Audrey Jeanvoine 
email: audreyjeanvoine@chu-besancon.fr
  
Hélène Bouxom 
  
Joel Leroy 
  
Houssein Gbaguidi-Haore 
  
Xavier Bertrand 
  
Céline Slekovec 
  
  
Resistance to third-generation cephalosporins in Escherichia coli in the French community: The times they are a-changin'?

Keywords: E. coli, third-generation cephalosporins, quinolones, resistance, outpatients

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

High rates of antimicrobial resistance in Escherichia coli are an important global public health concern [START_REF]Surveillance of antimicrobial resistance in Europe[END_REF]. Indeed, E. coli constitutes a major cause of both community-onset and hospital-acquired infections [START_REF] Stapleton | Antibiotic resistance patterns of Escherichia coli urinary isolates and comparison with antibiotic consumption data over 10 years, 2005-2014[END_REF]. Since the early 2000s, E. coli resistance to thirdgeneration cephalosporins (3GCs) has been increasing in hospital and community settings of all European countries, mainly due to the spread of extended spectrum β-lactamases (ESBL) [START_REF]Surveillance of antimicrobial resistance in Europe[END_REF][START_REF] Cantón | Prevalence and spread of extended-spectrum β-lactamase-producing Enterobacteriaceae in Europe[END_REF][START_REF] Hawser | Incidence and antimicrobial susceptibility of Escherichia coli and Klebsiella pneumoniae with extended-spectrum-lactamases in community-and hospital-associated intra-abdominal infections in Europe: results of the 2008 study for monitoring antimicrobial resistance trends (SMART)[END_REF]. In 2017, EARS-net report showed that the rate of resistance of E. coli to 3GCs reached 14.9 % in bacteremias in hospital setting and upward trends were observed in almost all European countries in the last decade [START_REF]Surveillance of antimicrobial resistance in Europe[END_REF]. Besides these hospital data, several surveillances have also reported an increasing trend of resistance to 3GCs in E. coli from the community [START_REF] Boix-Palop | Emerging extended-spectrum β-lactamase-producing Klebsiella pneumoniae causing communityonset urinary tract infections: a case-control-control study[END_REF][START_REF] Chervet | Antimicrobial resistance in community-acquired urinary tract infections in Paris in 2015[END_REF]. This spread combines dissemination of epidemic clones such as ST131 -C1/H30-R and C2/H30-Rx clades, as well as horizontal transfers of plasmid-borne blaESBL [START_REF] Stoesser | Evolutionary history of the global emergence of the Escherichia coli epidemic clone ST131[END_REF].

The possibility that ESBL rates reach that of penicillinase within this species is clearly a matter of major concern.

ESBL-producing E. coli isolates are often resistant to other antibiotics such as fluoroquinolones and aminoglycosides, further complicating the management of patients infected with ESBL-producing Enterobacteriaceae [START_REF] Chervet | Antimicrobial resistance in community-acquired urinary tract infections in Paris in 2015[END_REF][START_REF] Stoesser | Evolutionary history of the global emergence of the Escherichia coli epidemic clone ST131[END_REF]. Indeed, combined resistance to 3GCs, fluoroquinolones, and aminoglycosides was 6.3 % in 2017 in the EU, but did not significantly change during the period 2014-2017 [START_REF]Surveillance of antimicrobial resistance in Europe[END_REF]. Moreover, up to 70 % of ESBLproducing isolates were resistant to fluoroquinolones in community-onset infections [START_REF] Chervet | Antimicrobial resistance in community-acquired urinary tract infections in Paris in 2015[END_REF]. The spread of ESBL-producing E. coli within the community is mainly driven by antimicrobial exposure, notably previous use of fluoroquinolones and oral 3GCs, which have a high ecological impact [START_REF] Paterson | Collateral Damage" from cephalosporin or quinolone antibiotic therapy[END_REF]. In that context, we implemented in our region an antimicrobial resistance stewardship program that monitored the antibiotic use in outpatients.

