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Summary
Background Patients with systemic lupus erythematosus (SLE) are at risk of developing COVID-19 due to underlying 
immune abnormalities and regular use of immunosuppressant medications. We aimed to evaluate the presence of 
SARS-CoV-2 IgG antibodies in patients with SLE with or without previous COVID-19-related symptoms or 
RT-PCR-confirmed SARS-CoV-2 infection.

Methods For this analysis, we included patients with SLE from two cohorts based in New York City: the Web-based 
Assessment of Autoimmune, Immune-Mediated and Rheumatic Patients during the COVID-19 pandemic (WARCOV) 
study; and the NYU Lupus Cohort (a prospective registry of patients at NYU Langone Health and NYC Health + 
Hospitals/Bellevue). Patients in both cohorts were tested for SARS-CoV-2 IgG antibodies via commercially available 
immunoassays, processed through hospital or outpatient laboratories. Patients recruited from the NYU Lupus 
Cohort, referred from affiliated providers, or admitted to hospital with COVID-19 were tested for SARS-CoV-2 IgG 
antibodies as part of routine surveillance during follow-up clinical visits.

Findings 329 patients with SLE were included in this analysis, 146 from the WARCOV study and 183 from the NYU 
Lupus Cohort, and were tested for SARS-CoV-2 antibodies between April 29, 2020, and Feb 9, 2021. 309 (94%) were 
women and 91 (28%) were of Hispanic ethnicity. 51 (16%) of 329 patients had a positive SARS-CoV-2 IgG antibody 
test. Seropositive patients were more likely than seronegative patients to be Hispanic (24 [47%] of 51 vs 67 [24%] 
of 278). Other demographic variables, SLE-specific factors, and immunosuppressant use were not associated with 
SARS-CoV-2 positivity. Of the 29 patients with COVID-19 previously confirmed by RT-PCR, 18 (62%) were on 
immunosuppressants; 24 (83%) of 29 patients tested positive for SARS-CoV-2 IgG antibodies. Of 17 patients who 
had symptoms of COVID-19 but negative concurrent RT-PCR testing, one (6%)  developed an antibody response. 
Of 26 patients who had COVID-19-related symptoms but did not undergo RT-PCR testing, six (23%) developed an 
antibody response. Of 83 patients who had no symptoms of COVID-19 and no RT-PCR testing, four (5%) developed 
an antibody response. Among 36 patients who were initially SARS-CoV-2 IgG positive, the majority maintained 
reactivity serially (88% up to 10 weeks, 83% up to 20 weeks, and 80% up to 30 weeks). Seven (70%) of ten patients 
with confirmed COVID-19 had antibody positivity beyond 30 weeks from disease onset.

Interpretation Most patients with SLE and confirmed COVID-19 were able to produce and maintain a serological 
response despite the use of a variety of immunosuppressants, providing reassurance about the efficacy and durability 
of humoral immunity and possible protection against re-infection with SARS-CoV-2.

Funding National Institute of Arthritis and Musculoskeletal and Skin Diseases, National Institutes of Health, and 
Bloomberg Philanthropies COVID-19 Response Initiative Grant.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction 
New York City was the epicentre of the COVID-19 
pandemic from March 1 to June 21, 2020, with more than 
200 000 confirmed and probable cases and 17 000 deaths 
reported by June 21, 2020.1 Despite these high numbers, 
during the outbreak peak in New York City, only around 
12 000 individuals were tested for active infection daily, 
with positivity rates as high as 41–66%; undoubtedly, 
large numbers of people with COVID-19 were therefore 
not identified.1 Serological evaluation to detect previous 

infections should therefore provide better insight into the 
prevalence of and risk factors associated with COVID-19, 
and enable assessment of the competency of individuals 
in mounting an antiviral immune response. SARS-CoV-2 
IgG antibodies are generally detected 2 weeks after 
infection, with higher titres identified in patients with 
severe disease.2 ELISA-based antibody tests have greater 
than 95% specificity for COVID-19, although neutralising 
antibodies have been undetectable in a small proportion 
of mild cases.3 The role of serology in determining 
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SARS-CoV-2 prevalence is still unclear, especially among 
subpopulations with altered immunological responses.

Systemic lupus erythematosus (SLE) is a chronic 
autoimmune inflammatory condition characterised by 
activation of the innate and adaptive immune systems. 
Despite heightened production of antiviral type I inter
ferons (IFNs), patients with SLE are at an increased risk of 
developing viral infections, and this risk is exacerbated by 
frequent exposure to immunosuppressant medications.4 
Use of these medications along with the perturbance of 
immune mechanisms inherent to SLE might complicate 
the capability of patients to produce long-term immunity 
both to SARS-CoV-2 infection and to COVID-19 vaccines. 
To date, most studies of COVID-19 done in patients with 
SLE have been limited to relatively small case series.5–7 We 
previously reported on a cohort of 226 patients with SLE 
from the New York University (NYU) hospitals system.8 
Similar to other reports, hospital admission was frequent 
in patients with RT-PCR confirmed SARS-CoV-2 infection 
(24 [59%] of the convenience sample); risk factors for 
admission to hospital included non-White or Hispanic 
ethnicity, a higher body-mass index, and having at least 
one other medical comorbidity.8 Because of the scarcity of 
available testing at the time, unambiguous assessment of 
the number of asymptomatic carriers or RT-PCR-
confirmed cases of SARS-CoV-2 infection in all sympto
matic patients was not possible.

