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Abstract: Objective: To evaluate the humoral response to and effectiveness of SARS-CoV-2
vaccination in patients with systemic lupus erythematosus in a multicenter cohort design. Methods:
Data for this analysis were obtained from the Study of Safety, Effectiveness and Duration of
Immunity after Vaccination against SARS-CoV-2 in Patients with Immune-Mediated Inflammatory
Diseases (SAFER), a prospective, multicenter, phase IV, real-world study conducted across different
regions of Brazil. Patients aged >18 years with systemic lupus erythematosus (SLE) who received
any one of the SARS-CoV-2 vaccines approved by the Brazilian health regulatory agency
(CoronaVac [Inactivated SARS-CoV-2 Vaccine], ChAdOx-1 [AstraZeneca], or BNT162b2 [Pfizer-
BioNTech]) were included. Immunogenicity was assessed in pre- and post-vaccination blood
samples, and patients were monitored in person and remotely for incident COVID-19 cases and
their severity. Results: Two hundred and thirty-five patients with SLE who had completed their
vaccination schedules (2 doses + booster dose) were included in this study. Most patients were
female (89.3%) and had low disease activity or were in remission (72.4%); the majority were also on
some form of immunosuppressive therapy (58.1%). One hundred and sixteen patients received 2
doses of CoronaVac followed by 1 dose of BNT162b2 (Pfizer-BioNTech) vaccine, 87 received 2 doses
of ChAdOx1-S (AstraZeneca) followed by 1 dose of BNT162b2 (Pfizer-BioNTech) vaccine, and 32
received 3 doses of BNT162b2 (Pfizer-BioNTech) vaccine. Twenty-eight incident cases of COVID-
19, none meeting severity criteria, were recorded in patients with respiratory symptoms after the
second dose of a SARS-CoV-2 vaccine. Regarding immunogenicity, an increase in seroconversion
rate was observed, with no difference between vaccination schedules, reaching 97.57%
seropositivity after a booster dose. The increases in geometric mean IgG titers differed between the
different vaccination schedules, being lowest for the CoronaVac-based schedule, but titers were
similar after administration of a booster dose. Conclusion: In patients with SLE, SARS-CoV-2
vaccines are immunogenic and effective in reducing severe disease and hospitalization. Complete
vaccination schedules including a booster dose were associated with induction of a greater humoral
response, especially in patients initially immunized with an inactivated virus vaccine schedule and
those with a suboptimal humoral response.

Keywords: COVID-19 Vaccine; systemic lupus erythematosus; immunogenicity; humoral
immunity

1. Introduction

Systemic lupus erythematosus (SLE) is associated with abnormalities in the humoral and cellular
immune responses. These changes, associated both with the immunosuppressive therapy needed to
control disease manifestations and with active disease itself, are predisposing factors for greater
susceptibility to infections and progression to serious outcomes of such infections [1,2]. Several
previous studies have shown that infections are the leading cause of both early and late mortality in
patients with SLE [3].

Individuals with SLE have an approximately sixfold risk of serious infections compared to the
general population [4]. The emergence of COVID-19, the infection caused by the SARS-CoV-2 virus,
has been a cause of great concern for this vulnerable population. Among the immune-mediated
rheumatic diseases, SLE is associated with some of the most severe manifestations of SARS-CoV-2
infection and some of the highest hospitalization rates for COVID-19 [5,6]. Data from previous studies
during pre-vaccination waves suggest hospitalization rates of around 20%, with one reporting a rate
of over 50% [7,8].

Immunization is one of the most effective tools for preventing infections as a public health
strategy, contributing to a reduced incidence of serious cases of infectious disease and, consequently,
reducing interpersonal spread [9]. Patients with immune-mediated rheumatic diseases exhibit
different degrees of immunosuppression depending on their therapeutic regimen, their level of
disease activity and the manifestations of their disease [10]. Live-attenuated vaccines are generally
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contraindicated in this patient population due to the risk of the small amount of live virus particles
present inducing uncontrolled infection, but they may be considered in selected patients with a lower
degree of immunosuppression and a favorable risk-benefit ratio. Conversely, inactivated vaccines are
recommended for use in immunosuppressed patients, preferably those whose disease is in remission
or before starting immunosuppressive therapy [11,12].

