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ABSTRACT 

	Study design and Aims: Quinolones and fluoroquinolones are among the most widely used classes of antibiotics in therapy. The emergence of plasmid-mediated quinolone resistance (PMQR) mechanisms complicates treatment, and although cases have been reported in several countries around the world, there is a lack of data in Benin. It is essential to periodically establish the prevalence of resistance in order to better guide treatment strategies and prevent the spread of resistance. This study aimed to characterize the E. coli strains isolated from the urine of women in Cotonou, focusing on their phylogenetic background and resistance to antimicrobial treatments.
Place and Duration of Study: This work was carried out from February to December 2020 at the Laboratory of Integrative Biology for Therapeutic Innovation (BioInov), Faculty of Science and Technology, University of Abomey-Calavi, Benin.
Methodology:  antimicrobial susceptibility testing was performed against 10 antibiotics from four major classes: beta-lactams (Amoxicillin + clavulanic acid, Aztreonam, Ceftriaxone, Imipenem, Cefixime), fluoroquinolones (Ciprofloxacin), aminoglycosides (Amikacin, Netilmicin), and nitrofurans. Simplex PCR was used to detect plasmid-mediated quinolone resistance genes (Qnr) and to determine phylogenetic groups using specific markers (ChuA, YjaA, and TSPE4.C2).
Results: Among the Twenty (20) uropathogenic E. coli (UPEC) isolates were included in this study, 45% carried at least one Qnr gene. QnrB was detected in 66.66% and QnrS in 77.7% of these positive strains. The antibiotic resistance profile of isolates carrying the Qnr genes showed high resistance to ampicillin and amoxicillin (88.88%), as well as ciprofloxacin, trimethoprim/sulfamethoxazole, cefixime, and aztreonam (77.77%). Phylogenetic classification revealed that group D was the most prevalent (55%), followed by group A (35%) and group B1 (10%). Notably, group B2, which is often associated with extra-intestinal pathogenic E. coli, was completely absent.
Conclusion: In summary, the detection of resistance and Qnr genes in Benin highlights the need to strengthen surveillance and adjust therapeutic strategies to limit the impact of multidrug-resistant UPEC. Despite the small sample size, which limits the generalizability of the results, this study provides valuable preliminary data for the local molecular epidemiology of quinolone resistance.




