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Abstract

Background Vaccines for coronavirus disease 2019 (COVID-19) have been developed and are recommended for patients
with chronic kidney disease; however, it has been reported that glomerulonephritis worsens after vaccination. We aimed to
elucidate the incidence and association between COVID-19 vaccination and glomerulonephritis relapse.

Methods We investigated the onset of renal events and adverse reactions after COVID-19 vaccination in 111 patients diag-
nosed with glomerulonephritis. Renal events were defined as worsening hematuria, increased proteinuria, and an increased
creatine level over 1.5-fold from baseline.

Results Patients were 57 + 18 years old (55.9% female) and had an estimated glomerular filtration rate of 57.0 +25.0 ml/
min/1.73 m?. A pathological diagnosis of IgA nephropathy was confirmed in 55.0%, minimal change disease in 22.5%, and
membranous nephropathy in 10.8% of the patients. The BNT162b2 (Pfizer) and mRNA-1273 (Moderna) vaccines were
administered in 88.2% and 11.7% of the cases, respectively. Renal events were observed in 22.5% of patients, 10.8% had
increased proteinuria, 12.6% had worsening hematuria, and 1.8% received additional immunosuppressive treatment. Only
0.9% required temporary hemodialysis from exacerbation of renal dysfunction. Renal events were higher in younger patients
(P=0.02), being highest in those with IgA nephropathy, but there was no difference in the incidence between pathological
diagnoses. There was a significantly higher incidence of renal events in patients with fever (P =0.02).

Conclusions COVID-19 vaccination and glomerulonephritis relapse may be related, but further research is needed.
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Introduction can become more severely ill, and vaccination has been

suggested [1]. However, there have been many reports of

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has had a major impact on the world,
causing numerous infections and deaths. Vaccination is
underway to prevent the spread of the infection, and it has
been reported that coronavirus disease 2019 (COVID-19)
vaccines may prevent the onset and aggravation of SARS-
CoV-2 infection [1, 2]. Patients with chronic kidney disease

< Yuki Ota
yukiota@hospital.sasebo.nagasaki.jp

Department of Nephrology, Sasebo City General Hospital,
9-3 Hirase-cho, Sasebo, Nagasaki 857-8511, Japan

Department of Nephrology, Saiseikai Nagasaki Hospital,
2-5-1 Katafuchi, Nagasaki, Nagasaki 850-0003, Japan

Department of Nephrology, Nagasaki University Hospital,
1-7-1 Sakamoto, Nagasaki, Nagasaki 852-8501, Japan

@ Springer

new onset or relapse of glomerulonephritis and nephrotic
syndrome after COVID-19 vaccination [2], although its
incidence and relevance remain unclear. This study aimed
to verify the incidence of nephritis relapse by following the
clinical course of patients with glomerulonephritis after
COVID-19 vaccination.

Materials and methods

Patients who visited the Sasebo City General Hospital from
April 1, 2021, to December 31, 2021, and who were previ-
ously diagnosed with glomerulonephritis by renal biopsy
and received COVID-19 vaccines twice were included in
this study. Patients under the age of 18 years, who had been
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vaccinated only once, or whose pathological diagnosis was
unknown were excluded.

We collected clinical data, such as age, sex, height,
weight, pathological diagnosis on renal biopsy, comor-
bidities, blood pressure, oral medication, blood test results,
and urinalysis results, from the medical records. Data were
obtained before and within 3 months of COVID-19 vacci-
nation, and compared for renal events. Renal events were
defined as a combination of worsening hematuria, increased
proteinuria, and a 1.5-fold increase in creatine (Cr) levels.
Increased proteinuria was defined as the extent of proteinuria
before vaccination using the urinary protein-to-creatinine
ratio (UPCR). Based on Japan Nephrology Society’s guide-
lines [3], the following UPCR categories were used: Al,
UPCR <0.15 g/gCr; A2, 0.15 <UPCR <0.50 g/gCr; and
A3, UPCR >0.50 g/gCr. Using the UPCR, previous val-
ues were interpreted as follows: < 0.3 g/gCr, progression
to overt proteinuria (>0.3 g/gCr); <0.3 g-1.0 g/gCr, pro-
gression to > 1 g/gCr; 1.0-3.5 g/gCr, difference increased
by >2 g/gCr; and > 3.5 g/gCr, increase of two-fold or higher.
To investigate the relationship between pathological dam-
age on previous renal biopsy and relapse after COVID-19
vaccination, we analyzed the pathological findings and
incidence of renal events in patients with IgA nephropathy
using the Japanese guidelines for IgA nephropathy [4] and
the Oxford Classification [5]. In addition, adverse events
were confirmed by face-to-face interviews with the patients.

