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Abstract

Introduction: To date, almost 7 billion doses of the different
types of vaccine against SARS-CoV-2 have been adminis-
tered worldwide. Although the severity of new cases of
SARS-CoV-2 has progressively decreased, and the pressure
on national health systems has declined, the development
of de novo glomerular injuries has been suggested. Meth-
ods: This study aimed to examine the patients who were
hospitalized in our Unit between April and November 2021
and underwent renal biopsy for new-onset urinary abnor-
malities (UA) and/or renal impairment within 3 months of
SARS-CoV-2 vaccination. Results: We identified 17 patients
who developed UA and/or renal insufficiency within 3
months of vaccination. Minimal change disease was the
most common disease in our cohort (5 patients, 29.4%) fol-
lowed by acute tubulointerstitial nephritis (TIN; 3 patients,
17.6%), membranous nephropathy (3 patients, 17.6%), and
rapidly progressive IgA nephropathy (2 patients, 11.8%). The
other 4 patients had a diagnosis of membranoproliferative
glomerulonephritis (1 patient), systemic lupus erythemato-

sus (1 patient), ANCA-associated vasculitis (1 patient), and
tip-variant focal segmental glomerulosclerosis (1 patient),
respectively. Eight out of the 17 patients (47.1%) developed
acute kidney injury. Two patients with acute TIN had to start
hemodialysis that was discontinued after 1 and 2 months,
respectively, due to the recovery of renal function. All pa-
tients underwent treatment with corticosteroids and/or im-
munosuppressants. Discussion: Although it is not possible
to conclusively determine whether there is a causal relation-
ship between SARS-CoV-2 vaccination and new-onset ne-
phropathies, based on the appearance of UA and/or renal
insufficiency shortly after vaccination, we hypothesize that
theimmune response to the COVID-19 vaccine may be a trig-
ger of nephropathies. Therefore, our results highlight the
need for pharmacovigilance. However, this report should
not lead to vaccine hesitation during this pandemic as the
benefits of vaccination strongly outweigh the potential risks.
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To date, almost 7 billion doses of the different types of

vaccine against SARS-CoV-2 have been administered
worldwide. Since the start of the vaccination campaign,
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the severity of new cases of SARS-CoV-2 has progres-
sively decreased, and the pressure on national health sys-
tems has declined. However, the development of de novo
glomerular injuries and reactivation of glomerular dis-
eases following vaccination have been suggested [1]. As-
sociations between vaccines and immunological compli-
cations, including new-onset glomerular diseases, have
often been reported. More specifically, minimal change
disease (MCD) has been described following different
types of vaccinations such as influenza, pneumococcus,
hepatitis B, tetanus-diphtheria-poliomyelitis [2-5]. Al-
though the pathogenetic mechanisms are not entirely
clear, some evidence suggests the role of a T-cell dysfunc-
tion and the production of a permeability factor that al-
ters the glomerular barrier by modifying the charge sites
in the glomerular capillaries, thus causing selective pro-
teinuria [2]. Furthermore, the possible role of cross-talk
between dendritic cells and lymphocytes with intrarenal
production of cytokines has been suggested [6]. Similar-
ly, changes in T-cell subsets and elevated levels of IL2 R
expressed on the peripheral lymphocytes of patients with
disease reactivation have been observed in patients with
MCD following Hepatitis B vaccination [7]. With regard
to SARS-CoV-2, to date, a number of cases of glomerular
diseases (in particular MCD and IgA nephropathy
[IgAN]) [1, 8, 9], and only 2 cases of immunoallergic tu-
bulointerstitial nephritis (TIN) have been reported fol-
lowing the administration of the BNT162b2 (Pfizer) vac-
cine [10, 11].

The mass vaccination campaign against SARS-CoV-2
was launched in Italy at the end of 2020. Among the vac-
cines used in Italy, both the BNT162b2 and mRNA-1273
are made up of lipid nanoparticles that incorporate
mRNA encoding the full-length SARS-CoV-2 spike pro-
tein. These mRNA vaccines stimulate strong antigen-
specific T-cell response, including T follicular helper
cells, which in turn produces a long-lasting specific ger-
minal center B-cell response and prolonged production
of neutralizing antibodies [12]. On the contrary, Ad26.
COV2-S and ChAdOX1-nCOV are adenoviral vector
vaccines. Adenoviruses are nonenveloped, double-
stranded DNA viruses consisting of two clusters of genes:
early genes (E1-4) which encode proteins that sustain
DNA replication and late genes (L1-5) which encode
structural proteins. To generate this kind of vaccine, E1
and/or E3 viral genes are replaced with the sequence of
the SARS-CoV-2 spike protein, resulting in its replica-
tion and the stimulation of a strong T-cell immune re-
sponse and production of neutralizing antibodies. How-
ever, it has recently been noted that the majority of the
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population has pre-existing immunity to the adenovirus,
resulting in a lower capacity of the vector to generate an
immune response against the spike protein I [1]. Nota-
bly, the mRNA vaccines seem to produce a stronger im-
mune response than both vaccines with inactivated vi-
ruses and the infection itself [13].

