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Abstract
Novel biomarkers are used to facilitate the early diagnosis, timely treatment, and prognosis of renal
pathology in children. Technological progress on the one hand and a remarkable clinical significance of
biomarkers on the other hand are subjects of scientific and clinical value.

In spite of marked progress in this field, sensitivity and specificity of novel biomarkers represent a
concern that is still prevailing. Furthermore, the identification of a perfect biomarker is of particular
importance and faces a number of issues: organ specificity; secretion after cell injury; early production
after a reversible organ injury; proportional extent of cell injury; appropriate use as a treatment-monitoring
tool, with a quick reduction in response to effective treatment; and easy and prompt assessment.

Discovery of biomarkers is a subject of special interest. They emphasize the issues related to the
incidence of urinary tract infections (UTI), idiopathic nephrotic syndrome (INS) and acute kidney injury
(AKI). In addition, studies are conducted to identify specific markers for chronic kidney disease (CKD),
facilitate a well-timed diagnosis and treatment, and improve patients’ outcome.

Summary of recommendations

1. The markers of glomerular injury are the glomerular filtration rate (GFR), creatinine, blood
urea nitrogen (BUN) and cystatin C.

2. The estimated glomerular filtration rate (eGFR) is used for diagnosis, staging, and
monitoring of the kidney function.

3. Measurement of renal function at the time of the scan can aid in the interpretation of a
radionuclide study, provide a measurement of renal function independent of the estimated
GFR, and serve as a baseline for monitoring changes.

4. Albuminuria and proteinuria are considered as markers of glomerular integrity, and as one
of the most important risk factors for progression of chronic kidney disease.

5. The markers of tubular injury among others are neutrophil gelatinase-associated lipocalin
(NGAL), kidney injury molecule 1 (KIM-1), and N-Acetyl-β-D-glucosaminidase (NAG-β).

6. The renal fibrosis is dependent on the excessive production of profibrotic growth factors
and extracellular matrix. Transforming growth factor-β1 (TGF-β1) and connective tissue
growth factor (CTGF) are two of the major growth factors that promote renal fibrosis.

7. Biomarkers in kidney diseases have diagnostic and prognostic properties by monitoring
disease progression, also they represent targets for further therapies that result in many
therapeutic implications.

1 Introduction

The National Institute of Health Biomarkers Definitions Working Group  defined a biomarker as “a
characteristic that is objectively measured and evaluated as an indicator of normal biological processes,
pathogenic processes, or pharmacologic responses to a therapeutic intervention” [1]. In kidney diseases,
the biomarkers constitute a useful tool for early diagnosis, providing prognostic information, monitoring
disease progression, and predicting therapeutic response [1].
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An ideal biomarker of renal injury should have the following characteristics: 1) organ specificity, 2)
secretion after cell injury, 3) early production after a reversible organ injury, 4) proportional increase
according to the extent of cell injury, 5) possibility to use as a treatment-monitoring tool, with a quick
reduction in response to effective treatment, 6) techniques that are promptly and easily accessible and 7)
minimally invasive and cost-efficient [2].

Kidney disease is highly prevalent all over the world in acute and chronic forms. Patients with kidney
dysfunction have a higher morbidity and mortality.

Nowadays, biomarkers are considered to be an important tool to ensure a better approach to the
diagnosis and treatment of children with renal disease. It is worth mentioning that research aimed to
discover new biomarkers continues, and the management of kidney diseases such as acute kidney injury
(AKI), chronic kidney disease (CKD) [3], [4], [5], and urinary tract infections (UTI) in childhood is
continually improving [6], [7], as well as that of idiopathic nephrotic syndrome (INS) in children [ 8].

2 Methods

A systematic literature search was performed in PubMed, MEDLINE and the Cochrane data base with
the following key words: “urinary tract infections”, “nephrotic syndrome”, “acute kidney injury”, “chronic
kidney disease”, “biomarkers”. The search was limited only to children aged between 0 and 18 years old.
Only publications with abstracts have been considered.

