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Abstract

Introduction. Analysis of the experienced COVID-19 pandemic, during which the use of antimicrobial
drugs significantly increased, contributed to the greater spread of antibiotic resistance in the world, and
led to the appearance of more «aggressive» forms of pathogens. It is imperative to study the impact of the
COVID-19 pandemic on the growth of antimicrobial resistance in patients with urinary tract infections in
order to improve the effectiveness of treatment.

Aim. To assess the impact of the COVID-19 pandemic on changes in the microbial landscape of urine and
antibiotic resistance in patients of the Poltava region.

Materials and methods. A comparative analysis of the etiology and pathogen sensitivity in urinary tract
infections was conducted on 300 patients over the period from 2018 to 2023 (Group I - 100 patients
before the pandemic; Group II - 200 patients during the pandemic).

Results. Urinary tract infections complicated the course for both Group I and Group II: nephrolithiasis
(51% and 45%), abnormalities of the development of the urinary system (14% and 16%), benign prostatic
hyperplasia (11% and 14%), diabetes (22.5% and 25%), pregnancy (1.5%). During bacteriological
examination, a combination of two or more uropathogens was detected in 14% of the Group I and in 27%
of the Group II. In the first group, the urine microbiome was dominated by Enterococcus faecalis (33.3%),
Escherichia coli (16.6%), Streptococcus agalactiae (11.7%), Pseudomonas aeruginosa (8.3%), Klebsiella
pneumoniae (5%), and Proteus spp. (1.7%). In the Group II, there was a doubling of Escherichia coli
(29.4%) and a threefold increase of Klebsiella pneumoniae (13.6%) and Proteus spp. (5.5%). A significant
decrease in the sensitivity of the main uropathogens to cephalosporins, fluoroquinolones, carbapenems,
and nitrofuran derivatives was observed during the COVID-19 pandemic.

Conclusions. When conducting a retrospective analysis, nephrolithiasis was the predominant cause of urinary
tract infections in the reference and COVID period in both groups (51% and 45%). The frequency of urinary
tract infections in diabetes has increased (25%). More than 80% of the pathogens belong to the intestinal
microflora, which indicates a violation of the microbiome and bacterial translocation of uropathogens from
the intestine, including due to the unreasonable use of antibiotics. Confirmation is the doubling of E. Coli and
tripling of KI. pneumoniae in the Group II. A 2-fold increase in the combination of two or more uropathogens in
the Group II (27% compared to 14%) indicates the association of pathogenic microflora in patients during the
COVID-19 pandemic. Reducing the sensitivity of the main uropathogens to cephalosporins, fluoroquinolones,
carbapenems and nitrofuran derivatives requires further study for more effective empiric antibiotic therapy.
According to our research, the group of carbapenems should be preferred in women.
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INTRODUCTION pathogens, including both gram-positive and gram-negative
organisms. They represent the second most prevalent
category of infectious diseases, surpassed only by those
affecting the respiratory system [1, 2]. Given the numerous

Urinary tract infections (UTIs) are among the most
prevalent bacterial infections, with a multitude of causative
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factors influencing the pathogenicity of UTI, the propensity
for recurrent infections and the prevalence of complications,
as well as the necessity of empiric antibacterial therapy
at the initial stage of UTI treatment, the resistance of
pathogens to antimicrobial drugs considerably complicates
the selection of antibiotics [3, 4]. The World Health
Organization (WHO) has identified antibiotic resistance
as a significant global health concern, highlighting it as
a leading cause of economic, medical, and social costs [5, 6].

Throughout the history of antibiotics, microorganisms
have consistently evolved biochemical mechanisms of
resistance to these drugs, transferring such properties to
subsequent generations, thereby significantly complicating
the treatment of bacterial infections [7]. The increased
utilisation of antimicrobial drugs during the ongoing
global pandemic has contributed to a further proliferation
of antibiotic resistance worldwide. This is because the
resistance of bacteria to antibiotics represents a form of
evolutionary adaptation of microorganisms in conditions
of persistent antibacterial pressure, which gives rise
to the emergence of more virulent forms of pathogens
[8, 9]. In 2022, The Lancet published the findings of
a systematic review of data from 204 countries. The
analysis estimated that in 2019, infections caused by
antibiotic-resistant ~ microorganisms were  associated
with 4.95 million deaths. Escherichia coli (E. coli),
Klebsiella pneumoniae (K. pneumoniae) and Pseudomonas
aeruginosa (P. aeruginosa) were identified as the leading
pathogens responsible for infectious processes that resulted
in patient mortality [6]. The results of several studies [10,
11, 12] indicate that these microorganisms are among the
five most common etiological factors of UTIs, along with
Enterococcus faecium (E. faecium) and Enterococcus
faecalis (E. faecalis). In accordance with the projections of
other experts, the estimated number of deaths attributable
to antibiotic resistance may reach 10 million by 2050,
exceeding the number of deaths from cancer [13].