We aimed to evaluate the presence of SARS-CoV-2 IgG 
antibodies in patients with SLE with or without 
COVID-19 symptoms or previously RT-PCR-confirmed 
SARS-CoV-2 infection, to ascertain whether patients with 
SLE effectively produce antibodies. We also measured 
SARS-CoV-2 IgG antibodies in patients with or without 
COVID-19-related symptoms who were either not tested 
or were RT-PCR negative.

Methods 
Study design and participants 
For this analysis we recruited patients with SLE from 
two cohorts based in New York City: the Web-based 
Assessment of Autoimmune, Immune-Mediated and 
Rheumatic Patients during the COVID-19 pandemic 
(WARCOV) study,8,9 and the NYU Lupus Cohort. Patients 
with SLE from the WARCOV Cohort (outpatients at NYU 
Langone Health and NYC Health + Hosptials/Bellevue 
and patients admitted to NYU Langone Health or NYC 
Health + Hospitals/Bellevue for COVID-19) completed 
questionnaires approved by the NYU Langone Health 
institutional review board, which included information 
about demographic characteristics, comorbidities, SLE 
medications used, symptoms related to COVID-19, contact 
exposure, and RT-PCR testing. Full inclusion criteria are 
summarised in the appendix (p 1). In the WARCOV study, 
patients with SLE admitted to hospital and those receiving 
outpatient care were identified by review of medical 
records and contacted serially for 1–9 weeks between 
April 13 and June 14, 2020, to prospectively capture 
symptom onset. Additional patients from the NYU Lupus 
Cohort (a prospective registry of patients at NYU Langone 
Health and NYC Health + Hospitals/Bellevue), who did 
not participate in the WARCOV study, were tested for the 
presence of SARS-CoV-2 antibodies as standard of care 
and evaluated by review of electronic medical records for 
previous SARS-CoV-2 RT-PCR testing and admission to 
hospital. Full inclusion criteria of the NYU Lupus Cohort 
are summarised in the appendix (p 1). COVID-19 
symptoms were not systematically captured in this group. 
Previously obtained information in the cohort registry 
included data about sex, age, race or ethnicity by self 
report (American Indian or Alaska Native, Asian, Black, 
White, or other for race, and Hispanic or not Hispanic for 

See Online for appendix

Research in context

Evidence before this study
Patients with systemic lupus erythematosus (SLE) are at an 
increased risk of developing viral infections due to 
immunological abnormalities and immunosuppressant use, 
which might affect humoral immune responses. To evaluate 
previous research related to the risk of infections, response to 
vaccinations and COVID-19 in patients with SLE and 
rheumatic disease, we searched PubMed for articles published 
from Jan 1, 1980, to March 14, 2021. Search terms included 
“systemic lupus erythematosus,” and “rheumatic disease” in 
combination with “viral infections,” “vaccination immune 
response,” “COVID-19,” “SARS-CoV-2 IgG” and “COVID-19 
antibodies.” We also reviewed the online dashboard for the 
New York City COVID-19 case and death numbers between 
March 1 and June 21, 2020. Previous descriptive studies noted 
frequent hospital admission in patients with SLE and
RT-PCR-confirmed SARS-CoV-2 infection, with risk factors for 
hospital admission including non-White or Hispanic ethnicity, 

a higher body-mass index, and having at least one other 
medical comorbidity. Immunosuppressant medication use 
was not associated with risk of hospital admission for 
COVID-19.

Added value of this study
To the best of our knowledge, this study represents the largest 
cohort of patients with SLE evaluated for SARS-CoV-2 IgG 
antibodies. Most patients with SLE and confirmed COVID-19 
were able to produce a serological response despite the use of a 
variety of immunosuppressants. The majority of patients with 
SLE had antibody positivity beyond 30 weeks from COVID-19 
onset.

Implications of all the available evidence
The ability of patients with SLE to mount an immune response 
against COVID-19 provides some reassurance about the 
durability of humoral immunity against SARS-CoV-2 and 
protection of these patients against re-infection.
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ethnicity, regardless of race), criteria for the 1997 revised 
American College of Rheumatology (ACR) SLE 
classification, SLE disease activity from a clinical visit up 
to 26 weeks before antibody testing as measured by the 
hybrid Systemic Lupus Erythematosus Disease Activity 
Index (SLEDAI), and medication use, with a focus on 
glucocorticoids, hydroxychloroquine, and immunosup
pressants (azathioprine, mycophenolate mofetil, metho
trexate, belimumab, tacrolimus, other miscellaneous 
medications taken at the time, and cyclophosphamide or 
rituximab within 1 year of COVID-19 symptoms or 
RT-PCR when available or antibody testing).10–13 Data on 
comorbid conditions and components of the hybrid 
SLEDAI and Systemic Lupus International Collaborating 
Clinics (SLICC) Damage Index were obtained by 
physicians via patients’ medical history, physical examina
tions, and chart review.14 Patients provided written consent 
to participate in the study. This study was approved by the 
NYU Langone Health institutional review board (number 
s20-00389 for the WARCOV study and s14-00487 for the 
NYU Lupus Cohort registry).

