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Objective: To analyze the changes in the distribution and drug resistance of pathogenic bacteria causing urinary tract infections in
Southwest China from 2019 to 2023, and to provide an accurate scientific basis for empirical clinical use.

Methods: The identification results and drug susceptibility tests of non-duplicate pathogens isolated from urine samples of patients in
Sichuan region from 2019 to 2023 were retrospectively analyzed. The results obtained were interpreted with reference to CLSI M100-
33th and analyzed with WHONET 5.6 software.

Results: A total of 247295 strains of pathogens were detected, including 188551 gram-negative strains (76.2%). The positive rate of
female patients (56.8%) was significantly higher than that of male patients (43.2%). The top five most common urinary pathogens were
Escherichia coli (50.5%), Enterococcus faecium (11.5%), Klebsiella pneumoniae (8.5%), Enterococcus faecalis (6.5%), and Proteus
mirabilis (2.9%). The resistance rate of E.coli to levofloxacin, cefotaxime and ceftriaxone was higher (>50%) and had a certain upward
trend. The resistance rates of Klebsiella pneumoniae to imipenem and meropenem increased from 7.8% and 9.6% in 2019 to 11.6%
and 13.2% in 2023, respectively, much higher than the resistance rates of E. coli to carbapenem antibiotics (<2%). E. coli,
K. pneumoniae and E. cloacae still maintained high activity against tigecycline and polymyxin B. The drug resistance rate of
Acinetobacter baumannii to imipenem and meropenem was more than 27.4%. The resistance rates of Enterococcus faecium and
Enterococcus faecalis to vancomycin, teicoplanin and linezolid were lower than 3.4%. There was an increasing trend in the detection
of CRE-KPN among multidrug-resistant bacteria, and a slight decreasing trend in CRPA and CRAB.

Conclusion: The main pathogens of urinary tract infections were E. coli, E. faecium and K. pneumoniae. The drug resistance rates of
main clinically isolated bacteria in urine samples showed a diverse trend. Antibiotics should be rationally selected based on the
resistance patterns of the pathogens. At the same time, with the continuous detection of multi-drug resistant bacteria VRE and CRE,
we have a long way to go in future drug resistance monitoring.
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Introduction

Urinary tract infections (UTIs) is one of the most common conditions in both outpatient and inpatient settings worldwide,
where it has been noted to affect 150 million people annually.' There are more than 8 million office visits for UTI
every year in the United States.”* UTTIs are the most common infectious disease in women worldwide, with nearly 50% of
women experiencing a UTI at least once a year, and it is the second most common infectious disease in the elderly after
pneumonia.’ UTIs cause short-term morbidity such as fever, dysuria, and flank pain, and may also result in long-term
renal injury, such as permanent kidney scarring.® Although most patients suffer only with a varying range of painful and
annoying symptoms, the Centers for Disease Control and Prevention (CDC) reports that UTIs contribute to 13,000 deaths
every year.” UTI is easy to relapse, the symptoms are not typical, difficult to cure, early and timely diagnosis and
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treatment can avoid damage to the kidney.® The analysis of the distribution and drug resistance of UTI pathogens is
beneficial to the rational use of antibiotics.” However, Studies have found that the distribution and drug resistance of UTI
are regional and temporal, and the experience of different countries and regions is only for reference.'” In the Asia-
Pacific region, one systematic review found that the resistance rate of E.coli to ceftriaxone, ciprofloxacin, and
trimethoprim/sulfamethoxazole (TMP/SMX) was 33-90%, the resistance rate to nitrofurantoin was 2.7-31.4%, and the
resistance rate to fosfomycin was 1.8%."" However, another study found that Klebsiella pneumoniae(K. pneumoniae)
isolates in Mexico had poor resistance to amikacin and carbapenems, whereas nitrofurantoin had a median resistance of
52%.'% According to a study in China showed that Escherichia coli(E.coli) had a greater than 50% resistance rate to
ciprofloxacin (58.6%), and levofloxacin (51.2%). Low levels of resistance were seen to carbapenems (0.1%-0.7%),
piperacillin/tazobactam (0.7%), and nitrofurantoin (1.8%)."* Unfortunately, E. faecium and E. faecalis isolates of UTIs
are resistant to vancomycin and linezolid which can lead to a serious and uncontrollable hospital infection.'*

Therefore, regular monitoring and understanding the distribution characteristics and drug resistance of pathogenic
bacteria in UTIs in different countries and regions is important and necessary for clinical improvement of the effective-
ness of early empirical treatment as well as for controlling the growth of drug resistance of pathogenic bacteria.'® In
China, studies had reported the distribution and drug resistance rates of pathogenic bacteria with UTIs in the Jiaxing
region from 2020 to 2022 and Chongming area of Shanghai in the eastern from 2018 to 2020.”'® But currently antibiotic
resistance and drug sensitivity trends among uropathogens in Southwest China has rarely been reported. Therefore, this
study retrospectively analyzed the data on the distribution of pathogenic bacteria and drug sensitivity results of UTIs in
109 hospitals in Southwest China from 2019 to 2023, in order to provide a basis for the rational use of antimicrobial
drugs in the clinical treatment of UTIs.

