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Abstract
For the foreseeable future, vaccines are the cornerstone in the global campaign against the Coronavirus Disease-19 (COVID-
19) pandemic. As the number and fatalities due to COVID-19 decline and the lockdown anywise rescinded, we recognize an 
increase in the incidence of autoimmune disease post-COVID-19 vaccination. However, the causality of the most vaccine-
induced side effects is debatable and, at best, limited to a temporal correlation. We herein report a case of a 51-year-old gen-
tleman who developed Anti-Neutrophil Cytoplasmic Antibody (ANCA)-associated vasculitis (AAV) 2 week post-COVID-19 
vaccination. The patient responded favorably to oral steroids and rituximab. Additionally, we conducted a case-based review 
of vaccine-associated AAV describing their clinical manifestations and treatment response of this emerging entity.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection induces an exaggerated immune response 
in susceptible individuals [1, 2]. The development of autoan-
tibodies in a tiny minority is consequential to the release 
of Proteinase-3 (PR-3), Myeloperoxidase (MPO) and other 
antigens by the neutrophils in response to SARS-CoV-2 
infection. Epitope spreading and antigen mimicry are initial 
triggers for antibody production [3]. In addition, host char-
acteristics may contribute to this viral susceptibility [4]. An 

ideal vaccine should effectively generate a controlled and 
long-lasting immune response with an impeccable safety 
profile. In a utopian world, before the rollout, the vaccine 
efficacy and safety need testing in all clinical conditions, 
including patients with autoimmune disease those on immu-
nosuppressive therapy, as the aforementioned cohort(s) 
exhibit variable immune responses to both infection [5, 6] 
and vaccination [7, 8]. Unfortunately, the burgeoning of 
COVID-19 cases worldwide and its global ramifications 
mandated an expeditious vaccine rollout. Henceforth, vac-
cine trials did not include patients with autoimmune dis-
eases, or the development of autoimmune diseases in healthy 
individuals underwent inadequate scrutiny. Drawing a paral-
lel to COVID-19 infection, researchers worldwide cast doubt 
over the immunogenicity of the vaccines, with an exagger-
ated immune response similar to an SARS-CoV-2 infection 
[9]. Antigen presentation, cytokine profiling, bystander 
activation, epitope spreading, anti-idiotypic networks, poly-
clonal activation of B cells are all the mechanisms that may 
theoretically contribute to this exaggerated immune response 
[9].

A growing number of reports describe the onset and 
recurrence of glomerular diseases like anti-Glomerular 
Basement Membrane (anti-GBM) disease and AAV with the 
widespread use of the vaccines [10]. Mainly, these occurred 
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in individuals who were susceptible to autoimmune diseases 
and those in remission with these disorders. Therefore, an 
accepted hypothesis is that AAV develops in patients with 
a susceptible genetic background and a simultaneous expo-
sure to environmental or other risk factors [11]. Previously, 
numerous reports have described a temporal association of 
AAV to influenza vaccination [12]. The aforementioned 
observations strengthen our credence that the SARS-CoV-2 
vaccine could induce an autoimmune response analogous 
to the infection/influenza vaccine as causality for AAV. 
Furthermore, with the recent evidence suggesting booster 
doses of COVID-19 vaccines besides the usual dosing (in 
the susceptible population) [13], it is pertinent to study the 
association of autoimmune diseases with COVID-19 vac-
cination comprehensively. Therefore, we present a 51-year-
old gentleman developing a new-onset AAV following the 
ChAdOx1 nCoV19 SARS-CoV-2 vaccine with a case-based 
review of the literature of similar cases.

