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Background: The development of vaccines to prevent COVID-19 breakouts came with 
highly positive results but some unexpected side effects. Rare side effects have been seen 
with the BNT162b2 SARS-CoV 2 vaccine.
Case Presentation: We present the case of a 45-year-old female patient who developed an 
acute kidney injury needing urgent hemodialysis one week after the second administration of 
the BNT162b2 SARS-CoV 2 vaccine. She developed a macular rash on her lower limbs and 
palms as well. A kidney biopsy was performed 10 days after vaccine inoculation, diagnosing 
acute interstitial nephritis and acute tubular necrosis with cellular casts. The patient was 
treated with three corticosteroid pulses followed by daily prednisolone. We witnessed clinical 
improvement 4 days after the initial corticosteroid treatment with progressive recovery of 
kidney function and hemodialysis withdrawal. After 2 weeks, the patient had recovered her 
kidney function. Immunophenotyping was performed, diagnosing a hypersensitivity to the 
vaccine and the polyethylene glycol excipient.
Conclusion: Patients may develop acute reactions to vaccines. In this case, symptoms seem 
to correlate significantly with its inoculation and, although this case had a favourable out-
come, these side effects must be made aware for clinicians and patients.
Keywords: acute kidney injury, acute interstitial nephritis, proteinuria, COVID-19 vaccine

Introduction
Ever since the beginning of the coronavirus 2019 (COVID-19) pandemic, the desire 
for a risk-free and effective vaccine that could prevent new waves of the disease has 
emerged. This was made possible in the last few months with the explosive 
development of several vaccines, although their side effects remain a concern and 
some are still unknown. Most vaccines ever produced are innocuous and cause only 
minor side effects but, in rare cases, they have been the trigger for glomerular 
diseases and acute kidney injury (AKI).1 At this time, 4 vaccines have been 
approved to prevent COVID-19: BNT162b2, mRNA-1273 (both mRNA vaccines) 
JNJ-78436735 and ChAdOx1 nCoV-19 vaccine (both viral vector vaccines). 
Numerous side effects, common to all the SARS-CoV 2 vaccines, have been 
described but most appear to be short-lasting and have minimal clinical implica-
tions, such as fever, muscle pain, chills and pain at the injection site. There have 
been a few case reports of kidney side effects associated with the development of 
AKI, proteinuria, and the need for hospitalization after vaccination with the 
BNT162b2 vaccine, as well as with the ChAdOx1 nCoV-19 vaccine.2–6 Although 
hemodialysis was necessary in some cases, most patients recovered to their baseline 
serum creatinine value 3 months after the initial inoculation. There have also been 
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two cases reported of de novo vasculitis after mRNA-1273 
(Moderna) vaccine, which improved after immunosuppres-
sion and plasmapheresis.7 A recent case series reported 
a greater association between mRNA vaccines (BNT162b2 
and Moderna) and kidney disease, presenting with mostly 
minimal change disease and IgA nephropathy.8,9 AIN 
seems to be present in only a minority of cases. We present 
the case of a patient with AIN that needs hemodialysis, 
following the administration of the BNT162b2 COVID-19 
vaccine and describe the immunological study and the 
workup to identify the stimulatory excipient.

Case Description
A 45-year-old Caucasian woman presented to the emer-
gency department with a 1-week persistent feeling of 
malaise associated with anorexia, nausea, vomiting and 
a reduction in urine output the day before being admitted 
to the hospital. These symptoms started 24 hours after the 
administration of the second dose of the BNT162b2 
COVID-19 vaccine. The patient has denied taking any 
new medication in the past few months. She denied having 
fever, as well as any cardiorespiratory symptoms.

Her chronic medication consisted of levothyroxine 
after a total thyroidectomy due to a multinodular goiter. 
There was no history of hypertension, or kidney disease 
(previous laboratory results showed a serum creatinine of 
0.85 mg/dL 4 months before).

She was a non-smoker and not a regular alcohol drin-
ker. There was no history of taking any homeopathic 
drugs/herbal teas.