Furthermore, the issue of nosocomial infections is
also a significant concern in Ukraine, where 19.8% of all
cases are caused by UTIs, 85.1% of which are caused by
multiresistant microorganisms [14].

Therefore, it is pertinent and imperative to
investigate the influence of the ongoing SARS-CoV-2
pandemic on the proliferation of antimicrobial resistance,
which is linked to the extensive and often unwarranted
utilisation of antibiotics. This is particularly crucial in the
context of patients with UTIL.

AIM

The objective of this study was to examine the
influence of the SARS-CoV-2 pandemic on the evolution
of the local microbial landscape of urine and antibiotic
resistance among the primary groups of UTI pathogens in
patients from the Poltava region.
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MATERIALS AND METHODS

The work was conducted at the Department of
Internal Medicine No. 2 of the Poltava State Medical
University in Poltava, Ukraine. It constitutes a portion of
the research topic: «Clinical-pathogenetic characteristics
of urinary tract remodelling in the elderly and senile»
(State registration No. 0120U104459).

A retrospective comparative selective analysis
of the regional etiological structure of the main groups
of UTI pathogens and their sensitivity to antibiotics
was conducted by examining the results of a screening
bacteriological examination of urine samples from 300
patients with complicated UTI who were treated at the
Centre of Nephrology and Dialysis, the Regional Centre
of Urology and the Endocrinology Department of the
Municipal Enterprise «Poltava Regional Clinical Hospital
named after M.V. Sklifosovsky of Poltava regional
Council» in Poltava between 2018 and 2023. The samples
were selected using the simple random sampling method.

For the purposes of analysis, the results of the
bacteriological examination of urine were divided into two
distinct groups. The initial cohort comprised the results
of 100 patients who received inpatient treatment during
the 2018-2019 period. The diagnosis was established
according to the 10th revision of the International Statistical
Classification of Diseases and Related Health Problems
(ICD-10), which includes the following categories: The
first group consisted of the results of 100 patients who
underwent inpatient treatment in 2018-2019. The results
were classified according to the International Classification
of Diseases, 10th Revision (ICD-10) as follows:

N10 Acute tubulointerstitial nephritis (infectious,
including pyelonephritis) — 27 patients;

N11 Chronic tubulointerstitial nephritis (infectious,
including pyelonephritis) — 73 patients.

The second group included 200 results of urine
cultures of patients who received therapy in 2020-2023.
The diagnosis was established according to the
International Classification of Diseases, 10th Revision
(ICD-10), and included the following categories: «N10
Acute tubulointerstitial nephritis (infectious, including
pyelonephritis)» — 45 patients. A total of 155 patients were
diagnosed with «N11 Chronic tubulointerstitial nephritis
(infectious, including pyelonephritis).» The age of the
patients in the first group ranged from 18 to 79 years, with
an average age of 51.1+1.78 years. Of these patients, 68
(68%) were women and 32 (32%) were men. The age
of patients in the second group ranged from 20 to 76
years, with an average age of 48.1 = 1.67 years. Of these
patients, 128 (64%) were women and 72 (36%) were men.

The bacteriological examination of the selected
urine samples revealed a microbial count exceeding 105
colony-forming units (CFU) per millilitre.

KaniniyHa Ta npodinakTuyHa MeaunuHa, Ne 3 (41) /2025



JIOCJI/PKEHHS

The bibliographic-semantic method was employed
for the theoretical analysis of literary sources of
scientific information. The clinical-laboratory method
was used to determine the nosological forms of UTI.
The microbiological method was used to determine
the etiological spectrum of UTI pathogens and their
sensitivity to antibiotics. Finally, the medical-statistical
method was used. The statistical data were analysed on
a personal computer using the Microsoft Excel 2016
program. The total number of observation units in the
samples was sufficient to ensure their representativeness.