Materials and methods

Since 2012, we conducted an observational surveillance (the OSCAR network) of antimicrobial resistance and antibiotic use in the community in Franche-Comté region, a Northeastern area of France with 1.2 million inhabitants. 3GCs and quinolones (nalidixic acid and ciprofloxacin) resistance data were collected during six years (2012-2017) from eleven private laboratories. All resistance data concerning nursing homes or clinics were excluded. For one patient, one isolate per susceptibility profile and per year was considered.

Antimicrobial consumption data were provided by the three main healthcare insurances of Franche-Comté and their beneficiaries represented 88% of the total population. These antibiotic reimbursement data for ambulatory care, based on antibiotics dispensed in community pharmacies, were available since 2012. The consumption data were expressed in defined daily dose (DDD) per 1000 beneficiaries per day for each antibiotic for systemic use (ATC group J01): tetracyclines (J01A), ß-lactams (J01C and J01D), sulfamide and trimethoprim (J01E), macrolides (J01F), aminoglycosides (J01G), fluoroquinolones (J01M) and associations and other antibiotics (J01R+J01X) [START_REF]Anatomical Therapeutic Chemical (ATC) classification index with defined daily doses (DDDs)[END_REF].

We tested the variation in the prevalence of E. coli isolates resistant to 3GCs, nalidixic acid, and ciprofloxacin, using the χ 2 test. The trend of consumption of each antibiotic class over the period 2012 to 2017 was tested by using a negative binomial model for which the DDD were considered as counting data. The relative change, also calculated here, consists of the variation of consumption of each antibiotic class between the two years 2012 and 2017.

Results

Antimicrobial resistance in E. coli

A total of 34,767 E. coli isolates have been tested for their susceptibility between 2012 and 2017. Trend in resistance prevalence of E. coli to 3GCs, nalidixic acid, and ciprofloxacin, are shown in Figure 1a. Resistance rate for 3CGs was 3.9% in 2012, reached 5.9% in 2015 and significantly decreased between 2015 and 2017, from 5.9 to 4.2% (p < 0.001). Although the evolution of the prevalence of resistance to nalidixic acid differed from that to 3GCs and ciprofloxacin between 2012 and 2015, a significant decrease of the prevalence of resistance to quinolones was also reported between 2015 and 2017, from 16.7 to 14.8% for nalidixic acid (p = 0.004) and from 10.9 to 8.1% for ciprofloxacin (p < 0.001). Among E. coli isolates resistant to 3GCs collected between 2012 and 2017, the prevalence of nalidixic acid and ciprofloxacin resistance decreased in parallel between 2015 and 2017, from 73.8 to 64.2%, and from 66.8 to 52.9%, respectively (Figure 1b).

Antibiotics consumption

Although the total antibiotic consumption did not vary significantly between 2012 and 2017, the use of penicillins (J01C), and that of the broad-spectrum penicillins (J01CA) such as amoxicillin (J01CA04), increased significantly (p < 0.001) over the study period (Table 1).

Except for tetracyclines (J01A) and associations and other antibiotics (J01R+J01X), we found a significant downward trend of consumption for the others studied group of antibiotics (Table 1). We notably observed a decrease of the 3GCs (J01DD, -32.1%, p < 0.001) and fluoroquinolones consumption (J01M, -25.5%, p < 0.001) over the study period (Table 1, Figure 1a).

Discussion

After several years of constant rise, we report here a significant decrease of the prevalence of E. coli resistant to 3GCs and quinolones in outpatients from Franche-Comté between 2015 and 2017. Regarding the resistance to 3GCs, our results confirm those collected by another French surveillance network (Medqual) which nevertheless reported a lower decrease between 2015 and 2017 (from 4.5% in 2015 to 4% in 2017 versus 5.9% to 4.2% in Franche-Comté) [START_REF] Onerba | Rapport d'activité : Annual report[END_REF]. These trends observed in the community coincided with those recorded in EARS-net database, the national survey of E. coli isolated from blood culture in French hospitals (11% in 2015 to 10.2% in 2017) [START_REF]Surveillance of antimicrobial resistance in Europe[END_REF]. Although this national downward trend was not significant, the decrease reported in Franche-Comté could be more general in France.

