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Abstract

Background: Urinary proteins may help to understand the physiology
and diagnose renal dysfunction in sick infants. The renal function in ill full-
term newborns with disorders of early neonatal period by means of detecting
specific protein biomarkers in the urine was studied.

Materials and methods: A prospective cohort study on 205 full-term
newborns was performed including 55 healthy infants, 55 newborns with
clinical signs of moderate disorders of early neonatal period, 50 newborns
with severe neonatal disorders without acute kidney injury (AKI), and
45 newborns with both severe neonatal disorders and AKI. The urinary
concentrations of total protein (UTPr), albumin (UAlb), immunoglobulin
G (UIgG), al-microglobulin (Ua1-MG), and [32-microglobulin (UB2-MG)
were determined by means of laboratory tests.

Results: As compared to healthy newborns, full-term neonates with
moderate disorders of early neonatal period developed dysfunction of the
glomerular membrane (selective proteinuria with excessive excretion of
UAIDb), and proximal tubules (increased Ual-MG). More severe neonatal
disorders in term newborns are accompanied by selective proteinuria together
with more pronounced tubular failure (excessive urinary excretion of Ual-
MG and UB2-MG). Formation of AKI in term infants is associated with
complex disorders of all structural elements of the nephron, manifested by
extremely high levels of total protein markers of glomerular (UTPr, UAIb
and UlgG) and tubular (Ua1-MG and UB2-MG) dysfunction in urine.

Conclusions: The measurement of urinary protein biomarkers in sick
full-term newborns with clinical signs of disorders of early neonatal period
demonstrated renal dysfunction not only in infants with AKI. The biochemical
changes found in critically ill newborns require timely diagnosis promoting
the right choice of intensive therapy with the aim to prevent the development
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of severe renal pathology and chronic renal failure
in the future.
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Introduction

The risk of acute kidney injury (AKI) in
hospitalized critically ill newborns without
primary renal disease remains to be high in both
term and premature infants [1]. The diagnosis
of AKI in newborns is problematic with current
methods that rely on two functional abnormalities:
functional changes in serum creatinine (SCr) and
urine output. They both are late consequences of
injury and not predictive markers of the injury
itself [2-4].

SCr is a late and non-specific marker of
reduced glomerular filtration rate (GFR). It is
insensitive to acute changes in kidney function.
Neither the cause, location of renal disease (e.g.
pre-renal versus intrinsic; affected renal tubule
segment; nephrotoxic versus ischemic AKI)
nor the extent of renal damage are adequately
reflected by SCr concentration. Jaffe method of
measuring SCr interferes with conditions such
as  hyperbilirubinemia, hypertriglyceridemia,
hemolysis and ketone bodies in the blood. Also,
SCr is influenced by several non-renal factors
such as muscle mass, medications taken, diet and
tubular secretion, thus causing inaccuracies in
making the diagnosis of AKI. In fact, SCr assesses
only the function of glomerular filtration and not
tubular secretion or reabsorption [5-7].

In the last decade a significant progress has been
made in identifying and validating new biomarkers
for AKI [7, 8]. Increasing introduction of the so-
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called “omics” into clinical practice, especially
metabolomics, seems to offer new attractive
prospects for improving neonatal outcomes and
management of kidney disease, especially in
critically ill newborns [2].

Urinary proteins may help to understand the
physiology and improve making the diagnosis of
renal dysfunction in sick infants. We found no
data in the literature concerning changes of the
renal function in newborns with different degrees
of disorders during their first week of life, with or
without signs of AKI.

Objective

To study renal function in full-term newborns
with disorders of early neonatal period by detecting
specific protein biomarkers in the urine.

Materials and methods

A prospective cohort study of 205 full-term
neonates admitted between January 2014 and
December 2016 has been performed. They were
classified on the basis of the neonatal Therapeutic
Intervention Scoring System (nTISS) [9]. The first
group (group I) included 55 healthy newborns
who had nTISS score zero. Group II included 55
neonates with clinical signs of moderate disorders
of early neonatal period who had nTISS score
in the range 1-9. Group III included 95 neonates
who had clinical symptoms of severe disorders
in their first postnatal week and had nTISS score
10 or higher. This group included 50 critically
ill newborns without AKI (group IIIA) and 45
critically ill newborns with AKI (group IIIB).

