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ABSTRACT

BACKGROUND: Vesicoureteral reflux (VUR) is one of the most common congenital anomalies of the urinary system in children.
In most cases, urinary tract infection (UTI) serves as a clinical prerequisite for identifying VUR. However, a standardized ap-
proach to the diagnosis and management of this patient cohort has not yet been established.

AIM: To study the intestinal microbiota in children with VUR who received antibiotic therapy and antibiotic prophylaxis due to
episodes of UTls.

MATERIALS AND METHODS: The study included 40 children (12 boys and 28 girls) with VUR and chronic UTls. All children re-
ceived antibiotic therapy for acute episodes of infection, and, after the diagnosis of VUR, they also received continuous antibiotic
prophylaxis. The control groups included 18 healthy boys and 14 healthy girls. Identification of microorganisms isolated from
feces was carried out using generally accepted methods.

RESULTS: In the feces of children with VUR, aerobic taxa of microbiota dominate over anaerobic ones. Klebsiella spp., Proteus
vulgaris, and Pseudomona aeruginosa appear in the feces of both boys and girls. An increase in the detection rate of most
aerobic microorganisms and a decrease in anaerobic taxa were observed compared to healthy controls. In boys with VUR, the
maximum (100%) detection rate of microorganisms is more common than in girls.

CONCLUSIONS: Dysbiotic changes were detected in the feces of all children after antibiotic therapy, providing new insights
into the effects of the conventional strategy of long-term antibacterial treatment and prevention of UTls in children with VUR.
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AHHOTALNA

AxTtyanbHocTb. [ly3bIpHO-MOYETOUHUKOBLIN PEdIIOKC — OIMH U3 CaMbIX YacTbIX MOPOKOB Pa3BUTUS MOYEBOI CUCTEMBI Y [ie-
Ten. B 6onblUMHCTBE CrlydaeB MHQEKLMA MOYEBbIX MyTEN CTAHOBUTCA KIIMHUYECKON NPeAnocChiKOM, YKa3blBaloLLEN Ha BO3-
MOXHO€e Hanuuue 3toro nopoka. 0gHaKo eAMHOro Moaxofa K AMarHOCTUKE W BeLeHUI0 AaHHOM KOropTbl NaLMeHToB A0 CUX
Mop He HaWaeHo.

Lienb — n3yyeHne KULLEYHOA MUKPOBMOTLI Y AETEN C My3bIPHO-MOYETOYHUKOBBLIM PEQIIOKCOM, MOJy4aBLUMX aHTUBMOTHKO-
Tepanuio U aHTUBMOTUKONPOPUNAKTUKY B CBA3M C INU304aMU MHDEKLIMM MOYEBBIX MYTEN.

Marepuanbl u MeTogbl. B nccnenoBaHue BrutoueHbl 40 geteit (12 ManbumkoB M 28 1eBoYEK) C My3bIpHO-MOYETOYHUKOBLIM
pedIIoKCOM U XPOHWUYECKUMW MH(EKLMAMM MoueBbIX NyTel. Bce metu nomyyanu aHTMBMOTMKOTEpanuio no MoBogy OCTPbIX
3NM30/0B UHAEKLMM, @ NOCTIe BbIABEHNSA NY3bIPHO-MOYETOYHMKOBOIO pedlloKca TakKe HenpepbiBHYK aHTMbUoTMKonpody-
NaKTUKy. B KOHTpOsbHbIE rpynnbl Bowv 18 340poBbIX ManbunMKoB W 14 300p0oBbiX AeBoYeK. MaeHTUdUKaUMIO BbiaeNeHHbIX
13 deKanuit MUKPOOPraHM3MOB OCYLLECTBIANM 0OLLENPUHATLIMA METOLMKAMY.