Case report

A 51-year-old gentleman with no prior comorbidity (serum 
creatinine 1.2 mg/dl, before his illness) presented with a 
3-day history of low-grade fever with debilitating inflam-
matory polyarthritis. He was a non-smoker and did not have 
any similar complaints in the past. He (or his contacts) had 
no history of COVID-19 infection. He received the first dose 
of ChAdOx1 nCoV-19 Vaccine (COVISHIELD- manufac-
tured by Serum Institute of India Pvt Ltd.) 15 days before the 
onset of present symptoms. However, for synovitis involv-
ing multiple joints, his physical examination was unremark-
able. On investigating, he had deranged kidney functions 
(serum creatinine- 4.8 mg/dl), proteinuria (3.4 g/day) and 
microscopic haematuria (erythrocyte casts and 8–10 eryth-
rocytes/high-power field), elevated inflammatory markers 
(erythrocyte sedimentation rate (ESR)—46 mm/hour and 
C-reactive protein—7 mg/L) and PR-3 ANCA positivity. 
Anti-Nuclear Antibody (ANA), double-stranded DNA anti-
body (dsDNA), anti-GBM antibody titres were negative, and 
serum complement levels were within normal limits. The 
blood and the urine cultures were negative. Kidney biopsy 
suggested pauci-immune crescentic glomerulonephritis 
(Supplemental Figure 1). Nineteen out of the 20 glomeruli 
biopsied showed crescents with predominant cellular cres-
cents. With a diagnosis of PR3-AAV, he was referred to our 
hospital, and we started him on oral prednisolone (60 mg/
day) and rituximab (375 mg/m2 weekly for 4 weeks). We 
tapered oral prednisolone as per the low-dose steroid taper-
ing schedule of the PEXIVAS trial [14]. At 20 weeks of 
follow-up, he had complete resolution of his constitutional 
symptoms and arthralgias, serum creatinine (2.3 mg/dl) and 

proteinuria (1.0 g/day) showing a steady decline, and micro-
haematuria subsided.

Search strategy and case selection

We conducted a case-based search in PubMed, with the 
following search (COVID-19 vaccine OR COVID-19 OR 
COVID-19 vaccination OR SARS-CoV-2 vaccine OR 
SARS-CoV-2 OR Oxford AstraZeneca OR Moderna OR 
Pfizer-BioNTech OR Sputnik OR Sinopharm OR BBV152/
Covaxin OR Janssen OR CoronaVac OR Novavax) AND 
(ANCA OR ANCA related Glomerulonephritis OR 
ANCA-associated glomerulonephritis OR ANCA Asso-
ciated Vasculitis OR Glomerulonephritis OR MPO ANCA 
OR PR-3 ANCA OR Pauci-immune glomerulonephritis 
OR De novo vasculitis OR Anti-Neutrophil cytoplasmic 
antibody OR Antineutrophil cytoplasmic antibody OR 
Myeloperoxidase OR Anti-proteinase-3) from 1st Janu-
ary 2020 to 15th November 2021. We included all the 
case reports published in the English literature of AAV in 
patients aged ≥ 18 years. Cases were excluded if the AAV 
developed after SARS-CoV-2 infection or disease mani-
festations without ANCA positivity or if the ANCA report 
was unavailable or untested. Additionally, we included 
articles detected on web-based search. The title, abstracts 
and the full texts of the case reports were individually 
checked by two authors (AP and PC) and considered for 
evaluation if both agreed.

Statistical analysis

Descriptive statistics are used to detail the baseline char-
acteristics of the patients. We expressed the normally dis-
tributed continuous variables as mean ± standard deviation 
(range), non-normally distributed variables as medians 
with interquartile ranges (IQR) and categorical data as 
proportions. All analyses were performed using Graph Pad 
Prism 9, San Diego, CA 92108.

