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Poor Prognosis of COVID-19 Acute Respiratory Distress
Syndrome in Lupus Erythematosus: Nationwide Cross-
Sectional Population Study Of 252 119 Patients

Isabela Maria Bertoglio, Juliana Miranda de Lucena Valim, Danielle Daffre, Nadia Emi Aikawa,
Clovis Artur Silva, Eloisa Bonfa, = and Michelle Remido Ugolini-Lopes

Objective. Coronavirus disease 2019 (COVID-19) has progressed rapidly around the world, reaching a lethality of
up to 20% due to acute respiratory distress syndrome (ARDS). This latter condition is a relevant concern for systemic
lupus erythematosus (SLE); however, data on this topic are limited to few case series. Our objective was to evaluate in
hospitalized patients with SLE and with COVID-19-associated ARDS (confirmed by reverse transcription-polymerase
chain reaction) the risk of mortality and combined poor outcomes (death, intensive care unit [ICU] admission, and/or
mechanical ventilation [MV] use) and to compare with that of patients without SLE.

Methods. This is a nationwide cross-sectional study of patients with severe acute respiratory syndrome coronavirus
2 nested in the national Influenza Epidemiological Surveillance Information System (Sistema de Informacao de Vigilancia
Epidemiolégica da Gripe [SIVEP-gripe]). Mortality rates, frequencies of ICU admissions, and MV use for 319 patients with
SLE and 251800 patients without SLE were calculated as well as relative risks (RRs). A fully adjusted multiple logistic
regression was performed to adjust factors, such as age and well-known comorbidities, that might impact worse outcomes.

Results. Patients with SLE had an increased risk of death and combined poor outcome compared with patients
without SLE (RR=1.738,95% confidenceinterval [Cl]: 1.557-1.914,and RR=1.391,95% Cl: 1.282-1.492, respectively).
Among all investigated comorbidities, SLE yielded the higher risk of death and combined poor outcomes (RR = 2.205,
95% CI: 1.780-2.633, and RR = 1.654, 95% CI: 1.410-1.88, respectively).

Conclusions. This study provides novel evidence that patients with SLE hospitalized because of COVID-19 have
significantly higher risks of death and poor outcomes compared with patients without comorbidities and patients with

other comorbidities.

INTRODUCTION

The pandemic of coronavirus disease 2019 (COVID-19),
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, has progressed rapidly around the world,
reaching a lethality of up to 20% in different regions due to acute
respiratory distress syndrome (ARDS) (1). Brazil has had more than
8 million cases of COVID-19 since its first confirmed case on Feb-
ruary 27, 2020, with more than 215000 deaths until January 2021,
a lethality rate of 2.5% (2,3). More severe cases and high mortality
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rates have been reported in elderly and comorbid patients, particu-
larly in those with cardiovascular or chronic respiratory diseases,
diabetes mellitus, and arterial hypertension (4).

COVID-19 raised particular concern for people with autoim-
mune rheumatic diseases (5,6), particularly those with systemic
lupus erythematosus (SLE), because of the known increased
susceptibility to infections (6,7). Underlying this susceptibility is
the chronic inflammatory autoimmune dysregulation of the dis-
ease and the use of immunosuppressive medications (8). These
factors may be associated with a high risk for SARS-CoV-2 and
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SIGNIFICANCE & INNOVATIONS

* This is the first study to evaluate the prognosis of
coronavirus disease 2019 (COVID-19) in a large
population with systemic lupus erythematosus
(SLE) hospitalized because of acute respiratory dis-
tress syndrome.

+ Patients with SLE had a significant increase in the
risk of death and combined poor outcomes when
compared with patients without SLE.

+ Among all investigated comorbidities, SLE yielded the
highest risk for death and combined poor outcomes
(relative risk [RR] = 2.205, 95% confidence interval
[CI]: 1.780-2.633; RR = 1.654, 95% Cl: 1.410-1.88).

« This is an important alert to those caring for pa-
tients with SLE, and it is an additional reinforce-
ment of the importance of preventive measures
during the pandemic for this population.

worse prognosis (8,9). Reinforcing this possibility, Mathian et al (9)
observed a high hospitalization rate (82%) in a small case series
with 17 patients with SLE, including seven (41%) patients who
were admitted to an intensive care unit (ICU), five (29%) who
needed mechanical ventilation (MV), and two (14%) who died .
A meta-analysis including SLE data (10), showed lower figures,
with hospitalization and mortality rates of 33% and 6.9%, respec-
tively, in patients with lupus.

