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Background: Urinary tract infections (UTIs) and the antibiotic resistance of pathogenic bacteria pose severe threats to public health
in the current healthcare environment.

Objective: The purpose of this study was to assess the frequency distribution of bacterial pathogens causing UTIs as well as the
characteristics of antibiotic susceptibility and resistance.

Methods: The retrospective study was conducted on 32,391 samples of midstream urine culture from January 1, 2020, to
December 31, 2022, in Jiaxing. Bacteria were cultivated on blood agar and identified using MALDI-TOF, and their susceptibility to
different antibiotics was assessed using the Kirby-Bauer disk diffusion method and drug sensitivity reaction cards. The SPSS 22
software was used for data analysis. Bivariate logistic regression was used to analyze the risk factors for multidrug resistance.
Results: The total number of positive growth samples was 5378 (16.6%), including 3206 females (59.6%) and 2172 males (40.4%).
The four most common urinary pathogens were Escherichia coli (39.2%), Enterococcus faecalis (12.4%), Klebsiella pneumoniae
(7.6%), and Enterococcus faecium (7.6%). As far as antibiotic resistance was concerned, Escherichia coli had a greater than 50%
resistance rate to ampicillin (76.1%), ciprofloxacin (58.6%), and levofloxacin (51.2%). The multidrug resistance rate was high
(41.8%). Low levels of resistance were seen to ertapenem (0.1%), imipenem (0.7%), meropenem (0.7%), piperacillin/tazobactam
(0.7%), and nitrofurantoin (1.8%). Klebsiella pneumoniae was highly sensitive to ertapenem (100%). The resistance rates to
nitrofurantoin, ceftriaxone, and ciprofloxacin were 37.4%, 37.1%, and 35.1%, respectively. Up to 41% of Escherichia coli strains
and 26% of Klebsiella pneumoniae strains produced extended-spectrum lactamases (ESBL). Two species of enterococci were highly
sensitive to tigecycline and linezolid (100%), and a small number of norvancomycin-resistant strains (0.2%/two strains) were found.
Conclusion: Escherichia coli and Enterococcus faecium were the most common urinary pathogens in this study. The isolated
pathogens showed different sensitivity patterns. Antibiotics should be selected reasonably according to the sensitivity mode of
pathogenic bacteria to effectively treat and prevent urinary tract infections.
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Introduction

Urinary tract infections (UTIs) are one of the most prevalent infections caused by both gram-positive and gram-negative
bacteria, as well as certain fungi.' Data shows that more than 150 million individuals worldwide experience UTIs each year,’
and 50% of them will be infected at least once in their lifetimes.* The morbidity and economic costs, especially in developing
countries, are substantial and deplete a lot of human resources.’ Risk factors for UTIs include poor hygiene habits, sexual
activity, vaginal infections, diabetes, obesity, catheter use, and genetic susceptibility.>*® According to studies, the most
prevalent uropathogens include Escherichia coli (E. coli), Klebsiella pneumoniae (K. pneumoniae), Enterococcus faecium
(E. faecium), Enterococcus faecalis (E. faecalis), Streptococcus agalactiae (S. agalactiae), Proteus mirabilis (P. mirabilis),

Pseudomonas aeruginosa (P. aeruginosa), Staphylococcus, and other organisms, including Candida spp.®” E. coli strains
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cause 40% of non-community infections and 80% of community-acquired infections.® Some guidelines allow the treatment of
UTIs with empiric antibiotics without the need for urine culture or susceptibility reporting to the causative organism.’
Although this empirical treatment is successful in treating immediate symptoms, it clearly cannot completely eliminate the
possibility of recurrence.* Additionally, due to the increasing prevalence of multidrug-resistant urinary tract pathogens, the
current treatment methods are not optimal.* The rise in antibiotic resistance in UTIs has been attributed to empirical usage,
overuse, and the unavailability of innovative medicines, as well as regulatory obstacles.'* In recent years, the rapid spread of
superbugs and multidrug-resistant bacteria around the world has been one of the biggest problems facing global public health,
which seriously threatens human health.'*'°

