaccination with BNT162b2. The assay
used had very high sensitivity and specificity, and we observed
that 23% of the included patients did not develop detectable anti-
bodies against the vaccine. Treatment, especially BCDT, had a
significant impact on the antibody response.

In healthy individuals tested by the research group that devel-
oped the BNT162b2 vaccine (3) and in an extensive study of health
care workers (4), aimost 100% of the individuals who received two
doses of BNT162b2 developed antibodies against the vaccine.
We observed significantly fewer responders in the current study, in
which only 77% developed detectable antibodies. Although immu-
nogenicity is not the same as immunoefficacy for this vaccine,
the antibody response correlated well with cellular immunity (3),
which is essential for vaccine efficacy against SARS-CoV-2. Thus,
patients who did not develop antibodies against the vaccine must
be suspected of lacking immunity against SARS-CoV-2.

Patients in this study were generally older than the average
SLE and RA cohorts. This is explained by the Danish vaccine strat-
egy. Both age and diagnosis were taken into account when the
first vaccinations became available and were distributed to per-
sons at the highest risk of severe COVID-19. We did not observe
a correlation between antibody levels and age in this cohort, and
thus age did not seem to have a significant impact on the vaccine
response. However, the influence of treatment choice based on
patient age cannot be excluded.

It has previously been demonstrated that age influences the
antibody level and, furthermore, that maximum antibody response
is seen 4 weeks after the second vaccination (20). It is thus pos-
sible that we would have seen a higher antibody response in
our patients had we measured the levels 4 weeks after their last
vaccination.

A recent study demonstrated that pausing methotrexate 2
weeks prior to vaccination resulted in higher antibody levels in
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Figure 2. Antibody response against messenger RNA coronavirus disease 2019 (COVID-19) vaccine Pfizer-BioNTech BNT162b2 (BNT162b2)
depending on treatment in patients with rheumatoid arthritis and systemic lupus erythematosus. (A) Number of patients with detectable
antibodies against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) after vaccination depending on treatment with different
disease-modifying antirheumatic drugs (DMARDs). (B) Serum antibody levels against SARS-COV-2 after vaccination with BNT162b2 depending
on treatment. Patients receiving more than one drug can be represented more than once in the figure. One outlier, a patient with lupus, with
antibody levels of 1120 arbitrary units (AU)/ml, is removed from the display in B (treated with prednisolone). The patient was the only patient
with positive antibody levels prior to vaccination. N = total number of patients in the group, n = number of patients with detectable SARS-CoV-2
antibodies in the group. Anti-IL-6, interleukin 6 inhibitor; JAK-inh, Janus kinase inhibitor; TNF-inh, tumor necrosis factor inhibitor.
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Figure 3. Serum antibody levels against severe acute respiratory
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Pfizer-BioNTech BNT162b2 in patients treated with rituximab +/—
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inh, Janus kinase inhibitor; TNF-inh, tumor necrosis factor inhibitor.

patients with RD after an influenza vaccination (5). In Denmark,
endorsed by EULAR, the recommendations have been to con-
tinue medication, as the risk of disease flare is regarded as a
higher risk than a potential lower vaccine response in a few indi-
viduals. From our data, the combination of methotrexate with
rituximalb and any of the other bDMARDs and Janus kinase inhib-
itors reduced the number of patients who produced a measurable
antibody response; however, the result was not statistically signif-
icant. Whether a pause in the DMARD treatment before vaccina-
tion could have increased the number of responders remains to
be answered by future studies. An alternative to the medication
pause could be an additional booster vaccine or an increased
interval between vaccines to facilitate an adequate vaccine
response. We did not include patients on methotrexate mono-
therapy and thus cannot conclude anything about this treatment.

BCDT was the treatment associated with the lowest
response to the vaccine, with only 24% of patients receiving
this treatment having detectable antibodies. This phenomenon
is known from studies on both the influenza vaccine and the
pneumococcal vaccine (7). Although the EULAR recommends
that vaccines in patients receiving BCDT should be adminis-
tered 1 month before or 6 months after BCDT (8), the time
since the last rituximab treatment did not seem to influence
who responded to the vaccine in the current study. Only 17
patients in the present study received BCDT, and therefore
hard conclusions should not be made. It is, however, remark-
able that the patients on BCDT who did elicit an antibody
response were not treated in combination with methotrexate.
It provokes the thought that, potentially, combination therapy
hampers vaccine response more so than monotherapy.

The limitations of this study include a small sample size with
only 134 patients and no data concerning disease activity at the
time of vaccination. This makes substratifications difficult. Al but

one of the patients was white; thus the results cannot necessarily
be extrapolated to other ethnic groups.

Only antibodies against SARS-CoV-2 were measured in this
study. The consequence of reduced or unmeasurable antibodies
is unknown, as we still lack knowledge of which precise antibody
level secures protection. We still lack quantitative assays to meas-
ure antibody serum concentrations. Furthermore, the charac-
terization of memory B cells and T cells would also have been
advantageous.

Antibodies were measured 1 week after the second vac-
cination. Because of immunosuppressive treatment, we cannot
rule out that patients potentially had a slower response to the
vaccine and that antibodies would be detectable in more patients
had we measured antibodies at a substantially longer time after
the last vaccine dose. Furthermore, it is possible that immuno-
suppressed patients create lower affinity and/or less effective
antibodies, which could have been demonstrated by measur-
ing neutralizing antibodies and comparing with healthy control
patients.

In conclusion, patients with RA or SLE have significantly lower
immunogenicity compared with the previous studies on healthy
individuals, as only 77% were able to mount a detectable serologi-
cal response to the vaccine. Among patients treated with rituximab,
only 23% had detectable anti-SARS-CoV-2 antibodies in their
serum after vaccination. Our findings warrant particular attention to
patients treated with rituximab and call for caution for this patient
population concerning COVID-19 going forward in the pandemic.
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