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ABSTRACT

From March 2020, the coronavirus disease 2019 (COVID-19) pandemic challenged public health
and healthcare systems worldwide. Viral infection is one of the environmental factors that has
been associated with the development, relapse, or exacerbation of systemic lupus erythematosus
(SLE). SLE patients are at an increased risk of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) because of immune system dysfunction related to their disease as well as
immunosuppression medications. So far, the most effective way to reduce SARS-CoV-2 infection-
induced hospitalization and death is vaccination. On the other hand, SLE patients present distinct
challenges related to the safety and effectiveness of SARS-CoV-2 vaccination. We have reviewed
some reports on the onset or flare of SLE post-COVID-19 vaccination. Of note, the mRNA
COVID-19 vaccines are associated with increased SLE disease activity, more frequently than the
other types of COVID-19 vaccines.

Implication for health policy/practice/research/medical education:

There is no clear mechanism for describing systemic lupus erythematosus (SLE) development or flare after COVID-19
vaccinations, however, numerous hypotheses might elucidate this association. The increased concentration of type I interferon
especially after the mRNA COVID-19 vaccination may explain the higher rate of SLE and SLE flares following vaccination.
Please cite this paper as: Mahmoudnia L, Roshan B, Jahantigh HR, Mojtahedi Z, F Borja Montes O, Sadighpour T,
Khosravifarsani M. Systemic lupus erythematosus following SARS-CoV-2 vaccination; a review of literature. ] Nephropharmacol.
2023;12(1):e10564. DOI: 10.34172/np;j.2022.10564.

Introduction
Since March 2020,

the coronavirus

The wvarious types of SARS-CoV-2 vaccines are

disease 2019 developed based on messenger ribonucleic acid (mRNA)-

(COVID-19) pandemic has challenged public health and
healthcare systems worldwide. The most effective way to
reduce severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection-induced hospitalization and
death remains vaccination. Several vaccines have been
developed and used, with extensive investigation on their
adverse consequences and efficiency.

based vaccines (such as Pfizer-BioNTech and mRNA 1273
(Moderna), Comirnaty), DNA-based vaccines (such as
Janssen, AstraZeneca/Oxford, and Sputnik V), inactivated
viruses (such as CoronaVac, BBIBP-CoV and Wuhan) and
recombinant subunit vaccines (such as Novavax vaccine)
(1).

Systemic lupus erythematosus (SLE) is a chronic
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autoimmune multisystem disease, more common in
females. It is distinguished by immune system dysfunction
and inflammation that affects connective tissue and
almost any of the body’s organs. Many autoantibodies are
seen in SLE and some such as ant SM and anti dsDNA are
known to be very specific for the SLE.

The pathogenesis of SLE implicates interaction between
genetic and environmental factors including air pollution,
ultraviolet light exposure, pesticides, cigarette smoking,
heavy metals, drugs, and infections. Viral infection
is one of the most important environmental factors.
SLE patients are at an increased risk of SARS-CoV-2
viruses due to immune, dysfunction, the presence of
autoantibodies and immune complexes development, and
diminished clearance of apoptotic cells (2), and use of
immunosuppressing medications. Therefore, vaccination
against SARS-CoV-2 for patients with SLE is crucial. On
the other hand, SLE patients present distinct challenges
related to the safety and effectiveness of vaccination due
to their immune system dysregulation and treatment
with immunomodulators and immunosuppressants. The
patients treated with immunosuppressants or immune-
modifying drugs were excluded from some phases of
vaccine trials such as Moderna (NCT04470427) and
Pfizer/BioNTech, resulting in ambiguity about the safety
and efficacy of SARS-CoV-2 vaccines in patients with
autoimmune inflammatory rheumatic diseases especially
SLE (3,4). This has raised concerns about adverse
events associated with the COVID-19 vaccine and its
effectiveness in these patient populations

It is well known that some viral vaccines including
hepatitis B, human papillomavirus, and measles vaccines
can cause SLE flares in some genetically predisposed
populations (5-7).