The exclusion criteria of the study were birth
weight < 2,500 g, early neonatal sepsis and major
congenital anomalies of the kidneys and urinary
tract.

The following clinical data were picked out from
the patients’ medical records: signs of disorders
of early neonatal period, factors of therapeutic
intervention and signs of renal dysfunction.

The definition of AKI proposed by Jetton
and Askenazi based on the Acute Kidney Injury
Network (AKIN) classification was used: increase
of SCr by 0.3 mg/dl (26.5 umol/l) or by 150-200%
from the previous value and/or level of urine
output less than 0.5 ml/kg/h for 6 to 12 hours [6].

Urine and blood samples were collected on
the 3" day and in cases of anuria/oliguria after
restoration of diuresis. Creatinine levels in serum
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(SCr) and wurine (UCr) were measured using
enzymatic method (Creatinine 10493986, Siemens
Healthcare Diagnostics, USA) by ADVIA®KC
1800/2400 Chemistry System (Siemens Health-
care Diagnostics, USA). Urea levels in serum
(SUr) and urea (UUr) were measured using kinetic
method (Urea 10494054, Siemens Healthcare
Diagnostics, USA) by ADVIA®KC 1800/2400
Chemistry System (Siemens Healthcare Diag-
nostics, USA). The urinary concentration of total
protein (UTPr) was measured using protein dye-
binding method (UPRO_2 10494059, Siemens
Healthcare Diagnostics, USA) by ADVIA® 1800
Chemistry System (Siemens Healthcare Diag-
nostics, USA). Urinary albumin (UAIlb) was
measured using immunoturbidimetric method
(LALB 10494053, Siemens Healthcare Diag-
nostics, USA) by ADVIA® 1800 Chemistry
System (Siemens Healthcare Diagnostics, USA).
The urinary concentration of immunoglobulin G
(UIgG), al-microglobulin (Ual-MG) and f32-
microglobulin (UB2-MG) were measured using
immunonephelometric method (Antiserum Human
IgG, LATEX al-microglobulin, LATEX [32-
microglobulin, Siemens Healthcare Diagnostics,
USA) by BN ProSpec System (Siemens, USA). All
the tests kits were manufactured by the laboratory
Gemeinschaftslabor Cottbus (Germany).

GFR was calculated on the basis of Schwartz’s
formula with modification by Bagdasarova: GFR
(ml/min/1.73m?» = k - d (cm) / SCr (umol/l) -
0.0113, where k = 0.45 for term neonates, d is the
body length (cm), and SCr is the creatinine level in
serum (umol/l) [10].

The study was approved by the research
ethics committee of Bukovinian State Medical
University. Informed written consent was obtained
from parents prior to enrollment of their babies
into the study. All studies were conducted in
compliance with the basic provisions of the Good

Table 1. Neonatal epidemiological data.
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Clinical Practice (1996), Council of Europe
Convention on Human Rights and Biomedicine
(1997), Helsinki Declaration of the World Medical
Association on Ethical Principles for Medical
Research (1964-2008).

Statistical analysis was performed by means
of the software Statistica 7.0 (StatSoftInc., USA).
The results of each group are expressed as mean
(M) =+ standard deviation (SD) and 95% confidence
interval (95% CI) for symmetric distributions. The
normality of data distribution was tested using
the Shapiro-Wilk test for sample size > 30. To
compare continuous variables, parametric tests
(independent t test) were used. Fisher’s exact test
was used to compare categorical variables. The
difference of the parameters was considered to be
statistically significant with p < 0.05.

