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BACKGROUND: Our aim was to identify acute kidney injury (AKI) and subacute kidney injury using both KDIGO criteria and urinary
biomarkers in children with mild/moderate COVID-19.
METHODS: This cross-sectional study included 71 children who were hospitalized with a diagnosis of COVID-19 from 3 centers in
Istanbul and 75 healthy children. We used a combination of functional (serum creatinine) and damage (NGAL, KIM-1, and IL-18)
markers for the deﬁnition of AKI and subclinical AKI. Clinical and laboratory features were evaluated as predictors of AKI and
subclinical AKI.
RESULTS: Patients had signiﬁcantly higher levels of urinary biomarkers and urine albumin–creatinine ratio than healthy controls
(p < 0.001). Twelve patients (16.9%) developed AKI based on KDIGO criteria, and 22 patients (31%) had subclinical AKI. AKI group
had signiﬁcantly higher values of neutrophil count on admission than both subclinical AKI and non-AKI groups (p < 0.05 for all).
Neutrophil count was independently associated with the presence of AKI (p = 0.014).
CONCLUSIONS: This study reveals that even children with a mild or moderate disease course are at risk for AKI. Association
between neutrophil count and AKI may point out the role of inﬂammation in the development of AKI.
Pediatric Research; https://doi.org/10.1038/s41390-022-02124-6
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The key message of our article is that not only children with severe disease but also children with mild or moderate disease
have an increased risk for kidney injury due to COVID-19.
Urinary biomarkers enable the diagnosis of a signiﬁcant number of patients with subclinical AKI in patients without elevation in
serum creatinine.
Our ﬁndings reveal that patients with high neutrophil count may be more prone to develop AKI and should be followed up
carefully.
We conclude that even children with mild or moderate COVID-19 disease courses should be evaluated for AKI and subclinical
AKI, which may improve patient outcomes.

INTRODUCTION
Coronavirus disease 2019 (COVID-19) is considered a respiratory
illness primarily; however, the disease can also cause several extrapulmonary manifestations involving multiple organs.1 The kidneys
are one of the affected organs in COVID-19 patients. The clinical
manifestations of kidney involvement in COVID-19 vary from
subclinical kidney injury to acute kidney injury (AKI) requiring
kidney replacement therapy.2,3 AKI is a severe complication of
COVID-19 and one of the most important predictors of mortality.4
It has been reported that 0.5–37% of hospitalized patients with

COVID-19 develop AKI, and this rate was higher among patients
admitted to the intensive care unit (ICU).5–7 Although pediatric
COVID-19 patients usually have less severe disease than adult
COVID-19 patients, COVID-19-associated AKI has been reported to
develop in as many as 29% of hospitalized children and 44% of
children admitted to the ICU.8,9 The evidence so far shows that
critical illness and ICU admission are the main risk factors for AKI.
The non-uniform deﬁnitions used for AKI make it difﬁcult to
compare studies on patients with COVID-19. The consensus
statement of Acute Disease Quality Initiative (ADQI) Workgroup on
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COVID-19-associated AKI recommended the use of Kidney
Disease: Improving Global Outcomes (KDIGO) criteria, including
serum creatinine (sCr) level and urine output, to deﬁne and report
AKI.10,11 The ADQI consensus report also stated the need of using
novel biomarkers for the early detection and diagnosis of AKI due
to the restrictions of the creatinine-based criteria.10 Indeed,
studies have shown that urinary biomarkers enable the diagnosis
of subclinical AKI in patients without elevation in sCr or decrease
in urine output and provide prognostic information about kidney
injury and outcomes.12,13 There are limited data on urinary
biomarkers for the diagnosis of COVID-19-associated AKI in adults.
Available data have revealed the occurrence of subclinical AKI in
COVID-19 and the prognostic value of urinary biomarkers in terms
of the need for ICU admission, renal outcome, and mortality.4,14–19
We hypothesized that not only children with severe disease but
also children with a mild/moderate disease have the various
stages of AKI due to COVID-19. We aimed to determine the
incidence of AKI and subclinical AKI in hospitalized children with
mild/moderate COVID-19 who were not admitted to the ICU. We
also aimed to identify the predictors of AKI and subclinical AKI in
this patient population.

