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Sonia García‑Fernández1 · Eva Fernández‑Morán1 · Cecilia López‑Martínez2,3 · Blanca Vivanco‑Allende4,5 · 
Carmen Costales‑Álvarez6 · Flor  A. Ordóñez‑Álvarez1 

Received: 13 January 2023 / Revised: 5 March 2023 / Accepted: 6 March 2023 / Published online: 2 May 2023 
© The Author(s) 2023

Abstract
Background  Despite recent well-established kidney tropism of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), usually presenting as acute kidney injury (AKI), there are few published cases with SARS-CoV-2-related tubuloint-
erstitial nephritis (TIN). We report an adolescent with TIN and delayed association with uveitis (TINU syndrome), where 
SARS-CoV-2 spike protein was identified in kidney biopsy.
Case‑diagnosis/treatment  A 12-year-old girl was assessed for a mild elevation of serum creatinine detected during the evalu-
ation of systemic manifestations including asthenia, anorexia, abdominal pain, vomiting, and weight loss. Data of incomplete 
proximal tubular dysfunction (hypophosphatemia and hypouricemia with inappropriate urinary losses, low molecular weight 
proteinuria, and glucosuria) were also associated. Symptoms had initiated after a febrile respiratory infection with no known 
infectious cause. After 8 weeks, the patient tested positive in PCR for SARS-CoV-2 (Omicron variant). A subsequent per-
cutaneous kidney biopsy revealed TIN and immunofluorescence staining with confocal microscopy detected the presence 
of SARS-CoV-2 protein S within the kidney interstitium. Steroid therapy was started with gradual tapering. Ten months 
after onset of clinical manifestations, as serum creatinine remained slightly elevated and kidney ultrasound showed mild 
bilateral parenchymal cortical thinning, a second percutaneous kidney biopsy was performed, without demonstrating acute 
inflammation or chronic changes, but SARS-CoV-2 protein S within the kidney tissue was again detected. At that moment, 
simultaneous routine ophthalmological examination revealed an asymptomatic bilateral anterior uveitis.
Conclusions  We present a patient who was found to have SARS-CoV-2 in kidney tissue several weeks following onset of TINU 
syndrome. Although simultaneous infection by SARS-CoV-2 could not be demonstrated at onset of symptoms, since no other 
etiological cause was identified, we hypothesize that SARS-CoV-2 might have been involved in triggering the patient’s illness.
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Introduction

Tubulointerstitial nephritis (TIN) and uveitis (TINU syn-
drome) are rare conditions characterized by the combina-
tion of kidney and eye inflammation in the absence of any 

other systemic or infectious causes otherwise explaining both 
pathologies. Uveitis may temporally coincide with TIN, but 
onset less than 2 months before or 14 months after kidney 
manifestations are common. The underlying etiopathogenic 
mechanisms of TINU syndrome are poorly understood, but 
it is thought to be an immune-mediated process in geneti-
cally susceptible individuals, triggered frequently by drugs or 
infections, although in many cases no cause can be identified.
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Since the recent emergence of novel severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), publications 
have pointed to a special kidney tropism of this virus [1], 
with acute kidney injury (AKI) presentation as the main 
clinical scenario linked to the kidney damage caused by 
SARS-CoV-2. However, very few cases have been reported 
with TIN in adults [2, 3], with only two previously published 
pediatric cases related to SARS-CoV-2 infection and confir-
mation of viral presence in the kidney tissue in one of them 
[4, 5]. To our knowledge, this virus has not been implicated 
in TINU syndrome so far.

We report the case of a female adolescent with clinical 
manifestations compatible with TINU syndrome, where the 
most remarkable finding was the identification of SARS-
CoV-2 in the kidney biopsies performed a few weeks and 
10 months after the onset of symptoms.