Categorical variables are expressed as number (%) and
continuous variables as mean + standard deviation. Non-
normally distributed data were presented as median values
with interquartile ranges. JMP 15 software (SAS Institute
Inc., Cary, NC, USA) was used to perform statistical analy-
sis. Categorical variables were assessed using the chi-square
test, and continuous variables were compared using the

Mann-Whitney U-test. A subgroup analysis was performed
to determine the incidence of renal events. Age, estimated
glomerular filtration rate (eGFR), body mass index, and
UPCR were distinguished by the median. We also selected
clinically important factors and performed a multivariate
logistic regression analysis. Statistical significance was set
at P<0.05. To calculate the eGFR from serum creatinine,
age, and sex, the following estimation equations for Japanese
patients with chronic kidney disease were used: for men,
eGFR (mL/min/1.73 m?)=194 x age-0.287 X serum creati-
nine-1.094; for women, eGFR (mL/min/1.73 mz) =194 xage
— 0.287 x serum creatinine-1.094 x 0.739 [6].

This study was approved by the ethics committee of
Sasebo City General Hospital (Nagasaki, Japan) (2021-
A022) and performed in accordance with the 1964 Declara-
tion of Helsinki and its later amendments. Written informed
consent was obtained from all patients.

Results

Of the 116 patients, a pathological diagnosis on renal biopsy
could not be confirmed in three patients, and one did not
provide consent before the study. The study was initiated in
112 patients, but one withdrew consent; hence, 111 patients
were included in the final analysis (Fig. 1). The average
age was 57 + 18 years, 55.9% were female, and the average
eGFR was 57.0 +25.0 ml/min/1.73 m?. The UPCR classi-
fication was as follows: 35.1%, Al; 32.4%, A2; and 32.4%,
A3. Based on renal biopsy pathological diagnosis, 55.0%
of patients had IgA nephropathy; 22.5%, minimal change
disease; and 10.8%, membranous nephropathy. Less than
10% had antineutrophil cytoplasmic autoantibody (ANCA)-
associated nephritis, non-IgA-type mesangial proliferative

Fig. 1 Flow chart of patient
selection

116 Patients with glomerulonephritis who visited the
Sasebo City General Hospital
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glomerulonephritis, membranous proliferative glomerulo-
nephritis, lupus nephritis, and focal segmental glomerulo-
sclerosis. Comorbidities were diabetes, hypertension, and
heart disease in 20.7%, 77.4%, and 8.1% of patients, respec-
tively. Oral medication prescription rates were as follows:
52.2%, steroids; 20.7%, immunosuppressive drugs; and
68.4%, renin-angiotensin-aldosterone system inhibitors.
The COVID-19 vaccines BNT162b2 (Pfizer) and mRNA-
1273 (Moderna) were administered in 88.2% and 11.7% of
cases, respectively (Table 1). Renal events were observed in
22.5% of patients, 10.8% had increased proteinuria, 12.6%
had worsening hematuria, and 1.8% received additional
immunosuppressive treatment. Only 0.9% of the patients
required temporary hemodialysis due to exacerbation of
renal dysfunction (Fig. 2a). A renal biopsy was performed
in one patient after a renal event of increased proteinuria and

Table 1 Baseline characteristics

a 1.5-fold increase in Cr levels. Pathological findings did not
reveal any association with COVID-19 vaccination. There
were no cases of cardiovascular events or death. The inci-
dence of renal events tended to be higher in younger patients
(P=0.02). There was no difference in the incidence of renal
events with or without the use of oral steroids or immuno-
suppressive drugs. Pathological diagnosis-based renal event
incidence was highest with IgA nephropathy; however, no
difference in incidence rates between pathological diagnoses
was noted (Fig. 2b, Table 2). Worsening hematuria was more
common in IgA nephropathy, and increased proteinuria, in
MCD and MN (Table 2). Gross hematuria after COVID-19
vaccination was observed in three of 61 patients with IgA
nephropathy (Table 2).

In patients with IgA nephropathy, acute lesions (classified
according to the clinical guidelines for IgA nephropathy in

Characteristic Mean + SD, median (IQR), or n (%)
Age, years 57.0+17.9

Sex, n (%) Male: 49 (44.1); Female: 62 (55.9)
BMI, kg/m? 24.1+4.6

Renal pathological diagnosis, n (%)

DM, n (%)

Hypertension, n (%)

Heart disease, n (%)

BUN (mg/dL)

Cr (mg/dL)

eGFR (ml/min/1.73 m?)

