Routine antibiotic therapy in dogs increases the detection of antimicrobial resistant faecal Escherichia coli
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Abstract 
Background: Antimicrobial Resistance (AMR) is a critical health problem, with systemic antimicrobial therapy driving development of AMR across the host spectrum. 
Objectives: This study compares longitudinal carriage, at multiple time-points, of AMR faecal Escherichia coli in dogs undergoing routine antimicrobial treatment. 
Patients and Methods: Faecal samples (n=457) from dogs (n=127) were examined pre-treatment, immediately after, and one- and three-months post-treatment with one of five antimicrobials. Isolates were tested for susceptibility to a range of antimicrobials using disc-diffusion for each treatment-group at different time-points; the presence/absence of corresponding resistance genes were investigated using PCR assays. The impact of treatment-group/time-point and other risk factors on the presence of resistance (MDR, ciprofloxacin-resistance, third-generation-cephalosporin-resistance (3GCR) and ESBL- and AmpC-production) was investigated using multilevel modelling. Samples with at least one AMR E. coli from selective/non-selective agar were classed as positive. Resistance was also assessed at the isolate level, determining the abundance of AMR from non-selective culture.
Results: Treatment with beta-lactams or fluoroquinolones was significantly associated with the detection of 3GCR, AmpC-producing, MDR and/or ciprofloxacin-resistant E. coli, but not ESBL-producing E. coli immediately after treatment. However, one-month post-treatment, amoxicillin/clavulanate only, was significantly associated with the detection of 3GCR; there was no significant difference at three-months post-treatment for any antimicrobial compared to pre-treatment samples. 
Conclusions: Our findings demonstrated that beta-lactam and fluoroquinolone antibiotic usage is associated with increased detection of important phenotypic and genotypic AMR faecal E. coli following routine therapy in vet-visiting dogs. This has important implications for veterinary and public health in terms of antimicrobial prescribing and biosecurity protocols, and dog waste disposal. 

Running Title
Antibiotics select for AMR canine faecal E. coli 

Introduction
The gastrointestinal tract is an important reservoir for Antimicrobial Resistant (AMR) Gram-negative organisms. 1, 2 MDR (resistance to three or more antimicrobial classes),3 ESBL- and AmpC-producing faecal Escherichia coli carried by dogs are of particular concern. They may act as a reservoir for self-infection including for further transmission of resistance genes, as well as pathogens and resistance genes potentially being transferred into other hosts including people, other pets and the environment.4-6 Systemic antimicrobial therapy selects for AMR Gram-negative bacteria, so increased use compounds AMR issues. In humans, even short-term therapy with ciprofloxacin, cephalosporin or clindamycin can lead to long-term disturbance of commensal bacterial populations and prolonged carriage of AMR Enterobacteriaceae or anaerobic bacteria.7, 8 

There are a limited number of, mostly broad-spectrum, antimicrobials authorised for use in companion animals in the United Kingdom. Amongst these, beta-lactams and fluoroquinolones are commonly utilised and critically important for the treatment of bacterial infections.9 Beta-lactam antimicrobials include oral cephalexin, oral amoxicillin/clavulanate, the most commonly prescribed, for dogs, by first-opinion veterinarians,10, 11 and injectable cefovecin (administered subcutaneously every 14 days). Enrofloxacin and marbofloxacin are oral second generation fluoroquinolones and clindamycin is an oral lincosamide antimicrobial.7, 12 

The overall effect of antimicrobial treatment on human commensal bacterial populations has been shown to depend on the pharmacokinetics, spectrum of activity, dose and treatment duration, and the levels of AMR bacteria present before treatment.7 In dogs, a number of studies have shown that treatment with either beta-lactam or fluoroquinolone antimicrobials may positively select for intestinal/faecal AMR E. coli for variable periods of time.13-20 This study aimed to compare the extent and characteristics of AMR E. coli carriage in the faeces of community-dogs before- and after-treatment with five different antimicrobials. 

Materials and methods
Study population
Dogs attending veterinary consultations at three centres, including first opinion and referral practice in the North-West of England between June 2011 and September 2012 were recruited. Inclusion criteria were dogs diagnosed with a bacterial infection (skin, soft tissue, urinary tract, dental, respiratory tract, orthopaedic, gastrointestinal, ocular) requiring systemic antimicrobial therapy with one of five antimicrobials, authorised for use including cephalexin, amoxicillin/clavulanate, cefovecin, clindamycin, or a fluoroquinolone (enrofloxacin or marbofloxacin). Exclusion criteria included antimicrobial therapy or veterinary admission within the previous three months and dogs aged less than 12 months due to fluoroquinolone contraindication. Dogs were excluded if they were prescribed systemic antimicrobials during the follow-up period. The veterinarian in charge of the case selected and implemented the treatment plan (antimicrobial, dose, frequency and duration) according to clinical need. Before enrolment, all dog owners read the study outline and gave written informed consent. The University’s Veterinary Science Ethics Committee approved the study protocol in June 2011. 

Detection and characterisation of faecal E. coli
E. coli isolation
Owners were asked to provide a fresh faecal sample from their dog pre-treatment, immediately after treatment, and at one- and three-months post-treatment. Samples were delivered in person or by first-class pre-paid return-post. Faecal samples were refrigerated and processed on delivery (within 24-72 hours of collection). 

All faecal samples were processed by selective and non-selective methods, as previously reported.21-24 In brief, an equal volume of faeces (5 grams) and brain heart infusion broth with 5% glycerol (BHI-G) (5mL) were homogenised  before streaking onto plain eosin methylene blue agar (EMBA), EMBA impregnated with third generation cephalosporins (1μg/mL ceftazidime and 1 μg/mL cefotaxime) and spread-plating onto plain EMBA with antimicrobial discs (10g ampicillin, 30g amoxicillin/clavulanate, 1g ciprofloxacin, 30g chloramphenicol, 30g nalidixic acid, 30g tetracycline and 2.5g trimethoprim)22. Following overnight aerobic incubation at 37C, when present, ten random colonies, morphologically resembling E. coli, were selected from plain EMBA and one colony from each (ceftazidime/cefotaxime) impregnated EMBA plate and/or growing within the inhibition zone around each antimicrobial disc were selected for further investigation; this methodology was used to investigate if there is a reduction in diversity and/or emergence of low-prevalence AMR clones following antimicrobial selective pressure.4, 22, 25 It was therefore possible to select a maximum of 19 isolates from each faecal sample. Selected colonies were sub-cultured onto nutrient agar for pure growth and incubated aerobically overnight at 37C before gram-stain, biochemical analysis (catalase production, lack of oxidase, lactose fermentation, indole production and inability to use citrate as a carbon source).  PCR assays for uidA gene26 confirmed isolates as E. coli. All antimicrobial discs were obtained from MAST Group Ltd., Liverpool, UK, and media from LabM Ltd, Bury, UK; cephalosporin powder was from Sigma-Aldrich Company Ltd, Gillingham, UK.

Antimicrobial susceptibility testing
All confirmed E. coli isolates underwent antimicrobial susceptibility disc-diffusion testing and interpretation as previously reported24 according to BSAC guidelines (Version 11.1 May 2012)27 with the same panel of seven antimicrobial discs as used above. E. coli ATCC® 25922 (LGC Standards, Teddington, UK) cultured overnight on nutrient agar at 37°C was the control. 