Case report

A previously healthy 12-year-old girl presented an eleva-
tion of serum creatinine (1.17 mg/dl), hypophosphatemia 
(2.7 mg/dl), hypouricemia (2.0 mg/dl), and ferritin elevation 
(279 ng/ml) identified in the context of a clinical history 
of 4 weeks of evolution, consisting of asthenia, anorexia, 
abdominal pain, vomiting, and weight loss. These manifesta-
tions had started after a self-limited febrile respiratory infec-
tion, managed with symptomatic treatment with ibuprofen. 
The patient had performed two negative unknown brand 
SARS-CoV-2 antigen tests at home (first and sixth day of the 
respiratory symptoms). For a few weeks, she was monitored 
by her primary care pediatrician, confirming the persistence 
of the previously described data, including a progressive 
weight loss of up to 12.5 kg and preserved diuresis. After 
8 weeks, the patient tested positive in the PCR for SARS-
CoV-2 (> 8 log10 RNA copies/ml of Omicron variant; cut-
off > 3 log10 RNA copies/ml), requested for mild dysphonia. 
She had received two doses of Pfizer COVID-19 vaccination 
4 and 5 months prior to presentation.

When the patient was referred to our tertiary care center 
(10 weeks of follow-up), previously reported abnormalities 
were confirmed, associating normocytic anemia (hemo-
globin 10.3 g/dl), elevation of erythrocyte sedimentation 
rate (89 mm/hour), glycosuria, and a marked urinary eleva-
tion of beta-2-microglobulin (55.740 mcg/l). No evidence 
of recent Epstein-Barr, cytomegalovirus, hepatitis B or C, 
or HIV infections were found by serological testing. Anti-
bodies against SARS-CoV-2 were not requested at this 
time. TIN was suspected and, subsequently, she was admit-
ted to the hospital and underwent a percutaneous kidney 
biopsy at week 12, identifying the presence of an intersti-
tial inflammatory infiltrate with lymphocyte predominance, 
with abundant eosinophils and plasma cells, tubulitis, and 

negative immunohistochemistry staining for SARS-CoV-2. 
Ophthalmology exploration did not reveal any simultane-
ous anomaly. At this moment, although some biochemical 
parameters showed a slight spontaneous improvement, oral 
steroid treatment (1 mg/kg/day) was started and maintained 
for a total of 9 weeks in a tapering schedule.

To assess the presence of SARS-CoV-2 in the kidney, 
biopsy tissue slides were subjected to an immunofluores-
cence assay with a rabbit monoclonal antibody against 
SARS-CoV-2 spike protein (S protein), following the pro-
tocol described by Mayordomo-Colunga et al. [6], taking as 
positive control spike-label slides from the intestine of the 
patient presented in their clinical case. Immunofluorescence 
staining showed the presence of protein S in the intestine and 
within the kidney interstitium (Fig. 1).

During the following weeks, the patient was monitored, 
and a new ophthalmological examination ruled out ocu-
lar abnormalities. At the last clinic follow-up, ten months 
after clinical manifestations onset, serum creatinine and 
urine beta-2-microglobulin remained slightly elevated 
(0.80 mg/dl—eGFR 79 ml/min/1.73 m2—and 383 mcg/l, 
respectively) and kidney ultrasound showed mild bilateral 
parenchymal cortical thinning. A new percutaneous kidney 
biopsy was performed, showing absence of acute inflam-
mation or chronic histological changes, but SARS-CoV-2 
spike protein was again detected in kidney cells by immu-
nofluorescence (Fig. 1). A simultaneous routine ophthal-
mological examination revealed asymptomatic bilateral 
anterior non-granulomatous uveitis. Further clinical inves-
tigation, including calcium metabolism, specific serologi-
cal tests, parathyroid and thyroid-stimulating hormones, 
QuantiFERON-TB Gold Plus, antinuclear antibodies, anti-
neutrophil cytoplasmic antibody, and HLA-B27 and HLA-
B5 genotypes, excluded other infectious, inflammatory, or 
autoimmune diseases associating with ocular and kidney 
involvement. The time course of serum creatinine and urine 
beta-2-microglobulin since the onset of clinical manifesta-
tions is summarized in Fig. 2.