Concerning fluoroquinolones, the decrease of resistance reported here was also highlighted by EARS-net data in France (from 17.7% in 2015 to 15% in 2017) [START_REF]Surveillance of antimicrobial resistance in Europe[END_REF]. The same trend was described by the Medqual network in community-onset infections for nalidixic acid.

However, the decrease of the resistance rate of ciprofloxacin in E. coli was less pronounced, from 10.1% in 2015 to 9.6% in 2017 versus 10.9% to 8.1% in Franche-Comté [START_REF] Onerba | Rapport d'activité : Annual report[END_REF]. According to other studies, we described here high resistance rates of quinolones in isolates resistant to 3GCs [START_REF] Chervet | Antimicrobial resistance in community-acquired urinary tract infections in Paris in 2015[END_REF][START_REF] Azargun | The prevalence of plasmid-mediated quinolone resistance and ESBLproduction in Enterobacteriaceae isolated from urinary tract infections[END_REF].

Interestingly, the decrease of the prevalence of E. coli resistant to 3GCs in community-onset infections reported here occurred in a context of a significant decrease of the consumption of 3GCs and fluoroquinolones, despite a significant increase of penicillins consumption. Many studies have described the high-ecological impact of 3GCs and fluoroquinolones. For instance, recent phylogenic studies using whole genome sequencing identified the most recent common ancestor of successful epidemic clones, thus strongly suggesting that fluoroquinolones had played an important role in the global expansion of the major pathogens Escherichia coli ST131 H30-Rx, methicillin-resistant Staphylococcus aureus EMRSA-15, Pseudomonas aeruginosa ST235 in the mid-1980s, and that of Clostridium difficile 027 in the early 1990s [START_REF] Zakour | Sequential acquisition of virulence and fluoroquinolone resistance has shaped the evolution of Escherichia coli ST131[END_REF][START_REF] He | Emergence and global spread of epidemic healthcare-associated Clostridium difficile[END_REF][START_REF] Holden | A genomic portrait of the emergence, evolution, and global spread of a methicillin-resistant Staphylococcus aureus pandemic[END_REF][START_REF] Treepong | Global emergence of the widespread Pseudomonas aeruginosa ST235 clone[END_REF].

Although this is not statistically demonstrated, the decrease of the use of fluoroquinolones and 3GCs, which began in 2013 in our region, presumably played a major role in the trend of resistance to 3GCs among community E. coli isolates. However, the reducing consumption of antibiotics is not immediately followed by the decrease of antibiotic resistance. Some studies reported that once the resistance to an antimicrobial is well established in a population of E. coli, a reduction in the use of that antimicrobial is unlikely to influence to resistance rates in the short-to-medium term [START_REF] Stapleton | Antibiotic resistance patterns of Escherichia coli urinary isolates and comparison with antibiotic consumption data over 10 years, 2005-2014[END_REF][START_REF] Muller | Impact of a long-term antibiotic stewardship program targeting fluoroquinolones in a French local hospital[END_REF]. This could be explained by two effects. The first one may be due to the prolonged carriage of multidrugresistant E. coli even in the absence of antimicrobial selection pressure, described for E. coli ST131 [START_REF] Overdevest | Prolonged colonisation with Escherichia coli O25:ST131 versus other extendedspectrum beta-lactamase-producing E. coli in a long-term care facility with high endemic level of rectal colonisation, the Netherlands, 2013 to 2014[END_REF]. Hence, it may take several years to achieve a sufficient patient turnover and to observe the effect of antibiotic use reduction [START_REF] Muller | Impact of a long-term antibiotic stewardship program targeting fluoroquinolones in a French local hospital[END_REF]. The second one is the nonlinear relationship between the antibiotic use and resistance ; other parameters could be involved such as dissemination of resistant strains by cross-transmission [START_REF] López-Lozano | A nonlinear time-series analysis approach to identify thresholds in associations between population antibiotic use and rates of resistance[END_REF]. A recent study has calculated antibiotic consumption thresholds below which the resistance rates are independent from the consumption. For instance, minimum thresholds were estimated for selected antibiotics and the rates of ESBL-producing or cefepime-resistant E. coli [START_REF] López-Lozano | A nonlinear time-series analysis approach to identify thresholds in associations between population antibiotic use and rates of resistance[END_REF]. This study has several limitations. First, our data did not establish a significant relationship between the decrease of antibiotic resistance rate and their consumption. Then, we missed the genotyping data that could have allowed the understanding of the decrease of resistance reported here. However, we could speculate that the decrease in prevalence of the major multidrug-resistant clone E. coli ST131 H30-Rx participated, at least in part, to the decrease of the resistance in the species. OSCAR network surveillance must be continued to confirm the trend in resistance prevalence and antibiotics consumption reported here.

