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The aim of the study: to explore in dynamics the structure of pathogens in children of Zaporizhzhia region with acute urinary
tract infections and the possible changes in their antibiotic susceptibility.

Materials and methods. We analysed results of urine culture in 439 children aged 4 to 18 years with acute urinary tract
infection (293 patients in 2014—2016 and 146 patients in 2018-2020). Determination of bacterial species and susceptibility to
antibiotics was performed on a bacteriological analyzer VITEK 2 COMPACT (bioMerieux, France) using AES software: Global
CLSI-based + Phenotypic (2014, 2018) in accordance with CLSI and EUCAST tables. The coefficient of antibiotic resistance
was additionally calculated for each isolate.

Results. According to the analysis of bacteriological monitoring, it was found that in 2018-2020 compared to 20142016
among the causative agents of acute urinary tract infections in children, the role of gram-negative bacteria had raised due to
increasing the proportion of Escherichia coli and Proteus mirabilis. Gram-positive microflora has been represented by bacteria
of the genus Enterococcus, in 2018-2020 in most samples was isolated Enterococcus faecium (28.1 %), in 2014—2016 among
the representatives Enterococcus faecalis prevailed (38.9 %).

The analysis of antibiotic resistance showed that in 2018-2020 the number of resistant strains of E. colito amikacin increased
6.8 times to 2014-2016 (P < 0.01) and there was a decrease in the sensitivity of Enterococcus to aminopenicillins from
91.4 % to 41.3 % (P < 0.01). Among bacteria of the genus Enterococcus the average values of the coefficient of resistance
to antibiotics in 2018-2020 increased 3.75 times compared to 2014-2016 due to a 2.3-fold increase in the frequency of
multidrug-resistant strains (P < 0.05).

Conclusions. The obtained data are convincing evidence of the need for mandatory bacteriological examination of urine
before antibacterial therapy to increase the effectiveness of therapeutic measures, prevention of the emergence and spread
of antibiotic resistance. An increase in resistance of E. coli to amikacin and Enterococcus spp. to ampicillin does not allow
the use of these drugs as empirical therapy of acute urinary tract infections in children.

Pe3yAbTaTi AMHAMIYHOrO MOHITOPUHIY cnekTpa 6akTepianbHUX 30yAHUKIB
rocTpux iHpeKui ceuoBUBIAHOI CUCTEMMU Y AiTEH

I. 0. AexeHko, O. €. MalwkoBa, K. B. Camonank

Meta po6oTu — gocniguTi B auHamiLi CTPyKTypy 30YAHMKIB roCTPUX iHGDEKLIN Ce4OBMBIAHOI cMCTEMM Y AiTel 3anopisbKoi
obnacTi Ta MOXINMBY 3MiHY iXHbOT YyTNMBOCTI 4O aHTUBIOTMKIB.

Matepianu Ta meToau. 3ailicHunu aHania pesynbratie GakTepionorivyHux 3acisie cevi 439 pitei Bikom Big 4 4o 18 pokis, sk
XBOpi Ha rocTpy iHchexLito cevoBwBigHoi cuctemu (293 nauieHTw 3a nepiog 2014-2016 pp. Ta 146 nauiexTis 3a 2018-2020 pp.).
BuaHayeHHs BUAIB Ta YyTNMBOCTI GakTEpil 40 aHTMGIOTUKIB 3aiicHUNM Ha BakTepionoriyHomy aHanisatopi VITEK 2 COMPACT
(bioMerieux, ®paHLis) 3 BUKOpUCTaHHAM nporpamHoro 3abeanedenHs AES: Global CLSI-based + Phenotypic (2014, 2018)
BiAnoBigHo Ao Tabnuub SLSI Ta EUCAST. [Ins KOXHOrO i30nsiTy 4OAATKOBO po3paxoByBanu KoedillieHT pesncTeHTHOCTI Ao
aHTUGIOTUKIB.

Pesynkratu. BectaHosneHo, wo B 2018-2020 pp. nopisHsiHO 3 nepiogom 2014—2016 pp. cepen 30yAHNKIB rocTpuX iHGeKLi
CEYOBMBIAHOI CUCTEMM Y AiTeit 3pocna ponb rpaMHeraTuBHUX 6akTepiit BHACMiaok 36inbLieHHs NMToMoi Baru Escherichia
coli Ta Proteus mirabilis. Tpamno3nTuBHa Mikpodpnopa npeacTaeneHa baktepiamMu pogy Enterococcus, cepep HuX y
2018-2020 pp. nepesaxas Enterococcus faecium (28,1 %), a B 2014—2016 pp. B 6inbLiocTi npob suainanu Enterococcus
faecalis (38,9 %).

Y 2018-2020 pp. nopiBHsiHO 3 2014—2016 pp. 36inbwmnack B 6,8 pasa KinbKicTb pe3ucTeHTHWX WTamiB Escherichia coli po
amikauury (p < 0,01) Ta BigOYNOCH 3HVKEHHS KINbKOCTI KyNbTYp €HTEPOKOKIB, YyTIIMBMX 40 amiHoneHiuuniHie, 3 91,4 % o
41,3 % (p < 0,01). Y 2018-2020 pp. koediLlieHT pesncTeHTHOCTI BakTepiit poay Enterococcus po aHTUBIOTUKIB 36inbLLMBCA
B 3,75 pasa wwopno nokasHuka 2014—2016 pp. BHacninok 3binbLueHHs B 2,3 pasa YacToTU BUAINEHHS MYTBTUPE3NCTEHTHUX
wramis (p < 0,05).