Pesynbtathl. B ekanuax Aeteli ¢ My3bIpHO-MOYETOUHWUKOBLIM Pe@IlOKCOM a3pobHble TaKCOHbI MUKPOOMOTBI AOMUHMPYIOT
HaZL aHa3poOHbIMK. [py cpaBHUTENBHOM aHanM3e MUKPObMOTLI ycTaHoBNEHO npucyTcTBue B buotone Klebsiella spp., Proteus
vulgaris, Pseudomona aeruginosa. XapaKTepHO MOBbILIEHWE YacTOTbl 0BHapYXeHUs BOMbLUMHCTBA a3pObHbIX U CHIKEHWE
aHa3pObHbIX TAaKCOHOB MWKPOOPraHM3MOB B CPaBHEHUM CO 3A0POBbIMU AeTbMU. Y ManbyMKOB BCTpEYaeTCs MaKCMMalb-
Has (100%) yacToTa 0bHapyXeHUS MUKPOOPraHU3MOB, YEM Y IEBOYEK.

BobiBogbl. B pekanusax aeteit nocne aHTMBMOTMKOTEPANMM M aHTMBMOTUKONPOGDMNAKTUKM 0BHAPYKEHbI BO BCEX CITY4asX AMUC-
BMOTUYECKME M3MEHEHWS, YTO OTKPbIBAeT HOBbIN B3NS4 Ha NOHUMaHWe 3hhEKTOB 0OLLENPUHATON CTpaTeruy NpoLOSIKM-
TENbHOr0 aHTMbaKTEpUabHOMO JieYeHUs M NPOMUNAKTUKM MHPEKLMM MOYEBBIX MYTEN Y AeTel C My3blpHO-MOYETOYHWUKOBBIM
pedoKCoM.

KnioueBble cnoBa: ny3blpHO-MOYETOYHMKOBbIN PeQIIOKC; MUKPOBMOTa; MUKPOGHOE pa3Ho0Bpasne; KULLEYHHNK; LeTH.
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ORIGINAL STUDY ARTICLE

BACKGROUND

Vesicoureteral reflux (VUR) is one of the most com-
mon congenital anomalies of the urinary system in chil-
dren [1]. Its diagnosis by voiding cystourethrography
remains a subject of long-standing debate between pedi-
atricians and pediatric urologists [1-4]. The key question
is when this diagnostic procedure should be performed:
after the first episode of urinary tract infection (UTI), as
favored by pediatric urologists, or only in cases of recur-
rent UTI, as supported by pediatricians. UTls are essen-
tially the clinical trigger for detecting VUR [5, 6]. UTls are
common in children, and since uncomplicated cases can
typically be managed with 7 to 10 days of oral antibiotic
therapy (ABT), pediatricians often see no rationale for
diagnosing VUR. However, renal and bladder ultrasound
is recommended after the first UTI episode, and findings
such as pelvicalyceal system dilatation, voiding dysfunc-
tion, or atypical clinical course with poor response to an-
tibiotics are clear predictors of VUR [7]. The combination
of UTI and VUR is generally considered an indication for
long-term antibiotic prophylaxis (ABP). Surgical interven-
tion is recommended for high-grade (Ill-IV) VUR associ-
ated with recurrent episodes of acute pyelonephritis, de-
spite continuous ABP, and progressive upper urinary tract
dilatation [5, 8]. Thus, continuous and prolonged ABP is
postulated to prevent the need for surgical correction of
VUR, even in high-grade cases [1, 2, 6, 9].

However, the adverse effects of ABT in acute UTI and
particularly of ABP in recurrent cases are well known.
These include the development of antibiotic resistance
among uropathogens with all related consequences
and, equally concerning, alterations in the microbio-
ta of various organ systems, especially the intestine
[10-13]. Even short-term ABP in infants with VUR has been
shown to disrupt the intestinal microbiome by increasing
the proportion of opportunistic pathogens and reduc-
ing beneficial taxa, potentially posing long-term clinical
risks [14].

This study aimed to assess the state of the intestinal
microbiota in children with VUR who received ABT and
ABP due to episodes of UTI.

METHODS

The study included 40 children with VUR and chronic
UTI, including 12 boys (group 1) and 28 girls (group 2),
aged 28 months [@1, 12; @3, 72.5]. VUR was diagnosed
between 1 and 147 months of age: on the right side in
12.5%, on the left in 32.5%, and bilaterally in 55.0% of pa-
tients. Active VUR was identified in 17.5% of cases, pas-
sive VUR in 5.0%, and combined VUR in 77.5%. All patients
underwent surgical treatment with bulking agents (Re-
fluxin, DAM+, and Vantris) at age of 60 months [24; 91].
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All children received antibiotic therapy (ABT) for acute UTI
episodes, followed by continuous antibiotic prophylaxis
(ABP) after VUR diagnosis. Prior to surgery, leukocyturia
was detected in 2 patients (5.0%), while asymptomatic
bacteriuria was identified in all 40 patients through ex-
tended urine culture using 10 to 12 nutrient media types
[15].

