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Abstract
Background Routine use of immunosuppressive agents in systemic lupus erythematosus (SLE) patients infected with severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) potentially increases the risk of adverse outcomes. belimumab, 
a	monoclonal	 antibody	 for	 the	 treatment	 of	 SLE,	 remains	 untested	 for	 its	 specific	 impact	 on	 coronavirus	 disease	 2019	
(COVID-19)	symptoms	in	these	patients.	Here,	this	research	investigated	the	effect	of	belimumab	on	COVID-19	symptoms	
in SLE patients infected with SARS-CoV-2.
Methods This study enrolled SLE patients who underwent treatment with belimumab. After thorough screening based 
on the inclusion and exclusion criteria, data pertaining to COVID-19 for both the participants and their cohabitants were 
obtained through telephone follow-up. The potential impact of belimumab on COVID-19 was evaluated by comparing 
COVID-19 symptoms and medication use across various groups to investigate the association between belimumab treatment 
and COVID-19 in SLE.
Results This study involved 123 SLE patients, of whom 89.4% tested positive for SARS-CoV-2. Among cohabitants of SLE 
patients, the SARS-CoV-2 positive rate was 87.2% (p =	0.543).	Patients	treated	with	belimumab	exhibited	a	lower	incidence	
of multiple COVID-19 symptoms than their cohabitating counterparts (p <	0.001).	This	protective	effect	was	found	to	be	
partially	related	to	the	time	of	last	belimumab	administration.	Among	those	with	COVID-19,	30	patients	opted	to	discontinue	
their anti-SLE drugs, and among them, 53% chose to discontinue belimumab. Discontinuing drugs did not increase the risk 
of hospitalization due to SARS-CoV-2 infection.
Conclusion This	study	concluded	that	treatment	with	belimumab	did	not	increase	susceptibility	to	COVID-19	and	benefi-
cially alleviated the symptoms of COVID-19.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)	is	the	causative	agent	of	coronavirus	disease	2019	
(COVID-19), which led to a pandemic that posed a serious 
threat to human health and imposed a considerable medi-
cal burden [1].	As	of	10	March	2023,	there	have	been	more	
than	670	million	confirmed	cases	and	681,955	deaths	world-
wide [2]. The primary clinical manifestations of COVID-19 
include fever, cough, weakness, dyspnoea, myalgia, expec-
toration, vomiting, and diarrhoea [3, 4], and fatalities often 
show intravascular immune thrombosis, especially of the 
microvasculature [5, 6].

Systemic lupus erythematosus (SLE) is a disease in 
which the immune system attacks healthy cells and tissues 
throughout the body. Immune system activation in SLE is 
characterized by interferon-driven, excessive B- and T-cell 
responses and loss of immune tolerance to self-antigens 
[7]. When infected with SARS-CoV-2, immune dysfunc-
tion, the routine use of immunosuppressive drugs, and 
multisystem damage in renal and haematological diseases 
put patients with SLE at increased risk for multiple adverse 
outcomes [8–10]. Therefore, medicines may have to be 
rebalanced in SLE patients with COVID-19. At present, the 
recommended therapeutic drugs for SLE include hydroxy-
chloroquine, traditional disease-modifying antirheumatic 
drugs	 (DMARDs),	 nonsteroidal	 anti-inflammatory	 drugs	
(NSAIDs), glucocorticoids and targeted biological agents 
[11]. Among them, belimumab, a fully humanized monoclo-
nal antibody against B lymphocyte stimulator (BLyS) [12], 
is widely used to treat seropositive SLE. Previous studies 
have	shown	that	it	significantly	reduces	the	activity	of	the	
disease and improves the quality of life of patients [13, 14]. 
However, it is still unknown whether the use of belimumab 
has	 a	 protective	 effect	 or	 aggravates	 SLE	 during	 SARS-
CoV-2 infection.

This study involved a cohort of SLE patients treated with 
belimumab to analyse their infection and SLE disease status 
during COVID-19. The results can help clinicians and pub-
lic health care managers make decisions about preventive 
measures and treatment in this patient group.

Methods

Study design

This retrospective study was approved by the Biomedical 
Ethics Committee of West China Hospital, Sichuan Uni-
versity.	The	approval	number	assigned	to	this	study	is	2023	
(277). This study included patients who sought medical 
care at the Department of Rheumatology and Immunology, 

West China Hospital, Sichuan University, China, from Janu-
ary	30,	2020,	 to	 January	30,	2023.	Screening	of	potential	
participants was conducted based on the following inclu-
sion	criteria:	(1)	age	range	of	18	to	80	years;	(2)	diagnosis	
of SLE according to either the 1997 American College of 
Rheumatology	 criteria	 or	 the	 2012	Systemic	Lupus	 Inter-
national	 Collaborating	 Clinics	 criteria;	 and	 (3)	 initiation	
of belimumab treatment at least 3 months prior to SARS-
CoV-2 infection. The exclusion criteria were as follows: (1) 
diagnosis	of	malignancy;	(2)	pregnancy	during	the	COVID-
19	period;	and	 (3)	presence	of	 further	 infectious	diseases,	
such as HIV or hepatitis B. SARS-CoV-2 infection was 
diagnosed by a positive test for either SARS-CoV-2 RNA 
or antigen. Individuals who resided with an SLE patient 
and shared living quarters one month prior to and following 
SARS-CoV-2	 infection	 were	 defined	 as	 “cohabitants”.	 In	
this study, the comparison of SLE patients with their cohab-
itants may reduce the bias caused by living environment, 
economic situation and medical conditions to some extent. 
These	definitions	accurately	classified	the	participants	and	
maintained the integrity of this study.