With regard to the incidence of COVID-19 in patients with
SLE’s, data are still controversial, with some reports suggest-
ing comparable incidences (7,11-13) and others suggesting
higher frequencies than the general population (14—16). Recently,
a meta-analysis showed that the risk of COVID-19 in patients with
autoimmune rheumatic diseases was higher compared with con-
trol subjects without autoimmune rheumatic diseases (odds ratio:
2.19). An increased risk for lupus was also observed compared
with other autoimmune rheumatic diseases (3.4% vs. 0.9%) (10);
however, patients with lupus were categorized in the same group
of patients with Sjogren syndrome and scleroderma, precluding a
definitive conclusion.

Few studies specifically evaluated the prognosis of patients
with SLE and with COVID-19 (8-10). Fernandez-Ruiz et al (8),
observed that patients with SLE and COVID-19 had high hos-
pitalization rates and found that comorbidities were independent
predictors of hospitalization in these patients. The small rep-
resentation of patients (n = 41) with positive real-time reverse
transcription-polymerase chain reaction (RT-PCR) in their analysis
and lack of comparison with the non-SLE group hamper an accu-
rate interpretation of their findings.

Therefore, the primary aim of this study is to analyze the risk
of death, ICU admission, and MV use in a large population of hos-
pitalized patients with SLE who developed ARDS due to SARS-
CoV-2 infection (confirmed by RT-PCR) and compare them with
patients without SLE.

METHODS

Data sources and study cohorts. \We conducted a nation-
wide cross-sectional study of SARS-CoV-2 infection with patients
nested in the national Influenza Epidemiological Surveillance Informa-
tion System (Sistema de Informag&o de Vigiléancia Epidemioldgica da
Gripe [SIVEP-gripe]). In Brazil, ARDS is a compulsory reported dis-
ease, and a standardized electronic database (SIVEP-gripe) captures
relevant information such as demographic data and clinical and labo-
ratory features of the hospitalized patients from the public and private
systems. It is a nationally representative sample of ARDS cases in the
country and an important tool to recognize outbreaks and pandemics.

This study was approved by the Local Ethics Committee of
our University Hospital (33118820.0.0000.0068).

ARDS diagnosis. The definite diagnosis of ARDS requires
the presence of flu-like symptoms in addition to any of the follow-
ing criteria: dyspnea/respiratory discomfort, persistent pressure in
the chest, desaturation less than 95% in room air, or bluish color
of the lips or face (17).

SARS-CoV-2 infection diagnosis. For this study, a more
restricted definition of SARS-CoV-2 infection diagnosis than the
one established in the SIVEP-gripe database was used (17). The
definite diagnosis was considered when a patient presented with a
flu-like syndrome in addition to dyspnea/respiratory discomfort and/
or desaturation less than 95% in room air and/or bluish color of lips
and laboratory SARS-CoV-2 confirmation by the RT-PCR method
(17). Additional clinical and epidemiological parameters (such as
anosmia, ageusia, tomographic findings, and contact in the last
14 days with a confirmed COVID-19 case) were also evaluated but
were not considered obligatory for definite diagnosis criteria.

Covariates. Basgline information regarding demographics
(age, sex, and region of Brazil) and comorbidities (arterial hyperten-
sion, diabetes mellitus, heart disease, hepatic disease, lung disease,
renal disease, neurological disease, oncological disease, transplants,
smoking, alcoholism, obesity/overweight status, and pregnancy) were
systematically captured. Potential confounders included the already
known risk factors for poor prognosis in COVID-19, such as age,
sex, and comorbidities. The region of Brazil was also considered as a
potential confounder.

Outcomes. The outcomes of interest were mortality in
hospitalized patients with COVID-19 (death due to SARS-Cov-2
infection or death due to complications caused by SARS-Cov-2)
and combined poor outcomes (ICU admission and/or MV use
and/or death) in COVID-19 hospitalized patients.

