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Introduction

Antimicrobial resistance (AMR) is a major concern for health care professionals, especially in intensive care unit (ICU) set-tings [START_REF] Murray | Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis[END_REF][START_REF] Brusselaers | The rising problem of antimicrobial resistance in the intensive care unit[END_REF]. Indeed, up to two-thirds of ICU-acquired infections are caused by drug-resistant bacteria [START_REF] Brusselaers | The rising problem of antimicrobial resistance in the intensive care unit[END_REF]. Therefore, the blended choice of broad-spectrum antibiotics is widely used in the most severely ill patients or in those who previously had an antimicrobial therapy or drug-resistant bacteria carriage [START_REF] Rhodes | Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016[END_REF][START_REF] Evans | Surviving Sepsis Campaign: international guidelines for management of severe sepsis and septic shock: 2008[END_REF]. To limit the acquisition of drug-resistant bacteria, microbiological surveillance and antimicrobial stewardship were reported as efficient strategies [START_REF] Ramsamy | Microbiological surveillance and antimicrobial stewardship minimise the need for ultrabroad-spectrum combination therapy for treatment of nosocomial infections in a trauma intensive care unit: an audit of an evidence-based empiric antimicrobial policy[END_REF][START_REF] Timsit | Rationalizing antimicrobial therapy in the ICU: a narrative review[END_REF]. A better knowledge of the bacterial ecology of patients and units in association with the implementation of early antibiotic de-escalation allows minimization of broad-spectrum antibiotic consumption and reduces selection and colonization pressure [START_REF] Ramsamy | Microbiological surveillance and antimicrobial stewardship minimise the need for ultrabroad-spectrum combination therapy for treatment of nosocomial infections in a trauma intensive care unit: an audit of an evidence-based empiric antimicrobial policy[END_REF][START_REF] Timsit | Rationalizing antimicrobial therapy in the ICU: a narrative review[END_REF]. This kind of intervention could also reduce care costs and antimicrobial-associated harms [START_REF] Timsit | Rationalizing antimicrobial therapy in the ICU: a narrative review[END_REF][START_REF] Umscheid | Estimating the proportion of healthcare-associated infections that are reasonably preventable and the related mortality and costs[END_REF][START_REF] Arulkumaran | Antimicrobial-associated harm in critical care: a narrative review[END_REF]. Thus, in France, restriction of fluoroquinolone use has favoured a decrease in the rate of methicillin-resistant Staphylococcus aureus (MRSA) isolation [START_REF] Charbonneau | Fluoroquinolone use and methicillin-resistant Staphylococcus aureus isolation rates in hospitalized patients: a quasi-experimental study[END_REF]. However, at the same time, extended-spectrum cephalosporin-resistant Gramnegative bacteria (ESCR-GNB) have become the leading pathogens contributing to the burden of AMR, as in most ICUs worldwide [START_REF] Boutrot | Antibiotics with activity against intestinal anaerobes and the hazard of acquired colonization with ceftriaxoneresistant Gram-negative pathogens in ICU patients: a propensity score-based analysis[END_REF][START_REF] Kollef | Nosocomial Infection[END_REF].

In the context of severe trauma, antibiotics may be required for many reasons, such as penetrating trauma, open fractures, or aspiration pneumonia [ 12 , 13 ]. Moreover, immunoparalysis related to trauma (the first hit ) [START_REF] Lord | The systemic immune response to trauma: an overview of pathophysiology and treatment[END_REF] , as well as surgical aggression (the second hit ) [START_REF] Marik | The immune response to surgery and trauma: Implications for treatment[END_REF] , significantly increases infection risk and encourages use of an antimicrobial therapy [ 12 , 13 ]. Severe trauma is thereby a situation at risk of acquisition of drug-resistant bacteria, favored by antimicrobial therapy selection pressure [ 16 , 17 ]. However, surveil-lance data from large cohorts of severe trauma patients are scarce. Consequently, large observational cohort studies could advance our understanding of this issue in this specific population. The present study was therefore conducted to describe the bacterial ecology in a population of severe trauma patients and to assess the prevalence and acquisition rate of ESCR-GNB and the factors associated with acquisition of ESCR-GNB.

