
HAL Id: hal-04696807
https://hal.science/hal-04696807

Submitted on 13 Sep 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Idiopathic nephrotic syndrome relapse following
COVID-19 vaccination: a series of 25 cases

Aurélie Hummel, Julie Oniszczuk, Delphine Kervella, Marina Charbit,
Dominique Guerrot, Angelo Testa, Carole Philipponnet, Cécile Chauvet,

Thomas Guincestre, Karine Brochard, et al.

To cite this version:
Aurélie Hummel, Julie Oniszczuk, Delphine Kervella, Marina Charbit, Dominique Guerrot, et al..
Idiopathic nephrotic syndrome relapse following COVID-19 vaccination: a series of 25 cases. Clinical
Kidney Journal, 2022, 15 (8), pp.1574 - 1582. �10.1093/ckj/sfac134�. �hal-04696807�

https://hal.science/hal-04696807
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


Clinical Kidney Journal, 2022, vol. 15, no. 8, 1574–1582

https:/doi.org/10.1093/ckj/sfac134
Advance Access Publication Date: 6 May 2022
Original Article

OR IG INAL ARTICLE

Idiopathic nephrotic syndrome relapse following
COVID-19 vaccination: a series of 25 cases
Aurélie Hummel1, Julie Oniszczuk2,3, Delphine Kervella4,5, Marina Charbit6,
Dominique Guerrot 7,8, Angelo Testa9, Carole Philipponnet 10,
Cécile Chauvet11, Thomas Guincestre12, Karine Brochard13,
Ariane Benezech13, Lucile Figueres 4,5, Xavier Belenfant14,
Andrea Guarnieri15, Nathalie Demoulin 16,17, Elisa Benetti18,
Marius Miglinas19, Kathleen Dessaix20, Johann Morelle 16,17,
Andrea Angeletti21, Anne-Laure Sellier-Leclerc22, Bruno Ranchin22,
Guillaume Goussard23, Laurent Hudier24, Justine Bacchetta 22,
Aude Servais1 and Vincent Audard2,3

1Assistance Publique des Hôpitaux de Paris (AP-HP), Hôpital Universitaire Necker-Enfants Malades, Service de
Néphrologie et Transplantation, Centre de Référence Maladie Rare “Syndrome Néphrotique Idiopathique”
(SNI), Paris, France, 2AP-HP, Hôpitaux Universitaires Henri Mondor, Service de Néphrologie et Transplantation,
Centre de Référence Maladie Rare SNI, Créteil, France, 3Université Paris Est Créteil, Institut National de la
Santé et de la Recherche Médicale (INSERM) U955, Institut Mondor de Recherche Biomédicale, Equipe 21,
Créteil, France, 4Institut de Transplantation Urologie Néphrologie, Centre Hospitalo Universitaire (CHU)
Nantes, Nantes, France, 5Centre de Recherche en Transplantation et Immunologie, Unité Mixte de Recherche
1064, INSERM, Université de Nantes, Nantes, France, 6AP-HP, Hôpital Universitaire Necker-Enfants Malades,
Service de Néphrologie Pédiatrique, Centre de Référence MARHEA, Centre de Référence SNI, Institut Imagine,
Université de Paris, Paris, France, 7Department of Nephrology, Hemodialysis and Transplantation, Rouen
University Hospital, Rouen, France, 8Normandy University, UNIROUEN, INSERM U1096, Rouen, France,
9Expansion Centre Hémodialyse de l’Ouest, Rezé, France, 10Service Nephrologie Dialyse et Transplantation
Rénale CHU de Clermont-Ferrand, Clermont-Ferrand, France, 11Service de Néphrologie, Centre Hospitalier
Saint Joseph Saint Luc, Lyon, France, 12Service de Néphrologie, Centre Hospitalier de Roubaix, Roubaix, France,
13Service de Néphrologie-Rhumatologie-Médecine Interne pédiatrique, Centre de Référence des Maladies
Rénales Rares du Sud-Ouest, Hôpital des Enfants, Toulouse, France, 14Groupe Hospitalier Grand Paris Nord Est,
Hôpital André Grégoire, Service de Néphrologie-Dialyse, Montreuil, France, 15Nephrology Dialysis and
Transplant Unit, Azienda Ospedaliero-Universitaria Senese, Siena, Italy, 16Nephrology Division, Cliniques
Universitaires Saint-Luc, Brussels, Belgium, 17Institut de Recherche Expérimentale et Clinique, UC Louvain,
Brussels, Belgium, 18Pediatric Nephrology, Dialysis and Transplant Unit, Department of Women’s and
Children’s Health, Padua University Hospital, Padua, Italy, 19Nephrology Center, Faculty of Medicine, Vilnius