Data on vaccine response in SLE are controversial. The immune response to vaccines and their
real-world effectiveness are affected by several host factors. Therefore, immunogenicity is
hypothesized to be lower in patients with SLE. A previous meta-analysis which evaluated the efficacy
of the influenza vaccine demonstrated lower immunogenicity in individuals with SLE when
compared to healthy controls, although the level of immunity achieved was still considered
protective [13].

Concerns regarding vaccine efficacy in these patients were amplified for SARS-CoV-2 vaccines,
which underwent a fast-tracked emergency marketing authorization process and were developed on
a wide range of different platforms. Given these uncertainties, the objective of this study was to
evaluate the magnitude of the immune response and the real-world effectiveness of these vaccines in
individuals with SLE.

2. Materials and Methods
2.1. Study Design and Population

This study evaluated patients with SLE included in the multicenter Study of Safety, Effectiveness
and Duration of Immunity after Vaccination against SARS-CoV-2 in Patients with Immune-Mediated
Inflammatory Diseases (SAFER), a Brazilian observational, prospective, phase IV cohort study started
in June 2021 and completed in March 2024. Patients over 18 years of age who met the 2019 American
College of Rheumatology/European Alliance of Rheumatology Associations (ACR/EULAR)
classification criteria for SLE [14] and who had received any SARS-CoV-2 vaccine as recommended
in the Brazilian National Immunization Plan were included. The exclusion criteria were history of
previous adverse vaccine reaction, pregnancy, and immunosuppression for any other reason (HIV,
organ transplantation, malignancy).

The included patients received a complete vaccination schedule (2-dose regimen plus booster)
against SARS-CoV-2 with vaccines approved by the Brazilian Health Surveillance Agency, namely
CoronaVac (Inactivated SARS-CoV-2 Vaccine), ChAdOx-1 (AstraZeneca), and BNT162b2 (Pfizer-
BioNTech). All vaccine doses were administered as indicated by a medical professional under
supervision.

Patients were evaluated at different time points before and after vaccine exposure (baseline, T1;
before the 2nd and 3rd dose, T2 and T3 respectively; four weeks after the 3rd dose, T4; three months
after the 3rd dose, T5; six months after the 3rd dose, T6; and 12 months after the 3rd dose, T7), with
in-person and telephone monitoring conducted in the intervals between in-person visits [Figure 1].

™ T2 T3 T4 T5 T6 T7
Beforethe Pre T2 Before the Beforethe 4 weeks after 12 weeks after 24 weeks after 1 year after 3rd
1stdose 4weeks 2nddose 3rddose 3rd dose 3rd dose 3rd dose dose
after 1st
dose

Vaccines:CoronaVac, ChadOx-1 (AstraZeneca)/ BNT162b2 (PfizerBioNTech)

*During all visits, patients underwent medical evaluation regarding safety and disease activity and blood sample collection for IgG antibody analysis:
Figure 1.

2.2. Variables of Interest

Demographic data (age, sex, and race), comorbidities, and history of COVID-19 infection prior
to vaccination were recorded at the baseline visit. Disease activity score (SLEDAI-2K)— categorized
into remission (SLEDAI-2K = 0), low activity (SLEDAI-2K 1-5), or moderate to high activity (SLEDAI
2K > 6) —and degree of immunosuppression were recorded at baseline and subsequent assessments.
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The degree of immunosuppression was assessed following the recommendations of the Brazilian
Society of Rheumatology, consistent with the risk of infectious events conferred by each medication
[box 1] [15].

