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Abstract 

Urinary tract infections (UTIs) are common urological diseases that easily relapse and have led to an increasing eco-
nomic and health burdens. The China Antimicrobial Surveillance Network (CHINET) system is one of the most influ-
ential antimicrobial resistance surveillance networks in China. This study analyzed antimicrobial resistance and distri-
bution trends of uropathogens from 2015 to 2021 using the CHINET system. A total of 261,893 non-duplicate strains 
were collected; Gram-positive bacteria accounted for 23.8% while Gram-negative bacteria accounted for 76.2%. 
Escherichia coli, Enterococcus faecium, Klebsiella pneumoniae, and Enterococcus faecalis were the most common species. 
The resistance to vancomycin, linezolid, and teicoplanin in E. faecalis and E. faecium was less than 3%. The prevalence 
of carbapenem-resistant strains of E. coli, K. pneumoniae, Pseudomonas aeruginosa, and Acinetobacter baumannii 
was 1.7%, 18.5%, 16.4%, and 40.3%, respectively. The prevalence of carbapenem-resistant A. baumannii increased 
from 27.6% in 2015 to 43.4% in 2021. The prevalence of methicillin-resistant Staphylococcus aureus decreased 
from 40.6% in 2015 to 22.9% in 2021. The resistance rates to most β-lactam antimicrobials, aminoglycosides and fluo-
roquinolones in E. coli, K. pneumoniae, P. aeruginosa and A. baumannii isolated from ICU inpatients were significantly 
higher than in those isolated from outpatients and non-ICU inpatients. This study indicates that E. coli, Enterococcus, 
and K. pneumoniae were the most commonly isolated uropathogens in China. The bacterial species isolated and 
their antimicrobial resistance patterns differed in different patient populations. More attention must be paid uropath-
ogen resistance surveillance to provide data for the rational use of antimicrobial agents.

Keywords  Urine specimen, Bacterial resistance surveillance, Antimicrobial susceptibility testing, Escherichia coli, 
Multi-drug resistant bacteria

Introduction
Urinary tract infections (UTIs) are among the most 
common bacterial infections. Approximately 150 
million people worldwide experience UTIs every 
year, causing severe health problems and socioeco-
nomic burdens [1]. Regular  monitoring of  the anti-
microbial  resistance  in bacteria isolated from urine 
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specimens is necessary to guide the rational  use of 
antibiotics and reduce bacterial resistance. The China 
Antimicrobial Surveillance Network (CHINET)  was 
founded in 2004; a total of 21 hospitals (includ-
ing 19 general hospitals and 2 specialized  children’s 
hospitals) participated in the network as of 2015. 
As of 2021, there are 51 hospitals (including 45 gen-
eral hospitals and 6 specialized  children’s hospi-
tals) involved  from 29 provinces, municipalities, and 
autonomous regions across the country. In this study, 
we analyzed the antimicrobial resistance of bacteria 
isolated from urine using data from CHINET system 
from 2015 to 2021. Bacterial species and antimicrobial 
resistance over seven years were summarized to guide 
antimicrobial therapy.

Results
Distribution of clinical isolates
A total of 261,893 non-duplicate bacterial strains were 
isolated from urine, including 62,219 (23.8%) Gram-
positive bacteria and 199,674 (76.2%) Gram-negative 
bacteria  (Table  1). The  number  of  isolates continously 
grew  over 7  years as increasing numbers of  hospitals 
participated in the system, but the proportion remained 
largely consistent. The top ten bacteria isolated  were E. 
coli (46.7%), Klebsiella spp. (11.5%), E. faecium (10.4%), E. 
faecalis (8.7%), P. mirabilis (3.5%), P. aeruginosa (3.4%), S. 

agalactiae (2.6%), E. cloacae (2.1%), A. baumannii (1.7%), 
and S. aureus (1.1%). 

Among the 261,893 non-duplicate bacterial strains, 
161,063 strains (61.5%) were obtained from females, 
and 100,830 strains (38.5%) were  obtained from 
males. In terms of age distribution, 36,894 strains 
(14.1%) were collected from patients ≤ 18  years old, 
37,819 strains (14.4%) were from patients aged 18–44, 
57,705 strains (22.0%) were from patients aged 45–59, 
and 129,475 strains (49.4%) were from patients ≥ 
60 years old.

