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Abstract
Background: Urosepsis is a common disease in urology, which is characterized by high 
treatment costs and high mortality. In the treatment of sepsis, anti-infection therapy 
is the most important means. However, the effect of empirical anti-infection therapy 
is often not ideal. Therefore, it is necessary to continuously monitor the prevalence of 
bacterial isolates in the blood culture of patients with urinary sepsis and their sensitivity 
to antibacterial drugs. This is of great significance to improve the efficacy of empirical 
antibiotic therapy for urosepsis.
Objective: To elucidate the landscape of prevailing bacterial profiles and their antimicrobial 
susceptibilities in urosepsis cases, and to furnish robust clinical evidence to underpin the 
timely initiation of empirical antibiotic treatment.
Methods: Collect the basic information and blood culture results of patients with urosepsis 
hospitalized from 2017 to 2020. Retrospective analysis of bacterial species and antimicrobial 
susceptibility in urosepsis and changes over 4 years.
Results: Gram-negative bacteria (178 isolates, 75.11%) constituted the main pathogens 
causing urosepsis, followed by Gram-positive bacteria (46 isolates, 19.41%) and fungus 
(13 isolates, 5.48%). The sensitivity of ertapenem, meropenem, amikacin, and imipenem to 
Gram-negative bacteria all exceeded 85%. The sensitivity rates of levofloxacin, gentamicin, 
and ciprofloxacin are decreasing every year (p < 0.05). Tigecycline, vancomycin, and linezolid 
exhibited excellent sensitivity against Gram-positive bacteria. Among fungi, fluconazole 
demonstrated universal sensitivity, while itraconazole-resistant isolates have been found, and 
amphotericin B is still effective.
Conclusion: Analysis of blood culture results of patients more accurately reflected the 
etiology of urosepsis, mainly Escherichia coli, Enterococcus, and Klebsiella pneumoniae. If there 
are no definitive blood culture results, empiric treatment of urosepsis should not include 
fluoroquinolone antibiotics. Cefepime, cefoxitin, and ceftazidime are the most sensitive 
antibiotics to Gram-negative bacteria besides carbapenem antibiotics. In addition, the current 
situation regarding extended-spectrum β-lactamase-producing bacteria and carbapenem-
resistant Enterobacteriaceae bacteria resistance is extremely concerning with limited 
therapeutic options available. Strengthening antibiotic management practices and exploring 
novel antibacterial agents can help mitigate this issue.
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Introduction
Sepsis is a significant global public health prob-
lem and an important reason for patients to be 
admitted to ICU. According to the literature 
review, there were 48.9 million cases of sepsis and 
11 million sepsis-related deaths reported in 2017 
alone, accounting for 19.7% of global mortal-
ity.1–3 Urosepsis accounts for about 25% of all 
cases of sepsis,4 which is mainly caused by 
Escherichia coli (43%), Enterococcus (11%), and 
Klebsiella pneumoniae (10%). However, the distri-
bution of bacterial flora and antibiotic sensitivi-
ties are different around the world.3,5 Rapid and 
appropriate treatment (including early intrave-
nous injection of antibiotics that have been proven 
to be sensitive) is very important for managing 
life-threatening sepsis patients.5 However, empir-
ical antibacterial therapy sometimes fails to 
achieve a curative effect and leads to bacterial 
drug resistance.6 The initial use of antibiotics 
often lacks the basis of drug sensitivity. Empirical 
antibiotic treatment for sepsis originating from 
genitourinary infections has been noted to have 
an inadequate coverage rate compared to other 
infections.7 Therefore, it is very important to 
know more about the types of bacteria that cause 
urosepsis and their sensitivity to antibiotics. This 
approach is instrumental in bolstering the preci-
sion of initial therapeutic measures, thereby 
potentially curtailing the emergence of resistant 
isolates and optimizing patient outcomes.

In this study, the blood culture results of patients 
were retrospectively analyzed to understand the 
common bacteria and sensitive antibiotics that 
cause urosepsis and to provide valuable and rea-
sonable drug selection for early empirical antibi-
otic treatment of urosepsis.