Material and methods

Study design and setting

This observational retrospective cohort study aimed to assess the acquisition of ESCR-GNB and the factors associated with acquisition of ESCR-GNB in severe trauma patients. It was carried out from 01 January 2010to 31 December 2015 in a 20-bed trauma ICU in a French University Hospital (Level-I Regional Trauma Centre). The charts of patients admitted to our Trauma Centre during the study period were retrospectively screened. All consecutive patients with an Injury Severity Score (ISS) > 15 who had been hospitalized in the trauma ICU for at least 7 days were included [START_REF] Baker | The injury severity score: a method for describing patients with multiple injuries and evaluating emergency care[END_REF]. Patients previously admitted to another hospital and those with minor trauma or without microbiological sample were excluded.

Data collection

Demographical data, morbidities, and mechanism of injuries were retrospectively collected. Illnesses severity was assessed 24 h after admission using the Simplified Acute Physiology Score (SAPS) II, the Sequential Organ Failure Assessment (SOFA) score, and the ISS and Abbreviated Injury Scale (AIS) by anatomical area [START_REF] Baker | The injury severity score: a method for describing patients with multiple injuries and evaluating emergency care[END_REF][START_REF] Vincent | The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ dysfunction/failure. On behalf of the Working Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine[END_REF][START_REF] Gall | A new Simplified Acute Physiology Score (SAPS II) based on a European/North American multicenter study[END_REF][START_REF] Gennarelli | AIS 2005: a contemporary injury scale[END_REF]. ICU management, including the need for mechanical ventilation, vasopressor, renal replacement therapy, transfusion, and antimicrobial therapy (drug, treatment start date, and duration) were recorded, as well as global outcome and survival at ICU and hospital discharge. In addition, a specific bacteriological analysis was performed for the present study. All bacteriological samples drawn during ICU stay were retrospectively analyzed (by C.M. and G.F.) to col-ligate bacterial identification and antimicrobial susceptibility. Bacterial samples' drawing dates were also recorded specifically.

Bacteriological management

In our trauma ICU, patients had their own single room. A nasal and rectal swab were systematically performed upon admission and weekly for each patient for microbiological surveillance purpose of ESCR-GNB carriage [START_REF] Tacconelli | ESCMID guidelines for the management of the infection control measures to reduce transmission of multidrug-resistant Gram-negative bacteria in hospitalized patients[END_REF]. In case of fever or sepsis, additional bacteriological samples such as blood cultures, urine analysis, bronchoalveolar lavage or tracheal aspirate, peritoneal fluid analysis, or bone biopsies were drawn based on clinical orientation [START_REF] Rhodes | Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016[END_REF][START_REF] Evans | Surviving Sepsis Campaign: international guidelines for management of severe sepsis and septic shock: 2008[END_REF]. Cultures and antimicrobial susceptibility testing were performed using standard laboratory techniques according to the European Committee on Antimicrobial Susceptibility Testing guidelines [START_REF] Matuschek | Development of the EUCAST disk diffusion antimicrobial susceptibility testing method and its implementation in routine microbiology laboratories[END_REF]. Extended-spectrum cephalosporin-resistance was phenotypically suspected on Mueller Hinton agar when the inhibition diameter zone from at least one of the cephalosporins tested (namely, cefoxitin, cefotaxime, ceftriaxone, ceftazidime, and cefepime) was inferior to the zone diameter breakpoints. Extended-spectrum beta-lactamase (ESBL) production was confirmed with the double-disk synergy method. To confirm high-level production of cephalosporinase (plasmid AmpC producers or chromosomal AmpC hyperproducers), the double-disk synergy test was per-formed using cloxacillin-supplemented medium (250 mg/L) [START_REF] Matuschek | Development of the EUCAST disk diffusion antimicrobial susceptibility testing method and its implementation in routine microbiology laboratories[END_REF]. When necessary, empirical or directed antimicrobial therapies based on institutional guidelines were used. Treatment of early-and late-onset pneumonia, open fractures, and penetrating trauma, or antibioprophylaxis for surgeries, were also protocolized in our unit. Selective decontamination of the digestive tract was not per-formed in our ICU or in our hospital and use of fluoroquinolones were discouraged by local guidelines. Antibiotic prescription and subsequent de-escalation or escalation were left to the physician's discretion based on microbiologic test results and clinical response to therapy. A multidisciplinary care meeting between ICU physicians, microbiologists, and infectious disease specialists dedicated to antimicrobial stewardship was scheduled once a week.