Results

205 full-term neonates were enrolled in the
study, including 55 healthy newborns (group
I), 55 newborns with clinical signs of moderate
degree of disorders in early neonatal period (group
II), 50 newborns with severe neonatal disorders
without AKI (group IITIA) and 45 newborns with
severe neonatal disorders with AKI (group IIIB).
Following recommendations [6], AKI was defined
in the group IIIB in 15 neonates (33.3%) on the
basis of increased SCr level, in 20 neonates (44.4%)
by urine output, and in 10 neonates (22.2%) by
combination of the two criteria.

Summaries of the epidemiological data are
presented in Tab. 1. No statistical differences exist
in gestational age, body mass and sex among the
groups.

The results of our studies demonstrated that all
infants with disorders of early neonatal period had
complex somatic and neurological pathologies that
could lead to the development of renal dysfunction.

Group llI
Group | Group I (n=95)
(n =55) (n =55) Group IIIA Group IlIB
(n =50) (n =45)
. 39.1+1.15 39.0 + 1.21 38.9+1.34 39.0 +1.39
CEEEHETE Faly DEE Gy M= e ] (38.9-39.3) (38.8-39.1) (38.6-39.2) (38.5-39.5)

Body mass, g, M = SD (95% ClI)

3,396.1 + 437.43
(3,279.8-3,514.1)

3,206.8 + 424.02
(3,186.3-3,407.3)

3,374.9 +521.4
(3,228.3-3,521.5)

3,459.5 + 494.17
(3,311.1-3,608.0)

Boys, n (%)

32 (58.2)

30 (54.5)

28 (56.0)

28 (62.2)

Girls, n (%)

23 (41.8)

25 (45.5)

22 (44.0)

17 (37.8)

Renal dysfunction in full-term newborns
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The healthy newborns did not have any problems
in their early neonatal period.

Among the 55 patients in group II, 28 (50.9%)
had mild hypoxic-ischemic encephalopathy (HIE),
8 (14.5%) had moderate HIE, 10 (18.2%) had
haemolytic disease of the newborn, 5 (9.1%) had
moderate asphyxia, and 4 (7.3%) had diabetic
fetopathy. 21 newborns (38.2%) had clinical signs
of mild respiratory failure, 8 (14.5%) had moderate
respiratory failure and 5 (9.1%) had cardiovascular
failure.

As compared to group II, the critically ill
neonates from group IIIA had more serious
disorders in the first week of their life. 15 (30.0%)
newborns had signs of moderate asphyxia, 3 (6.0%)
had severe asphyxia, 8 (16.0%) had meconium
aspiration, 10 (20.0%) had moderate HIE, and
14 (28.0%) had severe HIE. Most newborns in
this group had clinical signs of multiple organ
dysfunction syndrome (MODS): all of them (50
[100%]) had severe respiratory failure (p,,, <
0.05), 12 (24.0%) had cardiovascular failure (p,,,
< 0.05), 9 (18.0%) had hemorrhagic syndrome
Pyay < 0.05), 6 (12.0%) had seizures (p,,, <
0.05), 5 (10.0%) had anemia, and 3 (6.0%) had
necrotizing enterocolitis.

Table 2. Neonatal therapeutic interventions.
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45 neonates had AKI (group IIIB). Certain
association between AKI and severe asphyxia,
cardiovascular failure, and necrotizing enterocolitis
was found. In this group, 8 (17.8%) newborns
had signs of moderate asphyxia (p,, 5, < 0.05), 12
(26.7%) had severe asphyxia (p, 5, < 0.05, P,z ua
< 0.05), 9 (20.0%) had meconium aspiration (p, 5,
< 0.05), 6 (13.3%) had moderate HIE, and 10
(22.2%) had severe HIE (p,5, < 0.05). MODS
occurred in all critically ill full-term neonates with
AKI. Severe respiratory failure was found in all
45 (100.0%) patients in group IIIB, cardiovascular
failure in 31 (68.9%; p, 5, < 0.05, p,;gua < 0.05),
hemorrhagic syndrome in 9 (20.0%; p, 5, < 0.05),
seizures in 9 (20.0%; p, 5, < 0.05), and anaemia
in 8 (17.8%). Eight (17.8%) neonates with AKI
developed necrotizing enterocolitis (p, g, < 0.05,
pIIIB-IIIA < 005)

