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Abstract


Background/Objectives: Urinary tract infections (UTI) represent a global problem with implications for mortality and morbidity. Published data present different bacterial incidences and different antibiotic resistance. The objective of our study is to evaluate the bacteria distribution in positive urine cultures in a mixed adult population and evaluate the differences in antibiotic resistance in in- and outpatients. Methods: We analyzed 1186 positive urine cultures in 2021 from the Emergency County Hospital “Pius Brinzeu” from Timisoara, Romania. We evaluated the bacteria distribution and antibiotic resistance stratified by in and outpatients from a mixed adult population. Results: The median age was 67, with 65.7% females and 28.5% were outpatients. In inpatients, the most commonly identified bacteria was E. coli, followed by Enterococcus spp., and Klebsiella spp., while in outpatients, E. coli, Enterococcus spp., and Klebsiella spp. were the leading ones. Overall, E. coli presented the highest resistance rate to ampicillin, Enterococcus spp. to ciprofloxacin, Klebsiella spp. to cephalosporins, and Proteus spp. to trimethoprim/sulfamethoxazole. Inpatients presented higher resistance rates for E. coli to ceftazidime, cefuroxime, gentamycin, ciprofloxacin, and trimethoprim/sulfamethoxazole, Klebsiella spp. to most cephalosporin, gentamycin and levofloxacin, Proteus spp. to gentamycin and Enterococcus spp. to gentamycin and quinolones when compared to outpatients. The highest incidence of extensively drug-resistant (XDR) bacteria was among Acinetobacter baumanii, followed by Pseudomonas spp., and Serratia spp. Conclusions: susceptibility. Bacteria identified in inpatients’ positive urine cultures present higher resistance rates to several antibiotics. Our study could be a foundation for a local or even national guideline for the antibiotic treatment of urinary tract infections.
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1. Introduction


Multidrug-resistant bacteria (MDR) is one of the major public health problems of the 21st century. The most comprehensive and latest published data regarding worldwide antimicrobial resistance reported more than 5 million deaths in 2019 attributed to resistance, and more than 1.25 million people had a death directly linked to multidrug-resistant bacteria (MDR) [1]. Many other studies proved that MDR bacteria increase mortality and morbidity [2,3,4,5,6]. On the other hand, the rise of antibiotic resistance is associated with increased economic burn, hospitalization, and higher disability-adjusted life-years [1,2]. In the face of all these implications, one should constantly assess and evaluate the regional antibiotic resistance patterns to identify possible solutions to reduce MDR mortality and economic impact [1].



Real data regarding antimicrobial resistance rates of positive urine cultures from Romania are scarce and the focus was mainly on female patients [7,8,9,10,11,12]. Escherichia coli was the leading bacteria to generate a urinary tract infection followed by Klebsiella and Proteus. These bacteria remained the most commonly identified pathogens in patients with diabetes mellitus from the Western part of Romania who developed UTI [13,14].



Data from Romania report different antimicrobial resistance rates in patients with UTI [9,10,11,12,13]. For instance, E. coli resistance to quinolones varies from 30 to 72%, and penicillin’s between 14 and 66% [7,9]. For E. coli, Petca et al. reported the highest resistance rate to ciprofloxacin (30%) and only 14% to amoxicillin–clavulanic acid in females [7], much lower than Chibelean et al., who reported a 72% resistance to quinolones and 66% to penicillin-amines in males [9]. In an analysis of six East European countries, E. coli presented the highest resistance rate to ampicillin (39.6%) and trimethoprim (23.8%), and around 15% to ciprofloxacin [15]. These differences in resistances are consistent with other bacteria, like Klebsiella, Enterobacter, or Pseudomonas [7,8,9,10,11]. These heterogeneous results are the consequence of the empirical antibiotic therapy used in treating UTIs. Even though there are European guidelines recommending a “safe” use of an antibiotic if the resistance is lower than 20%, real-life data show that it is impossible for a continental guideline to be adequate.



In the face of such scattered data regarding antibiotic resistance, and the lack of national guidelines for antibiotic treatment of UTI, there is an imperative need to assess the antimicrobial resistance rates depending on the geographic area before the physician can prescribe an empirical treatment for UTI. Otherwise, the ascending trend of improper use of certain antibiotics will influence antimicrobial resistance rates, especially in patients with multiple UTIs. Nevertheless, every region could have a different approach regarding the type of antibiotics used in treating infections, if there is enough information regarding the local antimicrobial resistance.



Studies from the western part of Romania on UTI bacteria are scarce and they evaluate specific populations like children or patients with diabetes mellitus [13,14,16].



There is a known fact that most of the bacteria responsible for UTIs are the Gram-negative ones [7,8,9,10,11,12]. Nevertheless, the incidence of UTIs generated by Gram-positive bacteria can be up to 30% [9]. On the other hand, some bacteria strains are more common in UTI, as presented earlier.