More than 830 publications were found. After screening by titles and abstracts, only 124 studies have
been included in the final analysis. These publications were supplemented by additional articles obtained
from their bibliographies published before 2008 but considered very important for analysis. The studies
were rated according to the level of evidence and the strength of recommendations graded according to a
system used in the EAU guidelines modified from the Oxford Centre for Evidence-based Medicine [9].

3 Results

3.1 Markers of glomerular filtration

3.1.1 Glomerular filtration rate

The best overall indicator of the glomerular function is the  glomerular filtration rate (GFR) [10]. The
Kidney Disease Improving Global Outcomes  (KDIGOs) guidelines recommend the original pediatric
GFR formulas which were derived independently by Schwartz and Counahan-Barratt in the mid-1970s.
[11], [12].
In 2009, using data from the Chronic Kidney Disease in Children (CKiD) study, Schwartz and
colleaguesdeveloped an updated ‘bedside’ formula based on a standardized creatinine method traceable
to isotope dilution mass spectrometry (IDMS) and using the plasma disappearance of iohexol as the
reference standard. However, the validity of Schwartz's bedside equation, when applied to children with
mild CKD or normal kidney function, is unclear, given that the formula was developed in children with
CKD stage 2–4 [13].

3.1.2 Creatinine

According to KDIGO, serum creatinine is the most commonly used endogenous marker. Creatinine is
simple, cost-effective, convenient, and practical but less accurate because of the influence of non-GFR
determinants such as muscle mass which increases with age in children, making growth a confounding
variable in the interpretation of kidney function from creatinine alone [10], [14]. It is filtered not only by the
glomerulus but undergoes extra-renal elimination by the gut, is secreted by the tubules, and is generated
by muscle mass or diet [15]. Another important limitation is the wide variation of the serum creatinine
level within age, gender, metabolism, nutrition, and hydration status [15]. Levels of serum creatinine may
affect the early recognition of acute renal failure by using the pediatric RIFLE (risk, injury, failure, loss,
and end-stage renal failure) criteria [ 16].

Thus, the KDIGO clinical practice guideline for the evaluation and management of CKD, recommends the
diagnosis, classification, and staging of the disease by estimated glomerular filtration rate (eGFR), and
suggests the use of CKD-EPI as the preferred prediction equation [10]. The ‘gold standard’ for the
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measurement of GFR is urinary clearance of an ideal filtration marker, defined as substance that is freely
filtered at the glomerulus, neither reabsorbed, nor secreted, synthesized, or metabolized by the tubules,
and does not alter the function of the kidney [17].

3.1.3 Blood Urea Nitrogen (BUN)

Blood Urea Nitrogen (BUN) is a nitrogen-containing compound formed in the liver as the end product or
protein metabolism and urea cycle. In comparison with creatinine, urea is increased earlier in renal
disease. However, it is a less sensitive marker of renal failure, as it can be affected by hydration, as well
as dietary protein intake and protein catabolic rate [18].

The ratio of BUN/creatinine can be useful to differentiate prerenal from renal causes when the BUN is
increased. In prerenal disease, the ratio is close to 20:1, while in intrinsic renal disease it is close to 10:1
[19].

3.1.4 Cystatin C (Cys-C)

Cystatin C (Cys-C) is a low-molecular-weight protein that belongs to the cystatin superfamily of reversible
inhibitors of cysteine proteases [20]. It is formed at a constant rate and freely filtered by the kidneys.
Serum levels of Cys-C are inversely correlated with GFR. One of the main advantages of Cys-C
compared to creatinine as a GFR marker is that it is not affected by age, muscle mass or diet which
facilitates its use in children. Various reports have indicated that it is a more reliable marker of GFR than
creatinine, particularly in early renal impairment [21], [22], [23]. Serum Cys-C is a sensitive, but not a
specific marker for the prediction and the diagnosis of AKI in children; like creatinine, its level may be
affected by conditions other than GFR [24], [25], [26].
Cys-C has also been incorporated into eGFR equations such as the combined creatinine-Cys-C KDIGO
CKD-EPI equation [10], [27].