In addition, neonates from group IIIB had
significantly more therapeutic interventions and
drug loading than infants in groups HIA and II
(Tab. 2). This produced an adverse effect on the
renal function. Certain association between AKI
and frequency of administration of inotropic
drugs, especially high doses of dobutamine and
dopamine, diuretic drugs and drugs for central

Group llI
Group Il (n =95)
(n=55) Group IIIA Group IIIB
(n =50) (n = 45)
Mechanical ventilation 0 (0) 44 (88.0) 44 (97.8)°
nCPAP 8 (14.5) 6 (12.0) 1(2.2)°
Inotropic drugs 10 (18.2) 15 (30.0) 36 (80.0)>°
Dobutamine (s 5 mkg/kg/min) 10 (18.2) 15 (30.0)2 36 (80.0)°
Dobutamine (> 5 mkg/kg/min) 0 (0) 0 (0) 8 (17.8)°°
Dopamine (= 5 mkg/kg/min) 0 (0) 0(0) 4 (8.9)b°
Dopamine (> 5 mkg/kg/min) 0 (0) 0 (0) 2(4.4)
Dexamethasone 0(0) 0(0) 1(2.2)
Diuretic drugs (loop) 5(9.1) 9 (18.0) 24 (53.3)b¢
Drugs for CNS 0(0) 18 (36.0)2 38 (84.4)0°
Antibiotics
Ampicillin 49 (89.1) 50 (100.0) 45 (100.0)®
Cefotaxime 8 (14.5) 16 (32.0)2 16 (35.6)"
Gentamicin/Amikacin 46 (83.6) 50 (100.0)® 45 (100.0)®
Plasma 0 (0) 9 (18.0)2 9 (20.0)°
Erythrocyte 0 (0) 5(10.0)2 6 (13.3)°

All entries are n (%).

aSignificant difference between groups Il and IlIA, p < 0.05; Psignificant difference between groups Il and IlIB, p < 0.05; °significant

difference between groups IlIA and IlIB, p < 0.05.

nCPAP: nasal continuous positive airway pressure; CNS: central nervous system.

410

Hodovanets - Babintseva - Longford - Agafonova



Journal of Pediatric and Neonatal Individualized Medicine - vol. 7 - n. 1 - 2018

nervous system (CNS) was determined. It should
be noted that most critically ill newborns from
group III received complex antibiotic therapy
including potential nephrotoxic aminoglycosides,
and needed mechanical ventilation. The average
value of nTISS during treatment in NICU in group
II' was 5.0 £ 1.48 points, in group IITA - 12.3 +4.12
points, in group IIIB — 18.8 + 4.51 points (p,
<0.05, p, s < 0.05, pyays < 0.05).

Multiple clinical and laboratory signs of renal
dysfunction were found in most neonates with
disorders of early neonatal period (Tab. 3). In healthy
newborns (group 1), physiological leukocyturia was
found in 11 (20.0%), flat epithelium in urea in 28
(50.9%), oxalates in urea in 35 (63.6%) neonates
as signs of “transitional states” in early neonatal
period without edema and pathological changes of
body mass. The development of moderate perinatal
disorders in full-term newborns was associated with
pathological increase of body mass in 12 (21.8%)
patients. As compared to group I, patients in group
II were more often diagnosed with pathological
changes in urine. These included pathological
leukocyturia in 8 (14.5%) neonates, renal epithelium
in 5 (9.1%) and granular cylinders in 3 (5.5%)
neonates. 5 (10.0%) critically ill full-term newborns
in group IITA had edema and 9 (18.0%) newborns
had pathological increase of body mass (p,,, <
0.05). Among 50 patients in this group, 3 (6.0%)
newborns had pathological hematuria, 10 (20.0%)
had pathological leukocyturia (p,, , < 0.05), 4 (8.0%)
had renal epithelium, and 2 (4.0%) had granular

Table 3. Neonatal renal data.
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cylinders. Certain association between AKI with
edema and pathological increase of the body mass as
well as with pathological hematuria (22.2%,
< 0.05), pathological leukocyturia (42.2%,
< 0.05), renal epithelium (31.1%,
and granular cylinders (13.3%,
determined.