Serological testing 
Commercial assays for SARS-CoV-2 IgG antibody testing 
were done between April 29, 2020, and Feb 9, 2021. The 
Abbott Architect SARS-CoV-2 IgG chemiluminescent 
microparticle immunoassay (Abbott Park, IL, USA) 
targeting the viral nucleocapsid protein was used for the 
majority of antibody tests. In this assay, the resulting 
chemiluminescent reaction is measured in relative light 

units (RLUs). The RLU of patients’ samples is then 
divided by the calibrator signal and the calculated signal 
to cutoff ratio (index value), which is compared to the 
RLU in the reaction to the calibrator (ie, a signal to cutoff 
ratio <1·4 is defined as negative and ≥1·4 defined as 
positive). This test was granted an FDA emergency 
use authorisation, with expected performances of 
100·0% sensitivity and 99·6% specificity, and showed 
strong correlation with neutralising antibody assays.15–17 
Information about other antibody assays used is 
summarised in the appendix (p 1). Samples were 
processed through hospital or outpatient laboratories 
and reported in electronic medical records. Most tests 
were done at the NYU Langone Health and Bellevue 
Hospital central laboratories, and a small number of 
samples were processed in commercial laboratories: 
Quest Diagnostics (Secaucus, NJ, USA) and Labcorp 
(Burlington, NC, USA).

Statistical analysis 
Categorical variables were summarised by computing 
counts and proportions of patients (%) and continuous 
variables expressed as means with SDs or medians with 
IQRs. Baseline characteristics were compared between 
SARS-CoV-2 IgG positive and negative patients in bivariate 
analyses with Fisher’s exact tests for categorical variables 
and Mann-Whitney U tests for continuous variables. 
A p value less than 0·05 was considered as significant. 
Statistical analyses were done with IBM SPSS Statistics, 
version 25.

Figure 1: Flow diagram of included participants and proportion of patients with and without SARS-CoV-2 IgG antibodies
NYU=New York University hospitals system. SLE=systemic lupus erythematosus. WARCOV=Web-based Assessment of Autoimmune, Immune-Mediated, and Rheumatic Patients during the COVID-19 
Pandemic. *One asymptomatic patient was on intravenous immunoglobulin.
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Role of the funding source 
The funding sources for this study did not have any role 
in study design, data collection, data analysis, data 
interpretation, writing of the report, or the decision to 
submit the paper for publication.

Results
329 patients with SLE were included in this analysis, 
146 from the WARCOV study8,9 and 183 from the NYU 
Lupus Cohort, and were tested for SARS-CoV-2 antibodies 
between April 29, 2020, and Feb 9, 2021 (figure 1). 
309 (94%) were women and 91 (28%) were of Hispanic 
ethnicity. 346 individual antibody tests were done, of which 
298 (86%) were done with the Abbott Architect SARS-CoV-2 
IgG chemiluminescent microparticle immunoassay. In 
the combined cohort, 51 (16%) of 329 patients had a 
positive SARS-CoV-2 IgG antibody test, and 278 (84%) 
were negative for SARS-CoV-2 antibodies (figure 1; table 1). 
SARS-CoV-2 IgG antibody test results from eight patients 
included in this study were previously reported.8 24 (47%) 
of 51 SARS-CoV-2 antibody-positive patients were of 

Hispanic ethnicity, compared with 67 (24%) of 
278 SARS-CoV-2 antibody-negative patients (p=0·0010). 
The mean titre for positive quantitative IgG antibody tests 
was a signal to cutoff ratio of 4·1 (SD 2·1; range 1·7–10·6), 
obtained at 15·4 (SD 9·8) weeks. Overall, demographic 
and clinical characteristics were similar across 
SARS-CoV-2-positive and SARS-CoV-2-negative patients 
(table 1). Less than 10% of patients in both groups were on 
prednisone doses higher than 7·5 mg per day (25 [9%] of 
278 SARS-CoV-2 antibody-negative patients and three (6%) 
of 51 SARS-CoV-2 antibody-positive patients). The most 
prevalent components of the SLICC Damage Index in the 
seropositive group included avascular necrosis (five [23%] 
of 22 patients with at least one site), estimated or measured 
glomerular filtration rate less than 50%, and end-stage 
renal disease (four [18%] of 22 patients for each variable). 
In the seronegative group, end-stage renal disease (in 
13 [13%] of 99 patients), scarring alopecia (in nine [9%] 
of 99), and avascular necrosis (in eight [8%] of 99 with at 
least one site) were most prevalent.