BucHoBku. Pesynbrati cBigyate npo HeobxigHICTL 060B’A3K0BOrO GaKTepioNoriyHOro AOCMMKEHHS Cedi nepes No4aTkom
aHTMbaKTepianbHOT Tepanii rocTpyx iHeKLi CEHOBUBIAHOT CUCTEMM Y AiTEN ANs NiABULLEHHS €DEKTUBHOCTI TEPaneBTUYHNX
3axofiB i NPOINAKTMKN BUHUKHEHHS], 3pOCTaHHS aHTUOIOTUKOPE3NCTEHTHOCTI. 30iNbLUEHHS pe3ucTEHTHOCTI E. coli no amikaupmHy
Ta Enterococcus spp. 80 aMniuuniHy He Aae 3MOrv BUKOPUCTOBYBATM Lii npenapaTy sik emnipuyHy Tepanito npu Wi natonori.
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Urinary tract infections are the second most common
infectious disease after respiratory pathology in medical
practice, including children, affecting up to 150 million
people worldwide every year [1,2] and is currently the se-
cond most common indication for antibiotic prescribtion
[3]. According to these facts, frequent use of antibiotics in
both the hospital and the outpatient settings, is causing
the rise in antibiotic resistance worldwide, which increases
the risk of treatment failures [1].

One of the leading reasons for the formation of an-
tibiotic resistance and its progressive increase is mainly
the irrational use of these drugs [4]. Given that, the choice
of antibiotic to obtain the results of bacteriological exami-
nation of urine is mostly empirical, especially in outpatient
treatment settings, indicators of susceptibility of patho-
gens to antibacterial drugs are important for the effective
therapy of urinary tract infections. Importantly, if the level
of resistance of any antibacterial drug in the region is more
than 10 %, this is the reason for limiting its use as initial
therapy [5], therefore, physicians need to know the main
uropathogens they encounter in the treatment of urinary
tract infections in children, and their sensitivity according
to their territorial distribution.

Aim
The aim of the study was to explore in dynamics the struc-
ture of pathogens in children with acute urinary tract in-

fections of Zaporizhzhia region and the possible changes
in their antibiotic susceptibility.

Materials and methods

To analyze the structure of pathogens of acute urinary
tract infections and the dynamics of their sensitivity to
antibiotics, a study of urine cultures of 439 children with
acute urinary tract infections who were hospitalized at
the Zaporizhzhia Regional Children’s Clinical Hospital in
2014-2016 and 2018-2020 was provided. During the pe-
riod 2014 to 2016 293 patients and in 2018-2020 — 146
patients were examined.

The study material was the middle portion of naturally
voided morning urine obtained after thorough toilet of
the external genitalia. The material was delivered to the lo-
cal laboratory in sterile, hermetically sealed containers.

Inclusion criteria: children aged 4 to 18 years (mean
age was 10.1 + 1.2 years in 2014-2016 and 10.4 + 1.1
years in 2018-2020); the presence of the clinical picture
of acute urinary tract infection; detection of the pathogen
in the titers > 10° CFU/m.

In all patients the diagnosis was confirmed by an-
amnesis, clinical-laboratory, X-ray, microbiological and
ultrasound examination of the urinary system accord-
ing to the protocol of the Ministry of Health of Ukraine
(Order of the Ministry of Health of Ukraine No. 627 of
03.11.2008). The microbiological study was performed
in the bacteriological laboratory of Zaporizhzhia Re-
gional Children’s Clinical Hospital. Uropathogens were
cultured on ready-to-use Columbia blood agar (bioMe-
rieux, France), selective chocolate agar (bioMerieux,
France). Determination of species and susceptibility to
antibiotics of gram-positive and gram-negative bacteria
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was performed on a bacteriological analyzer VITEK 2
COMPACT (bioMerieux, France) using AES software:
Global CLSI-based + Phenotypic (2014, 2018). Anti-
biotic susceptibility was considered in accordance with
CLSI and EUCAST tables (Version 4.0-6.0; 8.0-10.0).
According to the recommendations of EUCAST [6,7], to
determine the sensitivity of Escherichia coli, ceftazidime
was used as a marker antibiotic for the third-generation
cephalosporins, and cefepime for the fourth generation.
To characterize microorganisms, the generally accepted
indicators “sensitive”, “moderately sensitive” and “resist-
ant” were used.

The coefficient of antibiotic resistance was calculated
for each isolate by the formula: K = R/ N, where K is
the antibiotic resistance coefficient, R is the number of
antibiotics to which the studied isolate was resistant, N is
the total number of antibiotics tested for this isolate. This
indicator allows us to judge the relative integral resistance
of strains of microorganisms to antibacterial drugs used
in the study. The minimum value of the coefficient, which
means the lack of resistance of strains of the studied
microorganisms, is “0”, the maximum, which indicates
the resistance of the pathogen to all drugs accepted in
the study — “1”.

Mathematical analysis and statistical data pro-
cessing were performed on a PC using the licensed
software package Statistica for Windows 13.0 serial
No. JPZ8041382130ARCN10-J with the calculation of
the arithmetic mean (M), standard deviation (o) and
mean error (m). Student’s t-test as well as Fisher’s
angular transformation were used to assess differences
in the compared groups. Differences were considered
significant at P < 0.05.

All the conducted research complied with the ethical
standards of the Institutional and National Research
Committee and the Helsinki Declaration of 1964 and its
subsequent amendments or comparable ethical stan-
dards. Informed consent was obtained from all individual
participants included in the study. The complete set of
data on children, their parents and doctors confirming
the results of this study was not publicly available due to
limited initial ethical approvals.

Results

According to the analysis of bacteriological monitoring,
it was found that in 2018-2020 compared to 2014-2016
among the causative agents of acute urinary tract infec-
tions in children, the role of gram-negative bacteria had
raised due to increasing the proportion of Escherichia coli
and Proteus mirabilis (Table 1).