Results

The search criteria exhibited 350 articles from PubMed. Of 
the 350 reports, we identified 15 cases, and an additional 
web-based search revealed 13 cases (Supplemental Fig-
ure 1). Also, we included our case report for review. Finally, 
we analyzed 29 cases for review. The median age of the 
patients was 71 years (IQR 54 to 78). 15 cases were males 
and 14 were female, respectively. The individual case details 
are shown in Table 1.
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Vaccine

Among the eight vaccines approved to prevent SARS-CoV-2 
infection by the World Health Organization, we report an 
association of AAV with five (2 mRNA vaccines–mRNA-
1273 (Moderna) and mRNA-BNT162b2 (Pfizer-BioNTech), 
viral vector vaccine–ChAdOx1 nCoV-19 (Oxford AstraZen-
eca), Ad26.COV2.S (Johnson and Johnson) and inactivated 
vaccine BBV152 (Covaxin) vaccines. Most reports were 
secondary to mRNA vaccines (22/29), 4 with ChAdOx1 
nCoV-19, 2 with BBV152 and 1 with Ad26.COV2.S vac-
cine. Fourteen patients had symptoms after the first dose; the 
remaining 15 had after the 2nd. Three patients had worsen-
ing symptoms after administering the second dose (Table 1, 
patient numbers 1, 3 and 22) (Fig. 1).

Comorbidities and ANCA status

In addition, 17 patients had prior comorbidities (05 hyper-
tension, 02 diabetes mellitus, 03 patients interstitial lung 
diseases, 02 malignancies, 01 cerebrovascular accident, 01 
atrial fibrillation, 01 Graves’ disease, 01 had both latent TB 
and Giant cell arteritis), in addition to AAV before vaccina-
tion. Twenty-four patients had a new-onset AAV. Among 
the ANCA subtypes, the most common association was with 
MPO (15 cases) ANCA alone, and four had PR-3 (4 cases) 
ANCA alone, 03 had dual (MPO and PR-3) positivity. One 
of the dual positive cases (Table 1, patient no. 6) was also on 
Propylthiouracil for Grave's disease and had auricular chon-
dritis. In six cases, the ANCA subtype was not mentioned. 
ANA was positive besides ANCA in six cases. Prema et al. 
reported (Table 1, patient number 14) dual positivity for both 
PR-3 and GBM antibodies. Gupta et al. described a case of 
Fragile-X syndrome developing anti-MPO, anti-GBM anti-
body and ANA positivity (Table 1, patient no 10).

Symptoms

The reporting for constitutional symptoms was variable. At 
least 16 (55.1%) patients had constitutional symptoms at 
presentation. Twenty-two patients had renal involvement 
(93.1%) either as new-onset or recurrence of the glomeru-
lonephritis. At least 24 (82.7%) patients had haematuria (2 
among the 24 had macro-haematuria) at presentation. The 
median (maximum) serum creatinine was 3.82 (IQR 2.15 to 
8.31) mg/dl. If we take AAV due to non- mRNA vaccines 
alone, the median maximum serum creatinine is 6.55 mg/
dl (IQR 4.8 to 8.4). Ten patients (29.1%) had pulmonary 
involvement, of which 05 (17.2%) had alveolar haemor-
rhage (Table 1, patient numbers 7, 8, 14, 15 and 26). In addi-
tion, one patient had optic neuritis (Table 1, patient num-
ber 5), and one had auricular chondritis (Table 1, patient 

number 6) as the manifestation following vaccination among 
other organ involvement.

Relapsing disease

Five patients had relapses of AAV post-vaccination. Among 
them, four had prior renal involvement. All five cases had 
renal involvement (four had biopsy-proven crescentic glo-
merulonephritis). Four patients (80%) were MPO positive, 
and in one patient, the nature of ANCA was unavailable.

