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Introduction: SARS-CoV-2 infection in the pediatric population can be
associated with a multiorgan inflammatory syndrome called children’s
multisystem inflammatory syndrome (MIS-C). The kidneys can be affected by a
broad spectrum of possible injuries, whose pathogenetic mechanisms are still
unclear.

Case report: We report the case of a 5-year-old boy with severe cardiac
involvement in the context of MIS-C. After two weeks of hospitalization, an
abdominal ultrasound showed massive bladder "debris”, followed by the onset of
normoglycemic glycosuria. Over time, there was a progressive increase in
glycosuria, and the presence of a mat of amorphous phosphate crystals was
evidenced on urinary sediment. Together with the findings of hypo-uricemia,
increased urinary uric acid, and globally increased urinary amino acids, a clinical
picture of kidney proximal tubular damage with secondary Fanconi-like
syndrome took shape.

Discussion: This case report describes the case of a patient with MIS-C with
cardiac and kidney involvement characterized by proximal tubular damage,
which slowly improved but still persisted at the 8-month follow-up. The
pathogenesis of the damage is unclear and probably multifactorial.

KEYWORDS

MIS-C multisystem inflammatory syndrome in children, proximal tubule injury, bladder
debris, Fanconi syndrome, kidney injury, SARS — CoV - 2
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Introduction

Kidney dysfunction is a common consequence of SARS-CoV-2
infection (1, 2), having been reported in adults and, to a lesser
degree, in children. Kidney consequences of COVID-19 can include
a broad spectrum of damages, ranging from acute kidney injury
(AKT) with glomerular or tubular injury to mild proteinuria and/or
hematuria (3).

In children, SARS-CoV-2 infection can manifest as a
multisystem inflammatory syndrome (MIS-C) that typically
occurs 3-6 weeks after mild or asymptomatic COVID-19 disease
(4). This rare disorder is characterized by a hyperinflammatory state
with a range of clinical presentations that can involve multiple
organs with a generalized increase in inflammatory biomarkers,
such as C-reactive protein (CRP), ferritin, D-dimer, and lactate
dehydrogenase (5, 6). Common manifestations include fever, rash,
abdominal pain, and gastrointestinal symptoms, mimicking
appendicitis in some children (4). Cardiological involvement is
characterized by diminished left ventricular systolic function with
or without coronary artery abnormalities, fluid overload or
hypotension, and an increase in pro-brain natriuretic peptide and
cardiac enzymes. The kidneys can be affected by a broad spectrum
of possible injuries; the incidence of AKI ranges from 10% to 46%
(7) and its pathogenetic mechanisms are still unclear and probably
multifactorial (8, 9).

Here, we report a case of MIS-C with peculiar nephro-
urological involvement and ultra-sonographic features
characterized by proximal tubule dysfunction.

Case description

A previously healthy 5-year-old boy was admitted to hospital in
February 2022 due to fever lasting for 6 days with spikes up to 40°C,
accompanied by vomiting, diarrhea, and intense abdominal pain.
Because of suspected intestinal adenitis with neutrophilic
leukocytosis and markedly increased CRP (26 mg/dL n.l. < 0.46),
the patient underwent a laparoscopic appendicectomy that showed
an uninjured appendix. Considering the recent paucisymptomatic
SARS-CoV-2 infection confirmed by an antigenic pharyngo-nasal
swab test and the persistent fever unresponsive to antibiotics,
further investigations were carried out. Blood tests revealed the
presence of a hypochloremic metabolic alkalosis and increased
blood urea nitrogen (max value 60mg/dl), troponin I, and NT-
Pro-BNP, while other parameters were normal, including urine
examination (see Table 1). On admission, Creatinine was 0.4 mg/
dL. It then progressively decreased and stabilized at 0.2-0.25 mg/dL,
together with the decrease in blood urea nitrogen values. The
echocardiogram demonstrated diffuse hypokinesia with a reduced
left ventricular ejection fraction (LVEF 35%), a right ventricle with
volumetric overload, and a left coronary artery ectasia. The case was
suggestive of MIS-C; therefore, steroids (methylprednisolone 30mg/
kg), immunoglobulins (IGIV 1gr/kg), and immunosuppressive
therapy with anti-IL-1 receptor antagonist (Anakinra 200mg
twice daily) were started. In addition, supportive therapy with
furosemide was administered and, on day 14, an ACE inhibitor
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drug (enalapril 0.05mg/kg) was added due to persisting high values
of arterial blood pressure. Finally, anticoagulant therapy with
heparin (2000 IU/day) was started and was later replaced by anti-
platelet therapy (aspirin 75 mg/day) on day 11 (see Figure 1).