29 patients with confirmed SARS-CoV-2 RT-PCR 
positivity underwent subsequent SARS-CoV-2 IgG anti
body testing. Of these, ten (34%) were admitted to hospital, 
26 (90%) were taking hydroxychloroquine, ten (34%) were  
taking glucocorticoids, and 18 (62%) were on 
immunosuppressant medications. 24 (83%) tested positive 
for SARS-CoV-2 IgG antibodies and five (17%) tested 
negative for SARS-CoV-2 IgG antibodies  (figure 1, table 2). 
Initial antibody testing was done 0·0–30·3 weeks after the 
positive RT-PCR test result (mean 12·7 [SD 8·7] weeks). Of 
particular clinical relevance, three patients had been 
treated with rituximab in the year before a positive 
SARS-CoV-2 RT-PCR test and all produced a positive 
SARS-CoV-2 antibody response with measurements at 0, 
2, and 6 weeks, respectively (appendix p 2). The most 
recent doses of rituximab these patients received were 
17·3 weeks, 21·4 weeks, and 38·9 weeks relative to their 
first SARS-CoV-2 IgG antibody test.

Of the five patients who were negative for SARS-CoV-2 
antibodies, the first had mild symptoms of fever, sore 
throat, diarrhoea, anosmia, and ageusia. SARS-CoV-2 IgG 
antibody testing done 24 weeks following positive RT-PCR 
was positive (1·2 relative to the signal to cutoff ratio), but 
lower than the positive threshold on the Abbott assay 
(≥1·4; appendix p 2). The second presented to the 
emergency department with musculoskeletal chest pain 
without upper respiratory symptoms but on routine 
testing was found to be SARS-CoV-2 RT-PCR positive. The 
patient’s SARS-CoV-2 IgG antibody test was negative after 
weeks 6 and 20. The third was admitted to hospital with 
fever, cough, shortness of breath, anosmia, and ageusia. 
The patient previously underwent renal transplantation. 
SARS-CoV-2 IgG antibody testing done at weeks 7 and 9 
after a positive RT-PCR result resulted in antibody titres 
rising from a signal to cutoff ratio of 0·4 to 1·0, although 
not reaching the threshold for positivity. The fourth was a 
patient with end-stage renal disease on peritoneal dialysis 

Overall SLE cohort 
(n=329)

SARS-CoV-2 
antibody-positive 
patients (n=51)

SARS-CoV-2 
antibody-negative 
patients (n=278)

Sex

Female 309 (94%) 48 (94%) 261 (94%)

Male 20 (6%) 3 (6%) 17 (6%)

Age, years 43·1 (14·0) 43·2 (15·7) 43·1 (13·8)

Ethnicity 

Hispanic* 91 (28%) 24 (47%) 67 (24%)

Not Hispanic 238 (72%) 27 (53%) 211 (76%) 

Race

White 145 (44%) 25 (49%) 120 (43%)

Black 108 (33%) 18 (35%) 90 (32%)

Asian 51 (16%) 4 (8%) 47 (17%)

Other 25 (8%) 4 (8%) 21 (8%)

History of lupus nephritis 161 (49%) 24 (47%) 137 (49%)

Medications

Immunosuppressants† 183 (56%) 30 (59%) 153 (55%)

Hydroxychloroquine 271 (82%) 44 (86%) 227 (82%)

Glucocorticoid 101 (31%) 17 (33%) 84 (30%)

Dose of prednisone equivalent, 
mg

5 (5–10) 5 (5–9) 5 (5–10)

Mean hybrid SLEDAI 3·0 (4·4); n=177 2·9 (4·0); n=26 3·0 (4·4); n=151

Mean SLICC Damage Index 1·2 (1·5); n=121 1·9 (2·2); n=22 1·0 (1·3); n=99

History of antiphospholipid 
antibodies

74/269 (28%) 12/37 (32%) 62/232 (27%)

Data are n (%) or n/N (%) for categorical variables and mean (SD) or median (IQR) for continuous variables. Categorical 
variables compared with Fisher’s exact test; continuous variables compared with Mann Whitney U test. SLE=systemic 
lupus erythematosus. SLEDAI=Systemic Lupus Erythematosus Disease Activity Index. SLICC=Systemic Lupus 
International Collaborating Clinics. *p=0·0010, Fisher’s exact test. †Immunosuppressants include azathioprine, 
mycophenolate mofetil, methotrexate, belimumab, tacrolimus, tofacitinib, cyclophosphamide, obinutuzumab, 
and rituximab. 

Table 1: Demographic characteristics of the overall SLE cohort and associations with SARS-CoV-2 IgG 
positivity
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who was admitted to hospital with fever, nausea, vomiting, 
anosmia, and ageusia. Antibody testing done 21 weeks 
later was negative at a signal to cutoff ratio of 1·2. The fifth 
was on hydroxychloroquine, mycophenolate mofetil, and 
the anti-CD20 agent obinutuzumab for lupus nephritis 
and was admitted to hospital with fever and lobar 
pneumonia with a positive SARS-CoV-2 RT-PCR test. This 
patient was re-admitted to hospital 10 weeks later with 
anaemia and radiographic findings consistent with 
COVID-19, although at that time the patient was negative 
on both RT-PCR testing and serological IgG testing 
(0·1 signal to cutoff ratio). The most recent obinutuzumab 
dose had been administered 10 weeks before the patient’s 
first IgG antibody test.

