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Abstract
Objective
To investigate the humoral immune response and risk of disease flare in systemic lupus erythematosus (SLE) patients
Sfollowing three-doses of SARS-CoV-2 vaccines.

Methods
In adult patients with SLE, we measured SARS-CoV-2 spike IgG in blood samples drawn three weeks after the 1*' dose
(baseline), four and eight weeks after the 2" dose and after the 3" dose. A sufficient antibody response was >54BAU/mL.
SLEDAI-2K, SLAQ and SDI were assessed at baseline and eight weeks after the 2" dose along with adverse events.
Demographic and treatment data were collected from hospital records.

Results
Of 123 patients, 115 (93.5%) received the BNT162b2 vaccine, the remaining received the I*' dose of ChAdOx-1 followed
by a 2" and 3" dose of mRNA-1273. After the 2 dose 102 (83%) patients had a sufficient antibody response (median
559.2, IOR 288.8-1180.5 BAU/mL), increasing to 115 (93.5%) (median 2416.9, IQR 1289—4603.8 BAU/mL) patients
after the 3" dose. Eight weeks after the 2" dose patients treated with high dose prednisolone (p=0.034) and DMARDs
(p<0.001) had significantly lower antibodies; however, this difference was not significant following the 3 dose.
Disease activity and damage were stable during the study period. Adverse events were more frequent in patients
with a sufficient response. Breakthrough infections were reported in 39 (31.7%) patients; all with mild symptoms.

Conclusion
A 3 dose improved the humoral response to SARS-CoV-2 vaccines in patients with SLE to the level of healthy
individuals. Vaccination did not affect SLE disease activity. Subsequent breakthrough infections were mild and did
not require hospitalisation.
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Introduction

A two-dose regimen of the severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2) spike messenger RNA
(mRNA) vaccines prevents COVID-19
in 94-95% of healthy adults (1, 2). Pa-
tients receiving immunosuppressive
therapy were excluded from these stud-
ies, but new studies have shown an
impaired humoral immune response
against SARS-CoV-2 virus after a two-
dose regimen of mRNA vaccines in pa-
tients with systemic lupus erythemato-
sus (SLE) (3-7).

Patients with SLE have an increased
risk of infections partly due to the use
of immunosuppressive treatment, but
the inherent immune dysfunction in
SLE also seems to increase the risk
of severe infections (8-10). A Danish
study found an increased risk of hos-
pitalisation with COVID-19 in patients
with connective tissue diseases includ-
ing SLE (11). Furthermore, a survey
from Northern Italy found that COV-
ID-19 was three times more frequent
in patients with SLE compared to the
general population (12), emphasising
the need for preventive strategies in
this group of patients.

A meta-analysis has previously found
a reduced immune response to the in-
fluenza vaccine among SLE patients;
however, vaccination did not affect
the SLE disease activity (13). Interest-
ingly, patients treated with mild immu-
nomodulatory drugs such as hydroxy-
chloroquine, seem to have a preserved
immune response (14). Risk factors for
a diminished humoral response to in-
fluenza and pneumococcal vaccination
were treatment with high doses of pred-
nisolone, high SLE disease activity and
treatment with rituximab (13, 14).

The durability of a humoral vaccine re-
sponse against SARS-CoV-2 in SLE pa-
tients remains to be determined, includ-
ing the effects of a third vaccine dose.
In one report, patients with autoimmune
rheumatic diseases demonstrated good
effect of a third dose of Sinovac-Cor-
onaVac COVID-19 vaccine (15). The
currently dominating SARS-CoV-2
variant, Omicron, seems to evade the
immune defence of previously vacci-
nated individuals and cause COVID-19
(16), but it remains to be assessed if this

also poses an increased risk of infection
among patients with SLE.