Methods

Diagnostic criteria for urosepsis
The International Consensus Definition of Sepsis 
and Septic Shock (Sepsis 3) characterizes sepsis 
as a life-threatening condition resulting from dys-
regulated host response to infection, leading to 
organ dysfunction.8 Urosepsis is the term used to 
diagnose sepsis in patients with a genitourinary 
system infection. If the patient does not meet the 
diagnostic criteria of Sepsis-3, it indicates that the 
patient only has simple bacteremia or the speci-
men is contaminated. Such cases will be excluded 
from our research.

Data collection
The study included patients who were diagnosed 
with urosepsis based on positive blood cultures 
and were hospitalized in the Department of 
Urology at the Second Affiliated Hospital of 
Kunming Medical University between January 
2017 and December 2020.

Inclusion criteria
(1) Patients were diagnosed with urosepsis. (2) The 
blood culture results of the patients were positive. 
(3) Antibiotic sensitivity tests of the patients yielded 
definitive results, including data on sensitivity, inter-
mediation, and resistance. Only a few antibiotics 
exhibit intermediation in antibiotic susceptibility; 
therefore, instances where pharmaceutical suscepti-
bility serves as a mediator between drug resist-
ance and treatment are classified as insensitive.

Exclusion criteria
(1) Patients with infections affecting other organs, 
such as the lungs, abdomen, or brain, were excluded 
from the study. (2) Duplicate isolates originating 
from the same pathogen within a single patient 
were excluded. (3) Patients with incomplete health-
care records were excluded from the analysis.

Specimen testing method
According to the Chinese health regulatory 
requirements for bacterial culture, all blood sam-
ples were collected, sorted, and cultured. The Bact/
Alert3D automated blood culture system 
(BioMérieux, France) and VITEK2-compact mass 
spectrometer were employed for automated blood 
culture, bacterial identification, and drug sensitiv-
ity studies, supporting both aerobic and anaerobic 
culture bottles. 

The antimicrobial susceptibility analysis was con-
ducted following the standards set by the 
American Institute of Clinical and Laboratory 
Standards (CLSI), and the interpretation of the 
results was based on CLSI standards.9–12

Statistical analysis
SPSS 24.0 software was utilized for statistical 
analysis. The chi-square test was employed to 
examine differences in categorical data between 
the two groups. The Rank-sum test and analysis 
of variance (ANOVA) were used for comparing 
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count data. A significance level of p < 0.05 was 
considered indicative of a statistically significant 
difference.

About the Candida and Gram-positive 
coagulase-negative Staphylococci
The analysis of Candida and Gram-positive coag-
ulase-negative Staphylococci was not conducted 
separately due to their insufficient quantity. 
Instead, they were respectively categorized and 
analyzed under the classifications of fungi and 
Gram-positive bacteria.

Results

Patient data
A total of 213 patients, consisting of 130 males and 
83 females, with an average age of 57 years (rang-
ing from 50 to 67 years) were included in the study. 
Among these patients, 120 cases were diagnosed 
with urolithiasis, 68 cases with hypertension, and 
22 cases with diabetes. Before hospitalization, 52 
patients underwent nephrostomy or cystostomy, 
and 57 patients were placed with ureteral stents. 
No significant differences were observed in age, 
body mass index (BMI), the incidence of hyper-
tension and diabetes, pre-hospital catheter inser-
tion (including nephrectomy and cystostomy), and 
indwelling rates of the ureteral stent (Table 1).

Pathogen species distribution
Between the years 2017 and 2020, a total of 237 
non-duplicated isolates were obtained from posi-
tive blood culture samples. Among these isolates, 
178 (75.11%) were identified as Gram-negative 
bacteria, while 46 (19.41%) were classified as 
Gram-positive bacterial isolates, and the remain-
ing 13 (5.49%) were fungal isolates. Notably, E. 
coli accounted for the majority of the Gram-
negative bacteria, constituting 53.59%, followed 
by K. pneumoniae (8.86%, 21/237), Pseudomonas 
aeruginosa (2.53%, 6/237), P. mirabilis (2.53%, 
6/237), and so on. The main Gram-positive bac-
teria identified in this study were E. faecalis 
(5.91%, 14/237), E. calcium (5.06%, 12/237), 
Staphylococcus including Staphylococcus hominis 
(2.95%, 7/237), S. epidermis (1.68%, 4/237), and 
S. aureus (0.84%, 2/237), and so on. Candida  
albicans (3.80%, 9/237) was the most common 
fungus, followed by C. glabrata (0.84%, 2/237) 

and C. tropicalis (0.84%, 2/237) (Figure 1 and 
Supplemental Table 1).