UPCR (g/gCr)

UPCR ~ 0.3 g/gCr, n (%)
Proteinuria categories, n (%)
Hematuria  5/HPF), n (%)
Steroids, n (%)
Immunosuppressive drugs, n (%)
RAAS inhibitor, n (%)
Anti-platelet drugs, n (%)
Diabetes drugs, n (%)

Vaccine type, n (%)

Systolic / Diastolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

IgA nephropathy: 61 (55.0)

Minimal change disease: 25 (22.5)
Membranous nephropathy: 12 (10.8)
ANCA-associated nephritis: 7 (6.3)
Non-IgA-type mesangial proliferative glomerulonephritis: 2 (1.8)
Membranous proliferative glomerulonephritis: 2 (1.8)
Lupus nephritis: 1 (0.9)

Focal segmental glomerulosclerosis: 1 (0.9)
23 (20.7)

86 (77.4)

9@®8.1)

19.6+10.0

1.2+0.9

57.0+25.0

0.3 (0.1-0.7)

57 (51.4)

A1:39(35.1), A2: 36 (32.4), A3: 36 (32.4)

17 (15.3)

58 (52.2)

23 (20.7)

76 (68.4)

11 (9.9)

21 (18.9)

BNT162b2, 98 (88.2), mRNA-1273, 13 (11.7)
134+17

80+11

BMI, body mass index; DM, diabetes mellitus; BUN, blood urea nitrogen; Cr, creatine; eGFR, estimated glomerular filtration rate; UPCR, uri-
nary protein-to-creatinine ratio; RAAS inhibitor, renin-angiotensin-aldosterone system inhibitor; ANCA, antineutrophil cytoplasmic autoantibody

Proteinuria categories Al: UPCR <0.15 g/gCr, A2: 0.15 <UPCR <0.50 g/gCr, A3: UPCR >0.50
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Fig.2 Renal events. a Incidence of events after vaccination. b Num-
ber of renal events by pathological diagnosis. IgAN, IgA nephropathy;
MCD, minimal change disease; MN, membranous nephropathy; AAV,
ANCA-associated vasculitis; non-IgAGN, non-IgA-type mesangial

Table 2 Renal events by pathological diagnosis

4
2
l 1 1 1
. E m ° m
IgAN MCD MN AAV non-IgA MPGN LN FSGS
GN

proliferative glomerulonephritis; MPGN, membranous proliferative
glomerulonephritis; LN, lupus nephritis; FSGS, focal segmental glo-
merulosclerosis

IgAN MCD MN AAV Non-IlgAN  MPGN LN FSGS P value
Renal event, 7 (%) 16(262) 4(16.0) 2(167)  1(143)  1(50.0) 0(0) 1(100) 0 (0) 0.45
Increased proteinuria, n (%) 5 (8.2) 31200 2(167)  0(0) 1 (50.0) 0 (0) 1(100) 0 (0) 0.06
Worsening hematuria, n (%) 11 (18.0) 1 (4.0) 1(8.3) 1(143)  0(0) 0(0) 0(0) 0 (0) 0.73
Gross hematuria, 1 (%) 3(4.9) 0 (0) 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0(0) 0.93

IgAN, IgA nephropathy; MCD, minimal change disease; MN, membranous nephropathy; AAV, ANCA-associated vasculitis; non-IgAGN, non-
IgA-type mesangial proliferative glomerulonephritis; MPGN, membranous proliferative glomerulonephritis; LN, lupus nephritis; FSGS, focal

segmental glomerulosclerosis

Japan [4]) were associated with renal events, and E lesions
(according to the Oxford Classification [5]) were associated
with worsening hematuria (Supplementary Table S1). Sig-
nificant gender-based differences in renal events by renal
pathological diagnosis were not observed (Supplementary
Table S2).

In the vaccine group, there was no difference in the onset
of renal events between BNT162b2 and mRNA-1273 vac-
cines. Subgroup analysis showed that renal event incidence
was significantly lower in patients aged > 60 years and with
an eGFR of <55 ml/min/1.73 m?2, and that it was signifi-
cantly higher in patients with fever (P=0.02) (Tables 3,
4). Post-vaccination fever was observed in 42.3% of the
patients (Supplementary Table S3). Younger patients had
a higher incidence of fever than older patients (P <0.001),
and patients who took steroids had a significantly lower
rate of fever than those who did not (available oral steroids:
32.2%, no oral steroids: 54.7%, P=0.02). The rate of fever

in patients vaccinated with mRNA-1273 was higher than that
in those vaccinated with BNT162b2 (BNT162b2: 36.4%,
mRNA-1273: 92.1%, P <0.001).

