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Abstract

:

The Enterobacteriaceae Citrobacter freundii, Enterobacter cloacae, Klebsiella aerogenes, Morganella morganii, Providencia stuartii, and Serratia marcescens (CESPM group) produce numerous urinary tract infections (UTIs) which are difficult to treat due to their high multiresistance rate. The objectives of this study were to carry out a systematic review of antibiotic resistances by UTIs and to determine changes over time in urine cultures from a reference hospital in southern Spain. The literature was searched for European data on the resistance rates of each microorganism, and a retrospective cross-sectional descriptive study was performed in samples with suspicion of UTI from patients in Virgen de las Nieves University Hospital (Granada, Spain) between 2016 and the first half of 2021. Among 21,838 positive urine cultures, 1.85% were caused by E. cloacae, 0.77% by M. Morganii, 0.65% by K. aerogenes, 0.46% by C. freundii, 0.29% by P stuartii, and 0.25% by S. marcescens. The lowest resistance rates by microorganism were: E. cloacae to amikacin (3.47%) and imipenem (5.28%); M. morganii to piperacillin–tazobactam (1.79%), cefepime (4.76%), and tobramycin (7.74%); K. aerogenes to tobramycin (3.55%), gentamicin (4.25%), trimethoprim–sulfamethoxazole (4.96%), imipenem (5.75%), and cefepime (6.43%); C. freundii to imipenem (no resistance), nitrofurantoin (1.96%), fosfomycin (2.80%), and ertapenem (6.12%); P. stuartii to cefepime (3.28%) and ceftazidime (3.28%); and S. marcescens to gentamicin (1.8%), ciprofloxacin (3.64%), cefepime (3.70%), piperacillin–tazobactam (3.70%), and trimethoprim–sulfamethoxazole (5.45%). In our setting, CESMP Enterobacteriaceae showed the lowest resistance to piperacillin–tazobactam, cefepime, imipenem, gentamicin, and colistin, which can therefore be recommended for the empirical treatment of UTIs. The COVID-19 pandemic may have had a clinical impact in relation to the increased resistance of E. cloacae and M. morgani to some antibiotics.
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1. Introduction


Urinary tract infections (UTIs) are highly frequent [1], particularly among sexually active women of childbearing age [1,2]. It has been estimated that one-third of Primary Care visits are for infections, 10% of which are UTIs [3], and this does not take into account the numerous UTIs treated by self-medication or in hospital emergency departments, where 22% of treated infections are UTIs, the second most frequent after respiratory infections [1]. UTIs are the most common infection in hospitals, in which 80% are related to vesical catheters or other devices [4].



UTIs are generally of low severity, but they are highly prevalent. In Spain, over four million women aged between 20 and 40 years report acute cystitis every year, and one-quarter of them have relapses [1]. Severe complications can be caused by these infections, including sepsis or pyelonephritis, especially in vulnerable patients [5]. This is of special relevance, given changes in the profile of patients with UTIs towards older age groups with more comorbidities and risk factors for multiresistant microorganisms [1].



There has been a global increase in antibiotic resistance rates over the past few years, mainly in Gram-negative bacilli. Among these, the main UTI producer is Escherichia coli [4]. However, there is increasing interest in a group of Enterobacteriaceae responsible for 10% of nosocomial and community UTIs, known as the CESPM group (Citrobacter freundii, Klebsiella aerogenes, Enterobacter cloacae, Serratia marcescens, Providencia stuartii, and Morganella morganii). They are characterized by naturally producing chromosomal AmpC-inducible beta-lactamases [6,7,8], unlike Enterobacteriaceae which produce plasmid-origin AmpC beta-lactamases, for which various diagnostic methods are available [9].



According to the review by Jacoby et al. [8], AmpC beta-lactamases confer resistance to penicillin and cephalosporins (including cefotaxime, ceftazidime, or ceftriaxone). Although these proteins produce the weak hydrolysis of cefepime and carbapenems, their effectiveness is impaired by the presence of efflux pumps or pore loss on the external membrane. The production of these beta-lactamases can be induced by exposure to different beta-lactams, including penicillin, ampicillin, amoxicillin, cefazolin, cefoxitin, and imipenem. Beta-lactamase inhibitors such as clavulanic acid have been found to produce a paradoxical increase in AmpC.



UTIs are generally treated empirically, and active surveillance studies by microbiology laboratories are required to select the appropriate empirical approach. Resistance rates vary widely over time and among geographic regions, and it is essential to possess information on the resistance patterns of microorganisms in each setting. Clinicians need to know current resistance rates and recent changes to support their decision making.



The prescription of antibiotics increased during the COVID-19 pandemic, undermining the struggle against multiresistant microorganisms [10,11]. A large proportion of the mortality from this virus has been attributed to bacterial overinfections [12] that favor the overutilization of antibiotics [12,13,14], especially of beta-lactams which may induce AmpC overexpression.



The objectives of this study were to determine changes in the antibiotic resistance of UTIs produced by microorganisms of the CESPM group in a systematic review of the literature and to compare findings with data on clinical isolates obtained from urine cultures in our hospital between 2016 and the first half of 2021, assessing the possible impact of the COVID-19 pandemic on resistance rates.




2. Material and Methods


2.1. Systematic Review


The MEDLINE (PubMed) database was searched using the search terms “urinary tract infection” and “antibiotic resistance”, along with the full scientific names of the different species. Inclusion criteria were a publication date between 1 January 2010 and 30 June 2021; publication in Spanish, Portuguese, Italian, English, or French; and the provision of data on the antibiotic resistance rates of microorganisms. Exclusion criteria were the analysis of non-UTI samples; no separation of data between UTI-causing isolates and those responsible for other types of infections; and information from outside Europe (including Russia and Turkey). After the application of the eligibility criteria, four articles were retrieved on E. cloacae, six on M. morganii, three on K. aerogenes, three on C. freundii, and two on S. marcescens. No articles on P. stuartii met the eligibility criteria.




2.2. Analysis of data from the Virgen de las Nieves Hospital (HUVN) of Granada (Southern Spain)


A retrospective cross-sectional descriptive study was performed in consecutive urine samples with a suspected diagnosis of UTI processed by the hospital microbiology laboratory between 1 January 2016 and 30 June 2021. No exclusion criteria were applied. Sample processing always followed the standard laboratory protocol of our hospital [15]. Matrix-assisted laser desorption ionization (MALDI) Biotyper (Bruker Daltonics, Billerica, MA, USA) or MicroScan (Beckman Coulter, Barcelona, Spain) systems were employed to identify microorganisms grown in culture, and MicroScan was used to evaluate their antibiotic susceptibility. The minimum inhibitory concentration (MIC) was recorded for each antibiotic. Isolates were categorized as susceptible, intermediate, or resistant to antibiotics in accordance with Clinical and Laboratory Standards Institute (CLSI) recommendations for each year until 2019, and thereafter, in accordance with recommendations of the European Committee on Antimicrobial Susceptibility Testing (EUCAST) for each year.