Antimicrobial susceptibility results of 
pathogenic bacteria
Antibiotic susceptibility of Gram-negative bacteria 
to antibiotics. The sensitivity rates of ertapenem, 
meropenem, amikacin, and imipenem to Gram-
negative bacteria were all above 85%, which were 
92.70%, 91.57%, 89.89%, and 86.52% respec-
tively. Cefepime demonstrated a sensitivity rate of 
73.03%, while nitrofurantoin, cefoxitin, ceftazi-
dime, piperacillin/tazobactam, cefoperazone/sul-
bactam, and amikacin had sensitivity rates of 
67.42%, 65.73%, 62.92%, 58.99%, 51.69%, and 
51.69%, respectively. All other antibiotics exhib-
ited sensitivity rates below 50% (Table 2).

Notably, levofloxacin, gentamicin, and ciproflox-
acin exhibited declining sensitivity rates over time 
(Figure 2). The sensitivity of all other antibiotics 
is lower than that of p > 0.05.

Antibiotic sensitivity rate of Gram-positive bacte-
ria. In 2020, it was discovered that linezolid-
resistant Gram-positive bacteria began to  
emerge, despite the previously observed high lev-
els of sensitivity of tigecycline, vancomycin, and 
linezolid against Gram-positive bacteria. Other 
antibiotics, such as chloramphenicol (89.13%), 
teicoplanin (89.13%), nitrofurantoin (71.74%), 
quinoptin (63.04%), and gentamicin (56.52%), 
exhibited higher sensitivity. Conversely, the sensi-
tivity of Gram-positive bacteria to erythromycin 
(10.87%), clindamycin (17.39%), and cotrimox-
azole (21.74%) was notably low, with cotrimoxa-
zole sensitivity decreasing annually (p < 0.05) 
(Supplemental Table 2).

Antibiotic sensitivity of fungi. During the 4 years, 
the number of fungi detected in blood culture was 
small, and the overall sensitivity rate of fungi to 
antibiotics was high. Only one C. tropicalis isolate 
was found to be resistant to itraconazole and 
moderately sensitive to voriconazole. In addition, 
one C. albicans to itraconazole was moderately 
sensitive (Supplemental Table 3).

Discussion
Urinary tract infections (UTIs) are a common 
infectious disease, which has great global influence, 
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affecting about 130 million to 175 million people 
every year.13 It has been observed that the inci-
dence of urosepsis, a serious complication of uri-
nary tract infection (UTI), has steadily increased, 
which may be due to the increasing application of 
endourological lithotripsy and the long-term use 
of prolonged utilization of catheters and ureteral 
stents.14,15 These invasive operations will damage 
the normal defense mechanism of the body and 
bring bacteria from external into the urinary sys-
tem. The formation of a biofilm by the pathogen 

within and around urethral catheters is associated 
with an elevated risk of bacterial ascending infec-
tion, facilitating the entry of bacteria into the cir-
culatory system and subsequently leading to 
sepsis.16,17 Once a UTI has progressed to urosep-
sis, rapid and effective treatment is essential. The 
timely administration of appropriate antibiotics is 
essential to improve the prognosis of sepsis. 
Studies have shown that the risk of death will 
increase by 7.6% for every hour of delay in the 
start of antibiotic treatment.18

Table 1. Patient characteristics.