Discussion

Several cases of new onset or relapse of glomerulonephritis
after vaccination have been reported; however, its incidence
has not been evaluated. This is the first report to investi-
gate the clinical course of patients with nephritis in a sin-
gle center after COVID-19 vaccination and to evaluate the
incidence of COVID-19 vaccination and renal events. It is
unclear whether renal events have a direct causal relation-
ship with the vaccines, but we consider this study to be clini-
cally useful because assessing the effects of vaccination in
patients with nephritis may contribute to the safe vaccination
of patients with glomerulonephritis.
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Table 3 Subgroup analysis

HR P value
Age > 60 years 0.34 (0.13-0.89) 0.04
Male 0.82 (0.33-2.00) 0.82
eGFR <55 ml/min/1.73 m? 0.25 (0.09-0.69) 0.006
BMI * 22 kg/m? 0.65 (0.26-1.60) 0.35
UPCR ” 0.3 g/gCr 1.03 (0.42-2.52) 1.00
Hematuria 2.96 (0.99-8.82) 0.06
IgA nephropathy 1.62 (0.65-4.06) 0.36
Diabetes mellitus 0.67 (0.21-2.20) 0.59
Hypertension 0.90 (0.31-2.57) 0.79
Heart disease 0.99 (0.19-5.11) 1.00
Steroids 0.97 (0.40-2.35) 1.00
Immunosuppressive drugs 1.30 (0.45-3.75) 0.59
RAAS inhibitor 0.96 (0.37-2.49) 1.00
BNT162b2 (Pfizer/BioNTech) 0.96 (0.24-3.81) 1.00
Fever 3.97 (1.53-10.3) 0.005

eGFR, estimated glomerular filtration rate; BMI, body mass index;
UPCR, urinary protein-to-creatinine ratio; RAAS inhibitor, renin-
angiotensin-aldosterone system inhibitor

Renal events were observed in 22.5% of patients, 10.8%
had increased proteinuria, 12.6% had worsening hematu-
ria, and 0.9% had Cr values greater than 1.5-fold. Of the
patients, 1.8% received additional immunosuppressive
treatment and 0.9% required temporary hemodialysis due
to exacerbation of renal dysfunction. However, no one died,
developed cardiovascular events, or required maintenance
dialysis. In addition, none of the patients were infected with

COVID-19 during the observation period.

Table 4 Incidence of renal
events

@ Springer

In one review, among newly developed glomerulonephri-
tis cases, minimal change disease was the most common
outcome after COVID-19 vaccination, followed by IgA
nephropathy and vasculitis [7]. However, data on which path-
ological diagnosis most often relapses in glomerulonephritis
that also relapses after COVID-19 vaccination are lacking.
Previous reports have shown that patients who relapsed
after receiving a COVID-19 vaccine were at a higher risk of
IgA nephropathy and typical nephrotic syndrome, but not
of anti-glomerular basement membrane (GBM) disease or
ANCA-related vasculitis [7]. IgA nephropathy with gross
hematuria after vaccination has improved with almost no
treatment [2]. In this study, renal events were more common
with IgA nephropathy by pathological diagnosis; however,
IgA nephropathy treatment was not required in any of the
cases, while immunosuppressive treatment was required in
two membranous nephropathy cases.

A study has explored the association between non-
COVID-19 vaccines and nephritis. In this study, minimal
change disease, membranous nephropathy, and vasculitis
have been shown to develop after influenza vaccination [8].
Additionally, the onset of the nephrotic syndrome has also
been reported after administering inactivated vaccines (e.g.,
hepatitis B, pneumococcal, and pertussis), live vaccines for
measles, and Bacille Calmette-Guérin [8]. However, it is dif-
ficult to prove the causal relationship between these vaccines
and glomerulonephritis, and it is not clear whether there are
specific findings in renal histology.