Received: 24.1.2022; Editorial decision: 7.4.2022

© The Author(s) 2022. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution,
and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1574

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/15/8/1574/6581609 by U

niversite D
e N

antes user on 13 Septem
ber 2024

https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfac134
https://orcid.org/0000-0002-5953-5785
https://orcid.org/0000-0002-6116-1452
https://orcid.org/0000-0002-1473-2064
https://orcid.org/0000-0002-3566-3950
https://orcid.org/0000-0002-6925-1989
https://orcid.org/0000-0002-0578-2529
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


Relapse of INS after COVID-19 vaccine 1575

University, Vilnius, Lithuania, 20Université de Montpellier, Service de Nephrologie, CHU Montpellier, Hôpital
Lapeyronie, Montpellier, France, 21Division of Nephrology, Dialysis, Transplantation, IRCCS Giannini Gaslini
Children’s Hospital, Genova, Italy, 22Centre de Référence des Maladies Rénales Rares Néphrogones, Service de
Néphrologie Rhumatologie et Dermatologie Pédiatriques, Hôpital Femme Mère Enfant, Faculté de Médecine
Lyon Est, Bron, France, 23Service de Néphrologie et Transplantation CHU Poitiers, Poitiers, France and 24Service
de Néphrologie, Centre Hospitalier Broussais, Saint Malo, France

Correspondence to: Vincent Audard; E-mail: vincent.audard@aphp.fr

ABSTRACT

Background. Several cases of idiopathic nephrotic syndrome (INS) relapse following the administration of coronavirus
disease 2019 (COVID-19) vaccines have recently been reported, raising questions about the potential relationship
between the immune response to COVID-19 vaccination and INS pathogenesis.
Methods. We performed a retrospective multicentre survey describing the clinical and biological characteristics of
patients presenting a relapse of INS after COVID-19 vaccination, with an assessment of outcome under treatment.
Results. We identified 25 patients (16 men and 9 women) presenting a relapse within 1 month of a COVID-19 vaccine
injection. The glomerular disease was of childhood onset in half of the patients and most patients (21/25) had received at
least one immunosuppressive drug in addition to steroids for frequently relapsing or steroid-dependent nephrotic
syndrome (NS). All patients were in a stable condition at the time of injection and 11 had no specific treatment. In five
patients, the last relapse was reported >5 years before vaccine injection. The Pfizer-BioNTech (BNT162b2) vaccine was
used in 80% of the patients. In 18 cases, INS relapse occurred after the first injection, a mean of 17.5 days after
vaccination. A second injection was nevertheless administered in 14 of these patients. Five relapses occurred after
administration of the second dose and two relapses after the administration of the third dose. All but one of the patients
received steroids as first-line treatment, with an additional immunosuppressive agent in nine cases. During follow-up,
complete remission was achieved in 21 patients, within 1 month in 17 cases. Only one patient had not achieved at least
partial remission after 3 months of follow-up.
Conclusions. This case series suggests that, in rare patients, COVID-19 vaccination may trigger INS relapse that is
generally easy to control. These findings should encourage physicians to persuade their patients to complete the
COVID-19 vaccination schedule.
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GRAPHICAL ABSTRACT
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INTRODUCTION

