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Introduction: This study investigates predictive factors for carbapenem-resistant Enterobacteriaceae (CRE) bacteriuria in patients
with upper urinary tract stones, a population particularly vulnerable to complicated urinary tract infections amidst growing anti-
microbial resistance.

Methods: A cross-sectional study was conducted on 2029 inpatients with upper urinary tract stones. Patients with CRE bacteriuria
(n=31) were compared with a matched non-CRE group (n=124). Clinical data, stone characteristics, and admission laboratory
parameters were analyzed. Univariate and multivariate logistic regression were employed to identify independent predictive factors
and establish a diagnostic model.

Results: Escherichia coli and Klebsiella pneumoniae were the predominant CRE pathogens. Multivariate analysis identified three
independent predictive factors for CRE bacteriuria: a history of fever within the past 3 months (OR=3.24, p=0.03), presence of an
indwelling ureteral stent at admission (OR=12.97, p<0.01), and a positive urinary nitrite test (OR=2.92, p=0.04). A diagnostic model
incorporating these factors demonstrated good predictive accuracy, with an area under the receiver operating characteristic curve of
0.83.

Conclusion: A history of recent fever, indwelling ureteral stents, and positive urinary nitrite are significant independent predictive
factors for CRE-associated urinary tract infections in patients with upper urinary tract stones. The developed diagnostic model
demonstrates potential predictive value in an exploratory setting, which may inform future large-scale studies aimed at the early
identification and management of these high-risk patients before definitive culture results are available.
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Introduction
Carbapenem-resistant Enterobacteriaceac (CRE) are defined by the US Centers for Disease Control and Prevention as
Enterobacteriaceae resistant to at least one carbapenem antibiotic or producing carbapenemases.! The most common
types of carbapenem-resistant Enterobacteriaceac (CRE) are carbapenem-resistant Klebsiella pneumoniae (CRKP) and
carbapenem-resistant Escherichia coli (CREco).> The hazards of CRE are beyond dispute. The most comprehensive
meta-analysis to date concluded that mortality rates among patients infected with CRE are markedly higher than those
infected with carbapenem-sensitive Enterobacteriaceae, reaching more than double in some studies.® In 2017, CRE was
designated by the World Health Organization as one of three categories of resistant bacteria requiring the most urgent
development of new antibiotics globally.*

Urinary tract infections(UTI) are among the most common infectious diseases in healthcare settings, affecting
approximately 150 million people worldwide each year.’ UTIs encompass a wide range of types, including numerous
benign forms (such as uncomplicated cystitis) and life-threatening variants (such as urosepsis). Diagnosis of UTIs
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currently relies primarily on clinical symptoms (such as frequent urination, urgency, dysuria, and fever) combined with
laboratory investigations. These include routine urine analysis (leukocyte esterase, nitrite), urine culture, and antimicro-
bial susceptibility testing.® A positive urine culture for pathogenic bacteria forms the cornerstone of diagnosis. The
causative pathogens of urinary tract infections are predominantly Enterobacteriaceae, making the urinary tract one of the
most common sites for CRE infections. Urinary tract stones are among the most common disorders of the urinary system,
and their incidence has been increasing annually in parallel with improvements in living standards. The diagnosis of
urinary tract stones primarily relies on imaging examinations such as ultrasound and non-contrast CT scans. CT currently
represents the most accurate method for assessing stone burden, location, degree of obstruction, and hydronephrosis.”
The relationship between upper urinary tract stones and UTIs is complex and intertwined, with each condition potentially
contributing to the other. When upper urinary tract stones act as a causative factor, they often lead to UTIs through
mechanisms such as urinary tract obstruction or damage to the urinary epithelium. Patients with urinary stones
demonstrate a significantly increased likelihood of developing UTIs compared to individuals without such conditions.
One study followed over a thousand adult patients with upper urinary tract stones for up to seven years, ultimately
finding a high rate of positive urine cultures at 28%.°

Upper urinary tract stones complicated by UTIs present a challenging clinical problem. In clinical practice, aggressive
antimicrobial therapy forms the cornerstone of management, as a positive preoperative urine culture constitutes a high-
risk factor for postoperative infection following stone surgery.” Preoperative treatment should employ appropriate
antibiotics based on urine culture and susceptibility testing results. For patients presenting with fever or signs of sepsis,
surgery should only be considered once the infection has been effectively controlled.'® Current urine culture and
susceptibility testing typically requires 2—3 days to yield results. Earlier identification of the infecting bacterial species
would enable the guidance of empirical antibiotic therapy, thereby avoiding antibiotic overuse. It would also facilitate the
isolation of patients with infections caused by resistant bacteria, preventing the nosocomial spread of such pathogens.