Study définitions

Traumatic injuries were qualified severe using an AIS ≥3. Initial antimicrobial therapy was defined as an antibiotic treatment started within the first 48 h following admission. Additional antimicrobial therapy was defined as antibiotic treatments pre-scribed after 48 h of ICU stay. Companion non-beta-lactam antibiotics were defined as: metronidazole, clindamycin, linezolid, and vancomycin.

ESCR-GNB were defined as follows: (i) Extended-spectrum cephalosporin-resistant Enterobacterales (ESCR-E), namely, AmpC beta-lactamase or ESBL producing Enterobacterales (AmpC-E or ESBL-E); (ii) Pseudomonas aeruginosa , including drugresistant (resistant to ≥1 antipseudomonal ß-lactam antibiotic) and multidrug-resistant (MDR) P. aeruginosa (resistant to at least one drug from at least three antimicrobial classes among penicillins, cephalosporins, carbapenems, fluoroquinolones, and aminoglycosides); (iii) Acinetobacter baumannii, including carbapenem resistant A. baumannii (resistant to imipenem and/or meropenem).

Prevalence of drug-resistant bacteria was defined as the proportion of patients having ESCR-GNB or MRSA during ICU stay. Acquisition of ESCR-GNB was defined as isolation, after day 5 following ICU admission, of ESCR-GNB that was not isolated before, from nasal or rectal swab or from an infected site sample. When ESCR-GNB emerged in a patient twice or more, only the first episode was considered.

Statistical Analysis

Categorical data were described as numbers and percentages, and continuous data as medians with 25 th and 75 th percentiles (interquartile range [IQR]). The population was divided in two groups according to the acquisition of ESCR-GNB. Categorical variables were compared by Chi-square or Fisher's exact test, and continuous variables were compared by Student's t test or Wilcoxon's rank-sum test as appropriate.

The analysis of factors associated with ESCR-GNB acquisition used a cause-specific Cox model. In this model, ICU death or ICU discharge were handled as competing risks. Analyses were right-censored at the time of the first ESCR-GNB acquisition and at day 30 of the ICU stay in patients without acquisition. Factors associated with ESCR-GNB acquisition in the univariate analysis (cutoff P ≤0.2) were included in the multivariate analysis. Results of Cox regression models were reported as hazard ratio (HR) with 95% confidence interval (95% CI).

All tests were two-sided, and P < 0.05 was considered statistically significant. Analyses were performed using R software version 4.0.3 (The R Foundation for Statistical Computing, Vienna, Austria).

3.Results

Study population

Among the 1873 patients suspected to be severely injured and admitted to our Level-1 trauma center during the study period, 507 were included in the present study (Fig. 1 ).