Information on urine sample origin, microorganism, and patient age was collected from the MODULAB® system used by the Public Health System of Andalusia to support electronic clinical records. Data on UTI episodes were stratified by sex, age (≤14 years, 15–64 years, and ≥65 years), and origin (hospitalized vs. community). No clinical information was gathered to analyze clinical factors related to the presence of microorganisms.



The percentage resistance to the different antibiotics was compared by sex, age, and origin using Pearson’s chi-square test, applying Fisher’s exact test when chi-square test conditions were not met (≤20% of expected frequencies <5). R 4.4.1 software was used for data analyses, and p < 0.05 was considered significant.




2.3. Ethical Considerations


Ethical Approval


The study protocol was carried out in accordance with the Declaration of Helsinki [16]. This was a non-interventional study with no additional investigation to routine procedures. Biological material was only used for standard infection diagnostics ordered by the attending physician. There was no additional sampling or modification of the routine sampling protocol of the laboratory. Data analyses were based on an anonymous database. For these reasons, ethics committee approval was considered unnecessary according to national guidelines. The Clinical Microbiology Clinical Management Unit of the University Hospital Virgen de las Nieves of Granada (Spain) granted permission to access and use the data.





2.4. Informed Consent


The study protocol was carried out in accordance with the Helsinki Declaration [16]. Data analyses were performed using an anonymous database. Therefore, approval was considered unnecessary according to the guidelines of our country (Law on Data Protection -Organic Law 15/1999 of 13 December on the protection of data of a personal nature, available online: https://www.boe.es/buscar/doc.php?id=BOE-A-1999-23750 (accessed on 30 June 2021)).





3. Results


3.1. Global Prevalence


The HUVN microbiology laboratory processed 74,106 urine samples for suspicion of UTI between 1 January 2016 and 30 June 2021, with 21,838 (29.47%) testing positive.



Table 1 displays the number of clinical isolates and the percentage of positive urine cultures per microorganism. E. cloacae was isolated in 405 patients, representing 1.85% of positive urine cultures, while S. marcescens was isolated in 55 patients, representing 0.25% of positive urine cultures.



Table 2 lists the number and percentage of clinical isolates per microorganism according to patient sex and age and sample origin and type. E. cloacae (p = 0.001) and S. marcescens (p = 0.019) were more frequently detected in males, while C. freundii (p = 0.006) was more frequently isolated in females. All microorganisms were more frequent in the hospital setting, except for P. stuartii, which was more prevalent in community samples.




3.2. Enterobacter cloacae


3.2.1. Systematic Review


Tables S1 and S2 (Supplementary Material) list the four studies selected for review by year of publication. They report on a total of 948 clinical isolates of E. cloacae with antibiogram.



Although some antibiotics yielded resistance rates <10% (imipenem–relebactam, meropenem, doripenem, levofloxacin, and colistin), many were not effective in vitro against >50% of clinical isolates.




3.2.2. HUVN Laboratory Study


This study gathered 405 clinical isolates of Enterobacter cloacae with antibiogram. Table S3 exhibits the annualized general resistance rates, and Tables S4–S15 (Supplementary Material) show the results by category.



Statistical analysis by year revealed significantly increased resistances to cefuroxime (p < 0.001), ceftazidime (p < 0.001), cefepime (p < 0.001), piperacillin–tazobactam (p = 0.004), tobramycin (p < 0.001), gentamicin (p < 0.001), ciprofloxacin (p < 0.001), levofloxacin (p < 0.001), nitrofurantoin (p < 0.001), and trimethoprim–sulfamethoxazole (p < 0.001). Resistance to nalidixic acid was also increased (p = 0.003), reversing a previous downward trend. Lower resistance rates (<10%) were observed to amikacin (3.47%) and imipenem (5.28%).



Resistance rates were higher in the hospital versus community setting against ticarcillin (p = 0.043), cefuroxime (p = 0.017), cefotaxime (p = 0.006), ceftazidime (p = 0.017), cefepime (p = 0.001), piperacillin–tazobactam (p = 0.003), tobramycin (p = 0.001), gentamicin (p < 0.001), nalidixic acid (p = 0.009), levofloxacin (p = 0.006), and trimethoprim–sulfamethoxazole (p = 0.003). In addition, resistance to ticarcillin (p = 0.015) and gentamicin (p = 0.034) was higher in females than in males.



Higher resistance rates were observed in adults than in the elderly or children against ceftazidime (p < 0.001), cefepime (p = 0.027), piperacillin–tazobactam (p = 0.039), tobramycin (p = 0.016), gentamicin (p = 0.001), nalidixic acid (p = 0.032), ciprofloxacin (p = 0.009), levofloxacin (p < 0.001), and trimethoprim–sulfamethoxazole (p = 0.001). Higher resistance rates were recorded in adults and the elderly than in children against fosfomycin (p = 0.049), while isolates with intermediate susceptibility to nitrofurantoin were more frequent (p = 0.049) in children than in adults or the elderly.



For piperacillin–tazobactam and ciprofloxacin, the respective cutoff points of MIC 16 and 0.5 mg/dL correspond to areas of technical uncertainty (ATUs) according to EUCAST 2022, and these were observed for piperacillin–tazobactam (9.45%) and ciprofloxacin (4.45%) in the present sample.



Figure 1 depicts the upward trend over the years, especially between 2019 and 2021, in the percentage resistance of the antibiotics most frequently prescribed to treat UTIs caused by E. cloacae.





3.3. Morganella morganii


3.3.1. Systematic Review


Table S16 (Supplementary Material) lists the six studies selected for review, reporting on a total of 431 clinical isolates of M. morganii in Europe with antibiogram. Only two antibiotics had resistance rates >30%: amoxicillin–clavulanic acid (92.23%) and ampicillin (95.39%).




3.3.2. HUVN Laboratory Study


The laboratory identified 168 clinical isolates of M. morganii during the study period. Table S17 displays the annualized general resistance rates, and Tables S18–S29 (Supplementary Material) show the results by category.



No statistically significant differences were found by sex or by sample type or origin. The only statistically significant between-year difference was a major increase in resistance (p = 0.007) to cefuroxime during 2019 (96.67%), 2020 (96.15%), and 2021 (90.91%). The lowest resistance rates were against piperacillin–tazobactam (1.79%), cefepime (4.76%), and tobramycin (7.74%).