International guidelines recommend the use of several antibiotics to treat UTIs, including nitrofurantoin, trimethoprim-
sulfamethoxazole, fosfomycin, fluoroquinolones, and beta-lactams.'''*> However, the widespread abuse and overuse of
antibiotics led to the rapid development of antibiotic resistance in UTI pathogens, such as the emergence of extended-
spectrum beta-lactamases (ESBL) and carbapenemases.'' Recent studies have revealed that the antibiotic resistance of
gram-negative urinary tract pathogens varies greatly around the world. A systematic review of drug resistance of urinary
tract pathogens in the Asia-Pacific region found that the resistance rate of E. coli to trimethoprim/sulfamethoxazole,
ciprofloxacin, and ceftriaxone was 33-90%, the resistance rate to nitrofurantoin was 2.7-31.4%, and the resistance rate to
fosfomycin was 1.8%."* The review from Iran shows that the most effective antibiotics against E. coli were ciprofloxacin,
nitrofurantoin, imipenem, and chloramphenicol.'* According to a study from Mexico, K. pneumoniae isolates had poor
resistance to amikacin and carbapenems, whereas nitrofurantoin had a median resistance of 52%.” It has been reported that
K. pneumoniae (40.4%) exhibits multidrug resistance more frequently than E. coli (23.3%)."> Unfortunately, some gram-
positive cocci (eg, E. faecium and E. faecalis) are resistant to vancomycin, which can lead to a serious and uncontrollable
hospital infection.'® These infections could progress into life-threatening diseases if not treated quickly and efficiently,
especially in developing countries. Therefore, it is crucial to regularly investigate the microbial pathogens that cause urinary
tract infections and assess their susceptibility to antibiotics.

There are many reports in the literature describing the distribution and resistance of pathogenic bacteria in UTIs."
However, regional differences exist in the distribution and resistance of microorganisms.' Regular monitoring of patho-
genic organisms in UTIs and associated resistance patterns in specific areas can promote the rational use of antibiotics and
reduce the emergence of resistant strains. At our institution, antibiotic resistance and drug sensitivity trends among
uropathogens have not been thoroughly studied. Therefore, the purpose of this study was to investigate the distribution
and antibiotic susceptibility characteristics of pathogenic bacteria in midstream urine cultures of patients in our institution
from 2020 to 2022, aiming to provide a reference for the prevention and treatment of UTIs and the rational use of antibiotics
and guide recommendations for empiric antibiotic regimens based on these data.

Materials and Methods

Sample Collection

This retrospective study examined routine urine culture data from inpatients and outpatients at Jiaxing First Hospital
from January 2020 to December 2022, regardless of age or gender. Each patient includes only one non-repetitive isolate.
Patients without obvious bacteriuria were used as an exclusion standard.® Additionally, findings involving more than
three pathogens were also disregarded. The urine samples from 32,391 patients included in the study were cultured, and
the identified microbes underwent cultural testing. Age, sex, and laboratory information about the patients’ drug
susceptibility, antibiotic resistance, and culture outcomes were also noted.

Bacterial Culture

The same standard microbiological techniques were used to cultivate each sample. Midstream urine samples were collected in
sterile tubes and sent to the microbiology laboratory for quantitative incubation within two hours. The urine was inoculated
onto blood agar (5% defibrinated sheep blood) plates using a sterile inoculation loop (10 pL). The plates were incubated
aerobically for 18-24 hours at 35 °C while the size and shape of the colonies were observed. Urinary tract infections were
confirmed by a single bacterial species in the urine specimen reaching a concentration of 10° CFU/mL.'"'®
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Antimicrobial Susceptibility Tests