ESBL- and AmpC-producing E. coli
Isolates selected from third generation cephalosporin impregnated EMBA and isolates from other selective and non-selective agar with phenotypic resistance to ampicillin or amoxicillin/clavulanate were further screened for third-generation-cephalosporin-resistance (3GCR) (cefpodoxime 10 g) and phenotypic ESBL- and AmpC- production, according to manufacturer instructions (Extended Spectrum Beta-Lactamase Set D52C, MAST Group Ltd., Liverpool, UK and AmpC detection set D69C, MAST Group Ltd., Liverpool, UK).28, 29 E. coli ATCC® 25922 (LGC Standards, Teddington, UK) cultured overnight on nutrient agar at 37°C was the control. Isolates with phenotypic ESBL- or AmpC-production were further tested for the presence of blaCTX-M,30 blaSHV, blaTEM, blaOXA31 genes and blaAmpC genes,32 including blaCIT-M as a screen for blaCMY (the most common AmpC–gene in the UK).24, 33 If positive for blaCTX-M, isolates were tested for the presence of CTX-M group 1, 2 and 9 genes,34, 35 as these are reported to be the most common CTX-M group genes amongst animals in the UK.24, 36 

Statistical Analyses
Sample-level prevalence of antimicrobial resistance over time 
All isolates (from selective and non-selective agar) were included in the analysis. To account for multiple isolates per sample, microbiological data were collapsed to sample-level, such that a sample with at least one resistant isolate was classed as resistant. Five resistance outcomes were considered: ciprofloxacin resistance (FQR), 3GCR, phenotypic ESBL- or AmpC-producing and MDR. The percentage of samples with each of the five resistance outcomes were calculated (including 95% confidence intervals), for each treatment-group/time-point.

Isolate-level prevalence of antimicrobial resistance over time 
To quantify the abundance of antimicrobial resistant E. coli for each treatment group/time point, ten random isolates (if available) from non-selective EMBA were tested from each sample (n=3897 isolates). The percentage of isolates (including 95% confidence intervals) with resistance to each tested antimicrobial or MDR was determined for each treatment-group/time point.

Risk factors for antimicrobial resistant faecal E. coli 
Questionnaire data 
A questionnaire investigating potential risk factors for AMR bacteria was completed by owners at the start of the study and at each faecal collection. The attending veterinary surgeon completed a one-page questionnaire detailing diagnosis, treatment regime, and previous antimicrobial treatment within the last 12 months. All questionnaire-derived information was available as potential explanatory variables for inclusion in multivariable modelling of antimicrobial resistance outcomes. Except for age, all variables were categorical. Collinearity between explanatory variables was assessed using two-by-two tables and Pearson’s chi-square test for independence or Fisher’s exact tests if N<5. A one-way between-groups analysis of variance (ANOVA) was used to investigate differences between animals of different ages (normal distribution) within treatment groups pre-treatment (Table 1). To investigate significant pre-treatment differences between treatment groups, for each AMR outcome (FQR, 3GCR, MDR, ESBL- and AmpC-producing E. coli) and questionnaire-derived variables, simple univariable and multivariable logistic regression analysis with a binomial distribution and logit link function were used. All questionnaire data analyses were undertaken using SPSS software package (SPSS 20.0 for Mac, SPSS Inc, Chicago, Illinois).

Multilevel models
Multilevel multivariable logistic regression modelling was used to examine differences between treatment-groups/time-points, including dog as a random effect term (level-two unit, due to repeated measurements in dogs). Faecal samples were the level-one unit of interest. At enrolment all dogs were classed as ‘untreated’. The different combinations of time (n=3) and treatment group (n=5) provided 15 categories for analyses.

Univariable analyses were initially performed; all variables showing some association with the resistance outcome (P-value<0.25)37 were considered for incorporation into the final multivariable model. Models were constructed using backwards stepwise procedures where variables with a Wald P-value <0.05 were retained; treatment group/time-point were always retained. Once a final multivariable model was generated, all variables significantly (P<0.05) different between treatment groups at baseline were forced into the multilevel model to ensure that there was no confounding effect on remaining variables. 

Univariable and multivariable calculations utilised penalised quasi-likelihood estimates (second-order PQL for all outcomes other than phenotypic ESBL which was first-order MQL due to lack of model convergence)38 were performed. First-order interaction terms were tested for all variables remaining in final models. The residuals +/-1.96 SD x rank (caterpillar plots) were calculated and graphed for each dog to check for outliers. Multilevel models were analysed using the MLwiN statistical software package (MLwiN Version 2.28 Centre for Multilevel Modelling, University of Bristol).  

Results 
Study population 
One hundred and twenty-seven dogs were enrolled from three centres (Supplementary Table S1). All dogs provided samples pre-treatment and at treatment-end, 105 dogs provided samples at one-month post-treatment and 98 dogs provided samples at three-month post-treatment. Information regarding sample time-points and the reasons for missing samples are described in the Supplementary Data. 

Detection and characterisation of faecal E. coli
E. coli was detected in 95% (434/457) of faecal samples. 3GCR was detected in 158 samples from 60% of dogs, phenotypic ESBL-producing E. coli were detected in 59 samples from 31% of dogs and AmpC-producing E. coli detected in 138 samples from 60% of dogs. Table 2 shows the number and percentage of samples with at least one faecal E. coli with ESBL- and/or AmpC-producing genes for each time-point/treatment group. Carriage of blaCIT-M, was detected in the faecal samples of 50% of dogs during the full study period; blaDHA-1/blaDHA-2 and blaMOX were detected from only one dog each in addition to blaCIT-M. The most commonly detected blaCTX-M genes belonged to group 1 (13% of dogs) followed by group 9 (2% dogs); blaCTX-M group 2 genes were detected in E. coli from a single dog at one-month post-fluoroquinolone treatment.

Sample-level prevalence of antimicrobial resistance 
Generally there were an increased percentage of samples with MDR, ESBL- or AmpC-producing E. coli following treatment with cephalexin, amoxicillin/clavulanate and cefovecin and an increased percentage of samples with FQR E. coli following cephalexin, cefovecin and fluoroquinolone (FQ) treatment. However, the percentage of samples with resistance had generally declined by three-month post-treatment (Figure 1). 

Prevalence of antimicrobial resistance at the isolate level
During the full study-period, isolates (n=3897: pre-treatment n=1097, immediately post-treatment n=1011, one-month post-treatment n=911 and three-month post-treatment n=878) were randomly selected from non-selective agar.  For all treatment groups, the percentage of isolates with resistance to each tested antimicrobial and MDR increased immediately post-treatment compared to D0 (pre-treatment), but declined by three-months post-treatment (Figure 2); of note was the increased detection MDR and a lack of fully susceptible isolates immediately after fluoroquinolone treatment (Figure 2).

Risk factors for antimicrobial resistant faecal E. coli 
When compared to all pre-treatment samples, MDR E. coli was significantly more likely to be detected following treatment with amoxicillin/clavulanate or cefovecin (Table 3). The risk of detecting 3GCR E. coli was more likely following treatment with amoxicillin/clavulanate, cephalexin or cefovecin; for AmpC-producing E. coli, cephalexin or cefovecin therapies increased the risk of detection (Table 4). Finally, ciprofloxacin resistant E. coli was more likely to be detected following treatment with cephalexin, a fluoroquinolone or cefovecin  (Table 3). At one-month post-amoxicillin/clavulanate, the risk of detecting 3GCR E. coli increased compared to pre-treatment samples (Table 4), otherwise no other significant differences were detected at one- or three-month post-treatment compared to pre-treatment.

The final models also showed that there were positive associations between: living in a multi-dog household and 3GCR or ESBL-producing E. coli, recruitment from referral consultations and AmpC-producing E. coli (compared to first-opinion), eating animal stools and ciprofloxacin resistance, owner working in healthcare and MDR, a ‘diagnosis of pyoderma’ and ESBL-producing E. coli, and body weight and AmpC-producing E. coli (dogs of small to medium weight were less likely than large dogs to have resistance). 

Discussion 
This study used a prospective, longitudinal design to examine the effect of different antimicrobials, on the selection and carriage of AMR amongst faecal E. coli in a large cohort of vet-visiting dogs. Faecal samples were collected before, and at multiple time-points, including three-months, after completing therapy. Resistance to critically important antimicrobials was investigated (including third-generation cephalosporins and fluoroquinolones). Our findings suggest that single courses of systemic antimicrobials select for resistance immediately after treatment, but effects then wane. In particular, beta-lactams selected for 3GCR and/or MDR, and cephalosporins and fluoroquinolones selected for FQR. This suggests that broad spectrum antimicrobials authorised for the treatment of bacterial infections in dogs, create a reservoir of AMR E. coli and potentially transmissible resistance genes within the canine gastrointestinal tract. Both can provide a source of environmental contamination, be transmitted to other hosts, including owners, or influence re-infection. 