Kidney biopsies

Twenty-five patients (86.2%) underwent renal biopsies. 
The age (cellular, fibro cellular and fibrous), as well as the 
extent of crescents were variable. Twenty-one cases (84%) 
had crescentic glomerulonephritis (> 50% of glomeruli). 
In four cases (16%), the crescents were focal. Rupture of a 
glomerular capillary wall with periglomerular inflammation 
was seen in four cases (16%). Underlying tuft showed fibri-
noid necrosis in 16 cases (64%). Mesangial expansion and 
proliferation were observed in three cases (12%). None of 
the biopsies reported endocapillary proliferation. Five biop-
sies (20%) had findings consistent with vasculitis. The infor-
mation on Interstitial Fibrosis and Tubular Atrophy (IFTA) 
were available only in ten cases (40%). Seven (70%) and 
three (30%) cases had a mild and moderate degree of IFTA, 
respectively. Immunofluorescence findings were available 
for 24 cases. There were no significant deposits for immu-
noglobulins or complements in 18 cases (75%), fulfilling 
the definition criteria for pauci-immune crescentic glomeru-
lonephritis. Linear deposits of IgG and light chains along 
the glomerular capillary wall were observed in three cases 
(Supplemental Table 1, patient numbers 10, 14 and 15). In 
two cases (Table 1 Patient numbers 10, 14), anti-GBM anti-
body titres were positive in serum, confirming coexistent 
Anti-GBM disease. A single patient (Supplemental Table 1, 
patient number 16) had 2 + intense deposits for Immuno-
globulin A (IgA) in the mesangium, suggesting the diagnosis 
of concurrent IgA nephropathy. Similarly, another patient 
(Supplemental Table 1, patient number 18) had 3 + intense 
deposits for C3 (Complement Factor 3) in the mesangium. 
Furthermore, the electron microscopy showed immune 
complex type mesangial deposits, confirming concurrent 
C3 glomerulopathy. The electron microscopy findings were 
available in five cases. All cases had an effacement of foot 
processes of podocytes. The summary of renal biopsies is 
shown in Supplementary Table 1.
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Treatment

Most patients (96.5%) received immunosuppressive ther-
apy, including steroids, cyclophosphamide and rituxi-
mab. In addition, five patients received plasma exchange 
(PLEX), of whom three had a diffuse alveolar haemor-
rhage. At the last follow-up, at least five continued to remain 
dialysis-dependent.

Discussion

In the present case-based review, we highlight the clinical 
features and outcome of COVID-19 vaccination-induced 
AAV. Renal involvement is reported in over three-fourths 
of the cases and most patients responded favorably to immu-
nosuppressive therapy.

Vaccine-associated autoimmunity is a well-known entity 
caused by cross-reactivity to antigens or adjuvants. In the 
current report, most vaccine-associated AAV were with 
mRNA vaccines. These vaccines (mRNA vaccines) may 
cause differential stimulation of myeloid and dendritic cells, 
activating the downstream pathway to produce autoinflam-
mation [15]. mRNA vaccines have a lesser risk of infection 
and insertion-related mutagenesis but generate antiviral 
neutralising immunoglobulins and stimulate strong immune 
responses by activating CD8 + and CD4 + T cells [16]. Also, 
mRNA vaccines may cause enhanced stimulation of innate 
and acquired immunity compared to inactivated vaccines or 
natural infection [16, 17]. This new-onset autoinflammation 
transpires in genetically predisposed individuals; these cases 
with compromised immune systems have a decreased clear-
ance of nucleic acids predisposing to Neutrophil Extracel-
lular Traps (NETs) [18]. NETs are highly proinflammatory 
and provide a sustained antigenic stimulus. This NETosis is 
a critical step in the pathogenesis of both cytokine storms 
in COVID-19 infection [19] and COVID-19-triggered AAV 
[20]. Finally, the vaccine-induced autoimmunity associated 
with COVID-19-inactivated vaccines can also be related to 
the immune response to the SARS-CoV-2 proteins or an 
exaggerated response to the m RNA vaccine. Still, the exact 
mechanism is not fully understood. None of the patients 
described of COVID-19 vaccine-associated AAV had tested 
positive for the infection, ruling out the infective virions as 
the responsible triggers for the disease pathogenesis.