Upon physical examination, the patient was apyretic 
and her blood pressure was 126/78mmHg, with 
a peripheral oxygen saturation of 98% at room air. The 
patient appeared to be euvolemic, without orthostatic 
hypotension. She referred to her breathing as foul, like 
a “festering wound” and had a papular rash on her lower 
limbs, distributed mostly on her knees, thighs, and palms 
without pruritus.

Initial blood tests (Table 1) revealed normocytic nor-
mochromic anemia, with normal platelets. There was 
a severe increase in serum creatinine level (18.4 mg/dL, 
normal range: 0.5–0.9 mg/dL) with hyperkalemia and ele-
vated erythrocyte sedimentation rate (58 mm/1h). Her 
chest X-ray was normal, and her kidney ultrasound 
described enlarged kidneys (both with 14–15 cm) with 
no apparent structural abnormalities. Her arterial blood 
gas analysis showed metabolic acidosis (pH 7.157 and 

HCO3 7.6 mmol/L) with normal lactate and an anion gap 
of 16.

Considering these results, the patient was transferred to 
a central hospital to start hemodialysis. A central venous 
catheter was placed, and treatment underwent without 
complications. A full immune evaluation was performed 
upon admission to the Nephrology ward (Table 2), 

Table 1 Initial Laboratory Results

Blood Tests on Arrival Normal Values

Hemoglobin (g/dL) 10.1 12.5–17.5

Leukocytes (109/L) 8.5 4.0–10.0

Platelets (103/L) 391 150–400

Serum creatinine (mg/dL) 18.4 0.5–0.9

Serum sodium (mmol/L) 134 136–145

Serum potassium (mmol/L) 5.7 3.5–5.1

Lactate dehydrogenase (U/L) 410 125–220

C reactive protein (mg/dL) 1.8 0–0.5

Serum albumin (g/dL) 3.1 3.5–4.5

Table 2 Full Immune Evaluation and Specific Tests

Additional Blood and Urine Tests Performed

Protein electrophoresis Normal

Immunofixation Normal

Ratio of kappa and 

lambda light chains

1.7mg/L (N = 0.37–3.1mg/L)

C3 0.89g/L (N = 0.83–1.93 g/L)

C4 0.3 g/L (N = 0.15–0.57 g/L)

Antinuclear antibodies Negative

Anti-dsDNA 1.7IU/mL (N < 10IU/mL)

Anti C and P ANCA 
antibodies

Negative

Cryoglobulins Negative

Hepatitis B, C and HIV 
screening

Negative

24 hour urine 
collection proteinuria

531 mg

Urinalysis Protein 100 mg/dL; Hemoglobin 0.2 mg/dL; 
Leukocytes 500 cel/uL with both leukocytes 

and erythrocytes on the sediment
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including anti-nuclear antibodies (ANA), antineutrophil 
cytoplasmic antibodies (ANCA), protein electrophoresis, 
as well as C3 and C4 serum levels, and every value was 
normal. Urinalysis showed both red blood cells and white 
blood cells in the urine as well as proteinuria. Proteinuria 
on a 24-hour urine collection was 531 mg/24h.

The patient maintained a low urinary output for the 
first three days, so a kidney biopsy was performed (10 
days after the symptoms began).

The glomerulus appeared slightly congestive but with 
an unremarkable basement membrane and no mesangial or 
endocapillary hypercellularity. The tubulointerstitial com-
partment showed findings of mild AIN, edema, and acute 
tubular necrosis (ATN). The interstitial infiltrate was 
mainly mononuclear, but focal areas of eosinophilic cells 
were also observed. Interstitial fibrosis and tubular atrophy 
(IFTA) were estimated to involve 20% of the renal cortex 
(Figure 1A, C and D). Immunofluorescence was negative 
for IgM, IgG, IgA, C3 and both Kappa and Lambda light 
chains. Electron microscopy showed non-significant focal 
podocyte foot process effacement with otherwise unre-
markable findings (Figure 1B).

Methylprednisolone was started on three daily 500 mg 
pulses, followed by 50 mg of prednisolone (1mg/kg). Her 
urinary output increased progressively 5 days after treat-
ment. Central venous catheter was removed at that point. 

