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Table 1 Characteristics of patients with SLE

Two- dose 
primary, n=35

Three- dose 
primary, n=10

Prior COVID- 19 
n=10

Age, years (median (IQR)) 43.4 (36.0, 48.6) 44.6 (38.5, 49.88) 50.1 (40.2, 59.6)

Female gender, n (%) 31 (88.6) 8 (80.0) 9 (90.0)

Delay since diagnosis, 
years (median (IQR)) 7.8 (4.0, 12.9) 18.8 (12.9, 21.3) 8.9 (3.6, 27.5)

SLE involvement, n (%):

  Cutaneous 22 (62.8) 9 (90.0) 4 (40.0)

  Joint 25 (71.4) 9 (90.0) 5 (50.0)

  Renal 12 (34.3) 7 (70.0) 5 (50.0)

  Serosal 10 (28.6) 6 (60.0) 4 (40.0)

  Haematologic 11 (31.4) 4 (40.0) 4 (40.0)

  Neuropsychiatric 4 (11.4) 2 (20.0) 2 (20.0)

  Antiphospholipid 
syndrome 6 (17.1) 1 (10.0) 2 (20.0)

SLE treatment at 
BNT162b2 vaccine, n (%)

  Hydroxychloroquine 30 (85.7) 10 (100.0) 9 (90.0)

   (HCQ)<200 µg/L 2 (6.6) 2 (20.0) 2 (20.0)

   (HCQ) 200–
1500 µg/L 24 (80.0) 7 (70.0) 6 (60.0)

   (HCQ)>1500 µg/L 4 (13.3) 1 (10.0) 1 (10.0)

  Steroids 16 (45.7) 9 (90.0) 8 (80.0)

   Daily dose, mg 
(median (IQR)) 7(5,10) 7.5(7, 10) 6.5(5, 7)

  Belimumab 1 (2.9) 0 (0) 0 (0)

  Azathioprine 0 (0) 2 (20.0) 0 (0)

  Methotrexate 0 (0) 0 (0) 0 (0)

  Mycophenolate mofetil 0 (0) 7 (70.0) 1 (10.0)

  Cyclophosphamide 0 (0) 0 (0) 0 (0)

  Anti- CD20 0 (0) 3 (30.0) 0 (0)

Lymphocyte count, ×109/L 
(median (IQR)) 1.52 (1.28, 2.00)

1.10 (0.97, 1.91) 1.44 (1.20, 2.60)

Gammaglobulins, g/L 
(median (IQR)) 11.9 (9.6, 15.6) 12.2 (10.3, 14.9) 14.0 (11.2, 15.5)

SLEDAI, median (IQR) 0 (0, 2) 2 (0, 2) 1 (0, 2)

HCQ:level measured in whole blood.
HCQ, hydroxychloroquine; SLE, systemic lupus erythematosus; SLEDAI, Systemic 
Lupus Erythematosus Disease Activity Index.

Severely impaired humoral response against 
SARS- CoV- 2 variants of concern following two 
doses of BNT162b2 vaccine in patients with 
systemic lupus erythematosus (SLE)

Severe COVID- 19 is associated with a poor prognosis among 
patients with systemic lupus erythematosus (SLE).1 Accordingly, 
patients with SLE receiving immunosuppressive drugs have been 
prioritised for vaccination in France.2 However, patients with 
autoimmune diseases—especially those receiving anti- CD20—
are now known to mount a suboptimal humoral response 
following COVID- 19 vaccination.3 Furthermore, vaccine- 
induced humoral protection against omicron, the current domi-
nant variant of concern (VOC) worldwide, is not known in SLE.

Patients with SLE were prospectively enrolled in the vaccine 
task force set up between March and May 2021 in our national 
centre for autoimmune diseases.4 Humoral vaccine responses 
against B (ancestral), alpha, delta and omicron variants were 
assessed using a specific multiplex ELISA assay (CoViDiag kit, 
Innobiochips, Loos, France). Humoral response was defined by a 
specific SARS- CoV- 2 anti- spike IgG (anti- S) level in serum >260 
binding antibody units (BAU)/mL, according to French Health 
Authorities.5 Data were compared between groups using Fisher’s 
exact test for dichotomous variables and Mann- Whitney test for 
continuous variables.