Our primary aim was to investigate
the humoral immune response in pa-
tients with SLE following a three-dose
regimen of the SARS-CoV-2 vaccines.
Secondary aims were to identify risk
factors for an insufficient vaccine re-
sponse, to evaluate whether COVID-19
vaccination had an impact on SLE dis-
ease activity and to evaluate the risk of
breakthrough infection due to the dom-
inating SARS-CoV-2 variant Omicron.

Methods

Population and setting

This study is an observational prospec-
tive, single-centre cohort study of the
humoral immune response in patients
with SLE following SARS-CoV-2 vac-
cination. All adult patients aged =18
years with SLE in the Region of South-
ern Denmark, fulfilling the revised clas-
sification criteria for SLE by the Ameri-
can College of Rheumatology (ACR),
were invited to participate. COVID-19
disease prior to enrolment was not an
exclusion criterion for participation.
The BNT162b2 (Pfizer) and mRNA-
1273 (Moderna) are approved for use in
Denmark by the Danish health authori-
ties. The ChAdOx-1 (AstraZeneca) was
offered in the vaccination program be-
tween February 4, and March 11,2021,
in Denmark. Patients who received the
first dose of ChAdOx-1 subsequently
received two doses of mRNA-1271.
Patients vaccinated with BNT162b2 re-
ceived three doses of this vaccine.

Baseline characteristics

We collected clinical information from
the patients’ hospital records regarding
SLE and comorbidities such as ma-
lignancy or metabolic diseases, body
mass index (BMI), immunosuppres-
sive treatment, dates of SARS-CoV-2
vaccinations, type of vaccine and re-
sults of PCR testing for SARS-CoV-2.
If the patients received prednisolone
treatment, daily doses were registered
as <7.5 mg or =7.5, the latter was de-
fined as high dose prednisolone.

Blood samples

A total of 4 blood-samples were drawn
from each patient: sample 1 was drawn
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three weeks after the 1% vaccine dose
(baseline), sample 2 and 3 were drawn
four and eight weeks after the 2" dose
and sample 4 was drawn four to eight
weeks after the 3™ vaccine dose (Fig. 1).

Serological analysis of

SARS-CoV-2 antibodies

SARS-CoV-2 spike receptor-binding
domain (RBD) IgG antibodies were de-
termined in plasma samples, using the
SARS-CoV-2 IgG II Quant assay (Ab-
bott Laboratories). This assay has shown
excellent correlation with the first WHO
International Standard for anti-SARS-
CoV-2 immunoglobulin (NIBSC code
20/136), enabling issuing of immuno-
genicity results in standardised units,
binding antibody units (BAU)/mL. The
mathematical relationship of the Abbott
arbitrary units (AU)/mL unit to the WHO
BAU/mL unit follows the equation BAU/
mL=0.142xAU/mL, corresponding to a
detection cut-off at =7.1 BAU/mL.

To identify patients who were conva-
lescent after COVID-19 infection prior
to the study, SARS-CoV-2 nucleocap-
sid IgG antibodies were determined
in baseline plasma samples, using the
qualitative SARS-CoV-2 IgG assay
(Abbott Laboratories).

Definition of responders and a
sufficient humoral vaccine response
Based on the description of the analysis
above, responders to the vaccine had a
spike IgG =7.1 BAU/mL; thus, non-
responders had an undetectable spike
IgG <7.1 BAU/mL.

However, this cut-off does not predict
protection against infection. Based on
a study from Khoury et al. (17), a suf-
ficient protective level of spike IgG anti-
bodies was defined as [gG =54 BAU/mL,
correlating to a reduced risk of infection
of 50%. Thus, sufficient responders are
defined as patients with a spike IgG =54
BAU/ml, while insufficient responders
had spike IgG <54 BAU/mL. The strati-
fication of patients as either sufficient or
insufficient responders is based on the
spike antibody response after the second
dose of vaccine.

