
CASE REPORT

Two adolescent cases of acute tubulointerstitial nephritis after second dose of 
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ABSTRACT
The Food and Drug Administration (FDA) expanded the emergency use authorization for the BNT162b2 
messenger RNA (mRNA) vaccine (Pfizer–BioNTech) for children aged 12–15 years on 10 May 2021. To date, 
less than a year has passed since vaccination against COVID-19 has been used in children and adolescents, 
and the overall effects and safety of these vaccines are still being assessed. The BNT162b2 vaccine 
originally had a favorable profile in 12–17-year-old recipients compared with older ages, and no serious 
adverse events had previously been reported. Despite various adverse events, the benefit of reducing the 
infection rate or the frequency of severe COVID-19 has been evaluated to outweigh the harm caused by 
COVID-19 vaccination. Additionally, several cases of sudden development of new-onset or relapsing 
glomerular diseases, including acute kidney injury (AKI), have been reported in adults following the 
BNT162b2 SARS-CoV-2 mRNA vaccine. Herein, we present two cases of adolescents who developed AKI 
following the second administration of the BNT162b2. These are the first pediatric cases of acute 
tubulointerstitial nephritis temporarily linked to SARS-CoV-2 vaccination.
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Introduction

Coronavirus disease 2019 (COVID-19)-associated hospitaliza-
tion rates increased in March and April 2021. Nearly one-third 
of them required pediatric intensive care unit admission, and 
5% needed invasive mechanical ventilation.1 There is potential 
for serious disease or death in adolescents, hence vaccination of 
adolescents is warranted. Accordingly, on 10 May 2021, the 
Food and Drug Administration (FDA) expanded the emer-
gency use authorization (EUA) for the BNT162b2 messenger 
RNA (mRNA) vaccine (Pfizer–BioNTech) for children aged 
12–15 years.2

The BNT162b2 vaccine originally had a favorable profile in 
12–17-year-old recipients compared with older ages, and no 
serious adverse events had previously been reported.3,4 

However, various COVID-19 vaccine associated adverse events, 
including myocarditis in adolescents, have been reported since 
these vaccinations have become more common worldwide.5,6 

Among the solicited systemic adverse events of BNT162b2 vac-
cination, headache, and fatigue are common, while gastrointest-
inal symptoms, such as vomiting (1–3%) and diarrhea (4–11%), 
are uncommon, regardless of age.3,4 A similar distribution of 
adverse events occurred in Korean adolescents.7

Additionally, several cases of sudden development of new- 
onset or relapsing glomerular diseases, including acute kidney 
injury (AKI) have been reported in adults following the 
BNT162b2 SARS-CoV-2 mRNA vaccine.8 Herein, we present 
two cases of adolescents who developed AKI following 
the second administration of the BNT162b2. These are the 
first pediatric cases of acute tubulointerstitial nephritis tem-
porarily linked to SARS-CoV-2 vaccination.

Case report

Case 1

A previously healthy 17-year-old man presented to our hospi-
tal with epigastric pain and poor oral intake for 3 days, and 
abnormal creatinine (Cr) serum levels following the second 
dose of the BNT162b2 SARS-CoV-2 vaccine.

The patient received the second dose of COVID-19 vaccine 
on 8 November 2021. The next day, he had myalgia and a fever 
of 38℃; therefore, he underwent a polymerase chain reaction 
test for COVID-19 on 10 November 2021. The result was 
negative. He denied taking any medication, including herbal 
teas, except for one dose of acetaminophen for fever that 
occurred after vaccination, in the past few months. He denied 
any cardiorespiratory symptoms.

From 11 November 2021, the patient had problems eating 
because of epigastric pain and nausea, and he visited a nearby 
hospital emergency room. He was noted to have renal insuffi-
ciency, with a serum Cr level of 3 mg/dL determined by a blood 
test.