Bacterial identification and antimicrobial susceptibility testing of isolates were performed with standard microbiological
procedures. Specifically, MALDI-TOF was used to identify the microorganisms, and drug sensitivity response cards (VITEK
2 XL® BioMérieux) along with the Kirby-Bauer disk diffusion method were used to assess the antimicrobial susceptibility of the
organisms. In this study, the following drugs were tested for susceptibility: ampicillin, amoxicillin-clavulanic acid, piperacillin/
tazobactam, cephazolin, ceftazidime, ceftriaxone, cefoxitin, cefepime, aztreonam, meropenem, imipenem, ertapenem, amikacin,
tobramycin, gentamicin, trimethoprim/sulfamethoxazole, ciprofloxacin, levofloxacin, nitrofurantoin, erythromycin, linezolid,
penicillin G, tetracycline, tigecycline, and vancomycin. Based on the CLSI 2020 criteria (Clinical and Laboratory Standards
Institute), these data were interpreted. According to the CLSI criteria, the drug sensitivity reports were divided into three
categories: susceptible (S), intermediate (I), and resistant (R). Moreover, the Shanghai Clinical Laboratory Center contributed the
quality control strains Escherichia coli ATCC25922, Staphylococcus aureus ATCC25923, Pseudomonas aeruginosa
ATCC27853, Enterococcus avium ATCC700327, and Klebsiella pneumoniae ATCC700324 for use.

Statistical Analysis

Patient characteristics (gender and age) are expressed by frequency and proportion. Multidrug resistance (MDR) is defined as
resistance to at least one antimicrobial agent in three or more classes of antibiotics. The sensitivity test findings were examined
using WHONET 5.6 software (WHO, Geneva, Switzerland). The resistance of different isolates to antibiotics was reported as
a percentage. The 95% confidence interval (95% CI) ratio of antibiotics to multidrug resistance was calculated. Binary logistic
regression was carried out using MDR positive samples as dependent variables and age and sex as independent factors. To
identify the independent and linked causes of UTI in patients due to multi-drug resistant E. coli and K. pneumoniae. The
GraphPad Prism 8 software (La Jolla, California, USA) was used for drawing. The culture results were analyzed using SPSS
22 software (Chicago, Illinois, USA). The significance level of all statistical tests was set at a p-value of 0.05.

Results

Patient Characteristics and Proportion of Identified Bacterial Isolates in Urine Samples
In this study, 32,391 urine samples were analyzed between January 2020 and December 2022, of which 17,926 were
males and 14,465 were females. Of all these urine samples, 5378 (16.6%) were positive for bacteria in incubators during
microbial growth assays with significant bacterial counts (1.0x10° CFU/mL of urine), and these patients were classified
as having UTIs (Table 1). The positive rate in male patients was 40.4% (2172/5378), and that in female patients was
59.6% (3206/5378). Comparatively speaking, female patients had a higher positive rate. The majority of culture-positive
samples (53.1%) came from patients over the age of 65 (Table 1).

Pathogen Characteristics
A total of 5378 bacterial strains were isolated, including 3690 gram-negative (68.6%) and 1688 gram-positive (31.4%). The
distribution and proportion of pathogenic microorganisms isolated from urine cultures in the midstream region were depicted in

Table | Determine the Characteristics of Patients According
to Their Age and Gender

Characteristics Strain (n) Percentage (%)
Total number of patients 5378 (100)
Sex
Male 2172 40.4
Female 3206 59.6
Age in years
<15 162 3.1
1544 550 10.2
45-64 1809 33.6
265 2857 53.1
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Figure | Distribution of main bacterial pathogens causing UTIs among patients from 2020 to 2022. The number above the histogram represents the percentage of the
corresponding strain.