Data collection for this study involved obtaining the fol-
lowing information from participants:

1. Basic information: age, sex, body mass index (BMI), 
living environment, smoking status, and education 
level.

2. SLE disease status and drug information: duration of 
SLE disease course, organs/systems involved in SLE, 
anti-SLE drugs used, dose of glucocorticoids admin-
istered, duration and protocol of belimumab use, and 
interval between last use of belimumab and SARS-
CoV-2 infection.

3. COVID-19-related information: SARS-CoV-2 infec-
tion status, symptoms experienced during SARS-CoV-2 
infection, types of drug discontinuation, timing and 
duration of drug discontinuation, and whether the indi-
viduals was admitted to a hospital.

4. Cohabitant information: SARS-CoV-2 infection sta-
tus and symptoms experienced by those individuals 
residing with SLE patients.

The	specific	data	collection	content	and	definition	criteria	
are detailed in the standardized questionnaire form (Supple-
ment 1).

Statistical analysis

GraphPad Prism 8 was used for data analysis in this study. 
Categorical variables were described as frequencies (per-
centages),	 and	 differences	 were	 assessed	 with	 the	 use	 of	
Fisher’s	exact	test	or	Pearson’s	chi-square	test.	Continuous	
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variables were expressed as the interquartile range (IQR) or 
mean ± standard deviation (SD) according to the normality 
of	their	distribution	and	compared	using	the	Mann‒Whitney	
test	or	Student’s	 t	 test,	 respectively.	The	Kruskal‒WallisU	
test was applied to compare continuous variables across 
three	 groups	 defined	 by	 the	 interval	 between	 last	 beli-
mumab use (< 1 month, 1–3 months, and > 3 months) in 
cases where data did not exhibit a normal distribution. The 
p value <	0.05	was	considered	statistically	significant.

Result

A total of 123 participants, all diagnosed with SLE and 
treated with belimumab, were included in this follow-up 
study. 85% of the participants were women, with a mean 
age of 36 years and a mean duration of SLE of 5.9 years. 
Of	 these,	 110	 individuals	 (89.4%)	 were	 infected	 with	

SARS-CoV-2 during the survey period. Among the 227 
cohabitants, 198 (87.2%) were positive for SARS-CoV-2. 
Notably, no deaths were reported during the study period, 
although one SLE patient required hospitalization due to 
COVID-19.

COVID-19 status in SLE patients treated with 
belimumab

Of	the	123	SLE	patients	treated	with	belimumab,	110	were	
positive for COVID-19. Notably, none of the patients were 
hospitalized for SLE exacerbation during COVID-19, and 
only one patient was hospitalized for severe COVID-19. 
SARS-CoV-2-positive and SARS-CoV-2-negative patients 
were similar in terms of age, sex, BMI and education level. 
There	 were	 no	 significant	 differences	 in	 disease-related	
organ/system involvement or medication regimen (Table 1). 
Interestingly, compared to subjects without COVID-19, a 

Table 1 Basic information in SLE patients treated with Belimumab
SARS-CoV-2 negative SARS-CoV-2 positive p Value
n = 13 n = 110

Basic information
Male, n (%) 3(23) 16(15) 0.421
Age, Mean ± SD, years 40.08	± 15.3 35.65 ± 15.1 0.320
BMI, Mean ± SD, kg/m2 20.35	± 1.912 22.08	± 3.121 0.056
Living environment, urban areas, n (%) 8(62) 96(87) 0.015
Smoke, n (%) 0(0) 6(5) 0.388
Degree of education 0.447
 Primary school, n (%) 4(30) 15(14)
 Junior high school, n (%) 3(23) 30(27)
 Senior high school/Technical secondary school, n (%) 2(15) 19(17)
 Bachelor/Junior college, n (%) 4(30) 46(42)
Vaccination status, n (%) 4(31) 38(35) 0.786
Number of vaccinations administered, Mean ± SD, times 0.8364	± 1.223 0.7692	± 1.235 0.852
SLE disease and drug
Disease course, Mean ± SD, years 7.231 ± 6.234 5.782 ± 5.299 0.362
Damaged organs/systems
 Arthrosis, n (%) 0(0) 7(6) 0.349
 Kidney, n (%) 9(69) 81(74) 0.735
 Skin, n (%) 0(0) 4(4) 0.485
 Hematologic system, n (%) 5(38) 34(31) 0.580
Traditional therapeutic drugs
 DMARDs, n (%) 8(62) 67(61) 0.965
 Glucocorticoids, n (%) 11(85) 103(94) 0.238
 Aspirin, n (%) 2(15) 5(5) 0.111
 Anticoagulant drugs, n (%) 0(0) 2(2) 0.624
Dose of glucocorticoids 0.629
 Low dose, n (%) 7(54) 68(62)
 Medium dose, n (%) 5(38) 36(33)
 High dose, n (%) 0(0) 0(0) -
Duration of belimumab use, Mean ± SD, years 1.1 ±	0.8073 0.9186	±	0.5193 0.267
Protocol of belimumab use, IQR, mg/per month 240.00,	510.00 480.00,	480.00 0.117
Abbreviations:	SLE,	systemic	lupus	erythematosus;	SARS-CoV-2,	severe	acute	respiratory	syndrome	coronavirus	2;	BMI,	body	mass	index;	
DMARDs, traditional disease-modifying anti-rheumatic drugs
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COVID-19 symptoms at various intervals after last 
belimumab application

To explore the potential association between the interval of 
last belimumab application and COVID-19, subjects were 
divided into three groups according to the interval from 
the last belimumab application to SARS-CoV-2 infection 
(less than 1 month, 1–3 months, and more than 3 months) 
(Table 3). After matching for sex, age, total duration of beli-
mumab administration, and medication regimen, the results 
suggested that the main manifestations of COVID-19 in 
individuals who used belimumab within 1 month were low-
grade fever (73%) and upper respiratory symptoms such as 
expectoration (76%) and sore throat (61%). In the cohort 
who used belimumab within 1 to 3 months, moderate fever 
was the most common. Those who were last treated with 
belimumab more than 3 months ago were likely to have 
high fever (42%) and vomiting (17%) but the lowest rates 
of upper respiratory symptoms among the three groups.