−80 °C. Serum cystatin-C concentrations were measured using immunonephelometric assays. The estimated glomerular ﬁltration rate was
calculated using the revised Schwartz equation.24
Spot urine samples at admission were obtained from patients and
controls to measure neutrophil gelatinase-associated lipocalin (NGAL),
kidney injury molecule-1 (KIM-1), interleukin-18 (IL-18), albumin, and
creatinine (Cr) levels. Urine samples were collected by a mid-stream urine
or a urine collection bag and immediately centrifuged for 15 min at
13,000 × g. Aliquots of the urine supernatant were stored at −80 °C and
then analyzed using sandwich enzyme-linked immunosorbent assay
(ELISA) kits for urinary biomarkers (Bioassay Technology Laboratory, China).
The sensitivities of the ELISA kits (detection limits) were 1.03 ng/L, 2.00 ng/
mL, and 0.01 ng/mL for IL-6 (Cat. No. E0090Hu), NGAL (Cat. No. E1719Hu),
and KIM-1 (Cat. No. E1099Hu), respectively. Intra-assay variability was 7.5,
7.7, and 8% for IL-6, NGAL, and KIM-1, respectively. Inter-assay variability
was 9.5, 8.6, and 9.2% for these markers, respectively. All urinary markers
were normalized to urine creatinine levels. Albuminuria was deﬁned as a
urine albumin-to-creatinine ratio (ACR) >30 mg/g. Hematuria was deﬁned
as the presence of >5 red blood cells per high-power ﬁeld on urinalysis.
Neutropenia and lymphopenia were deﬁned as a lower neutrophil or
lymphocyte count than the lower limit of age speciﬁc normal, and
neutrophilia was deﬁned as a higher neutrophil count than the upper limit
of age-speciﬁc normal.25,26

Deﬁnitions of AKI
MATERIALS AND METHODS
Study design and study population
This cross-sectional observational study was based on data collected from
three pediatric centers in Istanbul, Turkey, between April and August 2020.
The procedure was conducted with the written and informed consent of
the parents or guardians of the minors and in accordance with all
applicable ethical and legal rules concerning medical research involving
human studies in the Declaration of Helsinki ethical statement. The study
protocol and this consent procedure were approved by the local Ethics
Committee (number: 57696, April 2020).
All children under the age of 18 years who were hospitalized with a
diagnosis of COVID-19 were included in the study. COVID-19 was
diagnosed on the basis of (i) a positive result for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) on reverse transcriptase–polymerase
chain reaction (RT-PCR) testing of an oro-nasopharyngeal swab or (ii) a
typical chest radiography or chest computed tomography (CT) in patients
with clinical symptoms associated with COVID-19 and a positive contact
history but without positive PCR test results. Ground-glass opacities, with
or without consolidations, in lung regions close to visceral pleural surfaces,
including the ﬁssures (subpleural sparing is allowed) and multifocal
bilateral distribution were taken as obligatory features for a typical
pulmonary involvement of COVID-19.20,21 Children with chronic kidney
disease taking any immunosuppressive medication or admitted to the ICU
were excluded. A total of 71 patients were eligible for inclusion in the
study (Supplemental Material 1).
Seventy-ﬁve healthy individuals (age and sex similar to the patients)
without an active infection, diagnosis of COVID-19, or known kidney
disease served as controls to assess urinary biomarker levels. The control
group was composed of healthy children of healthcare professionals and
healthy siblings of patients followed in the nephrology outpatient clinic.