Selection of 3GCR including AmpC
Treatment with cephalexin and cefovecin significantly increased the risk of detecting 3GCR and in particular, AmpC-producing E. coli. These results confirm those of Damborg et al,39 who examined cephalexin-only treatment in a small number of community dogs compared to untreated controls and also found an increase in AmpC-producing E. coli. Similarly, Lawrence et al20 reported increased AmpC-producing faecal E. coli 28-days-post-cefovecin-injection treatment in a small number of laboratory Beagles. 
 
Impact of amoxicillin/clavulanate
It was surprising that amoxicillin/clavulanate (aminopenicillin plus beta-lactamase inhibitor combination), the other beta-lactam antimicrobial investigated in this study, did not significantly select for AmpC-producing E. coli, as did the cephalosporins. Treatment with amoxicillin/clavulanate, is expected to select for 3GCR due to Amp-C production, but not necessarily ESBL-mediated resistance. Clavulanate, a beta-lactamase inhibitor, is less effective against AmpC-beta-lactamases, so could select for these enzymes over other beta-lactamases, including ESBL-variants.40, 41 Gibson et al16 also reported that unexpectedly, they did not detect treatment with beta-lactams or potentiated-beta-lactams as risks for MDR AmpC-producing E. coli in hospitalised dogs; however the findings of other studies support the selection of beta-lactam resistance following treatment with amoxicillin without clavulanate.15, 18 Although the amoxicillin/clavulanate treatment group was of similar size to other treatment groups, apart from the fluoroquinolones, we cannot exclude a sample size effect and further larger studies are required to investigate these findings further; other factors such as differing antimicrobial excretion and concentration within the intestinal tract should be investigated.

Selection for ESBL, MDR and FQR
The detection of ESBL-producing E. coli was not associated with use of any antimicrobials administered in this study, as previously reported.14, 42, 43 The percentage of samples positive for ESBL-producing E. coli was lower overall than other resistance outcomes. This may have reduced the power to detect significant associations, particularly as cephalexin and cefovecin were found to be a risk for 3GCR, an outcome including phenotypic ESBL- and AmpC-producing E. coli. Furthermore, previous studies in both healthy and hospitalised dogs23, 24, 44 have reported a higher prevalence of canine faecal AmpC-producing compared to ESBL-producing E. coli. 

In this study, the administration of both amoxicillin/clavulanate and cefovecin increased the risk of detecting MDR E. coli post-treatment. These results uphold previous work using a small number of dogs, where selection for MDR faecal E. coli followed treatment with ampicillin, amoxicillin, enrofloxacin or cefovecin;15, 18, 20, 45 retrospective risk analysis also identified cephalexin as a risk for MDR E. coli rectal carriage during hospitalisation.16 Cefovecin was also a risk for the detection of AmpC-producing E. coli, that are often MDR40. 

The use of cephalosporins and fluoroquinolone antimicrobials increased the risk of detecting FQR post-treatment in this study. This upholds results from Boothe et al18 (selection of MDR FQR E. coli following treatment with enrofloxacin in two laboratory dogs) and Lawrence et al20 (increased detection of enrofloxacin resistant faecal E. coli after administration of cefovecin). As E. coli strains with high-level fluoroquinolone resistance are commonly resistant to cephalosporins,46 this suggests co-selection of resistance.2 However, we did not find an association between fluoroquinolone therapy and MDR or 3GCR at treatment-end, possibly due to a small sample size in this treatment group.

antimicrobial exposure recovery period
Chronic antimicrobial therapy likely maintains MDR amongst canine commensal E. coli.47 Our study aimed to report AMR prevalence and risk factors at time-points post-treatment, but in the absence of repeated antimicrobial prescriptions. We found that after amoxicillin/clavulanate treatment, the risk of detecting 3GCR E. coli increased and remained higher at one-month post-treatment, but at three-months it had returned to pre-treatment levels. The length of time for which significantly different levels of resistance were evident is longer than that suggested in previous work examining amoxicillin without clavulanate; Gronvold et al15 and Boothe et al18 showed recovery at two-weeks post-treatment. This may mean that whilst amoxicillin/clavulanate may have less overall impact on the selection of 3GCR than cephalosporins, the treatment effects are longer lasting. Further larger studies are required to corroborate and investigate the basis of these findings. For example amoxicillin/clavulanate may have differing effects on other members of the microbiome (such as anaerobic bacteria), compared to cephalosporins where higher generation drugs have increasing activity against Gram-negative bacteria. For other treatment groups (cephalexin, cefovecin, clindamycin and fluoroquinolones) there was no association with resistance at one-month post-treatment. Previous work, however, identified resistance at 21 and between 17 and 37 days after enrofloxacin (Boothe et al18 and Trott et al,13 respectively) and resistance at day 28 after cefovecin.20  

length of antimicrobial treatment
The length of antimicrobial treatment has been investigated particularly for human patients, and shorter courses have been shown to reduce antimicrobial use, costs, adverse events and exposure to commensal organisms (and thereby AMR selection), without increasing morbidity or mortality.48 The results of this study, however, did not suggest an association between treatment length and resistance, particularly given the shorter treatment length for amoxicillin/clavulanate; however, sample sizes were small in some groups, reducing the likelihood of detecting associations between variables. Overall, selection and persistence of resistance within the gastrointestinal tract is likely to be influenced by multiple factors including antimicrobial class (broad- or narrow-spectrum), resistance type (MDR or not) and mechanism of resistance (transmissible or chromosomal),18 pharmacokinetics/pharmacodynamics, the level of resistance present before therapy7 and bacterial virulence/fitness.49 

Magnitude of resistance
Quantifying resistance (assessing the number of isolates with an AMR trait) would be a better measure to detect changes over time than analysis at the sample level (sample classed as AMR if at least one isolate is AMR), particularly where there is high pre-treatment AMR prevalence. High pre-treatment prevalence can make it difficult to detect change following therapy, increase the risk of AMR in the following sample and influence recovery time. This study limitation was offset by selecting ten random isolates from non-selective agar for each sample for analysis at the isolate level at each time-point/treatment group. At the sample level, this study did not identify an association between cephalexin or fluoroquinolone therapy with MDR E. coli, however there was an increase immediately at treatment-end compared to pre-treatment when examined at the isolate level; this concurs with our expectations and the findings of previous authors.13, 18, 20, 45 Concordantly, also at the isolate level, fluoroquinolone and cefovecin therapy appeared to have the most effect on fully-susceptible E. coli; this was also noted at the sample level where E. coli were not detected in over one third of dogs directly after fluoroquinolone treatment. Both Lawrence et al20 and Trott et al13 reported significant inhibition of faecal E. coli and/or coliforms during and beyond treatment with cefovecin and enrofloxacin. Inhibition of susceptible isolates may create a vacant niche in the gastrointestinal tract for colonisation with resistant or pathogenic bacteria. 

Study implications
Antimicrobial therapy selects for MDR E. coli within the gastrointestinal tract of humans and dogs. These bacteria may be then shared between hosts (including between humans or between pets and between humans and pets) within households4, 5 and health-care settings; carriage isolates may cause extra-intestinal infections.16, 50 Antimicrobial therapy is paramount to the successful treatment of many patients. Implementation of veterinary hospital prescribing guidelines can reduce overall use and misuse of important antimicrobials,51 reducing selection pressure for AMR bacteria. This study provides important information on both the effect and the timescale of the effect following routine antimicrobial therapy in dogs. This information can be used to design biosecurity guidelines that limit transfer of such bacteria to in-contact individuals or to the environment, including barrier nursing,52, 53 appropriate disposal of dog waste6 and strict hand hygiene.54, 55 