Figure 1. The most common pathogen was Escherichia coli, with 2110 strains (39.2%) detected (Figure 1). This was followed by
Enterococcus  faecalis, Klebsiella pneumoniae, Enterococcus faecium, Proteus mirabilis, Streptococcus agalactiae,
Pseudomonas aeruginosa, Staphylococcus epidermidis, Enterobacter cloacae, and Acinetobacter baumannii with 668
(12.4%), 408 (7.6%), 407 (7.6%), 300 (5.6%), 200 (3.7%), 175 (3.3%), 112 (2.2%), 92 (1.7%), and 87 (1.6%), respectively
(Figure 1). Meanwhile, as shown in Figure 2, we examined the annual quantitative variations of the top four pathogens isolated
from 2020 to 2022. The results showed that E. coli and E. faecalis were most prevalent in 2021, whereas K. pneumoniae and
E. faecium numbers were largely steady over the course of three years.

Antibiotic Resistance Patterns of Pathogens
The resistance rate of E. coli to ampicillin (76.2%) was the highest, followed by ciprofloxacin (58.9%), levofloxacin
(51.4%), cefazolin (44.9%), bactrim (44.3%), and ceftriaxone (41.4%) (Table 2). Additionally, tobramycin (9.5%),
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Figure 2 Annual change trends of the number of the top four bacterial pathogens in urine samples of patients with urinary tract infection from 2020 to 2022. The annual
quantity is the total number of each isolate in a specific year.
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Table 2 Antibiotic Resistance Rates of E. coli (n = 2110) and K. pneumoniae
(n = 408) Isolated from Urine Cultures

Antibacterial Drugs E. coli K. pneumoniae
R (%) 95% ClI R (%) 95% CI
Ampicillin 76.1 74.1-78.0 N/A N/A
Amoxicillin-clavulanic acid 7.1 6.0-8.4 15.5 12.0-19.8
Piperacillin/tazobactam 0.7 0.4-1.2 79 54-11.3
Cephazolin 46.9 44.6-49.2 37.1 32.0-425
Ceftazidime 27.2 25.2-29.3 248 20.4-29.8
Ceftriaxone 41.2 39.043.5 31.6 26.8-36.8
Cefoxitin 8.5 7399 14.7 11.3-18.9
Cefepime 10.1 88-11.6 12.1 9.0-16.1
Aztreonam 25.9 23.9-28.0 24 19.7-28.9
Meropenem 0.7 0.4-1.2 74 5.0-10.8
Imipenem 0.7 0.4-1.2 7.1 4.7-104
Ertapenem 0.1 0.0-0.4 0 0.0-1.5
Amikacin 1.9 1.4-2.7 6.8 4.5-10.1
Tobramycin 9.4 8.1-10.8 12.3 9.1-16.3
Gentamicin 30.2 28.1-32.4 17.9 14.1-22.4
Trimethoprim/sulfamethoxazole 44.9 42.6-47.2 29.1 24.5-34.2
Ciprofloxacin 58.6 56.3-60.9 35.1 30.1-40.4
Levofloxacin 51.2 48.9-53.5 24.5 17.9-26.7
Nitrofurantoin 1.8 1.3-2.5 374 324427

Abbreviations: R, resistance rate; Cl, confidence interval; N/A, not applicable.

cefoxitin (8.8%), amoxicillin-clavulanic acid (7.2%), amikacin (2.1%), nitrofurantoin (1.7%), piperacillin/tazobactam
(0.8%), imipenem (0.8%), meropenem (0.7%), and ertapenem (0.07%) were the antibiotics with resistance rates less than
10% (Table 2). For K. pneumoniae isolates, high resistance rates were found to ceftriaxone (37.7%), aztreonam (37.2%),
and nitrofurantoin (35.4%). However, K. pneumoniae was highly sensitive to ertapenem (100%) (Table 2).