Clinical assessment
Demographics, clinical characteristics (presentation symptoms, disease
severity, comorbidities, treatment, and outcome), and radiological features
were recorded. Height and body weight were measured and expressed in
their standard deviation score (SDS) according to Turkish pediatric growth
percentiles.22 Body mass index (BMI) and BMI-SDS were calculated. Obesity
was deﬁned as a height-speciﬁc BMI greater than 95th percentile. Ofﬁce
measurements of blood pressure (BP) on admission were recorded, and
SDSs of BP were calculated according to age-, sex-, and height-speciﬁc
normative values in the Fourth Report.23

Laboratory assessment
Initial laboratory data, including complete blood count, serum urea,
creatinine, uric acid, lactic dehydrogenase, creatinine kinase, albumin,
ferritin, C-reactive protein, procalcitonin (PCT), and D-dimer levels, blood
gas tests, and urinalysis were collected. At admission, 2-mL blood samples
were obtained to measure cystatin-C, and serum samples were stored at

AKI was deﬁned as an increase of sCr by 0.3 mg/dL within 48 h or increase
in sCr ≥ 1.5 times baseline within 7 days according to the KDIGO criteria.11
AKI was staged with increases in sCr 1.5–1.9, 2.0–2.9, and ≥3 times baseline
as AKI stages 1, 2, and 3, respectively. To describe an increase in sCr levels,
at least three measurements of sCr were obtained from the electronic
records of the hospital systems at admission, peak level during
hospitalization, and any value measured within 6–12 months before
hospitalization as a baseline reference. If there was no sCr measurement in
the previous 6–12 months, age-speciﬁc upper limits were used.27
Subclinical AKI was deﬁned when at least one biomarker was positive
without elevated sCr. Because there was no consensus on cut-off values for
urinary biomarkers, the 95th percentile value of the control group was
used for the positivity threshold for each urine biomarker (NGAL/Cr, KIM-1/
Cr, and IL-18/Cr). Supplemental Material 2 shows the cut-off values we
used and previous results from the literature.
Patients who had no signs of AKI or subclinical AKI were deﬁned as nonAKI patients. Children with AKI were asked to control their sCr levels
3–6 months after hospital discharge.

Statistical analyses
Statistical analyses were performed using SPSS Version 21 (SPSS Inc.,
Chicago, IL). Continuous variables are presented as mean (±standard
deviation) according to the distribution of data. Student’s t test or one-way
analysis of variance were used to compare differences in continuous
variables between the two groups, and the one-way analysis of variance
with Bonferroni correction was used for a comparison of more than two
groups’ means. Logarithmic transformation was used to transform skewed
data into a normal distribution. Categorical variables are expressed as
number (percentage). A chi-square or Fisher’s exact tests were used to
compare categorical variables. Correlations between biomarkers and other
clinical and laboratory variables were analyzed using Pearson’s or
Spearman’s test. Statistical signiﬁcance was deﬁned as a two-tailed
p value < 0.05.

RESULTS
Demographic and clinical characteristics
A total of 71 hospitalized children with COVID-19 aged between 0.1
and 17.9 years and 75 healthy children were enrolled in the study.
Forty patients (56%) had positive PCR results, and the remaining 31
(44%) showed clinical and radiological ﬁndings of COVID-19 and had
a positive contact history. Twenty-nine (76%) of children with
positive PCR showed typical chest imaging ﬁndings, whereas all
children with negative PCR showed either pulmonary parenchymal
ground-glass opacities or pulmonary consolidation. The demographic or clinical characteristics did not differ between the PCRpositive and PCR-negative cases (Supplemental Material 3).
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Table 1.

Clinical features of the children with COVID-19.
Patients
(n = 71)

Age (years)

9.4 ± 6.2 (0.1
to 17.9)

Sex (female), n (%)

38 (53.5)

BMI-SDS

0.19 ± 1.35
(−1.69 to 2.86)

Systolic BP-SDS

0.42 ± 0.95
(−1.75 to 2.33)

Diastolic BP-SDS

0.38 ± 0.81
(−1.13 to 2.32)

Comorbid conditions, n (%)

16 (22.5)

Obesity

3

Allergic asthma

5

Global developmental delay

5

Cures from childhood malignancy

2

Type 2 diabetes mellitus

1

Symptoms, n (%)
Fever

42 (59)