Gram-positive microflora in both periods of obser-
vation has traditionally been represented by bacteria of
the genus Enterococcus. However, in 2014—-2016 among
the representatives of this genus of bacteria Enterococcus
faecalis prevailed (38.9 %), in 2018-2020 in most samples
was isolated Enterococcus faecium (28.1 %).

Depending on the nosology, it was found that in
2018-2020 E. coli was significantly more often the etio-
logical causative agent of unspecified urinary tract infec-
tions and acute pyelonephritis compared to the period
2014-2016 (Table 2).
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It should be noted that P. mirabilis in 2018-2020
was mainly isolated among patients with acute cystitis
(26.7 %), while in the previous analyzed period this agent
was isolated only in 2 (1.3 %) children with acute pyelo-
nephritis and in no case with acute cystitis.

Bacteria of the Enterococcus genus in 2018-2020
compared to the period 2014-2016 were 1.5 times
less likely to cause unspecified urinary tract infections,
4.9 times less common in acute cystitis and tended to
decrease in acute pyelonephritis. But it should be em-
phasized once again that in 2018-2020, in contrast to
the period 2014-2016, the development of enterococcal
urinary tract infections was dominated by E. faecium, while
E. faecalis was sown in isolated cases.

Given that the structure of the causative agents of
acute urinary tract infections was dominated by strains of
uropathogenic E. coli and bacteria of the Enterococcus
genus, we analyzed the dynamics of the sensitivity of
these microorganisms to antibiotics (Tables 3, 4).

The analysis of antibiotic resistance showed that in
2018-2020 the number of resistant strains of E. coli to
amikacin increased 6.8 times to 2014-2016 (P < 0.01).
At the same time, the number of susceptible strains to
cefepime, meropinem, ceftazidime and ciprofloxacin
significantly increased (Table 3). In 2018-2020 all isolates
of E. coliwere sensitive to tigecycline, while in 2014-2016
only 9.9 % of E. coli strains were resistant or moderately
sensitive to this antibiotic.

The analysis of the dynamic changes in antibiotic
susceptibility of Enterococcus spp. strains in the period
2014-2016 demonstrated higher sensitivity to penicillins,
vancomycin, nitrofurantoin, linezolid and tigecycline
(Table 4).

However, in 2018-2020 there was a sharp decrease
in the susceptibility of the genus Enterococcus bacteria to
aminopenicillins from 91.4 % to 41.3 % due to 6.8 times
increase of resistant strains (P < 0.01). It was noted that in
2018-2020, 6.5 % of enterococcal strains were resistant
to vancomycin, while by 2016 all strains were sensitive to
this antibiotic, which was the evidence for the emergence
of antibiotic-resistant strains. In 2018-2020 bacteria of
the genus Enterococcus were highly sensitive to nitro-
furantoin, lienesolide and tigecycline in the whole range
of studied antibacterial drugs.

In 2014-2016, there was no guidelines for testing
susceptibility of enterococci against imipenem, as it was
believed that the susceptibility of enterococci to imipenem
can be predicted from the results of penicillin or ampicillin
activity, so testing imipenem in clinical laboratories is not
necessary [8]. At the same time, the study of the sensi-
tivity of the genus Enterococcus bacteria to imipenem in
2018-2020 demonstrated that no strain was sensitive
to this antibiotic: 89.1 % of enterococcal strains were
moderately sensitive to imipenem, and 10.9 % of strains
were imipenem-resistant.

It should also be noted that the coefficient of resis-
tance to antibiotics of E. coli strains did not change during
both periods (Table 5), and among bacteria of the genus
Enterococcus the average values of this coefficient in
2018-2020 increased 3.75 times compared to 2014-2016
due to a 2.3-fold increase in the frequency of multidrug-re-
sistant strains (P < 0.05).

Maronoris. Tom 19, Ne 3(56), BepeceHb — rpyaeHb 2022 p.

OpwuriHaAbHI AOCAIAKEHHS

Table 1. Etiological structure of pathogens of acute urinary tract infections in children

2014-2016, n = 293 2018-2020, n = 146

Absolute % of the Absolute % of the

number number of | number number of

of strains all isolated | of strains all isolated
strains strains

Group of microorganisms
Absolute number of strains

Gram-negative microorganisms

Escherichia coli 117 39.9 78 53.4**
Enterobacter cloacae 2 0.7 2 14
Klebsiella pneumoniae 30 10.2 12 8.2
Proteus mirabilis 2 0.7 8 5.5
Acinetobacter baumannii 2 0.7 0 0
Pseudomonas aeruginosa 7 24 0 0
Total 160 54.6 100 68.5**
Gram-positive microorganisms
Enterococcus faecalis 114 38.9 5 3.4*
Enterococcus faecium 19 6.5 41 28.1**
Total 133 454 46 31.5%

*: P <0.05 compared to 2014-2016; **: P < 0.01 compared to 2014-2016.

Table 2. Monitoring the structure of pathogens of acute urinary tract infections
depending on the nosology, (%)

2014-2016, n = 293 2018-2020, n = 146
UUTI, AC, AP, UUTI, AC, AP,
n=104 |n=31 n=158 |n=87 n=15 n=44

Escherichia coli 375 38.7 41.8 50.6* 46.7 61.4**
Enterobacter cloacae 0.96 0 0.6 23 0 0
Klebsiella pneumoniae 7.7 29.0 8.2 8.0 20.0 45
Proteus mirabilis 0 0 1.3 3.4 26.7** 2.3
Acinetobacter baumannii 1.9 0 0 0 0 0
Pseudomonas aeruginosa 0 0 44 0 0 0
Enterococcus spp.: 51.9 322 43.6 35.6* 6.6** 31.8
Enterococcus faecalis 38.4 19.3 43.0 3.4* 0 4.5**
Enterococcus faecium 13.5 12.9 0.6 32.2%* 6.6 27.3*

*: P <0.05 compared to 2014-2016; **: P < 0.01 compared to 2014-2016; UUTI: undefined
urinary tract infections; AC: acute cystitis; AP: acute pyelonephritis.