Assessment of SLE disease

activity and damage
The patients had two visits at an outpa-

678

278 patients with SLE invited
to participate

V

129 patients included after
informed concent

Mo information on the 149
patients who refrained to
participate

Two patients withdrew their
concent to participate.

v

Data obtained from 123
patients. All completed the
two-dose vaccine regimen,
and 112 patients recieved a

third dose of vaccine

Fig. 1. Enrolment flowchart.
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115 patients had the 3rd bloodsample
111 patients had the 4th bloodsample

tient clinic during the study: visit one at
baseline between the 1% and 2™ dose of
vaccine and visit two eight weeks after
the 2" dose. A Systemic Lupus Activity
Questionnaire (SLAQ) was sent to the
included patients via e-mail in order
to assess self-reported disease activity
within a few days after both visits (18).
SLEDAI-2K (Systemic Lupus Erythe-
matosus Disease Activity Index 2000)
and SDI (Systemic Lupus Interna-
tional Collaborating Clinics (SLICC)/
American College of Rheumatology
(ACR) Damage Index) were assessed
by a medical doctor at both visits. The
SLEDAI-2K score allows the clinician
to quantify the range of disease activ-
ity and predicts survival, thus suitable
for use in clinical trials (19). The SDI
records damage in patients with SLE
regardless of its cause predicts survival
and is a reproducible tool to access
damage (20-22).

Data on adverse events following vac-
cination were obtained by interview at
visit two and reported as either local or
systemic adverse events. Occurrence of
adverse events are reported collective-
ly; we did not differentiate whether the
events occurred after the 1 or 2™ vac-

cine dose. We have no data on adverse
events after the 3" dose of vaccine.

Statistical analysis

Continuous variables were described
as medians with interquartile ranges
(IQR) or described as means and com-
pared using an unpaired t-test when
the observations were normally dis-
tributed. Categorical variables were
described as proportions (percentages)
and compared using y? test or Fis-
cher’s exact test for low counts. Spike
IgG concentrations were analysed by
mixed effects linear regression models,
including a random intercept to con-
sider repeated measurements from the
same patient. All statistical tests were
two-tailed and considered significant at
p<0.05. Statistical analyses were car-
ried out using Stata, version 17 (Stata-
Corp LP, Collage Station, Texas).

Ethical considerations

The study was approved by The Dan-
ish Data Protection Agency (21/13088)
and the Danish Ethical Committee
in the Region of Southern Denmark
(111801-21). We conducted the study
according to the declaration of Hel-
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sinki and reported data according to
STROBE (Strengthening the reporting
of observational studies in epidemiol-
ogy) guidelines.

Results

A total of 278 SLE patients were invit-
ed to the study and 129 (46%) patients
consented to participate. Details on en-
rolment and participation are presented
in Figure 1. In total, 123 patients com-
pleted the two-dose vaccine regimen,
and 112 (91.1%) patients received three
vaccine doses.

None of the patients had a positive PCR
test for COVID-19 before entering the
study, and none of the patients had
SARS-CoV-2 nucleocapsid IgG anti-
bodies at baseline, indicating no conva-
lescents after a subclinical COVID-19
infection prior to entering the study.
The median age was 51 years (IQR:
42-63) and most of the patients (89.4%)
were females. Table I presents charac-
teristics at baseline for all patients over-
all and stratified by the SARS-CoV-2
spike antibody response after the 2™
dose of vaccine. The sufficient response
rate was 82.9% (102 patients). There
were no significant differences in base-
line demographics and clinical charac-
teristics when comparing patients with
sufficient and insufficient antibody re-
sponses, and this did not change after
the 3" dose of vaccine.

After the 2™ dose of vaccine nine (7.3%)
patients did not have a detectable anti-
body response. Compared to patients
with a detectable antibody response,
these non-responders did not differ in
regard of age (p=0.097), sex (p=0.23)
or SLEDAI-2K at baseline (p=0.772).
However, non-responders were more
likely to have been vaccinated with
the BNT162b2 vaccine (p=0.047) and
were more frequently treated with high
dose prednisolone (p=0.036).

