
O R I G I N A L  R E S E A R C H

Comparison of Epidemiological Characteristics 
Between ESBL and Non-ESBL Isolates of Clinically 
Isolated Escherichia coli from 2014 to 2022: A 
Single-Center Study
Wei Zhang 1,2,*, Qing Wang3,*, Liru Zhang4,*, Jiangxiong Wu5, Jinlu Liu2, Cheng Lu2, 
Xinsheng Wang1, Zhihua Zhang6

1Central Laboratory, The First Affiliated Hospital of Hebei North University, Zhangjiakou, Hebei, People’s Republic of China; 2Microbiology 
Laboratory, The First Affiliated Hospital of Hebei North University, Zhangjiakou, Hebei, People’s Republic of China; 3Clinical Laboratory, State Key 
Laboratory of Complex Severe and Rare Diseases, Beijing, People’s Republic of China; 4Clinical Laboratory, Zhangjiakou Wanquan District Hospital, 
Zhangjiakou, Hebei, People’s Republic of China; 5Inspection Center, Qujing No.1 People’s Hospital, Affiliated Qujing Hospital of Kunming Medical 
University, Qujing, Yunnan, People’s Republic of China; 6Department of Respiratory and Critical Care Medicine, The First Affiliated Hospital of Hebei 
North University, Zhangjiakou, Hebei, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Zhihua Zhang, Department of Respiratory and Critical Care Medicine, The First Affiliated Hospital of Hebei North University, 
Zhangjiakou, 36 Changqing Road, Qiaoxi District, Zhangjiakou City, Hebei Province, People’s Republic of China, Tel +86-03138043503, Fax +86-1088326317,  
Email zzh19641229@163.com; Xinsheng Wang, Central Laboratory, The First Affiliated Hospital of Hebei North University, Zhangjiakou, 36 Changqing 
Road, Qiaoxi District, Zhangjiakou City, Hebei Province, People’s Republic of China, Email Wxinsheng1968@sina.com

Purpose: This single-center study aims to investigate the epidemiological characteristics of clinically isolated Escherichia coli from 
2014 to 2022.
Methods: In vitro drug sensitivity of E. coli to 20 antibiotics was examined using the microbroth dilution method. A total of 7580 
clinical E. coli strains were isolated from 2014 to 2022, among which 56.9% were identified as extended spectrum beta-lactamase- 
producing strains. The data were analyzed using the software WHONET5.6 and the R language platform.
Results: Over the study period, carbapenem resistance rates increased by more than 50% (2022 [1.34%] vs 2014 [0.8%]) and the 
annual number of isolates showed an upward trend (1264 in 2022 vs 501 in 2014). Drug resistance rates were the highest for penicillin 
(75–85%) and lowest for imipenem (1%). The resistance rate of strains isolated from male patients and sputum was found to be higher 
than that of female patients and urine, except for quinolones (p <0.05). The drug resistance rates from high to low were penicillins (75– 
85%), tetracycline (64%), quinolones (64–67%), sulfamethoxazole (59.3%), cephalosporins (22–72%), aztreonam (34%), chloram
phenicol (21%), amikacin (2.8%), colistin (1.4%), meropenem (1.1%), and imipenem (1%). Urine, sputum, and blood accounted for 
51%, 16.6%, and 10.6% of the samples, respectively. A greater number of female patients were included more than male patients 
(4798[63.3%] vs 2782[26.7%]). Patients aged 50–80 accounted for 64.2% of those surveyed.
Conclusion: Carbapenems remain the optimal choice for treating extended spectrum beta-lactamase-producing E. coli infections (sensitivity 
rate: 98%). Colistin (87.7%) and amikacin (87%) exhibited good antibacterial activities against carbapenem-resistant E. coli. Long-term and 
continuous epidemiological surveillance of E. coli can facilitate the development of preventive strategies and control policies.
Keywords: antibiotic resistance, bacteria, ESBL, carbapenems, cephalosporin, quinolones

Introduction
Escherichia coli (E. coli) is a common bacterium that can cause a wide range of infections in humans, including urinary 
tract infections, bloodstream infections, and gastrointestinal infections. Over the years, the emergence and spread of 
extended-spectrum β-lactamase (ESBL)-producing E. coli strains have become a significant concern in clinical settings.1–3 
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ESBLs are enzymes that confer resistance to a broad range of β-lactam antibiotics, including penicillins, cephalosporins, 
and monobactams.4,5