The molecular mechanisms underlying the pathophysiological
processes of idiopathic nephrotic syndrome (INS) remain poorly
understood, but this glomerular disease, which includes two
principal pathological entities, minimal change disease (MCD)
and primary focal and segmental glomerulosclerosis (FSGS), is
currently considered to be an immune-mediated disease [1–4].
Indeed, relapses of INS may be triggered by immunological
stimuli, such as viral infections (particularly those of the upper
airways), immunization or allergens, supporting the hypothesis
of a primary immune system disorder leading to changes
in glomerular capillary permeability and disorganization of
the podocyte cytoskeleton [1–4]. Vaccination has long been
considered a trigger of INS relapse, even though very few
prospective data are available. A recent study in children with
steroid-dependent nephrotic syndrome (SDNS) found no close
relationship between vaccine administration and an increase in
the risk of relapse [5]. INS patients are well known to be at high
risk of episodes of infection, due to the use of immunosuppres-
sive agents and alterations to both humoral and cell-mediated
immunity during active phases of the disease. Thus, in INS
patients, the benefit:risk ratio is clearly in favour of prophylactic
vaccination provided that the contraindication of live vaccines
is respected in cases of ongoing immunosuppression [6]. In the
context of the massive coronavirus disease 2019 (COVID-19)
vaccination campaign worldwide, some cases of new-onset

MCD [7–14] or of MCD relapse [14–20] have been reported, sug-
gesting a potential relationship between the immune response
to COVID-19 vaccination and MCD pathogenesis [21]. In contrast
to the published cases of MCD, new-onset or relapses of primary
FSGS following COVID-19 vaccination seem to be an excep-
tional finding [22]. The demographic, clinical and biological
characteristics of patients with INS relapse following COVID-19
vaccination remain to be determined. In this European multi-
centre survey, we describe the main features of 25 patients with
a prior history of INS, all in remission (with or without specific
immunosuppressive drugs) at the time of vaccination, with
reported relapses of MCD or FSGS within 1 month of the first,
second or third administration of the COVID-19 vaccine.

MATERIALS AND METHODS

Study population

Participants were recruited by the network of French rare dis-
ease centres dedicated to themanagement of INS.We conducted
this retrospective study by sending a questionnaire to all French
nephrology departments, asking them to identify patients of
≥15 years of age with a prior history of INS (regardless of age at
onset) who presented a relapse within 30 days of a first, second
or third dose of COVID-19 vaccine. Additional cases from Eu-
ropean centres belonging to the European Rare Kidney Disease
Reference Network were also included in the survey. At each
centre of the network, patients were identified from electronic

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/15/8/1574/6581609 by U

niversite D
e N

antes user on 13 Septem
ber 2024



Relapse of INS after COVID-19 vaccine 1577

medical records. This study was performed in accordance with
the ethical standards of the Helsinki Declaration. The inclusion
criteria for patients with adult-onset INS were biopsy-proven
MCD or FSGS with therapeutic sensitivity to steroids and/or
immunosuppressive agents. For childhood-onset INS, patients
could be included without a systematic renal pathological
study if they had a prior history of steroid-sensitive NS with or
without relapses. In addition, all patients included in this study
had to have been in remission for at least 2 months before
COVID-19 vaccination. Two of the patients in this series were
reported in previous publications, but detailed information was
supplied by their physicians via the survey [15, 16].

Data collection

Demographic, clinical, biological and histological data obtained
at the initial diagnosis of INS and at the time of relapse after
COVID-19 vaccine administration were assessed for each pa-
tient. NS was defined as a urine protein:creatinine ratio (uPCR)
>3 g/g and a serum albumin concentration <30 g/L. MCD was
diagnosed on the basis of an absence of visible alterations on
light microscopy examination and an absence of immunoglob-
ulin and/or complement deposits in immunofluorescence stud-
ies [3]. FSGS diagnosis was based on the presence of segmen-
tally collapsed glomerular capillaries with areas of glomerular
scarring associated with the focal and segmental granular de-
position of immunoglobulin M and/or complement 3 within the
areas of segmental glomerular sclerosis [4]. Complete remission
of NS was defined as the normalization of uPCR to a level <0.3
g/g and a serum albumin concentration >30 g/L. INS relapse in
patients previously in complete remission was defined as an in-
crease in uPCR to ˃3 g/g and/or a serum albumin concentration
<30 g/L. Acute kidney injury (AKI) was defined according to the
Kidney Disease: Improving Global Outcome (KDIGO) criteria [23].
Specific treatments for INS (steroid therapy and/or immunosup-
pressive drugs) were noted for all patients at the time of initial
diagnosis and at the time of relapse. Follow-up involved assess-
ments of proteinuria and serum albumin concentration 1 and/or
3 months after relapse.