Patients had a median ISS of 29 and a median ICU length of stay of 16 (IQR, 10-28) days, 396 of them (78%) were male. At ICU admission, median age was 42 (IQR, 26-59) years old, and median admission SAPS II and SOFA scores were 35 (IQR, 25-47) and 5 (IQR, 3-6), respectively. Severe injuries were frequent and mainly related to a vehicle crash or a fall (396; 78%): 266 patients (52%) had a severe head trauma, 232 (46%) a severe chest trauma, and 224 (44%) a severe trauma of extremities. The rates of mechanical ventilation and vasopressor needs were 91%, median duration 11 (IQR, 6-20) days, and 78% median duration 4 (IQR, 2-8) days, respectively. A total of 42 patients died during ICU stay, bringing the in-ICU mortality and hospital mortality rates to 8%. Patients' characteristics are summarized in Table 1 .

Antimicrobial therapies

More than three-quarter of patients (393/507; 78%) had an initial antimicrobial therapy, and more than a half (280/507; 55%) received an additional antimicrobial therapy for sepsis during ICU stay, bringing the total number of patients treated with antibiotics to 450 (89%). Antimicrobial therapies were mostly amoxicillin and clavulanic acid (amoxiclav: 343 patients, 68%), cephalosporins (cefotaxime, ceftriaxone or cefepime: 147 patients, 29%), and piperacillin-tazobactam (123 patients, 24%). Antibiotics were pre-scribed in association with an aminoglycoside in 194 cases (38%) and/or with another non-beta-lactam antibiotic (metronidazole, clindamycin, linezolid, or vancomycin) in 177 patients (35%). De-tails on antimicrobial treatments are reported in Table 2.

Bacterial isolates and ESCR-GNB acquisition

Epidemiology of bacterial isolates is summarized in Fig. 2 and Table 3 . Three hundred and ninety-five patients (78%) had at least one positive bacteriological sample. Before day 5, bacteria isolated from culture were mainly S. aureus (29%) and Enterobacterales (22%). Nonfermenting Gram-negative bacteria (NF-GNB) were found in only 7% of patients and were mainly P. aeruginosa (5%). After day 5, most isolated bacteria were Enterobacterales (42%), whereas prevalence of S. aureus decreased to 20%. P. aeruginosa was also found in 60 patients (12%) and A. baumannii in 25 (5%). Accordingly, prevalence of NF-GNB increased by more than two-fold to 17%.

Up to day 5, prevalence of ESCR-GNB was found in 13%, 95% confidence interval (CI; 10%-16%) of the cohort. Types of drug-resistant bacteria were mainly AmpC-E (6%) and ESBL-E (4%). After day 5, ESCR-GNB prevalence increased to 33%, 95% CI (29%-37%). Acquisition of ESCR-GNB was found in 29%, 95% CI (25%-34%) of patients (149/507), after a median of 10 days (IQR, 8-12) of ICU stay. Among Enterobacterales, resistance mechanisms were mainly related to AmpC beta-lactamases. Indeed, the acquisition rate for AmpC-E was 18%, whereas acquisition of ESBL-E were found in only 17 patients (3%), bringing the acquisition rate of ESCR-E to 21% . In the same line, prevalence of AmpC-E increased from 6% to 19% among ESCR-E, which increased from 10% to 23%. In contrast, prevalence of ESBL-E remained stable at around 4% between the two study periods. At the same time, acquisition of ESCR-GNB was also driven by acquisition of P. aeruginosa (10%) and A. baumanii (4%). Of note, MRSA prevalence and acquisition remained low at less than 1%.

Factors associated with ESCR-GNB acquisition

Acquisition of ESCR-GNB was significantly associated in univariate analysis with male sex ( P = 0.04), severe trauma of an extremity ( P = 0.01), higher admission SOFA score ( P < 0.001) and SAPS II ( P = 0.02), early need for massive transfusion ( P = 0.009), red blood cell ( P = 0.02), fresh frozen plasma ( P = 0.02) and platelet ( P = 0.02), early need for mechanical ventilation ( P = 0.003), vasopressor ( P = 0.02), and renal replacement therapy ( P < 0.001). Exposure to piperacillin-tazobactam ( P < 0.001), cephalosporins ( P = 0.002), carbapenems (P = 0.001), and an association with non-beta-lactam antibiotics ( P < 0.001) were also associated with acquisition of AMR. In the multivariate model, factors independently associated with ESCR-GNB acquisition were mechanical ventilation ( P = 0.01) and renal replacement therapy ( P = 0.01) needs, and exposure to extended-spectrum cephalosporin ( P = 0.02) and combination therapy with non-beta-lactam antibiotics such as metronidazole, clindamycin, linezolid, or vancomycin ( P = 0.01). Details of Cox regression analyses are presented in Table 4.