3.1.5 Radionuclide techniques

As in adults, GFR in children can be measured by injecting an exogenous marker, which is inert and
excreted exclusively via glomerular filtration. As an alternative, plasma disappearance techniques
following a single injection of one of several exogenous markers, inulin [28], iohexol [29], 51Cr-EDTA [30],
99mTc-DTPA [ 31], and iothalamate [32], can be used to measure GFR. According to the recently
published reviews [33], [34], [35], plasma clearance of 51Cr-EDTA, iohexol and inulin are sufficiently
accurate to measure GFR, while 99mTc- DTPA and iothalamate are only sufficiently accurate if
performed as renal clearance with urine collection.

3.2 Markers of glomerular integrity

3.2.1 Albuminuria

Albuminuria is a relevant marker of chronic renal impairment, a predictor of incipient nephropathy in
diabetics and precedes any decline in eGFR [36]. Urine albumin may be measured in 24-hour urine
collections or early morning/random specimens as an albumin/creatinine ratio. Nevertheless, the
combination of albuminuria with eGFR has been found to improve the prediction of CKD progression to
end stage kidney diseases (ESKD) [37], [38].

3.2.2 Proteinuria

Proteinuria is strongly associated with the risk of progression to ESKD not only as marker of the degree
of structural alterations of glomerular filtration barrier (GFB) and proximal tubular epithelial cells (PTECs)
but also because proteinuria itself is responsible for further renal damage at different levels [38].

Several studies showed a strong correlation between some proteinuria components and the extent of
tubulointerstitial damage (TID) [39], [40]. Proteinuria is associated not only with TID but also with
glomerular damage [38]. 
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3.3 Acute diseases of the kidney and biomarkers

Biomarkers have been identified for the following acute diseases of the kidney: acute pyelonephritis
(APN) or lower urinary tract infection. UTI represents one of the most important causes of febrile illness
in the pediatric age group. Among infants presenting with fever, the overall prevalence of UTI was 7.0%
[41].

3.3.1 Cytokines and Acute Phase Reactants

3.3.1.1 Interleukins (IL)

The importance of cytokines, especially interleukins and acute phase reactants in the diagnosis of UTI
was highlighted in many studies.

3.3.1.2 IL-6 and IL-8

IL-6 and IL-8 are important pro-inflammatory proteins expressed in response to an infection [ 42]. Thus, in
a prospective study Krzemień et al. [43] established that urine levels of IL-6 and IL-8 and TGF-β1 were
significantly higher in infants with febrile UTI compared to those with non-febrile UTI and asymptomatic
bacteriuria (ABU) and positively correlated with systemic inflammatory markers. Also, the urine cytokines
and systemic inflammatory markers do not differentiate between upper and lower UTI in infants [43]. IL-6
and IL-8 are not suitable markers for differentiating between APN and lower UTI in children [44].

3.3.1.3 Urinary IL-8

Urinary IL-8 might serve as a predictive biomarker for renal scarring after an acute episode of
pyelonephritis. Since urinary IL-8 emerges as a renal-specific diagnostic and prognostic marker, it may
be suitable as a selective screening tool for children with febrile UTI [45]. In children with asymptomatic
hematuria, a higher activity of urinary IL-6 with IgA nephropathy (IgAN) was demonstrated. It was
suggested that urinary IL-6 may be used as screening tool in children with hematuria and as a guide for
renal biopsy [46].

3.3.1.4 Urinary IL-18

Urinary IL-18, a member of the IL-1 family of cytokines, is a mediator of renal ischemia-reperfusion injury,
inducing acute tubular necrosis, and neutrophil and monocyte infiltration in the renal parenchyma. The
diagnostic accuracy of urinary IL-18 for AKI tends to be better in pediatric patients and early AKI
predictive time. However, it has a moderate predictive value for all clinical settings [47].