The benefits of vaccination are indisputable. On the
other hand, the possible adverse effects have to be taken
into account. This study aimed to examine the patients
who were hospitalized in our Unit between April and No-
vember 2021 and underwent renal biopsy for new-onset
urinary abnormalities (UA) and/or renal impairment
within 3 months of SARS-CoV-2 vaccination.

Materials and Methods

This retrospective study aimed at identifying patients with
new-onset renal disease associated with SARS-CoV-2 vaccination.
Inclusion criteria were as follows: (a) new-onset proteinuria and/
or decreased renal function, (b) biopsy-proven renal disease, (c)
vaccination received in the previous 3 months, (d) no prior his-
tory nor risk factors for kidney disease. Exclusion criteria were as
follows: (a) prior hospitalization before vaccination, (b) occur-
rence of UA and/or renal failure (RF) beyond 3 months from vac-
cination, (c) detection of signs of active infection and/or other pos-
sible causes of renal disease.

UA were defined as proteinuria >0.5 g/day and/or dysmorphic
erythrocytes 210 RBC/HPMF. The definition of rapidly progres-
sive glomerulonephritis was based on the clinical ground (AKI)
and the presence of crescents on kidney biopsy.

Between April and November 2021, 376 patients were hospital-
ized in our Unit. One hundred and twenty-three out of 376 pa-
tients underwent a renal biopsy. One hundred and six did not meet
the inclusion criteria. They included 25 cases of focal segmental
glomerulosclerosis (FSGS; in 3 cases associated with HIV infec-
tion), 15 IgAN, 14 membranous nephropathy (MN), 11 diabetic
glomerulosclerosis, 5 amyloidosis, 5 ANCA-associated vasculitis,
4 lupus nephritis, 4 MCDs, 3 IgA vasculitis, 3 cast nephropathy, 2
TIN, 2 thrombotic microangiopathy, 2 monoclonal gammopathy
of renal significance, and 2 nephroangiosclerosis. Nine patients
had a variety of different glomerular disorders. Seventeen patients
had new-onset nephropathy occurring in temporal coincidence
with the SARS-CoV-2 vaccination and met all the inclusion crite-
ria. This patient sample was heterogeneous with regard to the type
of vaccine administered, even though most had received the
BNT162b2 vaccine.

Renal function was assessed by measuring eGFR, in accordance
with the Kidney Disease Outcomes Quality Initiative guidelines
using the formula of Modification of Diet in Renal Disease, and
detecting urinary sediment and proteinuria obtained by 24-h urine
collection. For each patient, the following data were extracted from
patient records: demographic characteristics, vaccine type, clinical
data, and time elapsed between the COVID vaccination and diag-
nosis of renal disease.
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Table 1. Demographic and clinical characteristics of patients with newly diagnosed nephropathies post-COVID-19 vaccination

Case Sex Age, Vaccine Onset after ~ Onsettime,  Clinical Histological Therapy Dialysis
years which dose  days presentation diagnosis