Understanding the epidemiological characteristics of ESBL-producing E. coli isolates is crucial for effective infection 
control and antibiotic stewardship. Previous studies have reported an increasing prevalence of ESBL-producing E. coli, 
highlighting the need for continuous monitoring of drug susceptibility patterns and the identification of risk factors 
associated with ESBL production.5–7

In addition to drug susceptibility, the sex ratio and age distribution of patients infected with ESBL-producing E. coli 
may provide valuable insights into the epidemiology and clinical management of these infections. Differences in 
susceptibility patterns and patient demographics could influence treatment decisions, infection control measures, and 
the development of targeted interventions.6

Therefore, this single-center study aims to compare the epidemiological characteristics between ESBL and non-ESBL 
isolates of clinically isolated E. coli from 2014 to 2022. By examining trends in drug susceptibility over time, sex ratio, 
and age distribution, we aim to provide a comprehensive understanding of the changing landscape of ESBL-producing 
E. coli infections. This knowledge will contribute to the development of effective strategies for infection control and 
antibiotic management, ultimately improving patient outcomes.

Materials and Methods
Research Program
For nine years (January 1, 2014 to December 31, 2022), a total of 40,116 clinical bacterial strains were isolated at the 
First Affiliated Hospital of Hebei North University (Zhangjiakou, Hebei Province, China), of which 8224 were identified 
as E. coli. After excluding 644 duplicate samples from the same patient, 7580 strains were isolated and included in the 
study (Figure 1). The separation and drug resistance rates and their trends, MIC50/90 values, and sector distribution were 
investigated. Research plan and ideas can be found in Figure 1.

Figure 1 Outline of the research program followed in this study.
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Sample Collection
Clinical isolates of Escherichia coli were collected from various sources, including urine, blood, sputum, and wound 
specimens, from January 2014 to December 2022. Clinical samples were inoculated onto Columbia blood and 
MacConkey agar plates (Autobio, Zhengzhou City, Henan Province, China) and incubated at 35°C for 24 h. The isolates 
were obtained from both inpatients and outpatients who visited the hospital during this period.

Identification and Confirmation of Escherichia Coli
All isolates were initially identified as Escherichia coli using conventional microbiological techniques, including colony 
morphology, Gram staining, and the automated bacterial identification system (PhoenixTM100, BD, New Jersey, USA).

Drug Susceptibility Testing
Drug susceptibility testing was performed using the broth microdilution method according to the guidelines provided by the 
Clinical and Laboratory Standards Institute (CLSI). The source of the drug susceptibility plates and reagents used in this study was 
Becton Dickinson Company (BD, New Jersey, USA). The following antimicrobial agents were tested: amoxicillin-clavulanate; 
ampicillin/sulbactam; piperacillin; piperacillin/tazobactam; moxifloxacin; aztreonam; cephazolin; ceftazidime; cefotaxime; cefe
pime; imipenem; meropenem; colistin; sulfamethox-azole; chloramphenicol; gentamicin; amikacin; ciprofloxacin; levofloxacin; 
tetra-cycline. Pseudomonas aeruginosa ATCC27853 and E. coli ATCC25922 were used as quality control strains.

ESBL and CRE Detection
Extended-spectrum beta-lactamase (ESBL) production was determined using the double-disc synergy test, as recom
mended by the CLSI guidelines. The reference source for ESBL detection was Clinical and Laboratory Standards 
Institute M100-S30.8 ESBLeco is defined when the MIC of cefotaxime is ≥16μg/mL and the MIC of amoxicillin/ 
clavulanic acid is ≤8μg/mL, or when the MIC of ceftazidime is ≥4μg/mL and the MIC of amoxicillin/clavulanic acid is 
≤8μg/mL. NESBLeco is defined when the MIC of cefotaxime is ≤4μg/mL or the MIC of ceftazidime is ≤1μg/mL.

Carbapenem-resistant Enterobacteriaceae (CRE) detection was performed using the modified Hodge test, following 
the CLSI guidelines. The reference source for CRE detection was Clinical and Laboratory Standards Institute M100- 
S30.8 The MIC for imipenem and meropenem in CReco were ≥4 μg/mL and ≥4 μg/mL, respectively.