Year 2017 2018 2019 2020 p

Age, years 56 (46–66) 57 (50–67) 59 (49–70) 56 (53–64) 0.900

BMI 23.30 (21.26–24.48) 22.83 (20.57–25.39) 24.11 (21.48–27.18) 23.05 (21.11–25.35) 0.270

Sex

 Male 24 42 30 34
0.697

 Female 16 31 20 16

Hypertension

 Yes 11 21 16 20
0.533

 No 29 52 34 30

Diabetes

 Yes 5 5 4 8
0.364

 No 35 68 46 42

Catheterization

 Yes 12 17 9 14
0.534

 No 28 56 41 36

Ureteral stent

 Yes 14 18 12 13
0.624

 No 26 55 38 37

Diagnosis

 Urolithiasis 26 41 28 25  

 BPH 4 6 7 10  

 Ureterostenosis 1 7 4 3  

 UTI 2 4 4 0  

 Malignant tumor 5 11 6 8  

 Else 2 4 1 4  

BMI, body mass index; BPH, benign prostatic hyperplasia; UTI, urinary tract infection.
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Blood cultures remain the preferred method  
for diagnosing urosepsis due to their consistent 
ability to identify the specific pathogen responsi-
ble for the infection and determine its antibiotic 
sensitivity.19 In this study, a total of 237 blood 
culture-positive isolates were obtained from 213 
patients with urosepsis. Among these patients, 
the culture results of 189 people showed that 
there was a single bacterium, while the culture 
results of 24 patients showed the existence of two 
kinds of bacteria. Gram-negative bacilli were the 
main pathogens causing urosepsis, accounting for 
178 isolates (75.11%), followed by Gram-positive 
bacilli with 46 isolates (19.41%). Fungal patho-
gens were found to be less prevalent in causing 
urosepsis (13 isolates, 5.48%). In contrast to the 
ratio of Gram-negative bacteria to Gram-positive 
bacteria documented by the China Antibiotic 
Resistance Surveillance System and China 
Antibiotic Surveillance Network in 2018, which 
approximated 7:3,20 the present study observed a 
ratio of approximately 8:2. This discrepancy can 
be attributed to the fact that the samples analyzed 
in this study were obtained from patients with 

sepsis resulting from UTIs, which are predomi-
nantly caused by Gram-negative bacteria.21 
Therefore, compared with the reported propor-
tion, the detection rate of Gram-negative bacteria 
in this study is higher.

Consistent with prior studies, the principal patho-
gen implicated in urosepsis was E. coli.22 Of the 
178 isolates of Gram-negative bacilli uncovered, 
E. coli constituted a predominant 71.35% 
(127/178), single-handedly representing over half 
of all positive blood cultures, a finding that dove-
tails with the work by Rhee et al.23 Furthermore, 
K. pneumoniae and P. aeruginosa were identified 
to account for 11.80% (21/178) and 3.37% 
(6/178) of the isolates, respectively, mirroring 
patterns observed in previous reports.24 Analysis 
revealed the presence of 46 isolates of Gram-
positive bacteria, encompassing 26 isolates of 
Enterococcus (56.52%), 14 isolates of E. faecalis 
(30.43%), 12 isolates of E. faecium (26.09%), and 
20 isolates of other Gram-positive cocci, which 
included 5 isolates of S. hominis and 4 isolates of 
S. epidermidis. In contrast to the findings reported 

Figure 1. Distribution of pathogen.
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Table 2. Antibiotic susceptibility rates in Gram-negative bacteria.

Antibiotic strain, N (%) Year Total 
(N = 178)

χ2 p

2017 
(N = 31)

2018 
(N = 59)

2019 
(N = 40)

2020 
(N = 48)

Amoxicillin 12 (38.71) 20 (33.90) 13 (32.5) 26 (54.17) 71 (39.89) 5.893 0.117

Amikacin 28 (90.32) 54 (91.53) 36 (90.00) 42 (87.50) 160 (89.89) 0.482 0.923

Ampicillin 0 (0.00) 2 (3.39) 1 (2.50) 3 (6.25) 6 (3.37) 2.396 0.494

Aztreonam 13 (41.94) 24 (40.68) 25 (62.50) 30 (62.50) 92 (51.69) 8.164 *0.043

Ceftazidime 21 (67.74) 31 (52.54) 26 (65.00) 34 (70.83) 112 (62.92) 4.395 0.222

Ciprofloxacin 13 (41.94) 21 (35.59) 7 (17.50) 7 (14.58) 48 (26.97) 11.314 *0.010

Cefperazone/sulbactam 16 (51.61) 29 (49.15) 20 (50.00) 27 (56.25) 92 (51.69) 0.598 0.897

