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Travel abroad is associated with a high risk of acquiring multidrug-resistant Enterobacterales (MDR-E (i.e extended-spectrum beta-lactamase-producing Enterobacterales [ESBL-E], and plasmid-mediated-AmpC beta-lactamase-producing Enterobacterales [pAmpC-E]). Here, we evaluated the utility of pre-enrichment and performance of screening for MDR-E using two different media (ChromID-ESBL and bi-plate-ESBL) from 574 traveler stool samples. ESBL-E and MDR-E were detected in 49% (281/574) and 51% (296/574) of travelers, respectively.

Pre-enrichment improved the detection of ESBL-E and MDR-E by 11.7% and 12.5%, respectively, without decreasing specificity (88.4% vs 87.4% for ESBL-E screening and 92.4% vs 89.9% for MDR-E screening). Sensitivity of the bi-plate-ESBL agar was higher than for ChromID-ESBL for ESBL-E detection (92.9% vs 86.1%) but specificity was lower (64.2% vs 87.4%). Whereas pAmpC-E were all detected by bi-plate-ESBL, 96% (47/49) and 82% (40/49) were detected by ChromID-ESBL, respectively with and without pre-enrichment.

Pre-enrichment increases the performance of MDR-E screening, especially in individuals with low MDR-E digestive abundance.

INTRODUCTION

The worldwide dissemination of multi-drug resistant Enterobacterales (MDR-E) is alarming.

Third-generation-cephalosporin-resistant Enterobacterales producing an extended spectrum beta-lactamase (ESBL-E) and/or a plasmid mediated-AmpC beta-lactamase (pAmpC-E) are increasingly reported in the hospital but also in the community setting [START_REF] Woerther | Trends in human fecal carriage of extendedspectrum β-lactamases in the community: toward the globalization of CTX-M[END_REF]. Recent data have estimated the prevalence of ESBL-E in French hospitals to range from 17 to 18% [START_REF] Jolivet | Prevalence of carriage of extended-spectrum β-lactamase-producing enterobacteria and associated factors in a French hospital[END_REF][START_REF] Pilmis | Carriage of ESBL-producing Enterobacteriaceae in French hospitals: the PORTABLSE study[END_REF] and in the community from 5 to 10% [START_REF] Woerther | Trends in human fecal carriage of extendedspectrum β-lactamases in the community: toward the globalization of CTX-M[END_REF][START_REF] Alexandre | Temocillin against Enterobacteriaceae isolates from community-acquired urinary tract infections: low rate of resistance and good accuracy of routine susceptibility testing methods[END_REF][START_REF] Birgy | ESBL-producing Escherichia coli ST131 versus non-ST131: evolution and risk factors of carriage among French children in the community between 2010 and 2015[END_REF]. It is now well known that one of the sources of both community and hospital MDR-E is an acquisition during a travel abroad. Indeed, acquisition rates of MDR-E during travel vary from 13 to 85% [START_REF] Ruppé | Digestive tract colonization by multidrug-resistant Enterobacteriaceae in travellers: An update[END_REF], depending essentially on the destination.

MDR-E are resistant to most beta-lactam antibiotics, including third generation cephalosporins, but also frequently to aminoglycosides, fluoroquinolones and cotrimoxazole which limits active options for antimicrobial therapy. Severe infections due to MDR-E are associated with higher morbidity and mortality compared to the same infections caused by susceptible bacteria, mainly due to a delayed initiation of adequate antibiotic therapy [START_REF] Colomb-Cotinat | Estimating the morbidity and mortality associated with infections due to multidrug-resistant bacteria (MDRB), France[END_REF]. But, before being infected, patients are usually colonized by MDR-E in their gut microbiota [START_REF] Cornejo-Juárez | Fecal ESBL Escherichia coli carriage as a risk factor for bacteremia in patients with hematological malignancies[END_REF][START_REF] Dedeić-Ljubović | Occurrence of colonization and infection with multidrug-resistant organisms in a neonatal intensive care unit[END_REF]. Thus, knowing whether or not a patient is a MDR-E carrier can help for selecting appropriate probabilistic antibiotic therapy in case of severe infection but is also important in applying infection control measures to avoid the spread of MDR-E in case of hospitalization.

