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The aim of the study was to investigate the main etiological factors of urinary tract infections in children, the role of nitric
oxide synthase and cystatin C in the mechanisms of antimicrobial protection in children with acute and chronic urinary tract
infections.

Materials and methods. The study groups consisted of 84 children (mean age — 10.0 + 1.3 years). The main group was divided
into subgroups: the first subgroup — 17 children with acute pyelonephritis, the second subgroup — 21 patients with chronic pyelone-
phritis, the third subgroup — 16 patients with acute cystitis, the fourth subgroup — 10 patients with unspecified urinary tract infections.

The control group consisted of 20 relatively healthy children. The levels of inducible NO-synthase (NOS2) and cystatin C were
measured by enzyme-linked immunosorbent assay. The etiological pathogen was identified in the urine of 200 patients with
urinary tract infections.

Results. Escherichia coli was identified as the dominant pathogen in 46.7 % of cystitis patients and in 66.6 % of chronic pyelone-
phritis patients. The next most frequently detected etiological agent in children with acute (27.3 % of cases) and chronic (25.6 %)
pyelonephritis and unspecified urinary tract infection (32.2 %) was Enterococcus faecium. Proteus mirabilis was found in 26.6 %
of patients with cystitis.

The level of NOS2 in all the studied subgroups was significantly higher than that in the control group (P < 0.01). A statistically
significant increase in the level of cystatin C in the main group (P < 0.05) was determined. The cystatin C-to-NOS2 ratios in
the studied subgroups were 1.5-2.0 times lower than those in the control group (P < 0.05).

Conclusions. The change in the spectrum of pathogens has been determined, which was a premise of the need for constant
bacteriological monitoring. The development of the primary inflammatory process in the urinary tract occurred amidst a certain
dysfunction of the immune system, which was manifested in an insufficient quantitative response of cystatin C, as well as high
serum levels of inducible NO-synthase in the patients.

PoAb cMHTa3M OKCHAY a30Ty Ta LUCTaTUHY C y MmeXxaHismax
aHTUMIKpOOHOro 3aXucTy B AiTe 3 iHPeKLiAMHU CeuOBUBIAHOI CUCTEMMU,
BPaxoBYHOUM €TiOAOriUHWH paKTop

I. 0. AexxeHko, H. A. 3axapueHko

MeTa po60oT1 — JOCTIANUTY OCHOBHI ETIONOTiYHI YUHHUKM PO3BUTKY IHEEKLN CEHOBMBIAHOT CUCTEMM Y AiTEN, POSb CUHTA3M OKCH-
Zy a3oty Ta unctatuHy C y MexaHismax aHTUMIKpOGHOro 3axMCTy B [iTei, XBOPWX Ha rOCTPi Ta XPOHIYHI iHGeKLi ce4oBMBIaHOT
cucTemm.

Marepianu Ta metoau. [pyna gocnimkeHHs — 84 autuHm (cepeaHin Bik— 10,0 £ 1,3 poky). OCHOBHY rpyny NOAINMAW Ha Niarpynu:
nepLua — 17 XBOpWX Ha rocTpuii nienoHedpuT; Apyra — 21 NauieHT i3 XPOoHIYHUM nienoHepuTom; TpeTs — 16 aiTei, XBOpNX Ha
rocTpui uneTuT; Yeteepta — 10 0Ci6 i3 HeyTOUHEHUMY iHGEKLISMI CEHOBUAINBHOI CUCTEMM.

Y KoHTpOMbHY rpyny Bkntoumny 20 yMOBHO 3a0poBux AiTelt. locnimkeHHs BmicTy iHayumbensHoi NO-cuHTasm (NOS2) Ta um-
cratuHy C 3aiicHunu MeTogoM iMyHodepMeHTHOro aHanisy. EtionoriuHmin natoreH BusHaunnm B cedi 200 xBopux Ha iHeKwii
CEYOBUAINBHOI CUCTEMM.