Fifty- five patients with SLE were enrolled in the vaccine task 
force. Among them, 10 had prior COVID- 19 and 10 were under 
immunosuppressive drugs and received three- dose primary 
series of BNT162b2 vaccine following national recommenda-
tion.2 Eventually, 35 COVID- 19- naive patients with SLE (43.4 
(36.0, 48.6) years; 88.6% female; table 1) and 9 healthy volun-
teers (HV) (59.0 (56.0, 62.0) years; 88.8% female) who received 
two doses of BNT162b2 vaccine 4 weeks apart were screened 
for humoral vaccine responses at baseline, at second dose, and 
2 and 5 months after second dose. The two- dose and three- dose 
primary series of BNT162b2 vaccine were performed following 
an interval of 4 weeks between doses as recommended.2

Patients with SLE and HV had no detectable anti- S and 
anti- nucleocapsid at baseline. Two months after the second- 
dose vaccine, 54.3% (n=19/35), 54.3%, 42.9% and 28.6% of 
patients with SLE had specific anti- S titres>260 BAU/ml against 
B, alpha, delta and omicron variants, respectively. At the same 
time point, the percentage of subjects able to mount humoral 
response against VOC were lower in SLE as compared with 
HV (100% of HV for B, p=0.016; 100% for alpha; p=0.016; 
88.9% for delta; p=0.023; 55.6% for omicron, p=0.235). In 
patients with SLE, when the humoral responses against VOC 
was obtained 2 months after the second dose, it was maintained 
at 5 months in only 10.5% (n=2/19), 10.5% (2/19), 13.3% 
(2/15) and 10% (1/10) for B, alpha, delta and omicron variants, 
respectively. Overall, 5 months after the second- dose vaccine, 
the percent of patients with SLE with humoral response against 
B (n=2/35, 5.7% vs n=7/9, 88.9% p<0.001), alpha (5.7% vs 
77.8%, p<0.001) and delta (5.7% vs 55.6%, p=0.002) variants 
were dramatically low as compared with HV. Almost all vacci-
nated subjects (n=34/35, 99% patients with SLE and n=7/9, 
77.8% HV, p=0.101) failed to mount long- lasting humoral 
response against Omicron after two doses of BNT162b2 
vaccine (figure 1). Of note, 50% (n=4/8), 50% (n=4/8), 37.5% 
(n=3/8) and 12.5% (n=1/8) of patients with SLE who were 

under immunosuppressive drugs (azathioprine, mycophenolate 
mofetil or anti- CD20) and received three- dose primary series 
of BNT162b2 had a preserved humoral response for B, alpha, 
delta and omicron variants, respectively, 5 months after the 
third dose. Moreover, all but one (83.4%, n=5/6) patients with 
SLE who had COVID- 19 6.2 (3.9–11.6) months before the first 
BNT162b2 dose had a sustained humoral response 5 months 
after the second dose against all VOC including omicron (online 
supplemental figures S2 and S3; online supplemental table S2).

In this 6- month prospective monocentric study, we show 
that more than 90% of COVID- 19- naïve patients with SLE 
failed to reach vaccine- induced humoral response after two 
doses of BNT162b2. To our knowledge, this is the first evalu-
ation of long- lasting humoral responses against VOC including 
omicron variant in a cohort of patients with SLE. Neutralisation 
activity was not determined but the threshold of 260 BAU/mL 
for humoral response was consistent with previous published 
results and a strong correlation between anti- S IgG BAU/mL, live 
viral neutralisation and pseudo- neutralisation activity has been 
reported by our group.6 Since our patients with SLE received no 
immunosuppressive drugs, the poor immune response observed 
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Figure 1 Humoral response following two doses of anti- SARS- CoV mRNA BNT162b2 vaccine in COVID- 19- naïve patients with SLE and healthy 
volunteers. Serum SARS- CoV- 2 anti- spike IgG level assessed overtime against B (ancestral), beta, delta and omicron variants by using a specific 
quantitative ELISA assay (CoViDiag kit, Innobiochips, Loos, France) in patients with SLE (n=35, solid line) and healthy volunteers (n=9, dotted line). 
Medians and first and third quartiles were showed at second dose, 2 months and 5 months after second dose. P value was calculated using Mann- 
Whitney U test (*p<0.05; **p<0.01; ***p<0.001). The value of 260 indicated the threshold for humoral response. BAU, binding antibody units; SLE, 
systemic lupus erythematosus.

after two vaccine doses could not be ascribed to treatment. 
Such vaccine failure is worrisome considering the recent onset 
of highly contagious SARS- CoV- 2 variant such as omicron. In 
patients who were under immunosuppressive drugs and received 
3- dose primary series of vaccine, the highly variable humoral 
responses may reflect the different impact of immunosuppres-
sive agents on the vaccine immunogenicity.