It is therefore important to use rapid and sensitive screening techniques. Unfortunately, in contrast to the detection of carbapenemase-producing Enterobacterales (CPE) digestive carriage, increasingly performed using molecular methods, there are few commercial molecular kits to screen ESBL-E or pAmpC-E digestive carriage. Due to the multiple genes coding for ESBL and pAmpC production, molecular methods can hardly be used for detecting ESBL rectal carriage. Thus, their detection is routinely performed using selective culture media. Studies have evaluated different screening media, the impact of a longer incubation time, and the role of a pre-enrichment step in MDR-E detection [START_REF] Blane | Comparison of 2 chromogenic media for the detection of extended-13 spectrum β-lactamase producing Enterobacteriaceae stool carriage in nursing home residents[END_REF][START_REF] Jazmati | Use of an enrichment broth improves detection of extendedspectrum-beta lactamase-producing Enterobacteriaceae in clinical stool samples[END_REF][START_REF] Murk | Enrichment broth improved detection of extended-spectrum-beta-lactamase-producing bacteria in throat and rectal surveillance cultures of samples from patients in intensive care units[END_REF][START_REF] Kluytmans-Van Den Bergh | Rectal carriage of extended-spectrum-beta-lactamase-producing Enterobacteriaceae in hospitalized patients: selective preenrichment increases yield of screening[END_REF][START_REF] Jazmati | Importance of pre-enrichment for detection of thirdgeneration cephalosporin-resistant Enterobacteriaceae (3GCREB) from rectal swabs[END_REF]. However, all studies have been conducted in healthcare facilities, in patients frequently exposed to antibiotics and subjected to high colonization pressure, thus at high rate of carriage. Moreover, previous studies focused on the detection of ESBL carriage and not on the detection of pAmpC-E, which are increasingly prevalent [START_REF] Ding | The prevalence of plasmid-mediated AmpC β-lactamases among clinical isolates of Escherichia coli and Klebsiella pneumoniae from five children's hospitals in China[END_REF][START_REF] Harris | Whole genome analyse of cephalosporin-resistant Escherichia coli from bloodstream infections in Australia, New Zealand and Singapore: high prevalence of CMY-2 producers and ST131 carrying blaCTX-M-15 and blaCTX-M-27[END_REF]. To our knowledge, no studies have evaluated MDR-E screening methods and the impact of a selective pre-enrichment in subjects from the community, particularly those returning from travel. Here, we assessed the performance of three screening protocols used in the VOYAG-R study [START_REF] Ruppé | High Rate of Acquisition but Short Duration of Carriage of Multidrug-Resistant Enterobacteriaceae After Travel to the Tropics[END_REF] to detect the MDR-E (ESBL-E and pAmpC-E) digestive colonization in travelers, a direct plating on two different media and after a selective pre-enrichment.

MATERIALS & METHODS

Population and Samples

We used data from the VOYAG-R study (ClinicalTrials.gov identifier NCT1526187) which aimed to determine the acquisition rate of MDR-E after a trip to tropical region (sub-Saharan Africa, Asia and Latin America) and the duration of carriage after return [START_REF] Ruppé | High Rate of Acquisition but Short Duration of Carriage of Multidrug-Resistant Enterobacteriaceae After Travel to the Tropics[END_REF][START_REF] Lorme | Acquisition of plasmidmediated cephalosporinase producing Enterobacteriaceae after a travel to the tropics[END_REF]. From February 2012 to April 2013, 574 negative pre-departure travelers were asked to provide a fecal sample on return. Travelers who acquired MDR-E were also asked to send fecal samples 1, 2, 3, 6 and 12 months later. Fresh stool samples were self-collected by the traveler at home and promptly shipped at room temperature to the bacteriology laboratory of Bichat-Claude Bernard Hospital in Paris, France. The stool samples were then, cultured immediately upon receipt [START_REF] Ruppé | High Rate of Acquisition but Short Duration of Carriage of Multidrug-Resistant Enterobacteriaceae After Travel to the Tropics[END_REF] or stored at +4°C, if necessary. The average transport time between the emission and receipt of stool in the laboratory was 2.5 days.