Keywords: Quinolone resistance, Uropathogenic Escherichia coli, Phylotyping



1. INTRODUCTION 

Antibiotics are natural or synthetic chemical substances with specific modes of action against bacteria. Quinolones and fluoroquinolones are a family of antibiotics widely used as broad-spectrum molecules to treat urinary tract infections (UTIs) (Aref et al., 2025). Due to their bactericidal effect, quinolones act as potent inhibitors of bacterial DNA gyrase and topoisomerase IV, enzymes that are essential for DNA replication. However, the excessive and often inappropriate use of these antibiotics has contributed to a widespread increase in resistance across bacterial species worldwide, with Escherichia coli being among the most affected. (Halawa et al., 2023; Jacoby et al., 2014).
The World Health Organization (WHO), in its press release of January 29, 2018, reported that between 8% and 65% of E. coli implicated in urinary tract infections are resistant to ciprofloxacin, a commonly prescribed fluoroquinolone for such infections.  This resistance occurs primarily through successive mutations in the chromosomal genes of quinolone targets and also through alterations in efflux pumps or porins channels (Muylaert & Mainil, 2013). Recently, additional resistance mechanisms to fluoroquinolones have emerged such as target protection, antibiotic acetylation and specific efflux pumps. All those resistance mechanisms involve three families of plasmid-mediated resistance genes, notably the Qnr genes (Castrignanò et al., 2020)
Normally, once in a bacterial cell, quinolone molecules bind and inhibit DNA gyrase and topoisomerase IV, essential enzymes involved in DNA supercoiling and replication. Qnr proteins, however, disrupt this action by binding to and protecting these enzymes. They interfere with the DNA gyrase-DNA-quinolone complex, preventing quinolones from inhibiting the enzymes. Consequently, the supercoiling and relaxation activities of DNA gyrase and topoisomerase IV are maintained despite the presence of fluoroquinolones (Mérens & Servonnet, 2010). Five types of Qnr encoded by plasmid-borne Qnr genes within Enterobacteriaceae have been reported: QnrA, QnrB, QnrS, QnrC, QnrD (Mérens & Servonnet, 2010) 
Indeed, the QnrA protein is encoded by a 657 bp gene. It is responsible for an 8-fold increase in the minimum inhibitory concentration (MIC) against nalidixic acid and an 8- to 64-fold increase against various fluoroquinolones. The QnrB protein, composed of 214 amino acids, is responsible for low-level transferable resistance to fluoroquinolones. QnrS is a 218-amino acid protein and QnrC gene is a 221 amino acid protein. QnrD, a 214-amino-acid protein, can lead to a 32-fold increase in ciprofloxacin’s MIC (Benameur et al., 2018; Guessennd et al., 2008; Mérens & Servonnet, 2010). Many variants are available for these Qnr.
Qnr determinants have been detected in various species of Enterobacteriaceae responsible for both community and nosocomial infections. In Africa, Qnr genes (A, B, and S) have been identified in enterobacterial strains from Algeria, Morocco, Egypt, Kenya, Nigeria, Côte d'Ivoire, and Togo (Fortune Djimabi Salah, 2019; Lastours & Fantin, 2014; Taha & Omar, 2019; Yassine et al., 2019). However, in Benin, the specific quinolone resistance genes circulating and the mechanisms driving the dissemination of resistant strains in the community remain poorly documented.
This study aims to characterize the Escherichia coli strains isolated from the urine of women in Cotonou, Benin, focusing on their phylogenetic background and antimicrobial resistance profiles. Designed as an exploratory investigation, it seeks to identify genes linked to the emergence of fluoroquinolone resistance in this locale. The results will enhance epidemiological surveillance and aid in detecting emerging resistance mechanisms. Specifically, the objectives are to (i) determine the phylogenetic groups of isolated uropathogenic Escherichia coli (UPEC) strains, (ii) identify fluoroquinolone resistance genes in these UPEC strains, and (iii) establish the antibiotic resistance profiles of these isolates.

2. material and methods 

2.1 Biological Material
Twenty (20) Escherichia coli strains isolated from the urine of women with urinary tract infections were included in this study. These isolates originated from the bacteriology departments of three healthcare facilities: Menontin University Hospital, Cotonou (1 strain), Suru Léré University Hospital, Cotonou (2 strains), and Padre Pio Health Center, Cotonou (17 strains).
2.2 Antibiotic Susceptibility Testing
Antibiotic susceptibility was assessed by the disk diffusion method on Mueller-Hinton agar according to the 2013 CA-SFM guidelines (Comité d’Antibiogramme de la Société Française de Microbiologie). The 20 isolates were tested against 10 antibiotics across four classes: beta-lactams (Amoxicillin + clavulanic acid, Aztreonam, Ceftriaxone, Imipenem, Cefixime), fluoroquinolones (Ciprofloxacin), aminoglycosides (Amikacin, Gentamicin, Netilmicin), and nitrofurans (Nitrofurantoin).
2.3 Bacterial DNA Isolation 
Total genomic DNA was extracted by heating a bacterial suspension in 1 ml of sterile distilled water, prepared from a 24-hour culture on Mueller Hinton medium (OXOID, France). The suspension was heated at 95°C for 10 minutes, then rapidly cooled on ice for 5 minutes. Following centrifugation at 14,000 rpm for 5 minutes at 4°C, the supernatant was collected. DNA concentration and purity were assessed by spectrophotometry, then stored at -20°C and used as PCR templates. (Dashti et al., 2009; Huybens N et al., 2009).
2.4 Phylogenetic Group Determination of UPEC Strains 
The phylogenetic group determination of UPEC Strains was carried out using the Clermont et al. (2000) method. Phylogenetic groups were identified by simplex PCR targeting three genetic markers: 
- ChuA, a gene that generally encodes a protein involved in heme uptake, which is crucial for bacterial iron acquisition. Iron, often limited within the host environment, is essential for bacterial survival and virulence.
- YjaA, gene of unknown function.
- TspE4.C2, the anonymous DNA fragment. 
This approach differentiates the four main phylogenetic groups: A, B1, B2, and D (Clermont et al., 2000). PCR reactions (25 µl) contained 2.5 µl of 10X buffer with 20 mM MgCl2, 2 µl of dNTPs (10 mM), 0.25 µl of each specific primer, and 2 units of DreamTaq DNA polymerase (Thermo Fisher, Germany). Amplification conditions and primer sequences are detailed in Tables I and II. 
Table I: Amplification conditions of ChuA, YjaA, TspE4C2 genes (Clermont et al., 2000).