Materials and Methods

Bacterial Isolates
This retrospective study was conducted in 109 healthcare institutions that are members of the Sichuan Bacterial
Resistance Surveillance Network in China from January 2019 to December 2023. Ethical approval was obtained from
the Institutional Review Board of Sichuan Provincial People’s Hospital, and University of Electronic Science and
Technology of China (Number: 2025-21). The ethics committee waived the need for written informed consent provided
by participants due to the retrospective nature of this study. Patients’ anonymous information was provided from the
microbiology hospital laboratory, which isolated the strains. The study completely followed the principles outlined in the
Declaration of Helsinki.

After data review, the identification and drug sensitivity results of 247,295 strains isolated from urine specimens were
included in the final analysis, and According to the monitoring protocol, only the first strain of the same bacteria from the
same patient was retained.

Bacterial Culture

The same standard microbiological techniques were used to cultivate each sample. Midstream urine was collected in
sterile tubes after vulva cleaning and sent to the microbiology laboratory for quantitative incubation within two hours.
The urine samples were inoculated onto 5% sheep blood agar, MacConkey, and Chocolate plates using a sterile
inoculation loop (10nL). The plates were incubated aerobically for 18-24 hours at 35 °C while the size and shape of
the colonies were observed. It was defined as positive for culture if a single gram-negative bacteria reached
a concentration of >10° CFU/mL or gram-positive bacteria reached a concentration of >10* CFU/mL.

Bacterial Identification and Susceptibility Testing

Bacteria identification was carried out in accordance with laboratory standard operating procedures using VITEK system,
or MALDI system (bioMérieux, France). The drug susceptibility test was performed by the minimum inhibitory
concentration (MIC) test and the Kirby-Bauer (K-B) method.
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Interpretation of Results and Quality Control

The MIC value and inhibition circle diameter results were interpreted according to the CLSI M 100 33rd edition guideline
standard.'> Among them, the judgment standard of tigecycline is recommended by the The United States Food and Drug
Administration (FDA).'® The quality control bacteria of drug susceptibility test were: Staphylococcus aureus
ATCC25923 and ATCC29213, Escherichia coli ATCC25922, Pseudomonas aeruginosa ATCC27853, Streptococcus
pneumoniae ATCC49619 and Haemophilus influenzae ATCC49247. When the results of quality control strains were
under control, the results of the study strains could be included in the data analysis.

Statistical Analysis

The susceptibility test results were processed using WHONETS.6 software (WHO, Geneva, Switzerland) and duplicate
strains were directly excluded. The specific steps are as follows: (1) Data package import: import all drug susceptibility
test results into the WHONETS.6 system, including basic information of patients, information of isolated strains,
antibacterial drug names and specific drug susceptibility test results; (2) Analysis type selection: Select different types
of analysis in WHONETS5.6 according to statistical needs, such as isolated strain information, drug susceptibility
analysis, drug resistant bacteria analysis, etc.; (3) Set analysis options: Set the corresponding options according to the
type of data to be analyzed, such as selecting the type of antibiotics to be concerned, strain type, etc.; (4) Generate
reports; (5) Export data.

Results

Distribution of Pathogenic Bacteria in Urine Samples

A total of 247295 strains of pathogens were detected in urine samples, including 188551 gram-negative strains (76.2%)
and 58744 Gram-positive strains (23.8%). 106,767 isolates were isolated from male patients (43.2%) and 140,528
isolates from female patients (56.8%). The positive rate of isolation in female patients was significantly higher than that
in male patients. The positive rate of children under 18 years old was 3.4% (8458/247,295). The detection rate of patients
>18 ~ <60 years old was 36.2% (89,581/247,295). The detection rate of patients >60 years old was 60.4% (149,256/
247,295). The top five bacteria in terms of detection rate were Escherichia coli (50.5%), Enterococcus faecium (11.5%),
Klebsiella pneumoniae (8.5%), Enterococcus faecalis (6.5%), and Proteus mirabilis (2.9%), as shown in Tables 1 and 2.