Glomerular diseases mentioned in association with 
COVID-19 vaccines include IgA nephropathy [10], podo-
cytopathies [10], lupus nephritis [21], crescentic glomeru-
lonephritis, anti-GBM disease [10], IgG4 disease [22], and 
membranous nephropathy [23]. In an observational study 
from Japan [24], where IgA nephropathy is more prevalent 
and diagnosed earlier in life than the rest of the world, gross 
haematuria and proteinuria on screening urine examination Ta

bl
e 

1  
(c

on
tin

ue
d)

S no
St

ud
y 

au
th

or
A

ge
Se

x
C

om
or

-
bi

di
ty

Re
la

ps
e 

or
 n

ew
 

on
se

t

Va
cc

in
e

D
os

e
W

or
s-

en
ed

 
w

ith
 

re
ch

al
-

le
ng

e

Ti
m

e 
to

 
on

se
t 

(d
ay

s)

Se
ro

-
m

ar
ke

rs
K

id
ne

y 
in

vo
lv

em
en

t
K

id
ne

y 
bi

op
sy

M
ax

i-
m

um
 

se
ru

m
 

cr
ea

ti-
ni

ne
 

(m
g/

dl
)

C
on

sti
-

tu
tio

na
l 

sy
m

p-
to

m
s

Lu
ng

O
th

er
 

cl
in

ic
al

 
fe

at
ur

es

Tr
ea

tm
en

t g
iv

en
Fo

llo
w

-
up

 
du

ra
tio

n 
(w

ee
ks

)

Re
na

l 
O

ut
co

m
e

G
en

er
al

 
ou

tc
om

e

28
Ru

ke
sh

 
Ya

da
v 

et
 a

l.
[5

0]

54
Fe

m
al

e
H

TN
, 

U
te

rin
e 

ca
nc

er

N
ew

 
on

se
t

A
d2

6.
CO

V
2.