3.3.1.5 Tumor necrosis factor (TNF)

Tumor necrosis factor (TNF) is a central mediator of inflammation, cell proliferation, cellular
differentiation, and cellular apoptosis [48]. A pediatric study used the TNF pathway in the recurrence of
focal segmental glomerulosclerosis (FSGS) and showed improvement in proteinuria after TNF antibodies
therapy [49].
A prospective cohort pilot study of children with nephrotic syndrome (NS) revealed that mean post-
treatment TNFα level was significantly higher in the steroid-resistant nephrotic syndrome (SRNS) than in
the steroid-sensitive nephrotic syndrome (SSNS) patients. In the SRNS patients, mean serum TNFα
levels were similar before and after treatment [50].
Plasma levels of TNFR1 and TNFR2 also are described as markers of progressive CKD in pediatric
patients [51].
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3.3.2 Chemokines

3.3.2.1 Urinary Monocyte Chemoattractant Protein-1 (MCP-1)

Urinary Monocyte Chemoattractant Protein-1 (MCP-1) is a chemokine which recruits monocytes and
promotes their transformation into macrophages. Urinary levels of MCP-1 were significantly increased in
children with CKD [52]. MCP-1 is useful to distinguish between glomerular and non-glomerular disease,
being significantly increased in patients with glomerular injury [52]. In multiple ongoing trials, MCP-1 was
identified as a potential therapeutic target in patients with CKD [53]. Also, the urinary fractional excretion
of MCP-1 values show that inflammation precedes the tubular dysfunction. Fractional excretion may
become a useful tool in the assessment of inflammation and tubular damage in children with CKD [54].

3.3.2.2 Transforming growth factor β1 (TGF-β1)

Transforming growth factor β1 (TGF-β1) is a multifunctional cytokine involved in multiple pathological
processes, especially kidney diseases. TGF-β1 is an indicator of progression of renal involvement, a
marker of glomerular and interstitial fibrosis and its influence on the development of renal scarring [55],
[56], [57]. TGF-β1 polymorphisms predispose to progressive renal disease [ 58]. Urinary TGF-β1 levels
proved to be higher in patients with FSGS in comparison to patients with minimal change disease (MCD)
[59]. Children with obstructive uropathy had a higher urinary level of TGF-β1 than children with non-
obstructive uropathy [60]. TGF-β can be either beneficial or detrimental depending on disease state.
Therefore, the benefits of therapeutic intervention via TGF-β for controlling inflammation and fibrosis
remain to be seen [61], [62].

3.3.2.3 Conjunctive tissue growth factor (CTGF)

Conjunctive tissue growth factor (CTGF) is another of the major growth factors that promote renal fibrosis
[63], [64].

3.3.2.4 Procalcitonin (PCT)

Procalcitonin (PCT) had long been recognized as a biomarker of severe bacterial infection [ 65]. A meta-
analysis of serum PCT in the diagnosis of APN among pediatrics with lower UTIs showed that the cut-off
value of serum PCT, 1.0 ng/mL, has a preferable diagnostic performance compared with 0.5 ng/mL for
APN [65]. PCT is a more convincing predictor than C-reactive protein or white blood cell count for
selectively identifying children with APN during the early stages of UTI, as well as those with late scarring
[66].

Withal, PCT is an early predictor of renal parenchymal injury in children with UTI, with optimum cut off for
sensitivity, specificity, positive, and negative predictive value of this biomarker [67].