Statistical analysis. Propensity score. We compared the
risk for mortality and combined poor outcomes between groups
of patients with SLE and patients without SLE using relative
risks (RRs) and their corresponding 95% Cls from generalized



806

BERTOGLIO ET AL

estimating equations. Models were fully adjusted using the
propensity score (PS) stratification method for potential con-
founders (all demographics and comorbidities were covariates).
The fully adjusted PS was estimated using a logistic regres-
sion model including all prespecified covariates (all demographic
and comorbidities). The matching method performed was the
stratification technique.

To control confounding variables, which included demo-
graphic data (age group, sex, and region) and comorbidities
(heart, liver, lung, hypertension, diabetes, neurological, renal,
neoplasms, dyslipidemia and obesity, pregnancy, smoking,

Table 1.

and drinking), an adjustment instrument for the PS was used.
Thus, a logistic regression model was developed for the SLE
prediction using all variables understood as possibly con-
founding as explanatory. The model was applied for the entire
sample, and the stratification was performed in 10 different
groups (method stratification). These 10 groups were more
homogeneous in relation to the probability of SLE diagno-
sis, neutralizing the effect of the confounders, than allow-
ing adjusted comparison. The risks of death were weighted
according to each group probability, allowing calculation of
the final adjusted risk.

Demographic and clinical features of patients hospitalized with SARS-CoV-2 infection in 2020

SARS-CoV-2 Cohort

Positive RT-PCR SARS-CoV-2 Cohort

Non-SLE Non-SLE
Demographic SLE(n=382) (n=312047) PValue SLE(n=319) (n=251800) P Value
Age, mean (SD), yr 451 (16.6) 58.6 (19.1) <0.0001 45.5(16.5) 58.7(18.9) <0.0001
Female sex, n (%) 327 (85.6) 136593 (43.8) <0.001 274 (85.9) 110309 (43.8) <0.001
Comorbidities, n (%)
Any comorbidity 236 (61.8) 179205 (57.4) 0.086 198 (62.1) 147 815 (58.7) 0.245
Arterial hypertension 60 (15.7) 37799 (12.1) 0.032 50(15.7) 30846 (12.3) 0.075
Diabetes mellitus 74.(19.4) 76 689 (24.6) 0.018 59 (18.5) 63010 (25.0) 0.009
Heart disease 110 (28.8) 99909 (32.0) 0177 92 (28.8) 82987 (33.0) 0133
Hepatic disease 10(2.6) 2900(0.9) 0.001 10(3.1) 2425 (1.0) <0.001
Lung disease 24 (6.3) 21184 (6.8) 0.694 20(6.3) 17919 (7.1) 0.632
Renal disease 66 (17.3) 15658 (5.0) <0.001 50(15.7) 13291(5.3) <0.001
Neurological disease 16 (4.2) 12854 (4.1) 0.946 10(3.1) 11028 (4.4) 0.343
Oncological disease 8(2.1) 7608 (2.4) 0.663 6(1.9) 6631 (2.6) 0.507
Transplant patients 3(0.8) 548(0.2) 0.031 3(0.9) 510(0.2) 0.021
Smoking 3(0.8) 19053 (6.1) <0.001 3(0.9) 16363 (6.5) <0.001
Alcoholism 1(0.3) 3224.(1.0) 0.1982 1(0.3) 2577 (1.0) 0.327
Obesity/overweight 27(7.1) 1374.(0.4) <0.001 23(7.2) 1065 (0.4) <0.001
COVID-19
Symptoms, n (%)
Fever 245 (64.1) 207 738 (66.6) 0.313 203 (63.6) 169270 (67.2) 0.192
Cough 259 (67.8) 225449 (72.2) 0.052 218 (68.3) 184013 (73.1) 0.065
Sore throat 68 (17.8) 61970 (19.9) 0.314 49 (15.4) 48698 (19.3) 0.084
Dyspnea 287 (75.1) 212359 (68.1) 0.003 240 (75.2) 172 859 (68.6) 0.013
Respiratory discomfort 232 (60.7) 169922 (54.5) 0.014 185 (58.0) 138125 (54.9) 0.285
Desaturation 229 (59.9) 168 426 (54.0) 0.019 188 (58.9) 139003 (55.2) 0.016
Diarrhea 69 (18.1) 42077 (13.5) 0.009 55(17.2) 34329 (13.6) 0.073
Vomiting 50 (13.1) 24217 (7.8) <0.001 39(12.2) 19653 (7.8) 0.005
Abdominal pain 8(2.1) 4694 (1.5) 0.344 7(2.2) 3485 (1.4) 0.318
Fatigue 31(8.1) 26610 (8.5) 0.773 23(7.2) 21087 (8.4) 0.516
Anosmia 26 (6.8) 17099 (5.5) 0.255 24 (7.5) 13164 (5.2) 0.086
Ageusia 10(2.6) 12416 (4.0) 0174 9(2.8) 9317 (3.7) 0.495
ICU admission, n (%) 159 (41.6) 90999 (29.2) <0.001 132 (41.4) 77572 (30.8) <0.001
Ventilatory support, n (%) 251 (65.7) 172318 (55.2) <0.001 206 (64.6) 141512 (56.2) 0.003
Invasive ventilation 105 (27.5) 53014 (17.0) <0.001 83(26.0) 44028 (17.5) <0.001
Noninvasive ventilation 146 (38.2) 119304 (38.2) 0.996 123 (38.6) 97484 (38.7) 1.000
ICU length of stay, mean (SD), d 10.1 (9.9) 10.3(10.5) 0.734 10.7 (10.3) 10.5 (10.6) 0.734
Hospital length of stay, mean 11.7 (13.7) 11.1(12.0) 0.376 12.0 (14.3) 11.4(12.1) 0.376
(SD), d
Outcome, n (%)
Deaths 154 (40.3) 103039 (33.0) 0.003 126 (39.5) 82895 (32.9) 0.015
Combined poor outcomes (ICU 210 (54.9) 148 459 (47.5) <0.001 173 (54.2) 122341 (48.5) <0.001