Ceftriaxone 8 (25.81) 15 (25.42) 14 (35.00) 20 (41.67) 57 (32.02) 3.944 0.268

Cefotaxime 8 (25.81) 14 (23.73) 13 (32.50) 13 (27.08) 48 (26.97) 0.957 0.812

Cefuroxime 9 (29.03) 13 (22.03) 5 (12.50) 11 (22.92) 38 (21.35) 3.042 0.385

Cefazolin 2 (6.45) 1 (1.69) 0 (0.00) 2 (4.17) 5 (2.81) 3.255 0.354

ESBL detection 16 (72.73) 27 (58.70) 22 (57.89) 27 (64.29) 92 (62.16) 1.654 0.647

Ertapenem 29 (93.55) 53 (89.83) 37 (92.50) 46 (95.83) 165 (92.70) 1.449 0.694

Cefepime 23 (74.19) 35 (59.32) 32 (80.00) 40 (83.33) 130 (73.03) 9.255 *0.026

Cefoxitin 21 (67.74) 35 (59.32) 22 (55.00) 39 (81.25) 117 (65.73) 8.308 *0.040

Gentamycin 19 (61.29) 19 (32.20) 19 (47.50) 18 (37.50) 75 (42.13) 7.947 *0.047

Imipenem 26 (83.87) 49 (83.05) 35 (87.50) 44 (91.67) 154 (86.52) 1.918 0.590

Levofloxacin 13 (38.09) 21 (28.21) 5 (12.50) 3 (4.25) 46 (23.60) 21.237 *0.000

Meropenem 28 (90.32) 52 (88.14) 38 (95.00) 45 (93.75) 163 (91.57) 1.870 0.600

Nitrofurantoin 22 (70.97) 35 (59.32) 28 (70.00) 35 (72.92) 120 (67.42) 2.720 0.437

Piperacillin 5 (16.13) 10 (16.95) 5 (12.50) 11 (22.92) 31 (17.42) 1.727 0.631

Ampicillin/sulbactam 8 (25.81) 13 (22.03) 8 (20.00) 15 (31.25) 35 (24.72) 1.827 0.609

Compound sulfamethoxazole 16 (51.61) 24 (40.68) 15 (37.50) 15 (31.25) 70 (39.33) 3.375 0.337

Tetracycline 11 (35.48) 17 (28.81) 10 (25.00) 14 (29.17) 52 (29.21) 0.937 0.816

Piperacillin/tazobactam 14 (45.16) 33 (55.93) 26 (65.00) 32 (66.67) 105 (58.99) 4.445 0.217

by Zhu,25 no significant changes were observed in 
the incidence of Gram-positive bacteria. This dis-
parity may be attributed to the relatively shorter 
duration of data collection. By continuing to col-
lect the blood culture results in the following 
years, it may be better to explain the changing 

trend of Gram-positive bacteria in urosepsis. 
Among the 13 fungal isolates identified, C. albi-
cans emerged as the most prevalent.

Gram-negative bacteria exhibited the highest  
susceptibility to carbapenems. In addition 
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to carbapenems, the sensitivity of cefepime, 
cefoxitin, and ceftazidime was higher, which were 
73.03%, 65.73%, and 62.92% respectively. The 
sensitivities of cefazolin, ampicillin, piperacillin, 
cefuroxime, and levofloxacin were low, and the 
average sensitivity rates were 2.81%, 3.37%, 
17.42%, 21.35%, and 23.60%, respectively. 
Notably, levofloxacin is recommended as a pri-
mary treatment for uncomplicated UTIs and pye-
lonephritis according to clinical guidelines. In 
2017, the sensitivity rate to urosepsis was 38.09%, 
but by 2020 it was only 4.25%. The sensitivity 
rate of the same kind of antibiotic ciprofloxacin to 
Gram-negative bacteria has been decreasing year 
by year, with an average of 26.97%. The research 
conducted by Tumbarello et al.26 shows that the 
use of fluoroquinolones as initial antimicrobial 
agents in sepsis caused by Enterobacteriaceae bac-
teria is associated with higher treatment failure 
rate and mortality. These findings indicate that 
fluoroquinolone antibiotics may not be appropri-
ate for empirical treatment of urosepsis. In addi-
tion, the antibiotic sensitivity curves of aztreonam, 
cefepime, and cefoxitin showed an upward trend, 
but fluctuated greatly, which may be related to 
the insufficient sample size of the study.