17 patients who reported symptoms indicative of 
COVID-19 or had known exposure to SARS-CoV-2 during 
the spring 2020 pandemic peak (as reported in WARCOV 
questionnaires) but had a negative RT-PCR test result 
subsequently underwent SARS-CoV-2 IgG testing 
(0·6–37·7 weeks after symptoms, mean 19·6 [SD 11·6] 
weeks). Of these, one (6%) tested positive for SARS-CoV-2 
antibodies; the patient presented with shortness of breath, 
sore throat, and chills, and had a positive SARS-CoV-2 IgG 
antibody test 18 weeks following symptom onset (table 3). 
The patient did not have additional COVID-19-related 
symptoms between the initial RT-PCR and the serological 
test.

Overall, 283 patients with SLE who were not tested for 
SARS-CoV-2 infection by RT-PCR were subsequently 
tested for SARS-CoV-2 IgG antibodies (figure 1). These 
included patients with COVID-19-related symptoms, no 
symptoms, and those with unknown symptomatology.

26 patients from the WARCOV cohort who reported 
symptoms consistent with COVID-19 and whose treating 
physician suspected COVID-19 but who were unable to 
undergo RT-PCR testing at the time later underwent 
SARS-CoV-2 antibody testing. Six (23%) tested positive 
for SARS-CoV-2 antibodies, 6·4–31·7 weeks after sym
ptom onset (mean 16·3 [SD 9·7] weeks; table 3), with 
five (83%) of these six patients on hydroxychloroquine, 
two (33%) on immunosuppressants, and none on gluco
corticoids. All six patients reported symptoms of cough, 
anosmia, and ageusia. Other prevalent symptoms 
included rhinorrhoea, fever, shortness of breath, and 
diarrhoea. Of the 20 patients who reported symptoms 
consistent with COVID-19 who did not test positive for 
SARS-CoV-2 IgG antibodies 6·1–40·1 weeks (mean 18·8 
[SD 10·1] weeks) after symptom onset, 17 (85%) were on 
hydroxychloroquine, ten (50%) were on immuno
suppressants, and four (20%) were on glucocorticoids. 
Only six (30%) of these antibody-negative patients 
reported symptoms of anosmia or ageusia. One patient 
treated with hydroxychloroquine and mycophenolate 
mofetil reported diarrhoea only and had negative 
SARS-CoV-2 antibodies at a signal to cutoff ratio of 1·3 
(just below the positivity threshold) 16 weeks following 
symptom onset.

Of the 83 patients from the WARCOV cohort who 
reported no clinical symptoms consistent with COVID-19, 
four (5%) had positive antibodies (table 3). None had any 
documented exposures; one patient was receiving 
intravenous immunoglobulin 3 weeks before antibody 
testing.

174 patients with unknown symptomatology during the 
pandemic, who did not participate in WARCOV 
questionnaires (ie, from the NYU Lupus Cohort), were 
evaluated for SARS-CoV-2 antibodies as part of 
standard-of-care surveillance, with 16 (9%) testing 
positive. Although COVID-19-related symptoms were not 
captured in these patients, none required admission to 
hospital (appendix p 3).

23 (45%) of 51 patients with a positive SARS-CoV-2 IgG 
antibody test underwent serial antibody testing 
(mean 15·8 [SD 6·0] weeks between first and last test). 
Six (26%) of 23 patients with SARS-CoV-2 antibodies 
subsequently seroconverted to become negative upon 
repeat testing (measured at 18·0 [SD 5·4] weeks, 
compared to 14·9 [6·1] weeks in 17 patients who main
tained a response). Notably, all six patients who required 
admission to hospital for COVID-19 sustained SARS-
CoV-2 antibody positivity, whereas six (35%) of 17 patients 
who only required ambulatory care did not maintain an 

SARS-CoV-2 
antibody-positive 
patients (n=24)

SARS-CoV-2 
antibody-negative 
patients (n=5)

Sex

Female 23 (96%) 4 (80%)

Male 1 (4%) 1 (20%)

Age, years 44·2 (15·7) 42·6 (14·3)

Ethnicity

Hispanic 6 (25%) 3 (60%)

Not Hispanic 18 (75%) 2 (40%) 

Race

White 10 (42%) 2 (40%)

Black 10 (42%) 2 (40%)

Asian 2 (8%) 0 (0%)

Other 2 (8%) 1 (20%)

Medications

Immunosuppressants* 15 (63%) 3 (60%)

Hydroxychloroquine 21 (88%) 5 (100%)

Glucocorticoid 7 (29%) 3 (60%)

Dose of prednisone 
equivalent, mg

5 (4–5) 5 (5–5)

Time from SARS-CoV-2 
RT-PCR to first antibody test, 
weeks

12·4 (8·9) 13·8 (8·3)

Data are n (%) for categorical variables and mean (SD) or median (IQR) for 
continuous variables. SLE=systemic lupus erythematosus. *Immunosuppressants 
include azathioprine, mycophenolate mofetil, methotrexate, belimumab, 
tacrolimus, cyclophosphamide, obinutuzumab, and rituximab. 