To fill this gap, we performed a retrospective cross-sectional analysis in the largest hospital in the western part of Romania on positive urine cultures identified during 2021 in a mixed adult population. We aimed to evaluate the bacterial resistance to the most used antibiotics, to identify differences in resistance, and to determine the incidence of MDR bacteria. In our analysis, we included the positive urine cultures obtained from inpatients and outpatients as a comparative focus. Due to different antibiotic susceptibility, we classified bacteria according to Gram classification in Gram-positive and Gram-negative. In addition, we explored the differences regarding antibiotic resistance for most common bacteria.




2. Materials and Methods


2.1. Data Collection


We performed a cross-sectional retrospective analysis of all the positive urine cultures from the Emergency County Hospital “Pius Brinzeu” from Timisoara, Romania identified in the year 2021. The “Pius Brinzeu” Emergency County Hospital from Timisoara Ethics Committee approved the study (466/17 May 2024) and it was performed in accordance with the Ethics Code of the World Medical Association. The study followed the recommendations of the Declaration of Helsinki. The inpatients signed an informed consent at the admission to the hospital. The outpatients signed an informed consent at the time of handing over the urine sample. We used the electronic data system to extract all the positive urine cultures. We recorded the gender, age, and the identified bacteria. In addition, we extracted the susceptibilities and resistances to several antibiotics. In the analysis, we included only the patients older than 18 years. We analyzed only the first positive urine culture (if a patient presented multiple positive urine cultures) and included only single germ cultures. Out of 41,027 evaluations during the year 2021, we retrieved 1186 positive urine cultures.




2.2. Sample Collection


The samples were collected over a 1-year, comprising all of the positive urine cultures from patients used to confirm the clinical suspicion of infection. All the details regarding the sample collection are presented in the Supplemental Materials.




2.3. Bacterial Identification and Antibiotic Testing


Collection of specimens was performed according to our hospital’s Specimen Collection Manual (https://www.hosptm.ro/sectiile-spitalului/laborator-clinic-de-analize-medicale/, accessed on 17 December 2024). All the details regarding bacterial identification and antibiotic testing are explained in the Supplemental Materials. The antibiotics tested are listed in Supplementary Tables S1 and S2. AST interpretation was performed according to the Clinical Laboratory and Standards Institute (CLSI) [17,18]. Multidrug-resistant (MDR) bacteria have been considered resistant to at least one antibiotic from three or more classes active for a given species [19]. Extensively drug-resistant bacteria (XDR) were considered resistant to at least one antibiotic from all tested classes but maintained susceptibility in agents from maximum of 2 antibiotic categories [19].



Classification into resistance phenotypes was performed according to CLSI criteria [14]. We used the following reference strains: Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC1705, Pseudomonas aeruginosa ATCC 27853, and Staphylococcus aureus ATCC 25923.




2.4. Statistical Analysis


The data are presented as numbers and percentages for categorical variables. The age distribution was non-Gaussian (evaluation performed using the Shapiro–Wilk test) and is presented as the median and interquartile range (IQR). The chi-square test was used for categorical variables to evaluate the distribution of certain antibiotic resistance between in- and outpatients. The test was unadjusted. A p-value less than 0.05 was considered statistically significant. We used the Mann–Whitney test to evaluate the age-stratified by in- and outpatient status. MedCalc® Statistical Software version 22.021 (MedCalc Software Ltd., Ostend, Belgium; https://www.medcalc.org, accessed on 17 December 2024) was used to perform the analysis.





3. Results


The bacteria that we identified and evaluated are Escherichia coli (E. coli), Klebsiella spp., Proteus spp., Pseudomonas spp., Staphylococcus aureus, Enteroccocus spp., Enterobacter spp., Acinetobacter baumanii, Providencia spp., Citrobacter spp., Morganella morganii, Hafnia alvei, Stenotrophomonas maltophilia and Streptococcus agalactiae. The outcomes of our study are the bacteria distribution and the incidence of certain antibiotic resistance and susceptibilities, overall and stratified by in and outpatients. In addition, we evaluated the multidrug resistance of the most commonly identified bacteria. During the year 2021, in the “Pius Brinzeu” Emergency County Hospital from Timisoara, there were 41,027 admissions. There were 1186 positive urine cultures. The bacteria distribution is presented in Table 1. Escherichia coli, followed by Enterococcus spp., Klebsiella spp., and Proteus spp., were the most common bacteria in the entire cohort and in in-patients. The outpatients presented the highest incidence of E. coli, followed by Klebsiella spp., Enterococcus spp., and Streptococcus agalactiae. Candida spp. presented a much higher incidence among in-patients Figure 1. Inpatients presented more comorbidities, and some of them developed UTIs during admission. Thus, they were at higher risk of infection with “hospital bacteria”.



The median age was 67 years (IQR = 56–75), with 779 females (65.7%) females. The in-patients were older compared with the outpatients (median age and IQR 68 [59–76] vs. 65 [48–72], p < 0.0001). Most positive cultures were from outpatients (28.5%) followed by cultures from the urology (18.8%) and neurology departments (11.7%)—Figure 2 and Table 2. Out of the entire positive cultures, 145 (12.2%) patients had diabetes mellitus.