Only a few gram-positive enterococci strains were found to be resistant to vancomycin, but two strains were not
found to be resistant to linezolid, tigecycline, high-concentration streptomycin, or gentamicin (Table 3). The two

Table 3 Antibiotic Resistance Rates of E. faecalis (n = 668) and E. faecium (n = 407)
Isolated from Urine Cultures

Antibacterial Drugs E. faecalis E. faecium

R (%) 95% ClI R (%) 95% CI
Ampicillin 0.5 0.1-1.6 93.8 90.2-96.2
Nitrofurantoin 0.8 0.3-2.0 67.4 61.6-72.7
High concentration of streptomycin 0 0.0-0.8 0 0.0-1.7
High concentration of Gentamicin 0 0.0-0.8 0 0.0-1.6
Erythromycin 59 54.9-62.9 90.8 86.7-93.7
Ciprofloxacin 294 25.8-33.2 94.2 90.7-96.5
Linezolid 0 0.0-1.0 0 0.0-1.8
Penicillin G 2 I.1-3.6 95.5 92.3-97.5
Tetracycline 83.9 80.7-86.7 20.2 15.8-25.4
Tigecycline 0 0.0-0.8 0 0.0-1.7
Vancomycin 0.2 0.0-1.1 0.3 0.0-2.1
Levofloxacin 29.1 25.5-32.9 93.5 89.9-95.9

Abbreviations: R, resistance rate; Cl, confidence interval.
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antibiotics that E. faecalis was most resistant to were tetracycline (83.7%) and erythromycin (58.3%), followed by
ciprofloxacin (28.3%), levofloxacin (28%), penicillin G (1.8%), nitrofurantoin (0.9%), and ampicillin (0.3%) (Table 3).
E. faecium has a high resistance rate to ciprofloxacin, ampicillin, levofloxacin, and erythromycin, and the resistance rate
was over 90%. The resistance rates to nitrofurantoin and tetracycline were 68.7% and 20.6%, respectively (Table 3).

Multi-Drug Resistance and ESBL Positivity

The details of MDR and the results of ESBL positivity were listed in Table 4. The proportion of strains showing MDR in
E. coli reached 41.8%, and there was a downward trend (Table 4). The positive rate of ESBL in E. coli also showed
a similar trend, with a positive rate of 40.8%, and the positive rate decreased with time (Table 4). However, the
proportion of strains showing MDR in K. pneumoniae was 35.5%, with an increasing trend reaching 43.8% in 2022
(Table 4). The positive rate of ESBL in K. pneumoniae was 26.2% (Table 4). During the whole study period, only two
drug-resistant isolates of gram-positive bacteria were found, or less than 1%. In addition, the proportion of ESBL

remained stable throughout the study period.

Distribution of MDR Uropathogens by Age and Sex

There is no significant difference in the prevalence of multidrug-resistant (£. coli and K. pneumoniae) UTIs among
different age groups. However, compared with male patients (10.0%), the proportion of MDR-positive E. coli in female
patients (20.7%) was significantly higher (p < 0.001). In terms of MDR of K. pneumoniae, on the contrary, the positive
rate of female patients was lower than that of male patients (Table 5).

Table 4 Multidrug Resistance (MDR) and Extended-Spectrum Beta-Lactamase (ESBL) Prevalence in Common
Bacteria Isolated from Urine Cultures

Organisms 2020 2021 MDR 2022 | Overall 2020 2021 ESBL 2022 | Overall
n (%)? n (%)* n (%)* n (%)* n (%)° n (%)° n (%)° n (%)°
E. coli 280 (45.2) | 337 (43.4) | 264 (36.9) | 881 (41.8) | 277 (44.7) | 328 (42.2) | 256 (35.8) | 861 (40.8)
K. pneumoniae | 50 (32.7) | 38 (27.5) 57 (43.8) 145 (35.5) | 30 (21.4) | 25 (I18.1) 52 (40) 107 (26.2)
E. faecium 0 (0.0) 0 (0.0) 1 (0.3) 1 (0.1) N/A N/A N/A N/A
E. faecalis 1 (0.7) 0 (0.0 0 (0.0 1 (0.2) N/A N/A N/A N/A

Notes: *Percentage of MDR isolates of each bacterial strain is calculated by taking the number of samples that produce specific strains as the
denominator; *Percentage of ESBL-producing isolates of each bacterial strain was calculated by taking the number of samples producing specific strains
as the denominator.