The results of measurement of biochemical
serum and urine markers are presented in Tab. 4.
The established marker of renal dysfunction SCr
was significantly higher in the groups of critically
ill newborns as compared to the group of patients
with signs of moderate neonatal disorders. The
AKI group displayed significantly higher values
of SCr as compared to the non-AKI group.
Accordingly, minimum mean values of GFR were
found in critically ill newborns with AKI.

In addition, SUr was much higher in the group
of severe neonatal disorders (group IIIA) as
compared to healthy babies (group I) and patients
with moderate neonatal disorders (group II). The
maximum level of SUr was significantly higher in
newborns with AKI (group IIIB).

Further data of renal excretion demonstrated
that all full-term newborns with both stages of
disorders of early neonatal period (groups II
and III) had significantly lower level of UCr as
compared to healthy neonates (group I). The
healthy newborns had a high level of UUr as signs
of “transitional states” in their first week of life.
The highest level of UUr in both groups of patients
with neonatal disorders was found in patients with

Piig-ia
Pii-na

P < 0-05),
< 0.05) was

pIIIB-IIIA

Group llI
Group | Group I (n =95)
(n = 55) (n =55) Group llIA Group llIB
(n =50) (n =45)
Edema 0 (0) 0 (0) 5 (10.0)2¢ 15 (33.3)bed
Pathological increase body weight (> 5%) 0 (0) 12 (21.8)¢ 9 (18.0)¢ 21 (46.7)bcd
Hematuria (0-2 erythrocytes) 0(0) 6 (10.9)° 8 (16.0)¢ 8 (17.8)°¢
Hematuria (> 2 erythrocytes) 0 (0) 0 (0) 3 (6.0) 10 (22.2)Pcd
Leukocyturia (0-5 leukocytes) 11 (20.0) 28 (50.9)¢ 15 (30.0) 8 (17.8)°
Leukocyturia (> 5 leukocytes) 0 (0) 8 (14.5)¢ 10 (20.0)¢ 19 (42.2)0¢
Flat epithelium 28 (50.9) 34 (61.8) 16 (32.0) 15 (33.3)°
Transitional epithelium 3(5.5) 5(9.1)¢ 8 (16.0)¢ 8(17.8)¢
Renal epithelium 0 (0) 5(9.1)d 4 (8.0)¢ 19 (31.1)Ped
Hyaline cylinders 0 (0) 0 (0) 4 (8.0)2¢ 6 (13.3)0¢
Granular cylinders 0 (0) 3 (5.5) 2(4.0) 6 (13.3)Pcd
Oxalates 35 (63.6) 20 (36.4)¢ 19 (38.0) 24 (53.3)

All entries are n (%).

aSignificant difference between groups Il and IlIA, p < 0.05; ®significant difference between groups Il and IlIB, p < 0.05; °significant

difference between groups IlIA and IlIB, p < 0.05; ?significant difference from group |, p < 0.05.

Renal dysfunction in full-term newborns
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Table 4. Neonatal biochemical data.
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Group lll
Group | Group Il (n=95)
(n=55) (n =55) Group llIA Group lliB
(n = 50) (n =45)
SCr, ymol, M 2 SD (85% C) (95.439) aoar | eorars | Cerivae
GFR, mUmin/1.73m’, M+ SD (95% CI) | "7 077 privred ooy | bores
SUr, mmol, M = SD (95°% CI) (560299 (2.65.2.98) eeisy | oeores
UCr, ol M+ D (95% CH rtanarms | (ea0618128 | (rorsesien | Lirsetses
UUr, mmol, M = SD (95% CI) Garsse | weasrn | Gesses | termsy
UTPr, mg/l, M = SD (95% Cl) 216 f;;ﬁ;ég 212 17 4?5?1%.‘;; 1(‘112'25.4::-13 E?é(.)?)d 1?15 52_3.62%151 ;
UAIb, g, M = SD (95°% CI) ©.59-1137 (14918) Gorron | Zesmn
UIgG, mg/l, M + D (95% Ci) (6.96-46) (34519 ety | Ceararn
Ua1-MG, mg/, M = SD (95% CI) @1525.9) Movews | Goamn | wazarn
Up2-MG, mg/l, M = SD (95% CI (508250 Forerey v e o7