Overall, 20 (16.3%) patients did not
receive immunosuppressive or im-
munemodulating treatment for SLE.
In total, 89 (72.4%) patients were
treated with hydroxychloroquine, in 31
(25.2%) patients as monotherapy. A to-
tal of 35 (28.5%) patients were treated
with prednisolone, hereof 6 (17.2%)
with high daily doses of prednisolone.
Patients with an insufficient antibody
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Table I. Baseline demographic and clinical characteristics of patients after the second dose

of vaccine.
Characteristics Overall (%) Insufficient Sufficient p-value
responders (%)  responders (%)

n 123 21 (17.1) 102 (82.9)

Age in years (median, (IQR)) 51 (42-63) 60 (50-64) 51 (41-63) 0.102

Sex (females) 110 (89.4) 17 (80.95) 93( 912.) 0.165

SLE disease duration in years 15 (6-25) 16.5 (8.1-26.5) 13 (6-23) 0312
(median, (IQR))

High SLE disease activity 49 (39.8) 9 (45) 40 (38.8) 0.606
(SLEDAI = 4)

Obesity (BMI>30) 23 (18.7) 4 (19.05) 19 (18.63) 0.964

Current smoker 19 (15.5) 5 (25) 14 (13.9) 0415

Active malignant disease 2 (1.6) 1 (4.8) 1 (1) 0.192

Vaccine 0.623

BNT162b2 115 (93.5) 19 (90.5) 96 (94.1)

ChAdOx-1 + mRNA-1273 8 (6.5) 2 (9.5) 6 (59

Immunosuppressive treatment

No treatment 20 (16.3) 1 (4.8) 19 (18.6) 0.117

Prednisolone 35 (28.5) 6 (28.6) 29 (284) 0.990

High dose Prednisolone 6 (17.2) 4 (66.7)"* 2 (6.9)** 0.000
(=7.5 mg daily)

Hydroxychloroquine monotherapy 31 (25.2) 0 31 (304) 0.003

Other DMARD* 58 (47.2) 14 (66.7) 44 (43.1) 0.490

Biologic treatment™* 8 (6.5) 2 (9.5) 6 (5.9) 0.488

“Methotrexate, azathioprine, mycophenolic acid, mycophenolate mofetil. Not including hydroxychloro-

quine. Including two patients treated with tacrolimus.

“*Four patients treated with TNF-a inhibitors, two patients with belimumab and two patients with

rituximab. ***Of patients treated with prednisolone.

response were more likely to receive
high doses of prednisolone (66.7% vs.
6.9%, p<0.001). Description of other
immunosuppressive treatments are
shown in Table I.

After the 3™ dose of vaccine, 115
(93.5%) patients had spike IgG anti-
bodies =54 BAU/mL. In detail, among
the 21 (17.7%) insufficient responders
after the 2™ dose of vaccine, 13 pa-
tients mounted an antibody response
>54 BAU/mL following the 3" dose of
vaccine, while six remained <54 BAU/
mL (missing data on two patients) (Fig.
2). Of the nine non-responders after the
2" dose, six patients achieved a detect-
able antibody response =7.1 BAU/mL
after the 3™ dose of vaccine (missing
data on two patients).

Blood samples were drawn in relation
to vaccinations as follows: following
the 1% vaccine dose baseline blood
samples were drawn after median 18
days (IQR: 15.5-21) in 78 patients,
following the 2" vaccine dose two
consecutive blood samples were drawn
after median 31 days (IQR: 28-33) and
median 63 days (IQR: 60-68) in 115
patients, and following the 3™ vaccine
dose blood samples were drawn after

median 50 days (IQR: 38-62) in 111
patients.