Abbreviation: N/A, not applicable.

Table 5 Examination of MDR Bacterial (E. coli and K. pneumoniae) Urinary Tract Infections by Binary Logistic Regression Analysis

According to Age, and Sex

Covariates (n = 5378) E. coli K. pneumoniae
MDR n (%) OR 95% ClI p-value | MDR n (%) OR 95% ClI p-value
Age (years)
<15 (n=162) 23 (14.2) Reference Reference Reference 5(3.1) Reference Reference Reference
15-44 (n = 550) 86 (15.6) 1.092 (0.648-1.839) 0.741 15 (2.7) 0.867 (0.310-2.425) 0.785
45-64 (n = 1809) 296 (16.4) I.119 (0.690-1.815) 0.648 48 (2.7) 0.837 (0.328-2.137) 0.710
= 65 (n = 2857) 476 (16.7) 1.203 (0.745-1.938) 0.448 77 2.7) 0.844 (0.336-2.116) 0.717
Sex
Male (n = 2172) 217 (10.0) Reference Reference Reference 74 (3.4) Reference Reference Reference
Female (n = 3206) 664 (20.7) 2232 (1.894-2.630) <0.001 71 2.2) 0.635 (0.456-0.884) 0.007

Note: *Percentage of MDR isolates of each bacterial strain is calculated by taking the total number of positive samples with set conditions as the denominator.
Abbreviations: Cl, confidence interval; OR, odds ratio.
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Discussion

UTIs are the most common bacterial infections in the human urinary system. In recent years, UTI-related pathogens and
sensitivity patterns have changed significantly around the world.*® Despite the continuous updating of antibacterial drug
types, pathogen resistance is increasing.® Antibiotic resistance is also very prevalent as a result of antibiotic overuse. The
incidence, pathogens, and drug resistance of UTIs vary by geographic location.' Understanding the epidemiological
information of the local pathogens is necessary for the empirical therapy of UTL. In order to guarantee the responsible use
of antibiotics and prevent the emergence of drug-resistant strains, it is crucial to comprehend the pathogen distribution
and drug resistance characteristics of bacterial infections in this region.® In this research, the pathogens and sensitivity of
32,391 urine samples collected in our hospital between 2020 and 2022 were examined. The distribution of pathogenic
bacteria displayed some striking drug resistance traits over the course of the three years of this research.

In this study, the prevalence of UTIs was found to be 16.6%, which was comparable to the findings of other
investigations.lg’zo Ours found that females (59.6%) had a greater infection rate than males (40.4%). The results of this
study were consistent with another study by Mays et al where they observed that the incidence of UTIs in females (61.7%) was
higher than that in males (39.3%)."” In Portugal, the number of females suffering from UTIs was 12,351 (79.6%), which was
much higher than the males (3088, 20.4%)."' Numerous factors, including the shorter length of the female urethra and its
proximity to the rectum, sexual contact that allows bacteria from the vaginal area to enter the urethra, vaginal irritation brought
on by contraceptive diaphragms, menopause, and pregnancy, contribute to the high prevalence of UTIs in females."
According to previous records, UTIs will increase with the age of patients.'>?' This study found that more than half of the
infections (53.1%) were caused by the elderly population, which was consistent with Andreia et al'> This may be because
older people are more likely to experience repeated hospitalization, which exposes them to hospital infections, continuous use
of antimicrobials, frequent use of urogenital conductors, and diminished adaptability and innate immunity.** In the current
research, E. coli was discovered to be the most prevalent urinary pathogen in urine culture, which is also the result that
researchers from other parts of the world have reached at various times.'® Followed by E. faecalis, K. pneumoniae, and
E. faecium. Similar results were found in the study by Li et al' E. fuecalis was the second most common isolated pathogen in
the urinary tract, followed by K. pneumoniae and E. faecium." Some studies also listed K. pneumoniae as the second most
common urinary pathogen. For instance, E. coli accounted for 77.9% of the isolates in an Indian investigation, with
K. pneumoniae accounting for 22.1%.> In any case, the most common pathogens causing urinary tract infections remain
the same, and the ranking varies slightly from region to region.