There were significant differences in the domi-
nant bacteria among populations of various ages and 
genders. The proportions of E. coli, E. faecium, K. 
pneumoniae, P. mirabilis, and S. agalactis isolated 
from female patients were higher than those isolated 
from male patients, while the proportions of E. fae-
calis, P. aeruginosa, E. cloacae, A. baumannii, and 
S. aureus isolated from female patients were lower. 
Almost half of the isolates were isolated from people 
aged ≥ 60  years. Among 6910 strains of S. agalactiae, 
only 2.8% were isolated from individuals ≤ 18  years, 
which was significantly different from the distribution 
trend of other bacteria (Fig. 1).

The majority of the isolates were from non-ICU inpa-
tients (74.6%), 18.4% were from outpatients, 2.4% were 
from emergency patients, and 4.6% were from ICU 

Table 1  Distribution of 261,893 bacteria in urine specimens over 7 years

Organism 2015 2016 2017 2018 2019 2020 2021 Total

No % No % No % No % No % No % No % No %

E. coli 7907 45.9 12,332 47.3 14,016 47.0 18,018 47.9 22,055 49.0 22,004 45.1 26,052 45.5 122,384 46.7

Klebsiella spp. 1880 10.9 2862 11.0 3384 11.4 4391 11.6 5021 11.1 5853 12.0 6763 11.8 30,154 11.5

E. faecium 1856 10.8 2764 10.6 3210 10.8 3812 10.1 4525 10.1 5121 10.5 6055 10.6 27,343 10.4

E. faecalis 1669 9.7 2215 8.5 2613 8.8 3009 8.0 3576 7.9 4299 8.8 5360 9.4 22,741 8.7

P. mirabilis 627 3.6 862 3.3 1013 3.4 1351 3.6 1510 3.4 1731 3.5 2019 3.5 9113 3.5

P. aeruginosa 572 3.3 949 3.6 1053 3.5 1325 3.5 1440 3.2 1811 3.7 1866 3.3 9016 3.4

S. agalactiae 421 2.4 608 2.3 781 2.6 950 2.5 1156 2.6 1372 2.8 1622 2.8 6910 2.6

E. cloacae 389 2.3 552 2.1 645 2.2 761 2.0 868 1.9 1096 2.2 1208 2.1 5519 2.1

A. baumannii 308 1.8 414 1.6 541 1.8 600 1.6 670 1.5 877 1.8 987 1.7 4397 1.7

S. aureus 183 1.1 389 1.5 308 1.0 444 1.2 470 1.0 535 1.1 635 1.1 2964 1.1

C. freundii 160 0.9 260 1.0 325 1.1 349 0.9 465 1.0 469 1.0 572 1.0 2600 1.0

M. morganii 132 0.8 203 0.8 278 0.9 352 0.9 413 0.9 517 1.1 669 1.2 2564 1.0

S. maltophilia 87 0.5 154 0.6 167 0.6 180 0.5 193 0.4 274 0.6 274 0.5 1329 0.5

S.marcescens 70 0.4 131 0.5 142 0.5 216 0.6 198 0.4 231 0.5 272 0.5 1260 0.5

B. cepacia 242 1.4 230 0.9 84 0.3 209 0.6 110 0.2 77 0.2 45 0.1 997 0.4

P. vulgaris 91 0.5 100 0.4 74 0.2 135 0.4 160 0.4 155 0.3 165 0.3 880 0.3

others 637 3.7 1071 4.0 1177 3.9 1548 4.1 2191 5.0 2369 4.8 2754 4.6 11,722 4.6

total 17,231 100 26,096 100 29,811 100 37,650 100 45,021 100 48,791 100 57,318 100 261,893 100
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patients. The dominant strains varied among patients 
from different departments. As shown in Supplementary 
Table  1, the top five bacteria isolated from outpatients 
were E. coli, K. pneumoniae, E. faecalis, P. mirabilis, and 
S. agalactiae; the top five bacteria isolated from emer-
gency patients and non-ICU inpatients were E. coli, E. 
faecium, K. pneumoniae, E. faecalis, and P. aeruginosa, 
while they were E. faecium, E. coli, K. pneumoniae, E. fae-
calis, and P. aeruginosa in ICU inpatients. E. faecium was 
the most common in ICU inpatients, but it ranked 6th in 
outpatients.