Conclusions
Antimicrobials impact not just the pathogens they are designed to target, but also the commensal microbiota. Our results suggest that treatment with many commonly used systemic antimicrobials (particularly beta-lactams and fluoroquinolones) affects the commensal faecal flora of dogs, causing a shift towards a more resistant bacterial population of E. coli. There is up to a one-month window, following the end of therapy where treated dogs are more likely to carry AMR faecal E. coli. Proactive strategies such as prudent antimicrobial-prescribing and hospital biosecurity programs are urgently needed to limit development and dissemination of antimicrobial resistance. In particular, policies for antimicrobial use during specific clinical conditions, alongside utilisation of culture and susceptibility testing, could help reduce misuse and overuse of important antimicrobials. Full genome sequencing e.g. deep sequencing of shotgun metagenomics of the microbiome could help to elucidate the overall impact of therapy with different antimicrobials.
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Table 1: The pre-treatment (D0) variables considered for inclusion in the final multivariable model, with the number and percentage (%) of dogs in each treatment-group and variable category.
		Variable	
	CFX
 (n=32)
	AC
(n=28)
	CVN
(n=24)
	CD
(n=29)
	FQ
(n=14)
	Total 
(n=127)
	P-value 

	Mean agea (months) 
	44 
	50
	68
	79
	83
	62
	0.002

	Weight
	
	
	
	
	
	
	0.002

	Small (< 11 kg)
	1 (5)
	2 (10)
	3 (15)
	10 (50)
	4 (20)
	20 (16)
	

	Medium (11-20 kg)
	4 (25)
	3 (19)
	0
	7 (44)
	2 (13)
	16 (13)
	

	Large (> 20 kg) REF
	27 (30)
	23 (25)
	21 (23)
	12 (13)
	8 (9)
	91 (72)
	

	Gender
	
	
	
	
	
	
	0.8

	Male REF
	19 (25)
	17 (23)
	12 (16)
	17 (23)
	10 (13)
	75 (59)
	

	Female
	13 (25)
	11 (21)
	12 (23)
	12 (23)
	4 (8)
	52 (41)
	

	Treatment duration
	
	
	
	
	
	
	0.001

	1 week REF
	6 (18)
	16 (47)
	0
	10 (29)
	2 (6)
	34  (27)
	

	> 1 or < 3 weeks
	12 (26)
	9 (19)
	9 (19)
	11 (23)
	6 (13)
	47  (37)
	

	> 3 weeks
	14 (30)
	3 (7)
	15 (33)
	8 (17)
	6 (13)
	46  (36)
	

	Recruitment site
	
	
	
	
	
	
	0.001

	First opinion practice REF
	24 (33)
	27 (37)
	4 (17)
	17 (23)
	1 (1)
	73 (57)
	

	Referral consultation
	8 (15)
	1 (2)
	20 (83)
	12 (22)
	13 (24)
	54 (43)
	

	Diagnosis of pyoderma at enrolment1
	28 (35)
	3 (4)
	23 (28)
	16 (20)
	11 (14)
	81 (64)
	0.001

	Previous systemic antimicrobial treatment2
	16 (26)
	10 (16)
	17 (28)
	10 (16)
	8 (13)
	61 (48)
	0.048

	Previous beta-lactam antimicrobial treatment2
	11 (28)
	7 (18)
	9 (23)
	7 (18)
	6  (15)
	40 (31)
	0.41

	Previous hospital admission2 
	17 (42)
	12 (29)
	5 (12)
	6 (15)
	1 (2)
	41 (32)
	0.007

	In-contact human or pet received antimicrobials3
	7 (26)
	5 (19)
	4 (15)
	7 (26)
	4 (15)
	27 (21)
	0.9

	In-contact human or pet admitted to hospital or veterinary premises3
	4 (15)
	3 (12)
	6 (23)
	8 (31)
	5 (19)
	26 (20)
	0.2

	Owner works in healthcare 
	5 (21)
	2 (8)
	4 (17)
	10 (42)
	3 (13)
	24 (19)
	0.08

	Multi-dog household 
	18 (15)
	15 (26)
	12 (21)
	8 (14)
	4 (7)
	57 (45)
	0.1

	Enrolled dog regularly eats animal stools 
	7 (18)
	5 (13)
	8 (21)
	11 (29)
	7 (18)
	38 (30)
	0.08


CFX=cephalexin; AC=amoxicillin/clavulanate; CVN=cefovecin; CD=clindamycin; FQ=fluoroquinolone. aAge was the only continuous value and is represented by the mean age of dogs in each treatment group; REF = the reference category for non-dichotomous variables; 1Other infections (n=46) include urinary tract/prostate (n=11), abscess/bite wound (n=11), dental (n=10) and post-operative (n=8). 2Within 12-months but more than three months as per enrolment criteria; 3Within 12-months of enrolment; significant if P <0.05 (Pearson’s chi-square or aANOVA)

Table 2: The number and percentage (%) of samples that harboured at least one faecal E. coli positive for ESBL- or AmpC-resistance genes at each time-point/treatment-group.
	Treatment Group
	Time point  & total samples
	blaCTX-M
	CTX-M group 1
	CTX-M group 9
	blaCitM
	blaCTX-M & blaCitM
	APhenotypic ESBL with blaTEM&/or blaOXA

	CFX
	D0 (n = 32)
	1 (3)
	1 (3)
	0
	4 (13)
	0
	0

	
	E (n = 32)
	4 (13)
	3 (9)
	0
	19 (60)
	4 (13)
	1 (3)

	
	M1 (n = 27) 
	2 (7)
	2 (7)
	0
	9 (33)
	0
	1 (4)

	
	M3 (n = 24)
	0
	0
	0
	4 (17)
	0
	0

	AC
	D0 (n = 28) 
	0
		0
	0
	5 (18)
	0
	0

	
	E (n = 28)
	1 (4)
	1 (4)
	0
	9 (32)
	0
	1 (4)

	
	M1 (n = 26)
	1 (4)
	1 (4)
	0
	7 (27)
	0
	1 (4)

	
	M3 (n = 25)
	1 (4)
	0
	1 (4)
	5 (20)
	0
	0

	CVN
	D0 (n = 24) 
	5 (21)
	5 (21)
	0
	9 (38)
	3 (13)
	1 (4)

	
	E (n = 24) 
	6 (25)
	4 (17)
	1 (5)
	15 (63)
	4 (17)
	1 (4)

	
	M1 (n = 19) 
	5 (26)
	2 (11)
	2 (11)
	5 (26)
	3 (16)
	1 (5)

	
	M3 (n = 18)
	1 (6)
	1 (6)
	0
	7 (39)
	2 (11)
	1 (6)

	CD
	D0 (n = 29)
	0
	0
	0
	5 (17)
	0
	1 (4)

	
	E (n = 29)
	1 (3)
	0
	0
	3 (10)
	0
	1 (4)

	
	M1 (n = 25)
	1 (4)
	1 (4)
	0
	2 (8)
	0
	0

	
	M3 (n = 23)
	0
	0
	0
	1 (4)
	0
	0

	FQ
	D0 (n = 14)
	2 (14)
	2 (14)
	0
	4 (29)
	1 (7)
	1 (7)

	
	E (n = 14)
	3 (21)
	2 (14)
	0
	3 (21)
	2 (14)
	1 (7)

	
	M1 (n = 7)
	1 (14)
	1 (14)
	0
	1 (14)
	0
	0

	
	M3 (n = 8)
	1 (13)
	1 (13)
	0
	2 (25)
	1 (13)
	0

	Treatment Overall
	D0 (n = 127)
	8 (6)
	8 (6)
	0
	27 (21)
	4 (3)
	3 (2)

	
	E (n = 127)
	14 (11)
	10 (8)
	1 (1)
	49 (39)
	10 (8)
	5 (4)

	
	M1 (n = 105)
	9 (9)
	7 (7)
	2 (2)
	24 (23)
	3 (3)
	4 (4)

	
	M3 (n = 98)
	3 (3)
	2 (2)
	1 (1)
	19 (19)
	3 (3)
	1 (1)

	Total dogs 
	(N = 127)
	22 (17)
	16 (13)
	3 (2)
	63 (50)
	13 (10)
	13 (10)


CFX=cephalexin; AC= amoxicillin/clavulanate; CVN=cefovecin; CD=clindamycin; FQ=fluoroquinolone; Treatment Overall=all antibiotics; D0=pre-treatment; E= treatment-end; M1=one-month post- treatment; M3 = three-month post-treatment-end; percentage in parenthesis; Total Dogs=number and percentage of dogs with ESBL- or AmpC-genes during the full study period (dog was classed as positive if at least one isolate in one sample was positive); Asequencing was not performed to confirm carriage of  genes blaTEM and blaOXA. 