The detection trends of the top 5 bacterial pathogens causing UTIs were shown in Figure 1.

Table | Distribution of Bacterial Pathogens Isolated
From Urine Specimens

Pathogen Strain (n) | Percentage
Escherichia coli 124831 50.5
Enterococcus faecium 23972 9.7
Klebsiella pneumoniae 21048 85
Enterococcus faecalis 16098 6.5
Proteus mirabilis 7102 2.9
Pseudomonas aeruginosa 6720 2.7
Enterobacter cloacae 5242 2.1
Acinetobacter baumannii 3652 1.5
Staphylococcus epidermidis 3192 1.3
Staphylococcus aureus 3130 1.3
Others* 32308 13.1
Total 247295 100.0

Note: *Bacteria other than the list.
Abbreviation: n: the number of strains.
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Table 2 Characteristics of Strains Isolated in Different Sex
and Age Groups

Characteristics Strain (n) | Percentage (%)
Total number of patients 247295 100

Sex

Male 106767 43.2
Female 140528 56.8

Age in years

<18 8458 34

18-60 89,581 36.2

260 149,256 60.4

Resistance of Main Gram-Negative Bacteria

Antibiotic Resistance Patterns of Main Enterobacteriaceae Bacteria

E. coli, K. pneumoniae and Proteus mirabilis (P. mirabilis) were the main bacteria isolated from urine samples. E. coli
had high sensitivity to amikacin, nitrofurantoin, cefoperazone/sulbactam, piperacillin/tazobactam, the resistance rate was
less than 10%, and the change trend in 5 years was not obvious. The drug resistance to quinolone antibiotics, cefazolin,
ceftriaxone and cefotaxime was high, and the drug resistance rate was more than 50%, and there was a certain upward
trend, as shown in Table 3. The resistance rates of K. Preumoniae to ceftriaxone and cefotaxime ranged from 41% to
46%, and the resistance rates of imipenem and meropenem increased from 7.8% and 9.6% in 2019 to 11.6% and 13.2%
in 2023, respectively, much higher than the resistance rates of E. coli to carbapenems (resistance rates <2%), as shown in
Table 4. In addition, the resistance rate of K. pneumoniae to nitrofurantoin (29-34%) was much higher than that of E. coli
(2-4%), while the resistance rate of E. coli to levofloxacin (>50%) was much higher than that of K. pneumoniae (<32%).
The resistance rate of P. mirabilis to amikacin, meropenem, cefoperazone/sulbactam and piperacillin/tazobactam was
low, less than 2%, as shown in Table 5. In 5 years, E. coli, K. pneumoniae and Enterobacter cloacae (E. cloacae) still
maintained high activity against tigecycline and polymyxin B, and the drug resistance rate was less than 5.4%.

Antibiotic Resistance Patterns of Main Non-Fermentative Bacteria
A total of 6720 strains of Pseudomonas aeruginosa (P. aeruginosa) and 3652 strains of Acinetobacter baumannii
(A. baumannii) were isolated, and their resistance rates to the detected antibiotics were low, less than 17%. The resistance
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Figure | Detection trends of the top 5 bacterial pathogens causing UTls.
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Table 3 Changing Resistance Rates and Susceptibility Rates of E. coli to Antimicrobial Agents