3.1. Overall Resistance


3.1.1. Gram-Negative Bacteria


To evaluate bacteria’s susceptibilities to the tested antibiotics, we performed a stratified analysis by bacteria. To ensure non-biased results, we included only the strains tested for a specific antibiotic. The presented percentages represent the resistance rates, and the difference to 100 is the susceptibility—Table 3.



Escherichia coli presented the highest antimicrobial resistance rates to ampicillin—76.9%, amoxicillin–clavulanic acid—42.3% followed by trimethoprim–sulfamethoxazole—35.6%, quinolones (28.2% to ciprofloxacin and 27.7% to levofloxacin) and cephalosporin (20.2% to cefuroxime, 19.3% to ceftriaxone and 16.9% to cefepime). On the other hand, the resistance rate to aminoglycosides was low (8.4% to gentamycin and 1.7% to amikacin).



Klebsiella spp. presented a heterogeneous pattern of resistance to commonly used antibiotics: around 40% resistance rates to cephalosporins, more than 30% to quinolones, and 13.7% to carbapenems.



Proteus spp. presented the highest resistance rate to trimethoprim–sulfamethoxazole (45.8%), 2nd and 3rd generation cephalosporins (16% to cefuroxime and 22.2% to ceftazidime), 25–30% to quinolones and 30.4% to gentamycin. One should mention that only two strains presented resistance to imipenem and 7.7% to 4th generation cephalosporin.



Pseudomonas spp. presented high resistance rates to quinolones (50%), cephalosporin (35–40%), 41.7% to gentamycin and 32.4% to carbapenems.




3.1.2. Gram-Positive Bacteria


Enterococcus spp. presented extremely high resistance rates to quinolones (60–70%), 36.7% to gentamycin, and 16.1% to ampicillin. Only two strains were resistant to vancomycin and none to linezolid —Table 4.



S. aureus presented high resistance rates to erythromycin (62.5%), quinolones (38.9% to ciprofloxacin), and 26.3% to gentamycin. Resistance to linezolid was 0%—Table 4.



S. agalactiae presented high resistance to clindamycin (87.5%), erythromycin (43.7%), and levofloxacin (44.2%)—Table 4.





3.2. In- and Outpatient Resistance


To have a clear image of resistance, we evaluated the resistance distribution of the most common bacteria stratified by in and outpatients. We analyzed E. coli, Klebsiella spp., Proteus spp., and Enterococcus spp.



3.2.1. Gram-Negative Bacteria


E. coli presented higher resistance rate in in-patients compared to outpatients to ampicillin (100% vs. 65.8%), ceftazidime (19.1% vs. 9.3%), cefuroxime (22.6% vs. 11.5%), gentamycin (10.8% vs. 4.7%), ciprofloxacin (32.6% vs. 22.2%) and trimethoprim/sulfamethoxazole (39.8% vs. 29.2%). Klebsiella spp. presented higher resistance rate to most cephalosporin (43.9% vs. 13.6% for ceftazidime and 42.3% vs. 12% for cefuroxime), gentamycin (23.4% vs. 2.4%) and levofloxacin (35.4% vs. 10.5%) in inpatients compared with outpatients. Proteus spp. presented a higher resistance rate in inpatients only to gentamycin (38.1% vs. 7.1%)—Table 5.




3.2.2. Gram-Positive Bacteria


Enterococcus spp. presented higher resistance rates to gentamycin (41.7% vs. 9.7%) and all quinolones (72.1% vs. 42.9% for ciprofloxacin and 65.9% vs. 29.2% for levofloxacin) in inpatients compared to outpatients—Table 6.





3.3. Resistance Patterns


Acinetobacter baumanii presented the highest resistance rates, and almost half of the evaluated strains were extensively drug-resistant (XDR). Pseudomonas spp. presented a 26.8% incidence of XDR, and all evaluated strains produce beta-lactamase and Serratia spp. 15.3%. In addition, it presented high fluoroquinolone and aminoglycosides resistance. Acinetobacter baumanii was the most common ESBL-producing bacteria and carbapenem-resistant, followed by Klebsiella spp. and Pseudomonas spp. Proteus spp. was the leading pathogen to sulfonamide resistance. Almost half of Klebsiella spp. strains produce ESBL, with a third being MDR, but only 4.8% XDR. MRSA incidence was 35.3% (6/17), and two-thirds of S. aureus strains were MDR—Table 7.





4. Discussion


Our study is the first one to evaluate bacteria and the antibiotic resistance rate identified in a mixed adult population stratified by in and outpatients from the Western part of Romania. The most commonly identified bacteria is E. coli, followed by Enterococcus spp., Klebsiella spp., and Proteus spp. Outpatients presented a slightly different pattern, with E. coli representing almost two-thirds of identified bacteria, followed by Klebsiella spp. and Enterococcus spp.