RESULTS

The causes of complicated UTI in patients of the
Group I were as follows: 51% were due to nephrolithiasis,
14% to abnormalities of the development of the urinary
system (UTS), 11% to benign prostatic hyperplasia
(BPH), 22.5% to diabetes mellitus (DM), and 1.5% to
pregnancy. In the second group, urinary tract infections
occurred in 45% of cases in the context of nephrolithiasis,
16% of cases due to anomalies of the development of the
cerebrospinal fluid, 14% of cases due to benign prostatic
hyperplasia, and 25% of cases due to diabetes.

The bacteriological examination of selected
urine samples revealed the presence of two or more
uropathogens in 14% of samples from Group I and in 27%
of samples from Group II. This indicates a nearly twofold
increase in the association of pathogenic microflora in
patients during the ongoing pandemic.

The most frequently identified bacteria were
Enterococcus  faecalis (33.3%), E. coli (16.6%),
Streptococcus agalactiae (11.7%), Ps. aeruginosa (8.3%),
Klebsiella pneumoniae (5%) and, further, Proteus spp.
(1.7%). In Group II, during the period of the pandemic,
there was an almost two-fold increase in the detection
of E. coli (29.4%) and an almost three-fold increase in
Klebsiella pneumoniae (13.6%) and Proteus spp. (5.5%).

In general, in both the I and II Groups, more than
80% of pathogens were related to the intestinal microflora,
which may indicate a disruption of the microbiome and
bacterial translocation of uropathogens from the intestine,
including as a result of the inappropriate use of antibiotics.
The significant decline in the sensitivity of the primary
uropathogens to  cephalosporins, fluoroquinolones,
carbapenems, and nitrofuran derivatives during the
ongoing pandemic is a noteworthy observation.

DISCUSSION

It is frequently observed that pathogenic bacteria and
commensal microorganisms belonging to the intestinal
microflora exhibit polydrug resistance. This suggests
that antibiotic resistance emerges in the context of an
inappropriate approach to the utilisation of antibacterial
medications, whereby not merely individual strains, but
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entire bacterial species exhibiting high levels of resistance
to antibiotics emerge [19, 27, 28, 30, 32]. Since the onset of
the global pandemic caused by the SARS-CoV-2 virus, this
issue has become increasingly urgent due to a substantial
rise in the utilisation of antibacterial agents worldwide.
Concurrently, the advancement of novel antibiotics is
exceedingly gradual, necessitating substantial financial
investment, and the pervasive deployment of a restricted
array of antimicrobial agents engenders resistance in the
majority of bacteria [21, 22]. A significant body of research
indicates that microorganisms that constitute the normal
flora of human biotopes are increasingly demonstrating
resistance to antibiotics. In particular, both domestic and
foreign literature devote considerable attention to the study
of hospital microflora, which rapidly acquires resistance to
a multitude of antimicrobial drugs [17, 19, 23, 29, 31]. The
high rates of antibiotic resistance among UTI uropathogens
to carbapenems used for the treatment of severe bacterial
infections necessitate the implementation of targeted
prescribing in clinical practice [17, 28, 29, 30].

The results of our study conducted during the
period of the global pandemic caused by the novel
coronavirus, SARS-CoV-2, indicate a significant increase
in the specific weight of Klebsiella pneumoniae and
Proteus spp. strains, which increased almost threefold
compared to the pre-COVID period. Additionally, there
was a notable decline in the sensitivity of these pathogens
to a range of antibiotic classes, including cephalosporins,
fluoroquinolones, carbapenems, and nitrofuran derivatives.
Additionally, the antibiotic sensitivity of Proteus spp. was
observed to vary in the Group II of samples. In the urine
of women, a significantly lower percentage of resistance
to carbapenems (imipenem, meropenem) was determined
compared to the samples of men, with a ratio of 36%
to 64%. This indicates that carbapenems should be the
preferred choice of antibiotic in women when necessary.