	Condition / Time

	Parameters
	ChuA
	YjaA
	TspE4C2

	Initial Dénaturation 
	94 °C / 5 min
	94 °C / 5 min
	94 °C / 5 min

	Cyclic Dénaturation
	94 °C / 30 s
	94 °C / 30 s
	94 °C / 30 s

	Hybridation
	60 °C / 30 s
	60 °C / 30 s
	60 °C / 30 s

	Elongation
	72 °C / 30s
	72 °C / 30s
	72 °C / 30s

	Final elongation 
	72 °C / 7min
	72 °C / 7 min
	72 °C / 7 min

	Cycles
	30



Table II: Primers used for PCR amplification of ChuA, YjaA, TspE4C2 genes identification
	Genes 
	Size (pb)
	Sequence (5′ – 3′)
	References

	ChuA
	279
	For : 5′-GACGAACCAACGGTCAGGAT-3 ′
Rev : 5′-TGCCGCCAGTACCAAAGACA-3 ′
	(Clermont et al., 2000)

	YjaA
	211
	For : 5′-TGAAGTGTCAGGAGACGCTG-3 ′
Rev : 5′-ATGGAGAATGCGTTCCTCAAC-3 ′
	(Clermont et al., 2000)
	TspE4C2
	152
	For : 5′-GAGTAATGTCGGGGCATTCA-3 ′
Rev : 5′-CGCGCCAACAAAGTATTACG-3 ′
	(Clermont et al., 2000)


PCR products were analyzed by electrophoresis on a 2% agarose gel at 100 V for 30 minutes in 1X TBE buffer, with the “Gene Ruler 100 bp Plus DNA Ladder” (Thermo Fisher, Germany) as size marker. Strains were assigned to phylogroups according to the dichotomous key from Clermont et al (figure 1). 
[image: ]
Figure 1: Dichotomous decision tree to determine the phylogenetic groups (A, B1, B2, D) of E. coli strain.
This figure illustrates the decision tree used for the phylogenetic classification of Escherichia coli strains, as described by Clermont et al. This approach is based on PCR amplification of the chuA and yjaA genes, as well as the TspE4.C2 fragment, the presence (+) or absence (-) of which distinguishes the four major phylogenetic groups (A, B1, B2, and D).

2.5 Detection of Plasmid-Mediated Resistance Genes to Quinolones and Fluoroquinolones
Simplex PCR was performed using primers specific for for plasmid-mediated quinolone and fluoroquinolone resistance genes (PMQR). Reaction mixtures of 25 µl contained 2.5 µl of 10X DreamTaq buffer, 2 µl of dNTPs (10 mM), 0.25 µl of each primer (100 pmol), and 2 units of Taq polymerase (Thermo Fisher, Germany). Amplification conditions and primer sequences are provided in Tables III and IV. Amplification products were run on 2% agarose gels following the same electrophoresis protocol as above.

Table III: Amplification condition of Qnr genes (Nour El-Houda Jlili, 2014)
	[bookmark: _Hlk59620976]Condition / Time

	Parameters
	Qnr A
	Qnr B
	Qnr S

	Initial Dénaturation 
	95 °C / 10 min
	95 °C / 10 min
	95 °C / 10 min

	Cyclic Dénaturation
	95 °C / 30 s
	95 °C / 30 s
	95 °C / 30 s

	Hybridation
	50 °C / 30 s
	48 °C / 30 s
	38 °C /30 s

	Elongation
	72 °C / 30s
	72 °C / 30s
	72 °C / 30s

	Final elongation 
	72 °C /10 min
	72 °C /10 min
	72 °C /10 min

	Cycles
	35



Table IV:  Primers used for PCR amplification of Qnr genes identification
	Qnr genes
	Size (pb)
	Sequence (5′ – 3′)
	References

	Qnr A
	571
	For: 5’ TTCTCACGCCAGGATTTGAG 3’
Rev: 5’ TGCCAGGCACAGATCTTGAC 3’
	(Bouchakour et al., 1998)