E. coli presented the highest resistance rate to amoxicillin–clavulanic acid, Enterococcus spp. to quinolones, Klebsiella spp. to cephalosporins, and Proteus spp. to trimethoprim–sulfamethoxazole. Inpatients presented the highest resistance rates for E. coli to ampicillin, ceftazidime, cefuroxime, gentamycin, ciprofloxacin, and trimethoprim/sulfamethoxazole, Klebsiella spp. to most cephalosporins, gentamycin and levofloxacin, Proteus spp. to gentamycin and Enterococcus spp. to gentamycin and all quinolones. The highest incidence of XDR bacteria was among Acinetobacter baumanii, followed by Pseudomonas sppand Serratia spp. Almost half of Klebsiella spp. strains produce ESBL but only 4.8% XDR. MRSA incidence was 35.3%.



The female gender is associated with a higher risk of urinary tract infection (UTI) especially before the age of 50 years old [20]. In the elderly, it seems that both females and males have the same risk of UTI, especially due to the urological-associated pathology in males [21,22]. Even with a relatively advanced age (67), our cohort has a slight predominance of females (65.7%).



On the other hand, we identified some differences regarding the bacteria distribution in in- and outpatients. E. coli presented a higher percentage among outpatients (62.4% vs. 38.1%). In inpatients, Enterococcus spp. and Klebsiella spp. were the next most common bacteria, while in outpatients, this order was reversed. The inpatients present several risk factors that increase the risk of nosocomial infection, like older age, multiple comorbidities, urine catheters, multiple antibiotics administration, and invasive procedures. For instance, the fact that some of the inpatients presented urine catheters explains the higher incidence of Pseudomonas spp. in this group. These risk factors increase the risk of infection with MDR agents, and thus, one should expect a much higher incidence of these bacteria in the inpatients. All of these factors should influence the decision of empirical antibiotherapy. For outpatients, the doctors could choose from a larger number of antibiotics to treat a UTI, but for the inpatients, the treatment possibilities are lower due to a higher incidence of MDR bacteria.



Sorescu et al. recently evaluated bacteria distribution in urinary tract infections from patients with diabetes from the same hospital as ours [14]. The trend was similar, with E. coli being the leading pathogen, followed by Klebsiella spp. and Enteroccocus spp. [14].



Several factors are involved in bacterial resistance development [23]. In addition to the increased use of antibiotics in both people and animals, there is a link between resistance to different antibiotics and the most commonly prescribed antibacterial agents within different regions [23].



Previously published data from Romania reported different susceptibilities in both males and females. For E. coli, Petca et al. reported the highest resistance rate to ciprofloxacin (30%) and only 14% to amoxicillin–clavulanic acid in females [7], much lower than Chibelean et al., who reported a 72% resistance to quinolones and 66% to penicillin amines in males [9]. In an analysis of six East-European countries, E. coli presented the highest resistance rate to ampicillin (39.6%) and trimethoprim (23.8%), and around 15% to ciprofloxacin [15].



We report a higher resistance rate to levofloxacin for Enterococcus spp. compared with current Romanian data—32% resistance to levofloxacin in females [7] and 25% to levofloxacin in males [9]. Petca et al. reported a resistance rate of 28% to amoxicillin–clavulanic acid and 15% to levofloxacin for Klebsiella spp. in females [7], while Chibelean et al. 59% to amoxicillin–clavulanic acid, 44% to levofloxacin and 38% to ceftazidime in males [9], results different from ours. On the other hand, all of the aforementioned studies reported low resistances to carbapenems, similar to our results [7,9]. Regarding Proteus spp. and S. aureus, our results are in concordance with the current literature [7,9]. In Romania, Pseudomonas spp. has been associated with different resistance rates: from 31 to 44% for levofloxacin, 14 to 32% for amikacin, and 24 to 26% for ceftazidime [7,9].



As we can see, there are differences and similarities regarding bacteria resistance to several antibiotics, within the same country. One of the major factors that generates these results is the empirical antibiotic prescription for treating UTIs. On the other hand, the studied population differs, with some studies evaluating only females and others only males [7,9].



The antibiotic resistance analysis for in and outpatients represents the highlight of our study. We identified that there are some differences regarding resistance to most commonly used antibiotics. First, the inpatients were older compared to outpatients and most likely presented higher comorbidity rates. An indirect proof of this is represented by the department distribution of identified positive urine cultures. Patients admitted to the urology department have urological problems and are prone to invasive procedures on the urinary tract. Neurological patients present a high rate of immobilization, are prone to dehydration, and have a higher incidence of urine catheters. Nevertheless, more than 10% of our patients present diabetes mellitus, a known risk factor for UTIs.



Secondly, inpatients present a higher risk of hospital-acquired infections (HAI) due to invasive procedures, prolonged hospitalization, and multiple antibiotic courses. HAI infections present a higher incidence of MDR bacteria; thus, one should expect higher resistance rates [1,2,3,4,5]. We are aware that we did not evaluate the incidence of HAI in our cohort.



Worldwide, the trend of antimicrobial resistance of different uropathogens is rising. The downside seems to be a reduced susceptibility to the most common antibiotics for both community—and hospital-acquired UTIs [1,24,25].