Cough

44 (62)

Shortness of breath

14 (20)

Sore throat

10 (23)

Vomiting and/or diarrhea

5 (7)

Severity grading of pulmonary disease, n (%)
Grade 1—Not admitted to hospital

0

Grade 2—Admitted to hospital with no
respiratory support

64 (90)

Grade 3—Admitted to hospital and
required oxygen treatment

5 (7)

Grade 4—Admitted to hospital and
required high-ﬂow nasal cannula oxygen

2 (3)

Grade 5—Admitted to ICU and required
invasive ventilation

0

Chest imaging ﬁndingsa, n (%)
No speciﬁc radiologic ﬁndings

2 (2.8)

Unilateral/bilateral consolidation

52 (73.2)

Ground-glass opaciﬁcation

14 (19.7)

Peri-bronchial thickening

6 (8.5)

Pleural effusion

3 (4.2)

Treatment, n (%)
Hydroxychloroqine

12 (16.9)

Favipiravir

9 (12.7)

Antibiotics

2 (2.8)

Steroid

0

Data presented as mean ± SD (minimum–maximum) or n (%).
SD standard deviation, BMI body mass index, SDS standard deviation score,
BP blood pressure, ICU intensive care unit.
a
Sixty-nine children had various types of chest imaging ﬁndings suggestive
of COVID-19 on chest radiography or computed tomography. Some
patients showed more than one radiologic ﬁnding.

The most common symptoms were cough (60%) and fever
(59%). Only 5 patients (7%) had vomiting or diarrhea as the clinical
manifestation at presentation, but none of the patients had
hypotension. Sixteen patients (22.5%) had comorbid conditions;
asthma and neurologic problems were the most common
comorbidities. Table 1 summarizes the demographic and clinical
characteristics of the children with COVID-19.
Pediatric Research