In recent years, multiple studies have reported risk factors for CRE-associated urinary tract infections, including prior
hospitalization, invasive procedures, and broad-spectrum antibiotic use.'' However, predictive research specifically
targeting the specialized population of upper urinary tract stone patients remains unexplored. Therefore, we envisage
establishing a simple and practical predictive model using clinical and laboratory indicators available at admission,
through a cross-sectional study approach, to assist clinicians in making preliminary judgements while awaiting urine
culture results.

Methods
Study Setting

This study was conducted within the urology department of a university-affiliated tertiary hospital. Our institution is
designated as one of China’s specialized centers for the prevention and treatment of urological stone disease and manages
approximately 1500 patients with stone-related conditions annually. The study was approved by the Beijing Tsinghua
Changgung Hospital Ethics Committee and was conducted in accordance with the Helsinki Declaration. The Ethics
Committee deemed that participants’ informed consent could be waived in accordance with the relevant laws and
policies. The ethical approval number for this study is 25256-4-01.

Study Design and Patient Population

Clinical data were rigorously collected from 2029 inpatients admitted to the general ward of the Department of Urology
at Beijing Tsinghua Changgung Hospital between January 2017 and December 2023 for upper urinary tract stones,
strictly adhering to inclusion criteria. A positive urine culture is defined as follows: in midstream urine samples,
a bacterial colony count exceeding 10° CFU/mL in females or exceeding 10* CFU/mL in males; or a bacterial colony
count of >1x10* CFU/mL in urine collected via an indwelling Foley catheter. Exclusion criteria are as follows: (1)
Presence of immunodeficiency disorders or use of immunosuppressive medications. (2) Relevant clinical data was

incomplete upon admission. (3) Admission to ICU prior to definitive urine culture results.
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The patients enrolled were divided into two groups. The CRE group comprised 31 patients confirmed to have CRE-
associated UTIs via antimicrobial susceptibility testing. The non-CRE group included 1940 patients whose test results
indicated other bacteria, fungi, or Ureaplasma. Patients in the CRE and non-CRE groups were matched in a 1:4 ratio
based on age, gender, and admission date. The reason we adopted a 1:4 ratio is that we had sufficient samples available,
achieving a balance between attaining the most effective power and minimizing sample loss.'? Ultimately, 124 patients
were included in the non-CRE group. The collected patient data encompassed three primary categories: (1) Personal
characteristics: age, gender, presenting symptoms, comorbidities or prior medical history, and year of admission; (2)
Stone-related parameters: cumulative maximum diameter, volume, presence of urinary obstruction, and presence of
staghorn calculi; (3) Laboratory findings upon admission: complete blood count, urinalysis results, renal function

indicators, urine culture and sensitivity outcomes, and infection-related biomarkers.

Definition of CRE

This study adheres to the Clinical and Laboratory Standards Institute (CLSI) guidelines for minimum inhibitory
concentration (MIC) testing of carbapenem-resistant Enterobacteriaceac (CRE).'® The standard for reporting CRE is as
follows: MIC > 4ug/mL for doripenem, meropenem, and imipenem; or MIC > 2pg/mL for ertapenem.

Statistical Analysis

All data were collated using Excel and subjected to statistical analysis via SPSS 23.0 and R software version 4.0.5. For
univariate analysis, quantitative data meeting normality and homogeneity of variance criteria underwent independent
samples #-tests, with descriptive statistics presented as mean =+ standard deviation. Non-normally distributed quantitative
data were analyzed using the Wilcoxon signed-rank test, with descriptive statistics expressed as median (interquartile
range). Qualitative data were described using percentages, with intergroup comparisons performed via x> or Fisher’s
exact test. P values < 0.05 were considered statistically significant. Significant variables underwent univariate logistic
regression analysis. Multivariate analysis employed binary logistic regression to construct diagnostic models for
independent predictive factors, alongside the generation of curves and nomograms and receiver operating characteristic
curve (ROC).