	Qnr B
	594
	For: 5’ TGGCGAAAAAATT(GA)ACAGAA 3’
Rev: 5’ GAGCAACGA(TC)GCCTGGTAG 3’
	(Bouchakour et al., 1998)

	Qnr S
	388
	For: 5’ GACGTGCTAACTTGCGTGAT 3’
Rev: 5’ AACACCTCGACTTAAGTCTGA 3’
	(Bouchakour et al., 1998)



2.6 Statistical analysis
The data were statistically analyzed using Excel 2010 and IBM SPSS 20.0 software. The χ² (chi-square) test was applied to assess the association between the presence of Qnr genes and the phylogroups of UPEC strains. The null hypothesis H₀ stated that there was no relationship between the presence of Qnr genes and the phylogroup to which the strains belonged. In contrast, the alternative hypothesis (H₁) postulated that such a relationship existed. P-values < 0.05 were considered statistically significant.   

[bookmark: _Hlk214226197]3. results 

3.1 Antibiotic sensitivity profiles of isolates
The antibiotic susceptibility testing revealed that Escherichia coli strains were resistant to all antibiotics tested except imipenem. The highest prevalence was observed with Ciprofloxacin (75%), followed by Aztreonam (70%) and Cefixime (65%). The lowest resistance rates were recorded for Netilmicin and Nitrofurantoin (20%) (Table V).



Table V : Antibiotic sensitivity profiles of isolates  
	Families
	Antibiotics
	Resistance (%)

	Beta-lactams
	Amoxicillin + clavulanic acid (AMC)
	25

	
	Aztreonam (ATM)
	70

	
	Ceftriaxone (CTR)
	45

	
	Imipenem (IMP)
	0

	
	Cefixime (CFM)
	65

	Fluoroquinolones
	Ciprofloxacin (CIP)
	75

	Aminoxides
	Amikacin (AK)
	35

	
	Gentamicin (GEN)
	35

	
	Netilmicin (NET)
	20

	Nitrofurans
	Nitrofurantoin NIT
	20



*Table V shows the antibiotic sensitivity profiles of the UPEC isolates studied. Significant resistance is observed to conventional β-lactams, particularly aztreonam (70%) and cefixime (65%), confirming the strong selection pressure exerted by this family of antibiotics. However, no resistance was detected to imipenem, highlighting the continued effectiveness of carbapenems against these strains. Among other classes, fluoroquinolones (ciprofloxacin: 75% resistance) show a notable loss of effectiveness, while aminoglycosides show moderate resistance rates (20 to 35%). Finally, low resistance to nitrofurantoin (20%) was observed
3.2 Distribution of UPEC strains in phylogroups.
Phylogenetic groups were determined according to the method of Clermont et al (2000). The strains were classified into three of the four main phylogroups (A, B1, B2, D).  Group D was predominantly represented (55%), followed by Group A (35%) and Group B1 (10%). None of the 20 strains was classified in group B2 (Figure 2).


Figure 2: Distribution of UPEC strains in phylogenetic groups
*This figure shows the distribution of uropathogenic Escherichia coli (UPEC) strains according to the phylogenetic groups identified. Group D (55%) is predominant, followed by group B1(35%), while group A is less represented (10%).
3.3 Distribution of Qnr genes among isolates and phylogroups
Electrophoretic analysis revealed that 45% (n = 9) of UPEC strains harbored at least one fluoroquinolone resistance gene; 66.66% (n = 6) of strains carried the Qnr B gene, 77.77% (n=7) carried the Qnr S gene, and 44.44% (n = 4) harbored both QnrB and QnrS genes. No strain carried the Qnr A gene (Figure 3). 
[image: ]
[bookmark: _Toc65622855][bookmark: _Toc72142951]Fig 3: Distribution of Qnr genes in UPEC strains
[bookmark: _Toc65621128]*This figure shows the frequency of different Qnr genes (particularly QnrB and QnrS) among the UPEC strains studied. Electrophoresis analysis revealed a higher prevalence of the QnrS (77,77 %) gene compared to QnrB (66,66 %); 44.44% harbored both the QnrB and QnrS genes.