Box 1. Position of the Brazilian Society of Rheumatology (SBR) regarding the
degree of immunosuppression confarred by treatment with immunomodulatory
drugs, immunosuppressants or immunobiologicals

Patients considered not immunosuppressed

-no drugs

-use of sulfasalazine or hydroxychloroguine

-using topical, inhaled, intra-articular corticosteroids

Patients considered to be under low degree of immunosuppression
-methotrexate = 0.4 mgfkgfweek or = 20 mgiweek

-leflunomide dose of 20 mg daily

-daily corticosteroids in doses = 10 mg/day of prednisone or equivalent for more than 14 days
-pulse therapy with methylprednisolone

-mycophenolic acid, cyclosporine, tacrolimus, cyclophosphamide, azathioprine

-JAK inhibitors (small molecules)

-immunobiclogicals

Box 1.

Biological specimens were collected at all visits to measure the serologic response to vaccination,
assessed by chemiluminescence methods. The Elecsys® Anti-Sars-Cov-2 S immunoassay (Roche),
validated by the World Health Organization, was used [16].

Surveillance of symptomatic COVID-19 cases was carried out remotely, periodically (every 2
weeks) or reactively. Patients who developed symptoms consistent with COVID-19 infection for up
to 12 months after their last vaccine dose were advised to undergo nasal swab collection for PCR
testing; the outcomes were monitored by the study team.

The date of vaccine administration and type of vaccine administered were recorded and
categorized by the vaccine platform of the first 2 doses. For cases of COVID-19, clinical presentation,
date of symptom onset, and duration and severity of infection were assessed.

Data from all participating centers were entered into a unified electronic platform (REDCap—
Research Electronic Data Capture, https://redcap.reumatologia.org.br/).

2.3. Statistical Analysis

Analyses were performed using Stata (v.17) and R (v.4.2.0) software. For all tests, statistical
significance was accepted at the 5% level and 95% confidence intervals were calculated.

We performed a descriptive analysis of demographic data, comorbidities, disease activity score,
and degree of immunosuppression (using the definition recommended by the Brazilian Society of
Rheumatology), stratified by vaccine platform. For categorical variables, proportions between groups
were compared using the chi-square and Fisher’s exact tests. For continuous variables, proportions
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between groups were expressed as means and standard deviations or medians and interquartile
ranges as appropriate. We analyzed these variables using ANOVA and the Wilcoxon test (2 groups)
or Kruskal-Wallis test (>2 groups), respectively.

Humoral immunogenicity data were evaluated as the seroconversion rate by vaccine group,
according to collection time and treatment type. Within each group, we compared the proportions of
seroconversion as well as the geometric means of antibody titers. For analysis of IgG titers, data were
normalized by logio-transformation. Analysis of normalized IgG titers over time was then performed
using the nonparametric Wilcoxon/Mann-Whitney test with Bonferroni correction. A multivariate
(linear) regression model for IgG titers was adjusted for disease activity and degree of
immunosuppression.

2.4. Ethical Aspects

The study was submitted to the National Research Ethics Commission for approval (CAAE
43479221.0.1001.5505) and to the Research Ethics Committees of all participating centers and was
conducted in accordance with the applicable guidelines and standards that regulate research on
human subjects. All participants signed an Informed Consent Form (ICF) after being informed of the
objective and protocol of the study.

All biosafety guidelines and Good Clinical Laboratory Practices were followed.

3. Results

The present study included a total of 445 patients with SLE, of whom 235 patients over 18 years
of age completed a 3-dose COVID-19 vaccination schedule [Figure 2].

SAFER Study - 1215
patients
. Other autoimmune disease
SLE - 445 patients I::> -770 patients

235 patients with complete 210 patients without
vaccination schedule complete vaccination
(2 doses + booster) schedule

Effectiveness of the
Booster Dose

Figure 2.