1 M 74 AstraZeneca 1st 42 RF + NS IgAN GC Yes

2 F 82 Pfizer 2nd 88 NS MN GC No

3 M 79 AstraZeneca 1st 61 RF + NS IgAN GC + RTX No

4 F 78 Pfizer 1st 52 RF + UA TIN GC Yes*

5 M 36 Pfizer 2nd 82 UA MCD RTX No

6 F 67 Pfizer 2nd 89 NS MN RTX No

7 M 82 Moderna 2nd 79 RF + NS MCD GC No

8 F 54 Moderna 2nd 62 NS MCD GC No

9 F 60 Moderna 2nd 84 UA MPGN GC No

10 F 39 Pfizer 2nd 89 NS SLE GC + MMF No

11 F 57 Pfizer 2nd 82 RF + UA TIN GC No

12 F 42 Pfizer 2nd 88 RF + NS MCD MC No

13 F 79 AstraZeneca 1st 35 RF + UA Vasculitis GC+CYC+RTX No

14 F 24 Pfizer 2nd 88 NS FSGS GC No

15 F 65 AstraZeneca 2nd 24 RF + UA TIN GC Yes**

16 M 20 Pfizer 1st 46 NS MCD RTX No

17 M 82 Pfizer 2nd 29 NS MN RTX No

RF, renal failure; NS, nephrotic syndrome; UA, urinary abnormalities; IgAN, IgA nephropathy; MN, membranous nephropathy; TIN,
tubulointerstitial nephritis; MCD, minimal change disease; FSGS, focal segmental glomerulosclerosis; GC, glucocorticoids; RTX, rituximab;
MMF, mycophenolate mofetil; CYC, cyclophosphamide. * Dialysis discontinuation after 2 months. ** Dialysis discontinuation after T month.

Results

Of the 376 patients who were hospitalized in our Unit
between April and November 2021, 123 underwent renal
biopsy and among them 17 developed UA and/or renal
insufficiency within 3 months of vaccination. Seven pa-
tients (41.2%) developed nephrotic syndrome, 2 (11.8%)
isolated UA, 4 cases (23.5%) had nephrotic syndrome as-
sociated with RF, and 4 patients (23.5%) presented with
UA plus RF. Notably, all 17 patients had normal routine
laboratory testing prior to vaccination. Demographic and
clinical characteristics are reported in Table 1. The cohort
included 6 males and 11 females. Median age was 60 years
(range 20-82 years). Five patients (29.4%) presented after
the first dose of the vaccine, the other 12 (70.6%) after the
second one. The BNT162b2 (Pfizer) vaccine was the most
commonly administered vaccine (10 of 17 patients,
58.8%) followed by AstraZeneca (4 of 17 patients 23.5%)
and mRNA-1273 (Moderna) (3 of 17 patients, 17.7%).

MCD was the most common disease in our cohort (5
patients, 29.4%) followed by acute TIN (3 patients, 17.6%),
MN (3 patients, 17.6%), and rapidly progressive IgAN (2
patients, 11.8%). The other 4 patients had a diagnosis of
membranoproliferative glomerulonephritis (1 patient),
systemic lupus erythematosus (1 patient), ANCA-associ-
ated vasculitis (1 patient), and tip-variant FSGS (1 pa-
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tient), respectively. Eight out of 17 patients (47.1%) devel-
oped acute kidney injury. Two patients with acute TIN
had to start hemodialysis, which was discontinued after 1
and 2 months, respectively, due to the recovery of renal
function. All patients underwent treatment with cortico-
steroids and/or immunosuppressants (rituximab or my-
cophenolate mofetil). One patient aged 74 years died after
2 months of follow-up due to acute heart attack.

Discussion

The first case of new-onset renal disease following
SARS-CoV-2 vaccination was reported by Lebedev et al.
[14]. It involved a 50-year-old male patient who devel-
oped massive proteinuria and increased serum creatinine
afew days after COVID vaccination. Renal biopsy showed
MCD. Subsequently, other cases were reported [8, 15-
21]. To date, MCD is the most frequently reported glo-
merular disease related to COVID vaccination [22, 23].
This prevalence is confirmed in our cohort. Other au-
thors have published reports on new-onset IgAN [23-
26], MN [23, 27, 28], FSGS [23], and systemic vasculitis
[29]. All these glomerular diseases were represented in
our cohort. Of note, the 2 cases of IgA nephritis showed
a rapidly progressive course consistent with the presence
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of crescents (40% and 30.4% of glomeruli, respectively)
on renal biopsy. In 1 of the 2 patients, acute RF was asso-
ciated with the appearance of a cutaneous purpura as re-
ported in another case in the literature [30]. Two of the 3
patients who had a diagnosis of MN were negative for
anti-PLA2r and anti-thrombospondin, while the third
was anti-PLA2r positive. To date, 5 cases of MN have
been reported in the literature. PLA2r antibodies were
positive in three of them, and NELL1 [27] was positive in
one.