Statistical comparison (Chi-square test) of the presence of Qnr genes according to the phylogroups to which the strains belonged revealed a total absence of Qnr genes in phylogroup A but a significant presence (p <0.05) of Qnr B and Qnr S genes in phylogroup B1 (Table VI). 
Table VI : Distribution of Qnr genes in phylogroups
	[bookmark: _Hlk214226282]Gènes
	Phylogroupes

	
	B1
	D

	[bookmark: _Hlk214549047]
	Pres
	Abs
	X²
	P-value
	Pres
	Abs
	X²
	P-value

	Qnr B
	Pres
	2
	4
	5,185
	0,023
	4
	2
	0,471
	0,492

	
	Abs
	0
	14
	
	
	7
	7
	
	

	Qnr S
	Pres
	2
	5
	4,127
	0,042
	5
	2
	1,174
	0,279

	
	Abs
	0
	13
	 
	 
	6
	7
	 
	 










*Pres = Present, Abs = Absent
*Table VI illustrates the distribution of QnrB and QnrS genes according to the phylogenetic groups of uropathogenic Escherichia coli (UPEC) strains. Chi-square test revealed a total absence of Qnr genes in phylogroup A. The QnrB gene is significantly associated with group B1 (p = 0.023), while no significant association is observed for group D (p = 0.492). Similarly, the QnrS gene shows a significant association with group B1 (p = 0.042), but not with group D (p = 0.279)