This study discovered that pathogens isolated from urine samples showed a high proportion of drug resistance. The
high resistance of E. coli isolates to antibiotics commonly used in clinics, such as ampicillin, ciprofloxacin, levofloxacin,
cefazolin, trimethoprim, and ceftriaxone, reached 40%—76%. Similar findings were made by Li et al who noted that
E. coli had a resistance rate of more than 55% to ceftriaxone, ampicillin, and quinolones." This high level of drug
resistance reduces the effectiveness of antibiotics that are frequently employed in our clinical work and may also be the
reason why empirical treatment often fails.' According to studies, E. coli strains with extended-spectrum B-lactamases
are responsible for one-third of urinary tract infections.'” These germs are highly resistant to common antibiotics, which
limits the efficacy of empirical treatment.® B-lactamase inhibitors are regarded as a good control for strains that produce
ESBL. The resistance rates of E. coli to piperacillin/tazobactam and amoxicillin-clavulanic acid were 0.7% and 7.1%,
respectively, which showed an upward trend in the past three years. This rising tendency might be connected to the
increase of B-lactamases in recent years.>* In addition, ertapenem, meropenem, imipenem, piperacillin/tazobactam,
nitrofurantoin, and amikacin had strong antibacterial action against E. coli, which was similar to a study in Poland.?’
However, a study in India reported that the resistance rate of E. coli to nitrofurantoin was 81.82%,%® demonstrating that
there are considerable regional and national variations in antibiotic resistance patterns. This can be attributed to many
factors, including variations in the research population and geographical location.'' Patients who misuse antibiotics
without any medical advice are one of the factors contributing to the development of antibiotic-resistant bacteria. Due to
the formation of mutant strains, they are now better able to shield themselves against medications.''

In this investigation, the resistance rate of K. pneumoniae isolates to nitrofurantoin, cephazolin, ciprofloxacin, and
ceftriaxone was greater than 30%. The drug resistance to ertapenem, imipenem, meropenem, and piperacillin/tazobactam
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was lower than 8%. And K. pneumoniae was highly sensitive to ertapenem. A study conducted in Iraq showed that
K. pneumoniae was resistant to piperacillin (81.6%), levofloxacin (78.9%), cefotaxime (73.7%), trimethoprim-
sulfamethoxazole (71.1%), ceftazidime (65.8%), and gentamicin (63.2%)."" Another study in China showed that the resistance
rate of K. pneumoniae to imipenem and cefotetan was about 45%, and the resistance rate to ceftazidime, cefepime, piperacillin,
tazobactam, and ampicillin sulbactam was more than 55%." There are differences in the drug resistance rate of bacteria
causing UTIs in all studies, which can be attributed to many factors, such as differences in the research population and
geographical location.!' This study found that the MDR of K. pneumoniae was 21%. Multi-drug resistance in K. pneumoniae
reduces the available antibiotic options and poses a serious threat to human life.” K. pneumoniae can produce carbapenemase
and produce resistance to carbapenems,”’ and strains with this characteristic are resistant to penicillin and cephalosporin.?’*
According to the research report, such drug-resistant bacteria are conveniently disseminated. Drug sensitivity testing and
molecular biological testing should be carried out as soon as possible to guide the use of antibiotics for UTIs caused by
suspected multi-drug-resistant infections, especially carbapenemase-resistant K. pneumoniae.”’