Sixty-nine children had various types of chest imaging ﬁndings
suggestive of COVID-19. Sixty-four patients (90%) did not require
respiratory support (Grade 2); the remaining ﬁve were under
respiratory support with oxygen with a mask or nasal cannula
(Grade 3), and two required non-invasive respiratory support
(Grade 4) (Table 1). Children with infection severity of grades 3 and
4 showed signiﬁcantly longer hospital stays than the patients of
grade 2 (8.6 ± 2.1 vs 5.4 ± 3.2 days, p = 0.013). There were no
children with the multi-system inﬂammatory syndrome (MIS-C) or
no deaths in the cohort.
Urinary biomarkers and albuminuria
Patients with COVID-19 had signiﬁcantly higher levels of urinary
biomarkers (NGAL/Cr, KIM-1/Cr, and IL-18/Cr) than the healthy
controls (p < 0.001 for all) (Fig. 1). A total of 27 patients (38%)
showed at least one urinary biomarker positivity. Seventeen of them
showed one biomarker positivity, eight patients had two biomarkers
positive, and two patients had all the biomarkers positive. The most
common positive urinary biomarker was KIM-1 (n = 21, 29.6%),
followed by NGAL (n = 14, 19.7%) and IL-18 (n = 4, 5.6%).
Patients with COVID-19 also had signiﬁcantly higher urine ACR
compared to the healthy controls [20.3 (7.3–34.8) vs 0.007
(0.003–0.013), p < 0.001] (Fig. 2). Eighteen out of 65 patients
(26%), but none of the controls, had albuminuria. Thirteen of them
had microalbuminuria, the remaining 5 had macroalbuminuria.
Ten patients had microscopic hematuria. There was no difference
in ACR levels between the patients with or without fever. In
addition, there was no association between fever and ACR level.
AKI and subclinical AKI
Based on the KDIGO criteria, 12 patients (16.9%) developed AKI; 11
patients were classiﬁed as AKI stage 1, and the remaining one as
AKI stage 2. In 11 patients, AKI was present on admission and in 1
developed on the third day of the hospitalization. None of the
patients required kidney replacement therapy. None of the
healthy controls met AKI criteria.
Twenty-two patients (31%) had subclinical AKI with elevated
urinary biomarkers without an increase in sCr (Fig. 3). The levels of
urinary biomarkers did not differ between the subclinical AKI and AKI
groups. Patients with subclinical AKI had higher serum cystatin-C (0.95
(0.79–1.22) vs 0.78 (0.71–0.97), p = 0.036) and higher urine ACR (25.0
(14.5–119) vs 10.7 (5.9–24.3), p = 0.006) than non-AKI patients. Ten
patients in the subclinical AKI group (46%), 3 in the AKI group (25%),
and 5 in the non-AKI group (15%) showed albuminuria (p = 0.061).
Table 2 shows the comparisons of the three groups (AKI,
subclinical AKI, and non-AKI groups) in terms of clinical features
and laboratory ﬁndings at the presentation. AKI group had
signiﬁcantly higher neutrophil (NEU) count and more patients with
neutrophilia than both subclinical AKI and non-AKI groups (p <
0.05 for all). However, none of the clinical or laboratory ﬁndings
differed between the subclinical AKI and non-AKI groups.
Binary logistic regression analysis revealed that NEU count is an
independent risk factor for AKI (p = 0.014, 95% CI 1.036–1.372).
None of urinary biomarkers showed a signiﬁcant association with
NEU or inﬂammatory markers (CRP or PCT).
Ten of the 12 children with AKI were examined at a median of
4.3 months (range, 3.0–6.1 months) after discharge. All of these 10
patients had normal sCr level at follow-up, and the mean sCr level
decreased from 0.60 ± 0.36 mg/dL (maximum creatinine during
hospitalization) to 0.40 ± 0.25 mg/dL (p = 0.005).
DISCUSSION
This study provides evidence for the development of AKI and
subclinical AKI in children with mild-to-moderate COVID-19. In this
cohort of children with less severe disease and a low number of
concomitant complications, the incidence of AKI was 16.9% and
the incidence of subclinical AKI was 31%. The fact that patients
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Fig. 1 Comparison of urinary biomarkers between patients and healthy controls. This ﬁgure shows the comparisons of logarithmically
transformed urinary biomarkers [neutrophil gelatinase-associated lipocalin/creatinine (NGAL/Cr), kidney injury molecule-1/creatinine (KIM-1/
Cr), and interleukin-18/creatinine (IL-18/Cr)] between healthy controls (n = 75) and patients with COVID-19 (n = 71). Original levels [median
(Q1–Q3)], not logarithmically, for urinary biomarkers in healthy controls and patients with COVID-19, a NGAL/Cr levels: 29.8 (15.6–52.4) vs 71.3
(27.3–262.9) ng/mg, b KIM-1/Cr: 0.41 (0.16–0.72) vs 0.72 (0.34–1.86) ng/mg, c IL-18/Cr: 202.2 (110.7–371.2) vs 374.1 (151.0–948.9) pg/mg. Cr
creatinine, AKI acute kidney injury.
4

p < 0.001

52% (n = 37)
No increase in serum Cr
BM normal

Non-AKI

31% (n = 22)

Log-ACR

2

n = 71
Patients with
mild-to-moderate
COVID-19 disease

No increase in serum Cr
BM positive

Subclinical AKI

10% (n = 7)
Increase in serum Cr
BM normal

0

AKI
7% (n = 5)
Increase in serum Cr
BM positive

Fig. 3 Distribution of the patients with AKI, subclinical AKI, and
non-AKI. Patients with COVID-19 (n = 71) were classiﬁed as acute
kidney injury (AKI), subclinical AKI, and non-AKI groups regarding
increase in serum creatinine (Cr) and biomarker (BM) positivity.
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Fig. 2 Comparison of ACR between patients and healthy controls.
This ﬁgure shows the comparisons of logarithmically transformed
urinary albumin creatinine ratio (ACR) between healthy controls (n =
75) and patients with COVID-19 (n = 71). Patients with COVID-19 also
had signiﬁcantly higher urine ACR compared to the healthy controls
[20.3 (7.3–34.8) vs 0.007 (0.003–0.013), p < 0.001]. ACR urinary
albumin–creatinine ratio.