Antimicrobial resistance in Gram‑positive cocci
Enterococcus spp.
A total of 51,436 Enterococcus strains were isolated 
from urine specimens from 2015 to 2021; E. faecium 

accounted for 53.2% (27,343), E. faecalis accounted 
for 44.2% (22,741) and other Enterococcus accounted 
for 2.6% (1352). Compared with E. faecalis, E. faecium 
showed higher resistance rates to ampicillin, levofloxa-
cin, high concentrations of gentamicin (GEH), and nitro-
furantoin (P < 0.05) (Fig. 2). Less than 2.2% of E. faecalis 
and E. faecium were resistant to vancomycin, linezolid, 
and teicoplanin in our study.

Staphylococcus spp.
A total of 3248 strains of Staphylococcus were isolated, 
including 2964 strains of S. aureus (91.3%) and 284 
strains of S. saprophytic (8.7%). No Staphylococcus were 
found to be resistant to vancomycin and linezolid. The 
prevalences of methicillin-resistant S. aureus (MRSA) 
and methicillin-resistant S. saprophyticus (MRSAP) were 

Fig. 1  Distribution of the most common isolates across different ages and genders. Gender distribution is shown as a line chart and age 
distribution is shown as a stacked bar chart

Fig. 2  Resistance profiles of Enterococcus and Staphylococcus isolated from urine towards common antimicrobial agents. a Resistance 
rates of E. faecalis and E. faecium for antimicrobial agents; b Resistance rates of S. aureus and S. saprophyticus to antimicrobial agents. MRSA: 
methicillin-resistant S. aureus; MSSA: methicillin-sensitive S. aureus; MRSAP: methicillin-resistant S. saprophyticus; MSSAP: methicillin-sensitive S. 
saprophyticus 
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27.8% (819/2947) and 59.3% (162/273), respectively. As 
shown in Fig.  2, the resistance rates of MRSA  to gen-
tamicin, erythromycin, clindamycin, levofloxacin and 
rifampicin were much higher than those of methicillin-
sensitive S. aureus (MSSA) (P < 0.05). The resistance 
rates to gentamicin, erythromycin, levofloxacin, and tri-
methoprim-sulfamethoxazole (SMZ-TMP) were much 
higher than that of methicillin-sensitive S. saprophyticus 
(MSSAP) (P < 0.05).

β‑hemolytic Streptococcus
A total of 7412 strains of β-hemolytic Streptococcus were 
isolated, 93.2% of which were S. agalactiae. All S. agalac-
tiae strains were sensitive to penicillin, ceftriaxone, vanco-
mycin and linezolid. The resistance rates to erythromycin, 
clindamycin, and levofloxacin were more than 50%.

Antimicrobial resistance in Gram‑negative bacilli
Enterobacteriaceae
A total of 178,979 strains of Enterobacteriaceae were iso-
lated, including 122,384 strains of E. coli (68.4%), 30,316 
strains of Klebsiella spp. (16.9%), and 10,271 strains of 
Proteus spp. (5.7%). The resistance rates of E. coli to imi-
penem, piperacillin-tazobactam and tigecycline remained 

lower than 4% while resistance rates to cefazolin, cefuro-
xime, and ciprofloxacin were higher  (Fig.  3). The resist-
ance rates of E. coli to cefazolin, cefuroxime, cefepime 
and gentamicin decreased gradually over seven years. 
Similarly, K. pneumoniae showed relatively high resist-
ance rates to cefazolin, cefuroxime and ciprofloxacin, 
with resistance rates of 40%–60%. The average resistance 
frequencies of K. pneumoniae to tigecycline and poly-
myxin B were 6.9% (1027/14,890) and 3.2% (118/3708), 
respectively. In the early years of 2015–2021, suscep-
tibility test for polymyxin B were conducted only when 
carbapenem resistance was identified in some hospitals; 
because of this, the results of polymyxin B are present for 
informational purposes only.