Results
Clinical Characteristics

Information on all patients during hospitalization was reviewed via the hospital case management system. Urine culture
results from the first three days following admission were collected, and the data were systematically recorded. The
classification (family and genus) of each bacterial strain was confirmed by referencing the official websites of the
National Microbial Science Data Centre and the National Pathogenic Microorganisms Resource Bank.

A total of 31 strains were detected in the CRE group, including 14 strains of Escherichia coli (45.2%), 12 strains of
Klebsiella pneumoniae (38.7%), three cases of Enterobacter cloacae (9.7%), and two strains of Citrobacter (6.5%). None
of the patients were co-infected with any other type of bacteria, as shown in Figure 1. A total of 160 bacterial strains were
detected in the non-CRE group, the three most common types being Enterobacteriaceae (30.6%), Ureaplasma (17.5%)
and Enterococcus spp. (14.4%).

Antimicrobial Susceptibility Testing

Due to the varying time requirements for each strain to undergo the antimicrobial susceptibility testing, the drugs utilized
for each strain were not identical. Ultimately, a total of 25 drugs were employed for the drug sensitivity test. The CRE
group strains had the highest resistance rate to Amoxicillin/Clavulanic Acid and Cefuroxime, with a resistance rate of

100%, and the lowest rate of resistance to Tigecycline with a resistance rate of 12.5% (Table 1).
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Figure | Urine culture results for CRE group and non-CRE group patients.
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Patients with upper urinary tract calculi combined with CRE bacteriuria are mainly elderly people and women. In the

results of univariate analysis, patients in the CRE group were more likely to have a history of fever in the past 3 months

(P < 0.01) in terms of comorbidities or medical history and were more likely to have indwelling nephrostomy tubes

(P=0.04), Ureteral stents (P < 0.01), or Foley catheters (P=0.04) at admission. The comparison of other basic personal

information is shown in Table 2. In relation to stone load, patients in the CRE group exhibited higher cumulative

maximum diameter and stone volume in comparison to those in the non-CRE group. However, subsequent statistical

analysis revealed no significant differences between the two groups. About the characteristics of calculi, patients in the

Table | Drug Resistance Rates of CRE Group

Drug Drug Sensitivity Test Results (n=31)
Resistant | Middle | Sensitive | Resistance Rate
Amoxicillin/clavulanic acid 9 - - 100%
Ampicillin 14 - | 93.3%
Ampicillin/sulbactam 13 | | 86.7%
Piperacillin/tazobactam 26 | 3 86.7%
Cefuroxime 9 - - 100%
Cefotetan 11 2 3 68.8%
Cefazolin 11 - | 91.7%
Ceftazidime 28 | 2 90.3%
Ceftriaxone 22 - | 95.7%
Cefepime 26 3 | 86.7%
Aztreonam 20 - 2 90.9%
Ertapenem 24 - | 96.0%
(Continued)
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Table | (Continued).

Drug Drug Sensitivity Test Results (n=31)
Resistant | Middle | Sensitive | Resistance Rate

Meropenem 4 - | 80.0%
Imipenem 26 2 3 83.9%
Amikacin 13 | 17 41.9%
Gentamycin 13 | 3 76.5%
Tobramycin 16 3 3 72.7%
Ciprofloxacin 20 - 3 87.0%
Levofloxacin 27 | 2 90.0%
Nitrofurantoin 5 | 6 41.7%
Trimethoprim 19 - 12 61.3%
Cefoperazone/sulbactam 21 3 5 72.4%
Phosphomycin 5 - 4 55.6%
Doxycyclin 4 - | 80.0%
Tigecycline 3 2 19 12.5%