The cutaneous rash regressed on the second day after 
corticotherapy.

Blood tests upon discharge (15 days after admission) 
showed a decreasing serum creatinine of 4.4 mg/dL, with 
a normal ion pattern and a hemoglobin of 10.7g/dL. 
Protein-to-creatinine ratio in the spot urine sample was 
193 mg/g.

The patient returned for follow-up 4 days later and was 
clinically well. Laboratory tests showed no anemia and 
a serum creatinine of 1.9 mg/dL. Two weeks later, her 
kidney function had already normalized (1.02 mg/dL) with 
a proteinuria of 33mg/g. Kidney ultrasound was repeated, 
revealing normal-sized kidneys without any structural 
abnormalities.

She remains on a trimonthly nephrology follow-up 
with progressive corticosteroid wean.

The patient was evaluated at the Allergy and Clinical 
Immunology Department 2 months after discharge. 
A drug-induced hypersensitivity reaction (HSR) was con-
sidered, and epicutaneous tests, Basophil Activation Test 
(BAT) and Lymphocyte Transformation Test (LTT) were 
performed. Epicutaneous tests included the BNT162b2 
SARS-CoV-2 vaccine solution with 10% and 30% dilution 
with saline, polyethylene glycol (PEG) 1500 solution 
(100 mg/mL) polysorbate 20 and 80 at 5% petrolatum 
concentration.10 Readings were carried out at 48 h, 72h, 

Figure 1 Kidney biopsy findings. (A) the glomerular compartment is unremarkable: normal capillary wall and no mesangial or endocapillary hypercellularity, renal cortex 
with inflammation ((A) periodic acid-Schiff stain, original magnification, 200x; (B) electron microscopy exhibiting podocyte focal foot process effacement without changes to 
the glomerular basement membrane; (C) renal cortex exhibiting mild interstitial edema and inflammation as well as acute tubular injury. (H&E stain, original magnification, 
100x); (D) normal capillary walls without mesangial or endocapillary hypercellularity (Jones methenamine silver stain, original magnification, 200x).
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and 96 h, with negative results for all tested allergens. The 
BAT and LTT were conducted with the vaccine solution 
and PEG 1500 (100 mg/mL). The methodology and con-
centrations (4 fivefold dilutions) were performed accord-
ing to the existing literature.11–13 Results were considered 
positive if the stimulation index was higher than 2 for two 
different concentrations. The BAT result was negative, 
while the LTT was positive for vaccine solution and PEG 
1500.

Discussion
AKI related to vaccination has previously been correlated 
with the influenza vaccine.1 Regarding the COVID-19 
vaccines, there have been cases of AKI associated with 
proteinuria, especially with the BNT162b2 COVID-19 
Vaccine.3–5 In some of these cases, hemodialysis was 
performed due to oliguric AKI and fluid overload, but 
every case reports a recovery of kidney function at least 
3 months after the initial inoculation. In our case, the 
patient showed initial proteinuria and an AKI with primar-
ily ATN and AIN. The association between the vaccine 
and AKI can be based on the temporal relationship and 
LTT results since symptoms appeared approximately 24 
hours after its administration with AKI developing one 
week later. The patient entered complete remission of the 
disease a few days after starting corticosteroids, which is 
compatible with previous case reports where corticoster-
oids were also used successfully.4,5

The BAT quantifies in vitro basophil degranulation 
after drug-specific stimulation. Basophils are implicated 
in IgE and other mechanisms of immediate-type HSR.11 

In clinical practice, hypersensitivity categories can over-
lap, especially when mixed mechanisms are involved, so 
a BAT was performed even if the clinical history suggested 
a delayed reaction.11 The negative result indicated the 
unlikely implication of IgE mediated mechanisms.

