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Nephrotic syndrome and vasculitis following SARS-CoV-2
vaccine: true association or circumstantial?

Hassan Izzedine ® !, Marco Bonilla ®  and Kenar D. Jhaveri>”

"Department of Nephrology, Peupliers Private Hospital—Ramsay Générale de Santé, Paris, France, Division of Kidney Diseases and
Hypertension, Department of Medicine, Donald and Barbara Zucker School of Medicine at Hofstra/Northwell, Great Neck, NY, USA and 3The
Glomerular Disease Center at Northwell Health, Donald and Barbara Zucker School of Medicine at Hofstra/Northwell and Northwell Health,

Great Neck, NY, USA

Correspondence to: Kenar D. Jhaveri; E-mail: kjhaveri@northwell.edu

The immunologic response following several varieties of vacci-
nation (especially meningococcal C conjugate vaccines) has
been described as a potential trigger for the development of ne-
phrotic syndrome (NS) [1, 2]. Coronavirus disease 2019
(COVID-19) vaccine, administered worldwide, appears to be

safe. However, rare reports of both de novo and recurrent NS
and vasculitis are emerging.

Vaccines for the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) have been developed in an accelerated
manner as a response to a pandemic. They use different

© The Author(s) 2021. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved. 1565

o
=)
|
!
o
o
>
=




*3]qE[TeAR JOU ‘YN Mmuﬁmmumu %«k@&@mm@ .@%@WEmﬂm&\mﬂmﬂo@%ﬁwﬁﬂmok@uoéﬁmkmﬁ%%m@@%« @%&m&mﬁmuwm% A%%mmwmma%oﬁﬁxum%%wg\, LA ‘uorsua)radAy <1 H Smpur sajaqerp A Quof

-ostupaxdidyowr ‘qiA ‘snuydau [ennsiajur aynoe NIV “Aypedorydou snouerquiowr ‘NN ‘Amfur repnqny anoe 1y Asdoiq Loupny| ‘g ‘v urrodsopmd ysD @seastp £19)1e A1euorod Iy “Amfur Aoupny anoe Yy QUIUNEId WIS IDS ‘urunqre ‘qry