Search strategy

For this review, we searched Web of Science, EBSCO,
Scopus, PubMed/Medline, DOA]J (Directory of Open
Access Journals), Embase, and Google Scholar, using
various keywords including; SARS-CoV-2, vaccination,
COVID-19, systemic lupus erythematosus, flare, and
immune system

Review of published cases of SLE or SLE-like syndromes
following COVID-19 vaccination

The flares or new onsets of immune-mediated diseases
post- COVID-19 vaccination is investigated in the 27 cases
in which 21 cases had at least one underlying autoimmune
disease in the first large report by Watad et al, in three
different countries. Out of 27 cases, 23 cases received the
Pfizer-BioNTech vaccine, two cases received Moderna and
two cases received the AZD1222, while only seven cases
are reported with severe adverse effects (8). Among severe
cases, six cases received the Pfizer-BioNTech vaccine, and
one case received the AZD1222 vaccine.

Ntouros et al demonstrated that the SARS-CoV-2
vaccine, is characterized by acute immune system
activation, and it can activate the DNA damage response
network, while the SLE disease is characterized by
chronic immune system activation that reveals abnormal
DNA damage and activation response. It seems that
the SARS-CoV-2 vaccines in SLE cases could lead to a
sudden increase in DNA damage response activation and
therefore SLE flare (9).

Jin et al reported a case of ocular adverse effects
including conjunctival congestion, eyelid swelling with
itchy, and intense headaches, three days after COVID-19
vaccination in a 28-year-old female with the previous
medical history of SLE for 6 years (10).

The first international large-scale cross-sectional study
(VACOLUP) in France examined COVID-19 vaccine
tolerability in SLE patients. They found, that 49% of
participants had some mild to moderate side effects after
the first or second dose of the vaccine. This study showed
that 3% had a disease flare-up in 21 out of 696 vaccinated
patients (11).

A recent multi-racial/ethnic cohort at New York
University with 90 SLE patients demonstrated that 30%
of the patients had a low-response post-COVID-19
vaccination. Around 11.4% of patients had a mild to
moderate worsening of the disease after vaccination.
Additionally, 1.3% of the patients had a severe flare (12).

Recently, a 22-year-old single Saudi female was
diagnosed with SLE without previous history. She had
acute pancreatitis and cutaneous vasculitis on the hands
and feet, seven days after the first dose of the Pfizer-
BioNTech COVID-19 vaccine was reported (13).

Nune et al also described the development of SLE
based on clinical findings of polyarthritis, oral ulcers,
leukopenia, lymphopenia, and positive laboratory results
in a 24-year-old Caucasian man after the Pfizer-BioNTech
COVID-19 vaccine (14).

Further, Patil and Patil described a 22-year-old woman
who felt knee pain while climbing or descending the stairs
two weeks after getting the first dose of the COVID-19
vaccine. Following the second dose of an adenoviral
vector vaccine of AZD1222 nCoV-19 vaccine, this patient
developed fever, edema, petechiae, and polyarthralgia in
the ankles, feet, and lower legs, and was found to have
albuminuria, thrombocytopenia, positive ANA, and
anti-dsDNA antibodies emphasized meeting the criteria
for SLE. The patient’s condition improved after the
administration of hydroxychloroquine, prednisolone, and
mycophenolate mofetil for one month (15).

Recently, Zavala-Miranda et al reported a 23-year-old
woman with membranous lupus nephritis, low C3 levels,
positive ANA and anti-dsDNA antibodies, alopecia,
and lymphopenia, seven days after the first dose of
the AZD1222 adenoviral vector vaccine. The patient’s
condition improved in 21 days following treatment with
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hydroxychloroquine, mycophenolate mofetil, diuretics,
and glucocorticosteroids (16).

Likewise, Tuschen et al described a case of relapse
of mesangial and membranous lupus nephritis in a
41-year-old woman with the previous medical history
of membranous lupus nephritis, one week after taking
the first dose of the mRNA vaccine of Pfizer-BioNTech
vaccine (17).