In conclusion, our data show the poor immune long- lasting 
protection conferred by two doses of BNT162b2 vaccines in 
patients with SLE. Screening for humoral response to vaccina-
tion based on anti- S titres should be performed in all patients 
with SLE, including those who are not receiving immunosup-
pressive drugs. The absence of anti- SARS- Cov- 2 antibodies after 
full vaccination might help to identify patients who are candi-
dates for additional strategies, including anti- Sars- COV- 2 mono-
clonal antibody prophylaxis, to protect them from COVID- 19
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Figure 1 Development of DAS28 response over time. The top series 
indicate the absolute levels at baseline (red), 1 (orange), 3 (light 
green) and 6 months (dark green) and the bottom series (blue) shows 
change in DAS28 during the first 6 months of treatment over 15 years 
(calculated as the improvement in DAS28 between 0 and 6 months). The 
curves are smoothed by plotting the mean values over 2 years. DAS28, 
Disease Activity Score, 28 joints; N, number of patients included in the 
period.
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Routine treatment of rheumatoid arthritis with 
biologics and targeted agents: changes in 
patients and their response over 15 years

Biologicals and later, targeted synthetic disease- modifying anti-
rheumatic drugs (bDMARD, tsDMARD) have been approved for 
rheumatoid arthritis (RA) for more than 15 years.1 2 Initially, most 
patients starting biologics had severe and active, long- standing 
disease with substantial damage: they had run out of treatment 
options. As time progressed, treatment options increased, strat-
egies were intensified, and patients were treated earlier in their 
disease course.3 In our ongoing registry comprising first bDMARD 
or tsDMARD therapy patients at Reade (the ‘Biologicals cohort’, 
NL59549.048.16), Amsterdam, we examined changes in the initial 
response (DAS28, during the first 6 months) related to changes in 
patient and disease characteristics in patients starting bDMARDs or 
tsDMARDs between 2004 and 2020.

To determine the Disease Activity Score (DAS28) change over 
2004–2019 in the first 6 months of treatment, a linear mixed 
model analysis was used with DAS28 as dependent variable, and 
assessment time (time on drug), inclusion year (coded as 0–15), 
and the interaction between assessment time and inclusion year as 
independent variables. Subsequently, linear and logistic regression 
analyses were used to analyse changes over time in baseline DAS28, 
DAS28 at 6 months, response (change in DAS28 during the first 
6 months of treatment), Minimal Disease Activity (MDA) (defined 
as DAS28 <2.60), disease duration, and rheumatoid factor, RF), 
respectively, anti- cyclic citrullinated peptide antibody (aCCP) posi-
tivity over time.

We included 1398 consecutive patients, 78% female, with a 
median disease duration of 5 (inner quartiles, 2–9) years, 71%RF 
and 76% aCCP positive; most (92%) started anti- tumour necrosis 
factor (TNF) alpha therapy. In the observation period the initial 
response (change in DAS28) decreased by 0.90 points, from –2.01 
to –1.11. (mixed model interaction term: p<0.0001; figure 1). 
The baseline DAS28 value decreased by 1.08, from 5.09 to 4.01 
(p<0.00005), whereas the 6- month value remained stable: a 
decrease of 0.08, from 3.04 to 2.96 (p=0.60). The components 
of the DAS28 and PROMs showed corresponding changes (online 

supplemental table 1). After 6 months, 255 (31%) patients achieved 
MDA, 127 (20%) achieved American College of Rheumatology 
(ACR)/European League Against Rheumatism (EULAR)/Simplified 
Disease Activity Index (SDAI) remission (and 111 (14%) achieved 
ACR/EULAR/Boolean remission. Only the percentage of patients in 
MDA changed significantly over time, (OR 1.039 (95% CI 1.005 to 
1.075) p=0.026), SDAI and Boolean remission did not (p=0.39 and 
0.41, respectively). Disease duration on entry also strongly 
decreased, from median 9 (4–17) to 3 years (1–8; p<0.0001). The 
proportion of patients who were RF or aCCP positive decreased 
marginally (p=0.91).