Three patients with TIN presented with severe renal
insufficiency. The kidney biopsy showed a severe intersti-
tial infiltration by mononuclear cells (mainly monocytes
and lymphocytes, with plasma cells in 1 case), and poly-
morphonuclear leukocytes (neutrophils in 3/3 cases and
eosinophils in 1 of the 3 cases) with small lymphocytes
overcoming the tubular basement membrane and inter-
posing between tubular cells (all 3 cases). Immunofluo-
rescence showed focal deposition of C3 (2+) in the tubu-
lar basement membrane in 1 out of 3 cases. Currently,
only 4 cases of acute TIN and acute kidney injury after
COVID vaccination have been reported [10, 11, 23, 31].
These cases share many aspects with our 3 patients. Two
out of the 4 case reports described in the literature, and 2
out of the 3 patients in our cohort underwent hemodialy-
sis and recovered renal function after corticosteroid ther-
apy. So far, no data concerning the pathogenetic mecha-
nisms of acute TIN have been reported. It is conceivable
that mechanisms similar to those proposed for influenza
have been occurred [32].

We also reported a case of collapsing glomerulopathy.
The same finding has been reported both in few cases on
native kidney [23, 33] and on transplanted kidney [34].

The types of nephropathies that we identified were
very similar to those recently reported by two different
groups [23, 35], and notably, all of them have also been
described in association with COVID infection [36-38].
Thus, it is possible that vaccine-associated and COVID
infection-associated nephropathies share some immune-
mediated responses.

As reported by the most recent literature, both mRNA
and inactivated vaccines can be involved in the onset of
new nephropathies which may occur after either the first
or the second dose of vaccine. In our cohort, most pa-
tients developed symptoms after the second dose and of-
ten experienced acute kidney injury. These data also con-
firm the previous experience of Klomjit et al. [23] in
which most patients developed a new glomerulopathy af-
ter the second dose, while relapses occurred mostly after
the first one.
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Most of our patients developed kidney disease after the
mRNA-based vaccinations, Pfizer-BioNTech BNT162b2.
This may reflect the more widespread use of these mRNA
vaccines in northwestern Italy.

Our results suggest a direct role of the mRNA vaccines
as a trigger of nephropathies. Previous studies showed
that vaccines induce a cell-mediated immune response
through recognition by CD8+ T cells, while CD4+ cells
promote the production of antigen-specific antibodies by
B cells [39]. Preclinical trials have also shown that Pfizer-
BioNTech’s mRNA vaccine can cause a strong CD4+ and
CD8+ T-cell response, antibody response, and cytokine
release [12]. As many glomerulopathies are caused by T
cell- and B cell-mediated podocyte damage, the humoral
and cellular immune response mediated by the mRNA
vaccine may be the cause of podocyte damage and new-
onset glomerulopathy [40] such as MCD. The cases of
autoantibody-mediated glomerular disease that appeared
later may be due to vaccine-induced autoimmunity. An-
tigen-specific triggers for vaccine-mediated autoimmu-
nity are thought to be secondary to molecular mimicry,
i.e., the exposure to a nonself-antigen, such as the SARS-
CoV-2 spike protein, which could elicit responses direct-
ed against host tissues [1]. Vojdani et al. [41] demonstrat-
ed that SARS-CoV-2 antibodies reacted with 28 tissue an-
tigens, representing diverse tissue groups that included
barrier proteins, gastrointestinal, thyroid and neural tis-
sues, and more. These results established the potential
risk for autoimmunity with COVID-19 based on cross-
reactivity between human tissues and virus [41].

With regard to prognosis, the majority of our patients
have a follow-up shorter than 12 weeks, so the outcomes
of most of our patients remain uncertain. The 2 patients
with TIN who required hemodialysis had complete re-
covery of renal function under glucocorticoid treatment
and could discontinue dialysis after 1 and 2 months, re-
spectively. One patient with rapidly progressive IgAN un-
derwent hemodialysis.

Conclusions

There are several case reports of different types of glo-
merulopathies following the administration of a SARS-
CoV-2 vaccine produced by different manufacturers. To
our knowledge, this is the first paper reporting a case se-
ries of patients with newly biopsy-proven renal disease
that developed within 3 months of vaccination. Although
it is not possible to conclusively determine whether there
is a causal relationship between SARS-CoV-2 vaccination

Fenoglio et al.



and new-onset nephropathies, based on the appearance
of UA and/or renal insufficiency shortly after vaccina-
tion, we hypothesize that the immune response to the
COVID-19 vaccine may be a trigger of nephropathies.
Therefore, our results highlight the need for pharmaco-
vigilance. However, this report should not lead to vaccine
hesitation during this pandemic as the benefits of vacci-
nation strongly outweigh the potential risks.
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