Of these, 210 (89.3%) were women and 25 (10.6%) were men, with an average age of 38 years.
Regarding ethnicity/skin color, 109 (46.3%) self-identified as brown and 87 (37%) as white. The
median duration of SLE follow-up was 10 years (interquartile range 5-16 years). Approximately
39.1% of individuals had no other comorbidities. Among reported comorbidities, 27.2% had
hypertension and 11.4% had obesity; others included hypothyroidism, osteonecrosis, and
dyslipidemia. According to the SLEDAI-2K score, most patients (72.4%) were in remission or had low
disease activity. Regarding the severity of immunosuppression, 135 (58.1%) had a high degree of
immunosuppression and 70 (30.1%) were not immunosuppressed [Table 1]. Concerning
pharmacotherapy, 82.5% of patients were on hydroxychloroquine; among immunosuppressants,
azathioprine and mycophenolate were equally common (22.98%). Approximately 50% of patients
were on oral glucocorticoids, most (48.2%) at doses of up to 5 mg per day [Table 2].
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Table 1. Demographic and clinical characteristics at inclusion.

doi:10.20944/,

reprints202411.1723.v1

CoronaVac + ChadOx-1+ BNT162b2 +
Total N =235 BNT162b2 BNT162b2 BNT162b2
N=116 N=87 N=32
Sex, % 0.54
Female 210 (89.36) 101 (87.07) 79 (90.80) 30 (93.75)
Age, mean (SD) 38.0 (29.0-46.0) | 35.5(28.0-45.0) | 40.0(31.0-47.0) @ 37.5(32.0-46.0) | 0.095
Skin color (%) 0.30
White 87 (37.02) 51 (43.97) 27 (31.03) 9 (28.13)
Black 33 (14.04) 15 (12.93) 14 (16.09) 4 (12.50)
Brown 109 (46.38) 46 (39.66) 45 (51.72) 18 (56.25)
Disease in years, median (IQR) 10 (5-16) 8 (4-15) 12 (7-18) 7.7 (4-14) 0.006
Smoking, % 15 (6.38) 11 (9.48) 4 (4.60) 0 (0.00) 0.13
No comorbidities, % 92 (39.15) 59 (50.86) 23 (26.44) 10 (31.25) 0.001
Heart disease, % 10 (4.26) 5(4.31) 2 (2.30) 3(9.38) 0.22
Diabetes, % 11 (4.68) 6 (5.17) 4 (4.60) 1(3.13) 1.00
Lung disease, % 7 (2.98) 1 (0.86) 2 (2.30) 4 (12.50) 0.007
Kidney disease, % 4(1.70) 2(1.72) 2 (2.30) 0 (0.00) 1.00
Hypertension, % 64 (27.23) 26 (22.41) 29 (33.33) 9 (28.13) 0.22
Obesity, % 27 (11.49) 12 (10.34) 10 (11.49) 5 (15.63) 0.71
Other comorbidities®, % 95 (40.43) 37 (31.90) 44 (50.57) 14 (43.75) 0.025
APS, % 19 (8.09) 11 (9.48) 6 (6.90) 2 (6.25) 0.80
Previous thrombosis, % 32 (13.62) 14 (12.07) 11 (12.64) 7 (21.88) 0.34
Disease activity, % 0.056
Remission 90/225 (40) 45/109 (41.28) 30/84 (35.71) 15/32 (46.88)
Low activity 73/225 (32.44) 28/109 (25.69) 37/84 (44.05) 8/32 (25.00)
Moderate to high activity 62/225 (27.56) | 36/109 (33.03) 17/84 (20.24) 9/32 (28.13)
Degree of Inmunosuppression, % 0.16
No immunosuppression 70/232 (30.17) 40/115 (34.78) 25/86 (29.07) 5/31 (16.13)
Low grade 27/232 (11.64) 9/115 (7.83) 12/86 (13.95) 6/31 (19.35)
High grade 135/232 (58.19) | 66/115(57.39) | 49/86 (56.98) 20/31 (64.52)

Values are expressed as % (N) for categorical variables and mean + standard deviation (SD) or median

interquartile range or continuous variables; , antiphospholipid syndrome; othyroidism,
interquartil ge [IQR]) fi i iables; APS, iphospholipid synd * hypothyroidi

osteonecrosis, dyslipidemia, osteoporosis, fibromyalgia.
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Table 2. Medications on inclusion.