Molina et al described a life-threatening lupus
pneumonitis after vaccination requiring intensive care
unit (ICU) in a 42-year-old woman, without the previous
medical history of SLE. She presented with elevated
antiphospholipid antibodies, dyspnea, hypoxemia, and
pulmonary embolism. This patient presented as the first
case of SLE with antiphospholipid syndrome along with
inflammatory arthritis, high erythrocyte sedimentation
rate and C-reactive protein levels, after receiving the
first dose of Pfizer/BioNTech vaccine. Treatment with
anticoagulation, hydroxychloroquine, azathioprine, and
corticosteroids, resulted in the improvement of all her
manifestations (18).

A 30-year-old African-American male with a known
past medical history of mesangial and membranous lupus
nephritis had a flare-up of glomerulonephritis three days
after getting the first dose of the Moderna vaccine (19).

Kreuter et al reported a 79-year-old man with
subacute cutaneous lupus erythematosus by along with
fatigue, 10 days after the first dose of the BNT162b2
vaccine. Again, treatment with hydroxychloroquine and
glucocorticosteroid resulted in the disappearance of all
skin symptoms after one month (20). There is another
case of post-vaccination cutaneous lupus erythematosus
in a 73-year-old woman with erythematous patches
that rapidly improved by using systemic and topical
corticosteroids  (21).

Lemoine et al reported an SLE patient presenting
with inflammatory arthritis, positive ANA and elevated
dsDNA in a 68-year-old woman without previous history
of autoimmune diseases, around seven days following
receiving the first dose of the Pfizer-BioNTech COVID-19
vaccine. This patient recovered significantly after the use
of steroids (22).

There is a case report of a 54-year-old male who
developed high-grade fever, cervical lymphadenopathy,
and palpable purpuric lesions on his feet that, two weeks
after receiving the second dose of the Pfizer COVID-19
vaccine (23).

In another report, a case of symmetric inflammatory
polyarthritis and new-onset SLE is described in a 27-year-
old woman with type I diabetes mellitus and a family
history of SLE, two weeks after receiving the second dose
of the SARS-CoV-2 mRNA-1273 vaccine (24).

A recent report also described a 24-year-old male who
presented with positive ANA, and polyarthritis with
joint pains with morning stiffness without a past medical

SLE flares following COVID-19

history of autoimmune diseases, ten days following the
first dose of the SARS-CoV-2 Pfizer-BioNTech mRNA
vaccine (25).

Antibody response following COVID-19 vaccination in
COVID-19 vaccination

The COPANARD (Corona Pandemic Autoimmune
Rheumatic Disease) cohort looked at antibody response
in 134 patients with SLE or rheumatoid arthritis. 61 of
them had SLE, 73 patients had rheumatoid arthritis and
they all had received the Pfizer-BioNTech vaccines. Only
77% developed measurable antibodies against COVID-19,
compared with healthy individuals this number is about
95%. Among those who had received rituximab, only 24%
developed positive antibodies against COVID-19.

Such data raises concern about the efficiency of vaccines
for patients treated with B cell depletion therapy with
rituximab (26). Hence, delaying or interrupting B cell
depletion therapy to improve COVID-19 vaccine efficacy
should be evaluated.

The study by Gerosa et al showed out of 452 SLE
patients, 26% of them demonstrated adverse events after
the first and or the second dose of COVID-19 vaccines.
They found only 4% of patients had a flare after the
vaccination, without any reported hospitalization or death.
Patients with constitutional symptoms (including weight
loss, fever, and fatigue) and those on immunosuppressive
drugs (especially belimumab) displayed more side effects
after vaccination (27).