Table 2: SARS-CoV-2 serological status in patients with SLE and 
SARS-CoV-2 RT-PCR positivity 
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antibody response. Patients whose antibody reactivity 
became undetectable had lower initial titres than those 
who sustained a response (2·6 [SD 0·73] vs 4·6 [2·0] 
signal to cutoff ratio). Of the six patients who did not 
maintain a response, three (50%) were taking immuno
suppressant medications (one on anakinra and 
cyclosporine, one on azathioprine and rituximab, and 
one on mycophenolate mofetil and tacrolimus). Among 
the 17 patients who maintained a response, 11 (65%) were 
on immunosuppressants.

For 36 antibody-positive patients (29 with positive 
RT-PCR and seven with documented COVID-19 
symptoms in the WARCOV study), the timing of 
symptom onset was known. 49 SARS-CoV-2 IgG antibody 
tests were done at various timepoints in these patients. 
15 (88%) of 17 tests were positive at 0–10 weeks, ten (83%) 
of 12 were positive at 11–20 weeks, eight (80%) of ten were 
positive at 21–30 weeks, and seven (70%) of ten were 
positive at 31–40 weeks after positive RT-PCR or 
symptoms (figure 2). Of the 49 serial antibody tests, 
40 were tested with the Abbott Architect assay. Signal to 
cutoff ratios were highest in patients tested at 0–10 weeks 
after positive RT-PCR or symptoms, but remained 
elevated for up to 40 weeks (figure 2). 

Discussion 
In this sample of 329 patients with SLE, SARS-CoV-2 IgG 
prevalence was 16%. Hispanic ethnicity was associated 
with the presence of SARS-CoV-2 antibodies, possibly 
representing social determinants of health and increased 

exposure to the virus due to systemic drivers affecting the 
living and working conditions of people of Hispanic origin, 
including larger households, occupations in essential 
industries precluding remote work, and no paid medical 
leave, among other factors.18–21 Sex, age, race, medication 
use, SLE disease activity, and degree of damage (as 
measured by the SLEDAI and SLICC Damage Index) were 
not associated with seropositivity. We observed high rates 
of SARS-CoV-2 IgG positivity in patients with SLE who had 
previously RT-PCR-confirmed SARS-CoV-2 infection, 
despite widespread use of hydroxychloroquine, gluco
corticoids, and immunosuppressants. Several patients 
who tested negative for SARS-CoV-2 antibodies had titres 
slightly below the positive threshold, suggesting earlier 
reactivity. Additionally, the majority of serially tested 
patients sustained their antibody response up to 40 weeks. 
There was relatively low SARS-CoV-2 antibody develop
ment in patients with symptoms suggestive of COVID-19 
who were unable to undergo RT-PCR testing. Low 
positivity was also observed in those with negative RT-PCR 
tests. These data are indicative of several issues: unreli
ability of symptom reporting, potential confounding due 
to an overlap with SLE flares and manifestations of other 
viral infections, and diminished serological responses in 
patients with milder COVID-19.

Stadlbauer and colleagues22 reported that SARS-CoV-2 
seroprevalence in New York City stabilised at about 
20% after the initial pandemic peak. Although this figure 
is likely to be subject to some element of referral bias, it 
reinforces the profound impact of COVID-19. The rate of 

Age, years Sex Ethnicity and race Time from COVID-19 
symptoms to antibody 
status, weeks

Concurrent medications Hospital admission 
for COVID-19

Highest antibody titre 
(Abbott Architect; nL <1·4 
specimen calibrator)

COVID-19-related symptoms or SARS-CoV-2 exposure with negative RT-PCR test

Patient 1 35–40 Female Hispanic/White 18·0 Hydroxychloroquine No 2·2

COVID-19-related symptoms with no RT-PCR Testing

Patient 1 40–45 Female Not Hispanic/Black 14·6 Hydroxychloroquine No 2·3

Patient 2 30–35 Female Hispanic/White 15·0 Hydroxychloroquine No 2·2

Patient 3 60–65 Female Hispanic/Black 23·0 Hydroxychloroquine, 
belimumab

No 3·1

Patient 4 <20 Female Hispanic/White 7·1 Hydroxychloroquine, 
mycophenolate mofetil

No 4·9

Patient 5 45–50 Female Not Hispanic/White 6·4 None No NA

Patient 6 45–50 Female Hispanic/Other 31·7 Hydroxychloroquine No 3·0

No COVID-19-related symptoms with no RT-PCR testing

Patient 1 30–35 Female Not Hispanic/Asian NA Hydroxychloroquine, 
mycophenolate mofetil, 
cyclophosphamide, prednisone, 
intravenous immunoglobulin

No NA

Patient 2 40–45 Female Hispanic/Black NA None No 1·8

Patient 3 30–35 Female Not Hispanic/Black NA Hydroxychloroquine No 3·0

Patient 4 30–35 Male Hispanic/White NA Hydroxychloroquine, tofacitinib, 
prednisone

No 2·8

NA=not available. SLE=systemic lupus erythematosus.