WA ‘1H
pauniojrad jou gy s1eaf g
Bw/Bw e JupIeA I10j UoTS
VN VN 2AnIsoq DdN “TP/8 97 qIv) SN asdefoy  1s1yy 3s0d syeam g DVAONIS -StwaIiur NN /99 Aaymy, [T1]
S8 T NIV [220] ‘ILV ‘GO O
suojostupaid [e10 £q pamo[[Of 1H pa[jonuodun supoOeA €71
skep ¢ ‘Arep 3w g aspnd JIN (Kep/Sc1 3511y 3s0d -VNw
VN  Aprep 2omm) Sur gg uejresapue)) VN ng “Ip/3 £°0 qIV) SN 19SUO MON|  99M T UeY]) SSIT PUIDPO]N  000BQO) ‘TH /€9 vsn [#1]
asdepar
Jnoyym auojostupaid jo Arep Sw g1 pauwiojiad Jou gy DN JUap
JIopUN PaIA)SIUTWPE JSOP SUIIILA PUOIIS Tp/Sw 6T°T e 9[qeIs IDS aUIOLA JSIY -uadap-snur
SY99M 7 UTYIIM uoIssTwax )apdwo) Arep Swr g¢ suojostupaig VN (+¢€) SN asdeoy 31sod sep g unpyipy ~ BOQUIZBIISY -1[0IDBY/PIOIAS  J/0F N [€1]
asdepar
Jnoyym auojostupaid jo Arep Sw g1 pauriojrad jou gy QDA Juap
I3pUn paId)SIUTWIPE 3SOP JUIILA PUOIS Tp/Suw €6°0 e [qeIs IDS aUIORA JSIY -uadop-snw
*skep 01 uryIm uorsswax aduwoy) Arep Sur gz suojostupaig VN  (joww/Sw gy YDdN) nd osde[oy isod skep g urgiipy - e09UdZeINSY -I[OIDB}/PIOIAS  N/0E N [€1]
Tu pawroyiad jou i@y
Aqrep Sw 0001 /N 961 TP/8w 660 1DS (88711 sudeA  7qZ9ILNA ADW 2A1
S99M 7 UTYIIM UOISSTWY VSO + A[rep Sur gz suoostuparq — @AnIsoq \DdN “TP/8 8T qIv) SN asdefoy  3s1yy 3sod sdep g 19z§d  -I1SUSS-PIOIAS  JA/09 uede( (7]
asdeppr SN INOYIIM JusTIea) dAIssaId
-dnsounurwr Uo [[rs S[IYM QU0 ISI Y} pauriojrad jou gy
JI9)J& SYOIM 9 ISOP SUIIILA PUOIIS PIAIINY Arep 9o1m3 Swr [ snwirjode], TW/N §'S6 Tp/Sw 080 IDS uOeA 79291.LNG QDA Judp
sAep /1 [I3UN UOTSSIWAI ON Arep Swr g9 suojostupaid [eI)  2AnISOJ (+¢ng p/8 ¢z qrv) SN asdefyg  3s1yy 3sod shep ¢ 10z1yd -uadop-proIslS  JN/ZC  PUBMOZIMS (1]
UOISSTWIA
9)a1dwrod pamorre Afreuy yeyy Sy
/3w T 03 3SOP PIOIA)S JO ISLAIOUT MU B
03 3urpes| «(8/3 ¢ YDA N) 193] skep maj JUIIBA PUO
e asde[a1 SN UM (U0 ISIY ) 1o)e -53s 3s0d sAep
sep £g) uonafur puodas Y} paAIdRY pauriojiad Jou gy MJ pue auOeA 7979T.INA ADIN Judp
“(8/8T°1 ¥DAN) UOISSIWAI [e1IR] 3y/8w g0 auofostupaxd [e10 VN (8/8¥74DdN) SN asdepy sy 3sod skep 01 10zyq -uadop-plo1s  d/pE souer] [01]
AON g
(Tp/Bwr 9°¢ 03 [ewwIOU IDS) IV wsIproIfy)
Aep/3 ¢'z 0) paseardap ng (Kep/3 1 aupdeA 79791ILNG -odAyg SPUBLISYIAN
Io)Je SYoaM ¢ SISATEIpOWaY JO 291 ((/34/8ux 1) spro1a1s [eI0 VN nd “Ip/3€0'T q[V) NS 19suo MaN  1s15 3sod sdep g wzyd  snnedoyly  g/19 L [e]
LV ‘GO ‘@)
3/889°0 4DdN (kep/3 st aupdeA  ZqZILLNA SPUB[ISYION
:sAep (] I19)Je UOISSTUISY Arep 8w gg auojostupaxd [e1Q VN ng “Ip/3 1°7 qIV) NS 319suo maN  3s1yy 3s0d skep £ BEVAIE| LA N/08 ayL [8]
saueyp
o1RQRIp PIW ILV ‘O @
Arep Sw 09 (Tp/8w g€z 03 ¢'T woxy 1DS) DIV
Aep/3g'81 ng “Tp/Sw ¢ 1DS suojostupaid [exo £q pamoy (Kep/Bzee JupIRA 79291INg avd
:197e] Sam ¢ ddued oN -103 skep ¢ “Arep 8 1 aspnd giA VN ng “1p/80°¢ q[V) SN 3osu0o MaN  3s11j 3s0od sAep / 07y AIseqo INA N/LL vsn [z
LLV ‘O :dX
8/8w 661 40dN 1/3 7€ a1V Tw (TP/3w 99 03 8£°0 W01 1DS) IV
“Ip/3wW £6°0 108 /1N 6'8¢ (dep/3 69 oueA CqQCoT.LNG
“19)B] SYOOM 7 UOISSIIUNY /3w 1 suostuparg  2AnISOd ng “Ip/3 ¢6'T qIv) SN 3osuo maN  3s11y 3s0od skep o1 1974 Apresyg  N/0S Peisy  [9]

Apogqnue
urdjoxd swoydwds auOeA £10381Y] Xos

awoonQ juounear], aidg-nuy s3urpury Asupry| JORsuUQ  7-A0D-SYVS [eorpawrised /a8y Anuno) o9

aupIeA T-A0D-SYVS SUIMOTI0) SN ' JqeL

H. Izzedine et al.

1566



Downloaded from https://academic.oup.com/ndt/article/36/9/1565/6318785 by guest on 19 July 2022

2UIUTEAID
wines IDg Q[qefreae jou ‘yN ‘ernumjord ‘ng ¢ aseurdjord ‘Y Asdorq Aoupny ‘@Y ‘SnoudAeIjur “ A ©ousdsazongounwuwr ] suorsudlradAy ‘NI H ‘snuydouomiswold ‘No @prureydsoydopLd 9 xD ©orewdy ¢ Oreur ‘| Linfur Loupny ajnoe Iy

VN

VN

juapuadap
-SISATerp sureway

stsA[erpouray
Surrmbax erwereszadAy
pue uonouny

Koupny Suruaszop

VONV-€dd
JO pasea1dap

B YJIM SP9M ¢ T9A0

swojdwifs jo uonnosay
BLINJRWISYOIO[
jua)stszad Jnq paseadap
ernumjord pazifeuriou