RESULTS

Demographic, clinical and biological characteristics of
patients with INS before post-COVID-19 vaccination
relapse

We retrospectively identified 25 patients (16 men and 9 women)
with a mean age of 25.6 years (range 1–75) at the first episode
of INS who presented a relapse after the COVID-19 vaccina-
tion. Their demographic, clinical and biological data from INS
diagnosis until the last relapse are summarized in Table 1. The
glomerular disease had a childhood onset in 13 patients (52%).
All but three patients (patients 9, 18 and 20, with childhood-
onset steroid-sensitive NS) had undergone renal biopsy. All 10
children with biopsy-proven INS presented typical features of
MCD. In patients with adult-onset INS, a renal biopsy revealed
typical pathological lesions consistent with a diagnosis of MCD
in 10 cases and FSGS lesions in two cases (tip variant in both
cases). The therapeutic approaches used to control underlying
glomerular disease differed between individuals, with one to six
lines of treatment prescribed during the course of the disease. In
21 patients, at least one immunosuppressive drug in addition to
steroidswas administered for the frequently relapsing nephrotic

syndrome (FRNS) or SDNS. Four patients received steroids only
and displayed a complete remission of NS; two of these patients
had two relapses each, which were also treated with steroids
alone. A total of 15 patients (10 with childhood-onset and 5 with
adult-onset INS) had received at least three lines of immuno-
suppressive treatment to control their INS due to FRNS or SDNS.

Clinical characteristics and treatment just before
post-COVID-19 vaccination relapse

The mean age of our patients at the time of relapse after
vaccination was 39.7 years (range 15–83) (Table 2). The time
from the last relapse (before vaccination) and the relapse after
vaccination was known for 21 patients (mean 56 months, range
2–468 months). In all, 10 of the patients had a relapse in the last
12 months. For four patients, the last relapse was diagnosed
between 1 and 3 years before the relapse after vaccination and
seven patients had experienced no relapse in the previous 3
years. For one 40-year-old patient (patient 12), the only episode
of the disease had occurred 39 years previously, at the age of 1
year. Biological data (uPCR and/or albumin level) during the year
preceding vaccination were available for 20 patients (Table 1).
uPCR was <0.5 g/g in all but two patients: patient 13, for whom
uPCR was 1.7 g/g but albumin levels were in the normal range
(42 g/L) before vaccination, decreasing significantly to 16 g/L
during relapse, and patient 22, whose uPCR was 1.2 g/g, increas-
ing to 3.3 g/g, but the albumin level decreased to 23 g/L after
vaccination. At the time of the relapse, 11 patients were not
receiving any specific treatment for INS. In contrast, steroid
therapy was ongoing, with or without immunosuppressive
agents, in 14 patients, to maintain complete remission of INS
(5 patients received steroids alone, 4 received mycophenolate
mofetil, 2 received rituximab and 3 received steroids plus
another immunosuppressive treatment).