CoronaVac +

BNT162b2

N=116

ChadOx-1

+ BNT162b2

N=87

doi:10.20944/preprints202411.1723.v1

Azathioprine, % 54/235 (22.98)
Oral corticosteroid, % 112/235 (47.66)
Oral corticosteroid dose, %

Up to 5 mg/day 54/112 (48.21)

26 a 10 mg/day 27/112 (24.11)

>11 a 20 mg/day 19/112 (16.96)

>20 mg/day 12/112 (10.71)
Hydroxychloroquine, % 194/235 (82.55)
Mycophenolate, % 54/235 (22.98)
Methotrexate, % 32/235 (13.62)
Methotrexate dose, %

<20 mg/week 23/32 (71.88)

>20 mg/week 9/32 (28.13)
Rituximab (regular use), % 7/235 (2.98)

27/116 (23.28)

60/116 (51.72)

24/60 (40.00)
14/60 (23.33)
10/60 (16.67)
12/60 (20.00)
98/116 (84.48)
22/116 (18.97)

12/116 (10.34)

8/12 (66.67)
4/12 (33.33)

2/116 (1.72)

17/87 (19.54)

38/87 (43.68)

25/38 (65.79)
7/38 (18.42)
6/38 (15.79)
0/38 (0.00)
68/87 (78.16)
25/87 (28.74)

14/87 (16.09)

10/14 (71.43)
4/14 (28.57)

5/87 (5.75)

Medications in use at inclusion according to the vaccination schedule.

BNT162b2
+ BNT162b2
N=32

10/32 (31.25) 0.40

14/32 (43.75) 0.47
0.007

5/14 (35.71)

6/14 (42.86)

3/14 (21.43)

0/14 (0.00)

28/32 (87.50) 0.37

7/32 (21.88) 0.26

6/32 (18.75) 0.33
0.88

5/6 (83.33)

1/6 (16.67)

0/32 (0.00) 0.17

Regarding vaccine platforms and immunization schedules, 116 patients received 2 doses of
CoronaVac followed by 1 dose of BNT162b2 (Pfizer-BioNTech) vaccine, 87 received 2 doses of
ChAdOx1-S (AstraZeneca) followed by 1 dose of BNT162b2 (Pfizer-BioNTech) vaccine, and 32

received 3 doses of BNT162b2 (Pfizer-BioNTech) vaccine.

Considering effectiveness data, within the 120-day follow-up period after the booster dose of

vaccine, there were 28 incident cases of COVID-19 in patients with respiratory symptoms diagnosed
more than 15 days after their 2nd dose of SARS-CoV-2 vaccine. Four cases of COVID-19 were
diagnosed 15 days after the first dose of vaccine. No difference in the rate of incident cases was found

between the different vaccination schedules [Table 3].

Table 3. Vaccine effectiveness.

CoronaVac + ChadOx-1 BNT162b2

+ BNT162b2

COVID-19 infection cases

BNT162b2 + BNT162b2

N=116 N=87 N=32

Positive cases of SARS-CoV-2 more

4/235 (1.70) 3/116 (2.59) 1/87 (1.15) 0/32 (0.00) 0.80
than 15 days after the 1st dose, %
Positive cases of SARS-CoV-2 more

6/235 (2.55) 5/116 (4.31) 1/87 (1.15) 0/32 (0.00) 0.36
than 15 days after the 2na dose, %
Positive cases of SARS-CoV-2 more

22/235 (9.36) 12/116 (10.34)  8/87 (9.20) 2/32 (6.25) 0.86

than 15 days after the 3:a dose, %
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Effectiveness: number of cases of SARS-CoV-2 infection after vaccination throughout follow-up.

Among patients diagnosed with COVID-19, the majority presented with mild symptoms of
fatigue, weakness, changes in smell and taste, cough, and shortness of breath not meeting criteria for
severity. Of the 28 infected patients, only 4 sought medical attention; all were seen at urgent care
facilities and did not require hospitalization.