Discussion

This study reported a large and exhaustive cohort of 507 severely injured trauma patients hospitalized more than 7 days in a level one regional trauma center and described their bacterial epidemiology. At ICU admission, most of bacterial isolates were methicillinsusceptible Staphylococcus aureus (MSSA) and wild type Enterobacterales, and the prevalence of AMR remained low (13%). During ICU stay, acquisition rate of ESCR-GNB was 29%, increasing the prevalence up to 33%, and mainly because of the acquisition of AmpC-E (21%). Factors independently associated with ESCR-GNB acquisition were need for mechanical ventilation and renal replacement therapy, and longer treatment with extendedspectrum cephalosporin and combination therapy with non-beta-lactam antibiotics.

Few studies have described the bacterial ecology in such a large cohort of severe trauma patients [START_REF] Gilbert | Multidrug resistant gram-negative bacilli colonization risk factors among trauma patients[END_REF] . In non-traumatized critically ill patients, most were colonized or infected with Enterobacterales and Staphylococcus aureus isolates at ICU admission [START_REF] Trouillet | Ventilator-associated pneumonia caused by potentially drug-resistant bacteria[END_REF] . In these patients, during the first days following ICU admission, ESCR-E and MRSA prevalence were low, around 10-15% and less than 1%, respectively [ 25 , 26 ]. Our results in a trauma population were thus in agreement with those previously reported in medical or surgical ICU populations in France [ 25 , 26 ]. Despite the low prevalence of comorbidity in trauma patients, they appeared to have a similar initial bacterial ecology to that of non-trauma patients [START_REF] Trouillet | Ventilator-associated pneumonia caused by potentially drug-resistant bacteria[END_REF].

After 5 to 7 days of ICU stay, significant acquisition of ESCR-E was largely reported in literature in various ICU settings [START_REF] Kollef | Nosocomial Infection[END_REF][START_REF] Barbier | Infection related ventilator-associated complications in ICU patients colonised with extendedspectrum β-lactamase-producing Enterobacteriaceae[END_REF]; however, few studies have reported bacterial ecology in trauma patients [START_REF] Ramsamy | Microbiological surveillance and antimicrobial stewardship minimise the need for ultrabroad-spectrum combination therapy for treatment of nosocomial infections in a trauma intensive care unit: an audit of an evidence-based empiric antimicrobial policy[END_REF] . In line with our results, Ramsamy et al. [START_REF] Ramsamy | Microbiological surveillance and antimicrobial stewardship minimise the need for ultrabroad-spectrum combination therapy for treatment of nosocomial infections in a trauma intensive care unit: an audit of an evidence-based empiric antimicrobial policy[END_REF] have re-ported a 5% prevalence of ESCR-E, mainly related to ESBL-E, in 227 patients hospitalized in a level-1 trauma centre in South Africa. Nonetheless, the proportion of AmpC-E has not been documented in this cohort. In contrast, our findings highlighted that ESCR-E acquisition was more frequently related to AmpC-E (close to 20%) rather than ESBL-E ( < 5%). ESBL-E were also less frequently isolated in our cohort of severely injured patients than in the general ICU population in France [START_REF] Pilmis | Carriage of ESBL-producing Enterobacteriaceae in French hospitals: the PORTABLSE study[END_REF][START_REF] Barbier | Infection related ventilator-associated complications in ICU patients colonised with extendedspectrum β-lactamase-producing Enterobacteriaceae[END_REF], which could be explained by the limited use of fluoroquinolone in our hospital [START_REF] Pilmis | Carriage of ESBL-producing Enterobacteriaceae in French hospitals: the PORTABLSE study[END_REF]. The same was probably true for MRSA [ 6 , 9 , 24 ]. Furthermore, isolation of drug resistant NF-GNB were unsurprisingly higher in the cohort of Ramsamy et al. [START_REF] Ramsamy | Microbiological surveillance and antimicrobial stewardship minimise the need for ultrabroad-spectrum combination therapy for treatment of nosocomial infections in a trauma intensive care unit: an audit of an evidence-based empiric antimicrobial policy[END_REF] than in ours; A. baumannii is indeed known to be rarely isolated in the French ICUs compared to many other countries and particularly South Africa [ 11 , 27 , 28 ].