Study design

First, approximately 100mg of stool were suspended in 10mL of brain-heart infusion broth (BHI), then three screening protocols were compared: i/ 1mL of this suspension was plated onto a ChromID-ESBL agar (bioMérieux, Marcy-l'Etoile, France); ii/ 1mL of this suspension was plated onto a bi-plate-ESBL agar (AES Chemunex, Ivry-sur-Seine, France) containing half, a Drigalski agar supplemented with 1.5µg/mL cefotaxime and a Mac Conkey agar with 2µg/mL ceftazidime (plates being incubated for 48 hours at 35±2°C in aerobic conditions and examined at 24 and 48 hours for both protocols); iii/ a pre-enrichment step was performed by diluting 1mL of this suspension in 10mL of BHI broth supplemented by 1.5mg/L cefotaxime. This broth was incubated overnight before plating 100µL on ChromID-ESBL agar only.

Plates were incubated for 24 hours at 35±2°C in aerobic conditions (Figure 1). Screening of CPE was excluded in this study because it was performed using a specific CPE screening medium.

Detection of ESBL-E and pAmpC-E

All colonies with distinct morphotypes (with respect to size, color and shape) on each medium were identified at species level by mass spectrometry (MALDI biotyper, Bruker Daltonics, Bremen, Germany) and were tested for antibiotic susceptibility by disk diffusion method according to the recommendations of the French Society for Microbiology / European Committee for Antibiotic Susceptibility Testing (SFM/EUCAST) (www.eucast.org). ESBL-E were detected by the double-disc synergy test between a disk of amoxicillin clavulanate (20µg/10µg) and a disk of cefotaxime (30µg), ceftazidime (30µg), and/or cefepime (30µg) and were confirmed by PCR and sequencing [START_REF] Ruppé | High Rate of Acquisition but Short Duration of Carriage of Multidrug-Resistant Enterobacteriaceae After Travel to the Tropics[END_REF]. Production of pAmpC were suspected in absence of double-disk synergy associated or not with a cefoxitin resistance and was also confirmed by PCR and sequencing [START_REF] Lorme | Acquisition of plasmidmediated cephalosporinase producing Enterobacteriaceae after a travel to the tropics[END_REF][START_REF] Pérez-Pérez | Detection of plasmid-mediated AmpC beta-lactamase genes in clinical isolates by using multiplex PCR[END_REF].

Statistical analysis

The performance of the three protocols were assessed for the detection of ESBL-E carriers

(carrying at least one ESBL-E, i.e. ESBL-E only or ESBL-E + pAmpC-E) and for the detection of all MDR-E carriers (carrying ESBL-E only, ESBL-E + pAmpC-E or pAmpC-E only).

In assessing the methods studied, we defined a "ideal or reference method" as that which was able to detect all carriers. Thus, the number of ESBL-E or MDR-E carriers detected by at least one of the three methods was used as a denominator to calculate sensitivity [START_REF] Blane | Comparison of 2 chromogenic media for the detection of extended-13 spectrum β-lactamase producing Enterobacteriaceae stool carriage in nursing home residents[END_REF][START_REF] Jazmati | Use of an enrichment broth improves detection of extendedspectrum-beta lactamase-producing Enterobacteriaceae in clinical stool samples[END_REF][START_REF] Grohs | Comparison of five media for detection of extended-spectrum Beta-lactamase by use of wasp instrument for automated specimen processing[END_REF].

The sensitivity of ESBL-E (or MDR-E) detection was calculated by dividing the number of positive plates for a given method by the cumulative yield of all ESBL-E (or MDR-E) detection methods, i.e. the number of ESBL-E carriers or MDR-E carriers detected by at least one of the three methods. Specificity of a given method was calculated by dividing the number of plates without any growth by the number of plates containing no ESBL-E (or no MDR-E), (i.e. plates without any growth and plates with growth of ESBL non-producing [or non MDR] Enterobacterales and plates with other bacteria).

RESULTS

A total of 574 stool samples from 574 travelers after return, were screened for ESBL-E and pAmpC-E.