Vaccination and clinical and biological characteristics
at relapse

All patients received their first injection of the COVID-19 vac-
cine between January and September 2021 (Table 2). The vaccine
used was the Pfizer–BioNTech vaccine (BNT162b2) in 20 cases,
the Oxford–AstraZeneca vaccine (AZD1222) in 3 cases and the
Moderna vaccine [messenger RNA (mRNA)-1273] in 2 cases. In
18 cases, the relapse of NS occurred after the first injection, a
mean of 17.5 days after vaccination (range: 7–28 days). No clin-
ical and/or laboratory findings of relapse were reported in the
first week after vaccination, seven relapses occurred in the sec-
ond week, eight in the third week and three in the fourth week.
Despite the occurrence of a relapse, all but four patients received
a second dose of vaccine, of the same type as the first, except
for one young patient (patient 1) who was vaccinated with the
BNT162b2 vaccine 3 months after an initial AZD1222 vaccine in-
jection (the AZD1222 vaccine was no longer authorized for peo-
ple<55 years of age in France at the time of his second injection).
One of the four patients who received only one dose had a pos-
itive polymerase chain reaction test for SARS-CoV-2 at the time
at which he should have received the second injection (patient
8). Seven relapses were noted after the second injection of the
vaccine. These relapses occurred a mean of 12 days (range 1–25
days) after vaccination. Finally, two patients had relapses 2 and 7
days after their third injection of the BNT162b2 vaccine, despite
having experienced no relapse after their second injection 6
months previously. Two patients (patients 7 and 23) experienced
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a relapse after each of their two injections of the vaccine. INS re-
lapse was confirmed by biological evidence of a NS in 14 patients
and was strongly suspected due to a significant increase in pro-
teinuria relative to the last assessment, but without a decrease
in albumin level to ˂30 g/L in nine patients. Two young adults
(patients 23 and 24) did not undergo albumin determinations,
but their proteinuria increased from 0.09 to 10.3 g/g and 4.9 g/g.
Proteinuria in the entire cohort ranged from 1.4 to 10.3 g/g (mean
5.6 g/g). Two patients had severe NS with albumin levels ˂15 g/L.
Four patients (patients 3, 6, 8 and 17) had no nephrotic-range
proteinuria at the time of relapse, but the significant increase
in proteinuria level led the clinicians to consider this increase
as the first manifestation of post-vaccination relapse requiring
specific therapy that was started within days. Five patients ex-
perienced AKI at the time of post-vaccine relapse: three had AKI
KDIGO stage 1 (patients 11, 14 and 25), one had AKI KDIGO stage
2 (patient 13) and one had AKI KDIGO stage 3 (patient 2), but
none of these patients underwent either renal biopsy or renal
replacement therapy at this time. Venous thrombosis occurred
in two patients (patients 1 and 2) at the time of relapse.

Treatment and outcome

All but one of the patients received steroids as a first-line
treatment for INS relapse. A total of 9/11 patients without
specific treatment at the time of post-vaccine relapse received
steroids alone for treatment of the relapse, whereas the other
two received steroids together with a calcineurin inhibitor
(CNI; patient 8) or rituximab (patient 6). The steroid dose was
increased for the patients on steroid treatment alone at the
time of relapse and all but one of these five patients received an
additional immunosuppressive drug: mycophenolate mofetil
(MMF) for patient 2, CNI for patients 3 and 4 and rituximab for
patient 7. For the four patients onMMF only, steroids were added
to the treatment regimen at the time of relapse. One patient
on rituximab was treated with steroids, one patient on CNI and
low-dose steroids was treated by increasing the steroid dose and
two patients on rituximab and steroids were switched to obinu-
tuzumab for patient 5 andMMF for patient 22 alongwith a higher
dose of steroids. The last patient (patient 13) was treated with
oral cyclophosphamide alone. Of note, among 18 patients with
available data, an assessment of humoral immune response to
SARS-CoV-2 found that 11 patients exhibited a positive anti-
body titre (>7.1 BAU/mL) within 2 months after the first vaccine
administration. During follow-up, 21/25 patients achieved com-
plete remission,within 1month in 17 cases. One patient (patient
14) was in partial remission at the last follow-up and one patient
had no remission (patient 13). This particular patient displayed
INS due to FSGS and had been in remission on rituximab for
7 months. His relapse started 20 days after the second dose
of the vaccine and was treated with cyclophosphamide; this
treatment remained unsuccessful at the last follow-up. The two
patients (patients 22 and 25) who relapsed after their third dose
had just started steroid therapy at the time of writing.

DISCUSSION

COVID-19 vaccines were developed in <1 year in response to the
pandemic threat. The three main vaccines used in Europe are
based on either new mRNA technology [24] for the BNT162b2
vaccine and the mRNA-1273 vaccine or an adenovirus vector for
the AZD1222 vaccine. These vaccines have formed the backbone
of a massive vaccination campaign worldwide, heralding a new

era of preventive medicine. Nevertheless, a number of concerns
have been raised about the potential toxicity and reactivity
of these vaccines, and pharmacovigilance reports for these
new vaccines have been monitored particularly closely, due
to their novel mode of action. By 18 August 2021, 1.8 billion
people had been completely vaccinated against COVID-19 and
only 295 cases of glomerulonephritis (new onset or relapsing),
including 46 cases of MCD, had been reported to VigiBase [25].
COVID-19 vaccines are designed to activate immune responses
by inducing the production of several pro-inflammatory cy-
tokines, but they could also potentially trigger autoimmune
conditions in predisposed individuals. In agreement with this
hypothesis, Caza et al. [26] reported a series of 29 patients with
a broad spectrum of immune-mediated glomerular diseases
(including 7 MCD, 10 immunoglobulin A nephropathy, 6 cres-
centic glomerulonephritis and 3 membranous nephropathy)
[26]. We cannot rule out the possibility of these relapses or
new onsets of MCD being related to vaccine administration, but
these events seem to be a very rare finding [21].