Nonfermenting Gram‑negative Bacilli
Low average resistance rates were observed toward pol-
ymyxin B (0.8%, 15/1899) and amikacin (5.4%, 480/8890) 
in P. aeruginosa. The resistance rates of P. aeruginosa to 
imipenem, ceftazidime, cefepime, cefoperazone-sulbac-
tam, and piperacillin-tazobactam ranged from 8 to 17%. 
In addition, A. baumannii maintained a lower resistance 
rate to polymyxin B (0.7%, 7/934) and tigecycline (4.4%, 
14/3234). More than 40% of the strains were resistant to 

Fig. 3  Resistance profiles of E. coli, K. pneumoniae, P. aeruginosa, and A. baumannii isolated from urine towards common antimicrobial agents 
over seven years. a Resistance rates of E. coli for antimicrobial agents; b Resistance rates of K. pneumoniae for antimicrobial agents; c Resistance rates 
of P. aeruginosa for antimicrobial agents; d Resistance rates of A. baumannii for antimicrobial agents
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ceftazidime and ciprofloxacin. Increasing trends were 
observed in the resistance rates of A. baumannii to ami-
kacin, imipenem, cefepime, ceftazidime, piperacillin-
tazobactam, cefoperazone-sulbactam and ciprofloxacin 
over the 7 years examined (Fig. 3).

Minocycline was the most effective antimicrobial agent 
in S. maltophilia strains, which had a resistance rate of 
only 2.2% (23/1050). The resistance rates to levofloxacin 
and TMP-SMZ of S. maltophilia were 14.4% (178/1234) 
and 12.9% (155/1202), respectively. Lower resistance 
rates in B. cepacia were observed against ceftazidime 
(3.3%, 32/967), meropenem (4.5%, 43/953) and TMP-
SMZ (6.9%, 68/981).

Antimicrobial resistance within different populations
As shown in Fig. 4, the resistance rates to ampicillin and 
GEH in E. faecalis and E. faecium from ICU inpatients 
were significantly higher than  in those from outpatients 
and other inpatients (P < 0.05).

The resistance rates to most β-lactam antimicrobials, 
aminoglycosides, and fluoroquinolones in E. coli and 
Klebsiella spp.  from ICU inpatients were significantly 
higher than those from outpatients and other inpatients 
(P < 0.05). The resistance rates to most β-lactam antimi-
crobials in E. coli and Klebsiella spp. from pediatric out-
patients and inpatients aged < 18 years were higher than 
those from inpatients aged ≥ 18  years, while the  oppo-
site was observed for resistance to aminoglycosides and 
fluoroquinolones.

Except for tigecycline and polymyxin, the resist-
ance rates to other antimicrobial agents in P. aeruginosa 
and Acinetobacter spp.  from ICU inpatients were sig-
nificantly higher than those from outpatients and non-
ICU inpatients (P < 0.05). Among non-ICU inpatients, 
the resistance rates to most antimicrobials in isolated 
from medical inpatients aged ≥ 18 years were higher than 
in  those from surgical inpatients aged ≥ 18  years and 

Fig. 4  Comparison of antibiotic resistance of E. faecalis, E. faecium, E. coli, Klebsiella spp., P. aeruginosa, and Acinetobacter spp. between the different 
populations. a Antibiotic resistance of E. faecalis between different populations; b Antibiotic resistance of E. faecium between different populations; 
c Antibiotic resistance of E. coli between different populations; d Antibiotic resistance of Klebsiella spp. between different populations; e Antibiotic 
resistance of P. aeruginosa between different populations; f Antibiotic resistance of Acinetobacter spp. between different populations
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inpatients aged < 18  years (P < 0.05). Detailed results are 
shown in Supplementary Tables 2–4.

Multidrug resistance (MDR) and special antimicrobial 
resistance
MDR was defined as resistantance to at least one antimi-
crobial agents from three or more different antimicrobial 
classes. The prevalence of MDR in E. coli, K. pneumoniae, 
E. faecium and E. faecalis was 72.0% (88,105/122,384), 
62.1% (15,929/25,642), 77.0% (21,063/27,343), and 23.4% 
(5312/22,741), respectively. The prevalence of MDR E. 
coli and K. pneumoniae in male patients was higher than 
that in female patients while the prevalence of MDR E. 
faecalis in male patients was lower than that in female 
patients (P < 0.05). The prevalence of MDR was signifi-
cantly higher in isolates from ICU inpatients than in non-
ICU inpatients, emergency patients, and outpatients 
(P < 0.05). Further details are available in the Supplemen-
tary Table 5.

