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Acute interstitial nephritis (AIN) has been recently recognized as one of the infrequent

kidney involvement phenotypes among adult patients with severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) infection. Although SARS-CoV-2 associated

intrinsic kidney disease has been scarcely reported in children, only one case of AIN

temporally associated with the infection has been described in the pediatric population

so far. We presented a case of a 12-year old boy who presented with fatigue, anorexia,

and polydipsia following an RT-PCR that confirmed SARS-CoV-2 infection seven weeks

prior to admission. Initial workup revealed increased serum creatinine (235 µmol/L),

glucosuria, low-molecular-weight proteinuria, mild leukocyturia, and microhematuria

with hyaline and granular casts on microscopy. Antibodies against the SARS-CoV-2S

protein receptor-binding domain confirmed prior infection with high titers. Kidney

biopsy showed diffuse active interstitial nephritis with negative immunofluorescence and

positive immunohistochemistry for SARS-CoV-2 in the inflammatory cells within the

interstitium. Electron microscopy revealed several SARS-CoV-2-like particles. Kidney

function continued to deteriorate despite several days of supportive therapy only (peak

serum creatinine 272 µmol/L); thus, treatment with methylprednisolone pulse-dose

therapy was initiated and was followed by oral prednisolone with gradual tapering. Kidney

function completely recovered after 3 weeks post-discharge and remained normal after

11 weeks of follow-up (last estimated glomerular filtration rate 106 ml/min/1.73 m2) with

only residual microhematuria. Our case adds to the emerging evidence of SARS-CoV-2

as a potential etiological agent of AIN in children and also suggests that interstitial kidney

injury may result from secondary inflammatory damage. Epidemiological history, serologic

testing, and SARS-CoV-2 detection in biopsy should be considered in the work-up of

children with AIN of unknown etiology.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-
2) infection has been associated with a wide range of kidney
involvement, encompassing tubular, vascular, glomerular, and
interstitial injury (1). Themechanisms of SARS-CoV-2 associated
kidney disease appear to be heterogeneous, multifactorial, and
are not yet fully elucidated with conflicting data suggesting
possible direct kidney infection by the virus (1, 2). Although the
data in the pediatric population remains scarce, cases of intrinsic
kidney pathology have been reported in children with SARS-
CoV-2 infection and include new-onset or relapsed nephrotic
syndrome, glomerulonephritis, hemolytic uremic syndrome, and
kidney-transplant involvement (3).

Acute interstitial nephritis (AIN) has been recently recognized
as a distinct phenotype of kidney injury in adults with COVID-
19 but evidence about its underlying mechanisms and the
clinical course remains limited (4). Recently, the first case of
AIN following SARS-CoV-2 has been described in a pediatric
patient (5). AIN may represent an underrecognized kidney
manifestation in the pediatric population where the unique
courses of COVID-19, including delayed complications related
to hyperinflammation and dysregulated immune response, are
encountered (6).

We described a case of an adolescent boy who developed AIN
following COVID-19, with histological evidence suggesting the
presence of SARS-CoV-2 in the kidney tissue.

CASE DESCRIPTION

The patient was referred to our tertiary care center due to
general malaise, loss of appetite, increased thirst, and a significant
increase in serum creatinine. The patient was an otherwise
healthy 12-year-old boy who had a RT-PCR confirmed SARS-
CoV-2 infection with mild respiratory symptoms 7 weeks before
the admission. The aforementioned clinical symptoms started
∼1 week after the infection. The patient had no history of non-
steroid anti-inflammatory drugs or other medication use prior to
the development of symptoms or admission to the hospital. On
admission, the patient was afebrile, had normal blood pressure
(BP) and clinical examination was otherwise unremarkable.

His blood tests revealed severe impairment of kidney
function (serum creatinine 235 µmol/ml), high erythrocyte-
sedimentation rate, anemia, thrombocytosis, and increased C-
reactive protein. Urine tests showed glucosuria, low-molecular-
weight proteinuria, and microhematuria, mild leukocyturia with
hyaline and granular casts on microscopy. Initial laboratory
results are presented in Table 1. Antibodies against SARS-CoV-
2 S protein receptor-binding domain confirmed prior infection
with high titers (453 BAU/ml). Kidney ultrasound showed
bilateral parenchymal thickening and hyperechogenicity with
normal corticomedullary differentiation. AIN was suspected and
the patient underwent a kidney biopsy which revealed diffuse
active interstitial nephritis with negative immunofluorescence
and positive immunohistochemistry (IHC) staining for SARS-
CoV-2 in interstitial cells, and SARS-CoV-2-like particles
by electron microscopy (EM) (Figure 1, lower magnification

TABLE 1 | Laboratory findings at diagnostic work-up at the time of admission.