SUIUNEIID WNIIG

wodmnQ

a8ueyoxa
ewseld XD [eIo duojostupaid

e10 4q
pamorroy wuojostupardidypowr aspng

DAD "A’T ‘ouojostupaid
[e10 4q
pamoroj duoostupaidiyiow asing

stsA[erpowray pue agueyoxd
ewse[d O xD Quojostupaid Yoy

suostupaid

B/Bw gL DXO Jo 3s0p
SuQ uornoear asraape padofaasp
Inq w/Su G /¢ 3o PAJRRIUI qRUIXNINY

a8ueyoxa ewsed pue
DAD + sp1oon1050on(3 asop-YSI

DAD + sproonIod0on(3 asop-y3rH

JUSUI)BIL],

ILV + NO dnua0sa1d NgD-Nue -]
SN
DIV
S)U20SAID SNOIQY PUE Ie[n|
-[99-01QY MM N[O VST o13U20Sa10 gy
SN
DIV
syisodap y3] [erduesowr
s snuydou AgD-1ue d1ud
-S3ID JU91 PUE JAT)OR OSNIJIP ‘I
SN
DIV
IMmIswod
9%/8¢ UI SISOI3U proutiqy pue
N 213u20s210 sunwrwt pned gy
SI9M VONV
- d paieAdd ‘ermjewray ‘41 :nd
IV
S[BM [9SSIA [eUDI
ur Juasaid snIMOseA pue SIs0IddU
Areqqdes yym snydsuornisuword
S1UR0sAI> unwiwi-pned 219A3S (I
191 VONV-€4d pajea
-9 ndg J8uer snorydau-uou TV
NO V[ o1U29s210 919438 ]
BLINJBWAYOIRIA
SN
DIV

s3urpury Asuprny

3S0p Pu0d3s
oy 1933e Aep |

3S0p PU03s
o 1033e Aep |

9S0p pu0d3s
I9)Je $oOM 7

9S0p pu0d3s
IO)Je SYoIM T

3S0p Pu03s
1933% ApIoys

3S0p pu023s
Ia)e Appyerpawru]

swoyduw4s
JO JosUQ

CqQe9TING
1zyd

CQeITLNG
REVAIE |

ELTT-VNYW
RUISPOIN

€LTT-VNYW
PUIDPON

€LTT-VNYW
BUIDPOIN

CLTT-VNYW
BUISPOIN

auoeA

T-AOD-S¥VS

erwaprdiradAyy 4/09
$3912qRIp

[euOneISID) 4/T%

Apreoy  3/4pepra

NLH /TS

Aqyreaq /18

NIH W/6€

A10351

[edoTpaur 3seq xas/98y

arodeSurg

a10dedurg

vsn

vsn

PUB[IIZIIMS

PUBIIZIIMS

Anuno)

aumdeA T-A0D-SYVS Surmorroy snurydouomniswofs s1yusdsaI) ‘g A[qe],

1567

Editorial



mechanisms to generate immunity. Pfizer BNT162b2 and
Moderna mRNA-1273 use a pioneer mechanism, a lipid nano-
particle nucleoside-modified mRNA that encodes SARS-CoV-2
spike (S) protein, which medicates host attachment and viral
entry. AstraZeneca uses a replication-deficient chimpanzee ade-
novirus vector, containing the SARS-CoV-2 § protein. Studied
subjects generated T cell response, CD8+ and CD4+ expan-
sion, to a Th1-biased response with production of Interferon-v,
tumor necrosis factor-o (TNF-a), interleukin-2 and antibody
(Ab) production predominantly of immunoglobulin G1 (IgG1)
and IgG3 subclasses [3-5]. These immune responses might be
associated with a recurrence of glomerular disease or as a possi-
ble trigger for podocytopathies.

To date, 11 NS [new onset (5 patients) and relapsed (6
patients)] linked to minimal change disease (MCD) (10
patients) or membranous nephropathy (1 patient) after SARS-
CoV-2 vaccines—Pfizer BNT162b2 (4 patients, 3 patients),
Moderna mRNA-1273 (1 patient, 0patient), AstraZeneca
(0 patient, 2 patients) or SINOVAC (0 patient, 1 patient) vac-
cine have been reported (Table 1) [6-15]. All cases appeared
3 days to 2 weeks after the first vaccine dose followed by remis-
sion under corticosteroid treatment, except in one patient with
underlying diabetic change nephropathy [7].