admission + MV need + death)

Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive care unit; MV, mechanical ventilation; RT-PCR, reverse transcription-
polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation; SLE, systemic lupus

erythematosus.
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Table 2. RRs and 95% Cls comparing the risk of death and combined poor outcomes in patients with SLE with positive COVID-

19-19 RT-PCR
RR (95% Cl)
Numerator ~ Denominator Crude Analysis Fully Adjusted PS Analysis
Death
SLE versus non-SLE 0.395 0.329 1.200 (1.047-1.374) 1.738 (1.557-1.914)
SLE versus non-SLE without comorbidities 0.395 0.226 1.749 (1.527-2.005) 2.249 (1.987-2.511)
SLE versus non-SLE with comorbidities 0.395 0.396 0.998 (0.871-1.143) 1.397 (1.254-1.536)
Combined poor outcome
SLE versus non-SLE 0.542 0.486 1.116 (1.009-1.235) 1.391 (1.282-1.492)
SLE versus non-SLE without comorbidities 0.542 0.365 1.486 (1.343-1.644) 1.697 (1.549-1.837)
SLE versus non-SLE with comorbidities 0.542 0.564 0.962 (0.870-1.064) 1174 (1.084-1.258)

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; PS, propensity score; RR, relative risk; RT-PCR, reverse
transcription-polymerase chain reaction; SLE, systemic lupus erythematosus. Combined poor outcome: death, intensive care unit

admission and/or mechanical ventilation use.

To adjust for comorbidities, logistic regression models were
developed for each comorbidity as a response variable (having
the disease or not) and demographic variables as predictor vari-
ables. The resulting probability of the model was used to stratify
patients into 10 different groups (method stratification). It is impor-
tant to mention that each comorbidity was assessed alone (the
patient had only one disease), and overlap cases were excluded
from this analysis to avoid bias.

Our database presented only 2% of missing data. For all
binary covariates, missing data were treated as negative/not pres-
ent. For the continuous or categoric covariates, patients with miss-
ing data were excluded from the analysis. The assessment of
normal distribution data was performed with the Kolmogorov-
Smirnov test. Comparisons between categorical variables were
performed using Fisher exact test or ¥* test when appropriate.
Continuous variables were compared using the Student t test or
Mann-Whitney test when appropriate. The tests were conducted
with a significance level of 5%. IBM SPSS (version 20) and Micro-
soft Excel 365 software were used to perform these analyses.