Diagnostic test Result

White blood cell count (109) 10.29

Serum hemoglobin (g/dL) 9.8

Platelet count (109) 517

Serum creatinine (µmol/L) 235

eGFR (ml/min/1.73 m2) 23.0

Urea (mmol/L) 11.8

Erythrocyte sedimentation rate

(mm/h)

120

C-reactive protein (mg/L) 49.6

Urine tests

Proteinuria (g/L)

1.5

Glucosuria 3+

Hematuria 3+

Leukocyturia 1+

Urine microscopy Granular casts, hyaline casts

Urine protein electrophoresis Albumin−16.8 %; globulins: alpha

1−42.7 %, alpha 2−16.6 %,

beta−9.2 %, gamma−14.7 %

Diagnostic work-up

C3 (g/L)

Normal (1.53)

C4 (g/L) Normal (0.37)

Anti-CMV antibodies Negative

Anti-EBV antibodies Negative

Anti-SARS-CoV-2S protein receptor

binding domain antibodies (BAU/mL)

Increased (453.3)

Serum calcium (mmol/L) Normal (2.58)

Ophtalmological examination Normal

available in Supplementary Figure 1). Positive and negative
controls used for IHC staining (including SARS-CoV-2 positive
and negative lung tissue, a reagent with the omission of
the primary antibody, and kidney tissue from a patient with
AIN diagnosed in the pre-COVID-19 era) are presented in
Supplementary Figures 2–4.

The complement levels of the patient were normal and
no evidence of recent Epstein-Barr (EBV) or cytomegalovirus
(CMV) infections was found by serologic testing. Additional
workup that included ophthalmological evaluation for uveitis,
anti-nuclear antibodies, and total serum calcium levels were all
normal (Table 1).

Kidney function continued to deteriorate despite several
days of the watch and wait period with supportive therapy
only (peak serum creatinine 272 µmol/L), and thus the
boy was treated with methylprednisolone pulse-dose therapy
(three doses of 1,000mg). Laboratory testing immediately
after treatment revealed significant improvement in kidney
function (serum creatinine 124 µmol/L), increase in hemoglobin
levels (11.3 g/dL) and decrease in proteinuria (1.5–0.25 g/L),
but glucosuria and microhematuria remained. The patient
was discharged with normal BP on daily prednisolone (60
mg/day for 4 weeks followed by dose tapering planned over
2 months) which resulted in complete recovery of kidney
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FIGURE 1 | Histological features of kidney biopsy showing diffuse active tubulointerstitial nephritis. (A) H&E slide. Marked lymphocytic infiltration in the interstitium

with an admixture of neutrophils and plasma cells. Focal features of acute tubulitis are also present (arrowheads). Glomeruli reveal no apparent histological changes.

(B) Electron microscopy sample is taken from interstitium between renal tubules. Few virus-like particles in size of ∼120 nm with barely visible spikes are present

intracellularly. Cross-sections of the particles contain interior electron-dense black dots which could be interpreted as helical nucleocapsid (lower magnification is

available in Supplementary Figure 1). (C,D) Immunohistochemistry (IHC) for Anti-SARS-CoV-2 spike glycoprotein highlighted positive scattered immune cells in the

interstitium of renal parenchyma (arrows). Rabbit polyclonal antibody against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike glycoprotein

(ab272504, Abcam) was applied. Lung tissue of a deceased COVID-19-infected patient was used as a positive tissue control and a negative reagent control was

performed on a consecutive biopsy tissue section to ensure sensitivity and specificity of the IHC test.

function (estimated glomerular filtration rate (eGFR) of 102
ml/min/1.73 m2) within 3 weeks after treatment initiation. At
the last follow-up 11 weeks post-discharge from the hospital,
the patient remains asymptomatic while finalizing steroid

tapering with normal eGFR (106 ml/min/1.73 m2), isolated
microhematuria, and normal BP. The time course of serum
creatinine since the admission to the hospital is summarized in
Figure 2.