Table 2 Comparison with Patients’ Characteristics Between CRE and Non-CRE Groups

Characteristics CRE Group (n=31) Non-CRE Group (n=124) P-value
Age (years) 56.87+15.88 54.94+13.92 0.50
Sex (male) 13 (41.9%) 46 (37.1%) 0.68
Symptoms
Pain 16 (51.6%) 81 (65.3%) 0.21
Fever on admission 4 (12.9%) 6 (4.8%) 0.11
Hematuria 2 (6.5%) 17 (13.7%) 0.37
Irritable bladder sign 2 (6.5%) 9 (7.3%) >0.99
Medical history
History of lithotripsy 13 (41.9%) 56 (45.2%) 0.84
History of fever in the recent 3 months 17 (54.8%) 21 (16.9%) <0.01*
Nephrostomy tube 4 (12.9%) 4 (3.2%) 0.04*
Ureteral stents 16 (51.6%) 8 (6.5%) <0.01*
Foley catheters 5 (16.1%) 6 (4.8%) 0.04*
Underlying diseases
Hypertensive 9 (29.0%) 41 (33.1%) 0.83
Diabetes 6 (19.4%) 19 (15.3%) 0.79
Hyperlipidemia I (3.2%) 8 (6.5%) 0.69
Renal atrophy I (3.2%) 12 (9.7%) 0.47
Unilateral nephrectomy I (3.2%) 3 (2.4%) >0.99
Prostate enlargement I (3.2%) 9 (7.3%) 0.67
Fatty liver 3 (9.7%) 23 (18.5%) 0.29
Respiratory diseases 8 (25.8%) 27 (21.8%) 0.81
Orthopedic conditions 8 (25.8%) 22 (17.7%) 0.45
Neurological disease 4 (12.9%) 15 (12.1%) >0.99
Stone-related indicators
Cumulative diameter (mm) 52.50 (5.00-141.6) 32.30 (2.00-245.00) 0.52
Ackermann’s volume (mm?) 300.49 (6.13-3890.39) 259.36 (1.88-6693.09) 0.69
Sphere volume (cm?) 5.10 (0.02-344.83) 4.85 (0.01-627.79) 0.6l
Unilateral 18 (58.1%) 74 (59.7%) 0.87
(Continued)
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Table 2 (Continued).

Characteristics CRE Group (n=31) Non-CRE Group (n=124) P-value
Single 4 (12.9%) 32 (25.8%) 0.16
Position 041
Kidney 18 (61.3%) 78 (62.9%)

Ureter I (3.2%) 13 (10.5%)
Kidney and Ureter Il (35.5%) 33 (26.6%)
Obstruction 20 (64.5%) 78 (62.9%) >0.99
Staghorn stones 7 (22.6%) 30 (24.2%) >0.99

Laboratory indicators
Blood leukocytes 6.26 (2.59-16.72) 6.36 (2.86-19.20) 0.76
Hemoglobin (xg/L) 117.06+20.58 129.84+21.66 <0.01*
Platelets (x10°/L) 259.32+253.00 229.33+63.37 0.06
Percentage of neutrophils 62.3x10.5 61.5£11.0 0.70
Creatinine (umol/L) 76.00 (30.10-457) 77.15 (34.0-793.4) 0.75
eGFR (mL/min/1.73m?) 80.25+29.02 83.60+30.19 0.58
Blood urea nitrogen (mmol/L) 5.60 (3.40-35.40) 5.90 (2.90-24.87) 0.83
Urine leucocyte count (/pL) 721.10 (6.30—4311.60) 187.00 (0-18,188.50) 0.06
Urine red blood cell count (/uL) 54.50 (4.70-11,619.50) 43.20 (0-8438.2) 0.53
Urinary bacterial count (/uL) 476.80 (1.80-68,403.5) 272.50 (0-31,745.3) 0.32
Urine nitrite positive 18 (58.1%) 33 (26.6%) <0.01*
CRP (mg/L) 3.09 (0.50-378.02) 3.14 (0.50-330.97) 0.87
PCT (ng/mL) 0.05 (0.03-8.23) 0.05 (0.02-9.99) >0.99

Note: *Indicates that this value has a statistically significant difference.
Abbreviations: eGFR, estimate Glomerular Filtration Rate; CRP, C-reactive Protein; PCT, Procalcitonin.