As evidenced in the literature, the most prevalent
causative agent of both uncomplicated and complicated
UTIs is uropathogenic E. coli. The pathogens most
commonly associated with these infections are
Enterococcus spp., Kl. pneumoniae, Candida spp.,
S. aureus, P. mirabilis, P. aeruginosa, and so forth.
[25, 27, 28, 32]. The results of our study corroborate
the aforementioned assertions. In Group I patients,
Enterococcus faecalis and E. coli were the predominant
microorganisms in the urinary microbiome. During the
pandemic, there was an almost twofold increase in the
specific gravity of E. coli in Group II. It is important to
note that in the context of the ongoing pandemic, there
has been a notable increase in the resistance of these
pathogens to commonly used antibiotic groups, such as
cephalosporins and fluoroquinolones. This highlights the
necessity for a more prudent selection of antimicrobial
agents, taking into account the specific characteristics of
the microflora and its sensitivity to the primary antibiotic
groups within this hospital setting.
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It is notable that Enterococcus faecalis and E. coli
were most frequently identified in women aged 18-44
across both observation groups. Conversely, in men, the
prevalence of these pathogens was predominantly observed
in the 60-and-over age group. Given that both pathogens
are related to the intestinal microflora, it seems reasonable
to posit that in young women, this infection can reach the
kidneys mainly by an ascending route. In elderly men,
however, the bacterial translocation route against the
background of benign prostatic hyperplasia will prevail.

In light of the aforementioned findings, the
prescription of antibiotic therapy at each hospital should
be guided by data on the regional urinary microbial
landscape, with due consideration given to the monitoring
of antibiotic resistance [17, 25, 26, 31].

CONCLUSIONS

The results of regional monitoring of the microbial
landscape of urine among patients of the Poltava region
indicate the presence of changes in the bacterial spectrum
during the pandemic (namely, in the period 2020-2023)
and antibiotic resistance to the most commonly used
groups of antibacterial drugs, which is associated with
their irrational use.

1. In the course of a retrospective analysis, it was
found that nephrolithiasis constituted the predominant
cause of UTI in both the pre-war period and the period of
the pandemic (51% and 45%, respectively). The slightly
elevated incidence of UTI in DM (25% in the second group)
corroborates the existing literature on the adverse outcomes
associated with coronavirus infection in DM patients.

2. In both groups, more than 80% of pathogens were
identified as being related to the intestinal microflora.
This may indicate a disruption of the microbiome and
bacterial translocation of uropathogens from the intestine,
including as a result of the unreasonable use of antibiotics.
The confirmation of this hypothesis is evidenced by
the nearly twofold increase in the detection of E. coli
(29.4%) and a nearly threefold increase in the detection of
Kl. pneumoniae (13.6%) in Group II during the period of
the global pandemic caused by the SARS-CoV-2 virus.

3. The bacteriological examination of urine samples
from Group II revealed a nearly twofold increase in
the combination of two or more uropathogens, with
a prevalence of 27% compared to 14%. This observation
suggests an association between pathogenic microflora
and patients during the ongoing pandemic.

4. The decline in the sensitivity of the primary
uropathogens to  cephalosporins, fluoroquinolones,
carbapenems, and nitrofuran derivatives during the
ongoing pandemic necessitates further investigation to
develop more effective empiric antibiotic therapy for
urinary tract infections (UTIs). Our research indicates
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that, when necessary, the carbapenem group should be
preferred for use in women.

In selecting the initial antibacterial regimen, it is
essential to consider the pathogens most prevalent in the
hospital, their susceptibility to specific antibiotic classes,
and regional data on antibiotic resistance.

The prospects for further research lie in systematic,
in-depth monitoring of the local microbial landscape of urine.
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Pe3rome

MOHITOPUHI CMEKTPY MIKPOBIOMY CEHOBUBIOHUX LLINAXIB TA OOCNIMXEHHA
MEOWKAMEHTO3HO-PE3UCTEHTHUX ®OPM MICNS NAHAEMII COVID-19

OneHa B. BnacoBa, laHHa J1. MyctoBoit, TetsiHa |. Apmona, Hatanis B. MoiceeBa, lOnisi A. KocTpikoBa,
Axaronin A. Msarkoxnio
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Becryn. OpHuM i3 BapTux yBaru HacaigkiB nanzemii COVID-19, miag yac sKOl 3HA4YHO 3pOCJO 3aCTOCYBaHHS
MPOTUMIKPOOGHUX MpenapariB, 10 COPUS/IO OiIbLIOMY MNOIIMPEHHI aHTUOIOTUKOPE3UCTEHTHOCTI y CBITi, cTana
nosia GinbIl «arpecMBHUX» GopM 30yAHUKIB. Bkpalh Heo6XiflHUM € BUBYeHHsS BIUIMBY naHfemii COVID-19 nHa
3pPOCTaHHSI AaHTUMIKPOGHOI PE3UCTEHTHOCTI y XBOpHUX 3 IHQEKUisIMH CEYOBUBIAHUX LUIAXIB A/ HiABUILIEHHS
eeKTUBHOCTI JIiIKyBaHHS.