Table 3. The dynamics of sensitivity to antibacterial drugs of Escherichia coli strains
isolated from children with acute urinary tract infections

Antibiotic 2014-2016, n = 117 2018-2020, n =78

Amykacin 3.2 0 96.8 21.7% 0 78.3*
Cefepime 26.7 16.7 56.6 174 0 82.6*
Ceftazidime 37.2 10.1 52.7 13.0** 10.9 76.1**
Meropenem 8.7 13.5 77.8 2.2% 2.2% 95.6**
Ciprofloxacin 13.3 10.5 76.2 8.7 0 91.3*
Nitrofurantoin 1.6 71 91.3 22 0 97.8

Tigecycline 5.4 45 90.1 0 0 100*

*: P <0.05 compared to 2014-2016; **: P <0.01 compared to 2014-2016; R: resistant strains;
I: moderately sensitive strains; S: sensitive strains.

Table 4. Dynamics of sensitivity of the genus Enterococcus bacteria isolated from
children with acute urinary tract infection to antibacterial drugs

Anibiti

Ampicillin 8.6 0 91.4 58.7* 0 41.3*
Imipenem X X X 10.9 89.1 0.0
Vancomycin 0 0 100 6.5 0 93.5*
Nitrofurantoin 3.1 3.1 93.8 0 0 100
Linezolid 0 0.9 99.1 21 21 95.8
Tigecycline 0 1.2 98.8 0 0 100

*: P <0.01 compared to 2014-2016; R: resistant strains; I: moderately sensitive strains; S:
sensitive strains; X: testing was not performed.
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Table 5. Isolation frequency of multidrug-resistant strains of Escherichia coli and
Enterococcus spp. and the coefficient of resistance to antibiotics

2014-2016 2018-2020
Frequency of | Coefficient of | Frequency of | Coefficient of
isolation resistance isolation resistance

14.4 % 0.12+0.01 15.4 % 0.11£0.02
Enterococcus spp. 5.6 % 0.04 £ 0.007 13.0 %* 0.15 £ 0.02*

Etiological factor

Escherichia coli

*: P < 0.05 compared to 2014-2016.

Discussion

The obtained results has demonstrated that in 2018-2020,
as well as in 2014-2016, the most common uropathogen
involved in the development of acute urinary tract infec-
tions in children was E. coli. Results are relatively similar
to most other comparative studies on the etiological
structure of urinary tract infections [1,4]. This prevalence
of the pathogen connected to the fact that E. coli has
several types of adhesives that improves sticking of
the pathogen to the uroepithelium, despite the flushing
effect of urine flow [9].

Based on our data, sensitivity of E. coli in the dy-
namics of the observation improved to the most of
antibacterial drugs used in the treatment of urinary tract
infections in children. At the same time, there was a high
level of resistance of this microorganism in 2018-2020
to amikacin (21.7 %), cefepime (17.4 %) and ceftazidime
(13.0 % of resistant and 10.9 % of moderately sensitive
strains), which is probably due to the frequent use of
these antibiotics as drugs for initial therapy. The obtained
results indicate the irrationality of the use of these groups
of antibiotics for empirical therapy of patients with acute
urinary tract infections due to the level of E. coli resis-
tance to the antibacterial drugs listed above that is more
than 10 %. Interestingly, the resistance is 8.7 % of E. coli
strains isolated from children’s urine to ciprofloxacin, a
drug contraindicated before the age of 12 due to the risk
of musculoskeletal disorders and used as a second- and
third-line drug for the treatment of complicated urinary
tract infections. At the same time, high sensitivity to me-
ropenem (95.6 %), nitrofurantoin (97.8 %) and tigecycline
(100.0 %) remained.

The mostimportant mechanism of E. coliresistance to
cephalosporins is associated with production of extended
spectrum B-lactamases, which led to the development
of partial resistance of E. coli to lll-1V generation cepha-
losporins [10]. The resistance of enterobacteria to this
group antibiotics can be caused by mutations or presence
of mobile DNA elements such as plasmids, transposons
and integrons [11]. Another mechanism of antibiotic resis-
tance is the ability of E. coli to form a biofilm that protects
the pathogen from the host’s immune system [12].

E. coliresistance to aminoglycosides is thought to be
related to several mechanisms: genomic mutations that
alter the respiratory chain or activate outflow pumps and
changes in ribosome binding due to decreased permeabi-
lity and inactivation of enzymes [4]. Arecent experimental
study showed that the E. coli AAC (6')-Ib-cr resistance
gene can also significantly reduce the bactericidal activity
of amikacin in vitro [13].

The main role in the development of resistance to
quinolones and fluoroquinolones in E. coli is played
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by mutations in the area that determines resistance to
quinolones (QRDR), which change the target of the drug,
reduce the concentration of antibiotics in bacterial cells
due to efflux pumps by modifying inflows and outflows;
and the acquisition of plasmid-mediated resistance genes
(PMQRs), which produce a protein that protects quinolone
targets from inhibition [14,15]. In addition, a high frequency
of resistance to fluoroquinolones was found among iso-
lates of E. coli producing extended-spectrum B-lactama-
ses, indicating cluster transfer of resistance genes [15].

As well as E. coliis the leading pathogen of urinary
tract infections in both outpatients and inpatients, a signi-
ficant proportion of enterococci in the structure of patho-
gens of acute urinary tract infections also attracts attention
[16]. Despite their low virulence, these microorganisms
belong to the group ESCAPE, which are important as
pathogens of nosocomial infections [17,18].