In a prospective, single-arm, open-labelled study in
Thailand, 100 patients with 71 SLE and 29 patients with
rheumatoid arthritis (93% women), were evaluated
for the safety and immunogenicity of third and fourth
mRNA (Pfizer-BioNTech) vaccine booster doses. All
patients had previously been vaccinated with different
SARS-CoV-2 vaccines. Vaccine administration was
more correspondingly arranged among SLE patients by
inactivated, ADZ1222, and BNT162b2 vaccines. Two
severe SLE flares occurred shortly following the fourth
booster dose. The intensity of immunosuppressive
treatment and the type of primary vaccine seemed to
influence the humoral immune response to the third and
fourth BNT162b2 boosters (28). Fifty-four patients had
suboptimal humoral responses to the third booster (28).

In 2021, Barbhaiya et al investigated 136 patients with
SLE who received SARs-CoV-2 vaccination, including 81
(59.6%) receiving Pfizer, 48 (39.3%) receiving Moderna,
and four (2.9%) receiving Janssen. They found 100
patients (74%) with adverse events and 11 patients (8.1%)
with SLE flares. SLE flares occurred in 12.5% receiving
Moderna and 6.2% receiving the Pfizer vaccine (29).

The immunogenicity of the COVID-19 vaccines of
Comirnaty (mRNA-based vaccine) and CoronaVac
(inactivated virus) was evaluated by a surrogate
neutralization assay at 28 days following the second dose

https://www.jnephropharmacology.com

Journal of Nephropharmacology, Volume 12, Issue 1, 2023 3


https://www.jnephropharmacology.com

Mahmoudnia L et al

in 65 SLE patients (38 Comirnaty and 27 CoronaVac). The
antibody response, reactogenicity, and disease activity
were evaluated in patients with SLE in comparison with the
control. Humoral immunity in SLE patients was impaired
compared to control subjects, as well. This impairment
was associated with the type of received vaccines and the
immunosuppressive treatments. The study also showed
that adverse events in SLE patients were more frequent
after the mRNA-based vaccine of the Comirnaty group
(30).

A cross-sectional survey by Tang et al investigated post-
vaccination adverse events and SLE flares in 188 cases with
SLE and 190 healthy individuals who received at least one
dose of the SARS-CoV-2 inactivated vaccine. The adverse
events were negligible and there were no severe adverse
events in both groups of SLE cases and healthy individuals
after SARS-CoV-2 inactivated vaccine (31). This is in
sharp contrast to other mentioned reports with increased
side effects and flares with use of mRNA COVID-19
vaccines such as Pfizer/BioNTech (BNT162b2) (12-
14,17,18,20-23,25,26), AZD1222 vaccine (15,16) and
Moderna (19,24).

Discussion

Currently, the pathogenesis of post-vaccination SLE
is not clear, however, numerous hypotheses have been
hypothesized. It seems the association between the
COVID-19 vaccine and SLE flare or development is more
than accidental.

Type I interferon is involved in the antiviral activity and
contributes to immune responses for antiviral immunity,
such as COVID-19 infection. COVID-19 vaccination
(especially mRNA and adenovirus vaccines) activates type
I interferon. On the other hand, type I interferon increases
in SLE patients at baseline and is indicative of disease
activity. Theoretically, the increased type I interferon in
both SLE disease and COVID-19 vaccination can cause
similar aggravation of SLE disease (32). The proposed
mechanism for adverse events following vaccination
such as SLE can be molecular mimicry, immune
hyper-activation including B and T cells activation,
and the production of particular autoantibodies and
inflammasomes, epitope spreading, that be simulated by
vaccine adjuvants like lipid nanoparticles, especially in
genetically susceptible individuals (14,33).

Several studies have shown that the mRNA, as a
single-stranded RNA contained in mRNA vaccine,
binding to endosomal Toll-like receptors (TLRs), leads
to the production of type I interferon and potentially
autoimmune diseases such as SLE. On the other hand, in
SLE, TLRS especially TLR7 and TLR9 have complex roles
associated with levels of serum type I interferon and can
influence DNA autoantibody production as an important
component of lupus nephritis (34). It is conceivable by
this action, the mRNA vaccines are associated with the

aggravation of SLE disease, more than any type of other
COVID-19 vaccines.