The prevalence of carbapenem-resistant A. baumannii 
(CRABA) increased from 27.6% in 2015 to 43.4% in 2021. 
The prevalence of carbapenem-resistant E. coli (CRECO) 
was relatively stable from 1.4% to 2.9% during the same 
period,  while the prevalences of carbapenem-resistant 
K. pneumoniae (CRKPN) and carbapenem-resistant 
P. aeruginosa (CRPAE) fluctuated between 14.7% and 
20.5%. A significant decrease in the prevalence of methi-
cillin-resistant S. aureus (MRSA) was observed, from 
40.6% in 2015 to 22.9% in 2021. The average prevalence 

of vancomycin-resistant E. faecalis and E. faecium were 
0.1% and 1.3%, respectively, and those of linezolid-resist-
ant E. faecalis and E. faecium were 2.2% and 0.3%, respec-
tively (Fig. 5).

Compared with female patients, the prevalence of 
CRECO, CRKPN and CRABA in male patients was sig-
nificantly higher; the prevalence of CRECO and CRKPN 
was nearly two times greater in man than in women. The 
prevalence of CRECO, CRKPN, CRPAE and CRABA in 
ICU inpatients was higher than other patients  (Supple-
mentary Table 6).

Discussion
This is the first summary of antimicrobial resistance 
trends in uropathogens from CHINET system. The sur-
veillance results showed that 76.2% of the bacteria iso-
lated from urinary tract specimens were Gram-negative 
bacteria; E. coli, E. faecalis, E. faecium and K. pneumo-
niae were  predominantly identified isolates. The domi-
nant bacteria differed among populations of various ages 
and genders. The resistance patterns varied among dif-
ferent bacteria, and there were also differences in their 
changes over time.

Most of the strains were isolated from hospitalized 
patients. Uropathogens were more common in females 
and half were isolated  from people > 60 years of age. E. 
coli, E. faecium, K. pneumoniae, P. mirabilis and S. agalac-
tis were more frequently isolated from urine specimens 
from female patients, while E. faecalis, P. aeruginosa, E. 

Fig. 5  Prevalence of MRSA, CRECO, CRKPN, CRPAE, CRABA and VRE. MRSA: methicillin-resistant S. aureus; CRECO: carbapenem-resistant E. coli; 
CRKPN: carbapenem-resistant K. pneumoniae; CRPAE: carbapenem-resistant P. aeruginosa; CRABA: carbapenem-resistant A. baumannii; VRE: 
vancomycin-resistant Enterococcus 
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cloacae, A. baumannii and S. aureus were more common 
in male patients. The proximity of the urethral orifice to 
the anus and short urethra in females may be the reason 
for a greater susceptibility to infection by intestinal bac-
teria [2, 3]. P. aeruginosa and A. baumannii, as common 
pathogens causing hospital-acquired infections [4, 5], 
were more common in male patients. It is worth further 
analysis to determine whether UTIs are hospital acquired 
or community acquired.

The most common Gram-negative bacilli isolated from 
urine samples were E. coli and K. pneumoniae, account-
ing for 46.7% and 9.8% of isolates, respectively, with high 
resistance rates to cefazolin, cefuroxime, and ciprofloxa-
cin. The resistance rates to tigecycline, amikacin and 
imipenem were relatively low, which was consistent with 
the CHINET antimicrobial resistance monitoring results 
from other types of samples [6]. Fluoroquinolones can-
not be easily catabolized in vivo and are mainly excreted 
in urine in a prototype form, so they are often used as 
empirical drugs for UTIs. Monitoring showed that the 
resistance rates to fluoroquinolones in E. coli and K. 
pneumoniae ranged from 50% to 70%. This is lower than 
that reported in the literature [7], where it was found 
that the resistance rate of E. coli from the urine of dia-
betes patients in Somalia to ciprofloxacin was 77.8%. Cai 
et  al. reported that the resistance rates to ciprofloxacin 
were 29.9% and 52.4% in E. coli and Klebsiella spp. iso-
lated from female outpatients affected by uncomplicated 
cystitis at three hospitals in Italy [8]. This indicates that 
the resistance rate varies among different populations 
in different regions. We found that the resistance rate 
to fluoroquinolones was lower in patients ≤ 18 years of 
age. In the analysis of the  etiology of UTIs and antibi-
otic resistance of isolated strains at a pediatric hospital 
in Warsaw, the resistance rates of E. coli and Klebsiella 
spp. to ciprofloxacin were 11.9% and 31.1%, respectively. 
This suggests that the individualized treatment for UTIs 
should  depend on host factors, severity of illness, and 
risk for multidrug resistance [3].