The control group included 18 healthy boys (group 3)
and 14 healthy girls (group 4), aged 60 months
[16; 74].

Inclusion criteria for group 1 and group 2: ineffec-
tive continuous ABP with recurrent episodes of acute UTI,
progressive pelvicalyceal system dilatation, and reflux
nephropathy. Exclusion criteria: a history of urinary tract
surgery, urinary tract drainage, and voiding or bowel dys-
function. Inclusion criteria for group 3 and group 4: being
in the first health status group (healthy child), no history
of renal or urinary tract disease or anomalies, and no
antibiotic use in the past 3 months.

Fecal samples for bacteriological analysis in children
were collected in sterile plastic containers according to
para. 6.6.2.7 of MU 4.2.2039-05,' and the bacteriological
analysis was conducted in accordance with the industry
standard.” In addition to conventional media, chromo-
genic media (HiMedia, India) were used: HiCrome Kleb-
siella Selective Agar Base, HiCrome Candida Differential
Agar, HiCrome Enterococci Agar, Streptococcus Selection
Agar, Bifidobacterium Agar, MRS Agar, Anaerobic Agar,
Shaedler Agar, and Bacteroides Bile Esculinum Agar Cul-
tures were incubated under aerobic (¢ 37°C for 24-48 h)
and anaerobic (AnaeroHiGas Pak, 48-72 h) conditions.
Microorganisms were identified using standard micro-
biological methods. Gram Stains-Kit (a differential Gram
staining set, HiMedia) was used to assess morpho-tinc-
torial characteristics.

Statistical analysis was performed using SPSS ver-
sion 23. For microorganisms isolated from fecal sam-
ples, detection frequency (absolute count and percent-
age) was calculated. The chi-squared test and Fisher’s
exact test were used to compare detection frequen-
cies between groups 1 and 2. Because fecal microbial
loads were not normally distributed (as confirmed by
the Kolmogorov-Smirnov test with Lilliefors correc-
tion and the Shapiro—Wilk test), they were expressed as
medians (Me) and lower and upper quartiles [@1; Q3].
The Mann-Whitney U test was used for group compari-
sons. Statistical significance was defined as p <0.01
and p <0.05.

1 Methodological Guidelines MU4.2.2039-05. Procedure for Collection
and Transportation of Biomaterials to Microbiological Laboratories. Mos-
cow: Federal Center for Hygiene and Epidemiology of Rospotrebnadzor.
2006. P. 43-59.

Z Industry Standard Patient Management Protocol. Intestinal Dysbiosis
(OCT 91500.11.0004-2003). Moscow, 2003.
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RESULTS

Table 1 shows the results of fecal microbiota analysis
in patients with VUR. A total of 23 microbial taxa were
identified: 16 aerobic and 7 anaerobic. Among aerobes, the
most stable associates across the studied groups were
Escherichia coli with typical characteristics (lactose-fer-
menting, lactose-positive [L*], and non-hemolytic [Hly™])
and Enterococcus spp. Within the anaerobic microbiota
cluster, the predominant taxa were Lactobacillus spp.,
Bifidobacterium spp., Eubacterium spp., and Clostridium
spp. Notably, the first two taxa were detected in 100% of
fecal samples from the boys. Statistically significant dif-
ferences in detection frequency were found for three taxa.

Among the boys, the highest detection rate (100%)
was observed for three taxa (E. coli L*, Hly", Lactobacil-
lus spp., and Bifidobacterium spp.), whereas these gen-
era and/or species were only dominant among the girls.
Notably, Klebsiella spp. were isolated from the feces of
one in three boys, and Staphylococcus aureus was de-
tected in 41.7%.