Table 3: Multilevel multivariable results for the outcomes: Ciprofloxacin-Resistance (CipR) and MDR in 457 faecal samples from 127 dogs.
	Variables
	CipR
	MDR

	
	OR
	95% CI
	P-value
	OR
	95% CI
	P-value

	Time D0 
	REF
	
	
	REF
	
	

	Time End and CFX 
	5.1
	1.6-16.6
	0.006
	1.7
	0.6-5.0
	0.4

	Time End and AC 
	1.4
	0.3-7.1
	0.72
	5.0
	1.5-16.0
	0.007

	Time End and CVN 
	7.0
	1.9-25.5
	0.003
	8.0
	2.1-30.6
	0.002

	Time End and CD 
	0.7
	0.1-4.9
	0.7
	1.6
	0.4-5.7
	0.5

	Time End and FQ 
	5.6
	1.2-25.7
	0.03
	0.8
	0.2-4.0
	0.8

	Time M1 and CFX 
	2.02
	0.5-8.8
	0.35
	2.1
	0.7-7.0
	0.2

	Time M1 and AC 
	2.1
	0.5-9.3
	0.34
	0.6
	0.1-2.5
	0.5

	Time M1 and CVN 
	0.8
	0.1-5.7
	0.82
	1.6
	0.3-7.3
	0.6

	Time M1 and CD 
	0.3
	0.02-4.1
	0.37
	1.8
	0.5-6.4
	0.4

	Time M1 and FQ 
	2.7
	0.3-22.9
	0.34
	1.8
	0.2-14.1
	0.6

	Time M3 and CFX 
	0.4
	0.03-5.6
	0.53
	0.7
	0.2-2.8
	0.6

	Time M3 and AC 
	1.0
	0.2-6.9
	0.99
	2.0
	0.6-7.2
	0.3

	Time M3 and CVN 
	2.5
	0.5-12.4
	0.25
	1.2
	0.3-6.1
	0.8

	Time M3 and CD 
	0.4
	0.03-6.02
	0.54
	0.4
	0.1-1.8
	0.2

	Time M3 and FQ
	2.9
	0.4-23.0
	0.32
	0.3
	0.02-4.5
	0.4

	Time treatment overall
	
	
	0.09
	
	
	0.045

	Owner works in healthcare 
	
	
	
	3.6
	1.32-9.88
	0.012

	Dog eats animal stools
	2.9
	1.2-7.0
	0.018
	
	
	

	Level 2 (dog) Variance [standard error] VPC (%)
	1.6 [0.6] 32%
	
	
	2.7 [0.7] 45%
	
	


OR=odds ratio; 95% CI=95% confidence interval; VPC=variance partition coefficient; P values are from the Wald chi-squared test; CFX=cephalexin, AC=amoxicillin/clavulanate; CVN=cefovecin; CD=clindamycin; FQ=fluoroquinolone; Day 0=pre-treatment; End = treatment-end; M1=one-month post-treatment-end; M3=three-month post-treatment; significant if P <0.05 (bold text)

Figure 1: The percentage of samples with MDR (a), phenotypic ESBL-producing (b), ciprofloxacin resistant (c) and Amp-C-producing (d) E. coli at each time-point for each treatment-group and treatment-overall (95% CI). 
 (a)

(b)

(c)

(d)

Day 0=pre-treatment; End=treatment-end; M1=one-month post-treatment; M3=three-month post-treatment; CFX=cephalexin; AC=clavulanate-amoxicillin; CVN=cefovecin; CD=clindamycin; FQ=fluoroquinolone

Figure 2: The percentage of isolates with resistance or susceptibility in each treatment-group: treatment-overall (a), amoxicillin/clavulanate (b), cephalexin (c), cefovecin (d), clindamycin (e) and fluoroquinolones (f) at each-time point (95% CI). 
 (a)

(b)

(c)

(d)

(e)

(f)

Amp=ampicillin; AC=amoxicillin/clavulanate; Cip=ciprofloxacin; Chlor=chloramphenicol; Nal=nalidixic acid; Tet=tetracycline; TM=trimethoprim; MDR=multidrug-resistance; Susc=fully susceptible; Day 0=pre-treatment; End=treatment-end; M1=one-month post-treatment; M3=three-month post-treatment; All=all treatment groups; CFX=cephalexin; CVN=cefovecin; CD=clindamycin; FQ=fluoroquinolone 

Table 4: Multilevel multivariable results for Third-Generation-Cephalosporin-Resistance (3GCR), presence or absence of phenotypic ESBL- or AmpC-producing E. coli in 457 faecal samples from 127 dogs.
	Variables
	3GCR
	ESBL
	AmpC

	
	OR
	95% CI
	P-value
	OR
	95% CI
	P-value
	OR
	95% CI
	P-value

	Time D0 
	REF
	
	
	REF
	
	
	REF
	
	

	Time End and CFX 
	8.7
	2.9-25.9
	<0.001
	1.6
	0.5-4.8
	0.42
	8.84
	3.1-25.4
	<0.001

	Time End and AC 
	3.9
	1.1-14.5
	0.04
	1.3
	0.2-7.6
	0.77
	2.81
	1.0-8.3
	0.06

	Time End and CVN 
	9.6
	2.5-37.7
	0.001
	2.5
	0.8-8.3
	0.12
	9.31
	2.7-31.9
	<0.001

	Time End and CD 
	1.0
	0.3-3.8
	0.99
	0.4
	0.1-3.5
	0.43
	0.78
	0.2-2.7
	0.69

	Time End and FQ 
	0.6
	0.1-3.2
	0.51
	2.4
	0.5-11.5
	0.29
	0.47
	0.1-2.6
	0.39

	Time M1 and CFX 
	2.2
	0.7-6.9
	0.182
	0.5
	0.1-2.5
	0.41
	2.76
	1.0-8.0
	0.06

	Time M1 and AC 
	5.3
	1.5-19.7
	0.013
	3.0
	0.7-13.1
	0.14
	1.59
	0.5-4.9
	0.42

	Time M1 and CVN 
	1.3
	0.3-5.2
	0.71
	2.1
	0.6-7.7
	0.28
	1.85
	0.6-6.1
	0.31

	Time M1 and CD 
	0.7
	0.2-3.1
	0.63
	0.6
	0.1-4.6
	0.59
	1.04
	0.3-3.7
	0.96

	Time M1 and FQ 
	0.7
	0.1-5.3
	0.69
	0.9
	0.1-10.4
	0.91
	0.42
	0.03-5.8
	0.52

	Time M3 and CFX 
	0.8
	0.2-2.6
	0.57
	0.9
	0.2-3.8
	0.91
	0.62
	0.2-2.3
	0.47

	Time M3 and AC 
	1.6
	0.4-6.3
	0.54
	0.7
	0.1-6.5
	0.73
	0.42
	0.1-1.7
	0.23

	Time M3 and CVN 
	2.9
	0.7-11.8
	0.14
	0.8
	0.1-4.4
	0.76
	1.83
	0.5-6.2
	0.33

	Time M3 and CD 
	0.5
	0.1-2.8
	0.44
	0.7
	0.1-5.2
	0.69
	0.28
	0.04-1.9
	0.19

	Time M3 and FQ
	0.8
	0.1-6.6
	0.87
	1.1
	0.1-11.2
	0.92
	0.96
	0.1-7.2
	0.97

	Time treatment overall 
	
	
	<0.001
	
	
	0.77
	
	
	<0.001

	Weight (large)
	REF
	
	
	REF
	
	
	REF
	
	

	Weight (small)
	
	
	
	
	
	
	0.5
	0.2-1.4
	0.17

	Weight (medium)
	
	
	
	
	
	
	0.1
	0.03-0.5
	0.004

	Weight overall
	
	
	
	
	
	
	
	
	0.009

	Diagnosis of pyoderma
	2.3
	0.8-6.6
	0.11
	3.63
	1.18-11.13
	0.024
	
	
	

	First opinion 
	RE
	
	
	REF
	
	
	REF
	
	

	Referral consultation
	2.1
	0.9-5.2
	0.11
	
	
	
	2.2
	1.1-4.6
	0.035

	Multi-dog household
	3.8
	1.6-8.7
	0.002
	2.71
	1.24-5.93
	0.012
	
	
	

	Level 2 (dog) Variance [standard error] VPC (%)
	2.4 [0.6] 43%
	
	
	1.190 [0.5] 27%
	
	
	1.8 [0.5] 35%
	
	


OR=odds ratio; 95% CI=95% confidence interval; VPC=variance partition coefficient; REF=reference category; P values are from the Wald chi-squared test; CFX=cephalexin, AC=amoxicillin/clavulanate; CVN=cefovecin; CD=clindamycin; FQ=fluoroquinolone; Day 0=pre-treatment; End= treatment-end; M1=one-month post-treatment; M3=three-month post-treatment; significant if P <0.05 (bold text)
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Supplementary Data

Further Materials and Methods
Risk Factors for Antimicrobial Resistant Faecal E. coli: questionnaire		

About your dog.