Antibiotic resistance represents a major world health problem with high morbidity and mortality [1,26]. The reported mortality associated with MDR bacteria is rising with an estimated mortality of 5 million deaths in 2019 and it is presumed to double by 2030 [1,2]. On the other hand, the estimated costs of treating MDR bacteria represent USD 12.61 billion in 2024, with an increase of 6.5% per year, up to USD 16.22 billion in 2028 [27]. The published data regarding MDR bacteria and even the resistance to several antibiotics are not uniform, as most of the studies were conducted in developed countries [1,2,3,4,5]. Nevertheless, due to the regional pattern of antibiotic resistance, one could not properly estimate bacteria resistance to a specific antibiotic not even in the same country. However, besides the economic burden and the high mortality rates, the importance of reporting antimicrobial resistance and MDR strains is highlighted by the necessity of broad-spectrum therapeutics [28,29].



As expected, the hospital bacteria presented the highest resistance rates. Acinetobacter baumanii presented the highest incidences in most of the resistance patterns. It was the most common bacteria with an XDR pattern, followed by Pseudomonas spp. and Serratia spp. More than 20% of E. coli strains were MDR and a third of Klebsiella spp. A recent analysis of Petca regarding the MDR uropathogens in Romania showed an incidence of 4.5% of MDR bacteria [8]. Nevertheless, in Petca’s study, E. coli and Klebsiella spp. represented the most common MDR bacteria, while in ours were Klebsiella spp., Acinetobacter baumanii, and Serratia spp.



Our study presents some limitations. The cross-sectional and retrospective type, without data regarding hospital stay, mortality, and other comorbidities, could limit the impact of our results. Unfortunately, molecular testing to identify antibiotic resistance genes or virulence genes was not performed. In future studies, we plan to evaluate isolates in this perspective as well. On the other hand, a relatively high number of evaluated positive urine cultures doubled by the evaluation of the MDR incidence and stratification on in and outpatients represents the strongest points. Our study is the first one from the western part of Romania, which analyzed the positive urine culture from a tertiary care hospital.




5. Conclusions


In conclusion, bacteria distribution in positive urine cultures seems to follow a similar pattern regarding the region of recorded data, with some differences between in and outpatients. Because antibiotic resistance is different between countries and even in the same country, our study could be a foundation for a possible future protocol used in our hospital to initiate appropriate empiric treatment in patients with UTIs. In order to do so, one should implement programs of targeted education for physicians or local stewardship guidelines. For instance, in our region, local resistance trends for each ward/hospital should be known, and empirical therapy should be based on broad-spectrum antibiotics effective against the most common uropathogens. Therefore, we should reassess the use of quinolones, extended-spectrum cephalosporins, or trimethoprim/sulfamethoxazole as a first-line agent, especially in patients with risk factors for MDR bacterial infection.
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Figure 1. Bacteria distribution stratified by in and outpatients. 
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Figure 2. Urine cultures distribution per department. 
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Table 1. Bacteria distribution stratified by in and outpatients.
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	Germs
	Total N = 1186
	Inpatients N = 848
	Outpatients N = 338
	p Value *





	Escherichia coli
	534 (45%)
	323 (38.1%)
	211 (62.4%)
	<0.0001



	Klebsiella spp.
	186 (15.7%)
	141 (16.6%)
	45 (13.3%)
	0.1568



	Proteus spp.
	63 (5.3%)
	48 (5.7%)
	15 (4.4%)
	0.397



	Pseudomonas spp.
	41 (3.5%)
	38 (4.5%)
	3 (0.9%)
	0.0022



	Serratia spp.
	13 (1.1%)
	10 (1.2%)
	3 (0.9%)
	0.6633



	Enterobacter spp.
	9 (0.8%)
	7 (0.8%)
	2 (0.6%)
	0.6755



	Acinetobacter baumanii
	9 (0.8%)
	8 (0.9%)
	1 (0.3%)
	0.2463



	Morganella morganii
	6 (0.5%)
	5 (0.6%)
	1 (0.3%)
	0.5199



	Providencia spp.
	5 (0.4%)
	5 (0.6%)
	0 (0%)
	0.1573



	Citrobacter spp.
	5 (0.4%)
	4 (0.5%)
	1 (0.3%)
	0.6732



	Hafnia alvei
	1 (0.08%)
	0 (0%)
	1 (0.3%)
	0.1132



	Stenotrophomonas maltophilia
	1 (0.08%)
	1 (0.1%)
	0 (0%)
	0.5278



	Enterococcus spp.
	205 (17.3%)
	174 (20.5%)
	31 (9.2%)
	<0.0001



	Streptococcus agalactiae
	47 (4%)
	27 (3.2%)
	20 (5.9%)
	0.0295



	Staphylococcus aureus
	22 (1.9%)
	19 (2.2%)
	3 (0.9%)
	0.1192



	Candida spp.
	39 (3.3%)
	38 (4.5%)
	1 (0.3%)
	0.0003







Legend: * = Chi-square test, N = number.