Analysis of the immunogenicity data showed an increase in seroconversion rate after the vaccine
doses were administered, with no difference between vaccination schedules. Seropositivity was
39.47% at enrollment and 97.57% after the booster dose. Regarding IgG antibody titers (log-
transformed), increases in geometric mean IgG titers were seen after each dose in the different
vaccination schedules (log 1.86 at enrollment to log 7.06 after the third dose). Antibody titers after the
second dose varied between the different vaccine platforms: log 4.37 for CoronaVac, log 6.30 for
ChAdOx-1, and log 7.09 for BNT162b2 (p < 0.001), with a statistically significant difference
demonstrating superiority of schedules containing ChAdOx-1 (AstraZeneca) and BNT162b2 (Pfizer-
BioNTech) over CoronaVac (p < 0.001). However, after the third dose, IgG titers was similar across
all vaccination schedules (p = 0.68) [Table 4]. [Graph 1].

Table 4. Immunogenicity.

CoronaVac + ChadOx-1 BNT162b2
BNT162b2 + BNT162b2 + BNT162b2
N=116 N=87 N=32
Serology
Inclusion, % 90/228 (39.47) 47/114 (41.23) 30/84 (35.71) 13/30 (43.33) 0.66
28 days after the 1st dose, % 162/219 (73.97) 79/114 (69.30) 62/78 (79.49) 21/27 (77.78) 0.26
28 days after 2nd dose, % 200/219 (91.32) 98/110 (89.09) 74/79 (93.67) 28/30 (93.33) 0.50
after 3ra dose, % 201/206 (97.57) 99/103 (96.12) 73/74 (98.65) 29/29 (100.00) 0.37
IgG titer (Log10)
Inclusion, Mean (SD) 1.86 (1.89) 2.00 (1.88) 1.70 (1.90) 1.81 (1.94) 0.54
after 1st dose, Mean (SD) 4.10 (2.49) 3.45 (2.04) 472 (2.71) 5.11 (2.82) <0.001
after 2nd dose, Mean (SD) 5.4 (2.17) 4.37 (1.80) 6.30 (1.98) 7.09 (1.86) <0.001
after 3rd dose, Mean (SD)  7.06 (1.80) 6.95 (1.95) 7.17 (1.65) 7.17 (1.59) 0.68

Assessment of immunogenicity throughout the vaccination period based on IgG antibody titers and serology in
each vaccination schedule. Standard deviation (SD).
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Graph 1: T1: Enrollment; T2: After 1st dose; T3: After 2nd dose; T4: After 3rd dose. Assessment of
immunogenicity throughout the vaccination period based on IgG antibody titers with each
vaccination schedule.

In the multivariate linear regression model, considering immunogenicity (IgG titer after the 3rd
dose of the vaccine) as the outcome variable, there was no association between disease activity or
degree of immunosuppression with anti-SARS-CoV-2 IgG titers after the 3rd (booster) dose of vaccine
in patients with SLE (p > 0.05%) [Table 5].

Table 5. Multivariate model.

Disease activity

Remission - - = -

Low activity -0.503 -1.624 0.617 0.373

Moderate to high activity -1.060 -2.134 0.013 0.053
Immunosuppression

Without immunosuppression - - = -
Low degree of immunosuppression -1.596 -3.744 0.551 0.143

High degree of immunosuppression -0.692 -1.650 0.266 0.154
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4. Discussion

The present study demonstrated high immunogenicity against SARS-CoV-2 in patients with SLE
after a complete vaccination schedule (2 doses + 1 booster dose), regardless of the vaccine platform
administered. This is one of the first studies to evaluate the response to different immunization
schemes— CoronaVac (Inactivated SARS-CoV-2 Vaccine), ChAdOx-1 (AstraZeneca), and BNT162b2
(Pfizer-BioNTech) —with an added booster dose in this patient population. Among the 235 patients
with SLE included, an increase in antibody titers was observed after vaccination, with a seropositivity
rate of 97.57% following a complete vaccination schedule, demonstrating greater induction of
humoral immunity when compared to a one- or two-dose homologous vaccination schedule.
Furthermore, this prospective longitudinal study was also able to demonstrate the medium-term real-
life effectiveness of COVID-19 vaccines in patients with an immune-mediated rheumatic disease.