Serum concentrations of SARS-CoV-2
spike IgG antibodies are trend depicted
in Figures 2, 3 and 4. The overall me-
dian antibody concentration was 9754
BAU/mL (IQR: 319-2597.5) four
weeks after the 2" dose of vaccine. We
calculated a rapid decline about 50%
of antibody concentration eight weeks
after the 2" dose of vaccine. A marked
increase in median antibody concentra-
tion of 1221.3 BAU/mL (IQR: 348.2—
2837.1) was observed following the 3
dose. In total, 64 (58.7%) patients had
at least a three-fold increase in antibody
concentration. The specific antibody
concentrations are shown in Table II.
Patients receiving biologic treatment at
baseline showed only a minor increase
in antibody concentrations after the 3™
dose of vaccine (Table II, Fig. 4).
Most patients (115, 93.5%) received
the BNT162b2 vaccine. The remain-
ing eight (6.5%) patients received the
first dose of ChAdOx-1 vaccine and
two doses of the mRNA-1273 vaccine
thereafter. There was no difference in
antibody concentrations when stratified
on patients receiving the BNT162b2
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Fig. 2. SARS-CoV-2 spike IgG antibody concentrations during follow-up, stratified by patients with
a sufficient (blue) and insufficient (red) SARS-CoV-2 spike IgG antibody response. The dashed line
indicated the defined sufficient spike I1gG cut-off at =54 BAU/mL.
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Fig. 3. SARS-CoV-2 spike IgG antibody concentrations during follow-up, stratified by patients re-
ceiving the BNT162b2 (Pfizer) vaccine compared to patients receiving a combination of ChAdOx-1
(AstraZeneca) and mRNA-1273 (Moderna) vaccines. The dashed line indicates the defined sufficient

spike IgG cut-off at =54 BAU/mL.

vaccine compared to patients receiv-
ing a combination of ChAdOx-1 and
mRNA-1273 vaccines (p=0.623). The
largest reduction in spike IgG antibod-
ies was observed in patients receiving
the combination of ChAdOx-1 and
mRNA-1273 vaccines (55.6%, 1478 .4
BAU/mL), resulting in approximately
equal spike IgG antibody concentra-
tions between the groups eight weeks
after the 2" vaccine dose (Fig. 3) with
an equal increase in spike IgG antibod-
ies after the 3™ vaccine dose.

680

Patients who received either no medi-
cal treatment or hydroxychloroquine
monotherapy had the highest SARS-
CoV-2 spike IgG antibody concentra-
tions, shown in Figure 4 and Table II.
Patients who received biologic treat-
ment, DMARD or high dose predniso-
lone had a significantly lower antibody
response compared to patients with
hydroxychloroquine monotherapy at
four weeks after the 2™ dose of vaccine
(p=0.002, p<0.001 and p<0.001). Eight
weeks after the 2™ dose of vaccine

this difference was only significant for
high dose prednisolone (p=0.034) and
DMARD (p<0.001). Similar signifi-
cant differences were observed when
compared to patients who did not re-
ceive medical treatment.

During the period from November 27,
2021, to March 8, 2022, 39 (31.7%)
patients tested PCR positive for SARS-
CoV-2. Subtyping was performed in
seven patients (two patients with Delta
variant, five patients with Omicron var-
iant). There was no difference in risk
of breakthrough infections between
sufficient or insufficient responders
(p=0.451). Patients with breakthrough
infections had median spike IgG an-
tibodies of 2114.2 BAU/mL (IQR:
1242.2-3764.8 BAU/mL) after the 3%
dose of vaccine, and this was not sig-
nificantly different from patients with-
out infection (median 1815.5 BAU/
mL, IQR: 747.9-3927.6 BAU/mL)
(p=0.755). In addition, there were no
significant differences in demographic
characteristics regarding age (p=0.060),
sex (p=0.508) or treatment among pa-
tients with breakthrough infections
compared to those without infection
(»=0.942). One patient was treated
with remdesivir for five days. None of
the infected patients required hospital
admission.