Conclusion

There is no clear mechanism for describing SLE
development or flare after COVID-19 vaccinations,
however, numerous hypotheses might elucidate this
association. The increased concentration of type I
interferon especially after the mRNA COVID-19
vaccination may explain the higher rate of SLE and SLE
flares after them.

Patients with SLE and rheumatoid arthritis have less
immune antibody response to COVID-19 vaccinations.
Treatment with immunosuppressive agents especially
B cell depletion therapy even further impairs the
antibody response to COVID-19 vaccines. The delaying
or interrupting B cell depletion therapy to improve
COVID-19 vaccine efficacy should be further evaluated.

Authors’ contribution

Conceptualization and Methodology: LM, TS and MRKF;
Validation, Investigation, Resources, Data Curation: LM
and MRKF; Writing—Original Draft Preparation and
Writing—Reviewing and Editing: BR, HRG, OFBM and
TS; Visualization, Supervision, Project Management and
Funding Acquisition: LM and MRKE.

Conflicts of interests
The authors declare that they have no competing interests.

Ethical issues

Ethical issues (including plagiarism, data fabrication,
double publication) have been completely observed by the
authors.

Funding/Support
None.

References

1. Kim JH, Marks E Clements JD. Looking beyond
COVID-19 vaccine phase 3 trial. Nat Med. 2021;27:205-
11.

2. Fernandez-Ruiz R, Paredes JL, Niewold TB. COVID-19
in patients with systemic lupus erythematosus: lessons
learned from the inflammatory disease. Transl Res.
2021;232:13-36.  doi:  10.1016/j.trsl.2020.12.007.

3. Mulligan MJ, Lyke KE, Kitchin N, Absalon ], Gurtman A,
Lockhart S, Neuzil K, et al. Phase I/II study of COVID-19
RNA vaccine BNT162b1 in adults. Nature. 2020;586:589-
593. doi: 10.1038/s41586-020-2639-4.

4. Tang W, Askanase AD, Khalili L, Merrill JT. SARS-
CoV-2 vaccines in patients with SLE. Lupus Sci Med.
2021;8:€000479.  doi:  10.1136/lupus-2021-000479.

5. Soldevilla HE, Briones SE Navarra SV. Systemic lupus
erythematosus following HPV immunization or infection?
Lupus. 2012;21:158-61. doi: 10.1177/0961203311429556.

4 Journal of Nephropharmacology, Volume 12, Issue 1, 2023

https://www.jnephropharmacology.com


https://www.jnephropharmacology.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

de Mattos ABN, Garbo Baroni L, Zanotto LL, Furian
MEA. Subacute cutaneous lupus erythematosus triggered
after measles vaccination. Lupus. 2021;30:833-835. doi:
10.1177/0961203321990087.

Agmon-Levin N, Zafrir Y, Paz Z, Shilton T, Zandman-
Goddard G, Shoenfeld Y. Ten cases of systemic lupus
erythematosus related to hepatitis B vaccine. Lupus.
2009;18:1192-7. doi:  10.1177/0961203309345732.
Watad A, De Marco G, Mahajna H, Druyan A, Eltity
M, Hijazi N, Haddad A, Elias M, et al. Immune-
Mediated Disease Flares or New-Onset Disease in
27 Subjects Following mRNA/DNA SARS-CoV-2
Vaccination. Vaccines (Basel). 2021;9:435. doi: 10.3390/
vaccines9050435.

Ntouros PA, Vlachogiannis NI, Pappa M, Nezos A,
Mavragani CP, Tektonidou MG, et al. Effective DNA
damage response after acute but not chronic immune
challenge: SARS-CoV-2 vaccine versus Systemic Lupus
Erythematosus. Clin Immunol. 2021;229:108765. doi:
10.1016/j.clim.2021.108765.

Jin W, Tang Y, Wen C. An ocular adverse event in
temporal association with COVID-19 vaccination in
a patient with systemic lupus erythematosus: a case
report. Hum Vaccin Immunother. 2021;17:4102-4. doi:
10.1080/21645515.2021.1976036.