Bacterial resistance pertains to the ability of bacte-
ria to withstand the effects of antimicrobial drugs. 
For instance, E. coli and K. pneumoniae can 
develop resistance to drugs by producing 
extended-spectrum β-lactamases (ESBLs). 
Among a total of 178 isolates of Gram-negative 
bacteria, 92 isolates were found to produce ESBL, 
resulting in an overall detection rate of 51.68% 
(92/178). Specifically, 81 isolates of E. coli 
accounted for 88.04% (81/92) of the ESBL-
producing bacteria, while 11 isolates of K. 

pneumoniae constituted the remaining 11.96% 
(11/92). The detection rates of ESBL in E. coli 
and K. pneumoniae were 63.78% (81/127) and 
52.38% (11/21), respectively. There was a signifi-
cant difference in antimicrobial susceptibility 
between ESBL-producing bacteria and 
non-ESBL-producing bacteria (Figure 3 and 
Supplemental Table 4). The sensitivity of ESBL 
isolates to antibiotics such as ampicillin, cefotax-
ime, cefuroxime sodium, cefazolin, and piperacil-
lin was found to be 0%. However, the sensitivity 
of non-ESBL isolates to cefotaxime and cefurox-
ime sodium remained above 50%, with a statisti-
cally significant difference (p < 0.05). This 
discrepancy in sensitivity can be attributed to the 
production of β-lactamases by the bacteria. 
Furthermore, the sensitivity of ampicillin, cefazo-
lin, ampicillin/sulbactam, and tetracycline antibi-
otics to both ESBL and non-ESBL bacteria was 
all below 30%. These findings suggest that the 
aforementioned antibiotics may not be suitable for 
empirical treatment of urosepsis in the absence of 
accurate culture results.

The selection of appropriate antibiotics for the 
treatment of urosepsis caused by ESBL and non-
ESBL isolates is a significant concern among clini-
cians. The susceptibility of ESBL isolates to 
ertapenem, meropenem, imipenem, and amikacin 
exceeded 90%, suggesting that carbapenems 
remain the primary therapeutic option for urosep-
sis caused by ESBL isolates. Previous studies have 
reported that piperacillin sodium/tazobactam and 
amikacin exhibit high sensitivity toward ESBL 
isolates.27 The susceptibility rates of piperacillin 
sodium/tazobactam to both ESBL and non-ESBL 
isolates were 58.7% and 60.71%, respectively, 
while the susceptibility rates of amikacin to ESBL 

Figure 2. Antibiotic susceptibility rates in Gram-negative bacteria.
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and non-ESBL isolates were 94.57% and 91.07%, 
respectively. Consequently, piperacillin sodium/
tazobactam and amikacin can be considered via-
ble treatment options. In addition, the sensitivity 
rates of cefoxitin and cefepime were 71.74% and 
67.39%, respectively, which made them suitable 
choices for the treatment of urosepsis caused by 
ESBL-producing bacteria. However, the use of 
cephalosporins in clinical environments is becom-
ing more and more common, which may lead to a 
decline in the curative effect of such antibiotics. 
Clinicians can avoid using the third and fourth 
generations of cephalosporins as routine treat-
ment drugs for UTIs, thus reducing the speed of 
bacterial resistance to the third and fourth genera-
tions of cephalosporins and reducing the emer-
gence of ESBL-producing isolates.