The SLAQ disease activity was report-
ed by 119 patients and the score at base-
line was 3 (IQR; 1-4) and remained 3
(IQR; 1-5) (reported by n=115) at the
second visit 8 weeks after the 2" vac-
cine dose. There was no difference be-
tween in SLAQ activity score between
sufficient and insufficient responders.
The majority had low disease activity
with a SLEDAI-2K score of <4 at base-
line, with no increase after the 2™ vac-
cine dose. There was no difference in
SDI score from baseline to the second
visit.

Adverse effects after vaccination are
presented in Table III. More patients
with a sufficient antibody response
experienced any adverse effect com-
pared to patients with an insufficient
response; statistically significant for
overall adverse effects (91.3% vs.
75%, p=0.036), local (85.4% vs. 65%,
p=0.029) and systemic adverse effects
(67% vs.40%, p=0.022).
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Discussion

In this prospective cohort study of 123
patients with SLE we found that 83.7%
of the patients mounted a sufficient
SARS-CoV-2 spike IgG antibody re-
sponse eight weeks following the 2
dose of vaccine. Antibody concentra-
tions declined rapidly from four to
eight weeks after the 2" vaccine dose.
However, the response rate increased
to 93.5% following the 3™ dose of vac-
cine, comparable to the level of healthy
individuals. Furthermore, we found
that high dose of daily prednisolone
treatment was significantly associated
with a poorer antibody response, while

patients treated with hydroxychloro-
quine monotherapy had an antibody
response at least as good as patients
without treatment after the 2™ dose.

It is assumed that antibody reactivity
correlates with virus neutralisation and
hence immunity, but it is important to
note that correlates of protection, and
most importantly an absolute protec-
tive threshold, are yet to be established.
Khoury et al. (17) estimated a 50%
protective level against COVID-19 at
=54 BAU/mL (95% CI 30-96 BAU/
mL). To our knowledge, this is one of
the first studies to report an estimate of
protective antibody concentrations in

standardised units. Recently, Feng et
al. (23) reported that the antibody con-
centration associated with 80% vaccine
efficacy (ChAdOx1 nCoV-19) against
COVID-19 was 506 BAU/mL for an
anti-spike RBD IgG assay. According to
these first estimates, we chose to define
a sufficient protective concentration of
SARS-CoV-2 IgG antibodies, as IgG
>54 BAU/mL.

Patients with SLE were reported to be
at higher risk of SARS-CoV-2 infection
and severe course of disease. Danish
colleagues reported that patients with
SLE had an almost threefold increase in
incidence of hospitalisation with COV-
ID-19 compared to the general popula-
tion (24). This is in spite the fact that
patients with inflammatory rheumatic
diseases in Denmark seem to be more
cautious and are more likely to self-
isolate than others of the same age (25).
In addition, Ammitzbgll et al. (3) found
that 23% of patients with rheumatoid
arthritis (n=73) and SLE (n=61) did not
have any serological detectable response
after two doses of the BNT162b2 vac-
cine. Our results support these findings;
however, only two patients were treated
with Rituximab in our study, compared
to 17 in the abovementioned.

Despite the hypothesis that hydroxy-
chloroquine could inhibit SARS-CoV-2
in vitro, it has been thoroughly deter-
mined that SLE patients treated with
hydroxychloroquine were not protected
against infections (26-29). On the other

Table II. SARS-CoV-2 spike IgG antibody concentrations (BAU/ml) during the study period.