Statistical Analysis and Data Visualisation
The results were presented as frequencies and percentages for categorical variables. WHONET 5.6 software was used to 
perform raw data statistics. Statistical analysis was performed using R software (V4.2.1, SAS Institute, Inc., Cary, NC). 
The drug resistance rates were compared using an independent sample T-test, Welch’s t-test, or Mann–Whitney U-test, 
and data visualisation was performed using the ggplot2 package [3.3.6]. p <0.05 (*) was considered statistically 
significant; p <0.01 (**) and p <0.001 (***) were considered highly significant. Drawio software (V20.8.10, JGraph 
Ltd, Northampton, England) was used to produce a flowchart (Figure 1). Origin 2021 software (OriginLab, Northampton, 
UNITED STATES) was used to visualise changes in drug resistance rates and MIC frequency data.

Limitations
This study has several limitations, including its retrospective design, which may introduce selection bias. Additionally, 
the findings of this single-center study may not be generalizable to other healthcare settings.

Results
Clinical Characteristics
The number of female patients exceeds that of males (4798vs.2782), and the median age of females is higher than that of 
males (Median [IQR] [64 (19) vs 63 (39)], p <0.05). The median age of patients with NESBL, ESBL, and CRE infections 
was compared. The ESBL group had a lower median age than the NESBL group (Median [IQR] [61 (36) vs 64 (22)], 
p<0.01), while the CRE group had a higher median age than the NESBL group (Median [IQR] [67 (22) vs 64 (22), 
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p>0.05). Additionally, the CRE group had a higher median age than the ESBL group (Median [IQR] [67 (22) vs 61 (36)], 
p<0.05) (Table 1). Patients are divided into four groups based on age (<18, 18–40, 41–60, >60), with the 18–40 group 
having the lowest proportion (4%) and the >60 group having the highest proportion (59.0%). Among patients with 
NESBL, ESBL, and CRE infections, the NESBL group had the highest proportion of female patients (68.9%), while the 
CRE group had the lowest proportion of female patients (45%). The departments with the highest rates of bacterial 
isolation are Neurology (12.7%), Urology (11.3%), and ICU (8.0%), while the sample types with the highest rates of 
bacterial isolation are urine (50.6%), sputum (17.4%), and blood (11.4%) (Table 1).

The top two departments with NESBLeco, ESBLeco, and CReco were urology (12.87%) and ICU (9.19%), neurology 
(17.98%) and endocrinology (14.55%), and ICU (18%) and neonatology (10%), respectively (Table S1).

Urine (51.0%, 3866/7580), sputum (16.6%, 1255/7580), and blood (10.6%, 801/7580) were the top three samples 
(Figure 2A). Over the nine-year period, the proportion of isolates from urine increased and sputum decreased, whereas 
that of blood remained unchanged (Figure 2B).

The annual number of E. coli isolates in our hospital (501 vs 1264) and number per 100,000 inpatients in the 
institution (107 vs 180) increased compared to that of the initial population (Figures 2C and D).

Drug Sensitivity Characteristics
Most penicillins and their enzyme inhibitors quinolones and cephalosporins have high resistance rates in E. coli, with 
values ranging from 50 to 85%. In the present study, resistance rates for carbapenem, colistin, and amikacin were low, 
ranging from 1 to 3% (Figure 3A). Over nine years, drug resistance rates of penicillin and its enzyme inhibitors, 
cephalosporins, tetracycline, and sulfamethoxazole have shown a slow downward trend. The drug resistance rate of third- 
generation cephalosporins neared 60%, except in 2021 (51.7%). The drug resistance rate of carbapenems increased 
significantly by more than 50% (0.8% vs 1.34%). Resistance rates of quinolones and chloramphenicol showed a slow 
upward trend (Figures 3B–G, Table S2).

Overall, imipenem, meropenem, and amikacin showed the highest sensitivity to E. coli (>97%), and penicillin and its 
enzyme inhibitors were less sensitive (<18%) (Table 2).