Frontiers in Pediatrics | www.frontiersin.org 3 April 2022 | Volume 10 | Article 861539

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Azukaitis et al. SARS-CoV-2 Associated Acute Interstitial Nephritis

FIGURE 2 | Time course of serum creatinine since the admission to the hospital.

DISCUSSION

This is the second case of SARS-CoV-2 associated AIN in the
pediatric population and the first one reporting possible presence
of SARS-CoV-2 in the kidney tissue by IHC and EM thus
suggesting a possible direct involvement of the virus in the
development of AIN.

Acute interstitial nephritis is an uncommon presentation of
SARS-CoV-2 associated kidney disease and has been reported
in a limited number of adult patients (4). It may be difficult to
differentiate between secondary kidney injury and the direct role
of SARS-CoV-2 in the development of intrinsic kidney disease
which remains under debate (1, 2). Nevertheless, the presence
of viral particles in the kidney tissue has been demonstrated by
various methods, including in situ hybridization, RT-PCR, IHC,
and immunofluorescence, while viruria has been documented in
some infected patients (2).

Acute interstitial nephritis is rare in the pediatric population
and has been linked to various causes, including viral (e.g.,
CMV or EBV) and bacterial infections with direct and indirect
(immune-mediated) effects of infectious agents implicated
in its development (7). A recent report by Serafinelli et
al. described a similarly aged girl presenting with biopsy-
proven AIN temporally (4–6 weeks after contact) related to
serologically confirmed previous SARS-CoV-2 infection with
complete resolution after oral prednisolone therapy. However,
RT-PCR for SARS-CoV-2 in the biopsy tissue was negative (5).
We have observed normalization of kidney function after the
initiation of steroid therapy, similar to the aforementioned case.
However, the observational nature of a single case report does not
allow to make implications about therapeutic effects. Although
there is no standardized guidance on the management of AIN
in children’s steroids are usually employed in children who
fail to improve with supportive management only (7). Steroids

are similarly employed in children with other post-COVID-19
complications, such as multisystem inflammatory syndrome in
children (MIS-C) (8, 9).

Pediatric patients typically exhibit a milder course of COVID-
19 but are prone to develop unique delayed sequelae (e.g., MIS)
(6) and as such may represent an appropriate population to
elucidate independent associations of SARS-CoV-2 with kidney
disease. The clinical course of our patient highly resembles that
reported by Serafinelli et al. (5) but providing evidence for a
direct link between SARS-CoV-2 infection and AIN development
is challenging. The clear temporal association, the relative rarity
of AIN in children, and exclusion of other causes, such as drug
toxicity and other concomitant infections, provide a basis to
suspect a role of SARS-CoV-2 infection in the interstitial kidney
injury in these patients.

We were able to demonstrate SARS-CoV-2 S glycoprotein
by IHC in the inflammatory cell infiltrate within interstitium
(potentially representing macrophages), while no positivity was
detected in glomeruli or tubules. However, the detection of SARS-
CoV-2 in kidney tissue has not been standardized to date. RT-
PCR may be a relatively sensitive and specific tool to identify
virus presence but precludes distinguishing the localization
of virus (e.g., positivity from viral particles in the blood),
(2) while immunofluorescence may be challenged by potential
autofluorescence (10). Several studies compared IHC with in
situ hybridization to detect viral particles in lung tissue, while
one suggested poor specificity of IHC with significant observer
bias, the other reported similar diagnostic performance (11, 12).
Notably, in both studies, kidney biopsies from patients with
SARS-CoV-2 lung injury were negative by both methods.

Even more, controversy exists for EM as a tool to detect
SARS-CoV-2 particles in kidneys and other tissues. Several prior
reports about viral particles in kidney biopsies received heavy
criticism for falsely identifying normal cellular structures, such as
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clathrin-coated vesicles or multivesicular bodies, like SARS-CoV-
2 (10, 13–15). Although particles in our biopsy match reported
virus size (16) and exhibit heterogeneous dense dots representing
nucleocapsid, the lack of being present in a membrane-bound
vacuole and unclear relation to cellular structures precludes
confirmatory conclusions (13, 14).