The prevalence of nosocomial infections caused by 
MDR pathogens is increasing  and has attracted wide-
spread attention, with complex treatment and high 
mortality rates  [9]. In this 7-year retrospective study, 
the prevalence of MDR in E. coli, K. pneumoniae, E. 
faecium,  and E. faecalis was 72.0%, 62.1%, 77.0%, and 
23.4%, respectively, higher than that reported in the Jiax-
ing Region [10]. Although in this study, the prevalence 
of MRSA constantly decreased from 40.6% in 2015 to 
22.9% in 2021, it was still relatively high compared with 
that in some European countries [11, 12]. MRSA bacteria 
often carries both aminoglycoside and quinolone resist-
antance genes and exhibits different degrees of resistance 
to β-lactams, aminoglycosides, quinolones, and other 

antibiotics [13]. Based on this study, in terms of medica-
tion selection for UTIs caused by MRSA, rifampicin, van-
comycin or linezolid can be considered for UTIs caused 
by MRSA. The widespread use of carbapenems has led 
to a notable increase in the resistance rate, and carbap-
enem-resistance organisms (CROs) have emerged as a 
critical priority antibiotic-resistant pathogens worldwide 
[14, 15]. In this study we found a continuous increase 
in the prevalence of CRABA that was higher in male 
patients than in females; it even exceeded 80% in ICU 
inpatients. Clinicians should rationally select antibacte-
rial drugs based on the results of bacterial culture and 
drug susceptibility testing, and closely monitor the treat-
ment of CRO infection.

Carbapenem-resistant Enterobacteriaceae (CRE) have 
increased gradually and caused widespread concern and 
attention [16]. In this study, the prevalence of CRKPN 
isolated from urine was 18.5%, slowly increasing from 
2015 to 2021; this trends was slightly lower than that 
from all specimens monitored in CHINET during the 
same period [17]. Tigecycline and polymyxin are rela-
tively effective antimicrobials in  in vitro drug sensitivity 
assays of CRE strains, but as their concentrations are low 
in urine and cannot reach effective therapeutic concen-
trations, they are not recommended for the treatment of 
UTIs caused by CRE. The Infectious Diseases Society of 
America [18] recommends ciprofloxacin, levofloxacin, 
trimethoprim-sulfamethoxazole, nitrofurantoin, or a sin-
gle dose of an aminoglycoside are preferred treatment 
options; ceftazidime-avibactam, meropenem-vaborbac-
tam, imipenem-cilastatin-relebactam, or cefiderocol are 
alternative options for UTIs caused by CRE.

The predominant Gram-positive cocci isolated from 
urine samples were E. faecalis and E. faecium  (10.4% 
and 8.7%, respectively). According to monitoring 
results, E. faecalis was more prevalent than E. faecium 
in outpatients, E. faecium was more prevalent than E. 
faecalis in inpatients, and E. faecium accounted for 
nearly 80% of Gram-positive isolates in ICU inpatients. 
This is was consistent with the reports on antibiotic 
resistance patterns in uropathogens from selected 
hospitals in China and Poland [19, 20]. The resistance 
rates of E. faecalis to ampicillin and nitrofurantoin 
were less than 10%, while those of E. faecium to ampi-
cillin and levofloxacin exceeded 90%. Empiric antibi-
otic therapy should be used with different priorities for 
UTIs caused by Enterococcus in different populations. 
Enterococcus is sensitive to vancomycin, linezolid, and 
teicoplanin, which are the most effective antimicro-
bial drugs against UTIs caused by this genera; how-
ever, some Enterococcus have developed resistance to 
vancomycin, linezolid, and teicoplanin in recent years, 
complicating the treatment of Enterococcus infections. 
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In this study, the prevalences of vancomycin-resistant 
E. faecalis and E. faecium were 0.1% and 1.3%, respec-
tively, while the prevalences of linezolid-resistant E. 
faecalis and E. faecium were 2.2% and 0.3%, respec-
tively. The prevalence of VRE was lower than that 
in Europe and America [21–23], however, it should 
still be monitored with greater vigilance.