Compared to other reports in Northern and Eastern
Europe [19], where the second most common uropa-
thogen was E. faecalis, our study found a change in
the ratio of E. faecalis / E. faecium as an etiological factor
in acute urinary tract infections in children in favor of
E. faecium. The obtained data coincide with the results
of other studies, which show the growing etiological
role of E. faecium in the occurrence of enterococcal
infection [20]. The predominance of this species among
gram-positive microflora in urinary tract infections, first of
all, can be explained by its natural antibiotic resistance
to cephalosporins and aminoglycosides — drugs most
commonly used in the treatment of this pathology [20]. At
the same time, due to the high plasticity of the genome
and the ability to form a biofilm, it can also acquire many
other resistances, including resistance to vancomycin
[16]. Vancomycin resistant E. faecium was categorized
as high priority pathogens for which new and effective
treatments are needed [21]. In many countries around
the world, an increase in the number of infections caused
by vancomycin-resistant enterococci is reported [22,23].
Enterococci become resistant to vancomycin by acquiring
genes through plasmid or transposon that enable bacteria
to bypass antibiotic susceptible criticalstepsin cell wall
formation [24]. The resistance genes can be passed on
to various Enterococci species and even to other genera,
such as Staphylococci, through conjugation [25]. Various
factors that increase the risk of infection with vancomy-
cin-resistant enterococci in a medical intensive care unit
include prolonged hospitalisation, younger age, use of
ceftriaxone and vancomycin [26]. Hospital workers can
also transmit Vancomycin resistant E. faecium because
it can persist on fingers for about 30 minutes even after
hands washing [24]. Moreover, according to the 2014
ESPGHAN consensus, probiotics containing the E. faeci-
um SF68 strain are classified as negatively recommended
for the use in children due to the fact that this isolate is a
possible recipient of vancomycin resistance genes [27].

It is noteworthy that most modern isolates of E. fae-
cium are highly resistant to ampicillin [20]. We got similar
results indicated that ampicillin-resistant strains of Ente-
rococcus genus increased from 8.6 % in 2014-2016 to
58.7 % in 2018-2020.

Although imipenem is thought to be clinically effective
against enterococcal infections, including those caused
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by E. faecium, and ampicillin-sensitive strains of Entero-
coccus genus are presumably susceptible to imipenem
[9,28-30], studies have reported that ampicillin suscep-
tibility testing cannot be used to predict susceptibility to
imipenem due to increased resistance of Enterococcus
spp. to B-lactam antibiotics [31,32]. This conclusion is
fully consistent with results of our study, which showed
that most enterococcal isolates (89.1 %) were moderately
sensitive, 10.9 % of isolates were resistant and in no case
enterococcal strains were sensitive to imipenem, which
limits the use of it, as well as ampicillin, in the treatment
of acute urinary tract infections in children. Enterococcal
resistance to imipenem and ampicillin has been shown
to be associated with major mechanisms of antibiotic
resistance, such as B-lactamase production and peni-
cillin-binding protein overproduction (PBP4 or PBP5)
[33,34]. Another problem in the treatment of urinary tract
infections caused by different species of enterococci
is the proliferation of multidrug-resistant strains, which
greatly complicates therapy and, unfortunately, is a
manifestation of the global trend of increasing antibiotic
resistance [16].

Thus, the monitoring of pathogens and analysis of
their sensitivity to antibiotics revealed certain trends and
the most effective antibacterial drugs for the treatment of
acute urinary tract infections in children before determining
the antibiotic susceptibility.

Conclusions

1. In children with acute urinary tract infection, along
with E. coli and other gram-negative microorganisms with
high frequency and gram-positive microflora, mainly of
the genus Enterococcus which must be taken into ac-
count, especially in the ineffectiveness of standard initial
antibacterial therapy.

2. The obtained data on the characteristics of
the spectrum of bacterial pathogens of the urinary sys-
tem are convincing evidence of the need for mandatory
bacteriological examination of urine before antibacterial
therapy to increase the effectiveness of therapeutic
measures, prevention the emergence and spread of
antibiotic resistance.

3. The results of monitoring the susceptibility of uro-
pathogens to antibacterial drugs indicate an increase in
resistance of E. coli to amikacin and Enterococcus spp.
to ampicillin, which does not allow the use of these drugs
as empirical therapy of acute urinary tract infections in
children.

4. The results presented in this paper suggest that
third-generation cephalosporins have retained the ability
to act as the drug of choice, but when a level of resist-
ance of more than 15 % is reached, this issue should be
reconsidered.

Prospects for further research. Investigation of
the spectrum of pathogens and their susceptibility to
antibiotics in chronic urinary tract infections in children,
and further monitoring of pathogens of acute urinary tract
infections in children with assessment of their antibiotic
susceptibility to prevent an increase in antibiotic resist-
ance of microorganisms and rational choice of etiological
therapy.

Maronoris. Tom 19, Ne 3(56), BepeceHb — rpyaeHb 2022 p.

OpwuriHaAbHI AOCAIAKEHHS

Funding

The work was performed within the research department of
Zaporizhzhia State Medical University “Forecasting the course
of the most common inflammatory diseases of childhood”, state
registration No. 0121U107520.

Conflicts of interest: authors have no conflict of interest to declare.
KoHniKT iHTepeciB: BiACYTHM.

Haairwaa ao peaakLii / Received: 16.06.2022
MNicas poonpautoBakHAa / Revised: 08.08.2022
MpuiHaATo A0 Apyky / Accepted: 15.08.2022

Information about authors:

Lezhenko H. 0., MD, PhD, DSc, Head of the Department of
Hospital Pediatrics, Zaporizhzhia State Medical University,
Ukraine.