The therapy was well tolerated, and progressive clinical,
laboratory, and instrumental improvements were observed. In
particular, the echocardiograms showed a progressive
normalization of LVEF and the left coronary artery (Figure 1).

On day 18, during an abdominal ultrasound performed as
surgery follow-up, the presence of bladder debris was discovered
(Figures 2A, B), despite the absence of other signs of urinary
tract infection.

Thus, more examinations were performed. They showed a
persistent normal renal function with normoglycemic glycosuria,
confirmed by the urinary sediment and the 24-hour urine collection
(glucose 1.1 g/24h nl < 0.1), together with hypercalciuria (rCaU/
CrU 0.66 n.1 < 0.2) and mild proteinuria (0.18 g/24h n.l. < 0.15). In
addition, the urinary sediment reported numerous amorphous
phosphate crystals. Due to suspicions of Fanconi syndrome,
further tests were performed: uricemia had decreased (1,6 mg/dl
n.l. > 2) and hyperuricosuria was found together with a significant
increase in all urinary amino acids excreted (see Table 1). During
the ultrasound examination performed on day 29, a sharp decrease
of multiple echoes of hyperechogenic corpuscular material in
suspension was reported, with no morphological abnormalities of
the kidneys and urinary tract (Figures 2C, D).

Thus, after a few days, the patient was discharged in good
condition, with normal echocardiography and urinary exams. They
were given instructions to continue with oral steroid therapy and
antiplatelet and antihypertensive therapy, which were later stopped
due to the normalization of blood pressure values. At the 8-month
follow-up, no bladder debris was present upon ultrasound
examination, while urinalysis showed an improvement of
persistent proximal renal tubule damage characterized by
increased amino acids, sodium chloride, and uric acid excretion.

Discussion

We have described the case of a child diagnosed with MIS-C
with severe cardiac involvement, who experienced alterations in
urinalysis consisting of normo-glycemic glycosuria, amino-aciduria,
hyperuricosuria, and the presence of amorphous phosphate crystals.
These findings, together with decreased uricemia, are consistent
with proximal tubule damage, more precisely, a Fanconi-like
syndrome tubulopathy that persists over months. MIS-C is
thought to be an exaggerated immune response to SARS-CoV-2
infection, but the exact pathogenesis of multiorgan dysfunction is
still unknown. Very few studies have described the incidence and
characteristics of renal complications in MIS-C. AKI is frequently
reported in children diagnosed with this disorder (7-10), but no
studies have specifically reported acute tubular involvement.

The pathophysiology of renal dysfunction seems to be
multifactorial. Hemodynamic, iatrogenic, viral, or immune-
mediated causes could have all contributed to the development of
both pre-renal and renal parenchymal effects (7). Firstly, the
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TABLE 1 Patient’s blood and urine tests data.

Admission  +2 days from +14 days from  +22 days from +33 days from 8 months
admission admission admission admission follow-up

Hemoglobine (g/dl) 10,5 10 12,6 - 12 12,4
White blood cells (n°/uL) 24350 12900 24030 - 12300 11200

Neutrophils (n°/uL) 21570 9040 13070 - 8040 4090

Lymphocytes (n°/ul) 1660 2200 9060 - 3090 5800
Platelets (n°/uL) 429000 500000 580000 - 324000 512000
Creatinine (mg/dL) 0,4 0,44 0,25 - 0,2 0,3
Blood urea nitrogen (mg/dL) 40 60 36 - 35 46
GOT (U/L) 40 30 40 - 30 27
GPT (U/L) 60 50 80 - 50 19
CRP (mg/dL) [n.L < 0.46)] 17,87 6 neg - neg neg
Procalcitonin (ng/ml) [n.l. < 48,87 15 - - - -
0.5)]
Ferritin (ng/ml) 1277 428 968 N - 15
NT-pro BNP (pgr/ml) > 35000 13286 182 - - 17
Troponin I (ng/ml) [n.l. <10] neg 0,17 - - neg neg
Albumin (mg/dl) 2400 3500 3664 - 3370 4065
D-dimer (mg/L FEU) [n.l. < 12,37 5,45 0,62 - neg neg
0.55)]
Uric acid (mg/dl) [n.L > 2] - 2,7 2,5 - 1,6 3,7
Proteinuria on 24h collection - - - - 0,18 0,08