Confounder summary score. To better control the con-
founders bias, a second analysis was performed to assess the
exposure risk score using the confounder summary score match-
ing method (18). A three-step methodology was used as follows:
1) a multiple logistic regression was performed to evaluate the
outcome score in the entire database excluding the SLE pop-
ulation; 2) a score matching technique was performed to en-
sure proper adjustment of important confounders (such as age
and comorbidities) and to ensure that both populations with and
without SLE would enter the score with the same a priori risk;
3) a second multiple logistic regression, now including the SLE
population, was performed to allow the assessment of the risk
increment that SLE caused.

RESULTS

From January 1 to August 17, 2020, 607326 ARDS cases
had been reported in Brazil, of which312419 (51.4%) were due to
COVID-19. Among these patients, 252119 (80.7%) had RT-PCR

SARS-CoV-2 infection confirmation. In the overall cohort, we
found 382 patients with SLE, and in the group with positive RT-
PCR results, there were 319 patients with SLE. Table 1 shows the
distribution of demographic data, clinical characteristics, and out-
comes of both cohorts comparing patients with SLE and patients
without SLE.

The positive RT-PCR cohort analysis revealed that patients
with SLE were younger patients (45.5 + 16.5 years vs. 58.7 + 18.9
years, P < 0.0001) and had a greater predominance of women
(85.9% vs. 43.8%; P < 0.001) than patients without SLE. ICU
admission and MV use was more frequent in the SLE group than
in the non-SLE group (132 [41.4%] vs. 77572 [30.8%)], P < 0.001,
and 83 [26%] vs. 44028 [17.5%], P < 0.001, respectively). The
death rate was also significantly higher in the former group (126
[39.5%] vs. 82895 [32.9%], P = 0.015) (Table 1). Regarding symp-
toms presentation, dyspnea (240 [75.2%)] vs. 172859 [68.6%],
P = 0.013), oxygen desaturation (188 [568.9%] vs. 139003

Table 3. RRs and 95% Cls of death and combined poor outcome
of each comorbidity compared with patients without systemic lupus
erythematosus and without comorbidities

Fully Adjusted PS Analysis, RR (95% Cl)

Combined Poor

Death

Qutcome

SLE

Heart disease
Hepatic disease
Lung disease

Arterial hypertension

Diabetes mellitus

Neurological disease

Renal disease
Oncological disease
Transplant
Obesity/overweight
Smoking
Alcoholism

2.205(1.780-2.633)
0.982 (0.955-1.010)
1.865 (1.659-2.077)
1.220(1.152-1.290)
0.976 (0.940-1.013)
1192 (1.151-1.234)
1.470(1.396-1.547)
1.750 (1.621-1.882)
1.926(1.846-2.008)
1.783 (1.065-2.612)
1.704 (1.618-1.792)
1.294 (0.949-1.704)
1.897 (1.314-2.531)

1.654 (1.410-1.881)
1.079 (1.057-1.101)
1.438 (1.307 -1.568)
1.218 (1.170-1.266)
1.082 (1.053-1.111)
1.205 (1.175-1.235)
1.468 (1.414-1.522)
1.482 (1.400-1.564)
1.558 (1.507-1.609)
1.519 (1.011-1.990)
1.613 (1.567-1.659)
1.442 (1156-1.722)
1.614 (1.214-1.976)

Abbreviations: Cl, confidence interval; PS, propensity score; RR,
relative risk; SLE, systemic lupus erythematosus Combined poor
outcome: death, intensive care unit admission, and/or mechanical
ventilation use.
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Death relative risk (RR) increase per comorbidity
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Figure 1. Relative risks (RRs) 95% confidence intervals (Cls) comparing the risk of death of patients with all comorbidities compared with

patients without systemic lupus erythematosus (SLE) and comorbidities.

[65.2%)], P = 0.016), and vomiting (39 [12.2%] vs. 19653 [7.8%],
P = 0.016) were more often observed in patients with SLE than
in patients without SLE (Table 1). For both groups, SLE and non-
SLE, the three more frequent symptoms were dyspnea, cough,
and fever (Table 1).