Table 1 Clinical Characteristics of Different Bacterial Species

Clinical Characteristics Species Classification

NESBL  
(n=3376)

ESBL  
(n=4204)

CRE  
(n=100)

ALL  
(n=4580)

Age (Median[IQR]) 64[22] 61[36]a 67[22]b,c 63[27]a,c,d

Male 62[49] 64[37] 68[22] 63[39]

Female 65[17] 63[22] 64[32] 64[19]e

Age (Patient proportion %)

<18 12.9 16.2 18.0 14.7

18–40 3.6 4.5 5.0 4.0
41–60 22.7 22.0 12.0 22.3

>60 60.8 57.4 65.0 59.0

Female proportion (%) 68.9 56.6 45.0 62.1
Department proportion (%)

Neurology 18.0 8.4 6.0 12.7

Urology 9.3 12.9 8.0 11.3
ICU 6.6 9.2 18.0 8.0

Sample Source (%)

Urine 57.6 45.0 33.0 50.6
Sputum 13.0 20.9 38.0 17.4

Blood 10.8 11.9 4.0 11.4

Notea: Compared to the NESBL group, ap<0.01; Compared to the NESBL group, bp>0.05; Compared to the 
ESBL group, cp<0.05; Compared to the CRE group, dp<0.05; Compared to the Male group, ep<0.05.
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NESBLeco showed more than 98% sensitivity to cephalosporins, carbapenems, colistin, and amikacin (Table S3). For 
NESBLeco, some antibiotics in the same class showed higher resistance (ampicillin [67.7%] vs piperacillin [50.8%], 
p <0.05; amoxicillin/clavulanate [66.6%] and ampicillin/sulbactam [61.5%] vs piperacillin/tazobactam [3.8%], p <0.05; 
gentamicin [37.55%] vs amikacin [0.6%], p <0.05), whereas others did not (imipenem [0.1%] vs meropenem [0.2%], 
p >0.05; ciprofloxacin [53.7%] vs levofloxacin [49.6%], p >0.05) (Table S3, Figure 4).

For ESBLeco, the antibacterial activities of imipenem, meropenem, colistin, and amikacin were very high (>95%) 
while those of penicillin and its enzyme inhibitor were low (<10%) (Table S4). Within the same class of antibiotics, some 
had higher rates of resistance (ampicillin [97.6%] vs piperacillin [94%], p <0.05; amoxicillin/clavulanate [83.9%] and 
ampicillin/sulbactam [87.4%] vs piperacillin/tazobactam [21.3%], p <0.05; gentamicin [49.4%] vs amikacin [4.4%], 
p <0.05), whereas others showed no difference (imipenem [1.8%] vs meropenem [1.8%], p >0.05; ciprofloxacin [77.3%] 
vs levofloxacin [74.3%], p >0.05) (Table S4, Figure 4).

CReco was only highly sensitive to amikacin and colistin (>87%), whereas its sensitivity to the other tested 
antibiotics was low (< 45%) (Table S5).

Strains isolated from sputum and men showed higher rates of resistance to multiple antibiotics than those isolated 
from urine and women, respectively (p <0.05) (Table 3).

Compared with ESBLeco and NESBLeco, CReco had higher MIC values for antibiotics with the highest frequency, 
except for amikacin and colistin (Figure S1).

Figure 2 Clinical distribution characteristics of E. coli. (A and B) Sample distribution characteristics. (C and D) Number of strains isolated/year.
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Discussion
E. coli, a gram-negative bacterium, is one of the microorganisms most closely associated with humans. They colonise the 
digestive tracts of humans and animals and play an important role in public health, cell engineering, and animal 
husbandry. This study discussed the clinical characteristics of E. coli. In global infectious diseases, E. coli is one of 
the most important pathogens causing human death.9–11 Our results showed that middle-aged people (41–60 years old) 
and older adults (>60 years old) accounted for a higher proportion of the patient population than teenagers and adults 
(<40 years old). Our research results indicate that Escherichia coli (E. coli) infection is associated with age, particularly 
being more common in the elderly and infants. In fact, the elderly and infants are among the high-risk populations for 
E. coli infection. The immune system of the elderly may be weakened due to aging, while the immune system of infants 
may not have fully developed, making them more susceptible to E. coli infection.