Discussion

We describe a pediatric case with TIN and delayed uveitis, 
known as TINU syndrome, where SARS-CoV-2 spike pro-
tein within the kidney interstitium was identified in biopsies 
performed a few weeks and ten months following onset of 
clinical manifestations. To the best of our knowledge, the 
patient represents the first pediatric case with TINU syn-
drome where SARS-CoV-2 was detected in kidney tissue. 
The temporal sequence in our patient could suggest that TIN 
was initially triggered by ibuprofen intake or an infectious 
agent, and this certainly cannot be ruled out. However, the 
classically described infectious etiology is uncommon in 
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both TIN or TINU syndrome (< 10% of cases reported), and 
the remarkable systemic manifestations or the absence of 
heavy proteinuria in the patient are not usual findings when 
ibuprofen participates in the pathogenesis of the clinical pic-
ture. Accordingly, our patient represents an idiopathic case 
of TINU syndrome, but the potential role of SARS-CoV-2 
in kidney manifestations may be an attractive hypothesis.

As the initial symptoms coincided temporarily with a 
high load of infections during the COVID-19 pandemic 
(January 2021), the validity of the antigen tests carried out 
could be questioned. Although the sensitivity of these tests 
seems to be higher in respiratory symptomatic patients, it 
continues to be significantly lower than that of PCR tests 

[7, 8]. In addition, performing the antigen test at first and 
sixth days after the onset of the respiratory infection in our 
patient did not meet recently published recommendations 
[8]. Moreover, the risk of early reinfection by Omicron vari-
ant in individuals previously infected with other variants is 
significantly higher. This allows us to speculate on the pos-
sibility of another different SARS-CoV-2 variant originally 
infecting the patient [9], but obviously we cannot confirm it.

It is firmly established that SARS-CoV-2 has an undoubted 
potential for multi-organ damage, with the virus showing a 
characteristic kidney tropism [1]. Our patient presented early 
suggestive biochemical data of proximal tubular injury, with 
the presence of incomplete Fanconi syndrome. Although mild 

Fig. 1   Immunofluorescence of kidney cells. Experiments with the 
first (A) and second (B) kidney biopsies (3 and 10  months follow-
ing onset of clinical manifestations, respectively) are shown. The first 
column reveals cell nuclei using DAPI staining. In the second and 
third columns, SARS-CoV-2 S (spike) protein is shown in red, dem-

onstrating a perinuclear pattern. A positive control spike-label slides 
from the intestine of the patient presented in the clinical case report 
by Mayordomo-Colunga et al. [6] is also included (C). Images were 
obtained by confocal microscopy (Leica SP8) and processed using 
ImageJ



4206	 Pediatric Nephrology (2023) 38:4203–4207

1 3

tubular involvement may appear secondary to other causes 
of TIN, this marked proximal tubular dysfunction appears to 
be a highly typical finding of SARS-CoV-2 infection, even 
in patients who are not critically ill [10]. The high abundance 
in proximal tubular cells of angiotensin-converting enzyme 2 
(virus cell anchoring protein), may be one of the pathophysi-
ological mechanisms that explain this association, especially 
demonstrated with the Omicron variant.

The most important link between SARS-CoV-2 infection 
and TINU syndrome in our patient depends on the objective 
identification of the virus in inflammatory cells of the kid-
ney interstitium, and it could support a potential role in the 
associated manifestations and clinical evolution itself. As 
previously indicated, this patient would be the second case 
of TIN in a pediatric patient where SARS-CoV-2 has been 
detected in the kidney [4], with no other published cases 
showing kidney SARS-CoV-2 identification in cases with 
TINU syndrome. Both indirect and non-specific mechanisms 
are commonly involved in the injury associated with SARS-
CoV-2 infection, but it has also been well established that 
the presence of SARS-CoV-2 in the kidney could be related 
to local damage, both due to direct cytopathic damage of 
the virus itself and secondarily linked to pro-inflammatory 
immunological mechanisms [11, 12]. Nearly all the virus 
infections may induce systemic immune response causing 
multiple tissue damage, but not all the viruses can directly 
invade the kidney. So far today, there is no evidence that res-
piratory viruses other than SARS-CoV-2 can do it, including 
in asymptomatic individuals or with mild infections [13].