In severe trauma patients, many reasons prompt clinicians to widely prescribe antimicrobial therapy [START_REF] Cole | The burden of infection in severely injured trauma patients and the relationship with admission shock severity[END_REF][START_REF] Papia | Infection in hospitalized trauma patients: incidence, risk factors, and complications[END_REF], as illustrated by the large proportion of patients (89%) treated with antibiotics in our study. In the general population, acquisition of resistant bacteria under antibiotic exposure is not understood in detail [START_REF] Cantón | Emergence and spread of antibiotic resistance following exposure to antibiotics[END_REF]. It is reported as a complex phenomenon combining pharmacokinetic-pharmacodynamic concepts-such as mutant selection window, mutant prevention concentration-and the ecological effect of antibiotics on the human microbiota [START_REF] Cantón | Emergence and spread of antibiotic resistance following exposure to antibiotics[END_REF]. However, the correlation between antibiotic use and the frequency of AMR has been widely reported [START_REF] Ramsamy | The effect of prior antimicrobial therapy for community acquired infections on the aetiology of early and late onset ventilator-associated pneumonia in a level I trauma intensive care unit[END_REF][START_REF] Cantón | Emergence and spread of antibiotic resistance following exposure to antibiotics[END_REF][START_REF] Kollef | Inadequate antimicrobial treatment of infections[END_REF].

In the present study, we found an independent association between extended-spectrum cephalosporin use and development of resistance. This association was previously described in a 6-year cohort of surgical ICU patients including trauma patients [START_REF] Guidry | Whence resistance?[END_REF]. Noteworthy, ceftriaxone was the most prescribed extended-spectrum cephalosporin before 2015 in our ICU, which could have favored the high prevalence of AmpC-E in our cohort as previously reported [START_REF] Grohs | Fighting the spread of AmpC-hyperproducing Enterobacteriaceae: beneficial effect of replacing ceftriaxone with cefotaxime[END_REF]. The biliary excretion of this antibiotic increases its ecological effect on the intestinal microbiota [START_REF] Ruppé | Impact of antibiotics on the intestinal microbiota needs to be re-defined to optimize antibiotic usage[END_REF], and a benefit of replacing ceftriaxone with cefotaxime to limit the acquisition of ESCR-E has been suggested [START_REF] Grohs | Fighting the spread of AmpC-hyperproducing Enterobacteriaceae: beneficial effect of replacing ceftriaxone with cefotaxime[END_REF].

We also reported an independent association between ESCR-GNB acquisition and exposure to non-beta-lactam antibiotics such as metronidazole, clindamycin, linezolid, or vancomycin. The identification of these antibiotics as a risk factor for acquisition of drug-resistant Gramnegative bacteria might have seemed surprising, particularly regarding anti-Gram-positive antibiotics. Yet, these four antibiotics are known to be strong drivers of anaerobic microbiota disturbance [START_REF] Sullivan | Effect of antimicrobial agents on the ecological balance of human microflora[END_REF], which decreases intestinal colonization resistance to pathogens [START_REF] Woerther | Is the term "anti-anaerobic" still relevant?[END_REF] . Thus, as previously reported, "anti-anaerobic" antibiotics may have facilitated the colonization with drug-resistant bacteria [START_REF] Woerther | Is the term "anti-anaerobic" still relevant?[END_REF][START_REF] Harris | Risk factors for colonization with extended-spectrum beta-lactamase producing bacteria and intensive care unit admission[END_REF][START_REF] Harris | Risk factors for imipenem-resistant Pseudomonas aeruginosa among hospitalized patients[END_REF].