CRE group demonstrated a higher propensity for bilateral calculi, multiple calculi, and concurrent presence of calculi in
both the kidneys and ureters when compared to those in the non-CRE group. Nonetheless, statistical analysis did not

reveal any significant differences. With respect to complications caused by stones, the incidence of obstruction in the

CRE group was higher, though this did not reach statistical significance. In terms of laboratory test indicators, the

hemoglobin level of patients in the CRE group was lower than that in the non-CRE group, and the positive proportion of

urine nitrite was significantly higher than that in the non-CRE group. All the above comparisons between the groups

showed statistically significant differences (P < 0.01).

Multivariate analysis was conducted using binary logistic regression to ascertain the presence of fever history in the

recent three months, indwelling nephrostomy tube at admission, indwelling ureteral stents at admission, indwelling Foley

catheters at admission, lower hemoglobin and urine nitrite positive (Table 3). Among them, there were statistically

significant differences in the presence of a fever history in the recent 3 months, indwelling ureteral stents at admission,

Table 3 Univariate and Multivariate Analysis of Predictive Factors for CRE Acquisition

Variables Univariate Multivariate
P-value | OR 95% CI P-value | OR 95% ClI

History of fever in the recent 3 months <0.01 5.96 | 2.55-13.92 0.03 3.24 1.13-9.32
Nephrostomy tube 0.04 444 | 1.05-18.90 0.53 1.78 | 0.28-10.80
Ureteral stents <0.01 1547 | 5.66—42.24 <0.01 12.97 | 3.86—49.8I
Foley catheters 0.04 3.78 | 1.07-13.34 0.46 0.52 | 0.09-2.87
Hemoglobin (xg/L) <0.01 0.97 | 0.96-9.99 0.98 1.00 | 0.97-1.03
Urine nitrite positive <0.01 3.82 1.69-8.64 0.04 292 1.05-8.36
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and urine nitrite positive. The relevant raw data for multivariate analysis can be found in the supplementary materials
(Supplementary Table 1).

Construction of the Diagnostic Model

The three independent predictive factors were utilized to construct the diagnostic model and plot the nomogram
(Figure 2). Subsequently, a receiver operator characteristic curve was generated (Figure 3), which had an area under
the curve (AUC) of 0.83 (95% CI 0.74-0.92, P < 0.05), indicating that the model had good positive predictive properties.
The calibration degree of the nomogram model was evaluated through calibration curves. In Figure 4, this was verified
using the 1000-times Bootstrap resampling method. The results demonstrate that the calibration curve of the nomogram
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History of fever . g
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Figure 2 Nomogram prediction model for upper urinary tract stones with CRE-associated UTIs.
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Figure 3 Receiver operating curve for predictive model of upper urinary tract stones with CRE-associated UTls.
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Figure 4 Calibration curve for predictive model of upper urinary tract stones with CRE-associated UTlIs.

basically coincides with the ideal curve, indicating that the performance of the model approaches the ideal diagnostic
performance.

Discussion
The detection rate of CRE in this study was 1.53%, significantly higher than the reported CRE infection incidence of
4.0 per 100,000 discharged patients in a multicenter study across 25 tertiary hospitals in China.'* This indicates that the
high-risk subgroup of patients with upper urinary tract stones faces a markedly greater risk of urinary tract infection
compared to the general hospitalized population. This may be associated with factors such as urinary tract obstruction,
epithelial damage, and exposure to invasive procedures in such patients. This study classified the bacteria detected in the
urine of the included patients and found that Escherichia coli and Klebsiella pneumoniae were the most common in the
CRE group, accounting for more than 80% of the total. This is consistent with previous studies that CREco and CRKP
are the two most common types of bacteria in CRE.'**'> The most prevalent strain identified within the non-CRE group
was Escherichia coli, a finding that aligns with the predominance of Enterobacteriaceae as the most prevalent strain type
in UTIs. A study revealed that Escherichia coli accounted for 85% of community-acquired UTIs and 50% of nosocomial-
acquired UTIs.'®