The impact of the withdrawal of anti-SLE drugs on 
COVID-19

When SLE patients are infected with SARS-CoV-2, some 
choose to discontinue some or all medicines. In the study 
cohort, decisions to discontinue anti-SLE drugs were 
observed	in	30	patients	with	SLE,	with	belimumab	(53%)	
being the most frequently discontinued medication during 
SARS-CoV-2	 infection	 (Fig.	 1A). The majority of these 
patients were infected within 3 months (54%) after their 

higher proportion of SARS-CoV-2-positive patients lived in 
towns (62% vs. 87%, p =	0.015).

COVID-19 symptoms in SLE patients using 
belimumab and their cohabitants

Given the above results, which suggest that residential envi-
ronment	may	affect	the	acquisition	of	COVID-19	in	patients,	
this study next compared patients with SARS-CoV-2-pos-
itive SLE with their cohabitants in an attempt to reduce 
some individual bias due to residential location. There was 
no	 significant	 difference	 in	 the	 SARS-CoV-2	 positivity	
rate between the two groups (89.4% vs. 87.2%, p =	0.543).	
Notably,	 significant	differences	were	observed	 for	various	
COVID-19 symptoms. When compared with their cohabi-
tants, belimumab-treated individuals were more likely to 
be	asymptomatic	(10%	vs.	1%,	p <	0.001)	and	less	likely	to	
have fever (44% vs. 84%, p <	0.001),	cough	(74%	vs.	95%,	
p <	0.001),	 expectoration	 (66%	 vs.	 91%,	 p <	0.001),	 sore	
throat (44% vs. 79%, p <	0.001),	myalgia	 (21%	 vs.	 65%,	
p <	0.001),	weakness	 (28%	vs.	48%,	p <	0.001),	 and	 taste/
olfactory changes (25% vs. 44%, p <	0.001).	Moreover,	the	
belimumab group exhibited a lower likelihood of develop-
ing febrile symptoms, a shorter duration of fever (1.33 vs. 
1.63, p =	0.004),	 and	a	 lower	maximum	body	 temperature	
(p =	0.005)	(Table	2).

Table 2 COVID-19 status in SLE patients using Belimumab and their cohabitants
Users of Belimumab Cohabitants p Value
n =	110 n = 198

SARS-CoV-2 positive cases, positive/total cases, n/n 110/123 198/227 0.543
COVID-19 related symptoms
 Asymptomatic, n (%) 10(10) 1(1) <	0.001
	 Fever,	n	(%) 48(44) 167(84) <	0.001
  Days of fever, Mean ± SD, days 1.333 ±	0.6030 1.638 ±	0.6169 0.004
  Maximum body temperature 0.005
   Low fever, n (%) 22(46) 24(14)
   Moderate fever, n (%) 18(38) 128(77)
   High fever, n (%) 8(17) 15(9)
 Cough, n (%) 81(74) 188(95) <	0.001
 Expectoration, n (%) 73(66) 181(91) <	0.001
 Sore throat, n (%) 48(44) 157(79) <	0.001
 Dyspnea, n (%) 1(1) 8(4) 0.089
 Diarrhea, n (%) 10(10) 12(6) 0.476
 Vomiting, n (%) 8(7) 9(5) 0.446
 Myalgia, n (%) 23(21) 129(65) <	0.001
 Weakness, n (%) 31(28) 95(48) <	0.001
 Taste/smell changes, n (%) 27(25) 87(44) <	0.001
Abbreviations:	SLE,	systemic	lupus	erythematosus;	SARS-CoV-2,	severe	acute	respiratory	syndrome	coronavirus	2;	COVID-19,	coronavirus	
disease	2019
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and those who did not (67% vs. 33%). Notably, 4 patients 
with an interval of more than 1 year between the last appli-
cation of belimumab chose to discontinue the drug dur-
ing SARS-CoV-2 infection. Patients who discontinued the 
drug during the infection period were more likely to have 
fever (63% vs. 35%, p =	0.008)	and	were	more	frequently	
associated with cough (97% vs. 65%, p =	0.001),	expecto-
ration (93% vs. 56%, p <	0.001),	 and	weakness	 (53%	 vs.	
19%, p <	0.001).	Importantly,	none	of	the	patients	who	dis-
continued belimumab treatment were hospitalized for SLE 
exacerbation.

last	belimumab	treatment	(Fig.	1B). Most patients opted to 
stop	the	medication	on	the	first	day	of	COVID-19	symptoms	
(47%), while three patients discontinued their medication 
prior to the onset of symptoms to avoid potential immune 
effects	of	SLE	drugs	(Fig.	1C). The duration of discontinua-
tion	was	most	frequently	within	7	days	(40%)	or	more	than	
14	days	(40%)	(Fig.	1D).