Pesyneraru. [NatoreH, Lo AomiHye, y 46,7 % XBopux Ha LMCTUT Ta 66,6 % nauieHTiB i3 XpoHiYHUM nienoHedpuTom — Escherichia
coli. HacTynHwit 3a 4acTOTOK BUSIBMIEHHS €TIONOMYHMIA 30YAHWK Y AiTeN, XBOPWX Ha rocTpui (27,3 % BUNaakis), XPOHIYHWN (25,6 %)
nienoHedpuT i HeyToOuHeHy iHdekLito ceqoBoi cuctemm (32,2 %), — Enterococcus faecium. Proteus mirabilis Bussunm y 26,6 %
XBOPWX Ha LICTUT.

PiBeHb NOS2 y Bcix nigrpynax AoCnimKeHHs JOCTOBIPHO BULLMIA 33 NOKa3HUK KOHTpObHOI rpynu (p < 0,01). BuaHaunmm cratuc-
TUYHO 3HauyLLe NiABMLLEHHS BMICTY umctatuHy C B 0CHOBHIN rpymi (p < 0,05). KoediLieHTy cniBBigHOLLEHHS piBHA umcTatuHy C
wopo NOS2 y rpynax croctepekeHHs Hinkdi B 1,5-2,0 pasa nopiBHSHO 3 rpynoto koHTponio (p < 0,05).

BucHoBku. BuaHaumnu 3viHy cnektpa naToreHis, Lo o6rpyHTOBYe HEODXIAHICTb 3AiiCHEHHS MOCTiliHOrO GakTepioNnoriYHoro Mo-
HITOPWHry. PO3BUTOK NEPBMHHOTO 3anarnbHOMO NPOLeCy B CEHOBUBIAHWX LUMsIXaX BiaOYBAETHCS Ha TIi NEBHOI ANCAYHKLUT iMYHHOI
CcUCTEMM, LLO BUSIBNISIETLCA SIK HEAOCTATHA KinbkicHa peakwisi 3 6oky umctatuHy C, a Takox Ha Thi BUCOKOrO BMICTY iHAyLMGensHOT
NO cuHTa3u B cMpoBaTLi KPOBi XBOPUX.
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Urinary tract infection (UTI) is the leading disease in
childhood [14], second only to acute respiratory diseases.
Research on the bacterial factor spectrum of urinary tract
infection and also on the peculiarities of certain parts of
the immune system functioning could help to understand
the links in the disease pathogenesis. That would also
serve to identify the factors that contribute to the chronicity
of the process, especially when it occurs without premorbid
abnormalities (developmental defects of the system) and,
of course, help improve the quality of care for this cohort
of children [6].

Despite the fact that bacteria regularly enter the bladder,
UTI does not always develop due to the local mechanisms
of the bladder wall protection, such as mucus production
and secretion of antimicrobial peptides by the uroepithe-
lium, which limit or prevent the attachment of bacteria to
uroepithelial cells [10]. Uroepithelium has many antibacterial
factors that increase the synthesis and effectiveness of an-
tibacterial factors. Nitric oxide (NO) is one such factor that
is an element of innate immune protection [16].

NO is a small hydrophobic molecule with antibacterial
properties, which easily penetrates by diffusion through
bilayer lipid membranes. NO is formed by the enzyme
nitric oxide synthase (NOS) in the reaction when the ami-
no acid L-arginine and oxygen are converted to NO and
L-citrulline. There are three main isoforms of NOS derived
from individual genes: two constitutive isoforms and one
inducible (iNOS) isoform. However, different host cells
enzymatically produce NO by inducing NO-synthase
(NOS2/iINOS) during infection, and NO plays a key role
in the innate immune response [9,17]. Numerous studies
also indicate that the toxic radical of NO, produced via
the activation of INOS, plays an important role in protecting
the host from bacterial infections, including UTI [10], and
iNOS can be induced in a wide variety of immune cells,
including macrophages, neutrophils, and epithelial cells.
According to data [12], an increase in both NO and iNOS
levels was found during bacterial infection in patients with
UTI, which is a logical confirmation. But the main source
of antibacterial NO is the activity of the host's INOS [16].
Given the fact that the NO molecule is unstable and has
a very short half-life, in order to assess the activity of
the “punishing sword of the immune system”, it is desirable
to study NO by the activity of INOS [16].