with AKI have higher indicators of inﬂammation than subclinical
and non-AKI patients draw attention to the relationship between
kidney injury and inﬂammation in this patient population.
AKI is a common condition in patients with COVID-19; however,
its incidence varies by age, severity of illness, comorbidities,
countries, regions, and AKI deﬁnitions.6 Studies in adults have
reported higher incidence rates of AKI of up to 76%, particularly in
patients with multiple comorbidities and those admitted to the
ICU.10 Pediatric studies at the beginning of the pandemic did not
report abnormal kidney function in children with COVID-19,28 but
further studies demonstrated AKI ranging from 1.5 to 44% in
children.8,9,28–30 Most of the pediatric studies included critically ill
patients. The main risk factors for developing AKI were admission
to the pediatric ICU, MIS-C, diarrhea, or vomiting as the initial
symptoms or the presence of comorbidities. Based on our

hypothesis, we excluded patients admitted to the ICU to avoid
secondary factors associated with AKI. In this population with a
relatively less severe COVID-19, the incidence of AKI according to
KDIGO criteria was 16.9%. This ﬁnding suggests that children with
the less severe disease may develop AKI due to COVID-19.
In addition to patients with AKI, almost one-third had subclinical
kidney injury with biomarker positivity. The ADQI workgroup
recommends using KDIGO criteria for a standardized deﬁnition of
AKI in COVID-19 and also states the importance of using new
biomarkers to diagnose and determine the prognosis of AKI in
COVID-19.10 To date, few studies in adults but no pediatric studies
have evaluated new biomarkers in COVID-19.4,15–19,29 Several urinary
biomarkers such as NGAL, KIM-1, alpha-1 microglobulin, and tissue
inhibitor of metalloproteinases-2 have emerged in adult studies as
the useful diagnostic tool to detect AKI earlier and more sensitively
than sCr. Our study revealed that urinary biomarkers including
NGAL, KIM-1, and IL-18 were signiﬁcantly higher in patients with
COVID-19 than in healthy controls. Our study also showed that a
signiﬁcant number of patients had subclinical AKI due to COVID-19.
This ﬁnding suggests that using biomarker positivity combined
with traditional markers may allow early recognition of AKI and
contribute toward an improved outcome in COVID-19 patients.
Relatively little is known about the pathogenesis of AKI in
COVID-19. The latest evidence reveals that two main mechanisms
are responsible for the development of AKI in COVID-19.31,32 The
ﬁrst is the direct cytopathic effects of the virus in the kidneys,
which lead to endothelial dysfunction, complement activation,
Pediatric Research
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Table 2.

Comparisons of clinical features and initial laboratory ﬁndings between the AKI, subclinical AKI, and non-AKI groups.
AKI group
(n = 12)

Subclinical AKI group
(n = 22)

Non-AKI group
(n = 37)

pa

Age (years)

8.9 ± 4.8

10.2 ± 6.4

9.1 ± 6.5

0.75

Sex (female), n (%)

5 (42)

12 (55)

21 (57)

0.66

BMI-SDS

0.53 ± 1.49

0.08 ± 1.26

0.14 ± 1.38

0.62

Systolic BP-SDS

0.46 ± 1.17

0.50 ± 1.00

0.32 ± 0.86

0.86

Diastolic BP-SDS

0.00 ± 0.58

0.48 ± 0.90

0.40 ± 0.79

0.53

Severity of pulmonary disease, grade 2/grades 3–4,
n

12/0

19/3

33/4

0.43

Hemoglobin, g/dL

12.7 ± 1.5

12.5 ± 2.2

12.5 ± 2.0

0.95

Neutrophil, ×103/μL*,**

9.7 ± 5.3

5.8 ± 5.2

4.6 ± 3.3

0.003

Laboratory ﬁndings

Neutropenia, n (%)