Antimicrobial susceptibility testing showed that CRE strains had the highest resistance to B-lactam antibiotics, and
more than 80% to carbapenems with lower resistance to tigecycline and aminoglycosides. This finding is consistent with
the global trend of CRE resistance, but it also highlights the dilemma of clinical treatment: the significant failure of
carbapenems as the traditional “last-line-of-defence” drugs, and the wide range of adverse drug reactions and consequent
economic problems associated with alternative drugs with lower resistance rates. When treating CRE infections, in vitro
susceptibility testing serves as a key basis for selecting antimicrobial agents, though it is not the sole criterion. Clinical
decision-making must comprehensively consider multiple factors including susceptibility results, resistance mechanisms,
site and severity of infection, patient-specific characteristics, and drug availability.'”'® Firstly, in vitro antimicrobial
susceptibility testing serves as the cornerstone for guiding antimicrobial therapy. Accurate susceptibility testing clearly
identifies bacterial strains’ sensitivity to various antimicrobial agents, providing fundamental assurance against the use of
ineffective drugs. However, for severe infections with high mortality risk (such as bloodstream infections), even when
antimicrobial susceptibility testing indicates intermediate or only slight resistance to certain drugs, clinicians often
employ strategies involving high doses, prolonged infusion, or combination therapy to enhance treatment success rates. '’
When selecting medications, the patient’s renal function, hepatic function, age, and the potential toxic side effects of the
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drugs (such as the nephrotoxicity of polymyxin and the risk of subtherapeutic blood concentrations with tigecycline)
must all be taken into account to avoid ineffective treatment and minimize adverse reactions.”’*' Although novel agents
such as Cefiderocol and Aztreonam-Avibactam have been demonstrated to be effective against certain CRE isolates,
these medications may not yet be widely available in all regions. Consequently, treatment decisions must be based on
locally accessible drugs alongside continually updated clinical efficacy and safety evidence.' Additionally, a variety of
antibiotics with novel antimicrobial mechanisms have been developed in recent years, such as iron carrier antibiotics and
macrocyclic nucleoside antibacterials that block bacterial MraY proteins,** in the hope of playing their unique roles in the
future antibacterial field.

In the results of the univariate analysis of this study, it was found that the proportion of patients with indwelling
nephrostomy tubes, ureteral stents and Foley catheters at admission was significantly higher in the CRE group than in the
non-CRE group. This result is consistent with previous studies, suggesting that invasive manipulation is a key risk factor
for CRE infection.”® Catheter retention has been demonstrated to disrupt the uroepithelial barrier, and the rough surface
of the catheter has been shown to provide a vehicle for the formation of bacterial biofilms. Once a biofilm has been
formed, bacteria within the biofilm are significantly more permeable to antibiotics and resistant to host immune clearance
than planktonic bacteria without biofilm formation. This process thus promotes bacterial colonization and infection.?* It
has been shown that both Escherichia coli*> and Klebsiella pneumoniae® have a strong ability to form biofilms, so how
to eradicate biofilms will also be one of the directions for controlling catheter-associated UTIs, especially multidrug-
resistant bacterial infections. According to existing studies, therapeutic strategies for biofilms include inhibiting the
formation of their extracellular polymer matrix, inhibiting biofilm spreading, and interfering with the metabolism of
microorganisms in the biofilm.?” More attempts and studies are needed in the future on how to translate these laboratory
techniques into clinical techniques and apply them to patients. Notably, having an indwelling ureteral stent at admission
was identified as an independent predictive factor in multivariate analysis with a significantly higher risk than other
catheter types. Prolonged ureteral stenting can cause local inflammatory reactions, vesicoureteral reflux or localized
urinary stasis, and prolonged bacterial contact with the urinary tract epithelium.?® This is consistent with our observation
that the proportion of patients requiring long-term catheterization due to inoperability was significantly higher in the CRE
group than in the non-CRE group. Therefore, the guidelines should be strictly followed to remove or repacle ureteral
stents as soon as possible and to optimize the catheterization process.