This study further investigated the factors that were asso-
ciated with the discontinuation of belimumab treatment 
during SARS-CoV-2 infection (Table 4). Among the demo-
graphic	characteristics	of	the	cohort,	a	significant	difference	
was observed in the proportion of individuals with higher 
education levels between those who discontinued treatment 

Table 3	 COVID-19	symptoms	at	different	intervals	of	last	Belimumab	use
Less than 1 month 1 to 3 months More than 3 months P value
n = 46 n = 35 n = 29

Basic information
Male, n (%) 8(17) 6(17) 2(7) 0.396
Age, Mean ± SD, years 34.13 ± 15.75 36.54 ± 14.48 36.97 ±	15.07 0.671
BMI, Mean ± SD, kg/m2 21.58 ± 2.739 22.85 ± 3.654 22.16 ±	3.089 0.246
Living environment, urban areas, n(%) 43(93) 30(86) 23(79) 0.190
Smoke, n (%) 2(4) 3(9) 1(3) 0.608
Education background 0.862
 Primary school, n (%) 5(11) 5(14) 5(17)
 Junior high school, n (%) 13(28) 11(31) 6(21)
 Senior high school/Technical secondary school, n (%) 10(22) 5(14) 4(14)
 Bachelor/Junior college, n (%) 18(39) 14(40) 14(48)
Vaccination status, n (%) 15(33) 14(40) 9(31) 0.707
SLE disease and drug
Damaged organs/systems
 Arthrosis, n (%) 3(7) 1(3) 3(10) 0.473
 Kidney, n (%) 32(70) 28(80) 21(72) 0.564
 Hematologic system, n (%) 15(33) 10(29) 9(31) 0.927
Duration of belimumab use, Mean ± SD, years 0.8565	±	0.4554 1.186 ±	0.6074 0.6948	±	0.3480 <	0.001
Protocol of belimumab use, IQR, mg/per month 480.00,	510.00 300.00,	480.00 480.00,	600.00 <	0.001
About COVID-19
COVID-19 related symptoms
 Asymptomatic, n (%) 3(7) 4(11) 2(7) 0.696
	 Fever,	n	(%) 20(43) 16(46) 12(41) 0.941
  Days of fever, Mean ± SD, days 1.158 ±	0.3746 1.75 ±	0.8563 1.333 ±	0.4924 0.053
  Maximum body temperature 0.001
   Low fever, n (%) 14(73) 3(19) 5(42)
   Moderate fever, n (%) 5(26) 11(69) 2(17)
   High fever, n (%) 1(5) 2(13) 5(42)
  Cough, n (%) 38(83) 24(69) 19(66) 0.187
  Expectoration, n (%) 35(76) 24(69) 14(48) 0.043
  Sore throat, n (%) 28(61) 12(34) 8(28) 0.007
  Dyspnea, n (%) 0(0) 1(3) 0(0) 0.350
  Diarrhea, n (%) 2(4) 4(11) 4(14) 0.323
  Vomiting, n (%) 0(0) 3(9) 5(17) 0.019
  Myalgia, n (%) 5(11) 9(26) 9(31) 0.079
  Weak, n (%) 13(28) 10(29) 8(28) 0.996
  Taste/smell changes, n (%) 8(17) 9(26) 9(31) 0.376
Abbreviations:	COVID-19,	coronavirus	disease	2019;	BMI,	body	mass	index;	SLE,	systemic	lupus	erythematosus
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it alleviated disease severity, and the impact of SARS-
CoV-2	infection.	These	findings	contribute	to	bridging	the	
knowledge	gap	regarding	the	specific	effects	of	belimumab	
on SLE patients during COVID-19.

Among SLE patients receiving belimumab, SARS-CoV-2 
infection was associated only with the residential environ-
ment;	a	higher	proportion	of	patients	infected	with	SARS-
CoV-2 lived in cities. Indeed, living in cities was a risk 
factor for SARS-CoV-2 infection, independent of patients’ 
basic demographic information, SLE disease course, and 
other medicines. This is consistent with the SARS-CoV-2 
transmission model proposed by Eilersen et al., which 

Discussion

People with autoimmune diseases, such as, such as SLE, 
are at high risk for severe COVID-19 [15], and the use of 
immunosuppressive drugs in these populations has been 
identified	as	a	risk	factor	for	adverse	outcomes	in	multiple	
studies [16]. belimumab is one of the commonly used bio-
logical agents in patients with SLE [17, 18]. In COVID-
19,	 the	 effects	 of	 belimumab	 on	 patients’	 symptoms	 and	
drug discontinuation are still unclear. Our results show that 
the application of belimumab in SLE patients reduced the 
occurrence	of	COVID-19-related	symptoms.	Furthermore,	

Fig. 1 The impact of withdrawal of anti-SLE drugs in COVID-19. (A) 
The	figure	 illustrates	 the	number	of	people	 in	our	cohort	who	chose	
to	 discontinue	 different	 anti-SLE	 drugs	 during	 COVID-19	 infec-
tion.	 “Other”	 includes	 hydroxychloroquine,	 calcium	 tablet,	 gamma	
globulin,	 but	 not	 nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs).	
Traditional	 disease-modifying	 anti-rheumatic	 drugs,	 DMARDs;	 (B) 
Discontinuation	 rates	 are	 shown	 for	 patients	with	 different	 intervals	

between COVID-19 infection and last belimumab use. The numbers 
above the bars are the number of discontinuing drugs/total number 
included	in	each	interval.	The	abscissa	values	are	in	months;	(C) Bars 
show	the	number	of	patients	who	discontinued	the	drug	on	different	
days	of	COVID-19	symptoms;	 (D) Pie charts show the number and 
proportion	of	patients	with	different	durations	of	discontinuation
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increases in DN3 [26], which may require further research 
to explore the correlation.

