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Abstract
Various new vaccines against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) have been rapidly developed. 
The new onset and recurrence of nephrotic syndrome triggered by some vaccines have been documented and several adult 
cases of minimal change nephrotic syndrome newly developing after SARS-CoV-2 vaccination have been reported. How-
ever, no reports of pediatric cases have been published. Indications for SARS-CoV-2 vaccines have been expanded to those 
as young as 12 years old and vaccination of children has just started in Japan. We encountered a 15-year-old boy without 
underlying disease who newly developed nephrotic syndrome after SARS-CoV-2 vaccination with BNT162b2 (Pfizer-BioN-
Tech). He developed eyelid edema 4 days after vaccination and peripheral edema of the lower extremities a further 4 days 
later. Twenty-one days after vaccination, 60 mg of oral daily prednisolone was started. He achieved complete remission in 
12 days without complications such as hypertension or acute kidney injury. We clinicians should be aware of the possibility 
of nephrotic syndrome developing after SARS-CoV-2 vaccination, not only in adults, but also in children.
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Introduction

As the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) pandemic continues to progress, various 
new vaccines have been rapidly developed and are expected 
to be effective in limiting transmission and mortality, par-
ticularly as new technologies such as viral vector vaccines 
and messenger RNA (mRNA) vaccines are being introduced. 
Evidence of the short- to medium-term efficacy and safety of 
vaccines is accumulating. Although rare, these new vaccines 
have side effects such as thrombosis with thrombocytope-
nia syndrome and myocardial damage [1, 2]. Recurrence 
of nephrotic syndrome triggered by a SARS-CoV-2 vac-
cine has been reported [3]. Additionally, several cases of 
nephrotic syndrome, mostly minimal change disease (MCD), 

have been reported in adults after SARS-CoV-2 vaccination 
[3–10]. Hypertension and acute kidney injury (AKI) are pre-
sent at high frequencies among these adult cases. Here, we 
report the case of a 15-year-old boy who newly developed 
nephrotic syndrome after initial vaccination with BNT162b2 
(COMIRNATY ®, Pfizer-BioNTech). This is the first pediat-
ric case of new-onset nephrotic syndrome following SARS-
CoV-2 vaccination.

Case report

A 15-year-old boy with no underlying medical condition, 
no previous abnormalities noted in school urinalysis, and no 
known allergies had received the first dose of BNT162b2. 
The following day, he developed a fever of 37.3 °C and slight 
swelling at the injection site. He developed eyelid edema 
4 days after vaccination and peripheral edema of the lower 
extremities on day 8 post-vaccination. He visited the local 
clinic 16 days after vaccination, urinalysis showed urine pro-
tein 4 + , and nephrotic syndrome was suspected. He was 
referred to our hospital on day 19 post-vaccination.
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His body weight had increased from 45 to 49.7 kg, 
blood pressure was 106/62 mmHg, and pulse rate was 69 
beats/min. Physical examination showed edema of the eye-
lids and lower extremities, and the abdomen was distended. 
Blood tests showed serum albumin 1.6 g/dL, creatinine 
0.64 mg/dL, estimated glomerular filtration rate (eGFR) 
116.62 ml/min/1.73  m2, blood urine nitrogen 7 mg/dL, 
serum sodium 141 mEq/L, potassium 3.9 mEq/L, chloride 
106 mEq/L, and total cholesterol 335 mg/dL. Complement 
C3 and C4 were within normal limits. Urinalysis showed 
urine protein 4 + , urine sediment red blood cells < 1/high-
power field, and initial urinary protein-creatinine ratio 
7.71 g/g creatinine. The result of an anti-SARS-CoV-2 
S serology assay was 111 U/mL (positive ≥ 0.8 U/mL, 
 Elecsys®), which is specific for receptor binding domain 
lesion of SARS-CoV-2 spike protein in human serum and 
plasma. Laboratory findings on admission are listed in 
Table 1. Chest X-ray showed bilateral pleural effusions, 
and ultrasonography showed normal kidney size, but also 
edema of the intestinal wall and ascites. He was diagnosed 
with nephrotic syndrome and 60 mg of daily predniso-
lone (PSL) was initiated, in accordance with the Japanese 
guidelines for pediatric nephrotic syndrome, at 21 days 
post-vaccination. The patient achieved complete remission 
on the 12th day of treatment and did not develop complica-
tions such as hypertension, AKI, or thrombus formation.

Discussion

BNT162b2 is an mRNA-based vaccine encoding the SARS-
CoV-2 full-length spike protein. Clinical trials of BNT162b2 
in 12- to 15-year-olds showed a favorable safety and side 
effect profile with mainly mild transient reactions such as 
injection-site pain, fatigue, and headache. Additionally, there 
were no differences in serious vaccine-related adverse events 
and severe adverse events compared with those in 16- to 
25-year-olds [11]. No new-onset nephrotic syndrome was 
reported in the pediatric and young adult clinical trials.

We encountered a 15-year-old boy who newly developed 
nephrotic syndrome 4 days after the first dose of BNT162b2. 
As he had no history of infectious disease or other vaccina-
tions during several months prior to the onset of nephrotic 
syndrome, BNT162b2 vaccination may have triggered the 
onset of nephrotic syndrome.