aSignificant difference between groups Il and IlIA, p < 0.05; Psignificant difference between groups Il and IlIB, p < 0.05; °significant
difference between groups IlIA and IlIB, p < 0.05; ?significant difference from group I, p < 0.05.

SCr: serum creatinine; GFR: glomerular filtration rate; SUr: serum urea; UCr: urinary creatinine; UUr: urinary urea; UTPr: urinary total
protein; UAIb: urinary albumine; UlgG: urinary immunoglobulin G; Ua1-MG: urinary a1-microglobulin; UB2-MG: urinary 2-microglobulin.

AKI. Critically ill newborns with AKI had lower
level of UCr than any other groups.

As compared to healthy newborns, the patients
with clinical signs of moderate neonatal disorders
and severe disorders without AKI had significantly
lower levels of mean UTPr (165.4 mg/l, 127.3
mg/l and 142.5 mg/l respectively, p,, < 0.05, p,,
< 0.05). The highest mean level of this urinary
marker was found in critically ill newborns with
AKI (185.5 mg/l, p 5.y < 0.05, p,gua < 0.05).

Sick neonates with neonatal disorders in groups
II and IITA had significantly higher levels of UAlb,
a protein marker, than healthy newborns (16.6
mg/l, 17.6 mg/l and 10.5 mg/l respectively, p,
< 0.05, p;p, < 0.05). The highest levels of UAIb
were found in patients with AKI (21.3 mg/l, p, 5, <
0.05, pg. < 0.05, pygia < 0.05).

No difference in UIgG was found between
healthy newborns and neonates of groups II
and HIA (4.3 mg/l, 475 mg/l and 4.38 mg/l
respectively, p > 0.05). Critically ill patients with
AKI had significantly higher levels of this marker
as compared to all other groups (5.73 mg/l, p, 5, <
0.05, pyg. < 0.05, pygyia < 0.05).

6/10

At the same time, the results of the study
demonstrated associations between the level of
Ual-MG and degrees of neonatal disorders. As
compared to healthy neonates, neonates with
neonatal problems of moderate and severe degrees
without AKI had higher a1-MG in urine (24.2
mg/l, 30.5 mg/l and 32.8 mg/l respectively, p,, <
0.05, pa < 0.05). The maximum of this index was
found in newborns with AKI (42.7 mg/l, p, 5, <
0.05, pygy < 0.05 pygua < 0.05).

Neonates who had clinical signs of moderate
disorders of early neonatal period had significantly
lower level of UB2-MG than healthy neonates (1.68
mg/lvs 2.38 mg/l, p,, <0.05). Critically ill newborns
with severe neonatal disorders had significantly
higher level of this urinary biomarker but without
significant difference between subgroups (2.66 mg/l
in group IITA and 2.41 mg/l in group 1B, p,, <
0.05, .y < 0.05, Py gua > 0.05).

Discussion
Proteins are found excreted in urine as a result

of their glomerular filtration and reabsorption in
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the proximal tubules. The concentration of proteins
filtered in renal glomeruli depends on several
factors, including renal plasma flow, protein
concentration in the afferent part of glomerular
vessels, hydrostatic and oncotic pressure on both
sides of the filtration membrane, size, shape and
static charge of protein, as well as the properties of
the filtration barrier [11, 12]. Protein reabsorption
occurs through receptor-mediated endocytosis,
mainly in the convoluted part and the initial
segment of the straight part of proximal tubules.
Many proteins bound to cell membranes (in the
apical part of cells) were found to be a part of
the mechanism of reabsorption. However, not all
products of protein hydrolysis entering renal tubule
cells are reintroduced into circulation. Moreover,
maturation of the filtration barrier is faster than
maturation of the tubular cells [13].