3.3.3 Other novel biomarkers

3.3.3.1 Neutrophil Gelatinase-Associated Lipocalin (NGAL)

Neutrophil Gelatinase-Associated Lipocalin (NGAL) is a protein produced by neutrophils and kidney
tubular cells with increased synthesis during tubular injury [68].
Most of clinical studies demonstrated usefulness of urinary NGAL (uNGAL) for early diagnosis of UTI in
children [69], [69], [70], [70] and for monitoring of treatment response [ 71], [72], [73]. The accuracy of
uNGAL in UTI diagnosis in febrile infants <3 months of age was high and useful for early diagnosis and
UTI treatment in this age group [73]. It was established that uNGAL has a high sensitivity and specificity
for differentiating APN from other febrile infections [74]. On the other hand, uNGAL had lower sensitivity
and specificity than serum NGAL for diagnosing febrile UTI as well as that uNGAL was not useful for

Ciuntu, A (et al.). Biomarkers in children with kidney diseases

Urogenital Infections and Inflammations 5 / 15



diagnosing non-febrile UTI [75].
Interestingly, uNGAL is also a potentially useful marker for the detection of subclinical renal damage such
as scarring, vesicoureteral reflux, or obstruction [76], [77].

3.3.3.2 The kidney injury molecule-1(KIM-1)

The kidney injury molecule-1 (KIM-1) is a type-1 transmembrane protein, with an immunoglobulin and
mucin domain. It is not detectable in normal kidney tissue or urine but is expressed at very high levels in
dedifferentiated proximal tubule epithelial cells after tubular damage [78]. Urinary KIM-1 (uKIM-1) is a
marker of disease severity in children with NS as levels were higher in SRNS as compared with steroid-
dependent nephrotic syndrome (SDNS) [79]. Thus, KIM-1 expression is closely correlated with the
presence of fibrosis and inflammation. Children with type 1 diabetes, without known albuminuria, had
higher levels of uKIM-1 when compared to non-diabetic controls [80]. The expression level of uKIM-1 is
sensitive for the early diagnosis of AKI and CKD, as well as useful to effective assessment of renal
pathological damage and disease progression [81].
Studies showed that in urine samples from adults and children, the level of KIM-1 correlates highly with
the incidence and prognosis of CKD [82], [83], [84].

3.3.3.3 Matrix metalloproteinases (MMPs)

Matrix metalloproteinases (MMPs) are zinc-dependent endopeptidases, known to play a role in tissue
remodelling through the degradation of extracellular matrix components [85]. MMP-9 is a potential
biomarker of renal fibrosis, cardiovascular outcomes, and progressive renal injury [86]. MMP-9 has
relatively good specificity and tissue inhibitor of metalloproteinase (TIMP1) has good sensitivity for
predicting scar formation in children with APN. Combined analysis of both markers makes the specificity
higher [87]. In children with CKD serum, MMP-2 levels kept increasing from the beginning of renal failure
progression, and the levels of TIMP-1 and TIMP-2 correlated with TGF-β1 [88], suggesting that these
markers indicate increased cell damage, inflammation, and aggravation of proteolytic processes in CKD
children [88]. MMP-9 urinary levels were significantly elevated in children with FSGS, as compared with
control subjects [89]. In a cohort of pediatric patients with CKD, MMP-9 serum concentrations were
significantly higher in children with CKD compared to children without CKD [90].

3.3.3.4 Vitamin-D-binding protein (VDBP)

Vitamin-D-binding protein (VDBP) is a low-molecular weight protein that is filtered through the glomerulus
as a 25-(OH) vitamin D 3/VDBP complex [91]. In patients with SRNS, urinary VDBP (uVDBP) levels were
significantly increased compared to patients with SSNS, during remission and relapse. Therefore, uVDBP
could be used as a non-invasive biomarker to predict steroid sensitivity in children with INS [92].

3.3.3.5 Alpha-1B-glycoprotein (A1BG)

Alpha-1B-glycoprotein (A1BG) is an acute phase protein, its concentration in serum increases in
response to inflammatory processes. It has been detected in the urine of children with SRNS, and it has
been shown that A1BG can be used to differentiate SRNS from SSNS [93], [93], [94].

3.3.3.6 Soluble urokinase-type plasminogen activator receptor (suPAR)

Soluble urokinase-type plasminogen activator receptor (suPAR) is the cleaved molecule derived from
Urokinase-type plasminogen activator receptor (Upar), which is a glycosyl-phosphatidylinositol-anchored
membrane protein present on multiple cells, including podocytes [95]. Wei C et al. demonstrated that
serum suPAR levels were increased in two thirds of pediatric and adult patients with biopsy-proven
FSGS, including both native and recurrent FSGS cases [96].