We report here the first series of 25 INS relapses occurring
within 1month of COVID-19 vaccine injection.We also excluded
six other known cases from this series because the biological
data were insufficient to confirm INS relapse. The 20 French pa-
tientswere referred fromdifferent regions of France after several
calls for cases sent to all French nephrologists by the French So-
ciety of Nephrology Dialysis and Transplantation and the French
rare disease centre for INS management. This study was retro-
spective and suffers from the limitations inherent in this type of
approach and missing cases are, of course, likely. Unfortunately,
in the context of the massive worldwide vaccination campaign
against COVID-19, it is difficult to determine accurately the inci-
dence of relapse after vaccination, because vaccination status is
not sufficiently well recorded for all INS patients. Nevertheless,
at one centre participating in our study (Necker Hospital, Adult
Nephrology Department), 106 adult patients were contacted in-
dividually to record vaccination status and the occurrence of re-
lapse: 80 of these patients had had at least one injection and 2
(2.5%) had experienced a relapse (one after the first dose and the
other after the third dose).

We cannot rule out the possibility that the INS relapses
observed in the context of SARS-CoV-2 vaccination reflect
a fortuitous association rather than a related disorder, but
the pathophysiological processes potentially involved merit
consideration. It has been suggested that INS is the clinical
manifestation of a primary disorder of T-lymphocyte function
leading to cytokine release, resulting in alterations to the
glomerular filtration barrier [1]. The signature of the immune
response to COVID-19 vaccination seems to involve several cru-
cial effectors of adaptive immunity (CD4+/CD8+ T lymphocytes,
natural killer T cells, memory B lymphocytes and T follicular
cells) [24]. Sahin et al. [27] showed that, following stimulation,
the supernatants of peripheral blood mononuclear cells from
vaccinated participants contained pro-inflammatory cytokines
such as tumour necrosis factor, interleukin (IL)-1β and IL-12p70,
which could potentially be involved in INS pathogenesis [2]. A
close association between Human Leucocyte Antigen system
variants and steroid-sensitive MCD has also been suggested
[1]. Interestingly, Caso et al. [28] showed that genetic predis-
positions could influence the response to COVID-19 vaccines
and their adverse effects [28]. Molecular mimicry, involving a
cross-reaction with a host protein sequence, may also trigger
autoimmune responses following COVID-19 vaccination [29].
As observed in seven previously published case reports (after
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Table 3. Published case reports for relapses of INS following COVID-19 vaccinationa

Patient 1 2 3 4 5 6 7

Reference 17 18 19 19 14 14 20
Age (years) 22 60 30 40 33 34 33
Sex M M M F F F F
Vaccine Pf Pf AZ AZ Mo Pf ND
Relapse after first dose (interval between vaccination

and relapse in days)
3 8 2 2 No No No

Relapse after second dose (interval between
vaccination and relapse in days)

No NA NA NA 21 28 14

Treatment Cs + CNI CS + CNI Cs Cs NA NA Cs
Course of relapse (time in days) CR (17) CR (14) CR (10) CR (14) NA NA NA

M, male; F, female; Pf, Pfizer–BioNTech vaccine; AZ, Oxford/AstraZeneca vaccine; Mo, Moderna vaccine; Cs, corticosteroids; CR, complete remission; NA, not available.
aTwo previously published case reports [15, 16] were included in our case series.

exclusion of two cases previously reported and added to our
case series [15, 16]) summarized in Table 3, the close temporal
relationship (17.5 days after a first injection, 12 days after a
second injection and 4.5 days after a third injection) between
vaccination against COVID-19 and INS relapse suggests a pos-
sible pathophysiological link between these two conditions,
although it is not yet possible to draw definitive conclusions.