Table 2 compares the RR of death and combined poor out-
comes among different groups with SARS-CoV-2 infection con-
firmed by positive RT-PCR results. After adjustment for additional
potential confounders through PS analysis, patients with SLE had
an increased risk of death and combined poor outcomes com-
pared with patients without SLE (RR = 1.738 [95% CI: 1.557-
1.914] and RR = 1.391 [95% Cl: 1.282-1.492], respectively).
Compared with patients without SLE without comorbidities,
patients with SLE also had an increased risk of death and com-
bined poor outcomes (RR = 2.249 [95% ClI: 1.987-2.511] and
RR = 1.697 [95% CI: 1.549-1.837], respectively). Patients with
SLE also had an increased risk of death and combined poor
outcomes compared with patients without SLE with any other
comorbidity (RR = 1.397 [95% CI: 1.254-1.536] and RR =1.174
[95% ClI: 1.084-1.258], respectively).

Comparisons of the risks of death and combined poor out-
comes of all comorbidities with patients without SLE without
comorbidities are presented in Table 3. After adjustment for addi-
tional potential confounders through PS analysis, SLE diagnosis
had a 2.21-fold (95% Cl: 1.178-2.633) increased risk for mor-
tality, followed by oncological disease (RR = 1.926 [95% CI:
1.846-2.008]), alcoholism (RR = 1.897 [95% ClI. 1.314-2.531]),
hepatic disease (RR = 1.865 [95% Cl: 1.659-2.077]), transplant
(RR =1.783 [95% Cl: 1.065-2.612]), renal disease (RR = 1.750
[95% CI: 1.621-1.882]), obesity/overweight (RR = 1.704 [95% CI:
1.618-1.792]), neurological disease (RR = 1.470 [95% CI: 1.396-
1.547]), lung disease (RR = 1.220 [95% CI: 1.152-1.290]), and
diabetes mellitus (RR = 1.192 [95% ClI. 1.151-1.234]) (Table 3
and Figure 1). SLE diagnosis was also associated with the highest

risk for overall combined poor outcomes, with a RR of 1.654
(95% Cl: 1.410-1.881) (Table 3). Alcoholism yielded a 1.61-fold
(95% Cl: 1.214-1.976) risk increase, followed by obesity/over-
weight (RR = 1.613 [95% ClI: 1.567-1.659]), oncological disease
(RR =1.558 [95% CI: 1.507-1.609]), transplant (RR = 1.519 [95%
Cl: 1.011-1.990]), renal disease (RR = 1.482 [95% CI: 1.400-
1.564]), neurological disease (RR = 1.468 [95% Cl: 1.414-1.522]),
smoking (RR = 1.442 [95% ClI: 1.156-1.722]), and hepatic dis-
ease (RR = 1.438 [95% Cl: 1.307-1.568]). Lung disease and dia-
betes mellitus resulted in less significant increase in the risk of
poorer outcomes, with RRs of 1.218 (95% CI: 1.170-1.266) and
1.205 (95% ClI: 1.175-1.235), respectively (Table 3 and Figure 2).

The confounder summary score analysis confirmed the find-
ing in the PS analysis that SLE significantly increases the risk of
death (RR =1.893, 95% ClI: 1.652-2.169) and combined poor out-
comes (RR =1.425, 95% Cl: 1.289-1.577) in patients hospitalized
with ARDS due to COVID-19 (Appendix 1). In the matched model,
having an SLE diagnosis accounts for a risk comparable to a 20-
year increase in patient age.

DISCUSSION

To our knowledge, this is the first study to evaluate the prog-
nosis of COVID-19 due to ARDS in a large hospitalized SLE pop-
ulation and clearly show a high risk of death and combined poor
outcomes. Among the investigated comorbidities, SLE remained
as one of the diseases with a worse prognosis.

The great advantage of this study is the large sample size,
provided by the nationwide database, with an evaluation of 382
hospitalized patients with SLE and 312047 hospitalized patients
without SLE, all with SARS-CoV-2 infection. Previous studies had
exceedingly small sample sizes (n < 25) of hospitalized patients
with SLE with SARS-CoV-2 infection (11,13,14,19,20). Another
advantage of the present study was the restricted requirement
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Combined poor outcome relative risk (RR) increase per comorbidity
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Figure 2. Relative risks (RRs) 95% confidence intervals (Cls) comparing the risk of combined poor outcomes of each comorbidity compared
with patients without lupus and comorbidities SLE, systemic lupus erythematosus.

of positive RT-PCR for SARS-CoV-2 infection, which ensured a
homogenous population with the correct etiologic diagnosis. This
criterion was not observed in several previous reports, precluding
a definitive conclusion about their findings (7,13,14,20-22). The
fully adjusted PS analysis was also relevant and minimized the
impact of confounding variables, such as age, sex, and comor-
bidities. These are known risk factors for severe COVID-19 infec-
tion (4). Importantly, regions of Brazil were also considered as a
potential confounder due to discrepancies in socioeconomic sta-
tus and quality of the health care system in some regions and
therefore adjusted in PS analysis (23).