Meta. Ouinuty BB manzgemii COVID-19 Ha 3MiHM MiKpOGHOTro meisaky cedi Ta aHTHOIOTHKOpPE3UCTEHTHOCTI
y xBopux [losiTaBCbKOI 06.J1aCTi.

Marepiasiu Ta Metoau. [IpoBesieHO MOpPIBHAJNBHUI aHadi3 eTioJiorii Ta 4YyT/IMBOCTI 36yAHUKIB 3 iHekuigsMU
cedyoBUBigHUX IAXiB y 300 maunieHTiB 3a mepiog 2018-2023 p. (I rpyna - 100 nanienTiB o manzgewmii; II rpyna -
200 manieHTiB mij yac naHgeMii).

Pe3yabraTu. [HeEKIil ce4oOBUBIIHUX NIUIAXIB ycKJIaJHUIW nepe6ir B I Ta Il rpymax: Hedpoitiazy (51% i 45%),
aHoMaJlill po3BUTKY ce4oBUAiNbHOI cucTeMu (14% i 16%), nobposikicHol rinepmnasii nepeamixyposoi 3a103u (11%
i 14%), uykpoBoro giabety (22,5% i 25%), BariTHocTi (1,5%). [Ipu 6akTepiosioriyHOMy AOCTifKEHHI MOEAHAHHSA
ZBOX i Gisibllle yponaToreHiB BusiBaeHo y 14% I rpynu Tta y 27% I rpynu. B I rpyni B Mikpo6ioMi cedi nepeBaxaiu
Enterococcus fecalis (33,3%), Escherichia coli (16,6%), Streptococcus agalactiae (11,7%), Pseudomonas aeruginosa
(8,3%) Klebsiella pneumoniae (5%), Proteus spp. (1,7%). ¥ 1l rpyni cnocrepiranu 36inpmeHHs yaBidi Escherichia
coli (29,4%) Ta yrpuui Klebsiella pneumoniae (13,6%) Ta Proteus spp. (5,5%). CniocTepirajsiocsi CyTTEBe 3MeHIIeHHs
YYTJIMBOCTiI OCHOBHUX yPONATOTeHiB A0 nedasocnopuHiB, GTOPXiHOJIOHIB, KapbaneHeMIB Ta MOXiAHUX HITpodypaHy
mig yac mangemii COVID-19.

BucHoBKkU. [Ipy mnpoBefieHHI pPETPOCHEKTUBHOrO aHaJli3y MEepPEBAKHOI MNPUYMHOK BUHUKHEHHS iHdekuii
CEe4YOBUBIZHUX LLISAXIB B JOKOBiZHUN i KOBiZHUY mepioau B 060x rpymax 6yB Hedpouitiaz (51% i 45%). 3pocia
YacToTa PO3BUTKY iHEKI[il ceYOBUBIIHUX NIAXIB IPH LyKpoBoMy AiabeTi (25%). [lonax 80% 36yaHUKIB HasleXaTb
Jl0 KUIIKOBOI MikpodJiopH, 110 BKa3ye Ha MOpPYIIeHHs MiKpo6ioMy Ta GakTepiaJbHY TpaHC/IO0KaIil0 YpOIaTOTeHiB
i3 KHUILIEYHHUKA, B TOMY YMCII i 3a paxyHOK HEOOIPYHTOBAHOIO BXXMBAaHHS aHTUGIOTHKIB. IliATBEpIKEHHSAM €
36inpmeHnHs yaBivi E. Coli Ta ytpudi KL pneumoniae y Il rpyni. 36ipL1eHHsl y 2 pa3u MOEAHAHHS JBOX i Ginblie
yponaroreniB y II rpyni (27% nopiBHsHO 3 14%) cBiAYMTb MpO acouiaLilo NaToreHHoi MiKpoGJIOpH y XBOPHX Mif,
yac naHgemii COVID-19. 3MeHIIeHHSI YyTJIMBOCTI OCHOBHUX YPONATOTreHiB Z0 IedasoCnopHuHiB, PTOPXiHOJIOHIB,
KapbaneHeMiB Ta MoOXiAHMX HiTpodypaHy MOTpebye MOAANBIIOTO BUBYEHHS [JJis Gijbll edeKTHBHOI eMmipUIHOL
aHTHGioTHKOTepamnii. 3a HalMMU JocaijaMy, IpyIli KapbaneHeMiB CJ1iJi HaZlaBaTHU epeBary y *KiHOK.
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