Vaccination is a public health strategy to reduce mortality from infectious diseases at the
population level. Before a vaccine can be recommended, its efficacy and effectiveness must be
assessed; however, measurement of these parameters in many population subgroups, including
patients with immune-mediated rheumatic diseases, is severely limited by their exclusion from phase
III trials [17]. Studies evaluating the incidence of hospitalization due to COVID-19 in patients with
SLE demonstrated a risk approximately three times higher compared to the general population [18].
Our prospective cohort found 28 incident cases of SARS-CoV-2 infection; however, all were mild
respiratory tract infections, with no hospitalizations or deaths, demonstrating a change from the pre-
vaccination scenario in which a higher risk of unfavorable outcomes and mortality was observed in
patients with SLE [19]. This was also reported in cohort studies comparing the outcomes of
vaccinated and unvaccinated SLE patients relative to the general population [20]. Therefore, our
findings corroborate the existing data on the effectiveness of SARS-CoV-2 vaccines and provide
further evidence of the importance of vaccination in patients with SLE.

The immunogenicity of SARS-CoV-2 vaccines in patients with immune-mediated diseases has
been the object of several studies since the first stages of development of the different COVID-19
vaccine platforms. However, the recommendation for vaccination of patients with SLE was initially
empirical [21]. A recent meta-analysis demonstrated a seropositivity rate of 81.1% in SLE patients
who were vaccinated against COVID-19, a lower rate than that found in our study, in which
seropositivity rose from 39.47% at enrollment to 97.57% after completion of any vaccination schedule.
This apparent superiority is mainly attributable to the studies included in the meta-analysis, which
mostly evaluated outcomes after 2 doses of a SARS-CoV-2 vaccine; only two studies involving a
booster-dose schedule were included [22].

On comparing the different vaccine platforms, we observed a smaller increase in IgG titers in
patients who received the CoronaVac vaccine after the first and second doses. This finding is in line
with previous studies of live inactivated SARS-CoV-2 vaccine platforms, in which a seroconversion
rate of 70.4% was found in patients with immune-mediated diseases (versus 95.5% in the control
group), as well as a lower increase in IgG titers [23].

The degree of immunosuppression in patients with SLE and their degree of disease activity are
factors that may be related to blunting of the vaccine response in these individuals. However, we
found no such association after multivariate analysis. This is in contrast with data from previous
studies in which immunosuppression was found to have an impact on on the vaccine response,
especially in patients receiving mycophenolic acid, glucocorticoids, and rituximab [24,25]. On
analysis of these findings, we believe that the lack of difference in vaccine response in relation to the
degree of immunosuppression is attributable to the fact that our study analyzed patients after they
had received a booster dose, unlike previous studies which conducted outcome assessment after a
two-dose schedule. The significant increase in humoral immunity in patients with an otherwise
suboptimal response due to their degree of immunosuppression was also observed in another cohort
that evaluated the effect of a booster dose in patients with immune-mediated disease who had
received a homologous vaccination schedule with an inactivated-virus or adenovirus-vector vaccine
[26].
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Our study has some limitations inherent to observational cohort designs. Although cases of
COVID-19 infection were recorded before the vaccination period, some asymptomatic cases may
have occurred during the intervals between vaccine doses, thus contributing to an increase in
seropositivity in these patients. In an attempt to mitigate this effect, participants were contacted
periodically by telephone so they would not underestimate mild symptoms and thus fail to undergo
confirmatory diagnostic testing.

The strengths of this study are several, and include the number of participants enrolled, the
length of follow-up and the real-world setting; as it was conducted following the recommendations
of health agencies during the pandemic, it provided an accurate picture of the response to a boosted
vaccination schedule as was recommended at the time for high-risk subgroups.

In conclusion, this study demonstrated the effectiveness of SARS-CoV-2 vaccines in patients
with systemic lupus erythematosus receiving immunosuppressive therapy, confirming the
importance of a complete (2-dose) vaccination schedule followed by a booster dose, which was
associated with a significant increase in humoral immunity —especially for patients who received
initial vaccination with a live inactivated vaccine.
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