This study provides novel data demonstrating that SLE diag-
nosis doubled the risk of death and combined poor outcomes
of SARS-CoV-2 infection in hospitalized patients compared with
patients without SLE. This finding is in line with previous obser-
vations of higher severity of COVID-19 infection in patients with
autoimmune rheumatic disease (16) and of more hospitalization
(8) in patients with lupus than the general population. In contrast,
Hausmann et al (24) observed that only 5.5% of patients with
autoimmune rheumatic diseases (a total of 9393 patients) devel-
oped COVID-19, and the majority did not require hospitalization.

Of note, the majority of previous studies performed an over-
all analysis of autoimmune rheumatic diseases (pooling data)
(2,4,10,16,19,21,24). This methodology provides the overall risk
of COVID-19 in the immunosuppressed population, but the het-
erogeneity of the pathogenesis of the distinct diseases and their
variable prevalence (eg, 0.1% SLE vs. 1% rheumatoid arthritis)
precludes a more stringent evaluation of the real impact per
disease.

This increased mortality and worse prognosis observed in
our study could be explained by a recent report that suggested
that the angiotensin-converting enzyme 2 (ACE2) gene is demeth-
ylated and overexpressed in patients with SLE, which could
lead to enhanced susceptibility to SARS-CoV-2 infection (25).

Alternatively, patients with lupus could be at increased risk for
cytokine storm during SARS-CoV-2 infection (25).

Another contributing factor for COVID-19 severity in lupus is
the reported thromboembolic complications associated with this
infection (26). The mechanism seems to be multifactorial and can
be explained by previous cardiovascular risk, immobilization, direct
endothelial damage by the virus via activation of ACE2, comple-
ment overactivation, disseminated intravascular coagulation,
thrombotic microangiopathy, coagulopathy secondary to cytokine
storm, formation of extracellular neutrophil traps and, more
recently, the presence of antiphospholipid antibodies (26-28).
Lupus also has a higher predisposition for thromboembolic events
due to accelerated atherosclerosis (arterial hypertension, hyperlipi-
demia, aberrant innate and adaptive immune responses); positive
antiphospholipid antibodies; increase activation of the coagulation
cascade; abnormal interactions between platelets, leucocytes/
SLE macrophages, and the endothelium; endothelial dysfunction
and disease activity markers (such as high anti-double-stranded
DNA antibody and low C3 levels) (29-31). We, therefore, hypoth-
esized that these preexisting conditions might have increased the
chances of thrombotic complications and influenced the poor
outcome of patients with lupus with a severe form of the disease
(SARS-CoV-2) observed herein. Further studies are necessary
to confirm this possibility because the SIVEP-gripe data set (17)
does not provide information regarding thrombotic complications.

The main limitation of our epidemiologic database cohort
is related to the study design, which narrows down the analy-
sis to the predefined covariates available in the SIVEP-gripe data
set. No data were provided regarding SLE classification criteria,
autoantibody profile, disease activity and damage indexes, or
immunosuppressive treatments. Missing data were not a relevant
problem because they represented only 2% of the data, but het-
erogeneity on the accuracy of the information is expected with
Brazilian regional differences, and this parameter was included in
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our analysis as a confounding variable. The 70% sensitivity of RT-
PCR for SARS-CoV-2 infection from the nasopharyngeal swab is
also a concern (32,33) because it might have decreased the num-
ber of reported cases of SARS-CoV-2 infection and consequently
reduced the number of patients analyzed in the present study.

In conclusion, this is the first study to evaluate the prognosis
of COVID-19 due to ARDS in a large hospitalized SLE population
and clearly show a significantly higher risk of death and combined
poor outcomes compared with patients without lupus and without
comorbidities and with other comorbidities. This is an important
alert to those caring for patients with SLE, and it is an additional
reinforcement of the importance of preventive measures, such as
vaccines, during a pandemic for this population.
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