The resistance rates of Enterobacteriaceae and 
other bacteria from inpatients to most antimicrobial 
drugs  were higher than those  of isolates from outpa-
tients and emergency patients. The resistance rates 
to most antimicrobial agents in ICU inpatients were 
significantly higher than those in non-ICU inpa-
tients, outpatients and emergency patients; this may 
be because hospitalized patients are more likely to 
have a history of antibacterial drug use, which has a 
screening effect on antibiotic-resistant bacteria. ICU 
patients usually have a longer length of hospitalization 
and a higher risk of exposure to immunosuppressants, 
chemotherapy drugs and antibiotics [24, 25]. The 
incidence of multidrug-resistant bacterial infections 
in ICU inpatients is rising [26], making it essential to 
implement antimicrobial stewardship interventions in 
the ICU setting.

In summary, we analyzed the distribution trend and 
antimicrobial resistance of uropathogens in China 
through a 7-year retrospective study using the CHI-
NET antimicrobial resistance surveillance program. 
Data were collected from 51 hospitals in different 
provinces and cities in China from 2015 to 2021, mak-
ing the results extensively representative, though there 
were some limitations in our analysis. Firstly, this 
study was retrospective, meaning selection bias and 
incomplete data  (such as  that for  polymyxin B  resist-
ance) may have been present. Secondly, we did not dis-
tinguish the differences in bacterial species and drug 
sensitivity among different urine collection methods 
such as catheter urine, and midstream urine, cystocen-
tesis urine, etc. Lastly, we did not obtain more detailed 
information to associate the severity and duration 
of UTIs with bacterial species and drug resistance 
to provide more reference value for clinical treat-
ment. Despite this, the findings provide a valuable ref-
erence for empiric treatment of UTIs.

Conclusions
E. coli, Enterococcus,  and K. pneumoniae were the most 
common pathogens causing UTIs in China. The bac-
terial species and antimicrobial resistance in  differ-
ent  patient  populations are different. Strengthening of 
monitoring and surveillance of bacterial resistance in 

urine samples is needed to minimize the further spread 
and evolution of multidrug-resistant superbugs such as 
CRE and VRE.

Materials and methods
Bacterial strains and species identification
All aerobic bacteria isolated from urine specimens of 
outpatients and inpatients were obtained from the CHI-
NET surveillance system for seven  years between 2015 
and 2021. Duplicate strains from the same patient were 
eliminated. Species identification was performed by a 
commercialized automated system at each participat-
ing site and confirmed by matrix-assisted laser desorp-
tion ionization-time of flight mass spectrometry at the 
central laboratory. The quality control strains were S. 
aureus ATCC25923, E. coli ATCC25922, P. aeruginosa 
ATCC27853, and E. faecalis ATCC29212.

Antimicrobial susceptibility testing
According to a CHINET uniform protocol,  the broth 
microdilution method was used for minimum inhibi-
tory concentration (MIC) testing by an automated anti-
microbial susceptibility system, and the Kirby-Bauer disk 
diffusion method was used to supplement some antimi-
crobial agents that were not available in automated sys-
tems. Throughout the seven-year sampling period, the 
methodology remained unchanged in every participating 
hospital.

All results were interpreted by using breakpoints for 
susceptibility and resistance according to the  Clinical 
and Laboratory Standards Institute (CLSI) 2022 M100-
32 guidelines [27], except for  tigecycline and polymyxin 
B. The MICs of tigecycline were interpreted following 
the breakpoint established by US Food and Drug Admin-
istration [28], while the The MICs of polymyxin B were 
interpreted following the European Committee on Anti-
microbial Susceptibility Testing (EUCAST) MIC inter-
pretive breakpoints for colistin [29].

Data analysis 
Statistical analysis was conducted using WHONET5.6 
software. Pearson’s χ2 test or Fisher’s exact test were used 
for comparisons between two groups. Statistical signifi-
cance was set at P < 0.05 (two-tailed).
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