The LTT determines in vitro whether a patient has 
developed a drug-specific T-cell response against 
a particular substance. The significant activation and pro-
liferation of T-cells after direct drug binding indicates 
a positive result and therefore a possible sensitization to 
the drug.12,13 The LTT is a useful diagnostic procedure for 
various types of drug-induced hypersensitivity, including 
AIN.14–17 In our case, theoretically, any compound of the 
vaccine could have elicited an HSR. Excipients are usually 
the cause rather than the active component.18 The PEG 
2000 is pointed to as the main allergenic component of the 
BNT162b2 SARS-CoV-2 vaccine, and, for that reason, the 

LTT was performed with vaccine solution and with the 
excipient PEG 1500 (PEG with an approximate molecular 
weight since PEG 2000 was unavailable for tests at our 
center).18 The positive results in LTT for both PEG and 
vaccine solution support T-cell involvement, particularly 
for PEG specific T-cells, thus pointing to a type IV hyper-
sensitivity reaction, according to the Gell and Coombs 
classification.18,19 Koenig et al categorized the AEFI 
(adverse events following immunization) according to 
immune responses, and our case might be included in the 
“classical adaptive immune-mediated diseases” (mainly 
involving B- and T-cells and primary lymphoid organs) 
or “innate immune-mediated diseases” (affecting cells of 
the innate immune system) categories.28

Various potential immunopathogenic mechanisms have 
been proposed for the involvement of T-cells.

The hypothesis of a delayed HSR associated with anti-
genic mechanisms (such as the direct binding or conjuga-
tion of the vaccine components with host proteins to 
antigen-specific lymphocytes) is concordant both with the 
timing of the symptoms and with the test results seen in 
our case. A drug-induced AIN-like reaction appears to 
have been the most likely cause of the patient’s symptoms.

We could speculate a T-cell mediated injury as part of 
an aberrant innate and consequent acquired immune 
response.20–23 The mRNA expressing the SARS-CoV-2 
spike protein and PEG as immunogenic agents can be 
themselves triggers to HS-like reactions.21,24 An exagger-
ated reactogenicity may give rise to a cascade of immu-
nological events, eventually leading to the aberrant 
activation of the immune system, resulting in activation 
of proinflammatory cascades and immunologic pathways 
that may play a role in the development of AKI as part of 
a systemic reaction.20,21,24

On the other hand, we might consider, although 
remote, an immune disease relapse following mRNA vac-
cine, as described in several reports, including minimal 
change in disease and membranous nephropathy.25–27 

However, our patient had no history of kidney disease.
Such a severe AKI leading to the need for hemodialy-

sis may be justified not only by the degree of AIN but also 
by the existing ATN present in the kidney biopsy. In 
addition, the presence of proteinuria could be justified by 
tubular proteinuria present in both ATN and AIN. In our 
patient, there is also a finding of 20% IFTA, which may 
function as a confounding factor that could relate to 
a previously unidentified kidney disease. Since full 
immune evaluation was normal and the patient's kidney 
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size and function recovered, there was no need for further 
diagnostic tests.

This case raises awareness of a potentially serious side 
effect of the BNT162b2 COVID-19 vaccine previously 
reported, differentiated by the need for hemodialysis due 
to kidney failure.4 There was a complete remission with 
a full recovery of kidney function after treatment with 
corticosteroids without relapse after progressive weaning 
of the drug.

Besides, this is the only study to our knowledge that 
correlates this systemic symptomatic presentation with 
T-cell increase in immunophenotyping, not only with the 
vaccine itself but also with the PEG.

This case brings to light some questions: If the patient 
is to be vaccinated with a third dose, should we advise her 
to request a different vaccine? Is she at any risk of devel-
oping a similar reaction to the same vaccine or to others 
that could elicit comparable side effects (such as the influ-
enza vaccine)?

Since there is very little information about this topic 
and considering the chance of a reproducible HSR after 
revaccination, as in any drug-induced AIN, it is advised to 
avoid the culprit drug. Therefore, selecting a COVID-19 
vaccine with distinct mechanism and excipient is advised.

As more similar cases are reported, symptoms 
described in our clinical case seem to correlate with 
BNT162b2 COVID-19 vaccine inoculation and may repre-
sent a significant side effect that must be made aware of 
for clinicians and patients.
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