ORCID ID: 0000-0003-0851-4586

Pashkova O. Ye., MD, PhD, DSc, Professor of the Department
of Hospital Pediatrics, Zaporizhzhia State Medical University,
Ukraine.

ORCID ID: 0000-0002-3935-5103

Samoylyk K. V., MD, PhD, Assistant of the Department of Hospital
Pediatrics, Zaporizhzhia State Medical University, Ukraine.
ORCID ID: 0000-0003-3226-1785

BipomocrTi npo aBTOpiB:

NexeHko I. 0., A-p Mea. Hayk, npodecop, 3aB. kad. roCMITaAbHOI
neaiaTpii, 3anopi3bkuin AepXaBHWI MEAUYHUI YHIBEPCUTET,
YkpaiHa.

MawkoBa O. €., A-p MeA. Hayk, npodecop kad. rocnitarbHOI
neaiarpii, 3anopisbkuit AePXaBHUI MEAUYHWIA YHIBEPCHTET,
YkpaiHa.

Camoiuk K. B., KaHA. MEeA. HayK, aCUCTEHT Kad. rocnitanbHOI
neaiarpii, 3anopisbkuit AEPXaBHUI MEAMYHWI YHIBEPCHTET,
YkpaiHa.

References

[1] Petca, R. C., Popescu, R. I., Mares, C., Petca, A., Mehedintu, C.,
Sandu, I., & Maru, N. (2019). Antibiotic resistance profile of common
uropathogens implicated in urinary tract infections in Romania. Far-
macia, 67(6), 994-1004. https://doi.org/10.31925/farmacia.2019.6.9

[2] Kaufman, J., Temple-Smith, M., & Sanci, L. (2019). Urinary tract infec-
tions in children: an overview of diagnosis and management. BMJ paedi-
atrics open, 3(1). e000487. https://doi.org/10.1136/bmjpo-2019-000487

[3] Rosello, A., Pouwels, K. B., De Celles, M. D., Van Kleef, E., Hay-
ward, A. C., Hopkins, S., & Deeny, S. R. (2018). Seasonality of
urinary tract infections in the United Kingdom in different age groups:
longitudinal analysis of The Health Improvement Network (THIN).
Epidemiology & Infection, 146(1), 37-45. https://doi.org/10.1017/
$095026881700259X

[4] Esposito, S., Biasucci, G., Pasini, A., Predieri, B., Vergine, G., Crisa-
fi, A., Malaventura, C., Casadio, L., Sella, M., Pierantoni, L., Gatti, C.,
Paglialonga, L., Sodini, C., La Scola, C., Bernardi, L., Autore, G.,
Canto, G. D., Argentiero, A., Cantatore, S., Ceccoli, M., ... lughet-
ti, L. (2022). Antibiotic Resistance in Paediatric Febrile Urinary Tract
Infections. Journal of global antimicrobial resistance, 29, 499-506.
https://doi.org/10.1016/j.jgar.2021.11.003

[5] EAU Guidelines. Edn. presented at the EAU Annual Congress Amster-
dam, the Netherlands 2022. ISBN 978-94-92671-16-5

[6] The European Committee on Antimicrobial Susceptibility Testing.
(n.d.). Expert rules and expected phenotypes. https://www.eucast.org/
expert_rules_and_expected_phenotypes/

[71 The European Committee on Antimicrobial Susceptibility Testing.
(2020). Clinical breakpoint tables for interpretation of MICs and zone
diameters.

[8] Weinstein, M. P, Mirrett, S., Kannangara, S., Monahan, J., Harrell, L. J.,
Wilson, A. C., & Reller, L. B. (2004). Multicenter evaluation of use of
penicillin and ampicillin as surrogates for in vitro testing of susceptibility
of enterococci to imipenem. Journal of clinical microbiology, 42(8),
3747-3751. https://doi.org/10.1128/JCM.42.8.3747-3751.2004

[9] Firoozeh, F., Saffari, M., Neamati, F., & Zibaei, M. (2014). Detection of
virulence genes in Escherichia coli isolated from patients with cystitis

ISSN 2306-8027  http://pat.zsmu.edu.ua

225


https://orcid.org/0000-0003-0851-4586
https://orcid.org/0000-0002-3935-5103
https://orcid.org/0000-0003-3226-1785
https://doi.org/10.31925/farmacia.2019.6.9
https://doi.org/10.1136/bmjpo-2019-000487
https://doi.org/10.1017/S095026881700259X
https://doi.org/10.1017/S095026881700259X
https://doi.org/10.1016/j.jgar.2021.11.003
https://www.eucast.org/expert_rules_and_expected_phenotypes/
https://www.eucast.org/expert_rules_and_expected_phenotypes/
https://doi.org/10.1128/JCM.42.8.3747-3751.2004

226

Original research

[10]

[

[12]

(3]

[14]

(15]

[16]

(17

(18]

(9]

(20]

(1]

(22]

(23]

[24]

(28]

26]

[27]

ISSN 2306-8027

and pyelonepbhritis. International journal of infectious diseases : IJID,
29, 219-222. https://doi.org/10.1016/}.ijid.2014.03.1393

Egorov, A. M., Ulyashova, M. M., & Rubtsova, M. Y. (2018). Bacterial
Enzymes and Antibiotic Resistance. Acta naturae, 10(4), 33-48.
Ranjbar, R., Zeynali, M., Sohrabi, N., Kamboh, A. A., & Moshav-
eri, A. (2018). Antibiotic resistance and prevalence of class 1 and 2
integrons in Escherichia coli isolated from hospital wastewater. Universa
Medicina, 37(3), 209-215. https://doi.org/10.18051/univmed.2018.
v37.209-215