(g/24h) [n.l. < 0.15]

Glycosuria on 24h collection - - - - 1,1 0
(g/24h) [nl < 0.1]

Natriuresis on 24h collection - - - - 2314 171
(mEq/24h) [n.l < 150]

Chloruria on 24h collection - - - - 247,7 167,8
(mEq/24h) [n.l < 125]

Uricuria (mg/dl) - - - - 170,2 1144
Phosphaturia (mg/dl) - - - - 184,2 95,9
rCaU/CrU [nl < 0.2] - - - 0,66 0,15
Urinalysis - - Glucose: tracks; Glucose 1,8gr/L; Glucose and proteins = Glucose and
proteins: absent proteins: absent absent proteins absent

Urinary amino acids chromatography (umol/mmcrea)

ALA [nl27 - 92] - - - - 281 178
ARG [nl0 - 7] - - - - 21 20
ASP [nl2 - 8] - - - - 47 -
CYS [nl4 - 11] - - - - 25 10
GLN [nl 52 - 133] - - - - 486 210
GLY [nl91 - 246] - - - - 800 619
HIS [nl 61 - 216] - - - - 729 293
LYS [nl 10 - 68] - - - - 379 285

(Continued)
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TABLE 1 Continued

10.3389/fneph.2023.1194989

Admission ~ +2 days from +14 days from  +22 days from +33 days from 8 months
admission admission admission admission follow-up
ORN [n10 - 7] - - - - 8 6
SEU [n. 38 - 93] - - - - 587 322
TAU [n.117 - 230] - - - - 278 285
THR [nl9 - 39] - - - - 518 257

GOT, Glutamic Oxaloacetic Transaminase; GPT, Glutamate Pyruvate Transaminase; CRP, C-Reactive Protein.

reduced cardiac ejection fraction and the capillary leakage due to
the inflammatory state both lead to kidney hypoperfusion and
consequent ischemic damage, ischemic tubular damage. Secondly,
our patient experienced a subclinical AKI, with increased values of
blood urea nitrogen; creatinine, albeit not enough to meet the
KDIGO (Kidney Disease Improving Global Outcomes) criteria for
AKI; and elevated serum urea/creatinine ratio. Moreover, the
contribution of drug toxicity to kidney injury cannot be excluded.
Diuretics and iACE could have also contributed to glomerular
hypoperfusion and consequent pre-renal damage. However,
iatrogenic kidney damage due to steroids, IL-1 receptor
antagonists, or immunoglobulins is very unlikely and can be
excluded. Finally, a possible contribution of immune
overactivation or a direct kidney tropism of the SARS-CoV-2
virus leading to tubular injury and podocytopathy cannot be
ruled out. SARS-CoV-2 virus is suggested to reach proximal
tubule and podocytes through spike (S) glycoprotein and ACE-2
receptor binding, and the consequent transmembrane serine

i y:  IVC
dilated right and left atria, reduced
LVEF (35%), moderate tricuspid and
mitral valves insufficiency; left
coronary artery ectasia

proteases (TMPRSSs) action, which facilitates membrane fusion
(7, 11-13). In the human kidney, ACE-2 and TMPRSSs are
expressed in the nephron and demonstrate high tropism,
primarily in the proximal tubule apical membrane, along with
other proteases necessary for SARS-CoV-2 (14, 15). The
development of a hyperinflammatory state with similar aspects to
cytokine release syndrome has been hypothesized, with a possible
crucial role of IL-6 IL-2R (7) in worsening renal function.

Proximal tubule dysfunction in adults was investigated in a
recent study by A. Werion et al. (12). They showed that the
dysfunction occurs early during the course of SARS-CoV-2
infection, and it is characterized by low molecular weight
proteinuria, defective handling of uric acid and phosphate, and
aminoaciduria. Normoglycemic glycosuria was not evidenced in
their cohort of patients. Moreover, the aminoaciduria they
detected in 46% of patients tested was limited to neutral amino
acids, while in our patient, a generalized aminoaciduria
was found.