Felten R, Kawka L, Dubois M, Ugarte-Gil MFE, Fuentes-
Silva Y, Piga M, et al. Tolerance of COVID-19 vaccination
in patients with systemic lupus erythematosus: the
international VACOLUP study. Lancet Rheumatol.
2021;3:e613-e615. doi: 10.1016/S2665-9913(21)00221-6.
Izmirly PM, Kim MY, Samanovic M, Fernandez-
Ruiz R, Ohana S, Deonaraine KK, et al. Evaluation
of immune response and disease status in systemic
lupus erythematosus patients following SARS-CoV-2
vaccination. Arthritis Rheumatol. 2022;74:284-294. doi:
10.1002/art.41937.

N AM, Saleh AM, Khalid A, Alshaya AK, Alanazi SMM.
Systemic lupus erythematosus with acute pancreatitis and
vasculitic rash following COVID-19 vaccine: a case report
and literature review. Clin Rheumatol. 2022;41:1577-1582.
doi: 10.1007/s10067-022-06097-z.

Nune A, Iyengar KP, Ish P, Varupula B, Musat CA, Sapkota
HR. The Emergence of new-onset SLE following SARS-
CoV-2 vaccination. QJM. 2021;114:739-740. doi: 10.1093/
gjmed/hcab229.

Patil S, Patil A. Systemic lupus erythematosus after
COVID-19 vaccination: A case report. ] Cosmet Dermatol.
2021;20:3103-4. doi: 10.1111/jocd.14386.
Zavala-Miranda MF, Gonzalez-Ibarra SG, Pérez-Arias
AA, Uribe-Uribe NO, Mejia-Vilet JM. New-onset systemic
lupus erythematosus beginning as class V lupus nephritis
after COVID-19 vaccination. Kidney Int. 2021;100:1340-
1. doi: 10.1016/j.kint.2021.09.009.

Tuschen K, Briasen JH, Schmitz ], Vischedyk M,
Weidemann A. Relapse of class V lupus nephritis after
vaccination with COVID-19 mRNA vaccine. Kidney Int.
2021;100:941-4. doi: 10.1016/j.kint.2021.07.019.
Molina Rios S, Rojas Martinez R, Estévez Ramirez
GM, Medina YE Systemic Lupus Erythematosus and
Antiphospholipid Syndrome after COVID-19 Vaccination.
A Case Report. Mod Rheumatol Case Rep. 2022:rxac018.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

SLE flares following COVID-19

doi:  10.1093/mrcr/rxac018.

Sekar A. Lupus nephritis flare post Moderna mRNA-
1273 coronavirus vaccine. QJM. 2022;114:882-883. doi:
10.1093/qjmed/hcab284.

Kreuter A, Licciardi-Fernandez MJ, Burmann SN, Burkert
B, Oellig F, Michalowitz AL. Induction and exacerbation
of subacute cutaneous lupus erythematosus following
mRNA-based or adenoviral vector-based SARS-CoV-2
vaccination. Clin Exp Dermatol. 2022;47:161-163. doi:
10.1111/ced.14858.

Niebel D, Ralser-Isselstein V, Jaschke K, Braegelmann
C, Bieber T, Wenzel J]. Exacerbation of subacute
cutaneous lupus erythematosus following vaccination
with BNT162b2 mRNA vaccine. Dermatol Ther.
2021;34:e15017.  doi:  10.1111/dth.15017.

Lemoine C, Padilla C, Krampe N, Doerfler S, Morgenlander
A, Thiel B, et al. Systemic lupus erythematous after Pfizer
COVID-19 vaccine: a case report. Clin Rheumatol.
2022;41:1597-1601. doi: 10.1007/s10067-022-06126-x.
Kaur I, Zafar S, Capitle E, Khianey R. COVID-19
Vaccination as a Potential Trigger for New-Onset
Systemic Lupus Erythematosus. Cureus. 2022;14:¢21917.
doi:10.7759/cureus.21917

Baez-Negron L, Vila LM. New-Onset Systemic Lupus
Erythematosus after mRNA SARS-CoV-2 Vaccination.
Case Rep Rheumatol. 2022;2022:6436839. doi:
10.1155/2022/6436839.