The main objective of our study was the identification of risk
factors or patient profiles at particular risk of INS relapse follow-
ing vaccination against COVID-19. Our study suggests that INS
may relapse in patients with childhood- or adult-onset disease,
but that relapses occur preferentially in patients with ‘difficult-
to-treat’ INS, as 84% of cases were already on treatment with im-
munosuppressive agents to control underlying glomerular dis-
ease. A total of 10 of our patients had suffered a relapse in the
preceding 12months, suggesting that their INS remained partic-
ularly active before vaccination. Nevertheless, 11 patients were
on no specific treatment and the occurrence of a relapse ˃20
years after the previous episode in two patients highlights the
potential role of vaccination as a trigger for INS relapse. In our
series, 80% of the patients had received the BNT162b2 vaccine,
but INS relapse has been described with most of the vaccines
used in Europe and North America. Adding our 25 patients to
the other 7 published cases of post-vaccination relapse andnew-
onset NS linked to MCD [7–20, 25], the BNT162b2 vaccine had
been administered in 30 patients (68%), the mRNA-1273 vaccine
in 5 patients (11%), the AZD1222 vaccine in 7 patients (16%),
the Janssen vaccine in 1 patient (2%) and information about
the type of vaccine was unavailable in 1 patient. These figures
may simply reflect the availability of each of the vaccines. For
example, in France, the BNT162b2 vaccine accounts for almost
80% of COVID-19 vaccine injections. However, one pharmacovig-
ilance report reported an odds ratio of 2.13 forMCDdevelopment
after vaccination with the BNT162b2 vaccine relative to other
vaccines [25]. The clinical and biological presentation was not
unusual for this condition. In four patients without nephrotic-
range proteinuria at the time of post-vaccination relapse, after
careful evaluation of their medical records, spontaneous remis-
sion of NSwas not suspected.AKI occurred in five patients (three
with AKI KDIGO 1) but resolved rapidly with treatment in all
but one patient who did not achieve remission and two patients
had uncomplicated thrombophlebitis. As expected, the post-
vaccination relapses of all patients were treated with steroids,
the cornerstone of INS treatment. Based on specific previous re-
nal disease history, treatment with additional immunosuppres-
sive agents was initiated in nine cases. Excluding the two pa-

tients who presented a relapse after the third injection and who
had only just started treatment, 21/23 patients achieved rapid
remission on treatment and an additional patient achieved par-
tial remission. These observations are consistent with the var-
ious case reports published to date (Table 3) and suggest that
INS relapse following COVID-19 vaccination is highly sensitive
to steroid therapy. Because renal biopsy was not systematically
performed at the time of COVID-19 vaccination relapse, alter-
nate glomerular pathologies cannot be definitively ruled out.
Nevertheless, biopsy-proven INS at the time of the first episode,
previous history of a difficult-to-treat form of INS (frequently re-
lapsing or steroid-dependent NS) and successful use of steroids
to control post-vaccination relapse highly suggest that the pa-
tients presented in this study displayed a relapse of their pri-
mary glomerular disease rather than the occurrence of another
glomerular disease.

Strikingly, despite the relapse after the first administration of
the vaccine in 18 patients, the patients’ clinicianswere not reluc-
tant to perform a second injection in 14 patients (with a vaccine
from the same manufacturer in 13 patients). In 12 of these 14
patients, no flare-up was observed after the second dose. The
other two patients had a minor relapse that resolved rapidly
when the steroid dose was increased slightly. Only three of the
seven published cases received a second dose, and none pre-
sented proteinuria requiring a change of treatment. These find-
ings should encourage physicians to persuade their patients to
complete the COVID-19 vaccination schedule. Given the sever-
ity of COVID-19 in immunocompromised patients [30], even if
the production of vaccine-specific antibodies is impaired in pa-
tients on immunosuppressive agents [31, 32], we believe that
prophylactic strategies against infectious pathogens, including
approaches for reducing the risk of COVID-19, remain crucial for
INS patients.Nevertheless, our data suggest that INS patients re-
ceiving COVID-19 vaccines should be carefully monitored, with
reinforced screening for proteinuria after vaccination, to ensure
that potential relapses are detected early.

In conclusion, our case series suggests that, in rare patients
with no identified specific risk factors, COVID-19 vaccines may
trigger INS relapse,which is easy to control inmost cases, but the
precise molecular mechanisms underlying proteinuria in this
context remain to be determined.
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