Resistance rates to imipenem were higher in adults than in the elderly or children (p = 0.016), higher in the elderly than in adults, and higher in adults than in children against nalidixic acid (p < 0.001), ciprofloxacin (p = 0.016), and trimethoprim–sulfamethoxazole (p = 0.040), respectively.



ATUs were observed for ciprofloxacin (7.23%) but not for piperacillin–tazobactam.



Figure 2 depicts the upward trend over the years, especially between 2020 and 2021, in the percentage resistance of the antibiotics most frequently prescribed to treat UTIs caused by M. morganii. We highlight the higher annualized general resistance of fosfomycin in comparison to the other antibiotics shown.





3.4. Klebsiella aerogenes


3.4.1. Systematic Review


Table S30 (Supplementary Material) lists the three studies selected for review, reporting on 270 clinical isolates of Klebsiella aerogenes in Europe.



The resistance rates were not high, only being >30% against ceftazidime (32.51%), ceftriaxone (50%), and ceftolozane–tazobactam (42.9%). The resistance rates to cefepime (4.63%) and carbapenems (4.7%) were very low.




3.4.2. HUVN Laboratory Study


The laboratory identified 141 isolates of Klebsiella aerogenes in samples with suspicion of UTI received during the study period. Table S31 lists the annualized general resistance rates, and Tables S32–S43 (Supplementary Material) show the results by category.



A significantly decreased annualized resistance rate was only observed for imipenem (p = 0.019). The lowest resistance rates were against tobramycin (3.55%), gentamicin (4.25%), trimethoprim–sulfamethoxazole (4.96%), imipenem (5.75%), and cefepime (6.43%).



The resistance rates were higher for males versus females against cefuroxime (p < 0.0001), cefixime (p = 0.038), cefotaxime (p = 0.003), ceftazidime (p = 0.003), cefepime (p = 0.033), piperacillin–tazobactam (p = 0.004), and fosfomycin (p = 0.031).



The resistance rates were higher in hospital versus community samples against ticarcillin (p = 0.009), cefuroxime (p = 0.017), cefixime (p = 0.035), cefotaxime (p < 0.001), ceftazidime (p < 0.001), and piperacillin–tazobactam (p = 0.003). No differences were detected among age groups.



ATUs were observed for piperacillin–tazobactam (13.47%) and ciprofloxacin (2.84%).



Figure 3 depicts the downward trend over the years, especially between 2020 and 2021, in the percentage resistance of the antibiotics most frequently prescribed to treat UTI caused by K. aerogenes.





3.5. Citrobacter freundii


3.5.1. Systematic Review


Table S44 (Supplementary Material) lists the three studies selected for review, reporting on the resistance of C. freundii in urine cultures. The resistance rates were only >30% against ceftazidime (33.13%), ceftriaxone (38.5%), and ceftolozane–tazobactam (30.8%). No tested isolate was resistant to carbapenems or colistin.




3.5.2. HUVN Laboratory Study


The laboratory identified 107 clinical isolates of C. freundii during the study period. Table S45 exhibits the annualized general resistance rates, and Tables S46–S57 (Supplementary Material) show the results by category.



All isolates were susceptible to imipenem, and low resistance rates were observed against nitrofurantoin (1.96%), fosfomycin (2.80%), ertapenem (6.12%), colistin (8%), gentamicin (8.41%), piperacillin–tazobactam (9.35%), and tobramycin (9.35%).



No significant differences in resistance rates were found among years or age groups. The resistance rates were higher in females versus males against cefixime (p = 0.013) and in hospital versus community samples against cefuroxime (p = 0.014), cefotaxime (p=0.016), and ceftazidime (p = 0.005).



ATUs were observed for piperacillin–tazobactam (8.05%) and ciprofloxacin (3.74%).



Figure 4 depicts the upward trend in percentage resistance to ciprofloxacin, nitrofurantoin, and fosfomycin and the downward trend in resistance to trimethoprim–sulfamethoxazole, gentamicin, and cefepime between 2020 and 2021.





3.6. Providencia stuartii


3.6.1. Systematic Review


No study was traced on the resistance of P. stuartii in urine cultures in Europe.




3.6.2. HUVN Laboratory Study


The laboratory identified 64 isolates of P. stuartii during the study period. Table S58 displays the annualized general resistance rates, and Tables S59–S70 (Supplementary Material) show the results by category. No significant differences were found by age, sex, sample, or year. No resistance was observed to ertapenem or piperacillin–tazobactam, while the resistance rates were low against cefepime (3.28%) and ceftazidime (3.28%) but much higher against imipenem (19.64%).



ATUs were observed for ciprofloxacin (17.46%) but not for piperacillin–tazobactam.





3.7. Serratia marcescens


3.7.1. Systematic Review


Table S71 (Supplementary Material) exhibits the two studies selected for review, which reported resistance rates that were relatively low, observing a rate of >30% against colistin alone (98.03%).




3.7.2. HUVN Laboratory Study


The laboratory identified 55 clinical isolates of Serratia marcescens during the study period. Table S72 lists the annualized general resistance rates, and Tables S73–S84 (Supplementary Material) show the results by category.



The resistance against cefoxitin only increased (p < 0.001) over the years, reaching 100% in 2020 and 2021. No statistically significant changes were observed against the other antibiotics studied. All isolates were susceptible to imipenem, and the resistance rates were very low against gentamicin (1.8%), ciprofloxacin (3.64%), cefepime (3.70%), piperacillin–tazobactam (3.70%), and trimethoprim–sulfamethoxazole (5.45%).



ATUs were observed for piperacillin–tazobactam (3.70%) but not for ciprofloxacin.






4. Discussion


4.1. Antibiotic Resistances of Chromosomal AmpC-Producing Enterobacteriaceae E. cloacae


Cutoff points for E. cloacae followed EUCAST [17,18] guidelines in two studies and recommendations of the CLSI [19] and the Comité de l’antibiogramme de la Société Française de Microbiologie (CA-SFM) [20] in one study each. Resistance rates for E. cloacae were lower in our hospital than in the systematic review against all antibiotics except for cefepime, tobramycin, and colistin, which showed slightly higher resistance rates in our setting. Resistance rates were higher in one study than in the others, possibly because it only included the elderly [20]. An increase in resistance rates against numerous antibiotics has been detected over the past few years, which may be related to a wider prescription of antibiotics during the COVID-19 pandemic. Comparisons with data from the same laboratory in previous years [19] reveal an increase in resistance to fosfomycin (from 28 to 32.51%) and cefepime (20 to 26.48%). One of the largest reductions in the resistance rate was against gentamicin (18 to 10.62%) and imipenem (8 to 5.28%), while no major differences were observed for the other antibiotics. According to these findings, the lowest resistance rates (<10%) were against amikacin (3.47%) and imipenem (5.28%), which may therefore be the best choice for the empirical treatment of E. cloacae, with colistin (12.67%) being another possible option.