The pathogenesis of nephrotic syndrome remains to be 
elucidated, but it is thought to result from complex inter-
actions among T cells, B cells, circulating factors, and 
podocytes [12]. Vaccines would induce systemic immune 
activation in addition to virus-specific immune responses, 
and there have been sporadic reports of the new onset of 
nephrotic syndrome after vaccination against influenza 
virus, hepatitis B, pneumococcus, smallpox, and measles 
[13–21]. BNT162b2 vaccination induces a broad immune 
response with SARS-CoV-2 S-specific neutralizing anti-
bodies, poly-specific  CD4+ and  CD8+ T cells, and various 

Table 1  Laboratory data on 
admission

PT prothrombin; APTT activated partial thromboplastin time; cre creatinine; HPF high-power field; IgG 
immunoglobulin G; IgA immunoglobulin A; IgM immunoglobulin M; SARS-CoV-2 severe acute respira-
tory syndrome coronavirus; S spike
a This was measured with  Elecsys® Anti-SARS-CoV-2

Complete blood cell count Serum chemistry
 White blood cells (/μL) 5420  Total protein (g/dL) 4.3
 Red blood cells (×  104/μL) 568  Albumin (g/dL) 1.6
 Hemoglobin (g/dL) 16.9  Blood urine nitrogen (mg/dL) 7
 Hematocrit (%) 50.1  Uric acid (mg/dL) 5.8
 Platelets (×  104/μL) 24.6  Creatinine (mg/dL) 0.64

Coagulation  Sodium (mEq/L) 141
 PT (s) 8.7  Potassium (mEq/L) 3.9
 APTT (s) 30.4  Chloride (mEq/L) 106
 D-dimer (μg/mL) 5.6  Total cholesterol (mg/dL) 335

Urinalysis  C-reactive protein (mg/dL) 0.042
 pH 6.5  IgG (mg/dL) 458
 Specific gravity 1.018  IgA (mg/dL) 122
 Protein (g/g∙cre) 7.71  IgM (mg/dL) 154
 β2-microglobulin (ng/mL) 159  Complement (U/mL) 57.9

Urine sediment  C3 (mg/dL) 141
 Red blood cells (/HPF) 1–4  C4 (mg/dL) 29
 White blood cells (/HPF) 1–4  SARS-CoV-2 S  antibodya(U/mL) 111
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cytokines such as IFN-γ and IL-2 [22]. Although these 
immune responses are assumed to be involved in the devel-
opment of nephrotic syndrome after SARS-CoV-2 vac-
cination, we cannot prove a causal relationship between 
vaccination and the development of nephrotic syndrome 
because we only have the fact that the patients developed 
nephrotic syndrome after SARS-CoV-2 vaccination, which 
is a limitation of this study.

In our search of the literature, we found eight adult 
cases of new-onset nephrotic syndrome, mostly MCD, 
after SARS-CoV-2 vaccination (Table  2) [3–10]. Six 
patients had received mRNA vaccines (five had received 
BNT162b2) and two had received vector vaccines. Six 
patients developed nephrotic syndrome after the first 
SARS-CoV-2 vaccination, one patient after the second 
vaccination, and in one case the number of vaccinations 
was not mentioned. All eight adult cases and our case 
developed symptoms within 1 week of vaccination. With 
conventional inactivated and live vaccines, the time from 
vaccination to the onset of nephrotic syndrome is 4 days 
to several weeks [13–21], so the short time to onset may 
be a characteristic of the SARS-CoV-2 vaccines being 
mRNA and vector vaccines. Six adult cases developed 
AKI and seven had hypertension. All six patients who 
developed AKI reported in the literature were over the 
age of 50 years, which may have contributed to the high 
frequency of AKI. Meanwhile, in a nationwide survey of 
pediatric nephrotic syndrome in Japan, 24% of patients 
show AKI at first presentation [23], but our patient did not 
develop this complication.

All eight adult cases of post-SARS-CoV-2 vaccination 
new-onset nephrotic syndrome presented with MCD on 
renal pathology. Five had acute tubular damage and two had 
inflammatory cell infiltration into the interstitium. Gener-
ally, idiopathic nephrotic syndrome in children is mostly 
MCD [23]. Conversely, nephrotic syndrome in adults often 
includes membranous nephropathy [24]. Therefore, the 
findings that all adult patients had MCD is unique. Steroid 
therapy was used in all adult cases, but two required hemo-
dialysis for oliguria and diuretic-resistant fluid overload, 
hyperkalemia, and hyperuricemia. Five patients achieved 
complete remission, one was refractory to treatment, and two 
patients had no treatment response noted. Our patient was 
treated with PSL without renal biopsy in accordance with 
Japanese guidelines, and we diagnosed him as probably hav-
ing MCD because he was in complete remission by day 12.

Vaccination is considered to be the most promising way 
out of the current global SARS-CoV-2 outbreak, and this 
strategy will continue to be promoted around the world. 
We, as healthcare professionals, need to be aware of the 
possibility of the development of serious side effects such 
as nephrotic syndrome in adults, but also in children, after 
SARS-CoV-2 vaccination.
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