ESBL-E screening

Overall, 281/574 travelers (49%) were detected with ESBL-E by any method. The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of the detection of ESBL-E using the three different screening protocols are shown in Table 1. The bi-plate-ESBL agar had a higher sensitivity but a lower specificity compared to the ChromID-ESBL (Table 1). The sensitivity of ESBL-E detection after direct plating was higher when incubated 48 hours versus 24 hours (86.1% vs 81.5% for ChromID-ESBL agar and 92.9% vs 90.0% for bi-plate-ESBL agar) but the specificity was lower, especially with the bi-plate-ESBL agar (64.2% versus 76.8%). The pre-enrichment step improved the detection of ESBL-E by 11.7% (32/274) compared to direct culture on ChromID-ESBL agar (comparison with the same media) without decreasing specificity (88.4% vs. 87.4%, respectively). However, 7

ESBL-E were neither detected by direct culture on Chrom-ID ESBL nor by pre-enrichment but only by direct culture on bi-plate-ESBL agar.

All MDR-E screening

As 15 travelers were pAmpC-E carriers only, MDR-E were detected from 296/574 (51.6%) travelers by any method. Performances of the three protocols for all MDR-E detection are shown in Table 2. As for ESBL-E detection, the bi-plate-ESBL agar had a higher sensitivity compared to the ChromID-ESBL after 24 hours (89.9% vs 79.1%) and 48 hours (93.2% vs 84.8%) of incubation (Table 2). Again, the specificity was lower with the bi-plate-ESBL compared to the ChromID-ESBL agar (67.6% vs 89.9%). The pre-enrichment step improved the detection of MDR-E by 12.5% (36/287) compared to direct culture by ChromID-ESBL agar without decreasing specificity (92.4% vs. 89.9%) (Table 2). However, 9 MDR-E ( 2pAmpC-E and 7 ESBL-E) were not detected by pre-enrichment but only using direct culture on bi-plate-ESBL agar. All pAmpC-E were detected by the bi-plate-ESBL agar (n=49), 47/49 with the pre-enrichment step/ChromID-ESBL and only 40/49 by direct inoculation on ChromID-ESBL agar. 

E. coli was the predominant ESBL-E and MDR

Follow-up

Among travelers detected as carriers by enrichment only, 13.3% (2/15) and 6.6% (1/15) were still carriers one and two months after their return and none were detected after 3 months.

Among those detected by direct culture 35.3% (82/232), 19.9% (44/221), 11.2% (24/215) 5.2% (11/212) and 2.4 % (5/211) still carried MDR-E 1, 2, 3, 6 and 12 months respectively after return (Fig. 2). The mean carriage duration of BLSE-E and MDR-E in travelers detected by enrichment only and in travelers detected by direct culture is retrospectively of 0.7 months and 1.37 months (p=0.23; 95% IC: [-0.43;1.76]). Subjects detected as carriers only by enrichment had not traveled on specific area. No "country effect" has been observed between carriers detected by enrichment only and carriers detected by direct culture.

DISCUSSION

The main result of this study is that the addition of an overnight pre-enrichment step in a liquid broth, coupled to the culture on a chromogenic media, increased the sensitivity of MDR-E detection without decreasing specificity. Due to the global spread of MDR-E in hospitals, screening for digestive colonization of MDR-E is of increasing interest, both to control the spread of MDR-E in hospital but also, in case of infection, to support the initiation of probabilistic antibiotic therapies in high-risk patients.