1. Age		Years  	Months  	Weeks |_|	Don’t Know |_|	
0. Is this age	Exact  		|_|	Estimate	 |_|                                                                                             

1. Breed		Pedigree (please specify)	|_|				
Cross (please specify) 	|_|					

1. Sex		     	Male	|_|	Female	|_|	Neutered	

1. How long have you owned him/her?		


About your dog’s diet.

1. What is s/he fed?		Tinned meat		|_|	Dry mixer		|_|
(Tick all that apply)		Dry Complete		|_|	Raw chicken		|_|					Cooked chicken		|_|	Raw red meat		|_|
Cook red meat		|_|	Don’t Know		|_|
Other							

1. Is s/he fed commercial dog treats?	Never	|_|	Rarely	|_|	Sometimes	|_|	Often	|_|	Don’t know	|_|

1. Is s/he fed human titbits/ scraps? 	Never	|_|	Rarely	|_|	Sometimes	|_|	Often	|_|	Don’t know	|_|

1. Does your dog ever eat stools (faeces)? 	Never	|_|	Rarely	|_|	Sometimes	|_|	Often	|_|	Don’t know	|_|								If so what types of stools? (Please tick all that apply)					Rabbit	|_|	Cat	|_|	Dog	|_|	Horse	|_|		Cow |_|	Sheep	|_|	Badger	|_|	Other			


About your household.

1. Are there any other dogs in the household?	
Yes		|_|	No	|_|	Don’t Know	|_|						If yes, how many? 	1	|_|	2	|_|	3 or more	|_|

1. Do you own any other animals (other than dogs)?
Yes		|_|	No	|_|	Don’t Know	|_|						If yes, what animals? (Please tick all that apply)
Cat			|_|	Bird	|_|	Rabbit	|_|	
Rodent	(e.g. hamster)	|_|	Reptile (e.g. snake)	|_|	
Don’t know		|_|	Other				
	
1. Does anyone in your household work with farm animals?
Yes		|_|	No	|_|	Don’t know	|_|						If yes, please state which species are worked with																	

1. Has anyone in your family (including other pets) to your knowledge in the last month taken antibiotics?
Yes		|_|	No	|_|	Don’t know	|_|

11. If yes, was this a Family Member	 |_|	Pet |_|

11. Which antibiotic was prescribed (if known)																		

1. Does anyone in your household work in medical or veterinary healthcare?	
Yes			No	|_|	Don’t Know	|_|

12. If yes, in what setting?	Hospital	|_|	Community Nursing	|_|
GP surgery	|_|	Nursing Home		|_|
Dentist		|_|	Veterinary practice	|_|
				Don’t Know	|_|	Other			

1. Has anyone in your household attended hospital in the last month?	
Yes		|_|	No	|_|	Don’t Know	|_|

13. If yes, why?	Admission to hospital		|_|	Visit		|_|
Outpatient appointment		|_|	Don’t Know	|_|	
Other 				

Risk Factors for Antimicrobial Resistant Faecal E. coli: questionnaire data
Data included: patient signalment (age, breed, sex); diet; antimicrobial therapy and veterinary admission within the last 12 months (prior to the three-month study exclusion period); the presence, number and type of in-contact pets; previous antimicrobial therapy or hospitalisation of other household members; owners working with farm animals, or in a human healthcare setting. Treatment duration and body weight were included as three categories: 1 week, >1 week and 3 weeks, and >3weeksand small (<11kg), medium (11-20kg) and large (>20kg), respectively. Recruitment sites were divided into two categories (first-opinion or referral).

Further Results
Study Population: time-points and missing samples
Pre-treatment sample was always collected within 24 hours of starting therapy. The treatment-end sample was always collected at end of therapy, however the time from pre-treatment varied depending on the length of prescription. Due re-examination appointments and sample return, the one-month- and three-month post-treatment sample time-points varied. The one-month sample ranged from 21-60 days (mean=35.38 days) and the three-month sample ranged from 61-150 days (mean=100.97 days).  

Missing samples from one-month post-treatment (n=22) were due to prescription of further antimicrobials (n=7), euthanasia due to unrelated reasons (n=3), or owner non-compliance (n=12). Missing samples from three-month post-treatment (n=29) were due to prescription of further antimicrobials (n=12), euthanasia due to unrelated reasons (n=4), re-homing (n=3) or owner non-compliance (n=10). The most common diagnosis for enrolment was pyoderma (n=81); other diagnoses included urinary tract/prostate infection (n=11), dog bite/other abscess (n=11), dental infections (n=10), post-operative infection (n=8) or infected tumour/nodule/ulcer (n=6).

Supplementary Table S1: The number of faecal samples provided at each time-point in each treatment-group.
	Antimicrobial treatment group

	Time point
	CFX
	AC
	CVN
	CD
	FQ
	Total

	D0
	32
	28
	24
	29
	14
	127

	End
	32
	28
	24
	29
	14
	127

	M1
	27
	26
	19
	26
	7
	105

	M3
	24
	25
	18
	23
	8
	98

	Total
	115
	107
	85
	107
	43
	457


CFX = cephalexin; AC = clavulanate-amoxicillin; CVN = cefovecin; CD = clindamycin; FQ = fluoroquinolone; D0 = pre-treatment; End = treatment-end; M1 = one month after treatment-end; M3 = three months after treatment-end

Supplementary Table S2: The number and percentage of samples negative for Escherichia coli in each treatment group at each time point during the study
	Time point
	CFX
(n = 115)
	AC
(n = 85)
	CVN
(n = 107)
	CD
(n = 107)
	FQ
(n = 43)

		D0	
	2
	1
	0
	0
	1

	End
	2
	2
	0
	2
	5

	M1
	0
	0
	4
	1
	0

	M3
	1
	0
	0
	0
	1

	Total
	5 (4%)
	3 (4%)
	4 (4%)
	3 (3%)
	8 (19%)