4.2. M. morganii


Cutoff points for M. morganii followed CLSI guidelines in all studies [19,21,22,23] except for two that followed EUCAST recommendations [17,24]. In comparison to the studies in the review, isolates detected in the HUVN laboratory had higher resistance rates against cefotaxime, imipenem, gentamicin, fosfomycin, ciprofloxacin, and trimethoprim–sulfamethoxazole but lower rates against ceftazidime, cefepime, piperacillin–tazobactam, and tobramycin. The resistance rate against imipenem was higher in adults than in the elderly or children but showed a general trend towards a reduction (29.41 to 9.09%) over the past few years. There was an increase in the resistance to cefuroxime, cefotaxime, ceftazidime, cefepime, tobramycin, and nitrofurantoin in 2020 and 2021, possibly attributable to a greater exposure to at-home and oral versus hospital and intravenous treatments. Resistance rates to fluroquinolones and trimethoprim–sulfamethoxazole were higher in the elderly than in adults or children. A comparison with data from the same laboratory in previous years [19] revealed a marked increase in the resistance of M. morganii to gentamicin, fosfomycin, nalidixic acid, ciprofloxacin, imipenem, and trimethoprim–sulfamethoxazole, especially to fosfomycin (from 4 to 80.61%), nalidixic acid (18 to 46.95%), and trimethoprim–sulfamethoxazole (14 to 33.33%). In contrast, resistance rates decreased against tobramycin (22 to 7.74%), piperacillin–tazobactam (19 to 1.79%), and cefepime (10 to 4.76%).



Antibiotics with in vitro resistance rates <10% were observed against piperacillin–tazobactam, cefepime, and tobramycin, which may be appropriate empirical treatments of M. morganii, whereas fosfomycin cannot be recommended.




4.3. K. aerogenes


Cutoff points for K. aerogenes followed CLSI guidelines in two studies [18,19] and EUCAST guidelines in the other [17]. In comparison to the reviewed studies, the resistance rates of K. aerogenes isolates detected in the HUVN laboratory were higher against cefepime, ertapenem, fosfomycin, and colistin but lower against the other antibiotics under study.



Resistance rates to third- and fourth-generation cephalosporins and piperacillin–tazobactam were higher in males versus females and in hospital versus community samples. The comparison with previous data from the same laboratory [19] showed a decrease in resistances against gentamicin, tobramycin, nitrofurantoin, imipenem, piperacillin–tazobactam, and trimethoprim–sulfamethoxazole, most markedly against nitrofurantoin (47 to 16.15%), imipenem (18 to 10.64%), and piperacillin–tazobactam (18 to 10.64%), but an increase in resistance rate to fosfomycin (13 to 18.44%). The resistance patterns of this bacterium in our setting indicate numerous antibiotics had a resistance rates <10% against K. aerogenes in our setting, and cefepime, imipenem, piperacillin–tazobactam, gentamicin, tobramycin, ciprofloxacin, and trimethoprim–sulfamethoxazole may all be appropriate empirical treatments.




4.4. C. freundii


Three of the reviewed studies reported on 218 clinical isolates of C. freundii in Europe. Cutoff points followed CLSI guidelines [18,19] in two of the studies, while EUCAST guidelines were followed by other. In comparison to the reviewed studies, the resistance rates of C. freundii isolates detected in the HUVN laboratory were higher against cefepime, ertapenem, amikacin, tobramycin, levofloxacin, and colistin and lower against ceftazidime, imipenem, piperacillin–tazobactam, gentamicin, and nitrofurantoin. Differences were almost nonexistent. Very low resistance rates (<1.5%) were observed against nalidixic acid, fosfomycin, ciprofloxacin, and trimethoprim–sulfamethoxazole. Significantly higher resistance rates to cefixime, cefotaxime, and ceftazidime were found in females versus males. The comparison with previous data from the same laboratory [19] showed an absence of resistances to imipenem; a reduction in resistance rates to gentamicin (16 to 8.41%), tobramycin (15 to 9.3%), fosfomycin (7 to 2.8%), and nitrofurantoin (7 to 1.96%); and an increase in resistance to cefepime (4 to 14.95%). The antibiotics with resistance rates <10% that can be recommended for empirical treatment are gentamicin, tobramycin, amikacin, fosfomycin, nitrofurantoin, imipenem, ertapenem, piperacillin–tazobactam, and colistin.




4.5. P. stuartii


An insufficient number of cases of P. stuartii have been reported in the literature to reveal any trends in antibiotic resistances. The information obtained in our hospital indicates resistance rates <10% to ceftazidime and cefepime and no resistance to ertapenem or piperacillin–tazobactam.




4.6. S. marcescens


The systematic review retrieved two European studies with a total sample of 152 isolates of S. marcescens. Cutoff points in CLSI [18] guidelines were applied in one study, and those recommended by EUCAST [17] were applied in the other. In comparison to the systematic review, S. marcescens had lower resistance rates in the HUVN samples to all tested antibiotics except for ceftazidime, which were almost the same, and tobramycin, which demonstrated much higher rates in our setting (100 vs. 12.2%). The resistance rates to cefepime, imipenem, piperacillin–tazobactam, gentamicin, ciprofloxacin, and colistin were <10%.



Piperacillin–tazobactam appears appropriate for the empirical treatment of chromosomal AmpC-producing Enterobacteriaceae in our setting (in vitro resistance <10%), except for E. cloacae. Prospective studies reveal a low risk of clinical failure due to emerging resistance [25]. A Canadian study of 2394 urinary tract isolates between 2007 and 2009 observed resistance rates to piperacillin–tazobactam of 7.4 % for E. cloacae, 10.3% for Citrobacter spp., and 4.2% for M. morganii [26]. Piperacillin–tazobactam has been found to preserve its activity against M. morganii even when high levels of its AmpC enzyme are expressed [27]. An in vitro study in an animal model found that piperacillin–tazobactam did not select resistant mutants of E. cloacae as effectively as cephalosporin [28].



In the hospital laboratory series, ATUs observed for piperacillin–tazobactam occurred in 9.45% of E. cloacae isolates, 13.47% of K. aerogenes isolates, and 8.05% of C. freundii isolates. These cases require an additional test for confirmation or a change in clinical category [29].