As of this date, there are six cases of de novo crescentic
glomerulonephritis after the SARS-CoV-2 vaccines—|[Pfizer
BNT162b2 (2 patients), Moderna mRNA-1273 (4 patients)] de-
scribed in the literature (Table 2) [16-19]. Two patients had a
past medical history significant for hypertension. Kidney biop-
sies showed anti-neutrophil cytoplasmic antibodies (ANCA)-
associated vasculitis (Moderna mRNA-1273), IgA nephritis
(Pfizer BNT162b2, Moderna mRNA-1273) and anti-
glomerular basement membrane (anti-GBM) disease (Pfizer
BNT162b2, Moderna mRNA-1273), respectively, each
2 patients. All patients were treated with corticosteroids and
cyclophosphamide. Three and one patients required plasma
exchange and rituximab, respectively. Two patients had
improvement of symptoms and two remained in hemodialysis
(Table 2) [16-19].

Vaccination (notably influenza) is a recognized trigger for
the relapse of idiopathic NS [16] and ANCA-associated vasculi-
tis [17]. Acute onset of MCD has been reported at 4 and 18 days
following the influenza vaccine [1, 18] and 6 weeks following a
tetanus—diphtheria—poliomyelitis vaccination [20, 21, 22]. The
association between the timing of vaccination and the develop-
ment of both new onset and relapsed MCD and/or membra-
nous nephropathy raises questions as to the mechanisms
involved. The strong temporal association with vaccination and
MCD cases suggests a more generalized cytokine-mediated re-
sponse [23] and/or a rapid T cell-mediated immune response to
viral mRNA as a possible trigger for podocytopathy [13, 24].
The Pfizer-BioNTech vaccine is reported to induce robust T
cell activation, as previously described, which might contribute
to MCD. It is also possible that these phenomena are
completely circumstantial and unrelated. Regardless, prompt
initiation of steroid treatment should be considered. S protein
data were not reported in most of the cases to raise the timing of
the formation of the Ab and the glomerular disease finding. Is
this more common than for the influenza vaccine? This cannot
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be answered at this moment as mass vaccination leads to cluster-
ing of rare side effects and true incidence is hard to define.

The mechanism of de novo ANCA-associated vasculitis
post-SARS-CoV-2 vaccine remains to be elucidated but the
temporal association suggests a neutrophilic immune response
to the S protein or mRNA of SARS-CoV-2 in predisposed indi-
viduals. It is possible that the vaccines lead to proinflammatory
cytokines such as TNF and interleukin-1B, which can prime
neutrophils leading to formation of neutrophil extracellular
traps (NETs). Persistent NETs and prolonged exposure to their
contents can lead to disruption of tolerance and formation of
Abs to myeloperoxidase and proteinase 3. This could be the
mechanism of triggering an ANCA-associated vasculitis [25].
However, crescents may take time to form, suggesting an unrec-
ognized underlying pre-existing glomerulonephritis was pre-
sent at the time of receiving SARS-CoV-2 vaccination, which
more likely potentiated an immune response in the described
patients. In addition, there is a seasonal variation of vasculitis
that may be playing a role here as well [26], and not all related
to the vaccine.

Reports of temporal and spatial clustering suggest that envi-
ronmental factors such as infections may play a role in anti-
GBM disease induction [27, 28]. Infectious associations, partic-
ularly with influenza A [29, 30], and high prevalence of prodro-
mal upper and lower respiratory tract infection in a cohort of
140 Chinese patients [31] may account for the aforementioned
seasonal or geographic ‘clustering’ of anti-GBM disease cases.

COVID-19 may be one such infection [32, 33], as suggested
by a report of a cluster of cases in London during the current
pandemic [34] with a 5-fold increased incidence. Although five
of eight tested patients presenting with anti-GBM Ab were neg-
ative for SARS-CoV-2 infection by PCR, four had IgM and/or
IgG Abs to SARS-CoV-2 S protein, raising the possibility that
immune response to SARS-CoV-2 could be related to develop-
ment of anti-GBM in some patients [34].

However, there is no anti-GBM case following vaccination
reported in the literature. Therefore, one can ask the question
about the seasonality of anti-GBM Ab and/or the possibility
that these patients were already infected with COVID-19, since
none of the patients reported had a serological test before vacci-
nation. Whether current cases can be attributed to SARS-CoV-
2 vaccine-related immune response warrants investigation.

Pharmacovigilance of SARS-CoV-2 vaccines will be impor-
tant to determine the incidence of these potential adverse events
since many millions of doses of the various available SARS-
CoV-2 vaccines have been administered worldwide. However,
we also should be mindful that this may be a coincidence and
not causation, and vaccinations should be continued in order to
end the pandemic.
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