Cystatin C is another important protein for the immune
system. Although clinically it is mainly used as a biomarker
of renal function [8], more and more scientific evidence
suggests that cystatin C is involved in numerous immune
processes [13], performs an immunoregulatory role at both
the cellular and molecular levels, including antigen pre-
sentation, cytokine secretion, nitric oxide synthesis, etc. [19].
Under the influence of various mediators of inflammation,
cystatin C, in turn, affects inflammation and the immune
response induced by it, which protects the macroorganism
from the penetration of microorganisms and parasites that
use cysteine proteases to enter the body. Studies in mice
have confirmed that cystatin C can significantly induce
the formation of NO from macrophages, but its role in NO
production depends on the activation of the INOS pathway
[21]. All of the above was the factor that motivated us to
conduct this study of the urinary system.

Aim

The aim of the study was to investigate the main etiological
factors of urinary tract infections in children, the role of
nitric oxide synthase and cystatin C in the mechanisms of

antimicrobial protection in children with acute and chronic
urinary tract infections.

Materials and methods

We examined 84 children aged 6 to 14 years (the mean age
was 10.0 £ 1.3) who were hospitalized to the Zaporizhzhia
Regional Children’s Clinical Hospital during 2018-2020. The
main study group included 64 children with primary urinary
tract infections. Patients with urinary tract abnormalities, as
well as patients who received antibacterial therapy prior to
the experiment, were excluded from the study. The children
were divided into groups according to the classification and
taking into account the criteria for the diagnosis of UTI,
according to the EUA guidelines, 2021 (levels of evidence
I, 1) [5] and the order of the Ministry of Health of Ukraine
No. 627 dated 03.11.2008 [20].

The main group children were divided into four sub-
groups: the first included 17 children with acute pyelone-
phritis, the second — 21 patients with chronic pyelonephritis,
the third — 16 patients with acute cystitis, the fourth — 10
patients with urinary tract infections unspecified. The control
group included 20 relatively healthy children, represen-
tative by sex and age, without any inflammatory signs of
the urinary system.

The serum NOS2 concentrations in patients included in
the study were detected by enzyme-linked immunosorbent
assay (ELISA) using a commercial kit for NOS2 (Cloud-
Clone Corp., USA).

Measurement of serum cystatin C in patients included
in the study was performed using a commercial ELISA kit
BioVendor Human Cystatin C (Czech Republic).

Additionally, we determined the presence of the patho-
genin the urine of 200 children aged 3 to 18 years (the mean
age was 12.0 + 1.4 years) with UTI who were hospitalized
to the Zaporizhzhia Regional Children’s Clinical Hospital
during 2018-2020. Conventional methods of inoculating
urine into ready-made nutrient media (Columbia Blood
Agar, BioMerieux, France, and Selective Chocolate Agar,
BioMerieux, France) were used to identify bacterial strains.
Verification of the pathogen was performed on a microbial
detection analyzer “BioMerieux”, France. Pathogenic flora
was detected in 185 (95.5 %) patients through bacterio-
logical examination, an etiological factor was not identified
in 15 (7.5 %), therefore, they were excluded from further
participation in the study.

The results obtained were processed by the method of
variation statistics using statistical packages Excel and Sta-
tistica 13.0 (StatSoftInc., No. JPZ8041382130ARCN10-J).
The method of correlation analysis with the calculation
of Spearman’s rank correlation coefficient was applied.
The non-parametric Mann-Whitney test (U) was used to
assess differences between indicators. Differences were
considered significant at P values of <0.05.

All human studies complied with the ethical standards
of the Institutional and National Research Committee and
the 1964 Declaration of Helsinki and its subsequent amend-
ments or comparable ethical standards. Informed consent
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Table 1. The main pathogens of UTI taking into account the clinical form of the disease

Unspecified UTI, n = 87 Acute pyelonephntls n=44 Chronic pyelonephrltls n=39 | Cystitis,n=15

Pathogens/nosological entity

Escherichia coli 50.6 27 61.3 26 66.6 46.7
Enterobacter cloacae 2 23 - - - - - -
Enterococcus faecium 28 32.2 12 27.3 10 25.6 1 6.7
Enterococcus faecalis 8 34 2 45 - - - -
Klebsiella pneumoniae 7 8.1 2 45 2 5.1 3 20
Proteus mirabilis 3 34 1 22 1 25 4 26.6