4.7. Possible Impact of the COVID-19 Pandemic on Antibiotic Resistances


Recommendations by the Spanish Agency of Medicines and Medical Devices for optimal antibiotic prescriptions during the COVID-19 pandemic (2020 and 2021) emphasized that excessive or inappropriate prescriptions could favor the emergence of resistant bacteria, compromising the effectiveness of treatments [30].



In the present hospital series, increased resistance rates were observed in 2020 and 2021 for E. cloacae against cefuroxime, ceftazidime, cefepime, piperacillin–tazobactam, tobramycin, nalidixic acid, ciprofloxacin, levofloxacin, and trimethoprim–sulfamethoxazole and for M. morganii against cefuroxime, cefotaxime, ceftazidime, cefepime, tobramycin, and nitrofurantoin. No significant trend attributable to antibiotic use during the pandemic was observed for K. aerogenes, C. freundii, P. stuartii, or S. marcescens.




4.8. Limitations


No data were gathered on the antibiotic therapy applied in clinical practice, preventing the direct correlation of susceptibility/resistance results in vitro with therapeutic success or failure in vivo.



Information was collected in 2020 and the first half of 2021, i.e., during the COVID-19 pandemic, but data from the whole of 2021 should be studied to fully elucidate its effect on the development of antibiotic resistance. Furthermore, the study of UTIs due to P. stuartii and S. marcescens was limited by small sample sizes, preventing the evaluation of the effects of patient age and sex or sample origin and type.



The search of the literature traced relatively few articles (maximum of six) on each microorganism, and no European studies on P. stuartii were found.





5. Conclusions


In comparison to the data gathered in our systematic review of European studies, the overall resistance rates in our hospital were higher against cefepime, tobramycin, fosfomycin, colistin, and ertapenem. This is likely attributable to the greater utilization of these antibiotics against UTIs treated in our hospital.



In patients with suspicion of UTI caused by CEMPS microorganisms, clinicians should initially consider empirical antibiotic therapy administered via the parenteral route. This is because none of the antibiotics that showed the lowest resistance rates in vitro (piperacillin–tazobactam, cefepime, imipenem, and gentamycin), and may therefore be most useful as empirical therapy, can be administered orally.



The clinical impact of the COVID-19 pandemic influenced an upward trend in the antibiotic resistance of UTIs produced by some microorganisms of the CEMPS group. This especially affected empirical treatments with second- and third-generation cephalosporins and fluoroquinolones, which we would not recommend as first choices for empirical antibiotic therapy.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/antibiotics12040730/s1, Table S1: Systematic review of the resistance rates to beta-lactams (%) of E. cloacae in urine cultures. Table S2: Systematic review of the resistance rates to non-beta-lactams (%) of E. cloacae in urine cultures. Table S3: General annualized resistances (%) of E. cloacae during 2016–2021. Table S4: Resistances to beta-lactams (%) of E. cloacae in 2016. Table S5: Resistances to beta-lactams (%) of E. cloacae in 2017. Table S6: Resistances to beta-lactams (%) of E. cloacae in 2018. Table S7: Resistances to beta-lactams (%) of E. cloacae in 2019. Table S8: Resistances to beta-lactams (%) of E. cloacae in 2020. Table S9: Resistances to beta-lactams (%) of E. cloacae in 2021. Table S10: Resistances to non-beta-lactams (%) of E. cloacae in 2016. Table S11: Resistances to non-beta-lactams (%) of E. cloacae in 2017. Table S12: Resistances to non-beta-lactams (%) of E. cloacae in 2018. Table S13: Resistances to non-beta-lactams (%) of E. cloacae in 2019. Table S14: Resistances to non-beta-lactams (%) of E. cloacae in 2020. Table S15: Resistances to non-beta-lactams (%) of E. cloacae in 2021. Table S16: Systematic review of the resistance rates (%) of M. morganii in urine cultures. Table S17: General annualized resistances (%) of M. morganii during 2016–2021. Table S18: Resistances to beta-lactams (%) of M. morganii in 2016. Table S19: Resistances to beta-lactams (%) of M. morganii in 2017. Table S20: Resistances to beta-lactams (%) of M. morganii in 2018. Table S21: Resistances to beta-lactams (%) of M. morganii in 2019. Table S22: Resistances to beta-lactams (%) of M. morganii in 2020. Table S23: Resistances to beta-lactams (%) of M. morganii in 2021. Table S24: Resistances to non-beta-lactams (%) of M. morganii in 2016. Table S25: Resistances to non-beta-lactams (%) of M. morganii in 2017. Table S26: Resistances to non-beta-lactams (%) of M. morganii in 2018. Table S27: Resistances to non-beta-lactams (%) of M. morganii in 2019. Table S28: Resistances to non-beta-lactams (%) of M. morganii in 2020. Table S29: Resistances to non-beta-lactams (%) of M. morganii in 2021. Table S30: Systematic review of the resistance rates (%) of K. aerogenes in urine cultures Table S31: General annualized resistances (%) of K. aerogenes during 2016–2021 Table S32: Resistances to beta-lactams (%) of K. aerogenes in 2016. Table S33: Resistances to beta-lactams (%) of K. aerogenes in 2017. Table S34: Resistances to beta-lactams (%) of K. aerogenes in 2018. Table S35: Resistances to beta-lactams (%) of K. aerogenes in 2019. Table S36: Resistances to beta-lactams (%) of K. aerogenes in 2020. Table S37: Resistances to beta-lactams (%) of K. aerogenes in 2021. Table S38: Resistances to non-beta-lactams (%) of K. aerogenes in 2016. Table S39: Resistances to non-beta-lactams (%) of K. aerogenes in 2017. Table S40: Resistances to non-beta-lactams (%) of K. aerogenes in 2018. Table S41: Resistances to non-beta-lactams (%) of K. aerogenes in 2019. Table S42: Resistances to non-beta-lactams (%) of K. aerogenes in 2020. Table S43: Resistances to non-beta-lactams (%) of K. aerogenes in 2021. Table S44: Systematic review of the resistance rates (%) of C. freundii in urine cultures. Table S45: General annualized resistances (%) of C. freundii during 2016–2021. Table S46: Resistances to beta-lactams (%) of C. freundii in 2016. Table S47: Resistances to beta-lactams (%) of C. freundii in 2017. Table S48: Resistances to beta-lactams (%) of C. freundii in 2018. Table S49: Resistances to beta-lactams (%) of C. freundii in 2019. Table S50: Resistances to beta-lactams (%) of C. freundii in 2020. Table S51: Resistances to beta-lactams (%) of C. freundii in 2021. Table S52: Resistances to non-beta-lactams (%) of C. freundii in 2016. Table S53: Resistances to non-beta-lactams (%) of C. freundii in 2017. Table S54: Resistances to non-beta-lactams (%) of C. freundii in 2018. Table S55: Resistances to non-beta-lactams (%) of C. freundii in 2019. Table S56: Resistances to non-beta-lactams (%) of C. freundii in 2020. Table S57: Resistances to non-beta-lactams (%) of C. freundii in 2021. Table S58: General annualized resistances (%) of P. stuartii during 2016–2021. Table S59: Resistances to beta-lactams (%) of P. stuartii in 2016. Table S60: Resistances to beta-lactams (%) of P. stuartii in 2017. Table S61: Resistances to beta-lactams (%) of P. stuartii in 2018. Table S62: Resistances to beta-lactams (%) of P. stuartii in 2019. Table S63: Resistances to beta-lactams (%) of P. stuartii in 2020. Table S64: Resistances to beta-lactams (%) of P. stuartii in 2021. Table S65: Resistances to non-beta-lactams (%) of P. stuartii in 2016. Table S66: Resistances to non-beta-lactams (%) of P. stuartii in 2017. Table S67: Resistances to non-beta-lactams (%) of P. stuartii in 2018. Table S68: Resistances to non-beta-lactams (%) of P. stuartii in 2019. Table S69: Resistances to non-beta-lactams (%) of P. stuartii in 2020. Table S70: Resistances to non-beta-lactams (%) of P. stuartii in 2021. Table S71: Systematic review of the resistance rates (%) of S. marcescens in urine cultures. Table S72: General annualized resistances (%) of S. marcescens during 2016–2021. Table S73: Resistances to beta-lactams (%) of S. marcescens in 2016. Table S74: Resistances to beta-lactams (%) of S. marcescens in 2017. Table S75: Resistances to beta-lactams (%) of S. marcescens in 2018. Table S76: Resistances to beta-lactams (%) of S. marcescens in 2019. Table S77: Resistances to beta-lactams (%) of S. marcescens in 2020. Table S78: Resistances to beta-lactams (%) of S. marcescens in 2021. Table S79: Resistances to non-beta-lactams (%) of S. marcescens in 2016. Table S80: Resistances to non-beta-lactams (%) of S. marcescens in 2017. Table S81: Resistances to non-beta-lactams (%) of S. marcescens in 2018. Table S82: Resistances to non-beta-lactams (%) of S. marcescens in 2019. Table S83: Resistances to non-beta-lactams (%) of S. marcescens in 2020. Table S84: Resistances to non-beta-lactams (%) of S. marcescens in 2021.