On 13 November 2021, the patient was transferred to our 
hospital because of renal insufficiency and persistent gastro-
intestinal problems. Upon physical examination, he was 
acutely ill-looking with a blood pressure of 150/85 mmHg, 
heart rate of 75 beats/min, respiratory rate of 20 breaths/min, 
and body temperature of 36.9℃ with a peripheral oxygen 
saturation of 100% at room air. His weight was 95 kg (>99th 
percentile), height 178 cm (75–90th percentile) and BMI 30.0  
kg/m2 (>99th percentile). Epigastric tenderness and costover-
tebral angle tenderness were positive on both sides.
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Table 1 shows the initial laboratory findings on day 1. 
Additional blood tests were performed. The erythrocyte sedi-
mentation rate (ESR) was 43 mm/h. Complement 3 (C3) and 4 
(C4) serum levels were 136 mg/dL and 31 mg/dL, respectively, 
both within the normal range. Results for antinuclear antibody 
(ANA) and antineutrophil cytoplasmic antibody (ANCA) tests 
were negative, and immunoglobulin G (IgG), A (IgA), and 
M (IgM) levels were 846, 166, and 78 mg/dL, respectively. 
D-dimer level was 2.19 mg/L FEU (normal range, ≤0.5 mg/L 
FEU). Prothrombin time (PT) and activated partial thrombo-
plastin time (aPTT) were 1.09 INR (normal range, 0.88–1.20 
INR) and 29 s (normal range, 20.0–36.0 s), respectively

Urine microscopic findings were negative, and the spot 
urine protein:Cr ratio (PCR) was 0.10 g/g·Cr. Urine N-acetyl- 
β-D-glucosaminidase (NAG):Cr was 2.34 IU/g·Cr (normal 
range, ≤5.61 IU/g·Cr) and β2-microglobulin (β2MG) level 
was 0.29 mg/L (normal range, ≤0.30 mg/L) (Table 1). Chest 
and abdominal radiography revealed no specific findings. 
Kidney ultrasonography on hospital day 3 revealed normal- 
sized kidneys with normal echogenicity and normal range of 
renal arterial resistive index values.

Electrocardiography showed marked sinus arrhythmia with 
normal findings. Gastroduodenoscopy revealed no mucosal 
abnormality with a small amount of bile juice in the stomach 
and no ulcerative lesions in the duodenum.

A renal biopsy was performed on day 3 of hospitalization. 
The glomerulus appeared slightly larger and segmentally 
hypercellular, involving mesangial cells. Interstitial infiltrates 

were mainly mononuclear. Focal and moderate interstitial 
fibrosis and tubular atrophy were noted in approximately 
20% of the renal cortices. His blood vessels are unremarkable. 
Immunofluorescence was negative for IgG, IgM, IgA, C3, C1q, 
C4, fibrinogen, and kappa and lambda light chains. Electron 
microscopy revealed a non-significant focal epithelial foot pro-
cess effacement with no electron-dense deposits. The glomer-
ular basement membrane showed focal wrinkling with partly 
irregular inner contours (Figure 1). These findings were con-
sistent with those of acute tubulointerstitial nephritis. Renal 
insufficiency gradually improved with supportive care, oral 
intake increased, and he was discharged after 1 week.

Case 2

A previously healthy 12-year-old man presented to our hospi-
tal with 3-week persistent anorexia, nausea, vomiting, and 
weight loss of 7 kg, followed by renal insufficiency with a Cr 
level of 2.28 mg/dL.

The patient received a second dose of COVID-19 vaccine on 
24 December 2021. The next day, he began to experience nausea, 
vomiting with gastric juice approximately four times per day, and 
poor oral intake. He visited a nearby clinic because of persistent 
anorexia and vomiting. A blood test was performed, and an 
abnormal Cr level of 2.28 mg/dL was noted on 11 January 2022.

On 17 January 2022, the patient was admitted to our hospital 
because of renal insufficiency and dehydration with a weight 
loss of 7 kg. He denied taking any medication, including herbal 
teas, except for 3 days of medication with trimebutine and 
domperidone for vomiting that occurred after vaccination, in 
the past few months. He denied any cardiorespiratory symp-
toms. There was no family history of chronic kidney disease or 
hypertension. Upon physical examination, he was acutely ill- 
looking and dehydrated with a blood pressure of 139/87 mmHg, 
heart rate of 127 beats/min, respiratory rate of 20 breaths/min, 
and body temperature of 36.7℃ with a peripheral oxygen 
saturation of 97% at room air. His weight was 56.3 kg (50– 
75th percentile), height 148.9 cm (10–25th percentile) and 
BMI 25.4 kg/m2 (90-95th percentile). Epigastric tenderness 
was positive, without costovertebral angle tenderness.

Table 1 shows the initial laboratory findings. Additional blood 
tests were performed. Venous blood gas analysis showed meta-
bolic acidosis (pH 7.261 and HCO3

− 16.3 mmol/L) with an anion 
gap of 17.7. C3 and C4 serum levels were 120 mg/dL and 13 mg/ 
dL, respectively, both within normal range. ANA, c-ANCA and 
p-ANCA were all negative, and the IgG, IgA, and IgM levels were 
2,834, 557, and 250 mg/dL, respectively. PT and aPTT were 1.29 
INR and 31s, respectively. D-dimer level was 0.91 mg/L FEU and 
lactate dehydrogenase (LDH) was 157 IU/L, respectively. Cardiac 
enzymes, including creatine kinase MB isoenzyme and troponin- 
I, were within the normal range, except for the pro-brain natriure-
tic peptide level of 237.6 pg/ml (normal range, 0–125 pg/ml).