In this study, urinary tract infections accounted for more than half of the total number (51%), and majority of infected 
patients were women (63.3%), similar to that observed in Algeria.12 Urinary tract infections can be classified as 
asymptomatic bacteriuria, acute cystitis, and pyelonephritis. Transient febrile urinary tract infections are usually caused 
by toxic E. coli. Furthermore, pregnant women are prone to urinary tract infections and have an increased risk of 
death.13,14 In a study in Ethiopia, 41% of urinary tract infections in pregnant women were caused by E. coli.15 Urinary 

Figure 3 (A) The overall resistance rate of E. coli. (B–G) Changes in annual drug resistance rates.
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tract infection (UTI) is a common infectious disease, especially among children around the age of one. Escherichia coli is 
one of the most common pathogens, which can enter the bladder through the urethra and cause infection. Interestingly, in 
this age group, girls have a higher incidence of UTIs than boys. Therefore, gender is an important consideration when 
evaluating UTIs in children. The higher incidence of UTIs in girls may be related to anatomical differences and hormonal 
factors. Girls have a shorter urethra and it is closer to the anus, making it easier for bacteria to enter the urethra and 
further infect the bladder. In addition, girls have hormonal differences, especially before puberty, with lower estrogen 
levels, which may weaken the protective barrier of the urethral mucosa and increase the risk of infection.

Drug-resistant bacteria, especially multidrug-resistant bacteria, pose a major public health challenge. Antibiotic 
resistance is often associated with changes in binding targets, hydrolase production, and overexpression of drug efflux 
pumps.16,17 Drug resistance genes can be horizontally transmitted between different bacteria through genetic mobile 
elements, resulting in an increasingly serious drug resistance problem.18–20 Antibiotic-resistant bacteria cause higher in- 
hospital mortality and total hospital costs than susceptible strains.21 However, timely and effective antibiotic treatment is 
likely to result in treatment costs for patients with bloodstream infections caused by ESBLeco that are no higher than 
those caused by NESBLeco.22 The separation rate of ESBLeco varies greatly among different countries and regions in 
the world (4.5–41%), but is mostly lower than 10%.23 The eastern coastal regions and major cities in China are high-risk 
areas for ESBL-producing Escherichia coli (ESBL-EC) infections. The healthcare institutions and densely populated 
areas in these regions are more prone to the occurrence and transmission of ESBL-EC. Furthermore, there is an 
increasing trend in the clinical isolation of ESBL-EC in China, posing challenges to clinical treatment and public 
health.24 Therefore, it is necessary to strengthen prevention and control measures. The overuse of antibiotics has also led 
to E. coli strains from cows, pigs, and chickens developing resistance to most antibiotics, and these resistant bacteria 
have even been isolated from wastewater.25–27 This study revealed a concerning finding - The annual average separation 
rate of ESBLeco in our test region (Zhangjiakou, Hebei Province, China) was alarmingly high at 56.9%, significantly 
surpassing the global average. Between 2013 and 2021, third-generation cephalosporins emerged as the most commonly 
used antimicrobial agents in Chinese tertiary and secondary hospitals, accounting for approximately one-third of the total 

Table 2 Susceptibility of Escherichia Coli to 20 Types of Antibiotics

Antibiotics Number %R* %I %S %R95% C.I. MIC50 MIC90 MIC GM MIC Range

Ampicillin 7376 84.9 0.5 14.6 84.1–85.7 32 32 21.53 2–64
Piperacillin 7343 75.3 6.6 18.1 74.3–76.3 128 128 59.32 2–256

Amoxicillin/clavulanate 7378 77.8 18.9 3.3 76.8–78.7 96 192 75.87 2->256

Ampicillin/sulbactam 7372 77.3 16.2 6.5 76.3–78.2 192 384 102.56 2–384
Piperacillin/tazobactam 7380 13.7 78.3 8 12.9–14.5 24 192 27.00 2->256

Cephazolin 5002 72.2 0 27.8 70.9–73.4 32 32 14.32 2–32

Ceftazidime 7328 22.3 7.9 69.8 21.4–23.3 0.5 32 1.94 0.5–32
Cefotaxime 7376 54 0.8 45.2 52.9–55.1 16 64 6.15 0.12–64