The present study demonstrated an increased sensitivity of selective pre-enrichment broth by 11.7% and 12.5% for ESBL-E and MDR-E detection (i.e. ESBL-E and pAmpC-E), respectively, compared to direct plating, without decreasing specificity. In the absence of a "gold standard", we established as the "ideal or reference method" that which was able to detect all carriers, resulting in a hypothetical 100% sensitivity. These results are somewhat lower than previous ones showing that pre-enrichment can significantly improve the detection of ESBL-E from stool samples [START_REF] Blane | Comparison of 2 chromogenic media for the detection of extended-13 spectrum β-lactamase producing Enterobacteriaceae stool carriage in nursing home residents[END_REF][START_REF] Jazmati | Use of an enrichment broth improves detection of extendedspectrum-beta lactamase-producing Enterobacteriaceae in clinical stool samples[END_REF] or rectal swabs [START_REF] Murk | Enrichment broth improved detection of extended-spectrum-beta-lactamase-producing bacteria in throat and rectal surveillance cultures of samples from patients in intensive care units[END_REF][START_REF] Kluytmans-Van Den Bergh | Rectal carriage of extended-spectrum-beta-lactamase-producing Enterobacteriaceae in hospitalized patients: selective preenrichment increases yield of screening[END_REF][START_REF] Jazmati | Importance of pre-enrichment for detection of thirdgeneration cephalosporin-resistant Enterobacteriaceae (3GCREB) from rectal swabs[END_REF] by 20% to 32% compared to direct cultures. An explanation could be the use of stool samples for MDR-E screening in our study while rectal swabs are routinely used in the hospital setting. Because rectal swabs are less sensitive than stools for MDR-E detection as demonstrated in some studies [START_REF] Ieven | Comparison of direct plating and broth enrichment culture for the detection of intestinal colonization by glycopeptide-resistant enterococci among hospitalized patients[END_REF][START_REF] Kotton | Comparison of rectal swabs with fecal cultures for detection of Salmonella typhimurium in adult volunteers[END_REF], preenrichment with swabs might perform better. However, selective pre-enrichment for MDR-E screening is still rarely used in routine bacteriology laboratories, mainly because it increases the workload and costs, together with the turnaround time by 24 hours. In addition, an MDR-E carrier only detected after preenrichment is probably a digestive carrier at low concentration. In such a situation, the risk of MDR-E transmission could be lower, as could the risk of MDR-E infection [START_REF] Ruppé | Relative fecal abundance of extended-spectrum-β-lactamaseproducing Escherichia coli strains and their occurrence in urinary tract infections in women[END_REF].

However, hospitalized patients are frequently exposed to antibiotics and antibiotic pressure is known to increase the digestive concentration of MDR-E [START_REF] Ruppé | Causes, consequences, and perspectives in the variations of intestinal density of colonization of multidrug-resistant enterobacteria[END_REF].

We also compared two different media and showed a higher sensitivity of the bi-plate-ESBL compared to the ChromID-ESBL agar but highlighted a lower specificity enhanced by 48 hours of incubation. False-positive plates were Pseudomonas sp and Enterobacterales without ESBL or pAmpC. Pseudomonas sp. are easily distinguishable by morphology of the colonies and quickly excluded by the oxydase test but false-positive Enterobacterales species require antibiotic susceptibility testing and a double synergy test to confirm or not the production of ESBL or pAmpC. But a limitation of this study is that the pre-enrichment was only tested with subsequent plating on ChromID-ESBL and the impact of the pre-enrichment step after plating on the bi-plate-ESBL has not been assessed. This choice was deliberately made to limit the overload of work in the initial study and because the bi-plate-ESBL agar was known to be less specific than the ChromID-ESBL, routinely used in the laboratory [START_REF] Willems | Evaluation of 3 different agar media for rapid detection of extended-spectrum β-lactamase-producing Enterobacteriaceae from surveillance samples[END_REF][START_REF] Reglier-Poupet | Performance of chromID ESBL, a chromogenic medium for detection of Enterobacteriaceae producing extended-spectrum beta-lactamases[END_REF].

Although enrichment increases the sensitivity of MDR-E detection, it does not detect all MDR-E, since 7 MDR-E were detected using bi-plate only. However, there is no ideal method, with which all ESBL-E or MDR-E were detected, hence the importance of choosing a method with maximum sensitivity and specificity. Another limit is the processing of samples in an average of 2.5 days, which is relatively long. This can affect the results of the prevalence of MDR-E in the samples, all the more so as the storage conditions were not been monitored. No publication reported the impact of stool storage on the detection of MDR-E. Two publications showed no difference in detection of resistant E. coli, Shiga-toxin-Producing E. coli or Salmonella sp. after a 7-day storage at 4°C [START_REF] Omulo | The impact of fecal sample processing on prevalence estimates for antibiotic-resistant Escherichia coli[END_REF][START_REF] Berenger | Viability of bacterial enteropathogens in fecal samples in the presence or absence of different types of transport media[END_REF]. Another showed a decreasing quantity of E. coli 0157H7 in stools stored 48h at 37 and 4°C but not at 21 and 23°C [START_REF] Echeverry | Survival of Escherichia coli O157:H7 in bovine feces over time under various temperature conditions[END_REF]. However, this potential variance in prevalence does not impact the results of the method comparison as the same sample was used for all techniques tested.