Baseline (n=78)
(median (IQR))

4 weeks after the 2" dose
vaccine (n=115)
(median (IQR))

8 weeks after the 2" dose
vaccine (n=115)
(median (IQR))

4-8 weeks after the 3" dose
vaccine (n=111)
(median (IQR))

Overall
Sufficient responders
Insufficient responders

16.55 (ND*-66.8)
29.2 (ND*-73.1)
ND*

9754 (319-2597.5)
13229 (583.2-2713.1)
16.8 (ND*-27.5)

486.5 (192.8-1049.7)
559.2 (288.8-1180.5)
9.15 (ND*-14.5)

2039.8 (884.1-3927.6)
24169 (1289-4603.8)
147 (21.3-1112.2)*

Baseline (median (IQR))

4 weeks after 2" vaccine
(median (IQR))

8 weeks after 2" vaccine
(median (IQR))

4-8 weeks after the 3" dose
vaccine (median (IQR))

No treatment (n=20)
Hydroxychloroquine
monotherapy (n=31)
Biologic treatment (n=8)
DMARD:s (n=58)

High dose prednisolone (n=6)

66.8 (17.4-162.3)
519 (17.8-195.3)

25.6 (ND*-108.6)
ND* (ND*-40.7)

ND* 26.95 (ND*-388.4)

1660.2 (795.1-4128.8)
1629.8 (1101.6-1629.8)

1218.4 (356.5-1990.7)
503.4 (137.7-1352.6)
9.3 (ND*-253.45)

7844 (409.5-1171)
919.6 (541.5-1585)

393.7 (91.7-826.3)
270.6 (67.1-535.8)
4692 (21.3-2232.4)

2741.3 (1658.5-4664.5)
2329.6 (1335.8-5680)

863.6 (190.8-2584.9)
1803.4 (766.1-3764.8)

“number not detectable, value below 7.1 . **13 patients who had an insufficient antibody response after the second dose of vaccine mounted an antibody

response =54 BAU/mL after the third dose of vaccine.
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Table III. Adverse effects following vaccination reported after completed two-dose vac-

cine regimen.

Overall (%) Insufficient Responders (%)  p-value
responders (%)
Local at site of injection 101 (82.1) 13 (65) 88 (85.4) 0.029
Redness 13 (10.6) 0 13 (12.6)
Swelling 20 (16.3) 2 (10) 18 (17.5)
Soreness 101 (82.1) 13 (65) 88 (84.4)
Systemic 77 (62.6) 8 (40) 69 (67) 0.022
Muscle pain 34 (27.6) 3 (15) 31 (30.1)
Joint pain 21 (17.1) 3 (15) 18 (17.5)
Fatigue 66 (53.7) 8 (40) 58 (56.3)
Chills 15 (12.2) 1 (5 14 (13.6)
Headache 39 (31.7) 6 (30) 33 (32)
Nausea 17 (13.8) 3 (15) 14 (13.6)
Fever 16 (13)* 4 (20) 12 (11.7)

“Hereof, five patients with mild fever (tp. 38-38.5), five patients with moderate fever (38.5-38.9) and

six patients with high fever (=39.0).

hand, our findings suggest a preserved
humoral response in patients treated
with hydroxychloroquine monotherapy
(Fig. 2). A similar effect was seen as-
sociated to influenza vaccination (14).
Patients treated with high doses of
prednisolone are particularly at risk of a
severe course of COVID-19. Glucocor-
ticoid treatment >10 mg/day is reported
to be associated with higher odds for
hospitalisation with COVID-19 (30),
however, an association was not ob-
served when not adjusting for the glu-
cocorticoid dose (31). Although we pre-
sent only a small subgroup of patients
treated with prednisolone, we found an
increased risk of insufficient antibody
response against SARS-CoV-2 vac-
cines among patients receiving =7.5
mg prednisolone daily in accordance
with the results reported by Deepak et
al. (32) in patients with autoimmune in-
flammatory rheumatic diseases, includ-
ing 15 (11.3%) patients with SLE.