Although the identification of the virus in the kidney tissue
supports the evidence of SARS-CoV-2 role, it does not inform
about the mechanisms of kidney injury. We observed strong
IHC positivity in some cells in the interstitial inflammatory
infiltrate. Inflammatory cells, such as monocytes-macrophages,
have been suggested to play a key role in the development of
pathological hyperinflammatory response among patients with
COVID-19. SARS-CoV-2 nucleocapsid positive macrophages
have also been observed in COVID-19 patients with acute
kidney tubular damage. It is, however, unclear whether this
positivity may reflect phagocytosis of infected cells or direct
infection of macrophages as ACE2 expression has been observed
in macrophages stimulated by inflammatory stimuli (17).

Finally, it is important to highlight the time delay between
the start of symptoms and kidney biopsy which was at least 6–
7 weeks in our patient presenting with advanced kidney failure.
Thus, it remains unknown whether viral infection could have
been more extensive within kidney cells in the earlier period of
the disease. The lack of IHC positivity in tubular cells, however,
points toward secondary damage caused by an inflammatory
response in the interstitium.

In conclusion, our case report adds to the emerging evidence
of SARS-CoV-2 as a potential etiological agent of AIN in
children and as such highlights the spectrum of SARS-CoV-
2 manifestations in children. The demonstration of potential
viral presence in kidney interstitial cells by IHC against SARS-
CoV-2 spike glycoprotein suggests secondary inflammatory

damage with a good response to steroid therapy. In the light
of evolving virus spread and potential asymptomatic course,
epidemiological history, serologic testing, and SARS-CoV-2
detection in biopsy should be considered in the work-up of
children with AIN of unknown etiology. Further research on the
role and mechanisms of SARS-CoV-2 mediated kidney injury
and the role of inflammatory cells is needed.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

Written informed consent was obtained from the minor(s)’
legal guardian/next of kin for the publication of any potentially
identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

KA conceptualized the manuscript. JB and AL performed and
interpreted histological investigations. KA and AJ collected
and interpreted clinical data. All authors critically revised and
approved the final version of the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.
2022.861539/full#supplementary-material

REFERENCES

1. Legrand M, Bell S, Forni L, Joannidis M, Koyner JL, Liu K, et al.

Pathophysiology of COVID-19-associated acute kidney injury. Nat Rev

Nephrol. (2021) 17:751–64. doi: 10.1038/s41581-021-00452-0

2. Hassler L, Reyes F, Sparks MA, Welling P, Batlle D. Evidence for and against

direct kidney infection by SARS-CoV-2 in patients with COVID-19. CJASN.

(2021) 16:1755–65. doi: 10.2215/CJN.04560421

3. Wu HHL, Shenoy M, Kalra PA, Chinnadurai R. Intrinsic kidney pathology

following COVID-19 infection in children and adolescents: a systematic

review. Children. (2021) 9:3. doi: 10.3390/children9010003

4. Ng JH, Zaidan M, Jhaveri KD, Izzedine H. Acute tubulointerstitial nephritis

and COVID-19. Clin Kidney J. (2021) 14:2151–7. doi: 10.1093/ckj/sfab107

5. Serafinelli J, Mastrangelo A, Morello W, Cerioni VF, Salim A,

Nebuloni M, et al. Kidney involvement and histological findings

in two pediatric COVID-19 patients. Pediatr Nephrol. (2021)

36:3789–93. doi: 10.1007/s00467-021-05212-7

6. Sharma C, Ganigara M, Galeotti C, Burns J, Berganza FM, Hayes DA,

et al. Multisystem inflammatory syndrome in children and Kawasaki

disease: a critical comparison. Nat Rev Rheumatol. (2021) 17:731–

48. doi: 10.1038/s41584-021-00709-9

7. Ruebner RL, Fadrowski JJ. Tubulointerstitial Nephritis. Pediatr Clin North

Am. (2019) 66:111–9. doi: 10.1016/j.pcl.2018.08.009

8. Harwood R, Allin B, Jones CE, Whittaker E, Ramnarayan P, Ramanan AV, et

al. A national consensus management pathway for paediatric inflammatory

multisystem syndrome temporally associated with COVID-19 (PIMS-TS):

results of a national Delphi process. Lancet Child Adolesc Health. (2021)

5:133–41. doi: 10.1016/S2352-4642(20)30304-7

9. Henderson LA, Canna SW, Friedman KG, Gorelik M, Lapidus SK, Bassiri H,

et al. American College of rheumatology clinical guidance for multisystem

inflammatory syndrome in children associated with SARS-CoV-2 and

hyperinflammation in pediatric COVID-19: version 1. Arthritis Rheumatol.