Many studies demonstrated that suPAR is inversely correlated with GFR in children [ 97], [98]. Another
important fact, identified by Gellermann J et al., is that suPAR may be a biomarker of future decline in
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GFR, as proteinuria is an established risk factor for CKD progression. Additionally, plasma suPAR
concentration was higher in pediatric patients with SRNS versus SSNS [99].

3.3.3.7 MicroRNAs (miRNAs)

MicroRNAs (miRNAs) are post-transcriptional negative regulators of gene expression and play an
important physiological role in a variety of biological processes, including the evolution of renal disease
[100], [101], [102]. Urinary miRNAs are validated as diagnostic and prognostic biomarkers of acute cell
rejection, interstitial fibrosis and tubular atrophy [103]. Moreover, miRNA profiling in urine was identified
as a potential tool for monitoring graft function and anticipating progression to chronic allograft
dysfunction in kidney transplantation [104]. Luo Y et al. [ 105], in a cohort study of 159 children and
adolescents with proteinuria and NS, detected a significant increase in exosomal miRNAs compared to
healthy controls. However, even if these exosomal miRNAs are correlated with proteinuria, the
usefulness of these miRNAs for disease monitoring and stratification should be taken with caution [105].
Chen T. et al demonstrated that exosomal miRNA failed to differentiate between the 3 forms of NS: MCD,
mesangial proliferation or FSGS [106].

3.3.3.8 Bone Morphogenetic Protein-7 (BMP-7)

Bone Morphogenetic Protein-7 (BMP-7) is a TGF-β1 antagonist, with anti-fibrotic and anti-inflammatory
properties. It plays an essential role in both the development and regeneration of the kidney [107]. A
large variety of evidence shows an anti-fibrotic role of BMP-7 in CKD, and this effect is largely mediated
via counterbalancing the profibrotic effect of TGF-β. Increasing evidence from different independent
experiments approved the anti-fibrotic effect of BMP-7 in renal fibrotic disease regardless of its primary
causes [108].

3.3.3.9 Urinary Procollagen III N-Terminal Propeptide (uPIIINP)

Urinary Procollagen III N-Terminal Propeptide (uPIIINP), a propeptide byproduct of collagen 3 deposition,
is a marker of renal tubulointerstitial fibrosis. The urinary concentration of PIIINP is associated with CKD
progression, and this association is independent of baseline eGFR and other CKD risks. This is a very
important tool for noninvasive assessment of kidney tubule function [109]. Urinary PIIINP was found to be
a marker of CKD progression in a study on subjects of renal transplant [110]. For pediatric CKD, the main
part is caused by congenital anomalies of the kidney and urinary tract (CAKUT), and uPIINP is a useful
biomarker for the evaluation of obstruction nephropathy [111].

3.3.3.10 N-acetyl-β-D glucosaminidase (NAG-β)

N-acetyl-β-D glucosaminidase (NAG-β) is a proximal tubule lysosomal enzyme that showed increased
levels in toxic tubular damage, chronic glomerular disease, diabetic nephropathy; it is also useful in the
settings of cardiopulmonary bypass surgery [112], [113], [114]. It is highly sensitive in the detection of
AKI. Also, urinary NAG-β (uNAG-β) was able to predict the renal outcome of critically ill patients with AKI.
This feature makes it a potential and sensitive biomarker of AKI [115].