Sugathan, S., & Mandal, J. (2019). An invitro experimental study of
the effect of fosfomycin in combination with amikacin, ciprofloxacin or
meropenem on biofilm formation by multidrug-resistant urinary isolates
of Escherichia coli. Journal of Medical Microbiology, 68(12), 1699-1706.
https://doi.org/10.1099/jmm.0.001061

Mancini, S., Marchesi, M., Inkamp, F., Wagner, K., Keller, P. M., Quib-
lier, C., Bodendoerfer, E., Courvalin, P., & Béttger, E. C. (2019). Pop-
ulation-based inference of aminoglycoside resistance mechanisms in
Escherichia coli. EBioMedicine, 46, 184-192. https://doi.org/10.1016/j.
ebiom.2019.07.020

Haggag, Y. A. E. G,, Saafan, A. E., EI-Gendy, A. O., Hefzy, E. M., &
AbdelGhani, S. (2020). Molecular Characterization of Quinolone Re-
sistant Urinary Isolates of Escherichia coli. Journal of Pure and Applied
Microbiology, 14(2), 1269-1278.

Lorestani, R. C., Akya, A., & Elahi, A. (2018). The mutations of to-
poisomerase genes and their effect on resistance to fluoroquinolones
in extended-spectrum B-lactamase-producing Escherichia coli. Jundis-
hapur Journal of Natural Pharmaceutical Products, 13(1). hitps:/doi.
0rg/10.5812/jinpp.57964

Conwell, M., Dooley, J. S. G., & Naughton, P. J. (2022). Enterococcal
biofilm-A nidus for antibiotic resistance transfer?. Journal of applied
microbiology, 132(5), 3444-3460. https://doi.org/10.1111/jam.15441
De Rosa, F. G., Corcione, S., Pagani, N., & Di Perri, G. (2015). From
ESKAPE to ESCAPE, from KPC to CCC. Clinical infectious diseases :
an official publication of the Infectious Diseases Society of America,
60(8), 1289-1290. https://doi.org/10.1093/cid/ciu1170
Flores-Trevifio, S., Garza-Gonzalez, E., Mendoza-Olazaran, S.,
Morfin-Otero, R., Camacho-Ortiz, A., Rodriguez-Noriega, E.,
Martinez-Meléndez, A., & Bocanegra-Ibarias, P. (2019). Screening of
biomarkers of drug resistance or virulence in ESCAPE pathogens by
MALDI-TOF mass spectrometry. Scientific reports, 9(1), 18945. https:/
doi.org/10.1038/s41598-019-55430-1

Tandogdu, Z., Cek, M., Wagenlehner, F., Naber, K., Tenke, P.,
van Ostrum, E., & Bjerklund Johansen, T. (2014). Resistance pat-
terns of nosocomial urinary tract infections in urology departments:
8-year results of the global prevalence of infections in urology study.
World Journal of Urology, 32(3), 791-801. https://doi.org/10.1007/
500345-013-1154-8

Cattoir, V., & Giard, J. C. (2014). Antibiotic resistance in Enterococcus
faecium clinical isolates. Expert review of anti-infective therapy, 12(2),
239-248. https://doi.org/10.1586/14787210.2014.870886

World Health Organization (WHO). (2017). Global priority list of
antibiotic-resistant bacteria to guide research, discovery, and devel-
opment of new antibiotics. https://www.quotidianosanita.it/allegati/
allegato4135670.pdf

Remschmidt, C., Schréder, C., Behnke, M., Gastmeier, P., Geffers, C.,
& Kramer, T. S. (2018). Continuous increase of vancomycin resistance
in enterococci causing nosocomial infections in Germany -10 years
of surveillance. Antimicrobial resistance and infection control, 7, 54.
https://doi.org/10.1186/s13756-018-0353-x

Melese, A., Genet, C., & Andualem, T. (2020). Prevalence of Vanco-
mycin resistant enterococci (VRE) in Ethiopia: a systematic review
and meta-analysis. BMC infectious di 20(1), 124. https:/doi.
0rg/10.1186/512879-020-4833-2

Raza, T., Ullah, S. R., Mehmood, K., &Andleeb, S. (2018). Vancomycin
resistant Enterococci: A brief review. JPMA. The Journal of the Pakistan
Medical Association, 68(5), 768-772.

Selim, S. (2022). Mechanisms of gram-positive vancomycin resis-
tance (Review). Biomedical reports, 16(1), 7. https:/doi.org/10.3892/
br.2021.1490

Amberpet, R., Sistla, S., Parija, S. C., & Thabah, M. M. (2016).
Screening for Intestinal Colonization with Vancomycin Resistant
Enterococci and Associated Risk Factors among Patients Admitted to
an Adult Intensive Care Unit of a Large Teaching Hospital. Journal of
clinical and diagnostic research : JCDR, 10(9), DC06-DCO09. https://
doi.org/10.7860/JCDR/2016/20562.8418

Szajewska, H., Guarino, A., Hojsak, |., Indrio, F., Kolacek, S., Sham-
ir, R., Vandenplas, Y., Weizman, Z., & European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (2014). Use of probiotics
for management of acute gastroenteritis: a position paper by the ESP-
GHAN Working Group for Probiotics and Prebiotics. Journal of pediatric
gastroenterology and nutrition, 58(4), 531-539. https://doi.org/10.1097/
MPG.0000000000000320

http://pat.zsmu.edu.ua

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Takesue, Y., Kusachi, S., Mikamo, H., Sato, J., Watanabe, A, Kiyota, H.,
Iwata, S., Kaku, M., Hanaki, H., Sumiyama, Y., Kitagawa, Y., Nakaji-
ma, K., Ueda, T., Uchino, M., Mizuguchi, T., Ambo, Y., Konosu, M.,
Ishibashi, K., Matsuda, A., Hase, K., ... Yanagihara, K. (2018). Antimi-
crobial susceptibility of common pathogens isolated from postoperative
intra-abdominal infections in Japan. Journal of infection and chemo-
therapy, 24(5), 330-340. https:/doi.org/10.1016/}.jiac.2018.02.011
Khan, I. U., Mirza, |. A, lkram, A., Afzal, A, Ali, S., Hussain, A.,
Fayyaz, M., & Ghafoor, T. (2014). Antimicrobial susceptibility pattern
of bacteria isolated from patients with urinary tract infection. Journal
of the College of Physicians and Surgeons--Pakistan : JCPSP, 24(11),
840-844.