Several previous studies have suggested that belimumab 
has	 a	 long-term	 effect	 on	 the	 treatment	 of	 SLE	 [29, 30]. 
Findings	have	indicated	that	patients	who	last	received	beli-
mumab less than a month prior or had a treatment gap of 
over three months before COVID-19 were more likely to 
have low and high fever, respectively. This observation may 
be attributed to the drug’s half-life, which is reported to be 
approximately 18 days when administered subcutaneously 
[31]. This is similar to the results of our survey. The protec-
tive	effect	of	belimumab	on	inhibiting	fever	in	SLE	patients	
infected with COVID-19 decreased in parallel to its serum 
half-life.

belimumab	 is	 known	 to	 affect	 the	 adaptive	 immune	
response [32] and cough and upper respiratory tract infec-
tions	are	common	side	effects	of	treatment	with	belimumab	
[29, 33]. Our observations showed that belimumab was the 
most frequently discontinued drug among SLE patients with 
COVID-19. Several studies do not provide clear recommen-
dations on whether to continue or discontinue belimumab in 
patients with SLE and COVID-19 [34, 35]. In fact, the cur-
rent guidelines suggest discontinuation of biologic agents 
after SARS-CoV-2 infection [36]. These factors may have 
influenced	clinicians	in	advising	SLE	patients	with	COVID-
19 to discontinue the use of belimumab. In our study, SLE 
did not worsen in patients who discontinued treatment.

Research strengths and innovations

This study has several advantages over previous reports: (1) 
this study provides an in-depth investigation of the impact 
of	 belimumab	 use	 in	 COVID-19;	 (2)	 the	 symptoms	 of	
COVID-19 were described and compared in detail, and the 
cohabitants of SLE patients were used as controls to exclude 
unwanted	interferences;	(3)	the	impact	of	drug	withdrawal	
in SLE patients during COVID-19 was comparatively ana-
lysed;	and	(4)	most	of	the	SARS-CoV-2	positive	patients	in	
this study were densely infected in a similar period of time 
to avoid the bias of season and climate.

Limitations

However, this study also has some limitations: (1) it was a 
single-centre survey, which may have patient treatment and 
regional	bias;	(2)	the	information	was	mainly	collected	by	
telephone survey, which may have led to subjective neglect 
and	exaggeration	of	symptoms	by	some	subjects;	(3)	SLE	
patients receiving immunosuppressive therapy or biologi-
cal agents may pay more attention to hygiene and distanc-
ing	measures	than	the	general	population;	(4)	the	number	of	
subjects	was	small;	and	(5)	the	medication	of	SLE	patients	

predicted that an epidemic driven by a superspreader would 
rapidly spread in cities but not in rural areas, mainly because 
the rural exodus limits the maximum number of secondary 
infections [19]. COVID-19 vaccination status was also col-
lected,	and	no	differences	in	vaccination	status	were	found	
according to study group. A number of confounding factors 
may have confounded these results, such as vaccine type 
and regimen, vaccination schedule, completion of the full 
vaccination schedule, and the timing of the last vaccination. 
A number of previous studies have pointed out that these 
factors	 may	 affect	 the	 effectiveness	 of	 vaccines	 [20–22], 
but	 it	 is	 difficult	 for	 non-medical	 professionals	 to	 accu-
rately describe the detail of vaccine they received, so the 
data in this part of the study were not collected completely, 
and	future	studies	with	specific	medical	records	or	medical	
insurance data are needed to supplement this exploration.

Based on the potential association between living envi-
ronment and COVID-19, researchers conducted a statisti-
cal analysis of SLE patients using belimumab and their 
cohabitants. The statistical results suggested that the inci-
dence of COVID-19 was similar between belimumab users 
and their cohabitants. Interestingly, SLE patients receiving 
belimumab treatment exhibited a reduction in COVID-19 
symptoms compared to their cohabiting counterparts. As a 
humanized immunoglobulin IgG-1k monoclonal antibody, 
belimumab is capable of promoting apoptosis and inhibits 
the	differentiation	and	survival	of	B	cells	by	inhibiting	the	
binding of soluble B-lymphocyte stimulator (BLyS) [23]. 
Several studies have demonstrated that higher levels of 
peripheral B cells and plasma cells are associated with dis-
ease exacerbation and poor outcomes in COVID-19 [24]. 
Additionally, single-cell transcriptome analysis of immune 
cells	 in	 bronchoalveolar	 lavage	 fluid	 from	 patients	 with	
SARS-CoV-2 infection has revealed that pulmonary mac-
rophages from patients with severe COVID-19 express 
higher levels of BLyS, which promote B-cell activation and 
thus express more immunoglobulin genes, than those from 
patients with mild disease [25]. Thus, belimumab may par-
tially alleviate COVID-19 symptoms by targeting BLyS to 
affect	B	 cell	 responses.	Notably,	 recent	 studies	 have	 sug-
gested	 that	 IgD-CD27-,	 a	 specific	 double-negative	 B	 cell	
subset	(DN	B	cells),	may	be	involved	in	tissue	inflammation	
and	fibrosis	in	COVID-19	patients	[26]. Belimumab acts on 
early	developmental	stage	B	cells	to	inhibit	DN	B	differen-
tiation	to	some	extent	has	been	confirmed	by	relevant	stud-
ies [27],	and	the	reduction	of	DN	B	cell	differentiation	has	
also been reported to play a role in the treatment of autoim-
mune diseases [27]. However, it should be noted that DN B 
cells are also divided into three subsets, among which SLE 
patients are mainly dominated by changes in DN2 subsets 
[28], while COVID-19 patients are mainly dominated by 
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is complicated, and multiple drugs are often used or stopped 
at the same time.

Conclusion

This study found that belimumab did not increase suscep-
tibility	 to	 COVID-19;	 instead,	 it	 even	 partly	 reduced	 the	
COVID-19	symptoms	of	the	users.	This	finding	adds	to	the	
knowledge about the use of belimumab in patients with SLE 
during SARS-CoV-2 infection and helps inform the relevant 
authorities about the management and treatment of SLE. In 
the future, larger clinical cohorts or real-world studies are 
needed	for	verification,	and	more	mechanistic	explorations	
are desirable.

Acknowledgements Not applicable.