Author Contributions


Conceptualization, J.G.-F.; methodology, E.R.-G. and H.R.C.; software, J.G.-F.; validation, E.R.-G., H.R.C. and J.G.-F.; formal analysis, M.E.-R.; investigation, E.R.-G., H.R.C. and J.G.-F.; resources, J.M.N.-M. and J.G.-F.; data curation, E.R.-G. and H.R.C.; writing—original draft, E.R.-G. and H.R.C.; writing—review and editing, J.M.N.-M. and J.G.-F.; visualization, J.G.-F.; supervision, J.M.N.-M. and J.G.-F.; project administration, J.M.N.-M. and J.G.-F. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data presented in this study are available in the main text.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Características y Cambios Epidemiológicos de Los Pacientes Con Infección Del Tracto Urinario En Los Servicios de Urgencias Hospitalarios [Internet]. Available online: https://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S1137-66272016000100005 (accessed on 30 June 2021).

	



de Cueto, M.; Aliaga, L.; Alós, J.-I.; Canut, A.; Los-Arcos, I.; Martínez, J.A.; Mensa, J.; Pintado, V.; Rodriguez-Pardo, D.; Yuste, J.R.; et al. Executive Summary of the Diagnosis and Treatment of Urinary Tract Infection: Guidelines of the Spanish Society of Clinical Microbiology and Infectious Diseases (SEIMC). Enferm. Infecc. Microbiol. Clin. 2017, 35, 314–320. [Google Scholar] [CrossRef]

	



Alós, J.I. Epidemiología y etiología de la infección urinaria comunitaria. Sensibilidad antimicrobiana de los principales patógenos y significado clínico de la resistencia. Enferm. Infecc. Microbiol. Clínica 2005, 23, 3–8. [Google Scholar] [CrossRef]

	



Vásquez, V.; Ampuero, D.; Padilla, B. Urinary Tract Infections in Inpatients: That Challenge. Rev. Esp. Quim. Publ. Soc. Esp. Quim. 2017, 30 (Suppl. 1), 39–41. [Google Scholar]

	



Sante, L.; Lecuona, M.; Jaime, A.A.; Arias, Á. Factores de Riesgo En Bacteriemias Nosocomiales Secundarias a ITU En Un Hospital Terciario. Rev. Esp. Quim. 2019, 32, 311–316. [Google Scholar]

	



Dos Santos, G.S.; Solidônio, E.G.; Costa, M.C.; Melo, R.O.; de Souza, I.F.; Silva, G.; Sena, K.X. Study of the Enterobacteriaceae Group CESP. (Citrobacter, Enterobacter, Serratia, Providencia, Morganella and Hafnia): A Review. In The Battle against Microbial Pathogens: Basic Science, Technological Advances and Educational Programs; Méndez-Vilas, A., Ed.; Federal University of Pernambuco: Recife, Brazil, 2015; pp. 794–805. [Google Scholar]

	



Gajdács, M.; Urbán, E. Resistance Trends and Epidemiology of Citrobacter-Enterobacter-Serratia in Urinary Tract Infections of Inpatients and Outpatients (RECESUTI): A 10-Year Survey. Med. Kaunas Lith. 2019, 55, 285. [Google Scholar] [CrossRef]

	



Jacoby, G.A. AmpC Beta-Lactamases. Clin. Microbiol. Rev. 2009, 22, 161–182. [Google Scholar] [CrossRef]

	



Rodríguez-Guerrero, E.; Callejas-Rodelas, J.C.; Navarro-Marí, J.M.; Gutiérrez-Fernández, J. Systematic Review of Plasmid AmpC Type Resistances in Escherichia Coli and Klebsiella Pneumoniae and Preliminary Proposal of a Simplified Screening Method for AmpC. Microorganisms 2022, 10, 611. [Google Scholar] [CrossRef]

	



Rawson, T.M.; Ming, D.; Ahmad, R.; Moore, L.S.P.; Holmes, A.H. Antimicrobial Use, Drug-Resistant Infections and COVID-19. Nat. Rev. Microbiol. 2020, 18, 409–410. [Google Scholar] [CrossRef]

	