The highest fecal colonization levels (CFU/g) among
aerobes in children with VUR were observed for Entero-
coccus spp. and Enterobacterales, and for Bifidobacte-
rium spp., Eubacterium spp., and Bacteroides spp among
anaerobes. The latter taxon showed a significantly higher
colonization level in the girls compared with the boys
(Table 1).

The comparative analysis of fecal microbiota be-
tween the boys with VUR and healthy boys (Table 2)
revealed the presence of Enterobacterales representa-
tives — Klebsiella spp., P. vulgaris, and P. aeruginosa —
in VUR patients. The analysis of the detection frequency
of various microbial taxa revealed increased levels of the
aerobic cluster of microbiota and decreased levels of an-
aerobic taxa in patient groups compared with healthy in-
dividuals. Stable associates across hoth compared groups
included E. coli (L*, Hly), Lactobacillus spp., and Bifido-
bacterium spp. Statistically significant differences be-
tween healthy and affected boys were found for four taxa.

The quantitative analysis of fecal microbiota in the
boys with VUR showed oppositely directed changes —
some taxa increased; others decreased — compared
with similar results in the healthy children. Statistically
significant differences were found for seven taxa. Despite
the heterogeneous nature of these differences, a pattern
was noted: decreased detection of E. faecalis, Eubac-
terium spp., and Bacteroides spp. was associated with
a significant reduction in their quantitative abundance.

Compared with healthy girls, the feces of the girls
with VUR showed significantly greater differences in the
frequency of detection than in the compared groups of
the boys (Table 3). As in the boys, VUR was associated
with the microbial taxa not found in healthy individuals:
Klebsiella spp., Enterobacter spp., P. aeruginosa, and
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E. coli L, Hly*. Most aerobic and anaerobic taxa exhibited
decreased detection frequencies in patients, except for
four aerobic taxa: S. epidermidis, S. aureus, E. faecalis,
and E. faecium.

The quantitative analysis in the girls with VUR showed
that decreased detection frequency of Corynebacterium
spp., S. saprophyticus, Enterococcus spp., E. coli L*, Hly",
Lactobacillus spp., and Eubacterium spp. was accompa-
nied by a significant reduction in their abundance. Con-
versely, an increased detection frequency of S. aureus
and E. faecium corresponded with a significant rise in
their quantitative levels.

Thus, all patients with VUR, regardless of sex, exhib-
ited dysbiotic changes in fecal microbiota compared with
healthy children.

DISCUSSION

The intestinal microbiota comprises the community of
microorganisms residing in the gastrointestinal tract that
maintain symbiotic relationships with the host and per-
form metabolic, immunological, and neurological func-
tions [14]. Microbial colonization begins at birth, with
various taxa identified in meconium [16]. The maturation
of intestinal microbiota occurs during the first three years
of life [17, 18].

Antibiotic use for various infections in children, including
UTls, alters intestinal microbiota composition, for example,
by increasing the abundance of Enterobacteriaceae [19].
In a study of 39 children aged 0 to 3 years, multiple courses
of ABT led to reduced microbial diversity and a peak in the
abundance of antibiotic resistance genes [20].

Our earlier study on bladder urine microbiota in the
children with VUR following multiple ABT courses and
ABP for UTls revealed urinary dysbiosis in 60% of ca-
ses [21]. The current study evaluates intestinal micro-
biota in the same cohort and compares the findings with
those in healthy children. All 40 children, both girls and
boys, exhibited intestinal dysbiosis. These findings sug-
gest that ABT and ABP more severely affected the intes-
tinal microbiota than the urinary microbiota.

In children with VUR, fecal microbiota demonstrated a
broader aerobic spectrum and higher detection frequen-
cies of aerobes, along with reduced detection of anaer-
obes. Klebsiella spp., P. vulgaris, and P. aeruginosa were
detected in feces from both boys and girls following ABT
and ABP. Despite persistently high levels of Lactobacillus
spp. and Bifidobacterium spp., there was a marked in-
crease in the frequency of S. aureus and E. faecium, with
concurrent decreases in Eubacterium spp., Bacteroides
spp., Peptococcus spp., Propionibacterium spp., and the
absence of Prevotella. A decline in Bacteroides spp. and
absence of Prevotella may be seen as delayed intestinal
microbiota maturation compared with the adult microbial
profile [22, 23].
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Detection
frequency, %