Author contributions All authors contributed to the study conception 
and design. CYT and YL jointly proposed the study topic and jointly 
designed the study protocol with YHL. YLW and TW designed the 
questionnaire and screened the list of potential participants. DYH 
completed the relevant ethical review. JHW, WHZ, XJJ, and CQY fol-
lowed	up	and	verified	the	cohort	patients	by	telephone	according	to	the	
list and data. ZHL completed the data collation and induction. YLW, 
XPL, and LC performed the data analysis and interpretation of the 
results. YLW and YHL wrote the manuscript, and CYT, YL and MH 
revised the manuscript.

Funding This work was supported by the National Natural Science 
Foundation	of	China	(82001728),	1·3·5	project	for	disciplines	of	ex-
cellence, West China Hospital, Sichuan University (Grant Number: 
ZYGD18015,	ZYJC18003)	and	Medical	Research	Program	of	Sich-
uan	Province	(S21016).

Data availability All data generated or analysed during this study are 
included in this published article and its supplementary information 
files.

Declarations

Competing interests	 The	 authors	have	no	 relevant	financial	 or	non-
financial	interests	to	disclose.

Ethics approval This retrospective study received ethical approval 
from the Biomedical Ethics Committee of West China Hospital, Si-
chuan	University.	The	approval	number	assigned	to	this	study	is	2023	
(277). This study was a retrospective observational study, without any 
intervention in the process of patient care, and all data did not contain 
information that could identify the patient’s identity and would not 
harm the patient’s privacy, so informed consent was not applicable. 
The study did not involve animal studies, and no ethical approval was 
needed.

Ethics declarations This study was approved by the ethical committee 
of	West	China	Hospital	of	Sichuan	University	(No.	277	in	2023)	and	
complied with the Declaration of Helsinki.

Consent to participate Not applicable.

1 3

427

https://doi.org/10.1111/sji.12998
https://doi.org/10.1007/s10096-020-03874-z
https://doi.org/10.1007/s10096-020-03874-z
https://doi.org/10.1016/j.ebiom.2020.102925
https://doi.org/10.3390/ijms232315126
https://doi.org/10.3390/ijms232315126
https://doi.org/10.7326/aitc202006020
https://doi.org/10.7326/aitc202006020
https://doi.org/10.1136/annrheumdis-2020-218946
https://doi.org/10.1136/annrheumdis-2020-218946
https://doi.org/10.1136/annrheumdis-2020-217566
https://doi.org/10.1136/annrheumdis-2020-217566
https://doi.org/10.1136/annrheumdis-2020-217794
https://doi.org/10.1136/annrheumdis-2020-217794
https://doi.org/10.1016/j.cden.2013.06.003
https://doi.org/10.1016/j.cden.2013.06.003
https://doi.org/10.2147/tcrm.S252592


Immunologic Research (2024) 72:418–429

24.	 Woodruff	 MC,	 Ramonell	 RP,	 Nguyen	 DC,	 et	 al.	 Extrafollicu-
lar B cell responses correlate with neutralizing antibodies and 
morbidity	 in	 COVID-19.	 Nat	 Immunol.	 2020;21(12):1506–16.	
https://doi.org/10.1038/s41590-020-00814-z. PubMed PMID: 
33028979;	PubMed	Central	PMCID:	PMCPMC7739702.	eng.

25. Kim CW, Oh JE, Lee HK. Single cell transcriptomic re-analy-
sis	 of	 Immune	 cells	 in	 Bronchoalveolar	 Lavage	 Fluids	 reveals	
the correlation of B cell characteristics and Disease Sever-
ity of patients with SARS-CoV-2 Infection. Immune Netw. 
2021;21(1):e10.	https://doi.org/10.4110/in.2021.21.e10. PubMed 
PMID:	33728103;	PubMed	Central	PMCID:	PMCPMC7937513.	
eng.

26. Allard-Chamard H, Kaneko N, Bertocchi A, et al. Extrafol-
licular	IgD(-)CD27(-)CXCR5(-)CD11c(-)	DN3	B	cells	infiltrate	
inflamed	 tissues	 in	autoimmune	fibrosis	and	 in	severe	COVID-
19.	 Cell	 Rep.	 2023;42(6):112630.	 https://doi.org/10.1016/j.cel-
rep.2023.112630.	 PubMed	 PMID:	 37300833;	 PubMed	 Central	
PMCID:	PMCPMC10227203.	eng.

27.	 Szelinski	F,	Stefanski	AL,	Schrezenmeier	E,	et	al.	Plasmablast-
like phenotype among Antigen-experienced CXCR5-CD19(low) 
B cells in systemic Lupus Erythematosus. Arthritis & Rheumatol-
ogy	(Hoboken	NJ).	2022;74(9):1556–68.	https://doi.org/10.1002/
art.42157.	PubMed	PMID:	35507291;	eng.

28.	 Chung	MKY,	Gong	L,	Kwong	DL,	 et	 al.	 Functions	of	 double-
negative B cells in autoimmune Diseases, Infections, and cancers. 
EMBO	Mol	Med.	 2023;15(9):e17341.	 https://doi.org/10.15252/
emmm.202217341.	PubMed	PMID:	37272217;	PubMed	Central	
PMCID:	PMCPMC10493577.	eng.

29.	 Zhang	 F,	 Zheng	 J,	 Li	Y,	 et	 al.	 Phase	 3,	 long-term,	 open-label	
extension	period	of	safety	and	efficacy	of	belimumab	in	patients	
with systemic Lupus Erythematosus in China, for up to 6 
years.	 RMD	 open.	 2022;8(1).	 https://doi.org/10.1136/rmdo-
pen-2021-001669.	PubMed	PMID:	35428697;	PubMed	Central	
PMCID:	PMCPMC9014060.	eng.