Although the time delay between the onset of clinical pres-
entation and the first kidney biopsy in our patient may seem 
too long (12 weeks), it is not very far from the case reported 
by Azukaitis et al. [4], who were able to demonstrate SARS-
CoV-2 glycoprotein S by immunohistochemistry staining in 
the inflammatory cell infiltrate within kidney interstitium 

6–7 weeks after the first manifestations. Therefore, we believe 
that this interval would not reject a potential role of SAR-
CoV-2 in the demonstrated TIN either, as persistent kidney 
invasion by the virus has been recently shown by long-term 
viral replication in various body organs, including the kidney, 
even for more than 7 months after the original infection [14].

The patient has been followed-up for 10 months, and the 
last pathological clinical findings (serum creatinine, urine 
beta-2-microglobulin, and kidney ultrasound) were not 
exceptionally unexpected. Although the risk of chronic kid-
ney disease induced by different causes of TIN is not negli-
gible, recent published studies have shown that patients suf-
fering COVID-19 exhibit increased risk of kidney outcomes 
(eGFR decline, kidney failure, major adverse kidney events, 
or steeper longitudinal decline in eGFR) in the post-acute 
phase of the disease, with SARS-CoV-2 probably contrib-
uting to profibrotic signaling in the kidneys, among other 
mechanisms [15]. The absence of significant histological 
findings in the second kidney biopsy performed on the patient 
does not allow us to explain the biochemical and sonographic 
abnormalities identified, but the sustained presence of SARS-
CoV-2 particles in kidney tissue would not allow us to rule 
out its potential involvement in associated kidney damage.

In summary, we report an adolescent with clinical mani-
festations consistent with TINU syndrome of unknown cause 
and presence of SARS-CoV-2 in kidney tissue. Although direct 
causal relationship could not be demonstrated between SARS-
CoV-2 and TINU syndrome, we hypothesize that SARS-CoV-2 
was potentially involved in some way in this scenario, at least 
favoring or exacerbating the kidney injury and subsequent clini-
cal symptoms. If this assertion is correct, our patient would be 
the first reported pediatric case of TINU syndrome where viral 
particles of SARS-CoV-2 could be isolated in kidney tissue. 
The persistence of some biochemical and ultrasound abnormali-
ties and the demonstration of SARS-CoV-2 in the kidney after 

Fig. 2   Time course of serum 
creatinine and urine beta-2-mi-
croglobulin over a 10-month 
period. The main clinical events 
are also indicated
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several months of evolution require long-term follow-up to rule 
out an unfavorable outcome. Subsequent investigations would be 
able to provide a better description of this rare complication and 
to know its prognosis in the medium and long term, including 
the risk of chronic kidney disease in the pediatric population.

Acknowledgements  We thank Juan Mayordomo-Colunga et al. for pro-
viding the positive control positive spike-label slides from the intestine 
of the patient presented in their clinical case report. We also thank 
Helena Gil-Peña and Ana Vivanco-Allende for their invaluable col-
laboration in revising this manuscript.

Funding  Open Access funding provided thanks to the CRUE-CSIC 
agreement with Springer Nature.

Data Availability  Data available on request due to privacy/ethical 
restrictions.

Declarations 

Competing interests  The authors declare no competing interests.

Patient consent  Verbal consent was obtained from the patient’s parents 
for publication of the information that appears within this brief report.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Braun F, Lütgehetmann M, Pfefferle S, Wong MN, Carsten A, 
Lindenmeyer MT, Nörz D, Heinrich F, Meißner K, Wichmann 
D, Kluge S, Gross O, Pueschel K, Schröder AS, Edler C, Aep-
felbacher M, Puelles VG, Huber TB (2020) SARS-CoV-2 renal 
tropism associates with acute kidney injury. Lancet 396:597–598. 
https://​doi.​org/​10.​1016/​S0140-​6736(20)​31759-1