In this study, a univariate analysis revealed that the CRE group exhibited significantly lower hemoglobin levels
compared to the non-CRE group. A subsequent review of the literature identified a potential causal relationship between
anemia and infection.?® Inflammatory anemia, otherwise referred to as anemia of chronic disease, is the most prevalent
form of anemia in hospitalized and chronically ill patients. The underlying mechanism of this condition is associated with
systemic immune activation, leading to impaired iron transport (including iron retention in macrophages and reduced
dietary iron uptake, etc)., impaired iron- and liver-dependent erythropoiesis (which is considered to be associated with
inflammation that inhibits the level of erythropoietin to the right), and shortened erythrocyte lifespan in the inflammatory
milieu. Anemia, in turn, can lead to a decline in the body’s immune function,*® ultimately forming a vicious circle of
“infection-anemia-infection”. Therefore, in clinical practice, anemia in combination with upper urinary tract stones
suggests the possibility of chronic infection. Chronic infection may be caused by the obstruction of upper urinary tract
stones, resulting in the accumulation of urine, or it may be caused by the stone itself as a foreign body, which becomes
a “shelter” for bacterial proliferation,®' making it difficult to remove the bacteria inside the stone, and ultimately leading
to incomplete treatment. This chronic infection, failing to address the root cause—namely, the removal of the stones—
leads to prolonged antibiotic use, thereby selecting for drug-resistant bacteria. In the multivariate analysis, it was found
that the proportion of patients in the CRE group with a history of fever in the recent three months was significantly
higher. This similarly suggests that prolonged recurrent infections may be an important causative factor for bacteriuria
in CRE.

In addition, urinary nitrite positive is an independent predictive factor. A large-scale study indicates that urinary
nitrite testing demonstrates good predictive performance for positive urine cultures caused by Gram-negative bacteria.
However, its predictive capability is poor for bacteriuria caused by Gram-positive bacteria.*> Escherichia coli is the
primary bacterium responsible for positive urinary nitrite results. Studies indicate that among patients developing
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Escherichia coli infections following kidney stone surgery, the preoperative urinary nitrite positivity rate reached 64.5%.
However, infections caused by Klebsiella pneumoniae exhibit a lower nitrite positivity rate.>* This indicates that
a positive nitrite test is strongly associated with Escherichia coli infection, but may be less strongly linked to other
Enterobacteriaceae such as Klebsiella species. Therefore, a positive urinary nitrite test primarily suggests a possible
infection in the urine caused by Gram-negative bacilli such as Escherichia coli, which possess strong nitrate-reducing
capabilities. However, it cannot detect all types of urinary tract pathogens.

This study has certain limitations. Firstly, we did not find any differences about stones burden. However, the CRE
group exhibited a higher stone burden, suggesting that larger stones may more readily cause urinary tract obstruction,
urine retention, and damage to the urinary epithelium, thereby creating a favorable environment for CRE colonization
and biofilm formation.>**> We consider that more calculation-related indicators, such as the stone system rating, need to
be included in subsequent studies. Secondly, this study is constrained by its retrospective, single-center design and a very
limited number of CRE cases, which increases the risk of overfitting and limits the generalizability of the proposed
predictive model. Furthermore, the absence of key clinical variables, such as detailed previous antibiotic use and specific
stone burden metrics, restricts the robustness of our findings. Therefore, our results should be interpreted as exploratory
rather than definitive. Nevertheless, as an early report on CRE infection in this specific population, it provides
preliminary data to inform future multi-center prospective studies.

Conclusion

In our preceding study, we conducted a review of the risk factors and therapeutic advances for CRE-associated UTIs.*® In
this study, we direct our attention to patients with concomitant upper urinary tract stones. In this study, “history of fever
in the recent 3 months”, “having an indwelling ureteral stent at admission” and “urinary nitrite positive” were selected as
independent predictive factors for CRE infection in patients with upper urinary tract stones. These exploratory findings
highlight potential risk factors that may help conceptualize future risk stratification for CRE-associated UTIs early in
hospitalization. While these initial results do not yet warrant immediate changes to clinical protocols, they provide
a foundation for future, larger-scale prospective studies. Such validation is necessary to determine whether predictive
models can safely guide the early selection of targeted agents (such as tigecycline or amikacin) or the timely
implementation of contact isolation measures. Ultimately, refining and validating this model could eventually assist in
concentrating infection control resources on predicted vulnerable populations.

Abbreviations
CRE, Carbapenem-resistant Enterobacteriaceae; UTIs, Urinary tract infections; MIC, Minimum inhibitory concentration;
CRKP, Carbapenem-resistant Klebsiella pneumoniae; CREco, Carbapenem-resistant Escherichia coli.
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