S
1s

t
N

o
12

M
PO

, 
PR

-3
A

K
I, 

M
ic

ro
-

sc
op

ic
 

ha
em

at
ur

ia
, 

no
n-

ne
ph

ro
tic

 
pr

ot
ei

nu
ria

C
re

sc
en

tic
 

G
N

6.
13

Ye
s

N
il

ste
ro

id
s

1
N

A
N

A

29
In

de
x 

pa
tie

nt
51

M
al

e
N

il
N

ew
 

on
se

t
C

hA
dO

x1
 

nC
oV

-1
9

1s
t

N
o

15
PR

-3
A

K
I, 

m
ic

ro
-

sc
op

ic
 

ha
em

at
ur

ia
, 

ne
ph

ro
tic

 
ra

ng
e 

pr
o-

te
in

ur
ia

C
re

sc
en

tic
 

G
N

4.
8

Ye
s

N
il

A
rth

ra
l-

gi
a

R
tx

 +
 st

er
oi

ds
20

Pa
rti

al
 

re
sp

on
se

Im
pr

ov
ed

AK
I 

A
cu

te
 K

id
ne

y 
In

ju
ry

, A
F 

A
tri

al
 F

ib
ril

la
tio

n,
 A

NA
 A

nt
i-N

uc
le

ar
 A

nt
ib

od
y,

 A
N

CA
 A

nt
- 

N
uc

le
ar

 C
yt

op
la

sm
ic

 A
nt

ib
od

y,
 C

O
PD

 C
hr

on
ic

 O
bs

tru
ct

iv
e 

Pu
lm

on
ar

y 
D

is
ea

se
, C

VA
 C

er
eb

ro
-

Va
sc

ul
ar

 A
cc

id
en

t, 
C

yc
 C

yc
lo

ph
os

ph
am

id
e,

 D
M

 D
ia

be
te

s 
M

el
lit

us
, G

BM
 G

lo
m

er
ul

ar
 B

as
em

en
t M

em
br

an
e,

 G
CA

​ G
ia

nt
 C

el
l A

rte
rit

is
, G

G
O

 G
ro

un
d 

G
la

ss
 O

pa
ci

tie
s, 

G
N

 G
lo

m
er

ul
on

ep
hr

iti
s, 

H
TN

 H
yp

er
te

ns
io

n,
 M

PA
 M

ic
ro

sc
op

ic
 P

ol
ya

ng
iit

is
, M

PO
 M

ye
lo

pe
ro

xi
da

se
, N

A 
N

ot
 A

va
ila

bl
e,

 P
LE

X 
Pl

as
m

a-
Ex

ch
an

ge
, P

R-
3 

Pr
ot

ei
na

se
-3

, R
tx

 R
itu

xi
m

ab
, T

B 
Tu

be
rc

ul
os

is
, U

TI
 U

rin
ar

y 
Tr

ac
t 

In
fe

ct
io

n



756	 Rheumatology International (2022) 42:749–758

1 3

post-vaccination have led to the identification of recurrence 
and new-onset IgA nephropathy associated with COVID-19 
vaccination. Thus, routine urine examination and monitor-
ing of renal function tests after vaccination can help detect 
glomerular diseases in susceptible individuals. Also, most 
of the patients described in the current review had urine 
abnormalities at presentation.

The global incidence and prevalence of AAV varies from 
0.4 to 24 cases per million-person-years and 300 to 421 
cases per million population, respectively [25]. The involve-
ment of the kidney in AAV varies from 54 to 97% in vari-
ous studies [26, 27]. The kidney involvement in the current 
series is comparable to the prior reports. Kidneys followed 
by lungs are the commonly affected organs in COVID-19 
vaccine-associated AAV. Patients who developed AAV 
post-vaccination responded favorably to immunosuppressive 
therapy. Thus, based on the current review, we recommend 
immunosuppressive treatment to all patients with vaccine-
mediated glomerulonephritis. However, researchers need to 

be mindful of rituximab treated patients responding poorly 
to further booster doses of COVID-19 vaccination, as a sus-
ceptible population [28].

Historically, most vaccine trials fail to address the vaccine-
associated autoimmunity because of the variable manifesta-
tions and long latency between the inoculation and symptom-
atology [29]. Also, during the earlier phase of vaccination, 
which was during the pandemic, worldwide lockdowns with 
restricted access to healthcare may account for reduced report-
ing of adverse events post-vaccination. Fortunately, increased 
patient awareness of post-vaccine symptoms, along with a 
decline in the infection rates, may have resulted in a surge in 
reporting of vaccine-related side effects.

Undoubtedly, both mass vaccination for protection against 
COVID-19 and heightened awareness for detecting autoim-
mune diseases provide the ideal platform to prevent COVID-
19 infection and study the association of autoimmune dis-
eases with vaccines. In addition, it may pave the way for 
studying undiagnosed pathogenic mechanisms and newer 

Fig. 1   Search strategy algorithm
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treatment options in autoimmune diseases. Kadkhoda et al. 
[30] reported that 57% of patients developed ANCA positivity 
post-COVID-19 infection. The aforementioned study is also a 
proof of concept for expeditious seroconversion as they tested 
most of the samples during hospital admission.

A temporal correlation of symptoms to vaccination forms 
the basis of the report; whether it equals causation consider-
ing the limited number of cases reported is debatable, short 
duration of follow-up, inadequate clinical and pathological 
data and lack of uniformity in immunosuppressive treatment 
are limitations to the study. To conclude, post-COVID-19 
vaccination-associated AAV is rare. Grand scale vaccination 
against SARS-CoV-2 infection provides a suitable platform 
to observe and learn the association of AAV with vaccina-
tion. The number of autoimmune glomerular diseases associ-
ated with COVID-19 infection conspicuously outweighs the 
number of cases post-COVID-19 vaccination. Henceforth, 
the otherwise healthy population and individuals with auto-
immune diseases in remission and on immunosuppressive 
therapy should be encouraged to continue with the vaccination 
with close monitoring of symptoms.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00296-​021-​05069-x.
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