4. DISCUSSION
Antibiotic resistance represents an important public health problem. Quinolones and fluoroquinolones are among the most widely used antibiotic classes for the treatment of urinary tract infections (UTIs). The emergence of PMQR mechanisms is a key factor in the spread of quinolone-resistant strains and is an obstacle to the successful treatment of urinary tract infections. Nowadays, PMQR have been reported in several countries of the world, but in Benin, data have been lacking. This preliminary study is the first to report the frequency and diversity of Qnr genes in Uropathogenic Escherichia coli strains in Benin. 
In the present study, 45% of the UPEC isolates carried at least one Qnr gene with QnrB (66.66%) and QnrS (77.77%). QnrA was not found probably due to a small number of strains tested.
[bookmark: _Hlk214008509]The frequencies observed differ from those reported in some African countries. In fact, in the last decade, in Niger on 63 fecal E. coli ESBL strains isolated from children aged 6 to 59 months, an occurrence of 44.4 % possessing Qnr genes was found with 64.3% for QnrS, 26.2% for QnrB and 9.5% for QnrA (Moumouni et al., 2017). In Lomé (Togo), Salah et al. (2019) reported that 67.03% of 91 E. coli isolates from human samples (urine, semen, pus, and vaginal fluid) carried Qnr genes (QnrB: 47.74%, QnrS: 47.10%, QnrA: 2.58%) (Fortune Djimabi Salah, 2019). Also, in 2021 in Nigeria, on 206 E. coli strains studied, 93. 3% had Qnr genes with 33.3% for QnrA and 60% for QnrB with 13.5, both QnrA and QnrB (Nsofor et al., 2021). 
Outside Africa, Abbasi et al (2018) in Tehran/Iran, reported a prevalence of Qnr gene was 51% (36% QnrS and 25% QnrB) (Abbasi & Ranjbar, 2018). Ultimately, QnrB and QnrS are the most common Qnr genes, as shown by the various studies above and others (Fortune Djimabi Salah, 2019; Jiang et al., 2008).
These findings highlight regional variations in Qnr gene distribution, suggesting independent evolutionary pathways of resistance. Rational and controlled use of fluoroquinolones remains essential to limit the spread of resistance.
The detection of Qnr genes in Benin is alarming, as these genes can be horizontally transferred via plasmids, facilitating the dissemination of antibiotic resistance and complicating hospital treatments. Among Qnr-positive isolates (n = 9), a high resistance to ciprofloxacin (77.7%) was observed. This rate is lower than those reported in Togo (93.5%) and Nigeria (86%) (Fortune Djimabi Salah, 2019; Nsofor et al., 2021). The increasing emergence of quinolone-resistant strains is closely linked to the overuse of fluoroquinolones in human medicine. 
Furthermore, the antibiotic resistance profile of isolates harboring Qnr genes (9) showed high resistance to ciprofloxacin (77.77%); this rate is lower than that observed in Togo (93.46%) and Nigeria (86 %) (Fortune Djimabi Salah, 2019; Nsofor et al., 2021). The increasing emergence of quinolone-resistant strains is associated with the massive use of fluoroquinolone antibiotics in human medicine.
Plasmid-mediated quinolone resistance genes (PMQR) including Qnr genes show a high capacity for fast development of resistance among UPEC species due to their placement on plasmid. In the present study, the frequency of QnrS and QnrB genes were reported 52 (49.5%) and 25 (23.8%), respectively. There are two mechanisms for resistance to quinolone in bacteria that one of them is plasmid-mediated resistance or resistance related to the presence of Qnr gene. In addition, a significant difference was reported between QnrS gene and resistance to fluoroquinolone antibiotics (P < 0.001); Then this result indicates that the one of the most common resistant mechanisms among UPEC isolates in this study probably related to plasmid-mediated resistance (Aref et al., 2025).
We also observed that, Qnr positive isolates (n=9) exhibited high levels of resistance to cefixime and aztreonam (77.77%). This pattern is consistent with tle well-documented co-tranfer of Qnr genes and other antibiotic resistance determinants within the same plasmids. Previous studies have been reported a strong association beetween PMQR genes and extended-spectrum β-lactamase (ESBL) production especially TEM, SHV, and CTX-M variants (Yang et al., 2014). Indeed, this co-occurence of Qnr genes in ESBL-producing Enterobacteriaceae has been reported in Europe, United States, Asia, and Africa (Salah et al, 2019).  In Niger, Qnr genes 9.5% QnrA, 26.2% QnrB, and 64.3% QnrS) were found in ESBL-producing Enterobacteriaceae among the fecal commensals of severely malnourished children (Moumouni et al., 2017). Similarly, in Togo, all E. coli and Klebsiella spp. strains that possessed Qnr genes (107 strains) were shown to be ESBL-producing with 102 produced CTX-M1, 52 produced SHV, and 96 produced TEM (Fortune Djimabi Salah, 2019). The coexistence of quinolone resistance with ESBL production constitute a major public health problem and requires ongoing surveillance, monitoring, and revision of antibiotic use policies. Overall, the results of this study highlight the frequency of Qnr determinants associated with fluoroquinolone resistance among UPEC strains in Benin and identify the presence of Qnr genes in quinolone-susceptible strains that could lead to in vivo selection of ciprofloxacin-resistant strains.
Interestingly, in this study, 40% of ciprofloxacin-resistant isolates did not harbor Qnr genes suggesting the involvement of alternative mechanisms such as efflux pumps overexpression or mutations in gyrase and topoisomerase IV genes (Jacoby et al., 2014). 
Phylogenetic classification revealed a predominance of group D (55%), followed by groups A (35%) and B1 (10%), while no isolate belonged to group B2. This differs from the typical phylogenetic distribution reported in UPEC, where groups B2 and D are generally dominant. The absence of group B2 in our cohort may reflect the limited sample size. Previous studies in Iran (Iranpour et al., 2015), Germany (Toval et al., 2014), and Turkey (Kadir et al., 2015) consistently identified phylogroup B2 as the most prevalent. The relatively high proportion of group A strains in our study may indicate zoonotic or foodborne origins, particularly from poultry, as phylogroup A includes both commensal and avian pathogenic E. coli (APEC). Such strains may colonize the periurethral area and ascend to the urinary tract, particularly under conditions of reduced urinary flow or infrequent micturition, facilitated by adhesion mechanisms enabling persistence against urinary tract flushing (Terlizzi et al., 2017).

4. Conclusion

[bookmark: _Hlk214229854]Antibiotic resistance is a significant public health problem worldwide, particularly in Benin, where the emergence and spread of multidrug-resistant bacteria have been observed. This study reports the presence of QnrB and QnrS genes in Benin, which confer low-level quinolone and fluoroquinolone resistance in UPEC isolates. The resistance profile of UPEC strains to antibiotics showed high rates of resistance to Ciprofloxacin (75%), followed by Aztreonam (70%) and Cefixime (65%), thus limiting therapeutic options, although imipenem remained effective. The predominance of phylogroup D and the unexpected high frequency of phylogroup A suggest potential shifts in local epidemiology.
Given the increasing burden of resistance, the establishment of a national surveillance program targeting quinolone resistance genes and ESBL determinants is warranted. Additionally, consideration should be given to revising empirical treatment protocols and developing alternative therapeutic strategies to mitigate the clinical impact of multidrug-resistant UPEC.
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