Cefepime 7359 40.9 9.4 49.7 39.8–42.0 4 32 4.67 0.12–32
Aztreonam 7371 33.9 7.1 59 32.8–35.0 1 32 3.81 0.25–128

Imipenem 7366 1 0.2 98.8 0.8–1.3 0.5 0.5 0.52 0.25–16

Meropenem 7365 1.1 0.1 98.8 0.9–1.4 0.5 0.5 0.51 0.06–16
Amikacin 7376 2.8 0.1 97.2 2.4–3.2 4 4 4.37 4–64

Gentamicin 7377 43.9 0.2 55.8 42.8–45.0 1 16 3.47 1–32

Ciprofloxacin 7359 67.2 0.2 32.6 66.1–68.3 4 4 1.50 0.01–8
Levofloxacin 7195 63.8 0.1 36.1 62.7–64.9 16 16 4.00 0.06–16

Sulfamethoxazole 7378 59.3 0 40.7 58.2–60.4 >256 >256 18.68 0.25->256

Colistin 4544 1.4 1.1 97.4a 1.1–1.8 0.25 0.25 0.26 0.25–4
Chloramphenicol 5529 20.8 8.8 70.4 19.7–21.9 8 32 6.11 2–64

Tetracycline 7344 63.8 0.4 35.8 62.7–64.9 16 16 6.03 1–16

Notes: *R, resistance; I, intermediate; S, sensitivity; C.I, confidence interval; MIC, minimum inhibitory concentration (mg/L); GM, geometric mean (mg/L). aThe Clinical and 
Laboratory Standards Institute has not reported a colistin-“sensitive” clinical breakpoint, and the percentage reported here is the value at which the MIC for colistin is 
0.25 mg/L, which was tentatively assigned to the “sensitive” category.
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antimicrobial consumption.28 This statistic indirectly highlights the correlation between antibiotic usage and the 
emergence of drug-resistant bacteria. These findings emphasize the urgent need for effective strategies to combat 
antimicrobial resistance and promote responsible antibiotic stewardship in healthcare settings.

This study showed that the annual average separation rate of ESBLeco was 56.9%, much higher than the world 
average level. This may be due to the high frequency and quantity of third-generation cephalosporins used in our test 
region (Zhangjiakou, Hebei Province, China), which should be of concern to health and epidemic prevention depart
ments. The prevalence of CReco is less than 1%, as reported by 24 large bacterial resistance surveillance organisations 
worldwide, with the exception of the Central and Eastern European Antimicrobial Resistance Surveillance Program and 
the Philippine Antimicrobial Resistance Surveillance Program.23 The prevalence of CReco in our region in 2022 was 
1.34%, being lower than that of CReco (2.65%) and carbapenem-resistant Klebsiella pneumoniae isolated from Hebei 
Province, China (14.6%).29,30 This is slightly higher than the global average, but it should be noted that it increased by 
67.5% when compared with results from 2014 (1.34% vs 0.8%). CReco was defined as an “urgent threat” by the World 
Health Organisation and changes in its prevalence are of great concern.

Among E. coli strains isolated from women in the Washington community, patients older than 50 had higher rates of 
antibiotic-resistant strains than those younger than 19.31 In this study, for most of the tested antibiotics, the resistance 
rates of strains isolated from men and sputum were higher than those of women and urine; however, quinolones showed 
the opposite trend (p <0.05) (Table 2). Levofloxacin-resistant E. coli isolated from Africa, Europe, Asia, and Latin 
America causes more than twice as many urinary tract infections as respiratory infections.32 Different medication habits 
for different populations or infection sites may lead to dissimilarities in bacterial resistance rates.