The vaccines used in our study were all mRNA vaccines.
COVID-19 mRNA vaccines are highly immunogenic and
cross-reactive, which may exacerbate the autoimmune pro-
cess and cause the onset or recurrence of glomerulonephritis

Model 1 Model 2 Model 3

HR 95%CI Pvalue HR 95%CI Pvalue HR 95%CI P value
Age 0.97 0.95-0.99 0.03 0.98 0.95-1.01 0.16 0.99 0.96-1.04 0.90
Sex (female) 0.83 0.33-2.06 0.68 0.85 0.34-2.13 0.73 0.65 0.24-1.78 0.46
BMI 0.99 0.90-1.10 0.95 0.99 0.89-1.10 0.82
eGFR 1.01 0.99-1.03 0.51 1.01 0.99-1.03 045

Diabetes mellitus

Steroids or immu-
nosuppressive
drugs

IgA nephropathy

Fever

1.07 0.28-4.05 0.92
1.31 041422 0.65

1.68 0.50-5.64 0.39
376 1.23-11.5 0.02

Model 1: age, sex

Model 2: age, sex, BMI, eGFR
Model 3: age, sex, BMI, eGFR, diabetes mellitus, steroids or immunosuppressive drugs, IgA nephropathy,

fever

In each model, multivariate analysis was performed with clinically important factors

BMI, body mass index; eGFR, estimated glomerular filtration rate
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[2]. The mechanisms through which nephritis relapses may
differ for each pathological diagnosis. IgA nephropathy has
a relatively early onset after vaccination and may be asso-
ciated with rapid immune mechanisms, such as memory
recall response and recruitment of cells secreting galactose-
deficient IgA1l antibodies. In contrast, the progression of
minimal change disease takes a certain amount of time,
suggesting the role of cell-mediated immunity [9]. The
mechanism underlying podocyte damage after COVID-19
vaccination is hypothesized to involve the expression of per-
meability factors, such as cytokines and autoantibodies, by
stimulating antigen-presenting cells, B cells, and activating
T cells, which leads to loss of foot processes and disruption
of the glomerular permeation barrier [10]. In addition, sev-
eral COVID-19 infection-related nephritis cases have been
reported, and COVID-19 infection is believed to directly
cause podocyte damage [11]. COVID-19 vaccine-induced
glomerulonephritis and COVID-19 infection may have simi-
lar mechanisms [2]. In this study, renal biopsy of a relapsed
case after vaccination showed broad podocyte effacement,
which is usually seen in nephrotic syndrome; however, no
other characteristic findings were observed.

Our results showed that patients with fever and young
people had more renal events, and multivariate analysis
showed that fever was associated with the onset of renal
events. The occurrence of a fever forms the basis for a high
immune response. Renal events may occur in patients with
a strong immune response due to immunological dysregu-
lation in patients with glomerulonephritis and nephrotic
syndrome. The two cases requiring additional treatment in
this study were both long-term treatment-dependent mem-
branous nephropathy cases and were treated with low-dose
steroids. Oral steroids or immunosuppressive drugs were
administered to 55.4% of the patients, and cyclosporine
and mizoribine were used as immunosuppressive drugs.
Although it has been reported that the COVID-19 vac-
cine may be less effective in patients receiving rituximab
[12], no patient was treated with rituximab in this study.
It is unclear how effective vaccination was in the target
patients; however, no patients were infected with COVID-
19 during the study period and no deaths were associated
with vaccination. COVID-19 infection in patients with
glomerulonephritis has been reported to result in higher
mortality and an increased risk of acute kidney injury
compared to controls [13]. It has been reported that many
cases of new onset or relapse of glomerulonephritis caused
by COVID-19 vaccines were in spontaneous remission
or had a good therapeutic response [8]. Considering the
aggravation of COVID-19 infection and the exacerba-
tion of glomerulonephritis due to the infection itself, it
is suggested that the benefits of COVID-19 vaccination
outweigh the risks of developing nephritis or relapsing [8].

However, since it is unclear which set of patient character-
istics has the highest risk of vaccine-related disadvantages,
COVID-19 vaccination should be carried out with careful
consideration of the patient background.

This study has several limitations. First, the number of
cases was small, making it difficult to generalize results.
Second, renal events may not have been collected or may
have been underestimated in spontaneously relieved cases.
Conversely, the exacerbation of nephritis itself, which is
not related to the vaccine, may have been overestimated.
Third, data could not be collected after the first vaccina-
tion, and the data were only compared after the second
vaccination; therefore, the effect after the first vaccination
could not be evaluated.

Conclusion

There were cases in which proteinuria, hematuria, and
serum creatinine levels increased after COVID-19 vac-
cination, and the incidence was significantly higher in
patients with fever and young people. Further research
on the association between COVID-19 vaccination and
glomerulonephritis is needed for the safe vaccination of
patients with glomerulonephritis.
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