0

2 (10)

2 (5)

0.53

Neutrophilia, n (%)*,**

6 (50)

5 (23)

5 (14)

0.037

Lymphocyte, ×103/μL

2.7 ± 1.4

2.6 ± 2.1

3.0 ± 1.8

0.67

Lymphopenia, n (%)

3 (25)

9 (41)

8 (22)

0.24

Platelet, ×103/μL

340 ± 118

253 ± 82

260 ± 116

0.055

CRP, mg/L

41.7 ± 52.8

28.1 ± 47.7

16.5 ± 26.6

0.16

Procalcitonin, ng/mL

0.33 ± 0.53

0.41 ± 0.92

0.34 ± 1.16

0.97

Ferritin, ng/mL

100.1 ± 73.6

88.8 ± 131.4

74 ± 95

0.78

D-dimer, μg/mL

0.81 ± 0.49

2.00 ± 4.00

1.69 ± 2.71

0.65

LDH, IU/L

279 ± 135

269 ± 115

274 ± 69

0.96

CK, IU/L

76 ± 40

118 ± 108

157 ± 133

0.21

Albumin, g/dL

4.4 ± 0.3

4.2 ± 0.4

4.3 ± 0.34

0.47

Blood pH

7.39 ± 0.05

7.39 ± 0.04

7.40 ± 0.05

0.74

HCO3, mEq/L

23.7 ± 2.9

23.6 ± 3.4

23.1 ± 2.2

0.70

Uric acid, mg/dL

4.8 ± 2.1

3.4 ± 1.5

3.9 ± 1.2

0.12

Creatinine, mg/dL

0.60 ± 0.36

0.46 ± 0.18

0.44 ± 0.20

0.13

Change in creatinine, %

65 ± 17

15 ± 22

14 ± 17

<0.001

eGFR, mL/min/1.73 m2 (Schwartz)

109 ± 27

130 ± 38

128 ± 28

0.13

Normal ranges for laboratory values: hemoglobin: 10–14 g/dL (1–3 months), 9.5–13.5 g/dL (3–6 months), 11–13.5 g/dL (6–24 months), 10–14 g/dL (2–5 years),
11.4–15.5 g/dL (5–8 years), 11.6–15.5 g/dL (8–12 years), 11.8–16 g/dL (12–18 years); neutrophil: 1–9 × 103/μL (1–3 months), 1–8.5 × 103/μL (3–24 months),
1.5–8.5 × 103/μL (2–8 years), 1.5–8 × 103/μL (8–15 years), 1.8–8 × 103/μL (15–18 years); lymphocyte: 2.5–16.5 × 103/μL (1–3 months), 4–13.5 × 103/μL
(3–6 months), 4–10.5 × 103/μL (6–24 months), 2–9.5 × 103/μL (2–5 years), 1.5–7 × 103/μL (5–12 years), 1.2–6.2 × 103/μL (12–18 years); platelet: 150–400 × 103/
μL; CRP: < 5 mg/L; procalcitonin: <0.5 ng/dL; ferritin: 7–142 ng/mL; D-dimer: <0.5 μg/mL; LDH: 110–430 IU/L; CK < 171 IU/L; albumin: 3.8–5.4 g/dL; blood pH:
7.38–7.45; HCO3: 21–26 mEq/L; uric acid: 2–6 mg/dL.
AKI acute kidney injury, SD standard deviation, BMI body mass index, SDS standard deviation score, BP blood pressure, NLR neutrophil lymphocyte ratio, CRP
C-reactive protein, LDH lactate dehydrogenase, CK creatine kinase, HCO3 bicarbonate, eGFR estimated glomerular ﬁltration rate.
*p < 0.05 between the AKI and subclinical AKI groups; **p < 0.05 between the AKI and non-AKI groups.
a
Data presented mean ± SD and ANOVA with Bonferroni correction was used for comparisons of the three groups.
Bold values denote statistical signiﬁcance at the p < 0.05.