Table 2. The serum levels of NOS2 and Cystatin C in the examined children

Indicator, units of measurement | Control group, Study group, Subgroup 1, Subgroup 2, Subgroup 3, Subgroup 4,
] ) n=17 n=21 n=16 n=10

NOS2, ng/ml 0.160 (0.100;0.195)  0.32 (0.24; 042y  0.39 (0.27;045)*  0.36(0.23;0.43)*  0.26(0.20;0.31)*  0.31(0.25; 0.41)*
Cystatin C, ng/ml 572 (543.7;663.2)  738.8(586.7;846.3)* 708.3 (580.4; 832.6) 772.3(622.3;851.5)° 718.9 (635.5;784.2)° 584.6 (536.3; 704.2)
Cystatin C-to-NOS2 ratio, c. u. 3575 2308.75 1816.1 2145.3 2765.0 1885.8

(5430; 3400) (2444.60; 201500  (2149.6;1850.0)*  (2705.6;1980.2)  (3177.5;2520.6)  (2145.2;1717.5)"*

*: P < 0.05 compared with the control group; **: P < 0.01 compared with the control group.

was obtained from all individual participants included in
the study. A complete set of data on children, their parents
and physicians confirming the results of this study was not
publicly available due to limited initial ethics approvals.

Results

The results of the study on the spectrum of pathogens that
dominated as the etiological factor in the development of
UTl in children are presented in Table 1.

As can be seen from Table 1, Escherichia coli was
the dominant pathogen and occurred with a frequency of
46.7 % in cystitis and 66.6 % in chronic pyelonephritis.
Therefore, Escherichia coli continued to occupy a leading
place in the structure of pathogens, although this prevalence
was significantly lower as compared to reports of other
authors [7]. According to the results of further ranking of
the etiological significance of pathogens, Enterococcus
faecium took second place, which with varying frequency,
but still was the second in the groups of children with
acute and chronic pyelonephritis and UTI. At the same
time, the analysis showed that children with acute cystitis
comprised a distinct group with only 6.7 % of Gram-positive
isolates, while all other nosological entities represented
Gram-positive flora in 25.6-37.9 % of cases. In our opi-
nion, the obtained fact should be taken into account when
prescribing empirical therapy.

The next stage of our work was to study the level of se-
rum iNOS in patients with inflammatory diseases of the uri-
nary tract. The examination results are given in Table 2.

As can be seen from the data in Table 2, the develop-
ment of UTl was accompanied by a 2-fold increase in serum
NOS2. The data obtained seem logical, especially if we take
into account the protective nature of the NOS2 increase
aimed at inactivating the bacterial agent. Afterwards, we
analyzed the serum NOS2 level, considering the selected
groups. As expected, the level of NOS2 in patients of all sub-
groups was significantly higher than that in the control group
(P <0.01), but without statistical intersubgroup differences.

In the next stage of our study, the cystatin C level
was measured as a marker of immune system activation.

3anopisbkuin MeguuHuiA xypHan. Tom 24, Ne 4(133), nuneHb — cepneHb 2022 p.

It should be noted that the results obtained were slightly
different from those as to the analysis of the INOS level.
For example, we noted a significantly increased cystatin
C level in the main study group (P < 0.05) due to its sta-
tistically significant increase in subgroups of children with
acute cystitis and chronic pyelonephritis. In children with
unspecified UTI, its level did not differ statistically from
the control group (P > 0.05).

Based on the data indicating that cystatin C induces NO
production by macrophages regardless its inhibitor activity
[21], and the realization of this role is due to activation of
the INOS pathway [21], we additionally calculated the cysta-
tin C-to-NOS2 ratio. The data obtained are shown in Table 2.
As shown in the table, the figures derived by calculating this
ratio in the study subgroups were 1.5-2.0 times lower than
those in the control. It is worth noting that the highest ratio
was revealed in the subgroup of patients with acute cystitis.

Discussion

In general, Escherichia coli, of course, remains the leader
among the pathogens that cause UTI in children, but
the percentage of its detection is much lower (56.2 %)
than described in the world literature (80-90 %) [7].
This has been confirmed by the data on 54-67 % of
Escherichia coli reported by Balighian E., Burke M. in
children with UTI [1].