Quantitative bacterial load, log,q CFU/mL

Group 1 (n=12)

Group 2 (n=28)

Microorganisms P Percentile Percentile P
Group 1 | Group 2 Me p | = | = Me = | =0 | -

Corynebacterium spp. 0 7.1 0.342 - - - - 5.0 5.0 5.0 5.0 -
CNS 417 464 0781 20 20 20 40 30 20 30 35 0749
Staphylococcus haemolyticus 8.3 0 0300 5.0 50 50 50 - - - - -
S. saprophyticus 16.7 7.1 0.358 25 20 25 25 40 30 40 40 0221
S. epidermidis 333 321 0941 25 20 25 30 20 20 20 35 0.864
S. lentus 0 107 0238 - - - - 20 20 20 20 -
S. aureus 417 286 0418 30 20 30 30 30 30 30 375 0.5
Enterococcus spp. 91.7 92.9 0896 5.0 40 50 70 60 50 60 7.0 0.348
Enterococcus undif. 25.0 0 0.006* 3.0 20 30 30 - - - - -
E. faecalis 417 750  0.043 40 40 40 50 50 40 50 55 0518
E. faecium 58.3 750 0292 6.0 50 60 80 60 50 60 80 0913
Enterobacterales 100.0 96.4 0507 6.5 60 65 80 70 60 70 70 0899
Escherichia coli L*, Hly~ 100.0 929 0342 65 60 65 80 70 60 70 80 0.806
E. coliL 8.3 214 0318 7.0 70 70 70 55 425 55 7 0295
E. coli Hly* 0 7.1 0342 - - - - 70 70 70 70 -
Klebsiella spp. 333 214 0426 6.0 50 60 70 65 50, 65 70 0814
Enterobacter spp. 0 3.8 0.507 - - - - 50 50 50 50 -
Proteus vulgaris 8.3 0 0122 50 5.0 5.0 5.0 - - - - -
Pseudomonas aeruginosa 8.3 10.7 0.818 2.0 2.0 2.0 2.0 3.0 2.0 3.0 3.0 0317
Bacillus spp. 333 143 0168 50 275 50 65 40 225 40 65 0765
Lactobacillus spp. 100.0 89.3 0238 40 325 40 40 40 40 40 50 0366
Bifidobacterium spp. 100.0 96.4 - 9.0 80 90 90 80 80 80 9.0 0.29%
Propionibacterium spp. 8.3 7.1 0.896 5.0 5.0 5.0 5.0 4.5 2.0 45 4.5 1.0
Eubacterium spp. 91.7 75.0 0227 6.0 3.0 6.0 7.0 6.0 3.0 60 7.0 0.609
Bacteroides spp. 417 7.1 0.008* 5.0 30 50 60 80 70 80 80 O0.046*
Peptococcus spp. 417 37 0722 50 25 50 70 40 30 40 625 0.949
Clostridium spp. 83.3 964 0150 50 475 50 65 50 30 50 7.0 0.602
Candida albicans 333 393 0722 30 225 30 525 30 20 3.0 40 0946

Note. Me, median; p, nonparametric Mann-Whitney test. *p <0.05.

[lpumeyaHue. Me — MepvaHa; p — HenapamMeTpUyecKuin Kputepuit ManHa-Yuthu. *p <0,05.
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Table 2. Comparison of fecal microbiota in healthy boys and boys with vesicoureteral reflux
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Tabnuua 2. CpaBHeHe MUKPOBUOTHI heKanuil 340POBbIX MasbuMKOB 1 MaLMEHTOB C My3bIpHO-MOYETOYHUKOBLIM PedIOKCOM

Detection

Quantitative bacterial load, log,, CFU/mL

Microorganisms frequency, % ) Group 3 (n=18.) Group 1 (n=12). )
6roup 3 | Group | Me Percentile Me Percentile
25 | 50 | 75 25 | 50 | 75