Urinary biomarkers of renal dysfunction in
newborns have been investigated extensively, and
in this study several protein markers were detected
for evaluation at both levels: glomerular filtration
and tubular reabsorption.

The mean value of UTPr in groups of patients
with moderate disorders in the first week of life
and critically ill newborns without AKI was found
to be significantly lower as compared to healthy
newborns. This fact may be due to the presence
of “transient proteinuria” in healthy newborns
during the first 5 days of life. The main causes
of this transient status are increasing permeability
of the glomerular and tubular epithelium, and
capillaries [14].

In our study the highest level of UTPr was
detected in patients with severe neonatal disorders
and AKI. These findings accord with Westhoff
et al., who demonstrated a high level of urinary
protein in a paediatric group with AKI as compared
to sick babies without AKI [15].

However, in our study the urinary concentration
of UTPr was measured by means of protein dye-
binding method. Although heterogeneous types of
proteins and different molecular forms of proteins
(such as albumin) may be present in urine, each
of them has a specific affinity for the dye-binding
process. It makes for a challenge to both accuracy
and precision of measurement, and it may not
accurately measure all clinically significant types of
proteinuria. Both pre-analytical factors and factors
intrinsic to the analysis itself can be sources of
error in UTPr measurement. Currently there is no
reference measurement procedure or standardized
reference material for urinary protein [16]. Added

Renal dysfunction in full-term newborns
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to literature data, results of this study demonstrated
that dye-binding method for measuring UTPr does
not have high level of reliability and cannot be
recommended for practical use.

Many guidelines recommend the measurement
of UAIb on the basis of the need to detect lower
levels of protein than were previously thought
to be clinically significant [17, 18]. Measures of
UTPr are imprecise at low levels of protein and
are insensitive at detecting clinically important
changes in albuminuria. Relatively large increases
in UAIb excretion can occur without causing a
measurable increase in UTPr. UAIb measurements
are more specific and more sensitive for changes
in glomerular permeability than those of UTPr.
Additionally, since a single protein is measured,
standardization of albumin measurement is simpler
than standardization of UTPr measurements [16].

Our results demonstrated that not only newborns
with AKI but also patients in neonatal intensive
care with signs of moderate neonatal disorders
and critically ill neonates without AKI had higher
levels of UAIb than healthy newborns.

Albumin loss in urine has long been used as
a marker of kidney injury, whether it originates
from glomerular dysfunction, defective total
protein reabsorption, or their combination [19].
Elevated levels of UAlb were found in preterm
neonates with asphyxia and respiratory distress
and it was suggested as a possible biomarker of
AKI in newborns [7] and preterm neonates [20].
Sellmer et al. found that UAIb is associated with
patent ductus arteriosus (PDA) and its size, even
after adjusting for gestational age, gender, and
sepsis [21].

Our study presents the evidence that critically
ill newborns with AKI had significantly higher
level of IgG as compared to other groups. It does
not penetrate an intact glomerular membrane, and
is not detected in the urine of healthy individuals
[10, 11].

High concentration of Alb and IgG in the urine
of newborns with signs of AKI was found to imply
the development of non-selective proteinuria
with a loss of glomerular barrier properties. The
morphological basis of functional disorders
of glomerular filter is damaged on thin legs of
podocytes, which are intertwined with each other,
coalesce and form a continuous layer of cytoplasm
covering the basement membrane of the glomeruli.
The other main pathological mechanisms are
damage of structural components of the glomerular
membrane by proteolytic enzymes, reactive oxy-
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gen species, inflammatory cells and proteins
directly in the wall filter [11, 13].

In addition, certain association between the
level of a1-MG and the stage of neonatal disorders
and renal dysfunction was found. In comparison
with healthy newborns, patients with moderate
disorders and critically ill neonates without and
with AKI had significantly higher levels of a1-MG.
The highest level of this marker was determined in
patients with AKI.