Antimicrobial Agent 2019 2020 2021 2022 2023
(n=18400) (n=20233) (n=25410) (n=28944) (n=31844)
R% S% R% | S% R% S% R% S% R% S%
Amikacin 1.9 97.6 20 | 975 2.0 975 1.9 97.7 1.7 97.9
Gentamicin 36.6 61.8 367 | 61.9 34.1 64.7 333 65.4 332 65.7
Tobramycin 14.0 63.3 13.3 | 635 12.8 64.9 12.6 65.6 13.0 65.4
Ampicillin 84.1 14.5 85.0 | 137 84.4 14.6 84.3 14.8 854 13.8
Amoxicillin/clavulanic acid 12.9 59.1 153 | 639 13.0 65.9 14.8 64.9 14.8 65.4
Ampicillin/sulbactam 44.1 314 46.7 | 30.1 448 339 425 35.2 39.7 344
Piperacillin/tazobactam 29 94.3 33 | 934 3.1 93.7 6.5 90.8 6.6 90.0
Cefoperazone/sulbactam 43 87.4 58 | 842 43 875 5.0 86.5 4.9 86.1
Cefazolin 51.0 49.0 549 | 45.1 56.3 43.7 55.1 44.9 57.3 42.7
Ceftriaxone 51.5 48.1 52.6 | 47.0 527 46.9 52.0 47.8 527 47.1
Cefotaxime 51.8 47.9 522 | 46.9 52.9 46.7 51.4 48.1 52.9 46.7
Ceftazidime 255 714 26.0 | 705 24.8 71.6 24.1 723 239 722
Cefepime 19.9 719 21.5 | 702 20.7 712 205 723 226 69.6
Cefotetan 22 96.8 23 | 968 1.9 97.1 2.1 97.2 1.8 97.3
Cefoxitin 9.5 84.8 87 | 862 8.7 86.5 9.8 85.5 9.5 86.4
Aztreonam 358 629 363 | 62.5 36.2 62.5 339 64.7 34.2 63.9
Imipenem 1.2 98.5 I.1 | 986 1.1 98.7 1.3 98.5 1.2 98.6
Meropenem 1.2 98.6 I.1 | 988 1.2 98.7 1.3 98.6 I.1 98.8
Ciprofloxacin 53.9 44.4 62.8 | 29.6 55.8 428 54.7 43.6 55.5 14927
Levofloxacin 50.4 46.1 564 | 17.6 53.1 439 523 442 52.8 43.7
Trimethoprim/sulfamethoxazole | 49.9 50.1 51.9 | 48.1 50.5 49.5 49.6 50.4 49.1 50.9
Nitrofurantoin 33 89.6 30 | 899 3.0 90.6 27 91.6 24 929
Chloramphenicol 17.5 70.1 272 | 66.9 248 69.8 26.0 69.8 237 71.6
Tigecycline 0.0 99.8 0.0 | 99.9 0.0 99.9 0.0 99.8 0.1 99.8
Polymyxin B - - - - 0.6 99.4 1.3 98.7 1.0 99.0
Ceftazidime/avibactam - - - - 9.8 90.2 9.8 90.2 10.6 89.4
Abbreviations: n, number of strains; R, drug resistance rate; s, drug susceptibility rate; “~”, Not detected.
Table 4 Changing Resistance Rates and Susceptibility Rates of K. pneumoniae to Antimicrobial Agents
2019 2020 2021 2022 2023
(n=2931) (n=3236) (n=4187) (n=5162) (n=5532)
R% S% R% | S% R% S% R% S% R% S%
Amikacin 7.1 92.6 73 | 926 79 91.9 9.0 90.8 11.3 88.5
Gentamicin 277 704 | 274 | 70.6 | 244 739 252 72.8 25.7 72.1
Tobramycin 15.5 68.2 152 | 69.5 15.3 70.6 14.9 70.9 18.1 69.7
Amoxicillin/clavulanic acid 248 554 | 25.1 | 59.8 | 254 59.8 26.1 60.2 28.2 58.8
Ampicillin/sulbactam 46.9 453 | 49.1 | 432 | 457 46.9 459 46.0 46.8 45.4
Piperacillin/tazobactam 11.9 83.3 119 | 82.0 12.7 81.3 18.8 76.9 223 729
Cefoperazone/sulbactam 14.1 76.5 154 | 749 12.0 81.0 14.8 77.6 18.5 733
Cefazolin 428 572 | 465 | 535 | 454 54.6 45.7 54.3 48.6 514
Ceftriaxone 423 572 | 426 | 56.8 | 412 58.0 423 574 427 56.9
Cefotaxime 44.0 548 | 454 | 524 | 432 553 44.7 542 443 543
Ceftazidime 26.5 70.1 273 | 69.7 | 26.6 70.1 28.0 69.1 30.2 66.8
Cefepime 20.5 736 | 21.1 | 743 | 216 742 234 73.1 25.6 704
Cefotetan 7.0 91.9 73 | 914 88 89.9 10.5 88.8 10.9 88.3
Cefoxitin 23.0 715 186 | 76.8 18.0 784 20.3 76.8 22.8 745
(Continued)
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Table 4 (Continued).