Instead, the role of enterococci in the development of
inflammatory diseases of the genitourinary system is un-
derestimated. For instance, according to data published by
the American Academy of Pediatrics (Pediatrics in Review,
2018), only 3-9 % of patients had bacteria of the genus En-
terococcus. Budnik T. V. et al. [3] have found that enterococci
accounted for approximately 7 % of cases. Bezruk V. V.
[2] has revealed that cocci caused UTI from 1 % to 12 %
of cases. At the same time, we have found that bacteria of
the genus Enterococcus were the cause of inflammatory
diseases of the genitourinary system in 25.6-35.6 % of cas-
es.And only in 6.7 % of patients with cystitis, it was isolated
as a leading pathogen. The data obtained indicate that in
the case of ineffective traditional initial empirical antibiotic
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therapy, the inflammatory process should be suspected to
be caused by bacteria of the genus Enterococcus. This, in
turn, requires appropriate replacement of antibiotic therapy.

The results obtained regarding the role of bacteria
of the genus Klebsiella have been confirmed in other
studies. So, Eric Balighian et al. [1] have shown in a work
that it accounts for 6—7 % of UTI cases. But meanwhile,
S. Sadeghi-bojd et al. [15] have reported that Klebsiella was
the leading pathogen in approximately 12 % of patients with
UTI. However, T. V. Budnik et al. [3] and J. R. Watson et
al. [18] have reported that this pathogen occurred in 2.0 %
and 3.3 % of UTI, respectively.

The percentage of Proteus mirabilis as an etiological
factor of UTl was quite high in patients with cystitis (26.6 %),
while it accounted for only 4.5 % in previous studies of
G. O. Lezhenko, O. E. Pashkova [11]. In a study of R. Ere-
menko et al. [4], the percentage of the genus Proteus
isolates was 11.2 % of all UTI. This suggests that Proteus
mirabilis remains an atypical microflora in upper UTI but
becomes one of the leading pathogens in lower UTI.

Therefore, at the present stage, the microbial spectrum
of UTI pathogens is very diverse, and the data of research-
ers are heterogeneous, and sometimes opposite, indicating
the need for constant local bacterial monitoring to improve
the effectiveness of antibacterial therapy.

According to the literature, low levels of INOS are pre-
sentin the blood under normal physiological conditions, but
it is expressed in response, for example, to microbes and/
or inflammatory cytokines. After induction, iNOS produces
constantly high amounts of NO, which can limit bacterial
growth or help to defend against invading pathogens [16].
These data were logically confirmed by the results of our
work, as we indicated the increased level of INOS within
200 % in all studied groups of children in response to bac-
terial agent contamination.

The aim of the study on the cystatin C level in children
of these groups was, first of all, to identify its possible
effect on NO generation by activating the iINOS pathway.
The comparisons definitely showed the increased level of
cystatin C in the main study group. However, we later found
that this increase was due to children with chronic pyelone-
phritis and acute cystitis, while in children of other groups,
its values did not differ statistically from those obtained in
the control group. Moreover, the calculated ratio showed
a relative decrease in the level of cystatin C in relation to
the amount of iINOS allowing to predict the activation of
other signaling pathways.

It is possible that the lack of quantitative response of
cystatin C in acute inflammatory processes of the urinary
tract is a prerequisite for the development of bacterial in-
flammation, especially given its integral role in the immune
response, both innate and adaptive immunity. In this con-
text, disorders of expression and localization of cystatin C
may be both accidental and effector factors of pathological
processes [21].

Conclusions

1. At present, there is a change in the range of patho-
gens — agents of urinary tract infections in children, and
this is a premise of the need for constant bacteriological
monitoring for effective antimicrobial therapy.
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2. The development of urinary tract infection occurs
amidst high levels of serum inducible NO synthase in pa-
tients. This reaction is aimed at activating the synthesis of
NO in order to limit the bacterial growth and defend against
invading pathogens.

3. The development of the primary inflammatory pro-
cess in the urinary tract occurs amidst a certain dysfunction
of the immune system, which is manifested in an insufficient
quantitative response of cystatin C, which may be an effector
factor in the pathology.
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