A likely explanation for these findings is the introduction of early 
referral and treatment with rapid escalation in case of non- response. 
The fact that the DAS28 at 6 months remained constant is both good 
and bad news: many patients can expect to reach low disease activity 
levels after starting treatment with bDMARDs or tsDMARDs, but 
early treatment (and a more favourable starting position) apparently 
does not lead to more remissions. We previously described this effect 
before in a subselection of this cohort starting adalimumab,4 where 
we showed that patients selected according to the selection criteria 
of various trials with adalimumab showed levels of improvement 
matching those seen in the trials, but all ended up with comparable 
disease activity levels at 6 months (DAS28 between 3.5 and 4.0).

In conclusion, in our practice current RA patients starting their 
first bDMARD or tsDMARD have much lower disease activity 
than patients starting 15 years ago. The disease activity achieved 
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Table S1 Specific anti-S titers against B, alpha, delta and omicron variants in SLE patients 

 B (ancestral) Alpha Delta Omicron 

BAU/mL at baseline     

SLE 2-dose primary (n=35) 18 [18-18] 18 [18-18] 18 [18-18] 18 [18-18] 

SLE 3-dose primary (n=10) 18 [18-18] 18 [18-18] 18 [18-18] 18 [18-18] 

SLE prior COVID-19 (n=10) 250 [143-704] 232 [168-545] 96 [73-208] 71 [26-90] 

HV (n=9) 18 [18-18] 18 [18-18] 18 [18-18] 18 [18-18] 

BAU/mL at 2nd dose     

SLE 2-dose primary 73 [18-191] 36 [18-139] 18 [18-53] 18 [18-20] 

SLE 3-dose primary 18 [18-18] 18 [18-18] 18 [18-18] 18 [18-18] 

SLE prior COVID-19  6250 [6074-8657] 6250 [5948-7420] 2926 [1858-5689] 1444 [766-3057] 

HV 272 [84-476] 178 [85-457] 90 [26-107] 56 [19-97] 

BAU/mL 2 months post-2nd dose     

SLE 2-dose primary 807 [205-1250] 689 [197-1250] 288 [67-912] 149 [44-375] 

SLE 3-dose primary 1338 [79-3637] 466 [77-2639] 621 [72-1428] 302 [36-716] 

SLE prior COVID-19 6250 [5854-11781] 6250 [3028-10399] 3213 [564-5964] 1099 [502-2519] 

HV 1405 [1074-2500] 1366 [822-2500] 949 [453-1308] 588 [438-650] 

BAU/mL 5 months post-2nd dose     

SLE 2-dose primary 152 [38-250] 91 [26-250] 27 [18-128] 18 [18-45] 

SLE 3-dose primary 152 [18-1250] 185 [18-856] 111 [18-354] 54 [18-186] 

SLE prior COVID-19 6250 [3437-10 937] 5447[3229-9273] 1190 [1091-2144] 934 [449-1207] 

HV 706 [464-837] 566 [311-814] 305 [142-379] 150 [118-205] 

 

BAU, binding antibody units, given in median [IQR] 

HV, heathy volunteers 
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Figure S2 Humoral response following 3-dose primary series of BNT162b2 in COVID-19-

naïve SLE patients  

 

Serum SARS-CoV-2 anti-spike IgG level assessed overtime against B (ancestral), beta, delta 

and omicron variants by using a specific quantitative ELISA assay (CoViDiag kit, 

Innobiochips®, Loos, France) in patients with SLE who received 3-dose (n=10, solid line) or 

2-dose (n=35, dotted line) primary series of BNT162b2. Medians and first and third quartiles 

were showed at second dose, 2 months and 5 months after second dose.  

BAU, binding antibody units; the value of 260 indicated the threshold for humoral response 

According to French guidelines, SLE patients who were under immunosuppressive drugs 

(azathioprine, mycophenolate mofetil or anti-CD20) received 3-dose primary series of 

BNT162b2 
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Figure S3 Humoral response following 2-dose primary series of BNT162b2 in SLE 

patients who experienced prior COVID-19  

 

Serum SARS-CoV-2 anti-spike IgG level assessed overtime against B (ancestral), beta, delta 

and omicron variants by using a specific quantitative ELISA assay (CoViDiag kit, 

Innobiochips®, Loos, France) in patients with SLE who experienced (n=10, solid line) or did 

not experience (n=35, dotted line) prior COVID-19 and received 2-dose primary series of 

BNT162b2 

BAU, binding antibody units; the value of 260 indicated the threshold for humoral response 
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