 





Table 2. Urine cultures distribution per department.
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	Department
	Number and %





	Outpatients
	28.5% (338)



	Cardiology
	1.7% (20)



	Diabetes and metabolic diseases
	8.5% (101)



	Endocrinology
	0.75% (9)



	Gastroenterology
	7.7% (91)



	Gynecology
	1% (12)



	Intensive Care Unit
	3.9% (47)



	Nephrology
	10.4% (123)



	Neurology
	11.7% (139)



	Neurosurgery
	1% (12)



	Orthopedics
	3.3% (39)



	Psychiatry
	0.25% (3)



	Surgery
	2.3% (28)



	Urology
	18.8% (223)










 





Table 3. Gram-negative-resistance percentages.
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	Bacteria
	AMC
	AMP
	PIP
	PTZ
	TIC
	CFZ
	CFP
	CFR
	CFX
	IMI
	MER
	AMI
	GEN
	CIP
	LEV
	NOR
	COL
	TRS





	Overall
	43.2% (16/37)
	76.9% (183/238)
	31.1% (147/472)
	16.2% (104/640)
	10% (1/10)
	24.9% (153/613)
	24.9% (123/493)
	25.5% (176/688)
	23.9% (153/640)
	6.5% (40/610)
	6.4% (34/528)
	6% (37/609)
	14.6% (115/784)
	30.8% (203/659)
	31.4% (170/541)
	27.2% (48/176)
	1% (3/281)
	35% (229/653)



	E. coli
	42.3% (11/26)
	76.9% (183/238)
	28.8% (99/344)
	8.4% (29/345)
	10% (1/10)
	16.4% (58/353)
	16.9% (46/272)
	20.2% (98/484)
	19.3% (79/409)
	0.6% (2/356)
	0% (0/296)
	1.7% (6/345)
	8.4% (41/489)
	28.2% (111/394)
	27.7% (86/311)
	29.7% (33/111)
	1.2% (2/173)
	35.6% (151/424)



	Klebsiella spp.
	57.1% (4/7)
	IR
	IR
	27.9% (46/165)
	IR
	39% (53/136)
	44% (48/109)
	43% (61/142)
	37.2% (55/148)
	13.7% (18/131)
	13.7% (16/117)
	3.6% (5/137)
	18.2% (30/165)
	35.6% (48/135)
	31.3% (36/115)
	17.5% (7/40)
	0% (0/75)
	30.3% (43/142)



	Serratia spp.
	IR
	IR
	30% (3/10)
	25% (3/12)
	NA
	30.8% (4/13)
	33.3% (4/12)
	IR
	54.6% (6/11)
	30.8% (4/13)
	18.2% (2/11)
	18.2% (2/11)
	38.5% (5/13)
	53.8% (7/13)
	53.8% (7/13)
	NA
	100% (1/1)
	25% (3/12)



	Proteus spp.
	25% (1/4)
	NA
	20.8% (10/48)
	6.1% (3/49)
	NA
	22.7% (10/44)
	7.7% (3/39)
	16% (8/50)
	17.9% (10/56)
	4.4% (2/45)
	0% (0/44)
	8% (4/50)
	30.4% (17/56)
	25% (10/40)
	29.3% (12/41)
	31.2% (5/16)
	IR
	45.8% (22/48)



	Pseudomonas spp.
	IR
	IR
	43.9% (18/41)
	29.3% (12/41)
	NA
	39.5% (15/38)
	35.3% (12/34)
	IR
	IR
	32.4% (12/37)
	32.4% (11/34)
	27% (10/37)
	41.7% (15/36)
	48.5% (16/33)
	50% (17/34)
	20% (1/5)
	0% (0/24)
	IR



	A. baumaniir
	IR
	IR
	77.8% (7/9)
	75% (6/8)
	NA
	62.5% (5/8)
	75% (6/8)
	IR
	100% (1/1)
	28.6% (2/7)
	57.1% (4/7)
	66.7% (6/9)
	71.4% (5/7)
	85.7% (6/7)
	66.7% (4/6)
	100% (1/1)
	0% (0/4)
	40% (2/5)



	Citrobacter spp.
	IR
	IR
	25% (1/4)
	0% (0/4)
	IR
	25% (1/4)
	33.3% (1/3)
	0% (0/3)
	0% (0/2)
	0% (0/4)
	0% (0/3)
	0% (0/4)
	25% (1/4)
	0% (0/4)
	0% (0/4)
	0% (0/1)
	0% (0/1)
	25% (1/4)



	M. morganii
	IR
	IR
	60% (3/5)
	20% (1/5)
	NA
	20% (1/5)
	20% (1/5)
	NA
	20% (1/5)
	0% (0/5)
	0% (0/4)
	0% (0/5)
	0% (0/5)
	0% (0/4)
	20% (1/5)
	0% (0/1)
	IR
	20% (1/5)



	Enterobacter spp.
	IR
	IR
	16.7% (1/6)
	16.7% (1/6)
	NA
	28.6% (2/7)
	14.3% (1/7)
	100% (9/9)
	12.5% (1/8)
	0% (0/7)
	0% (0/7)
	0% (0/6)
	11.1% (1/9)
	25% (2/8)
	28.6% (2/7)
	100% (1/1)
	0% (0/3)
	12.5% (1/8)