Urine microscopic findings noted pyuria with white 
blood cells of 10–19/high power field (HPF) and casts of 
>21/low power field (LPF). The spot urine PCR was 1.95 g/ 
g·Cr, and spot urine calcium:Cr ratio was 0.19. Proteinuria 
during the 24-h urine collection was 861 mg/day. Urine 
NAG: Cr was 32.61 IU/g·Cr, and β2MG level was 2.85  
mg/L (Table 1).

Table 1. Initial laboratory results.

Lab Case 1 Case 2 normal range

White blood cell (109/L) 8.3 13.0 4.0–10.0
Hemoglobin (g/dL) 12.9 13.3 13–17
Hematocrit (%) 40.7 39.8 39–52
Platelets (109/L) 331 450 150–450
Serum albumin (g/dL) 4.3 4.4 3.8–5.3
Total protein (g/dL) 6.8 9.6 6.7–8.3
Total bilirubin (mg/dL) 0.2 0.9 0.2–1.2
Aspartate aminotransferase (IU/L) 17 19 8–38
Alanine aminotransferase (IU/L) 21 9 4–44
Amylase (IU/L) 56 82 43–116
Lipase (IU/L) 24 27 0–60
Blood urea nitrogen (mg/dL) 26.9 25.4 8.0–20.0
Serum creatinine (mg/dL) 3.10 2.25 0.8–1.30
Cystatin C (mg/L) 1.38 2.23 0.56–0.99
Estimated GFR (Bedside Schwartz, 2009) 24 27
Serum sodium (mmol/L) 140 136 135–145
Serum potassium (mmol/L) 4.3 3.6 3.5–5.3
Serum chloride (mmol/L) 107 102 98–110
Total CO2 (mmol/L) 19.5 15 21–27
Serum total calcium (mg/dL) 8.3 9.3 8.4–10.2
Inorganic phosphorus (mg/dL) 4.3 4.3 2.5–4.5
Uric acid (mg/dL) 8.7 4.1 0–7.0
C-reactive protein (mg/dL) 3.23 6.05 0.00–0.30
Urinalysis

pH 6.5 5.5 5.0–8.5
Specific gravity 1.01 1.018 1.005–1.030
Blood negative ± negative
Protein negative 2+ negative
Glucose negative 2+ negative
Ketone negative 3+ negative

Urine PCR (g/g·Cr) 0.10 1.95 <0.2
Urine NAG/Cr (IU/g·Cr) 2.34 32.61 ≤5.6
Urine β2MG (mg/L) 0.29 2.85 ≤0.3

β2MG, β2-microglobulin; NAG, N-acetyl-β-D-glucosaminidase; PCR, protein-to- 
creatinine ratio.
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Chest and abdominal radiography revealed no specific find-
ings. Kidney ultrasonography on hospital day 2 revealed nor-
mal-sized kidneys with slightly increased echogenicity and 
a normal range of renal arterial resistive index values. 
Electrocardiography revealed sinus arrhythmia with 
a nonspecific ST abnormality. Gastroduodenoscopy revealed 
no mucosal abnormality in the stomach or duodenum.

A renal biopsy was performed on day 5 of hospitalization. 
Immunofluorescence was negative for IgG, IgM, IgA, C3, C1q, 
C4, fibrinogen, and kappa and lambda light chains. The glomeruli 
were normal in size and cellularity. Tubules revealed severe necro-
sis, tubulorrhexis, and loss, with heavy infiltration of neutrophils, 
eosinophils, and mononuclear cells in the interstitium. Blood ves-
sels were unremarkable. Ultrastructurally, the glomerular basement 
membrane thickness was normal with relatively smooth contours. 
No electron-dense deposits were observed. Epithelial cell foot pro-
cesses showed slight focal effacement (Figure 2).

After receiving oral steroid treatment on day 10 of hospita-
lization, the patient showed remarkable improvement in renal 
insufficiency (Figure 3).