CFX=cephalexin; AC=clavulanate-amoxicillin; CVN=cefovecin; CD=clindamycin; FQ=fluoroquinolone; D0=baseline day zero; End=treatment end; M1=one month after treatment-end; M3=three months after treatment-end.
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CFX	13.52363382656452	16.05988548760545	17.78148109575936	14.91022517652952	13.52363382656452	16.05988548760545	17.78148109575936	14.91022517652952	Day 0	End	M1	M3	18.75	31.25	33.33333333333333	16.66666666666666	AC	16.03901493234544	18.47295320191117	16.19521330519948	16.74165869918509	16.03901493234544	18.47295320191117	16.19521330519948	16.74165869918509	Day 0	End	M1	M3	25.0	53.57142857142841	23.07692307692308	24.0	CVN	18.86010879352776	19.36895066853133	20.90128423692162	21.65999312694517	18.86010879352776	19.36895066853133	20.90128423692158	21.65999312694517	Day 0	End	M1	M3	33.33333333333333	62.5	31.57894736842105	29.41176470588236	CD	17.29959256951031	17.66003945994118	19.45836827691367	17.94586528173322	17.29959256951032	17.66003945994118	19.45836827691366	17.94586528173321	Day 0	End	M1	M3	34.48275862068966	37.93103448275846	44.0	26.08695652173913	FQ	26.1916017074176	23.66431913239848	40.00833246545858	22.91765149399041	26.1916017074176	23.66431913239846	40.00833246545857	12.5	Day 0	End	M1	M3	50.0	28.57142857142857	50.0	12.5	Treatment overall	7.96411076463927	8.617833178449075	8.95036519014934	8.261047025600543	7.96411076463927	8.617833178449075	8.950365190149337	8.261047025600548	Day 0	End	M1	M3	29.92125984251969	43.30708661417322	32.38095238095238	22.44897959183674	
CFX	8.387001661797848	14.323532183744	9.878600608755204	13.23151225924938	6.25	14.323532183744	7.407407407407407	12.5	Day 0	End	M1	M3	6.25	21.875	7.407407407407407	12.5	AC	6.873863542433758	12.96148139681572	13.8687521044253	7.681599833368045	3.571428571428571	12.96148139681572	13.8687521044253	4.0	Day 0	End	M1	M3	3.571428571428571	14.28571428571428	15.38461538461538	4.0	CVN	16.24804119248202	18.86010879352776	19.80043310607673	15.31592802051694	16.24804119248202	18.86010879352776	19.80043310607673	11.76470588235294	Day 0	End	M1	M3	20.83333333333328	33.33333333333333	26.31578947368421	11.76470588235294	CD	9.222654819815074	9.222654819815074	7.681599833368045	0.0	6.896551724137931	6.896551724137931	4.0	0.0	Day 0	End	M1	M3	6.896551724137931	6.896551724137931	4.0	0.0	FQ	23.66431913239848	23.66431913239848	29.82045035305904	22.91765149399041	23.66431913239846	23.66431913239846	16.66666666666666	12.5	Day 0	End	M1	M3	28.57142857142857	28.57142857142857	16.66666666666666	12.5	Treatment overall	5.446954274287679	6.915452141698474	6.299958847602205	5.099019513592786	5.446954274287676	6.915452141698472	6.299958847602205	5.099019513592785	Day 0	End	M1	M3	11.0236220472441	19.68503937007872	12.38095238095238	7.142857142857141	
CFX	11.4588257469952	17.01686605896485	18.21523949765184	16.24804119248202	11.4588257469952	17.01686605896485	18.21523949765184	16.24804119248202	Day 0	End	M1	M3	12.5	59.375	37.03703703703703	20.83333333333328	AC	15.19868415357066	18.33030277982336	18.70062152268065	15.68	15.19868415357066	18.33030277982336	18.70062152268066	15.68	21.42857142857143	42.85714285714272	38.46153846153846	20.0	CVN	19.36895066853133	18.18497421051337	21.69028772114063	22.95579338492588	19.36895066853132	18.18497421051339	21.69028772114062	22.95579338492588	37.5	70.83333333333316	36.8421052631579	44.44444444444424	CD	14.74343290450037	12.55044354575937	14.37095737938152	11.51566341214492	14.74343290450037	12.55044354575936	14.37095737938151	8.695652173913042	20.68965517241379	13.79310344827586	16.0	8.695652173913042	Fluro	23.66431913239848	21.49418526020468	25.92296279363144	30.00624934909392	23.66431913239846	21.42857142857143	14.28571428571428	25.0	28.57142857142857	21.42857142857143	14.28571428571428	25.0	Treatment overall	7.3006667811827	8.617833178449075	8.80457793381333	8.261047025600543	7.300666781182703	8.617833178449075	8.804577933813327	8.261047025600548	22.83464566929134	43.30708661417322	30.47619047619049	22.44897959183674	
CFX	8.387001661797848	15.57816417999085	13.399985820016	7.994717584709248	6.25	15.57816417999085	13.399985820016	4.166666666666666	Day 0	End	M1	M3	6.25	28.125	14.81481481481481	4.166666666666666	AC	9.539392014169456	11.4564392373896	13.8687521044253	10.63469341354042	7.142857142857141	10.71428571428571	13.8687521044253	8.0	7.142857142857141	10.71428571428571	15.38461538461538	8.0	CVN	17.32411613907041	19.36895066853133	13.79955648376294	20.16435622473652	17.32411613907041	19.36895066853132	10.52631578947368	20.16435622473652	25.0	37.5	10.52631578947368	23.52941176470588	CD	9.539392014169456	11.4564392373896	12.7384922184692	8.33442528666764	7.142857142857141	10.71428571428571	12.0	4.347826086956521	7.142857142857141	10.71428571428571	12.0	4.347826086956521	FQ	21.49418526020468	25.92296279363143	37.72021758705554	30.00624934909392	21.42857142857143	25.92296279363144	33.33333333333333	25.0	21.42857142857143	42.85714285714263	33.33333333333333	25.0	Treatment overall	5.613130390276427	7.387491333678469	6.693280212272603	5.993193418115151	5.613130390276428	7.387491333678469	6.693280212272603	5.993193418115151	11.81102362204724	23.62204724409449	14.28571428571428	10.20408163265306	
All D0	2.615384200863108	2.044484527620138	0.900176227090177	0.865668494345861	1.397148783548777	1.867145508010227	1.777464963572413	1.703310051046664	2.727772188091677	2.615384200863108	2.044484527620138	0.900176227090177	0.865668494345861	1.397148783548777	1.867145508010227	1.777464963572413	1.703310051046664	2.727772188091677	Amp 	AC	Cip	Chlor	Nal	Tet	TM	MDR	Susc.	26.61804922515952	13.8559708295351	2.370100273473108	2.18778486782133	5.925250683682771	11.21239744758432	10.02734731084777	9.115770282588878	69.37101185050103	All End	3.006214954633073	2.999157898842718	1.781525950449604	1.673452238055148	2.316191917800968	2.611403556913167	2.680543111575101	2.547645639832666	2.901516799690988	3.006214954633065	2.999157898842718	1.781525950449602	1.67345223805515	2.316191917800966	2.611403556913164	2.680543111575101	2.547645639832666	2.901516799690985	61.02868447082097	38.47675568743818	9.198813056379816	8.011869436201781	17.01285855588526	23.44213649851632	25.32146389713155	21.85954500494559	33.135509396637	All M1	2.721134497595411	1.947180125959893	0.0	1.478989476271886	0.0	2.073674925699059	2.073674925699059	1.7181421690048	2.915415885282556	2.721134497595411	1.947180125959893	0.0	1.478989476271887	0.0	2.073674925699059	2.073674925699059	1.7181421690048	2.915415885282569	22.72228320526892	9.989023051591655	0.0	5.488474204171241	0.0	11.52579582875961	11.52579582875961	7.574094401756311	72.00878155872628	All M3	2.739291423410665	1.756152094304967	0.701898250762657	0.0	0.937345665974174	1.976342297866958	1.629758684307065	1.276218333933845	2.875032142497716	2.739291423410665	1.756152094304968	0.701898250762657	0.0	0.937345665974175	1.976342297866958	1.629758684307064	1.276218333933845	2.87503214249773	21.98177676537586	7.630979498861047	1.138952164009112	0.0	2.050113895216401	9.90888382687927	6.492027334851936	3.87243735763098	74.71526195899772	
AC D0	6.264937170447571	5.10868088538597	0.0	0.0	0.0	4.320856350760471	3.933726429041867	3.575245997334832	6.286503283005558	6.264937170447577	5.10868088538597	0.0	0.0	0.0	4.320856350760469	3.933726429041871	3.575245997334832	6.286503283005568	Amp 	AC	Cip	Chlor	Nal	Tet	TM	MDR	Susc.	33.17972350230415	17.97235023041475	0.0	0.0	0.0	11.9815668202765	9.67741935483871	7.834101382488479	66.35944700460811	AC End 	6.210041612629204	5.55225314816563	0.78872757885666	3.812779687619777	2.67070041944467	4.577625010138224	4.483116201007927	4.837635590118662	6.219767603886516	6.210041612629212	5.552253148165633	0.403225806451613	3.812779687619778	2.670700419444671	4.577625010138225	4.483116201007927	4.837635590118658	6.219767603886523	46.7741935483871	27.41935483870968	0.403225806451613	10.48387096774194	4.838709677419355	16.12903225806452	15.3225806451613	18.54838709677419	51.61290322580645	AC M1	3.638121745450546	3.183526591992873	0.0	0.0	0.0	3.183526591992873	1.628081960480528	0.0	4.587950121886973	3.638121745450546	3.183526591992871	0.0	0.0	0.0	3.183526591992871	1.449275362318841	0.0	4.587950121886973	7.729468599033816	5.797101449275359	0.0	0.0	0.0	5.797101449275359	1.449275362318841	0.0	86.95652173913042	AC M3	4.735907454091924	4.468121975018587	0.918025186927699	0.0	0.918025186927699	2.701612173889213	2.033308779401552	0.0	5.294717801874327	4.735907454091927	4.468121975018585	0.469483568075117	0.0	0.469483568075117	2.701612173889213	2.033308779401551	0.0	5.294717801874327	14.55399061032864	12.67605633802817	0.469483568075117	0.0	0.469483568075117	4.225352112676056	2.347417840375586	0.0	80.7511737089202	