Apart from ESBL, another group of bacteria wor-
thy of attention is carbapenem-resistant 
Enterobacteriaceae (CRE), which are resistant to 
all carbapenem antibiotics. The emergence of 
CRE isolates was initially documented in the 
1990s. Since then, carbapenemase-producing 
Enterobacteriaceae isolates have disseminated 
globally. Notably, the prevalence of the CRE 
population has experienced a substantial surge in 
recent years, including in China.28,29 A total of 16 
isolates of CRE were identified, accounting for 
(16/178) of the Gram-negative bacteria. Among 
these, there were eight isolates of K. pneumoniae 
(8/16) and three isolates of P. aeruginosa (3/16) 
(Table 3). In addition, one strain of Acinetobacter 
baumannii, E. arabii, K. oxytoca, Providencia, and 
E. cloacae was also detected. According to previ-
ous studies, carbapenem-resistant bacteria are 
more common in K. pneumoniae.30 This observa-
tion aligns with the findings of our study. K. pneu-
moniae displayed significantly lower sensitivity to 
carbapenems compared to E. coli, and it consist-
ently exhibited resistance to carbapenems each 
year. Notably, amikacin demonstrated effective 
treatment for carbapenem-resistant K. pneumo-
niae infection.27 Our results showed that amikacin 
was the most sensitive to CRE, and 9 of the 16 
CRE isolates were sensitive to amikacin. However, 
amikacin is nephrotoxic, and renal function 
should be closely monitored when it is used in 
patients with severe sepsis or septic shock.31 The 
scarcity of CRE treatment schemes reflects the 
urgency of developing new antibiotics to treat it.

E. faecium and E. faecalis are the predominant 
Gram-positive bacteria responsible for urosepsis. 

In this study, 46 isolates of Gram-positive bacte-
ria were identified, accounting for 19.4% (46/237) 
of the total bacterial isolates. Of all the Gram-
positive bacteria, E. faecalis accounted for 30.34% 
(14/46) and E. faecium accounted for 26.08% 
(12/46), which is consistent with Elena et  al.’s 
findings.32 It is worth noting that all Gram-
positive bacteria isolated from 2017 to 2019 
exhibited sensitivity to tigecycline, vancomycin, 
and linezolid, and no resistant isolates were 
detected. However, in 2020, the first linezolid-
resistant isolate emerged. Linezolid is typically 
employed for severe infections caused by multid-
rug-resistant Gram-positive bacteria, including 
vancomycin-resistant Enterococci.33 In the case of 
linezolid-resistant Gram-positive cocci, our 
results suggest that tigecycline can be considered 
as a last resort treatment. The sensitivity rates for 
other antibiotics against Gram-positive bacteria, 
such as teicoplanin, nitrofurantoin, quinupristin/
dalfopristin, and gentamicin were 89.13%, 
71.74%, 63.04%, and 56.52%, respectively. In 
our study, the sensitivity rate of nitrofurantoin to 
Gram-positive bacteria was 71.74%, and it also 
had a definite curative effect on vancomycin-
resistant Enterococci.34 However, it is basically 
excreted from the kidney and has a high concen-
tration in urine, so it is more suitable for the treat-
ment of UTI. But nitrofurantoin exhibits 
heightened sensitivity in both Gram-negative and 
Gram-positive bacteria, making it a potential 
choice for community UTIs. Although chloram-
phenicol demonstrated higher sensitivity in this 
study, its use is uncommon for urosepsis due to 
its toxic side effects, particularly on the hemato-
logical system. Moreover, the frequency of chlo-
ramphenicol use in China is low, and the rate of 
bacterial resistance to chloramphenicol is slow, 
which is one of the reasons for the high sensitivity 
of chloramphenicol. Other antibiotics, such as 
erythromycin (10.87%), clindamycin (17.39%), 
co-trimoxazole (21.74%), and ampicillin 
(36.96%) displayed lower sensitivity, with co-tri-
moxazole sensitivity decreasing year by year 
(p < 0.05). None of these antibiotics are suitable 
for empirical treatment of urosepsis caused by 
Gram-positive cocci. Compared to Gram-
negative bacilli, Gram-positive bacteria have 
fewer available antimicrobial options.