	 2.	 León-Román J, Agraz I, Vergara A, Ramos N, Toapanta N, 
García-Carro C, Gabaldón A, Bury R, Bermejo S, Bestard O, 
Soler MJ (2022) COVID-19 infection and renal injury: where is 
the place for acute interstitial nephritis disease? Clin Kidney J 
15:1698–1704. https://​doi.​org/​10.​1093/​ckj/​sfac0​79

	 3.	 Ng JH, Zaidan M, Jhaveri KD, Izzedine H (2021) Acute tubuloint-
erstitial nephritis and COVID-19. Clin Kidney J 14:2151–2157. 
https://​doi.​org/​10.​1093/​ckj/​sfab1​07

	 4.	 Azukaitis K, Besusparis J, Laurinavicius A, Jankauskiene A 
(2022) Case report: SARS-CoV-2 associated acute interstitial 
nephritis in an adolescent. Front Pediatr 10:861539. https://​doi.​
org/​10.​3389/​fped.​2022.​861539

	 5.	 Serafinelli J, Mastrangelo A, Morello W, Cerioni VF, Salim A, 
Nebuloni M, Montini G (2021) Kidney involvement and histologi-
cal findings in two pediatric COVID-19 patients. Pediatr Nephrol 
36:3789–3793. https://​doi.​org/​10.​1007/​s00467-​021-​05212-7

	 6.	 Mayordomo-Colunga J, Vivanco-Allende A, López-Alonso I, 
López-Martínez C, Fernández-Vega I, Gil-Peña H, Rey C (2022) 
Spike protein in intestinal cells of a patient with coronavirus 
disease 2019 multisystem inflammatory syndrome. J Pediatr 
243:214–8.e5. https://​doi.​org/​10.​1016/j.​jpeds.​2021.​11.​058

	 7.	 Dinnes J, Deeks JJ, Berhane S, Taylor M, Adriano A, Davenport C, 
Dittrich S, Emperador D, Takwoingi Y, Cunningham J, Beese S, 
Domen J, Dretzke J, Ferrante di Ruffano L, Harris IM, Price MJ, 
Taylor-Phillips S, Hooft L, Leeflang MM, McInnes MD, Spijker R, 
Van den Bruel A, Cochrane COVID-19 Diagnostic Test Accuracy 
Group (2021) Rapid, point-of-care antigen and molecular-based tests 
for diagnosis of SARS-CoV-2 infection. Cochrane Database Syst Rev 
3:CD013705. https://​doi.​org/​10.​1002/​14651​858.​CD013​705.​pub2

	 8.	 Chu VT, Schwartz NG, Donnelly MAP, Chuey MR, Soto R, Yousaf 
AR, Schmitt-Matzen EN, Sleweon S, Ruffin J, Thornburg N, Har-
court JL, Tamin A, Kim G, Folster JM, Hughes LJ, Tong S, Stringer 
G, Albanese BA, Totten SE, Hudziec MM, Matzinger SR, Dietrich 
EA, Sheldon SW, Stous S, McDonald EC, Austin B, Beatty ME, 
Staples JE, Killerby ME, Hsu CH, Tate JE, Kirking HL, Matanock 
A, COVID-19 Household Transmission Team (2022) Comparison 
of home antigen testing with RT-PCR and viral culture during the 
course of SARS-CoV-2 infection. JAMA Intern Med 182:701–709. 
https://​doi.​org/​10.​1001/​jamai​ntern​med.​2022.​1827

	 9.	 Araf Y, Akter F, Tang YD, Fatemi R, Parvez MSA, Zheng C, 
Hossain MG (2022) Omicron variant of SARS-CoV-2: Genomics, 
transmissibility, and responses to current COVID-19 vaccines. J 
Med Virol 94:1825–1832. https://​doi.​org/​10.​1002/​jmv.​27588