Mishra et al. [ 116] evaluated the excretion of uNAG-β among three subgroups of patients with INS,
namely, those who presented with first episode, those with relapses, and those with steroid
resistance, as a sensitive biomarker of renal parenchymal disease. Thus, this urinary biomarker
obviously has both prognostic and discriminatory roles in childhood with INS [116]. The utility of
biomarkers in kidney diseases is summarized in table 1.
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Table 1: The clinical utility of different renal biomarkers in children with kidney diseases

Biomarkers Diseases Clinical utility
uIL-6 UTI, Ig AN Diagnostic
uIL-8
 

UTI Diagnostic, prognostic

uIL-18 AKI Diagnostic
serumTNF-α NS,

CKD
Differentiate SSNS from SRNS
Prognostic

uMCP-1 CKD Diagnostic, differentiate of glomerular and non-glomerular
diseases

uTGF-β MCD, FSGS,
obstructive uropathy

Diagnostic, prognostic, indicator of progression of renal
impairment

CTGF CKD Diagnostic
serum PCT UTI Diagnostic
uNGAL UTI, obstructive

nephropathy
Diagnostic, differentiate diagnostic,
monitoring of treatment response

pNGAL UTI Diagnostic
uKIM-1 SN, AKI,

CKD,
Type I diabetes

 

Diagnostic, differentiate SDNS from SRNS
Prognostic

uMMP-9 APN, FSGS Diagnostic
serum MMP-
9

APN, CKD
 

Diagnostic

uVDBP NS Diagnostic, differentiate SRNS from SSNS
urinary A1BG NS Differentiate SRNS from SSNS
serum
suPAR

NS,
FSGS,
CKD

Diagnostic, differentiate SRNS from SSNS
 
Prognostic

urinary
miRNAs

NS, MCD, FSGS,
CKD

Diagnostic, differentiate diagnostic
Prognostic
 

BMP-7 CKD Diagnostic
uPIIINP Obstructive

nephropathy,
CKD

Diagnostic
 
Prognostic

uNAG-β NS,
AKI

 

Differentiate SSNS from SRNS Diagnostic
 

4 Further research

Early diagnosis and the outcomes of kidney diseases could be enhanced through the development of
novel sensitive biomarkers that would allow to increase the quality of assessment of these disorders and
ameliorate clinical decisions. The most promising biomarkers are proteomics, including transcriptomics,
urinary proteomics and metabolomics, that can facilitate a more precise and early diagnosis of renal
disorders [117], [118], [119].

Another direction is the genetic testing of children with kidney disease that became more widespread with
the discovery of more than 50 monogenic causes of INS that led to significant clinical implications [120].

The usefulness of these biomarkers should be validated in longitudinal clinical studies and from the
perspective of the modern pediatric paradigm regarding individualized, personalized treatment, which
requires a wider and more varied arsenal of highly accurate paraclinical investigations.
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5 Conclusion

An increased number of studies regarding to sensitive and selective biomarkers are useful for diagnosis
and evaluation of mechanisms characteristic for renal disorders and to confirm the importance of this
topic.

Older biomarkers of kidney function and injury (GFR, eGFR, creatinine, ratio of BUN: creatinine,
albuminuria, proteinuria) are still used in clinical practice, being very cost-effective. But the use of these
biomarkers has many limitations [22]. Thus, serum creatinine is an insensitive and late biomarker,
compared to newly proposed AKI biomarkers, such as serum Cys-C and uNGAL.

The capacity to make an early diagnosis and monitor the evolution of kidney disease in children was
enhanced considerably in the last years, after finding more specific and sensitive biomarkers, as uNGAL
and serum Cys-C, that can predict AKI early in critically ill children, as biomarkers for diagnostic,
prognostic, monitoring the treatment of UTI, AKI, CKD – cytokines and acute phase reactants (IL-6, IL-8,
IL-18, TNF-α, PCT), pNGAL, uNGAL, uKIM, uMMP-9, uVDBP, A1BG, uPIIINP, uNAG-β, and biomarkers
of renal fibrosis – urinary TGF-β and CTGF.

Biomarkers that could distinguish SRNS from SSNS – uVDBP, uNGAL, urinary A1BG, serum suPAR –
were found to be significantly elevated in SRNS.
Complicated pathogenetic mechanisms of development and progression of children kidney diseases
demand not a single marker, but a combination of them, to reflect all the changes that happen during the
disease.
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