Among the main factors associated with acquisition of AMR, greater illnesses severity has been previously reported [START_REF] Campbell | Multi-drug-resistant Gram-negative infections in deployment-related trauma patients[END_REF]. In agreement with Campbell et al. [START_REF] Campbell | Multi-drug-resistant Gram-negative infections in deployment-related trauma patients[END_REF], we found that acquisition of ESCR-GNB was more frequent in severe trauma patients who need mechanical ventilation and/or renal replacement therapy. In this setting, acquisition of ESCR-GNB has multifactorial contributing factors, such as disrupted barrier function due to endotracheal tubes and catheters that increase risk for colonization and infection of lung, skin, and bloodstream, and dysbiosis that favors a shift towards Enterobacterales in intestinal, cutaneous, and respiratory microbiomes [START_REF] Kollef | Nosocomial Infection[END_REF][START_REF] Fromentin | Respiratory microbiome in mechanically ventilated patients: a narrative review[END_REF].

The present study has several limitations. First, its monocentric design, in a level-1 trauma center in a French teaching hospital, could limit the generalization of our results to ICUs worldwide since AMR epidemiology is widely variable around the world [START_REF] Kollef | Nosocomial Infection[END_REF].. Second, its retrospective design may have introduced bias in data collection and results interpretation. However, it is the largest re-cent analysis on acquisition of AMR in critically injured patients, and consecutive inclusions may have limited selection bias. Third, the acquisition of penicillinase enzymes among isolated bacteria was not recorded in our collection, leading to a possible under-estimation of the development of AMR related to the use of antibiotics, especially amoxiclav and piperacillin-tazobactam. Indeed, this study focused on AmpC-E, ESBL-E and NF-GNB, which are more relevant concerns for ICU and infectious disease physicians. Last, we did not demonstrate any association between mortality and acquisition of resistant bacteria, which may limit the importance of our results. Nonetheless, numerous studies have already reported a link between the acquisition of resistance and the worsening prognosis of ICU patients, underscoring the relevance of this issue [START_REF] Ramsamy | Microbiological surveillance and antimicrobial stewardship minimise the need for ultrabroad-spectrum combination therapy for treatment of nosocomial infections in a trauma intensive care unit: an audit of an evidence-based empiric antimicrobial policy[END_REF][START_REF] Arulkumaran | Antimicrobial-associated harm in critical care: a narrative review[END_REF]. Moreover, our surveillance data could help to limit AMR acquisition by contributing to antimicrobial stewardship in this specific population [START_REF] Ramsamy | Microbiological surveillance and antimicrobial stewardship minimise the need for ultrabroad-spectrum combination therapy for treatment of nosocomial infections in a trauma intensive care unit: an audit of an evidence-based empiric antimicrobial policy[END_REF][START_REF] Timsit | Rationalizing antimicrobial therapy in the ICU: a narrative review[END_REF].

In conclusion, acquisition of ESCR-GNB was a prevalent com-plication in severe trauma patients that was mainly related to AmpC-E acquisition. During ICU stay, the ESCR-GNB acquisition rate was 29%, and independent factors associated with ESCR-GNB acquisition were admission for severe trauma requiring mechanical ventilation or renal replacement therapy, and longer exposure to extended-spectrum cephalosporins or combination therapy with non-beta-lactam antibiotics. Further studies are mandatory to determine if a better choice of antimicrobial therapy or a decrease in antibiotic consumption may limit the acquisition of AMR in severe trauma patients and most importantly, improve outcomes.
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