Urosepsis caused by fungal pathogens is a rela-
tively uncommon occurrence, but it still accounts 
for a certain proportion. Our research shows that 
C. albicans is still the most common pathogen of 
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hospital-acquired fungal infections. We identified 
13 fungal isolates (5.49%, 13/237), encompass-
ing 9 C. albican isolates, with C. tropicalis and  
C. glabrata accounting for 2 isolates each. Most  
of these isolated fungi showcased substantial  
susceptibility toward antifungal agents. Since 
2019, we have observed itraconazole-resistant  

C. glabrata isolates, with a C. albican isolate dem-
onstrating intermediate sensitivity to itracona-
zole. Such trends warn us of the potential rise of 
fungal resistance, warranting continuous surveil-
lance. The results also show that fluconazole is a 
commonly used and effective drug for fungal 
urosepsis.

Figure 3. Drug susceptibility of ESBL and non-ESBL. (a) Ampicillin, (b) aztreonam, (c) ciprofloxacin, (d) 
cefoperazone/sulbactam, (e) ceftriaxone, (f) cefotaxime, (g) cefuroxime, (h) cefazolin, (i) ertapenem, (j) 
levofloxacin, (k) meropenem, and (l) piperacillin.
ESBL, extended-spectrum β-lactamase.
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Table 3. Antibiotic susceptibility in carbapenem-resistant Enterobacteriaceae.

Antibiotic strain, N Year Total (N = 16) χ2 p

2017 (N = 4) 2018 (N = 7) 2019 (N = 2) 2020 (N = 3)

Amoxicillin 0 0 0 0 0 – –

Amikacin 1 6 1 1 9 4.729 0.193

Ampicillin 0 0 0 1 1 4.622 0.202

Aztreonam 1 0 0 1 2 3.048 0.384

Ceftazidime 0 0 0 1 1 4.622 0.202

Ciprofloxacin 0 1 0 1 1 1.371 0.712

Cefperazone/sulbactam 0 1 0 1 1 1.371 0.712

Ceftriaxone 0 0 1 0 1 7.467 0.058

Cefotaxime 0 0 0 0 0 – –

Cefuroxime 0 0 0 0 0 – –

Cefazolin 0 0 0 0 0 – –

Ertapenem 0 0 0 0 0 – –

Cefepime 0 1 1 1 3 2.716 0.438

Cefoxitin 0 0 0 0 0 – –

Gentamycin 0 5 0 0 5 9.351 0.025

Imipenem 0 0 0 0 0 – –

Levofloxacin 0 1 0 0 1 1.371 0.712

Meropenem 0 0 0 0 0 – –

Nitrofurantoin 1 0 1 0 2 4.571 0.206

Piperacillin 0 0 0 1 1 4.622 0.202

Ampicillin/sulbactam 0 0 0 0 0 – –

Compound 
sulfamethoxazole

1 1 0 0 2 1.306 0.728

Tetracycline 1 0 0 1 2 3.048 0.384

Piperacillin/tazobactam 0 2 0 1 3 2.247 0.523

Our present study is not without limitations. 
First, it is a single-center study. Second, it is a 
retrospective study, so it has limitations. In the 
future, conducting multi-center and prospective 
studies may be the way to address these 

limitations. Considering that our investigation is 
an observational retrospective study, a power 
analysis for sample size calculation was not exe-
cuted, a common characteristic of this type of 
research design.
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Conclusion
Analysis of blood culture results of patients more 
accurately reflected the etiology of urosepsis, 
mainly E. coli, Enterococcus, and K. pneumoniae. 
Empiric treatment of urosepsis should not include 
fluoroquinolone antibiotics without definitive 
blood culture results. Cefepime, cefoxitin, and 
ceftazidime are the most sensitive antibiotics to 
Gram-negative bacteria besides carbapenem anti-
biotics. In addition, the current situation regard-
ing ESBL-producing bacteria and CRE bacteria 
resistance is extremely concerning with limited 
therapeutic options available. Strengthening anti-
biotic management practices and exploring novel 
antibacterial agents can help mitigate this issue.
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