and inﬂammation in the tubules and glomerulus. Another is that
complications of the disease, such as hypovolemia, hypoxia,
hemodynamic changes, or secondary infections, contribute to
lesions in the kidneys.9,31,33 In our cohort, patients presenting with
gastrointestinal symptoms that may cause hypovolemia were less
frequent, only two patients had secondary bacterial infection, and
none had severe hypoxia, hemodynamic changes, or hyperinﬂammatory status. The direct effect of kidney tropism seems to be
more prominent mechanism in the development of AKI in this
cohort of children with mild/moderate COVID-19 and a low
number of concomitant complications. It is also important to note
that patients with AKI had signiﬁcantly higher NEU counts than
both subclinical AKI and non-AKI patients. Logistic regression for
prediction AKI showed that NEU was the only independent factor
for AKI. Taken together, these ﬁndings suggest that the systemic
pro-inﬂammatory response in early phase of COVID-19 may play a
key role in developing kidney injury.
Pediatric Research

Until now, several adult and pediatric studies showed the
clinical importance of albuminuria for patient with AKI in various
clinical settings.34–36 Recent studies on COVID-19 widely focuses
more on proteinuria, which showed that the frequency of
proteinuria reaches up to 44% in COVID-19 adult patients, on
hospital admission.2 In our cohort, urinary albumin levels were
signiﬁcantly higher in patients with COVID-19 compared with
healthy controls. In addition, almost half of the patients with
subclinical AKI had albuminuria. Although it is known that febrile
episodes can cause transient proteinuria,37 we could not show any
difference in ACR levels between the patients with or without
fever. On the other hand, unlike other infections that cause
transient proteinuria, it is considered that COVID-19 acts directly
on the glomeruli and tubules through multiple mechanisms.3
Unfortunately, we do not have short-term follow-up of ACR levels
after recovery from COVID -19 to determine whether albuminuria
is a permanent or transient sign of infection. Therefore, further
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studies are needed to evaluate albuminuria in a short-term followup period to conclude the presence of transient or permanent
albuminuria.
The present study evaluates AKI and subclinical AKI in a
relatively homogenous group of children with mild-to-moderate
COVID-19 clinical course. Subclinical AKI is deﬁned in this pediatric
cohort by the assessment of three urinary biomarkers. Our study
has several limitations. The ﬁrst limitation is that our cohort
included not only PCR-positive conﬁrmed cases but also patients
with a history of contact and characteristic radiological ﬁndings for
COVID-19. The most deﬁnitive diagnosis of COVID-19 is usually
made with a RT-PCR test, but the sensitivity reported in clinical
practice ranges from 42 to 83%, depending on symptom duration,
viral load, and quality of the test sample. Therefore, for
symptomatic patients with positive contact history but not
positive PCR test, the diagnosis was often made on the basis of
radiological diagnostic criteria on CT. We attempted to standardize the radiologic evaluation according to the consensus reports
to minimize errors in radiological evaluation. The second limitation
of the study is that our cohort did not include a control group of
patients with infections other than COVID-19 to assess the direct
association of COVID-19 and AKI. The third, urine output criteria
were not used for AKI deﬁnition since urine output was not
accurately followed in non-critically ill patients. In addition, most
patients were most likely treated with intravenous (IV) ﬂuid at the
time of hospitalization; however, no accurate data were available
on the IV ﬂuid. The last one is the cross-sectional design of our
study, which did not allow us to assess the long-term data on
urinary biomarkers in children with subclinical or clinical AKI.
In conclusion, this study reveals that even children with a mild
or moderate disease course are at increased risk for AKI; however,
most patients show early stages of AKI. In this cohort, neutrophil
count show association with AKI, which may reﬂect the role of
the inﬂammation cascade in the development of AKI. Use of
biomarkers enable diagnosis of signiﬁcant number of patients
with subclinical AKI in patients without elevation in sCr.
Further studies evaluating patients with various disease severity
are needed to improve our knowledge about the frequency and
clinical consequences of AKI and subclinical AKI in children with
COVID-19.
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