Eeocardnozraphy: m.armalnzated L\{EF (45-50%), Urinalysis: Glucose
moderate  tricuspid and mitral  valves . Discharge
. s . : . 1,8gr/L; proteins:
Onset of insufficiency. Ectasic left coronary artery with -
fever, distal hyperrinfringence; minimal pericardic Urinalysis: Glucose: tracks;
vomiting, effusion proteins: absent
diarrhea Abdominal us:

Abdominal US: high
amount of
sediment in the
bladder

Abdominal US:
negative for
appendicopaty

+15d +16d +18d

Paucisymptomatic
COVID-19.
Positive
SARS-CoV-2swab
test
High-dose (30mg/kg)
corticosteroid therapy

- Low-dose
c mg/dl corti id therapy
Azotemiamg/dl A-nakTma-
d: day -0
m: month ||le
FIGURE 1

marked reduction
of sediment in the
bladder

Abdominal  US:
no alteration in
the bladder

+22d +23d +29d

Urinalysis: normal;
2ah  collection:
proteinuria 80mg,

glycosuria 0

Urinalysis: normal;
24h collection:
proteinuria 180mg,

glycosuria 1,1gr

Timeline of clinical events, diagnostic examinations, and treatments of the patient.
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FIGURE 2

Ultrasound examination showing massive bladder debris in a 5-year-old child affected by MIS-C (A, B). First incidental finding of massive sediment
and floating bladder debris at abdominal ultrasound examination. (C, D). Reduction of the debris after X days at ultrasound control examination

Our patient did not present a clinical AKI, but the results
obtained are coherent with an alteration of the proximal renal
tubular structure. Because we chose not to perform a kidney
biopsy, the exact etiology of the damage is unknown, and we can
only speculate on the possible causes behind it. The abovementioned
presence of bladder debris could be associated with a concomitant
urinary tract infection (16), a clinical condition that was ruled out in
our patient. Nevertheless, the significance of bladder debris in the
alteration of urine analysis is still unclear and deserves further study
(17). In our case, we ruled out the presence of urinary tract infection.
Thus, the significance of bladder debris is attributable to an aspecific
urine alteration with a massive presence of phosphate crystals.

Subclinical AKI, defined as the presence of kidney dysfunction
not meeting the criteria for AKI, has been described in SARS-
CoV-2 infection. Even if clinical data are still poorly known,
especially in MIS-C, it seems to be correlated to a more severe
course of the disease (18). Our patient experienced a subclinical
AKI by presenting, at admission, serum creatinine values that
were double those when discharged. These persisted for 10 days
before starting to decrease. A few days after reaching the peak of
serum creatine, abdominal US was performed with the incidental
evidence of bladder debris and urinary alterations. Unfortunately,
no urine examinations were performed before this because there
was no suspicion of nephron-urological involvement. We,
therefore, cannot determine exactly when kidney tubular
injury arose.

Increasing evidence suggests that subclinical AKI and urinary
alterations are clinically significant and independently associated
with adverse outcomes (19, 20). It also underlines the important
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role of urinary biomarkers and urinary analysis in the recognition of
precocious subclinical and clinical AKI (21, 22).

Regardless of the etiopathology of the tubular injury, this
illustrative case aims to emphasize the relevance of urinary
examinations in this clinical setting, with the ultimate goal of
aiding the early recognition of clinical and subclinical AKI.

The primary goals of therapy in MIS-C are to reduce systemic
inflammation, to give hemodynamic support in cases of cardiac
dysfunction, and to treat singular organ involvement. Most widely
used pharmacologic approaches consider IVIG and steroids,
anakinra (IL-R1 antagonist), infliximab (TNF-alfa blocker), or
tocilizumab (IL-6 antagonist) in cases of persistent inflammatory
state and poor response to first-line therapy (23). If renal damage is
present, the therapy is based, at first, on renal supportive care,
optimizing hemodynamics through infusive therapy or diuretics,
depending on the volemic status of the patient. Critical cases could
require kidney replacement therapy (7).

In conclusion, we suggest considering possible renal
involvement in cases of MIS-C, and in particular, assessing renal
function and performing frequent urine tests in order to recognize
AKI and dysfunction of the kidney proximal tubule as early
as possible.
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