CNS 38.9 417 0879 20 20 20 30 2.0 20 20 40 0.628
Staphylococcus haemolyticus 5.5 8.3 0765 20 20 20 20 5.0 50 50 50 0317
S. saprophyticus 22.2 16.7 0709 2.0 20 20 28 2.5 2.0 2.5 25 0567
S. epidermidis 22.2 333 0678 20 20 20 35 2.5 20 25 30 0739
S. aureus 5.5 417 0015 20 20 20 20 3.0 20 30 30 0.317
Enterococcus spp. 100.0 91.7 0.213 5.0 5.0 5.0 6.0 5.0 4.0 5.0 7.0 0.981
Enterococcus undif. 22.4 250 0860 50 43 50 58 3.0 20 30 3.0 0476
E. faecalis 50.0 417 065 60 50 60 65 4.0 40 40 50 0.010°
E. faecium bbb 58.3 045 45 40 45 65 6.0 50 60 80 0.05
Enterobacterales 100.0 100.0 - 80 70 80 83 6.5 60 65 8.0 0.048
Escherichia coli L*, Hly 100.0 100.0 - 80 70 80 83 6.5 6.0 65 8.0 0.048*
E. coli L 0 8.3 0213 - - - - 7.0 70 70 70 -
Klebsiella spp. 0 333 0009 - - - - 6.0 50 60 7.0 -
Proteus vulgaris 0 8.3 0213 - - - - 5.0 5.0 5.0 5.0 -
Pseudomonas aeruginosa 0 8.3 0213 - - - - 2.0 2.0 2.0 2.0 -
Bacillus spp. 27.8 333 0745 20 20 20 20 50 275 50 65 0.028*
Lactobacillus spp. 100.0 100.0 - 65 50 65 70 40 325 40 40 <0.001*
Bifidobacterium spp. 100.0 100.0 - 90 80 90 90 9.0 80 9.0 9.0 0.766
Propionibacterium spp. 33.3 8.3 0.113 20 20 20 23 5.0 5.0 5.0 5.0 0.041*
Eubacterium spp. 100.0 917 0213 80 70 80 9.0 6.0 30 60 7.0 o0.001*
Bacteroides spp. 72.2 417 0094 80 65 80 9.0 5.0 30 50 60 0.021F
Peptococcus spp. 61.1 417 029 50 40 50 5.0 5.0 2.5 50 7.0 0725
Peptostreptococcus spp. bbb 0 0.004* 60 43 60 78 - - - - -
Clostridium spp. 100.0 833 0073 50 30 50 63 50 475 50 65 0433
Candida albicans bbb 333 0009 20 20 20 43 30 225 30 525 0.183

Note. Me, the median; p, the nonparametric Mann—Whitney test. *p <0.05.

[pumeqaHue. Me — MefnaHa; p — HenapameTpuieckuin Kputepuii ManHa—Yuthu. *p <0,05.

D0l https://daiorg/10.17816/uravedb46259




ORIGINAL STUDY ARTICLE

Table 3. Comparison of fecal microbiota in healthy girls and girls with vesicoureteral reflux
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Tabnuua 3. CpaBHeHMe MUKPOBMOTHI (eKanuii 340pOBbIX AEBOYEK U NALMEHTOK C MOYETOYHUKOBBIM PedIIOKCOM

Detection Quantitative bacterial load, log,, CFU/mL
Microorganisms frequency, % ) Group 4 (n=M-) Group 2 (n=28). »
Group 4 | Group 2 Ve Percentile " Percentile
25 | 50 | 75 255 | 50 | 75