Table 3: Patients with SLE positive for SARS-CoV-2 IgG antibodies without a previous positive RT-PCR test 
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SARS-CoV-2 IgG positivity among patients with SLE in 
New York City captured in our study was lower than this 
published figure, at 16%. Although the reason for this 
discrepancy remains unclear, it is plausible that patients 
with SLE were counselled to exercise increased caution 
given their increased susceptibility to infections as a 
result of frequent immunosuppressant use and their 
underlying immune dysregulation. The evidence for 
hydroxychloroquine as prophylaxis was largely negative 
so it is unlikely that this medication accounted for the 
lower seroprevalence.23

Questions surrounding which patients develop 
antiviral antibodies, whether these antibodies are pro
tective against future infection, and whether they are 
sustainable over time are central to discussions about the 
containment of the COVID-19 pandemic. There have 
been conflicting reports about the persistence of 
SARS-CoV-2 antibodies in the general population, with 
some studies describing a rapid return to baseline levels 
in those with less severe disease, but others, including a 
large study based in New York City, showing robust 
responses for up to 5 months, even in those with mild to 
moderate disease.24–26 A study by Seow and colleagues,24 of 
65 individuals with RT-PCR-confirmed SARS-CoV-2 
infection, showed peak neutralising antibody responses 
averaging 23·1 days following symptom onset. Nearly all 
participants had waning neutralising antibody levels 
afterwards, although patients who had more severe 
symptoms, and were thus likely to generate a more 
robust initial neutralising antibody response, generally 
maintained elevated antibody titres over a follow-up 
period of up to 94 days.24 Similarly, in our study of 
patients with SLE, all serially evaluated patients who 
were admitted to hospital for COVID-19, presumably 
with more severe disease, maintained antibody responses 
over time. The ability of these patients to maintain a 
sustained antibody response after a more intensive initial 
exposure is potentially reassuring given the high 
immunogenicity of the currently available COVID-19 
vaccines.27

Previous studies have assessed the performance of and 
validated the SARS-CoV-2 IgG antibody Abbott Architect 
test in the general population and in RT-PCR-positive 
patients in both ambulatory and hospital settings. Most 
of these studies assessed antibody titres within the first 
few weeks after the onset of symptoms or RT-PCR-positive 
testing.16,17,28,29 Ng and colleagues16 reported median Abbott 
IgG values of 3·97 (IQR 1·42–5·23) at week 4 after 
symptom onset in patients with non-severe COVID-19 
and 5·33 (4·9–5·81) in patients admitted to hospital or 
those who died of COVID-19. Similarly, in another study 
the mean IgG index values were 4·0 for patients with RT-
PCR-confirmed COVID-19 not requiring hospital 
admission and 5·5 for those admitted to hospital. Since 
IgG titres measured with the Abbott Architect test decline 
approximately 6–8 weeks after RT-PCR testing,28 it is 
reassuring that although SARS-CoV-2 IgG titres in our 

cohort were obtained at a longer interval after RT-PCR 
testing, the mean titre of 4·1 was similar to those reported 
in previous studies, which were not limited to patients 
with SLE or immunosuppressed individuals.

Even before the onset of the COVID-19 pandemic, there 
has been interest in the impact of immunosuppressants 
on the immune response to viral antigens, particularly in 
the context of serological responses to vaccines. In the 
case of the influenza vaccine, most patients with 
rheumatic disease taking disease-modifying antirheumatic 
drugs (DMARDs) and biologic agents generate an 
adequate humoral response, with the notable exception of 
B-cell-depleting agents such as rituximab.30 However, 
despite a reduction in the antibody response in rituximab-
treated patients, the cellular immune response to 
vaccination appears to be similar among patients treated 