Raviv Y, Betesh-Abay B, Valdman-Grinshpoun Y, Boehm-
Cohen L, Kassirer M, Sagy I. First Presentation of Systemic
Lupus Erythematosus in a 24-Year-Old Male following
mRNA COVID-19 Vaccine. Case Rep Rheumatol.
2022;2022:9698138. doi: 10.1155/2022/9698138.
Ammitzbell C, Bartels LE, Bogh Andersen J, Risbel Vils
S, Elbaek Mistegard C, Dahl Johannsen A, et al. Impaired
Antibody Response to the BNT162b2 Messenger RNA
Coronavirus Disease 2019 Vaccine in Patients with
Systemic Lupus Erythematosus and Rheumatoid Arthritis.
ACR Open Rheumatol. 2021;3:622-628. doi: 10.1002/
acr2.11299.

Gerosa M, Schioppo T, Argolini LM, Sciascia S, Ramirez
GA, Moroni G, et al. The Impact of Anti-SARS-CoV-2
Vaccine in Patients with Systemic Lupus Erythematosus: A
Multicentre Cohort Study. Vaccines (Basel). 2022;10:663.
doi: 10.3390/vaccines10050663.

Assawasaksakul T, Sathitratanacheewin S, Vichaiwattana
P, Wanlapakorn N, Poovorawan Y, Avihingsanon Y, et
al. Immunogenicity of the third and fourth BNT162b2
mRNA COVID-19 boosters and factors associated with
immune response in patients with SLE and rheumatoid
arthritis. Lupus Sci Med. 2022;9:e000726. doi: 10.1136/
lupus-2022-000726.

Barbhaiya M, Levine JM, Siegel CH, Bykerk VP, Jannat-
Khah D, Mandl LA. Adverse events and disease flares after
SARS-CoV-2 vaccination in patients with systemic lupus
erythematosus. Clin Rheumatol. 2022;41:1619-1622. doi:
10.1007/s10067-021-05963-6.

So H, Li T, Chan V, Tam LS, Chan PK. Immunogenicity
and safety of inactivated and mRNA COVID-19 vaccines
in patients with systemic lupus erythematosus. Ther Adv
Musculoskelet Dis. 2022;14:1759720X221089586. doi:
10.1177/1759720X221089586.

https://www.jnephropharmacology.com

Journal of Nephropharmacology, Volume 12, Issue 1, 2023 5


https://www.jnephropharmacology.com

Mahmoudnia L et al

31.

32.

Tang Q, Li E, Tian ], Kang J, He J. Attitudes towards and
safety of the SARS-CoV-2 inactivated vaccines in 188
patients with systemic lupus erythematosus: a post-
vaccination cross-sectional survey. Clin Exp Med. 2022.
doi:  10.1007/s10238-022-00832-1.

Grainger R, Kim AHJ, Conway R, Yazdany ], Robinson
PC. COVID-19 in people with rheumatic diseases: risks,
outcomes, treatment considerations. Nat Rev Rheumatol.

33.

34.

2022;18:191-204. doi: 10.1038/s41584-022-00755-x.
Chen Y, Xu Z, Wang P, Li XM, Shuai ZW, Ye DQ, et al.
New-onset autoimmune phenomena post-COVID-19
vaccination. Immunology.  2022;165:386-401.  doi:
10.1111/imm.13443.

Devarapu SK, Anders HJ. Toll-like receptors in lupus
nephritis. ] Biomed Sci. 2018;25:35. doi: 10.1186/512929-
018-0436-2.

Copyright © 2023 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Nephropharmacology, Volume 12, Issue 1, 2023

https://www.jnephropharmacology.com


https://www.jnephropharmacology.com