	10.	 Werion A, Belkhir L, Perrot M, Schmit G, Aydin S, Chen Z, 
Penaloza A, De Greef J, Yildiz H, Pothen L, Yombi JC, Dewulf J, 
Scohy A, Gérard L, Wittebole X, Laterre PF, Miller SE, Devuyst 
O, Jadoul M, Morelle J, Cliniquesuniversitaires Saint-Luc (CUSL) 
COVID-19 Research Group (2020) SARS-CoV-2 causes a specific 
dysfunction of the kidney proximal tubule. Kidney Int 98:1296–
1307. https://​doi.​org/​10.​1016/j.​kint.​2020.​07.​019

	11.	 Farkash EA, Wilson AM, Jentzen JM (2020) Ultrastructural 
evidence for direct renal infection with SARS-CoV-2. J Am Soc 
Nephrol 31:1683–1687. https://​doi.​org/​10.​1681/​ASN.​20200​40432

	12.	 Jafarzadeh A, Chauhan P, Saha B, Jafarzadeh S, Nemati M (2020) 
Contribution of monocytes and macrophages to the local tissue 
inflammation and cytokine storm in COVID-19: lessons from 
SARS and MERS, and potential therapeutic interventions. Life 
Sci 257:118102. https://​doi.​org/​10.​1016/j.​lfs.​2020.​118102

	13.	 Chang YC, Lee DJ, Wei CH, Pa CH, Chen CC, Chen HC, Chang 
YT, Wang HE, Chu P, Lu KC, Wu CC (2022) SARS-CoV-2 versus 
other minor viral infection on kidney injury in asymptomatic and 
mildly symptomatic patients. Virulence 13:1349–1357. https://​
doi.​org/​10.​1080/​21505​594.​2022.​21076​02

	14.	 Stein SR, Ramelli SC, Grazioli A, Chung JY, Singh M, Yinda 
CK, Winkler CW, Sun J, Dickey JM, Ylaya K, Ko SH, Platt AP, 
Burbelo PD, Quezado M, Pittaluga S, Purcell M, Munster VJ, 
Belinky F, Ramos-Benitez MJ, Boritz EA, Lach IA, Herr DL, 
Rabin J, Saharia KK, Madathil RJ, Tabatabai A, Soherwardi S, 
McCurdy MT, NIH COVID-19 Autopsy Consortium; Peterson 
KE, Cohen JI, de Wit E, Vannella KM, Hewitt SM, Kleiner DE, 
Chertow DS (2022) SARS-CoV-2 infection and persistence in the 
human body and brain at autopsy. Nature 612:758–763. https://​
doi.​org/​10.​1038/​s41586-​022-​05542-y

	15.	 Bowe B, Xie Y, Xu E, Al-Aly Z (2021) Kidney Outcomes in Long 
COVID. J Am Soc Nephrol 32:2851–2862. https://​doi.​org/​10.​
1681/​ASN.​20210​60734

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(20)31759-1
https://doi.org/10.1093/ckj/sfac079
https://doi.org/10.1093/ckj/sfab107
https://doi.org/10.3389/fped.2022.861539
https://doi.org/10.3389/fped.2022.861539
https://doi.org/10.1007/s00467-021-05212-7
https://doi.org/10.1016/j.jpeds.2021.11.058
https://doi.org/10.1002/14651858.CD013705.pub2
https://doi.org/10.1001/jamainternmed.2022.1827
https://doi.org/10.1002/jmv.27588
https://doi.org/10.1016/j.kint.2020.07.019
https://doi.org/10.1681/ASN.2020040432
https://doi.org/10.1016/j.lfs.2020.118102
https://doi.org/10.1080/21505594.2022.2107602
https://doi.org/10.1080/21505594.2022.2107602
https://doi.org/10.1038/s41586-022-05542-y
https://doi.org/10.1038/s41586-022-05542-y
https://doi.org/10.1681/ASN.2021060734
https://doi.org/10.1681/ASN.2021060734

	Tubulointerstitial nephritis and uveitis syndrome and SARS-CoV-2 infection in an adolescent: just a coincidence in time?
	Abstract
	Background 
	Case-diagnosistreatment 
	Conclusions 

	Introduction
	Case report
	Discussion
	Acknowledgements 
	References