Figure 2: Positive SARS-CoV-2 IgG tests after initial presentation in patients 
with SLE and COVID-19
(A) Proportion of positive SARS-CoV-2 IgG antibodies in 49 patients with 
confirmed COVID-19, up to 40 weeks after initial presentation. (B) SARS-CoV-2 
IgG titres in 40 patients tested with the Abbott Architect platform, up to 
40 weeks after initial presentation. The boxplot shows the median (IQR) values, 
and the error bars show the 95% CI. The dashed line signifies the cutoff for a 
positive or negative qualitative result (at a signal to cutoff ratio of 1·4). 
White circles depict negative tests. 
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with B-cell-depleting therapies, DMARDs, and healthy 
controls.31 In our study, a patient on obinutuzumab with 
RT-PCR-confirmed SARS-CoV-2 infection did not 
generate SARS-CoV-2 antibodies 2 months after initial 
RT-PCR testing, although three patients who received 
rituximab did produce antibodies (albeit these were 
measured shortly after infection). Although less is known 
about the effects of immunosuppressants on the 
SARS-CoV-2 antibody response, a subset of patients with 
acute SARS-CoV-2 infection in the study by Seow and 
colleagues24 received immunomodulating medications for 
a hyper-inflammatory syndrome, with no apparent impact 
on the neutralising antibody response, although the effect 
on antibody longevity was unclear. In the present study, 
83% of patients with SLE who had RT-PCR-confirmed 
SARS-CoV-2 infection had subsequent SARS-CoV-2 IgG 
antibodies despite 62% being on immunosuppressants. 
This finding is similar to a recent report in which ten (77%) 
of 13 RT-PCR-positive patients with a variety of rheumatic 
diseases developed SARS-CoV-2 antibodies (nine [69%] of 
13 were on immunosuppressants).32 Understanding the 
impact of immunomodulators on antiviral antibody 
responses will have important implications for deter
mining how best to approach COVID-19 vaccination in 
patients with SLE, especially since patients on immuno
suppressants were excluded from phase 2–3 studies of 
COVID-19 vaccines.

Although numerous studies have evaluated humoral 
immunity against SARS-CoV-2, cellular responses remain 
equally important in combating infection. Previous investi
gations of the genetically similar viruses SARS-CoV and 
MERS-CoV have shown that cellular antiviral responses 
are maintained well beyond a measurable humoral 
response.33 Ni and colleagues34 reported an increase in the 
number of IFNγ-secreting nucleocapsid-specific T cells in 
several patients who had recovered from COVID-19, 
correlating with neutralising antibody titres and indicating 
a role for both B and T cells in controlling viral infection. 
Aberrant T cells are known to play a role in SLE patho
genesis, raising the possibility of overlapping variables that 
might contribute to severe outcomes in patients with SLE 
who develop SARS-CoV-2 infection.35 For example, 
T helper 17 cells, found in greater proportions in patients 
with active SLE, are also associated with increased disease 
severity and the potentially fatal hyperinflammation 
described in a subset of patients with COVID-19.35,36 A 
recent study described an increased risk of death from 
COVID-19 in people with rheumatic diseases with high 
disease activity and on immunosuppressants.37 Despite 
this risk, our previous data did not identify SLE-specific 
factors or immunosuppressants to be associated with an 
increased risk of admission to hospital for COVID-19.8 
Future evaluation of T-cell responses and type I interferon 
activity in patients with SLE in relation to SARS-CoV-2 
infection and vaccination will be essential to elucidate 
long-term immune responses, particularly if humoral 
immunity is more likely to decline in these patients.

This study was limited by the small sample size, as well 
as the variable clinical manifestations, medication 
regimens, and timing of antibody testing of our cohort, 
complicating robust evaluation of specific factors 
affecting antibody formation. Owing to the small sample 
size, our study was underpowered to detect significant 
associations and draw fully valid conclusions about the 
reported findings. We were also only able to do unadjusted 
analyses and there are several unmeasured variables 
related to SARS-CoV-2 exposure that are likely to be 
confounding the association between Hispanic ethnicity 
and testing positive for SARS-CoV-2 antibodies. These 
include neighbourhood, occupation, household size, and 
socioeconomic status, among others. It remains unclear 
whether negative testing or loss of antibodies is explained 
by the presence of milder symptoms or is due to 
immunosuppressive medications. Likewise, the absence 
of detectable antibodies in patients with clinical features 
consistent with COVID-19 but no concomitant RT-PCR 
testing might be due to a rapid decline in antibodies, an 
inability a priori to mount an immune response, or 
symptoms from underlying SLE activity or another 
infectious cause and not COVID-19 per se. Although 
SARS-CoV-2 IgG testing was generally done as standard 
of care, there might have been some degree of referral 
bias with regard to which patients were tested or were 
willing to travel to the clinic or outpatient laboratories 
during the pandemic. Moreover, we did not collect 
information about a non-SLE patient group to serve as a 
control and compare with the proportion of patients who 
had a positive antibody test. Although we did not do in-
vitro neutralising antibody measurements in our study, 
the Abbott SARS-CoV-2 IgG antibodies have been shown 
to have a positive percent agreement between the 
detection of IgG and neutralising titres greater than 93%.16 
Other limitations include inconsistencies about the 
serological testing methods, requiring comparison of 
various quantitative and qualitative immunoassays, 
which might have led to discrepant results.

In summary, the majority of patients with SLE and 
confirmed COVID-19 in our study were able to produce a 
serological response despite being on a variety of 
immunosuppressant treatments. Although a small 
subset of patients had negative testing on follow-up or 
lost antibody reactivity on serial examinations, no clear 
associated patterns were apparent. Additional studies 
will be required to fully evaluate the immune response of 
patients with SLE to COVID-19 and vaccination, but 
these findings provide reassurance about patients’ 
abilities to generate an appropriate antibody response 
after infection and their possible protection against 
re-infection with similar strains of SARS-CoV-2.
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