To our knowledge, this is the first study evaluating screening methods in community-based subjects, particularly those returning from travel abroad. The results of the present study are different from those previously published because they address screening of travelers shown to have a high prevalence of MDR-E carriage upon return from endemic regions and do not address hospitalized patients. Moreover, unlike other similar studies, we added the detection of pAmpC-E which are increasingly reported worldwide and may be responsible for hospital outbreaks [START_REF] Pestourie | Outbreak of AmpC βlactamase-hyper-producing Enterobacter cloacae in a neonatal intensive care unit in a French teaching hospital[END_REF].

To date, screening for MDR-E in patients returning from travel and admitted to hospital remains controversial. Yet, MDR-E carriage after travel abroad ranges from 20 to 50% and can reach 90% after a trip to South Asia or Indian subcontinent [START_REF] Arcilla | Import and spread of extended-spectrum β-lactamase-producing Enterobacteriaceae by international travellers (COMBAT study): a prospective, multicentre cohort study[END_REF]. However, no recommendations have yet been made concerning the screening of travelers admitted to hospital, even if recent travel (<3 months) has been clearly identified as a risk factor for ESBL-E carriage in hospital setting, but also for ESBL-E urinary tract infection [START_REF] Jolivet | Prevalence of carriage of extended-spectrum β-lactamase-producing enterobacteria and associated factors in a French hospital[END_REF][START_REF] Epelboin | High Rate of Multidrug-Resistant Gram-Negative Bacilli Carriage and Infection in Hospitalized Returning Travelers: A Cross-Sectional Cohort Study[END_REF].

In conclusion, the use of ChromID-ESBL associated with a pre-enrichment step showed the highest yield to screen the digestive colonization by ESBL-E and pAmpC-E. 
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 1 Figure 1: Flowchart of the study method

  

  Enterobacter cloacae, Morganella morganii, Proteus mirabilis, Citrobacter spp. and and 92% of MDR-E (33/36), only two K. pneumoniae ESBL and one E. cloacae ESBL.Acinetobacter spp (9%). Between the three methods, we observed that a substantial number of H. alvei (n=59) and non-MDR-E.coli (n=22) could actually grow on bi-plate-ESBL agar but that the pre-enrichment step did not increased the number of false positives on ChromID-ESBL agar (Table3).In all, 526 MDR-E were isolated among the 296 positive stools from 574 travellers. The vast majority of ESBLs were of the CTX-M type (95.4%, 447/469), among which CTX-M group 1

	With regard to MDR-E screening, false positive growth was observed for 18% (101/574) of
	travelers. Species growing on these media were mainly ESBL non-producing Enterobacterales
	of which 69% (70/101) of chromosomal AmpC-producing Enterobacterales and Pseudomonas
	spp (19% (19/101)). H. alvei was the predominant contaminant species (35% false positive
	growth), followed by Pseudomonas spp (17%), E. coli (14%), E. cloacae (10%) and
	predominated (83.7% of all CTX-M) following by CTX-M group 9 (10%) and CTX-M group
	2 (3.7%) and CTX-M group 8 (2.6%). The remaining were almost all SHV type (4.1%,
	19/469). Most pAmpC enzymes were CMY types (96.5%, 55/57), including CMY-2 (70.2%),
	CMY-42 (21.1%) and CMY-6 (3.5%), the remaining were two DHA.
	The acquisition rate of MDR-E by geographic area was higher in Asia (142/196 [72.4%]) than
	in sub-Saharan Africa (93/195 [47.7%]) or in Latin America (57/183 [31.1%]).
	-E species: 96% (270/281) of ESBL-positive
	stool samples and 96% (284/296) of MDR-E-positive stool samples; followed by K.
	pneumoniae (7.8% (22/281) ESBL-E and 7.8% (23/296) MDR-E). The other species were