30.	 Doria	A,	 Bass	 D,	 Schwarting	A,	 et	 al.	 A	 6-month	 open-label	
extension	study	of	the	safety	and	efficacy	of	subcutaneous	beli-
mumab in patients with systemic Lupus Erythematosus. Lupus. 
2018;27(9):1489–98.	doi:	10.1177/0961203318777634.	PubMed	
PMID:	29807477;	PubMed	Central	PMCID:	PMCPMC6066857.	
eng.

31. Struemper H, Thapar M, Roth D, Population Pharmacoki-
netic, and Pharmacodynamic Analysis of Belimumab Adminis-
tered Subcutaneously in Healthy Volunteers and Patients with 
Systemic Lupus Erythematosus. Clinical pharmacokinetics. 
2018;57(6):717–728.	doi:	10.1007/s40262-017-0586-5.	PubMed	
PMID:	28887801;	PubMed	Central	PMCID:	PMCPMC5973992	
Struemper is a former employee ofowns stock in GlaxoSmith-
Kline. David Roth is an employee ofowns stock in GlaxoSmith-
Kline.	Mita	Thapar	has	no	conflicts	of	 interest	directly	relevant	
to the contents of this study. ETHICS APPROVAL: All proce-
dures performed in studies involving human participants were 
in accordance with the ethical standards of the investigational 
review board or human subjects committeewith the 1964 Helsinki 
Declarationits later amendments or comparable ethical standards. 
CONSENT TO PARTICIPATE: Informed consent was obtained 
from all individual participants included in the study. eng.

32.	 Levy	 RA,	 Gonzalez-Rivera	 T,	 Khamashta	 M,	 et	 al.	 10	 years	
of belimumab experience: what have we learnt? Lupus. 
2021;30(11):1705–21.	 10.1177/09612033211028653.	 PubMed	
PMID:	34238087;	PubMed	Central	PMCID:	PMCPMC8564244.	
eng.

33. Tanaka Y, Bae SC, Bass D, et al. Long-term open-label continu-
ation	study	of	the	safety	and	efficacy	of	belimumab	for	up	to	7	
years in patients with systemic Lupus Erythematosus from Japan 
and	South	Korea.	RMD	open.	2021;7(2).	https://doi.org/10.1136/

PubMed	 PMID:	 22337213;	 PubMed	 Central	 PMCID:	
PMCPMC3396451 Genome Sciences and GlaxoSmithKline. 
MAP and RC have received payment for board membership and 
consultancy from Human Genome Sciences and GlaxoSmith-
Kline. DAR, BNJ and CSK are employed by and own stock in 
GlaxoSmithKline.	ZJZ	and	WF	are	employed	by	and	own	stock	
in Human Genome Sciences. eng.

14. Strand V, Levy RA, Cervera R, et al. Improvements in health-
related quality of life with belimumab, a B-lymphocyte stimu-
lator-specific	 inhibitor,	 in	 patients	 with	 autoantibody-positive	
systemic Lupus Erythematosus from the randomised controlled 
BLISS	 trials.	 Ann	 Rheum	 Dis.	 2014;73(5):838–44.	 https://
doi.org/10.1136/annrheumdis-2012-202865. PubMed PMID: 
23524886;	PubMed	Central	PMCID:	PMCPMC3995218.	eng.

15. Spihlman AP, Gadi N, Wu SC, et al. COVID-19 and systemic 
Lupus	Erythematosus:	Focus	on	Immune	response	and	therapeu-
tics.	 Front	 Immunol.	 2020;11:589474.	 https://doi.org/10.3389/
fimmu.2020.589474.	PubMed	PMID:	33193418;	PubMed	Cen-
tral PMCID: PMCPMC7661632. eng.

16. Zhong J, Shen G, Yang H, et al. COVID-19 in patients with rheu-
matic Disease in Hubei Province, China: a multicentre retrospec-
tive	observational	study.	Lancet	Rheumatol.	2020;2(9):e557–64.	
https://doi.org/10.1016/s2665-9913(20)30227-7. PubMed PMID: 
32838309;	PubMed	Central	PMCID:	PMCPMC7333992.	eng.

17. Boedecker-Lips SC, Claßen P, Kraus D, et al. Belimumab is not 
associated with COVID-19 mRNA vaccination failure in systemic 
Lupus	Erythematosus.	Rheumatology	(Oxford).	2023;62(3):e34–
5. https://doi.org/10.1093/rheumatology/keac459. PubMed 
PMID:	35972412;	PubMed	Central	PMCID:	PMCPMC9384795.	
eng.

18. Prendecki M, Clarke C, Edwards H, et al. Humoral and T-cell 
responses to SARS-CoV-2 vaccination in patients receiving 
immunosuppression.	 Ann	 Rheum	 Dis.	 2021;80(10):1322–9.	
https://doi.org/10.1136/annrheumdis-2021-220626. PubMed 
PMID:	34362747;	PubMed	Central	PMCID:	PMCPMC8350975.	
eng.

19. Eilersen A, Sneppen K. SARS-CoV-2 superspreading in cities 
vs the countryside. APMIS: acta pathologica, microbiologica. 
et	 Immunol	 Scand.	 2021;129(7):401–7.	 https://doi.org/10.1111/
apm.13120.	PubMed	PMID:	33622024;	PubMed	Central	PMCID:	
PMCPMC8013868.	eng.

20.	 Ssentongo	P,	Ssentongo	AE,	Voleti	N,	et	 al.	SARS-CoV-2	vac-
cine	 effectiveness	 against	 Infection,	 symptomatic	 and	 severe	
COVID-19: a systematic review and meta-analysis. BMC 
Infect	Dis.	 2022;22(1):439.	 https://doi.org/10.1186/s12879-022-
07418-y.	PubMed	PMID:	 35525973;	PubMed	Central	 PMCID:	
PMCPMC9077344.	eng.