It has previously been a concern wheth-
er vaccination, especially influenza vac-
cination, poses a risk of disease flare in
patients with SLE (13), and this poten-
tial risk has been reported as a common
reason for SLE patients to refrain from
vaccination (33). We found no signifi-
cant change in SLE disease activity or
damage after COVID-19 vaccination,
which is in concordance with the results
from Moyon et al. (4). A survey inves-
tigation among 183 SLE patients found
that BNT162b2 vaccination in general
was safe; >91% of patients did not ex-
perience flare-ups and adverse events
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were as common in SLE patients as
in the general population post-SARS-
CoV-2 vaccination (1, 34).

Despite the high humoral antibody re-
sponse rate of 93.5% after the 3™ vac-
cine dose, one third of the SLE patients
tested PCR positive for SARS-CoV-2
in the following 3 months. This is prob-
ably due to the Danish health authori-
ties’ strategy including widespread
COVID testing of the population even
among individuals without symptoms
of COVID-19 infection. The fact that
none of the SLE patients were admitted
to hospital and the absence of a differ-
ence in frequency of positive PCR tests
between responders and non-respond-
ers supports this explanation.

The currently dominating SARS-CoV-2
variant Omicron is characterised by
several mutations in the RBD, which
increases resistance against the neutral-
ising spike antibodies after vaccination
(35, 36). Breakthrough infections with
Omicron is well described, but a high-
titered antibody response after vaccina-
tion is expected to protect against severe
COVID-19 (37). Likewise, all patients
in this study only showed mild symp-
toms of COVID-19. SARS-CoV-2 virus
subtyping was not performed in most
patients with breakthrough infections. It
is, however, reasonable to assume that
these patients were infected by the Omi-
cron variant because this was the domi-
nating virus subtype at that time.
Duration of the antibody response fol-
lowing vaccination is yet to be deter-
mined. The Danish Health Authorities

recommended a 4% vaccine dose to
prioritised target groups in higher risk
of severe COVID-19 infections, includ-
ing SLE patients. The first publications
about a 4™ vaccine dose have been pub-
lished for some immunocompromised
patients with promising results (38, 39)
but remains to be assessed in patients
with SLE.

The humoral response against vaccines
is well described in the literature since
it is easy to measure specific antibod-
ies. On the contrary, there is no clearly
defined correlate of cellular responses.
The importance of a humoral or a cel-
lular response in infectious diseases
varies with the specific microorganism
(40) and it has been suggested that the
cellular response plays a crucial role in
COVID-19 (41-43). A limitation to this
study is our inability to describe the T-
cell response. However, a good corre-
lation between the cellular and humoral
response has been described in healthy
adults (44), and in SLE patients receiv-
ing the BNT162b2 vaccine (4, 7).

A limitation of our study was selection
bias as only approximately 50% of pa-
tients with SLE consented to participate.
We had no information about patients
who refrained from participating; how-
ever, we presumed that they might have
had higher disease activity, might have
been older and/or might not have wished
to be vaccinated. Another limitation
was the lack of an age balanced control
group, since age is a factor known to
have a deleterious effect on the vaccine
induced antibody response.

In conclusion, patients with SLE had a
compromised humoral response to the
SARS-CoV-2 vaccines compared to the
general population after the 2" dose
of vaccine, however, this difference
was equalised after a 3% dose. Use of
high daily doses of prednisolone was
found to be associated with an insuf-
ficient humoral response. Treatment
with hydroxychloroquine monotherapy
preserved an antibody response at least
as good as in patients without immuno-
suppressive treatment. The vaccines
did not affect disease activity or dam-
age. Vaccine-breakthrough infections
were seen frequently and mainly with
the Omicron variant, however, all with
mild infection.
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Key messages

Patients with SLE have an impaired
antibody response to the SARS-
CoV-2 vaccination after the second
dose compared to the general popu-
lation. The third dose improved the
humoral response.

Daily dose of prednisolone =7.5 mg
is a risk factor for an insufficient hu-
moral response.

SARS-CoV-2 vaccination did not
affect disease activity or damage in
patients with SLE.

Breakthrough infections were mild
and did not require hospitalisation.
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