2019 2020 2021 2022 2023
(n=2931) (n=3236) (n=4187) (n=5162) (n=5532)

R% S% R% S% R% S% R% S% R% S%
Aztreonam 322 67.0 326 | 66.3 32.1 66.8 327 66.2 348 64.0
Imipenem 7.8 91.1 69 | 92.0 7.8 90.8 9.9 89.0 1.6 87.0
Meropenem 9.6 90.0 76 | 92.0 9.0 90.7 10.9 88.8 13.2 86.4
Ciprofloxacin 31.3 64.9 45.5 | 47.6 305 66.3 31.3 65.0 327 63.9
Levofloxacin 26.3 69.8 31.3 | 46.7 27.2 69.1 29.4 67.3 31.8 64.5
Trimethoprim/sulfamethoxazole | 41.8 582 | 42.1 | 579 | 376 62.4 385 61.5 395 60.5
Nitrofurantoin 329 28.7 325 | 294 332 255 29.6 27.1 30.3 30.0
Chloramphenicol 30.7 50.0 338 | 63.7 355 59.3 37.7 56.6 342 63.4
Tigecycline 1.5 96.9 1.0 | 97.3 1.9 96.3 1.7 95.5 1.7 96.0
Polymyxin B - - - - 5.0 95.0 2.3 97.7 54 94.6
Ceftazidime/avibactam - - - - 13.8 86.2 10.3 89.7 14.0 86.0

Abbreviations: n, number of strains; R, drug resistance rate; s, drug susceptibility rate; “~”, Not detected.

Table 5 Resistance Rates of E. Cloacae and P. mirabilis to Antimicrobial

Agents
Antimicrobial Agent E. Cloacae P.Mirabilis
(n=5242) (n=8324)
R% S% R% S%
Amikacin 3.1 95.9 1.6 96.9
Gentamicin 16.1 8l1.9 229 56.6
Imipenem 1.1 86.0 9.2 729
Meropenem 10.3 88.8 0.8 98.7
Cefepime 20.9 734 9.7 79.0
Cefotaxime 383 59.8 6.3 91.8
Cefotaxime 50.2 48.0 423 56.2
Cefoperazone/sulbactam 19.1 71.7 0.9 97.4
Cefoxitin 94.7 5.3 6.3 90.0
Cefuroxime 64.9 21.3 534 45.1
Cefazolin 94.6 33 59.3 39.6
Piperacillin/tazobactam 18.2 714 1.2 97.2
Ampicillin 83.7 4.9 69.8 294
Ampicillin/sulbactam 65.4 34.6 39.1 60.9
Levofloxacin 27.4 55.1 41.6 41.2
Trimethoprim/sulfamethoxazole 26.6 734 61.4 38.6
Tigecycline 2.1 96.2 - -
Polymyxin B 0.0 100.0 - -

Abbreviations: n, number of strains; R, drug resistance rate; s, drug susceptibility rate;
“~” Not detected.

rates to imipenem and meropenem were 7.0% and 6.2%, respectively. The lowest resistance rate to polycolistin B was
1.0%, as shown in Table 6. The drug resistance rate of 4. baumannii to imipenem and meropenem was more than 27.4%.
However, the drug resistance rates to tigecycline and polymyxin B were low, the highest were 3.0% and 0.5%,
respectively. The rate of resistance to minocycline was 8.9%, as shown in Table 6.
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Table 6 Resistance Rates of P aeruginosa and A. baumannii to
Antimicrobial Agents

Antimicrobial Agent P.Aeruginosa A.Baumannii
(n=6720) (n=3652)

R% S% R% S%
Amikacin 1.8 97.0 18.0 79.8
Gentamicin 5.7 90.1 26.6 72.1
Imipenem 7.0 88.4 27.4 72.0
Meropenem 6.2 90.9 28.0 70.9
Cefepime 6.5 89.1 28.8 68.5
Ceftazidime 10.1 84.7 29.4 63.4
Cefoperazone/sulbactam 10.4 80.4 17.5 74.8
Piperacillin/tazobactam 72 83.7 27.8 67.9
Ciprofloxacin 15.1 75.6 31.6 67.2
Levofloxacin 16.3 723 24.6 70.0
Tigecycline - - 3.0 929
Polymyxin B 1.0 99.0 0.5 99.5
Minocycline - - 8.9 80.6
Trimethoprim/sulfamethoxazole - - 247 753
Aztreonam 14.1 68.6 - -
Piperacillin 14.3 757 - -

Abbreviations: n, number of strains; R, drug resistance rate; s, drug susceptibility rate; “~”, Not
detected.

Drug Resistance in Main Gram-Positive Bacteria

Antibiotic Resistance Patterns of Main Enterococcus Spp

A total of 23972 strains (9.7%) of Enterococcus faecium (E. faecium) and 16098 strains (6.5%) of Enterococcus faecalis
(E. faecalis) were isolated. The resistance rate of E. faecium to detected antibiotics was significantly higher than that of
E. faecalis, especially to ampicillin, levofloxacin, high concentration gentamicin and vancomycin. However, the
resistance rate of E. faecalis to linezolid was higher than that of E. faecium. Among them, the resistance rate of
E. faecium to penicillins and quinolones was as high as 90%, while Enterococcus was highly sensitive to vancomycin and
linezolid, and the resistance rate was less than 4%, as shown in Table 7.