21.	 Fatima	S,	Zafar	A,	Afzal	H,	 et	 al.	COVID-19	 Infection	among	
vaccinated	and	unvaccinated:	does	it	make	any	difference?	PLoS	
ONE.	 2022;17(7):e0270485.	 https://doi.org/10.1371/journal.
pone.0270485.	 PubMed	 PMID:	 35839210;	 PubMed	 Central	
PMCID: PMCPMC9286242. eng.

22.	 McMenamin	ME,	Nealon	 J,	 Lin	Y	 et	 al.	Vaccine	 effectiveness	
of one, two, and three doses of BNT162b2 and CoronaVac 
against COVID-19 in Hong Kong: a population-based observa-
tional	study.	The	Lancet	Infectious	diseases.	2022;22(10):1435–
1443.	 doi:	 10.1016/s1473-3099(22)00345-0.	 PubMed	 PMID:	
35850128;	PubMed	Central	PMCID:	PMCPMC9286709	Glaxo-
SmithKline,	Moderna,	Pfizer,	Roche,	and	Sanofi	Pasteur.	JN	was	
previously	 employed	 by	 and	 owns	 shares	 in	 Sanofi.	All	 other	
authors declare no competing interests. eng.

23. Sifuentes Giraldo WA, García Villanueva MJ, Boteanu AL 
et al. New targets in systemic lupus (part 2/2). Reumatologia 
clinica.	 2012	 Sep-Oct;8(5):263-9.	 https://doi.org/10.1016/j.
reuma.2012.01.013.	PubMed	PMID:	22483664;	eng.

1 3

428

https://doi.org/10.1038/s41590-020-00814-z
https://doi.org/10.4110/in.2021.21.e10
https://doi.org/10.1016/j.celrep.2023.112630
https://doi.org/10.1016/j.celrep.2023.112630
https://doi.org/10.1002/art.42157
https://doi.org/10.1002/art.42157
https://doi.org/10.15252/emmm.202217341
https://doi.org/10.15252/emmm.202217341
https://doi.org/10.1136/rmdopen-2021-001669
https://doi.org/10.1136/rmdopen-2021-001669
https://doi.org/10.1136/rmdopen-2021-001629
https://doi.org/10.1136/annrheumdis-2012-202865
https://doi.org/10.1136/annrheumdis-2012-202865
https://doi.org/10.3389/fimmu.2020.589474
https://doi.org/10.3389/fimmu.2020.589474
https://doi.org/10.1016/s2665-9913(20)30227-7
https://doi.org/10.1093/rheumatology/keac459
https://doi.org/10.1136/annrheumdis-2021-220626
https://doi.org/10.1111/apm.13120
https://doi.org/10.1111/apm.13120
https://doi.org/10.1186/s12879-022-07418-y
https://doi.org/10.1186/s12879-022-07418-y
https://doi.org/10.1371/journal.pone.0270485
https://doi.org/10.1371/journal.pone.0270485
https://doi.org/10.1016/j.reuma.2012.01.013
https://doi.org/10.1016/j.reuma.2012.01.013


Immunologic Research (2024) 72:418–429

COVID-19.	Annals	 of	 the	 rheumatic	 Diseases.	 2022;81(1):34–
40.	 https://doi.org/10.1136/annrheumdis-2021-221366. PubMed 
PMID:	34620584;	PubMed	Central	PMCID:	PMCPMC8507408.	
eng.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional	claims	in	published	maps	and	institutional	affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s)	or	other	rightsholder(s);	author	self-archiving	of	the	accepted	
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

rmdopen-2021-001629.	 PubMed	 PMID:	 34215703;	 PubMed	
Central PMCID: PMCPMC8256836. eng.

34.	 Ugarte-Gil	MF,	Alarcón	GS,	Izadi	Z,	et	al.	Characteristics	associ-
ated with poor COVID-19 outcomes in individuals with systemic 
Lupus Erythematosus: data from the COVID-19 Global Rheu-
matology	Alliance.	Ann	Rheum	Dis.	2022;81(7):970–8.	https://
doi.org/10.1136/annrheumdis-2021-221636. PubMed PMID: 
35172961;	PubMed	Central	PMCID:	PMCPMC8882632.	eng.

35. Mehta P, Gasparyan AY, Zimba O, et al. Systemic Lupus Ery-
thematosus in the light of the COVID-19 pandemic: Infection, 
vaccination, and impact on Disease management. Clin Rheuma-
tol.	 2022;41(9):2893–910.	 https://doi.org/10.1007/s10067-022-
06227-7.	PubMed	PMID:	35639259;	PubMed	Central	PMCID:	
PMCPMC9152659. eng.

36.	 Alunno	A,	Najm	A,	Machado	PM	et	al.	2021	update	of	the	EULAR	
points to consider on the use of immunomodulatory therapies in 

1 3

429

https://doi.org/10.1136/annrheumdis-2021-221366
https://doi.org/10.1136/rmdopen-2021-001629
https://doi.org/10.1136/annrheumdis-2021-221636
https://doi.org/10.1136/annrheumdis-2021-221636
https://doi.org/10.1007/s10067-022-06227-7
https://doi.org/10.1007/s10067-022-06227-7

	COVID-19 in Systemic Lupus Erythematosus patients treated with belimumab: a retrospective clinical study
	Abstract
	Introduction
	Methods
	Study design
	Statistical analysis

	Result
	COVID-19 status in SLE patients treated with belimumab
	COVID-19 symptoms in SLE patients using belimumab and their cohabitants
	COVID-19 symptoms at various intervals after last belimumab application
	The impact of the withdrawal of anti-SLE drugs on COVID-19

	Discussion
	Research strengths and innovations
	Limitations

	Conclusion
	References