Guo, L., Yin, D., Guo, Y., Zheng, Y., Shi, Q., Yang, Y., Zhu, D., &
Hu, F. (2019). Evaluation study of using ampicillin susceptibility to pre-
dict imipenem susceptibility of E. faecalis and E. faecium. PREPRINT
(Version 1) available at Research Square. https:/doi.org/10.21203/
rs.2.14272/v1

Conceigéo, N., Rodrigues, W. F., de Oliveira, K. L. P., da Silva, L.E. P.,
de Souza, L. R. C., da de Cunha Hueb Barata Oliveira, C., & de Olivei-
ra,A. G. (2020). Beta-lactams susceptibility testing of penicillin-resistant,
ampicillin-susceptible Enterococcus faecalis isolates: a comparative
assessment of Etest and disk diffusion methods against broth dilution.
Annals of clinical microbiology and antimicrobials, 19(1), 43. https://
doi.org/10.1186/512941-020-00386-8

Gagetti, P., Bonofiglio, L., Gabarrot, G. G., Kaufman, S., Mollerach, M.,
Vigliarolo, L., von Specht M., Toresani |., & Lopardo H. (2019). Resis-
tencia a los B -lactdmicos en enterococos TT — Resistance to -lactams
in enterococci. Revista Argentina de microbiologia, 51(2), 179-183.
https://doi.org/10.1016/j.ram.2018.01.007

Gawryszewska, |., Zabicka, D., Hryniewicz, W., & Sadowy, E. (2021).
Penicillin-Resistant, Ampicillin-Susceptible Enterococcus faecalis in
Polish Hospitals. Microbial drug resistance (Larchmont, N. Y.), 27(3),
291-300. https://doi.org/10.1089/mdr.2019.0504

Rice, L. B., Desbonnet, C., Tait-Kamradt, A., Garcia-Solache, M.,
Lonks, J., Moon, T. M., D’Andréa, E. D., Page, R., & Peti, W. (2018).
Structural and Regulatory Changes in PBP4 Trigger Decreased 3-Lac-
tam Susceptibility in Enterococcus faecalis. mBio, 9(2), €00361-18.
https://doi.org/10.1128/mBi0.00361-18

Pathologia. Volume 19. No. 3, September — December 2022


https://doi.org/10.1016/j.ijid.2014.03.1393
https://doi.org/10.18051/univmed.2018.v37.209-215
https://doi.org/10.18051/univmed.2018.v37.209-215
https://doi.org/10.1099/jmm.0.001061
https://doi.org/10.1016/j.ebiom.2019.07.020
https://doi.org/10.1016/j.ebiom.2019.07.020
https://doi.org/10.5812/jjnpp.57964
https://doi.org/10.5812/jjnpp.57964
https://doi.org/10.1111/jam.15441
https://doi.org/10.1093/cid/ciu1170
https://doi.org/10.1038/s41598-019-55430-1
https://doi.org/10.1038/s41598-019-55430-1
https://doi.org/10.1007/s00345-013-1154-8
https://doi.org/10.1007/s00345-013-1154-8
https://doi.org/10.1586/14787210.2014.870886
https://www.quotidianosanita.it/allegati/allegato4135670.pdf
https://www.quotidianosanita.it/allegati/allegato4135670.pdf
https://doi.org/10.1186/s13756-018-0353-x
https://doi.org/10.1186/s12879-020-4833-2
https://doi.org/10.1186/s12879-020-4833-2
https://doi.org/10.3892/br.2021.1490
https://doi.org/10.3892/br.2021.1490
https://doi.org/10.7860/JCDR/2016/20562.8418
https://doi.org/10.7860/JCDR/2016/20562.8418
https://doi.org/10.1097/MPG.0000000000000320
https://doi.org/10.1097/MPG.0000000000000320
https://doi.org/10.1016/j.jiac.2018.02.011
https://doi.org/10.21203/rs.2.14272/v1
https://doi.org/10.21203/rs.2.14272/v1
https://doi.org/10.1186/s12941-020-00386-8
https://doi.org/10.1186/s12941-020-00386-8
https://doi.org/10.1016/j.ram.2018.01.007
https://doi.org/10.1089/mdr.2019.0504
https://doi.org/10.1128/mBio.00361-18

	259108_Lezhenko-et-all

	Article info
	UDC
	DOI
	Key words
	E-mail

	Introduction

	Aim 
	Materials and methods 
	Results 
	Discussion 
	Conclusions 
	Prospects for further research
	Funding
	Conflicts of interest
	Information about authors
	Відомості про авторів

	References

	Tables
	Table 1. Etiological structure of pathogens of acute urinary tract infections in children
	Table 2. Monitoring the structure of pathogens of acute urinary tract infections depending on the nosology, (%)
	Table 3. The dynamics of sensitivity to antibacterial drugs of Escherichia coli strains isolated from children with acute urinary tract infections
	Table 4. Dynamics of sensitivity of the genus Enterococcus bacteria isolated from children with acute urinary tract infection to antibacterial drugs
	Table 5. Isolation frequency of multidrug-resistant strains of Escherichia coli and Enterococcus spp. and the coefficient of resistance to antibiotics