	Providencia
	IR
	IR
	100% (5/5)
	60% (3/5)
	NA
	80% (4/5)
	25% (1/4)
	NA
	NA
	0% (0/5)
	20% (1/5)
	80% (4/5)
	NA
	100% (3/3)
	100% (5/5)
	NA
	IR
	100% (5/5)







Legend: The percentages represent the resistance. AMC = amoxicillin-clavulanic acid, AMP = ampicillin, PIP = piperacillin, PTZ = piperacillin-tazobactam, TIC = ticarcillin, CFZ = ceftazidime, CFP = cefepime, CFR = cefuroxime, CFX = ceftriaxone, IMI = imipenem, MER = meropenem, AMI = amikacin, GEN = gentamycin, CIP = ciprofloxacin, LEV = levofloxacin, NOR = norfloxacin, COL = colistin, TRS = trimethoprim/sulfamethoxazole, NA = not tested, IR = intrinsic resistance.
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	BEN
	AMP
	OXA
	LIN
	VAN
	GEN
	CIP
	LEV
	NOR
	ERY
	CLI
	TRS





	S. aureus
	90.5% (19/21)
	NA
	35.3% (6/17)
	0% (0/22)
	NA
	26.3% (5/19)
	38.9% (7/18)
	NA
	50% (1/2)
	62.5% (10/16)
	60% (12/20)
	33.3% (6/18)



	S. agalactiae
	6.4% (3/47)
	6.4% (3/47)
	NA
	0% (0/47)
	NA
	28.1% (9/32)
	NA
	44.2% (19/43)
	NA
	43.7% (14/32)
	87.5% (14/16)
	NA



	Enterococcus spp.
	NA
	16.1% (33/205)
	NA
	0% (0/202)
	1.3% (2/157)
	36.7% (73/199)
	68% (102/150)
	60.3% (94/156)
	69.4% (25/36)
	NA
	NA
	NA







Legend: The percentages represent the resistance. BEN = benzylpenicillin, AMP = ampicillin, OXA = oxacillin, LIN = linezolid, VAN = vancomycin, GEN = gentamycin, CIP = ciprofloxacin, LEV = levofloxacin, NOR = norfloxacin, ERY = erythromycin, CLI = clindamycin, TRS = trimethoprim/sulfamethoxazole. NA = not tested.













 





Table 5. Resistance stratified by in and outpatients for gram-negative bacteria.
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Bacteria

	

	
AMC

	
AMP

	
PIP

	
PTZ

	
TIC

	
CFZ

	
CFP

	
CFR

	
CFX

	
IMI

	
MER

	
AMI

	
GEN

	
CIP

	
LEV

	
NOR

	
COL

	
TRS






	
E. coli

	
IN

	
NA

	
100% (77/77)

	
29.3% (94/321)

	
8.1% (26/321)

	
12.5% (1/8)

	
19.1% (49/256)

	
17.4% (44/253)

	
21.3% (62/291)

	
22.6% (65/287)

	
0.4% (1/262)

	
0% (0/277)

	
1.9% (6/322)

	
10.8% (32/297)

	
32.6% (74/227)

	
29.6% (69/233)

	
31.1% (23/74)

	
0.8% (1/130)

	
39.8% (102/256)




	
OUT

	
42.3% (11/26)

	
65.8% (106/161)

	
21.7% (5/23)

	
12.5% (3/24)

	
0% (0/2)

	
9.3% (9/97)

	
10.5% (2/19)

	
18.7% (36/193)

	
11.5% (14/122)

	
1.1% (1/94)

	
0% (0/19)

	
0% (0/23)

	
4.7% (9/192)

	
22.2% (37/167)

	
21.8% (17/78)

	
27% (10/37)

	
2.3% (1/43)

	
29.2% (49/168)




	
Klebsiella spp.

	
IN

	
NA

	
IR

	
IR

	
30.4% (42/138)

	
IR

	
43.9% (50/114)

	
44% (48/109)

	
47.5% (56/118)

	
42.3% (52/123)

	
15.7% (17/108)

	
13.7% (16/117)

	
3.7% (5/136)

	
23.4% (29/124)

	
39.6% (40/101)

	
35.4% (34/96)

	
23.3% (7/30)

	
0% (0/71)

	
33.3% (36/108)




	
OUT

	
57.1% (4/7)

	
63.2% (12/19)

	
IR

	
14.8% (4/27)

	
IR

	
13.6% (3/22)

	
NA

	
20.8% (5/24)

	
12% (3/25)

	
4.3% (1/23)

	
NA

	
0% (0/1)

	
2.4% (1/41)

	
23.5% (8/34)

	
10.5% (2/19)

	
0% (0/10)

	
0% (0/4)

	
20.6% (7/34)




	
Proteus spp.