According to Adiyanti and Loho, al-MG
is a sensitive biomarker for proximal tubular
dysfunction, even for its early stage when no
histological damage can be observed [22]. This
is in accord with other researchers who claim
that Ual-MG might be a valuable indicator for
evaluating early renal dysfunction in neonatal
patients with HIE [23] or after neonatal asphyxia
[24]. In comparison with $2-MG, a.1-MG is more
stable over a range of pH levels in the urine,
making it a more useful urinary biomarker [16].

A significant difference of UPB2-MG between
full-term newborns without and with AKI was not
found in the study. Although, significantly high
level of this biomarker in the common group of
critically ill patients was determined, as compared
to newborns with moderate disorders in their first
week of life.

2-MG is filtered freely through the glomeruli
of the kidney because it is small. Most of $2-MG
in the filtrate is reabsorbed and catabolized by
renal proximal tubular cells. Only trace amounts of
2-MG remain in urine and are excreted. Elevated
level of serum 32-MG is indicative of glomerular
malfunction, while elevated UB2-MG suggests
tubular dysfunction [25, 26].

Initially, the increase in $2-MG levels in case
of kidney injury was considered to be solely due
to the decline in kidney function, but later studies
have shown that other factors, including increased
synthesis of 32-MG, may contribute to the change
of result in these patients. Another significant
drawback associated with the use of UB2-MG as a
marker of kidney injury is its instability in urine at
room temperature, particularly when pH is less than
5.5; for this reason, urine should be alkalinized and
frozen at -80°C immediately after collection [16].

Measurement of UB2-MG has been proposed as
a convenient and sensitive approach for screening
patients with kidney injury, primarily for patients
with tubular injury but also for those with glomerular
disease [26, 27]. Saeidi et al. have recently described
an association of UAlb with sex, and UP2-MG
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with postnatal age in a group of premature neonates
[28]. Chaudhary et al. demonstrated that f2-MG
is a sensitive indicator of renal disease and can
detect subclinical renal involvement in meconium
aspiration syndrome [25]. Banerjee et al. showed
that urinary p2-MG level may be related to HIE
in full-term patients [29]. Askenazi et al. tested 12
biomarkers in infants with very low birth weight
with and without AKI. They found that UAlb and
UP2-MG were not statistically significantly related
when looking only at the biomarkers, but became
statistically significantly different after controlling
for UCr [7].

In addition, the results of our study demonstrated
absolute reliability of Ua1-MG for identification
of AKI in neonatal cohort, as opposed to UB2-MG,
considering that this marker is not influenced by
extra-renal factors and is stable in urine with acid
pH. It should be noted that laboratory methods for
measuring these proteins are robust. Therefore,
authors recommend measuring of Ual-MG as a
marker of renal tubular injury in newborns.

Our study has several restrictions. First, it is
a single-center study in a relatively small patient
cohort. A larger cohort is needed to relate the stage
of neonatal disorders and modern early markers
of renal dysfunction in sick newborns. Second,
it would be useful to indicate urinary protein
markers between different types of AKI (pre-renal,
renal and post-renal). Third, the diagnostic value
of these markers should be studied and diagnosis
models created for indication of renal dysfunction
in sick newborns, not only in those with AKI. This
is our objective for the future.

Conclusion

The study showed that manifestations of renal
disease in full-term newborns are related to adverse
perinatal conditions. In comparison with healthy
newborns, neonates with moderate disorders in
the early neonatal period had dysfunction of the
glomerular membrane (selective proteinuria with
excessive excretion of UAlb) and proximal tubules
(increased Ual-MG). More severe neonatal
disorders in term newborns were accompanied also
by signs of the presence of selective proteinuria
along with more significant tubular failure
(excessive excretion of al-MG and B2-MG).
Formation of AKI in term infants is associated
with complex disorders of all structural elements
of the nephron, which is manifested by extremely
high levels of total protein markers of glomerular
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(UTPr, UAIlb and UlgG) and tubular (a1-MG and
2-MG) dysfunction in urine. It should be noted
that detection of UAIb and al-MG levels is the
most informative diagnostic marker of AKI in
critically sick neonates.
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