Lucien, M.A.B.; Canarie, M.F.; Kilgore, P.E.; Jean-Denis, G.; Fénélon, N.; Pierre, M.; Cerpa, M.; Joseph, G.A.; Maki, G.; Zervos, M.J.; et al. Antibiotics and Antimicrobial Resistance in the COVID-19 Era: Perspective from Resource-Limited Settings. Int. J. Infect. Dis. IJID Off. Publ. Int. Soc. Infect. Dis. 2021, 104, 250–254. [Google Scholar] [CrossRef]

	



Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical Course and Risk Factors for Mortality of Adult Inpatients with COVID-19 in Wuhan, China: A Retrospective Cohort Study. Lancet 2020, 395, 1054–1062. [Google Scholar] [CrossRef]

	



Hughes, S.; Troise, O.; Donaldson, H.; Mughal, N.; Moore, L.S.P. Bacterial and Fungal Coinfection among Hospitalized Patients with COVID-19: A Retrospective Cohort Study in a UK Secondary-Care Setting. Clin. Microbiol. Infect. Off. Publ. Eur. Soc. Clin. Microbiol. Infect. Dis. 2020, 26, 1395–1399. [Google Scholar] [CrossRef]

	



Chen, N.; Zhou, M.; Dong, X.; Qu, J.; Gong, F.; Han, Y.; Qiu, Y.; Wang, J.; Liu, Y.; Wei, Y.; et al. Epidemiological and Clinical Characteristics of 99 Cases of 2019 Novel Coronavirus Pneumonia in Wuhan, China: A Descriptive Study. Lancet 2020, 395, 507–513. [Google Scholar] [CrossRef]

	



Rosales-Castillo, A.; Jiménez-Guerra, G.; Ruiz-Gómez, L.; Expósito-Ruíz, M.; Navarro-Marí, J.M.; Gutiérrez-Fernández, J. Emerging Presence of Culturable Microorganisms in Clinical Samples of the Genitourinary System: Systematic Review and Experience in Specialized Care of a Regional Hospital. J. Clin. Med. 2022, 11, 1348. [Google Scholar] [CrossRef]

	



World Medical Association. World Medical Association Declaration of Helsinki: Ethical Principles for Medical Research Involving Human Subjects. JAMA 2013, 310, 2191–2194. [Google Scholar] [CrossRef]

	



Seifert, H.; Körber-Irrgang, B.; Kresken, M. German Ceftolozane/Tazobactam Study Group In-Vitro Activity of Ceftolozane/Tazobactam against Pseudomonas Aeruginosa and Enterobacteriaceae Isolates Recovered from Hospitalized Patients in Germany. Int. J. Antimicrob. Agents 2018, 51, 227–234. [Google Scholar] [CrossRef]

	



Lob, S.H.; Karlowsky, J.A.; Young, K.; Motyl, M.R.; Hawser, S.; Kothari, N.D.; Sahm, D.F. In Vitro Activity of Imipenem-Relebactam against Resistant Phenotypes of Enterobacteriaceae and Pseudomonas Aeruginosa Isolated from Intraabdominal and Urinary Tract Infection Samples—SMART Surveillance Europe 2015–2017. J. Med. Microbiol. 2020, 69, 207–217. [Google Scholar] [CrossRef]

	



Jiménez-Guerra, G.; Borrego-Jiménez, J.; Gutiérrez-Soto, B.; Expósito-Ruiz, M.; Navarro-Marí, J.M.; Gutiérrez-Fernández, J. Susceptibility Evolution to Antibiotics of Enterobacter Cloacae, Morganella Morganii, Klebsiella Aerogenes and Citrobacter Freundii Involved in Urinary Tract Infections: An 11-Year Epidemiological Surveillance Study. Enferm. Infecc. Microbiol. Clin. Engl. Ed. 2020, 38, 166–169. [Google Scholar] [CrossRef]

	



Gravey, F.; Loggia, G.; de La Blanchardière, A.; Cattoir, V. Bacterial Epidemiology and Antimicrobial Resistance Profiles of Urinary Specimens of the Elderly. Med. Mal. Infect. 2017, 47, 271–278. [Google Scholar] [CrossRef]

	



Demir, T.; Buyukguclu, T. Evaluation of the in Vitro Activity of Fosfomycin Tromethamine against Gram-Negative Bacterial Strains Recovered from Community- and Hospital-Acquired Urinary Tract Infections in Turkey. Int. J. Infect. Dis. IJID Off. Publ. Int. Soc. Infect. Dis. 2013, 17, e966–e970. [Google Scholar] [CrossRef]

	



Flamm, R.K.; Sader, H.S.; Farrell, D.J.; Jones, R.N. Ceftazidime-Avibactam and Comparator Agents Tested against Urinary Tract Isolates from a Global Surveillance Program (2011). Diagn. Microbiol. Infect. Dis. 2014, 80, 233–238. [Google Scholar] [CrossRef]

	



Mantadakis, E.; Vouloumanou, E.K.; Panopoulou, M.; Tsouvala, E.; Tsalkidis, A.; Chatzimichael, A.; Falagas, M.E. Susceptibility Patterns of Uropathogens Identified in Hospitalised Children with Community-Acquired Urinary Tract Infections in Thrace, Greece. J. Glob. Antimicrob. Resist. 2015, 3, 85–90. [Google Scholar] [CrossRef]

	



Hrbacek, J.; Cermak, P.; Zachoval, R. Current Antibiotic Resistance Patterns of Rare Uropathogens: Survey from Central European Urology Department 2011–2019. BMC Urol. 2021, 21, 61. [Google Scholar] [CrossRef]

	



Harris, P.N.A.; Ferguson, J.K. Antibiotic Therapy for Inducible AmpC β-Lactamase-Producing Gram-Negative Bacilli: What Are the Alternatives to Carbapenems, Quinolones and Aminoglycosides? Int. J. Antimicrob. Agents 2012, 40, 297–305. [Google Scholar] [CrossRef]

	



Karlowsky, J.A.; Lagacé-Wiens, P.R.S.; Simner, P.J.; DeCorby, M.R.; Adam, H.J.; Walkty, A.; Hoban, D.J.; Zhanel, G.G. Antimicrobial Resistance in Urinary Tract Pathogens in Canada from 2007 to 2009: CANWARD Surveillance Study. Antimicrob. Agents Chemother. 2011, 55, 3169–3175. [Google Scholar] [CrossRef]

	



Livermore, D.M. Beta-Lactamase-Mediated Resistance and Opportunities for Its Control. J. Antimicrob. Chemother. 1998, 41 (Suppl. D), 25–41. [Google Scholar] [CrossRef]

	