Previous studies have shown that E. coli accounts for the majority of UTIs,?® but Enterococcus has also become
a widespread pathogen. The findings of this investigation revealed that 1075 strains (20%) of enterococcus, including
E. faecalis (668 strains) and E. faecium (407 strains), were detected in 5168 individuals with UTIs. This is similar to
a straightforward UTI pathogen investigation done in Shanghai, China, where Enterococci account for 30.4% of the
pathogen population. Risk factors for UTIs include advanced age, diabetes, and catheter implantation.®*° The majority of
samples in this study were taken from inpatients, and the elderly patients and catheter-related infections may be to blame
for the high percentage of gram-positive bacteria found there.

The drug resistance mechanism of enterococci is intricate. Several antibiotics, including cephalosporins and aminoglyco-
sides, are naturally resistant due to their cell wall structure, and transposons and plasmids can be used to acquire resistance to
common antibiotics.>'*? The results of the drug sensitivity test revealed that E. faecalis was extremely resistant to tetracycline,
erythromycin, ciprofloxacin, and levofloxacin. E. faecium was highly resistant to ciprofloxacin, penicillin G, levofloxacin,
ampicillin, erythromycin, and nitrofurantoin, which was essentially consistent with the findings of the previous research.'
Studies have shown that the antibiotic resistance of various enterococci varies greatly. The resistance rate of E. faecium to most
antibiotics is higher than that of E. faecalis. However, E. faecalis carries more virulence genes and forms biofilms more easily
to obtain stronger pathogenicity.* According to reports, vancomycin-resistant Enterococci infections are gradually increasing
in hospitals.*® It is important to note that a few vancomycin-resistant strains of E. faecalis and E. fuecium were grown in this
study, indicating the requirement for adequate monitoring and control measures to be implemented going forward to prevent
the spread of multidrug-resistant Enterococci in hospitals.

MDR bacteria frequently cause UTIs.** Most studies showed that men were an independent risk factor for UTIs with
MDR bacteria.'”>* Although females have a higher incidence of UTIs, males are much more at risk of developing MDR
infections.'” Other studies found that the risk of MDR infection in different age groups was correlated with that of older
patients (> 65 years old).>* However, this study found no significant differences in the incidence of multi-resistant
microbial UTIs in various age groups, and females were the main risk factors for MDR infection. Unlike previous
findings, this may be relevant to different study populations or geographical locations. However, it should be carefully
explained that, although there is evidence that different regions and populations are sensitive to different pathogens, our
data do not provide information about the health status of patients or the types of health care providers."’

This study has several limitations, including the fact that it is retrospective, has limited clinical data, lacks knowledge
of risk factors, the characteristics of the infection, concomitant conditions, recent hospitalizations, past antibiotic use,
treatment response, etc. Urine samples were only inoculated on blood agar plates, and selective culture media (eg,
MacConkey plates) and fungal chromogenic plates were not inoculated, which may have led to the missed detection of
pathogens. This study was based only on laboratory-reported data and did not conduct a genomic analysis of different
resistant strains. Furthermore, this study only analyzed the susceptibility and resistance patterns of the first four
pathogens of the urinary tract. The remaining microorganisms were not analyzed in this study. The research has indicated
that potential clinical conditions as well as information regarding prior use of antibiotics may be used to better identify
the risk factors of antimicrobial resistance and create prospects for obtaining extremely trustworthy therapeutic recom-
mendations. Hence, a multicenter prospective design study is required to fill the existing evidence gap in UTL
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Conclusion

Our results will be helpful for clinicians to better understand the microbiological characteristics of UTI pathogens and the
situation of antibiotic resistance in this region. The results of this study revealed that female urinary tract infections were
more numerous than male cases (59.6% vs 40.4%). The pathogens most frequently discovered in the urine isolates were
E. coli, E. faecalis, K. pneumoniae, and E. faecium. Meanwhile, we noticed that some pathogens were becoming more
and more resistant to antibiotics. We advocate performing drug sensitivity testing and bacterial cultures before admin-
istering antibiotics to ensure prudent antibiotic use. To better understand the molecular epidemiology of the gathered
isolates, molecular research on the genes encoding these antibiotic resistance markers is strongly advised.
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