Corynebacterium spp. 21.4 7.1 0.178 4.0 30 40 40 5.0 5.0 5.0 5.0 0.048
CNS 35.7 464 0508 20 20 20 25 3.0 20 30 35 0.170
Staphylococcus haemolyticus 7.1 0 0152 20 20 20 20 - - - - -
S. saprophyticus 28.6 7.1 0041 20 20 20 20 40 30 40 40 0.028
S. epidermidis 14.3 321 0215 25 20 25 30 2.0 20 20 35 0.89%
S. lentus 0 107 0206 - - - - 2.0 20 20 20 -
S. aureus 14.3 286 0306 2 2 2 2 3 3 3 3.75  0.047
Enterococcus spp. 100.0 929 0306 4.5 4.0 45 5.3 6.0 5.0 6.0 7.0 0.004
Enterococcus undif. 28.6 0 0003 40 25 40 55 - - - - -
E. faecalis 50.0 750 0105 50 40 50 6.0 5.0 40 50 55  0.847
E. faecium 35.7 750 0013 40 30 40 55 6.0 50 60 80 0.019
Enterobacterales 100.0 96.4 - 80 78 80 83 7.0 60 70 7.0 -
Escherichia coli L* 100.0 929 0306 80 78 80 83 7.0 60 7.0 8.0  0.001
E. coliL” 0 214 0.048 - - - - 55 425 55 7 -
E. coli Hly* 0 7.1 0306 - - - - 7.0 70 70 70 -
Klebsiella spp. 0 214 0048 - - - - 65 50 65 7.0 -
Enterobacter spp. 0 3.6 0474 - - - - 5.0 50 50 50 -
Pseudomonas aeruginosa 0 107 0206 - - - - 3.0 2.0 3.0 3.0 -
Bacillus spp. 35.4 143 0111 30 20 30 40 40 225 40 65 0379
Lactobacillus spp. 100.0 893 0206 55 50 55 70 4.0 40 40 50 <0.001
Bifidobacterium spp. 100.0 100.0 - 85 10 85 90 8.0 80 80 9.0 049
Propionibacterium spp. 28.6 7.1 0.041 35 3.0 35 40 4.5 20 45 45 1.0
Eubacterium spp. 100.0 750 0040 80 70 80 9.0 6.0 30 60 7.0 <0.001
Bacteroides spp. 64.3 71 <0001 70 55 7.0 85 8.0 70 80 80  0.469
Peptococcus spp. 50.0 37 0374 50 40 50 6.0 4.0 30 40 625 0765
Peptostreptococcus spp. 14.3 0 0.060 6.0 6.0 6.0 6.0 - - - - -
Clostridium spp. 100.0 964 0474 55 40 55 70 5.0 30 50 7.0 0.303
Candida albicans 64.3 393 0126 30 20 30 30 3.0 20 30 40 0232

Note. Me, the median; p, the nonparametric Mann-Whitney test. *p <0.05.

[lpumeyaHue. Me — MepuaHa; p — HenapamMeTpUyecKuin Kputepuit ManHa-Yuthu. *p <0,05.
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Our analysis supports that multiple courses of ABT,
supplemented by short-term ABP for UTIs in children with
VUR, lead to notable changes in intestinal microbiota and
delayed microbial maturation. This dyshiosis may compro-
mise intestinal barrier function, potentially explaining the
presence of Klebsiella, Proteus, and Pseudomonas spp. in
the microbiota. The impact on the risk of infectious com-
plications in VUR surgery still remains to be clarified. How-
ever, it is evident that deviations from the eubiotic com-
position of the intestinal and urinary microbiota can result
in metabolic and immunologic disturbances in children
[24, 25]. On the other side, prolonged ABP — commonly
recommended for up to two years in patients with VUR —
may further contribute to clinical consequences, such as
obesity, allergies, and other conditions related to intes-
tinal microbiota disruption [26, 27]. In addition, both ABT
and ABP are associated with the proliferation of resistance
genes in urinary and intestinal microorganisms, facilitating
the development of specific virulence factors [28].

The study has certain limitations. The relatively small sam-
ple size may affect the magnitude of intergroup differences.
Nonetheless, the statistical analysis confirmed significant
distinctions between healthy children and those with VUR.

Future research should investigate the post-surgical
dynamics of intestinal microbiota and guide strategies for
UTI prevention in children with VUR.

CONCLUSION

In children with VUR who received ABT and ABP for
UTls, aerobic microbial taxa were detected more than
twice as frequently as anaerobic taxa in fecal samples.
All cases exhibited intestinal dysbiosis, characterized by
the emergence of Klebsiella, Proteus, and Pseudomo-
nas spp., increased abundance of most aerobic organisms,
reduced levels of anaerobes, and dominance of Escherich-
ia coli, Enterococcus, Lactobacillus, and Bifidobacterium.
These findings enhance our understanding of the impact of
prolonged antimicrobial treatment and prophylaxis strate-
gies for UTI management in children with VUR.
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