Antibiotic Resistance Patterns of Main Staphylococcus Spp and Streptococcus Spp

A total of 3130 strains of Staphylococcus aureus (S. aureus) were isolated, accounting for 1.3%, and the detection rate of
Methicillin-resistant Staphylococcus aureus (MRSA) was 25.0%. MRSA had high resistance rate to erythromycin,
clindamycin and levofloxacin. The resistance rate of MRSA to most tested antimicrobials was significantly higher
than that of Methicillin-sensitive Staphylococcus aureus(MSSA), but the resistance to TMP/SMX was lower than that of
MSSA. A total of 3272 strains of Streptococcus agalactiae (S. agalactis) were isolated, accounting for 1.3%. In addition
to erythromycin, clindamycin and levofloxacin, the resistance rate of S. agalactis was more than 52%, and it was highly
sensitive to other tested antibiotics, as shown in Table 8.

Change Trend of Carbapenem-Resistant Bacteria

Among the carbapenem-resistant bacteria detected from 2019 to 2023, the detection rates of CRE-KPN showed an
increasing trend, CRPA and CRAB showed a slight decreasing trend, and CRE-ECO remained at a low level, as shown in
Figure 2.

Discussion
Through analyzing the data of 247,295 strains of urine pathogens in southwest China from 2019 to 2023, some
significant characteristics and trends of drug resistance were found. The results showed that 247295 strains of clinical
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Table 7 Resistance Rates of E. Faecium and E. Faecalis to Antimicrobial Agents

Antimicrobial Agent 2019 2020 2021 2022 2023
EFM EFA EFM EFA EFM EFA EFM EFA EFM EFA

(n=3692) (n=2166) (n=3934) (n=2625) (n=4783) (n=3405) (n=5772) (n=3765) (n=5791) (n=4137)

R s R s R s R s R s R s R s R s R s R s
Ampicillin 958 | 42 | 57 | 943 | 958 | 42 | 48 | 952 | 947 | 53 | 43 | 957 | 953 | 47 | 36 | 964 | 9.4 | 36 | 32 | 98
Gentamicin-high (120ug) | 554 | 446 | 435 | 565 | 504 | 49.6 | 421 | 57.9 | 459 | 541 | 424 | 576 | 399 | 60.1 | 429 | 57.1 | 357 | 643 | 446 | 554
Streptomycin-high (300ug) | 32.9 | 67.1 | 278 | 722 | 309 | 69.1 | 266 | 734 | 248 | 752 | 27.1 | 729 | 242 | 758 | 297 | 703 | 239 | 76.1 | 27.7 | 723
Rifampicin 787 | 74 | 466 | 309 | 772 | 114 | 452 | 328 | 747 | 119 | 418 | 360 | 730 | 107 | 488 | 287 | 706 | 87 | 447 | 29.
Ciprofloxacin 928 | 27 | 318 | 614 | 935 | 23 | 341 | 591 | 933 | 27 | 361 | 581 | 937 | 25 | 399 | 549 | 943 | 25 | 429 | 524
Levofloxacin 907 | 58 | 297 | 677 | 912 | 47 | 325 | 649 | 914 | 46 | 354 | 620 | 926 | 48 | 396 | 589 | 935 | 46 | 412 | 571
Nitrofurantoin 367 | 260 | 25 | 942 | 444 | 200 | 41 | 928 | 449 | 224 | 36 | 934 | 416 | 252 | 28 | 950 | 424 | 263 | 18 | 92
Linezolid 02 | 993 | 22 | 9%2 | 06 | 987 | 24 | 959 | 04 | 990 | 36 | 952 | 04 | 99.1 | 39 | 944 | 04 | 991 | 34 | 943
Vancomycin 11| 988 | 01 | 999 | 09 | 990 | 05 | 994 | 04 | 995 | 02 | 997 | 06 | 993 | o1 | 999 | 13 | 986 | 00 | 100.0
Teicoplanin 07 | 993 | 00 | 1000 | 10 | 988 | 07 | 993 | 05 | 993 | 04 | 996 | 05 | 993 | 00 | 1000 | 19 | 981 | 04 | 996

Abbreviations: EFM, Enterococcus faecium; EFA, Enterococcus faecalis; n, number of strains; R, drug resistance rate; s, drug susceptibility rate.
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Table 8 Resistance Rates of S. aureus and S. agalactiae to Antimicrobial Agents