	
IN

	
NA

	
NA

	
17.8% (8/45)

	
4.3% (2/46)

	
NA

	
25% (9/36)

	
8.1% (3/37)

	
13.2% (5/38)

	
18.2% (8/44)

	
5.3% (2/38)

	
0% (0/41)

	
8.5% (4/47)

	
38.1% (16/42)

	
27.6% (8/29)

	
29.4% (10/34)

	
33.3% (4/12)

	
IR

	
45.9% (17/37)




	
OUT

	
25% (1/4)

	
NA

	
66.7% (2/3)

	
33.3% (1/3)

	
NA

	
12.5% (1/8)

	
0% (0/2)

	
25% (3/12)

	
16.7% (2/12)

	
0% (0/7)

	
0% (0/3)

	
0% (0/3)

	
7.1% (1/14)

	
18.2% (2/11)

	
28.6% (2/7)

	
25% (1/4)

	
IR

	
45.5% (5/11)








Legend: The percentages represent the resistance. AMC = amoxicillin-clavulanic acid, AMP = ampicillin, PIP = piperacillin, PTZ = piperacillin-tazobactam, TIC = ticarcillin, CFZ = ceftazidime, CFP = cefepime, CFR = cefuroxime, CFX = ceftriaxone, IMI = imipenem, MER = meropenem, AMI = amikacin, GEN = gentamycin, CIP = ciprofloxacin, LEV = levofloxacin, NOR = norfloxacin, COL = colistin, TRS = trimethoprim/sulfamethoxazole, IR = intrinsic resistance, NA = not evaluated, IN = inpatients, OUT = outpatients. Bolded values are statistically different—Chi-square test.
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AMP

	
VAN

	
GEN

	
CIP

	
LEV

	
NOR

	
ERY

	
CLI






	
Enterococcus spp.

	
IN

	
17.8% (31/174)

	
1.5% (2/135)

	
41.7% (70/168)

	
72.1% (93/129)

	
65.9% (87/132)

	
76.7% (23/30)

	
80% (4/5)

	
5.9% (1/17)




	
OUT

	
6.5% (2/31)

	
0% (0/22)

	
9.7% (3/31)

	
42.9% (9/21)

	
29.2% (7/24)

	
33.3% 9/26)

	
NA

	
0% (0/2)








Legend: The percentages represent the resistance. NA = not evaluated, IN = inpatients, OUT = outpatients, bolded values are statistically different—chi-square test.













 





Table 7. Classification of the most common bacterial uropathogens into resistance phenotypes.
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	Bacterial Species
	ESBL
	CRO
	R-SXT
	R-AG
	R-FQ
	BL
	MDR
	XDR





	Escherichia coli
	16.9% (46/272)
	0.5% (2/374)
	35.6% (151/424)
	8.1% (42/520)
	28.3% (147/519)
	36.3% (193/532)
	22.1% (118/534)
	1.5% (8/534)



	Klebsiella spp.
	44% (48/109)
	14.1% (20/142)
	30.3% (43/142)
	17% (31/182)
	30.9% (55/178)
	23.1% (43/186)
	32.2% 60/186
	4.8% 9/186



	Proteus spp.
	7.7% (3/39)
	4.2% (2/48)
	45.8% (22/48)
	27.4% (17/62)
	27% (17/63)
	61.7% (37/60)
	12.7% (8/63)
	4.7% (3/63)



	Pseudomonas spp.
	35.3% (12/34)
	26.7% (12/37)
	IR
	40% (16/40)
	46.3% (19/41)
	100% (41/41)
	36.5% (15/41)
	26.8% (11/41)



	Serratia spp.
	33.3% (4/12)
	30.8% (4/13)
	25% (3/12)
	38.5% (5/13)
	53.8% (7/13)
	23.1% (3/13)
	23.1% (3/13)
	15.3% (2/13)



	Enterobacter spp.
	14.3% (1/7)
	0% (0/7)
	12.5% (1/8)
	11.1% (1/9)
	33.3% (3/9)
	NA
	11.1% (1/9)
	11.1% (1/9)



	Acinetobacter baumannii
	75% (6/8)
	57.1% (4/7)
	40% (2/5)
	66.7% (6/9)
	77.8% (7/9)
	100% (9/9)
	66.6% (6/9)
	44.4% (4/9)



	Morganella morganii
	20% (1/5)
	0%
	20% (1/5)
	0%
	16.7% ()1/6
	IR
	16.7% (1/6)
	0%



	S. aureus
	NA
	NA
	33.3% (6/18)
	26.3% (5/19)
	40% (8/20)
	90.5% (19/21)
	63.6% (14/22)
	0%



	S. agalactiae
	NA
	NA
	IR
	28.1% (9/32)
	44.2% (19/43)
	NA
	0%
	0%



	Enterococcus spp.
	NA
	NA
	IR
	36.7% (73/199)
	68.7% (134/195)
	12.2% (24/196)
	11.7% 24/205
	0%







Legend: ESBL = Extended-spectrum beta-lactamases producing Gram-negative bacilli, CRO = carbapenem-resistant organisms, R-SXT = resistance to sulfonamides, R-AG = resistance to aminoglycosides, R-FQ = resistance to fluoroquinolones, MDR = multidrug-resistant bacteria, XDR = extensively drug-resistant bacteria, IR = intrinsic resistance, NA = not applicable.
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