Stearne, L.E.T.; van Boxtel, D.; Lemmens, N.; Goessens, W.H.F.; Mouton, J.W.; Gyssens, I.C. Comparative Study of the Effects of Ceftizoxime, Piperacillin, and Piperacillin-Tazobactam Concentrations on Antibacterial Activity and Selection of Antibiotic-Resistant Mutants of Enterobacter Cloacae and Bacteroides Fragilis in Vitro and in Vivo in Mixed-Infection Abscesses. Antimicrob. Agents Chemother. 2004, 48, 1688–1698. [Google Scholar] [CrossRef]

	



Van Honacker, E.; Vandendriessche, S.; Coorevits, L.; Verhasselt, B.; Boelens, J. Impact of the Introduction of EUCAST’s Concept of “Area of Technical Uncertainty”. Eur. J. Clin. Microbiol. Infect. Dis. Off. Publ. Eur. Soc. Clin. Microbiol. 2022, 41, 203–207. [Google Scholar] [CrossRef]

	



Agencia Española de Medicamentos y Productos Sanitarios Resistencia Bacteriana y COVID-19: Recomendaciones Del PRAN Para El Uso Prudente de Los Antibióticos Durante La Pandemia 2020. Available online: https://www.aemps.gob.es/informa/resistencia-bacteriana-y-covid-19-recomendaciones-del-pran-para-el-uso-prudente-de-los-antibioticos-durante-la-pandemia/ (accessed on 30 June 2021).








[image: Antibiotics 12 00730 g001 550] 





Figure 1. General annualized resistances (%) of Enterobacter cloacae during 2016–2021 against the antibiotics most frequently used to treat UTIs. FEP = cefepime; TZP = piperacillin–tazobactam; CIP = ciprofloxacin; FOF = fosfomycin; NIT = nitrofurantoin; SXT = trimethoprim–sulfamethoxazole. 
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Figure 2. General annualized resistances (%) of Morganella morganii between 2016 and 2021 against the antibiotics most frequently used to treat UTIs. FEP = cefepime; TZP = piperacillin–tazobactam; FOF = fosfomycin; SXT = trimethoprim–sulfamethoxazole. 
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Figure 3. General annualized resistances (%) of Klebsiella aerogenes between 2016 and 2021 against the antibiotics most frequently used to treat UTIs. FEP = cefepime; TZP = piperacillin–tazobactam; GEN: gentamicin CIP = ciprofloxacin; FOF = fosfomycin; NIT = nitrofurantoin; SXT = trimethoprim–sulfamethoxazole; CST = colistin. 
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Figure 4. General annualized resistances (%) of Citrobacter freundii between 2016 and 2021 against the antibiotics most frequently used to treat UTIs. FEP = cefepime; TZP = piperacillin–tazobactam; GEN: gentamicin CIP = ciprofloxacin; FOF = fosfomycin; NIT = nitrofurantoin; SXT = trimethoprim–sulfamethoxazole. 
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Table 1. Number of clinical isolates and percentage of those positive for tested microorganisms each year.
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Year (N° Positive Cultures)




	
Microorganisms

	
2016

(n = 3811)

	
2017

(n = 4581)

	
2018

(n = 3851)

	
2019

(n = 4201)

	
2020

(n = 3654)

	
2021

(n = 1740)

	
Total

(n = 21,838)






	
E. cloacae

	
50 (1.31)

	
74 (1.62)

	
68 (1.77)

	
88 (2.09)

	
88 (2.41)

	
37 (2.13)

	
405 (1.85)




	
M. morganii

	
34 (0.89)

	
37 (0.81)

	
29 (0.75)

	
31 (0.74)

	
26 (0.71)

	
11 (0.63)

	
168 (0.77)




	
K. aerogenes

	
23 (0.6)

	
24 (0.52)

	
21 (0.55)

	
37 (0.88)

	
23 (0.63)

	
13 (0.75)

	
141 (0.65)




	
C. freundii

	
12 (0.31)

	
18 (0.39)

	
25 (0.65)

	
26 (0.62)

	
14 (38)

	
5 (0.29)

	
100 (0.46)




	
P. stuartii

	
12 (0.31)

	
19 (0.41)

	
13 (0.34)

	
8 (0.19)

	
7 (0.19)

	
5 (0.29)

	
64 (0.29)




	
S. marcescens

	
12 (0.31)

	
8 (0.17)

	
6 (0.16)

	
19 (0.45)

	
8 (22)

	
2 (0.11)

	
55 (0.25)











[image: Table] 





Table 2. Number and percentage of clinical isolates for each category.
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Variables

	
E. cloacae

	
K. aerogenes

	
C. freundii

	
P. stuartii

	
M. morganii

	
S. marcescens






	
Gender

	
Man

	
252 (62.22)

	
70 (49.65)

	
41 (41)

	
29 (45.31)

	
94 (55.95)

	
39 (70.91)




	
Woman

	
153 (37.78)

	
71 (50.35)

	
59 (59)

	
35 (54.69)

	
74 (44.05)

	
16 (29.09)




	
Age

	
Children

	
37 (9.14)

	
11 (7.8)

	
4 (4)

	
-

	
15 (8.93)

	
6 (10.91)




	
Adults

	
153 (37.78)

	
57 (40.43)

	
25 (25)

	
25 (25)

	
45 (26.79)

	
20 (36.36)




	
Elderly

	
215 (53.09)

	
73 (51.77)

	
71 (71)

	
71 (71)

	
108 (64.29)

	
29 (52.73)




	
Healthcare

	
Community

	
172 (42.47)

	
69 (48.94)

	
41 (41)

	
38 (59.38)

	
77 (45.83)

	
25 (45.45)




	
Hospitable

	
233 (57.53)

	
72 (51.06)

	
59 (59)

	
26 (40.63)

	
91 (54.17)

	
30 (54.55)




	
Type of urine sample

	
Cleancatch midstream technique

	
193 (47.65)

	
86 (60.99)

	
63 (63)

	
22 (34.38)

	
96 (57.14)

	
33 (60)




	
Permanent catheterization

	
85 (20.99)

	
21 (14.89)

	
17 (17)

	
23 (35.94)

	
25 (14.88)

	
9 (16.36)




	
Urinary catheter

	
104 (25.68)

	
32 (22.69)

	
18 (18)

	
18 (28.13)

	
45 (26.79)

	
11 (20)




	
Nephrostomy catheter

	
11 (2.71)

	
1 (0.71)

	
1 (1)

	
1 (1.56)

	
-

	
2 (3.64)




	
Pediatric urine collection bag

	
12 (2.96)

	
1 (0.71)

	
1 (1)

	
-

	
2 (1.19)

	
-
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