(2020) 72:1791–805. doi: 10.1002/art.41454

10. Smith KD, Akilesh S, Alpers CE, Nicosia RF. Am I a coronavirus? Kidney Int.

(2020) 98:506–7. doi: 10.1016/j.kint.2020.05.021

11. Massoth LR, Desai N, Szabolcs A, Harris CK, Neyaz A,

Crotty R, et al. Comparison of RNA in situ hybridization and

immunohistochemistry techniques for the detection and localization

of SARS-CoV-2 in human tissues. Am J Surg Pathol. (2021)

45:14–24. doi: 10.1097/PAS.0000000000001563

12. Best Rocha A, Stroberg E, Barton LM, Duval EJ, Mukhopadhyay S, Yarid N,

et al. Detection of SARS-CoV-2 in formalin-fixed paraffin-embedded tissue

sections using commercially available reagents. Lab Invest. (2020) 100:1485–

9. doi: 10.1038/s41374-020-0464-x

13. Dittmayer C, Meinhardt J, Radbruch H, Radke J, Heppner BI,

Heppner FL, et al. Why misinterpretation of electron micrographs

in SARS-CoV-2-infected tissue goes viral. Lancet. (2020) 396:e64–

5. doi: 10.1016/S0140-6736(20)32079-1

14. Bullock HA, Goldsmith CS, Zaki SR, Martines RB, Miller SE.

Difficulties in differentiating coronaviruses from subcellular structures

Frontiers in Pediatrics | www.frontiersin.org 5 April 2022 | Volume 10 | Article 861539

https://www.frontiersin.org/articles/10.3389/fped.2022.861539/full#supplementary-material
https://doi.org/10.1038/s41581-021-00452-0
https://doi.org/10.2215/CJN.04560421
https://doi.org/10.3390/children9010003
https://doi.org/10.1093/ckj/sfab107
https://doi.org/10.1007/s00467-021-05212-7
https://doi.org/10.1038/s41584-021-00709-9
https://doi.org/10.1016/j.pcl.2018.08.009
https://doi.org/10.1016/S2352-4642(20)30304-7
https://doi.org/10.1002/art.41454
https://doi.org/10.1016/j.kint.2020.05.021
https://doi.org/10.1097/PAS.0000000000001563
https://doi.org/10.1038/s41374-020-0464-x
https://doi.org/10.1016/S0140-6736(20)32079-1
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Azukaitis et al. SARS-CoV-2 Associated Acute Interstitial Nephritis

in human tissues by electron microscopy. Emerg Infect Dis. (2021)

27:1023–31. doi: 10.3201/eid2704.204337

15. Roufosse C, Curtis E, Moran L, Hollinshead M, Cook T, Hanley B, et al.

Electronmicroscopic investigations in COVID-19: not all crowns are coronas.

Kidney Int. (2020) 98:505–6. doi: 10.1016/j.kint.2020.05.012

16. Laue M, Kauter A, Hoffmann T, Möller L, Michel J,

Nitsche A. Morphometry of SARS-CoV and SARS-CoV-

2 particles in ultrathin plastic sections of infected Vero cell

cultures. Sci Rep. (2021) 11:3515. doi: 10.1038/s41598-021-82

852-7

17. Merad M, Martin JC. Pathological inflammation in patients

with COVID-19: a key role for monocytes and macrophages.

Nat Rev Immunol. (2020) 20:355–62. doi: 10.1038/s41577-020-0

331-4

Conflict of Interest: The authors declare that the research

was conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Azukaitis, Besusparis, Laurinavicius and Jankauskiene. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Pediatrics | www.frontiersin.org 6 April 2022 | Volume 10 | Article 861539

https://doi.org/10.3201/eid2704.204337
https://doi.org/10.1016/j.kint.2020.05.012
https://doi.org/10.1038/s41598-021-82852-7
https://doi.org/10.1038/s41577-020-0331-4
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Case Report: SARS-CoV-2 Associated Acute Interstitial Nephritis in an Adolescent
	Introduction
	Case Description
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