Antimicrobial Agent S.Aureus S.Agalactiae
(n=3272)

MRSA (n=781) | MSSA (n= 2349)

R% S% R% S% R S
Penicillin G 100.0 0.0 89.1 10.9 0.0 100.0
Gentamicin 14.9 81.7 12.7 83.7 6.1 935
Rifampicin 9.1 89.3 0.6 98.8 0.0 100.0
Levofloxacin 34.1 64.9 16.2 82.6 52.8 | 46.3
Trimethoprim/sulfamethoxazole | 14.2 85.8 15.5 84.5 - -
Clindamycin 59.8 384 232 755 56.2 | 42.0
Erythromycin 753 22.8 473 51.3 789 | 16.2
Nitrofurantoin 33 95.2 1.2 97.2 1.6 | 83.9
Linezolid 0.0 100.0 0.0 100.0 0.0 100.0
Vancomycin 0.0 100.0 0.0 100.0 0.0 100.0
Teicoplanin 0.0 100.0 0.0 100.0 - -

Abbreviations: n, number of strains; R, drug resistance rate; s, drug susceptibility rate; “~”, Not detected.

bacteria isolated from urine samples had the following characteristics: Gram-negative bacteria and positive bacteria were

76.2% and 23.8%, respectively; Gram-negative bacteria were slightly more likely to cause UTIs than Gram-positive
bacteria. The results showed certain changes compared with the separation rate in Shanghai, China (61.2% and 30.4%).’
The incidence of urinary tract infection in female patients (56.8%) was more common than that in male patients (43.2%),

which was related to the fact that female patients with short and straight urethral opening were more prone to bacterial

infection. The data was consistent with the conclusion of the study that the number of females suffering from UTIs was
12,351 (79.6%), which was much higher than the males (3088, 20.4%) in Portugal.'” The number of isolates was the
highest in elderly patients aged >60 years (60.4%), while the isolation rate in children was the lowest (3.4%), which may

be related to the decrease of immunity with the increase of age, the more likely to be hospitalized, invasive urinary tract

operations and the use of more antibiotics.'® We found that the top five isolates leading to UTIs remained consistent and

the number detected increased year by year, with Enterobacter(64%) being the main cause of UTIs, with E. coli,
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Figure 2 Distribution of Carbapenem-resistant strains.
Abbreviations: CRE-ECO, Carbapenem-resistant Escherichia coli; CRE-KPN, Carbapenem-resistant Klebsiella pneumoniae; CRAB, Carbapenem-resistant Acinetobacter
baumannii; CRPA, Carbapenem-resistant Pseudomonas aeruginosa.
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K. pneumoniae, P. mirabilis, and E. cloacae being the most frequently isolated species, so it is useful to understand their
resistance patterns. Studies have reported that E. coli accounts for up to 80% of community-acquired uncomplicated
UTIs, these bacteria should be targeted when choosing empirical antibiotics."

The drug sensitivity results of this study showed that E. coli was highly sensitive to carbapenems, cephalosporins
(cefotetan), piperacillin/tazobactam, and the sensitivity rate was more than 90%. Similar findings were made by Niu et al
who noted that E. coli had a greater than 50% resistance rate to ceftriaxone, ampicillin, and quinolones and low levels of
resistance rate to carbapenems (1%), piperacillin/tazobactam (0.7%), and nitrofurantoin (1.8%).'> One study found that
the drug resistance rate of Enterobacteriaceae to third-generation and fourth-generation cephalosporins reached more
than 40%, indicating that these agents might not be the optimum medications for empirical UTI therapies in China.* The
resistance rate of E. coli to ceftriaxone in 5 years (51.5-52.7%) was significantly higher than that of ceftazidime
(23.9-26.0%). However, the drug sensitivity results in this region showed that Enterobacteriaceae bacteria were still
sensitive to the 3rd generation of ceftriaxone, the 3rd generation of ceftriaxone could accelerate the production of ESBLs
by some bacteria.’® Therefore, third-generation cephalosporins are not recommended for the treatment of UTIs.
Fluoroquinolones, especially ciprofloxacin and levofloxacin, are considered effective antimicrobials against urinary
tract pathogens because of the high concentration of the drugs in urine. In this study, it was found that the resistance
rate of E. coli to commonly used levofloxacin and ciprofloxacin was as high as 50%, which was significantly higher than
the previously reported resistance rate (26.9-28.9%).”° A 5-year data study showed that E. coli remained highly
susceptible to nitrofurantoin (>89%), and the antibiotic can continue to be used empirically because it has
a significantly higher inhibitory effect on bacteria in urine than in blood in the treatment of UTIs. However, a study in
India reported that the resistance rate of E. coli to nitrofurantoin was 78.71%,?' demonstrating that there are considerable
regional and national variations in antibiotic resistance patterns. Infectious Diseases Society of America (IDSA)
recommended that TMP/SMX are preferred treatment options for uncomplicated cystitis caused by ESBL-E.*
However, the results of this study showed that the overall resistance rates of E. coli and K. pneumoniae to TMP/SMX
had little change, but both had reached 39.5%. Therefore, we suggest that the empirical treatment of uncomplicated
cystitis in this area should be selected in combination with clinical drug resistance patterns.