Discussion

In the two cases described, Cr elevation was confirmed, starting 
with nonspecific digestive symptoms including vomiting, after 
the second dose of vaccine against COVID-19. In the first case, 

Cr elevation recovered rapidly, but in the second case, the Cr did 
not return to normal, and tubulopathy was continuously noted 
by urinalysis (Figure 3). The common feature of both cases was 
that they were both male, had high BMIs, and their initial 
symptom presentation appeared after the second dose of 
BNT162b2 mRNA vaccine.

Despite various adverse events, the benefit of reducing the 
infection rate or the frequency of severe COVID-19 has been 
evaluated to outweigh the harm caused by COVID-19 vacci-
nation. In adults, the population vaccinated against COVID- 
19 is large and sufficient information about reported adverse 
reactions has been provided. Associations between kidney 
disease and adult receipt of BNT162b2 vaccination are var-
ied. These include minimal change in disease with AKI,9 and 
IgA nephropathy.10

A case with acute interstitial nephritis in a 45-year-old female 
patient was recently reported.11 Similar to our cases, symptoms 
developed after inoculation with the second dose of the 
BNT162b2 SARS-CoV-2 vaccine. The patient was treated with 
corticosteroids and hemodialysis, which led to progressive recov-
ery of renal function. Mira et al. suggested that patient might 
develop an acute reaction to the BNT162b2 based on immuno-
phenotyping results, which could be useful in diagnosing hyper-
sensitivity to the vaccine and polyethylene glycol excipient.11 

However, we have not been able to prove drug hypersensitivity 
in our cases. Based on that study, we concluded that the acute 

Figure 1. Kidney biopsy findings in case 1. (A) Up to 30 glomeruli are present in this biopsy (hematoxylin and eosin [H&E] stain; original magnification, ×10). (B) The 
interstitial infiltrate was mainly mononuclear with interstitial fibrosis and tubular atrophy in the renal cortex (H&E stain, original magnification, ×40). (C) The glomerulus 
appeared slightly increased in size and segmentally hypercellular involving mesangial cells (periodic acid-Schiff stain, original magnification, ×100). (D) Electron 
microscopy showed non-significant focal epithelial foot process effacement with no electron-dense deposits. The glomerular basement membrane shows focal 
wrinkling with partly irregular inner contours (original magnification, ×5000).
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Figure 2. Kidney biopsy findings in case 2. (A) Up to nine glomeruli are present in this biopsy. The glomeruli are normal in size and cellularity (H&E stain; original 
magnification, ×40). (B) & (C) The tubular architecture is destroyed by heavy infiltration of neutrophils, eosinophils, and mononuclear cells in interstitium (H&E stain; 
original magnification, ×40). (D) Tubules reveal severe necrosis and tubulorrhexis (H&E stain; original magnification, ×40).

Figure 3. Respective changes in serum creatinine in two cases.
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interstitial nephritis in our cases was related to BNT162b2 vacci-
nation because of the coincidence of symptom onset and similar 
pathological findings.

Since December 2020, the Pfizer-BioNTech COVID-19 
vaccine has been available under EUA for vaccination of 
individuals aged ≥16 years, and the authorization was 
expanded to include those 12–15 years of age in 
May 2021. It was the first COVID-19 vaccine to be 
approved by the FDA on 23 August 2021. To date, less 
than a year has passed since vaccination against COVID-19 
has been used in children and adolescents, the overall 
effects and safety of these vaccines are still being assessed. 
Information regarding adverse reactions is therefore lim-
ited. However, the new development of nephrotic syndrome 
after the first dose of BNT162b2 in 15-year-old Japanese 
boy has been reported.12 In addition, two pediatric patients 
with IgA nephropathy presented with macroscopic hema-
turia within 24 h following the second dose of the Pfizer- 
BioNTech COVID-19 vaccine. In both cases, new-onset 
gross hematuria was self-resolved; renal function was recov-
ered spontaneously in one patient, while the other recov-
ered only after receiving methylprednisolone pulses.13

Evidence for drug-induced interstitial nephritis caused by the 
COVID-19 vaccine is limited. However, other adverse events, 
including interstitial nephritis caused by influenza vaccination, 
have also been reported. Moreover, the COVID-19 pandemic 
may impede patients’ access to general medical care and delay 
diagnosis of undiagnosed underlying diseases. It is also possible 
that our cases had a previously undiagnosed kidney disease 
rather than new-onset glomerular disease resulting from 
COVID-19 vaccination. Monitoring of renal function is there-
fore necessary after inoculation with a COVID-19 vaccine, and 
further research and discussion is necessary. Future reports of 
similar cases will facilitate the discussion regarding possible 
major adverse events associated with SARS-CoV-2 vaccines.
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