Figure 4 Statistical differences in antibiotic resistance rates of (A) penicillins, (B) penicillin/enzyme inhibitor, (C) carbapenems and colistin, (D) cephalosporin and 
aztreonam, (E) quinolones, and (F) aminoglycosides. ESBLeco, extended spectrum beta-lactamase-producing E. coli; NESBLeco, non-extended spectrum beta-lactamase- 
producing E. coli. *p <0.05; **p <0.01; ***p <0.001; ns: no statistical significance. 
Abbreviations: AMP, ampicillin; PIP, piperacillin; AMC, amoxicillin/clavulanate; SAM, ampicillin/sulbactam; TZP, piperacillin/tazobactam; CZO, cephazolin; FEP, cefepime; 
ATM, aztreonam; IPM, imipenem; MEM, meropenem; AMK, amikacin; GEN, gentamicin; CIP, ciprofloxacin; LVX, levofloxacin; COL, colistin.
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ESBL and CRE are two common multidrug-resistant strains of Escherichia coli. The increasing prevalence of these strains 
in clinical settings poses significant challenges to public health and clinical practice. Firstly, the multidrug resistance of ESBL 
and CRE strains makes the treatment of infections more difficult. Traditional antibiotics have lost their effectiveness against 
these strains, leading to complex and time-consuming treatment of infections.7 Secondly, ESBL and CRE strains spread 
rapidly and are easily transmitted within healthcare facilities. These strains can be transmitted to other patients and healthcare 
workers through contact, airborne transmission, and food transmission, increasing the risk of infection.33 This poses a threat to 
public health, especially in high-risk environments such as healthcare facilities and long-term care facilities. By strengthening 
monitoring and reporting, implementing strict infection control measures, rationalizing antibiotic use, enhancing education and 
training, and strengthening international cooperation, we can effectively address this issue and protect public health.

Conclusions and Future Directions
Understanding the evolution of E. coli resistance and antimicrobial activity of different types of drugs are crucial for 
making policy decisions, especially for infection control programs. Data gaps exist in many underdeveloped regions, and 
pathogen microbiology laboratories and data collection capabilities must be enhanced to improve our understanding of 
this important human pathogen. Bacterial genotyping has made a great contribution to the epidemiology of drug-resistant 
bacteria, and it should gradually become the mainstream monitoring method to be implemented.

Data Sharing Statement
The first author may provide data that supports the results of the report upon reasonable request.

Table 3 Antibacterial Resistance Rates for Different Samples and Genders

Antibiotic Sample p-value Gender p-value

Sputum %Ra  

(n = 1255)
Urine %R  
(n = 3866)

Female %Ra  

(n = 4798)
Male %R  
(n = 2782)

Piperacillin 75.3 74 0.6198b 73.3 78.7 0.0067b

Piperacillin/tazobactam 23.7 12.4 0.0027c 10.7 18.9 0.0001c

Ampicillin 84.2 84 0.9317c 83.6 87.3 0.0019b

Ampicillin/sulbactam 79.7 75.7 0.5074d 75.4 80.6 0.0631d

Amoxicillin/clavulanate 81.2 76.4 0.1903d 76 80.9 0.0770d

Aztreonam 46.8 30.4 0.0004c 29.7 41.3 0.0004d

Cephazolin 82.8 67.2 0.0243d 67.9 79.2 0.0243d

Ceftazidime 31.6 20.5 0.0097c 19.3 27.5 0.0004d

Cefotaxime 65.7 48.9 0.0002c 49.3 62.1 0.0004d

Cefepime 52.5 37.7 0.0002b 36.9 47.8 0.0002b

Imipenem 2.3 0.9 0.0145c 0.8 1.5 0.0051b

Meropenem 2.5 0.9 0.0148c 0.8 1.6 0.0112b

Ciprofloxacin 53.2 73 0.0001c 70.1 62.2 0.0010b

Levofloxacin 50 70.5 0.0004c 66.8 58.6 0.0105b

Amikacin 2.4 2.8 0.4568b 2.5 3.2 0.1012b

Gentamicin 34.4 44.5 0.0297c 43.7 44.4 0.7366b

Chloramphenicol 25.8 16.2 0.1903d 18.2 24.2 0.0249b

Sulfamethoxazole 48.7 58.4 0.0078d 59.1 59.8 0.7547b

Tetracycline 53.7 62.5 0.0214c 63.2 64.8 0.3785b

Colistin 1.3 1.5 0.5963d 1.3 1.6 0.7517d

Notes: bIndependent sample t-test (two sets of independent data, satisfying the normality and homogeneity of variance tests). cWelch’s t-test (meets the 
normality test but not the homogeneity of variance [correction required]). dmann–Whitney U-test (Wilcoxon rank-sum test: non-parametric test without 
normal state). When the P value is greater than 0.05, it is displayed in bold. 
Abbreviation: aR, resistance.
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