Carbapenems can still be considered appropriate for severe infections and can be used as an alternative empirical
treatment for UTIs caused by strains of Enterobacteriaceae bacteria that are highly suspected of producing ESBL or
AmpC inhibition.?* Although carbapenems are not the drug of choice for simple cystitis and pyelonephritis in women
according to IDSA guidelines, they are a good alternative for the treatment of multidrug-resistant gram-negative bacteria
that cause UTIs.>> However, with its extensive use in clinical practice, this study found that carbapenem-resistant
Enterobacteriales (CRE) of urine isolates increased year by year in the past 5 years, with the highest detection rate of
CRKP. Our data showed that the resistance rate of K. pneumoniae isolated from urine samples to carbapenem antibiotics
increased from 8.5% in 2019 to 12.8% in 2023. The resistance rate of E. coli to carbapenems was lower than that of
K. pneumoniae, and the resistance rate of E. coli to carbapenems remained at 1.3% and the change trend was not obvious.

Nucleic acid or antigen testing should be routinely performed in clinical microbiology laboratories to grasp the
specific carbapenase produced by clinical CRE isolates recommended by IDSA.?* Since specific new B-lactam antibiotics
were only active to the corresponding carbapenase, it was important to understand the specific carbapenase type produced
by clinical CRE strains for clinical treatment selection.”> A nationwide survey in China showed that the main resistance
mechanism in 90% of CRE strains was the acquired production of blaKPC-2 and blaNDM.** Ceftazidime-avibactam,
meropenem-vaborbactam, imipenem-cilastatin-relebactam, and cefiderocol were preferred treatment options for pyelone-
phritis and UTIs caused by CRE based on clinical trials showing non-inferiority of these agents to common comparator
agents for UTIs.>*’ This study showed that E. coli and K. pneumoniae had low resistance rates to tigecycline and
polycolistin B. However, it was worth noting that in 2023, 1.7% of K. pneumoniae isolates in urine samples were found
to be resistant to tigecycline, and 5.4% strains were resistant to polycolistin B, which should attract our attention.

The isolation rate of E.f aecium in the Enterococcus that caused UTIs (9.7%) was higher than that of E. faecalis
(6.5%). Studies had shown that indurating catheters can stimulate the formation of Enterococcus biofilm and cause
immunological and histological changes in the bladder, which was the main cause of urinary tract infection.”®
Surveillance data from our region indicated that E. faecium had a higher rate of resistance to most antimicrobial drugs
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than E. faecalis, especially to ampicillin, rifampicin, levofloxacin and ciprofloxacin. In the present study, a small number
of Enterococcus resistant to vancomycin (<1.3%) and linezolid (<3.6%) were identified. The outbreaks of the hospital-
acquired vancomycin-resistant Enterococcal infections had been reported, which caused severe nosocomial infections
and were increasing worldwide.?® So it is necessary to strengthen the surveillance, and prevent and control nosocomial
infection.

Conclusion

On the whole, E. coli is still the most common pathogen of UTIs, followed by E. faecium and K. pneumoniae. The drug
resistance rate of UTIs showed a slow upward trend in the zigzag pattern. Clinicians should timely sampling and
collection of urine specimens before starting antibiotics, and treatment decisions should be refined based on the common
species and the AST profile of the pathogen in our area. When conditions permit, patients with multi drug-resistant
bacteria isolated should be treated in isolation as much as possible to prevent the spread of MDR within the hospital.
Meanwhile, in order to better understand the molecular epidemiological characteristics of multi-drug resistant bacteria in
this region, further study of these genes as markers of antibiotic resistance is recommended.

Abbreviations
ESBL-E, Extended-spectrum beta-lactamases; CRKP, Carbapenem-resistant Klebsiella pneumoniae; VRE, Vancomycin-
resistant Enterococci.
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