Conclusion

We report here a decrease of the prevalence of E. coli isolates resistant to 3GCs and to quinolones in a context of decreasing consumptions of these two antibiotic classes. The stewardship programs can efficiently decrease the antimicrobial resistance, making the progression to multi-resistance not inevitable. However, actions improving antimicrobial prescription should be continuous because of their delayed effect. NA: not available, NC: not calculated, *: significant trend (p < 0.05) 1 Relative change consists of the variation of consumption of each antibiotic class between the two years 2012 and 2017. 2 The trend of consumption of each antibiotic class was determined over the period 2012 to 2017 by using a negative binomial model
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Table 1 :

 1 Consumption of antibiotics for the treatment of community-onset infections in the Northeastern France between 2012 and 2017.

	Antibiotic class	Antibiotic consumption (DDD / 1000 beneficiaries / day)	Relative change 1	Trend 2 (p)
		2012	2013	2014	2015	2016	2017	(%)	
	J01A -tetracyclines	2.57	2.93	2.64	2.47	2.61	2.52	-1.8	0.208
	J01C -β-lactams-penicillins	14.93	18.53	18.07	18.19	19.28	18.47	23.7	0.020*
	J01CA -broad spectrum penicillins	7.92	10.38	10.25	10.68	11.69	11.68	47.5	< 0.001*
	J01CR -penicillins associations	6.40	7.52	7.18	7.04	7.19	6.39	-0,20	0.720
	J01CR02 -amoxicillin-clavulanic acid	NA	NA	NA	7.03	7.18	6.38	NC	NC
	J01D -other β-lactams	2.73	2.77	2.64	2.42	2.24	1.75	-35.9	0.001*
	J01DB -first-generation cephalosporins	0.22	0.035	0.16	0.015	0.015	0.007	-96.8	< 0.001*
	J01DC -second-generation cephalosporins	0.59	0.87	0.56	0.59	0.52	0.43	-26.8	0.011*
	J01DD -third-generation cephalosporins	1.92	1.86	1.91	1.81	1.70	1.30	-32.1	0.001*
	intravenous 3GCs	0.12	0.15	0.14	0.15	0.14	0.13	13.6	0.327
	per os 3GCs	1.80	1.71	1.77	1.66	1.56	1.17	-35.1	0.001*
	J01E-sulfamide and trimethoprim	0.67	0.81	0.77	0.37	0.36	0.35	-47.3	0.001*
	J01F-macrolides	3.47	3.87	3.41	3.49	3.46	3.08	-11.4	0.027*
	J01FG01-pristinamycin	NA	NA	NA	0.98	0.90	0.90	NC	NC
	J01G-aminoglycosides	0.04	0.042	0.035	0.033	0.031	0.025	-36.4	< 0.001*
	J01M-fluoroquinolones	1.56	1.71	1.57	1.38	1.30	1.16	-25.5	< 0.001*
	intravenous fluoroquinolones	0.00051	0.0007	0.00027 0.00049 0.00013 0.00052	-3.0	0.438
	per os fluoroquinolones	1.56	1.71	1.57	1.38	1.30	1.16	-25.5	< 0.001*
	J01R+J01X -Associations and other antibiotics	0.52	1.05	0.98	1.0	0.96	0.87	67.7	0.290
	Total	26.91	31.70	30.10	29.35	30.24	28.24	4.9	0.905

We present here a retrospective study that combines the resistance of E. coli to 3GCs and quinolones and the antibiotic use in the community in a region of Northeastern France.
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