CFX D0	5.004079910316729	4.337757058438083	0.727268953611042	0.0	1.902511615715458	2.467089108717117	1.026592955663115	1.026592955663115	5.313945758576168	5.004079910316729	4.337757058438083	0.371747211895911	0.0	1.902511615715458	2.467089108717118	0.743494423791821	0.743494423791821	5.313945758576176	Amp 	AC	Cip	Chlor	Nal	Tet	TM	MDR	Susc.	22.67657992565056	15.61338289962825	0.371747211895911	0.0	2.602230483271375	4.460966542750929	0.743494423791821	0.743494423791821	72.86245353159846	CFX End	5.666589189720866	5.990039980778476	3.382952254107803	2.337577690335082	4.24667810415929	4.677726009400928	4.09816771340457	4.046373315081893	5.590477224172527	5.666589189720874	5.990039980778476	8.461538461538461	2.337577690335082	4.24667810415929	4.67772600940093	4.09816771340457	4.046373315081893	5.590477224172531	68.07692307692308	58.46153846153846	8.461538461538461	3.846153846153845	14.23076923076923	18.07692307692308	13.07692307692308	12.6923076923077	30.38461538461538	CFX M1	5.36707023213317	3.939078515838077	0.0	1.669364377168649	0.0	3.993359987185647	2.743643126542905	1.496049721814453	5.840015774914633	5.36707023213317	3.939078515838077	0.0	1.669364377168649	0.0	3.993359987185647	5.384615384615385	1.496049721814453	5.840015774914625	26.53846153846154	11.92307692307692	0.0	1.923076923076923	0.0	12.30769230769231	5.384615384615385	1.53846153846154	63.84615384615383	CFX M3	5.607998603201068	3.19758645072762	0.0	0.0	0.0	2.298766500664167	0.880892163590177	0.880892163590177	5.643884668382291	5.607998603201071	3.19758645072762	0.0	0.0	0.0	2.298766500664167	0.45045045045045	0.45045045045045	5.643884668382291	23.87387387387388	6.306306306306306	0.0	0.0	0.0	3.153153153153153	0.45045045045045	0.45045045045045	75.67567567567566	


CVN D0	6.117062747839689	4.83987218991087	2.052347991904158	2.999464517860408	3.3583775596116	5.075778515369588	5.019064126202217	4.645870300356837	6.642060961828861	6.117062747839689	4.83987218991087	2.052347991904158	2.999464517860409	3.358377559611597	5.075778515369588	5.019064126202212	4.645870300356837	6.642060961828852	Amp 	AC	Cip	Chlor	Nal	Tet	TM	MDR	Susc.	28.90995260663507	15.1658767772512	2.369668246445498	5.213270142180094	6.635071090047392	17.06161137440758	16.58767772511848	13.74407582938389	58.76777251184834	CVN End	4.118885402735637	6.584060901459821	4.380457294229104	4.118885402735637	4.765216720546729	6.066805700867839	6.796880961230282	6.270801329405256	2.991435419571872	4.118885402735629	6.584060901459821	4.380457294229105	4.118885402735637	4.765216720546729	6.066805700867835	6.796880961230282	6.270801329405256	2.991435419571871	90.0990099009901	64.85148514851468	11.3861386138614	9.9009900990099	13.86138613861386	26.23762376237624	41.58415841584159	29.20792079207921	4.95049504950495	CVN M1	8.138263480986351	7.33014669400131	0.0	5.83939648543555	0.0	6.67324916191305	7.897809743551434	7.157935079739443	7.974026802580731	8.138263480986351	7.33014669400131	0.0	5.83939648543555	0.0	6.67324916191305	7.897809743551438	7.157935079739437	7.974026802580731	50.34482758620669	28.27586206896552	0.0	15.17241379310345	0.0	21.37931034482759	37.9310344827585	26.20689655172414	40.0	CVN M3	4.886059715706974	4.364254742147566	0.0	0.0	1.110468117206131	4.364254742147566	1.912364832217595	1.912364832217595	5.896993487290245	4.886059715706976	4.364254742147566	0.0	0.0	0.568181818181818	4.364254742147566	1.704545454545454	1.704545454545454	5.896993487290231	12.5	9.65909090909091	0.0	0.0	0.568181818181818	9.65909090909091	1.704545454545454	1.704545454545454	80.11363636363632	
CD D0	4.733208825118957	2.965696578540787	0.0	2.422394710562908	3.224145673342534	3.946654022423238	4.450223247372051	4.074512203341998	4.92327879315747	4.733208825118957	2.965696578540787	0.0	2.422394710562907	3.224145673342533	3.946654022423238	4.450223247372051	4.074512203341986	4.92327879315745	Amp 	AC	Cip	Chlor	Nal	Tet	TM	MDR	Susc.	21.05263157894725	7.017543859649122	0.0	4.56140350877193	8.421052631578946	13.33333333333333	17.89473684210514	14.3859649122807	76.4912280701755	CD End	6.115020318062387	3.229079375015535	1.567846204400766	3.538702966270977	4.668064041175715	5.268286046761109	5.577371986005864	4.530894987794344	6.215716957019947	6.115020318062387	3.229079375015536	1.567846204400766	3.538702966270977	4.668064041175715	5.268286046761109	5.577371986005861	4.530894987794345	6.215716957019947	40.72580645161278	7.258064516129028	1.612903225806451	8.870967741935468	16.93548387096762	23.38709677419355	27.82258064516119	15.7258064516129	47.58064516129013	CD M1	4.952296340264936	2.07778870546539	0.0	3.638059186851255	0.0	4.089224118599688	4.203734572982206	3.775891895580152	5.454428213213034	4.952296340264934	2.07778870546539	0.0	3.638059186851254	0.0	4.089224118599688	4.203734572982206	3.775891895580152	5.454428213213034	19.51219512195122	2.845528455284553	0.0	9.34959349593496	0.0	12.19512195121951	13.00813008130081	10.16260162601626	74.39024390243901	CD M3	6.09425602307109	0.0	0.0	0.0	2.4508013880511	5.025452258535727	4.707459402897399	4.00640631163514	6.216319697038202	6.09425602307109	0.0	0.0	0.0	2.450801388051098	5.025452258535728	4.707459402897404	4.00640631163514	6.216319697038216	27.88461538461539	0.0	0.0	0.0	3.365384615384615	16.34615384615385	13.9423076923077	9.61538461538462	70.19230769230768	
FQ D0	8.475671321850848	6.787685754307992	6.927652763505385	0.0	6.927652763505385	5.37554278760413	1.696921438576998	5.37554278760413	8.475671321850848	8.475671321850848	6.787685754307986	6.927652763505383	0.0	6.927652763505383	5.37554278760413	0.869565217391304	5.37554278760413	8.475671321850848	Amp 	AC	Cip	Chlor	Nal	Tet	TM	MDR	Susc.	31.30434782608696	16.52173913043478	17.39130434782609	0.0	17.39130434782609	9.56521739130435	0.869565217391304	9.56521739130435	68.69565217391302	FQ End	11.26742869459352	13.050111873482	10.53359204909574	6.221396728417395	0.0	11.86966845360898	13.26583081607565	10.10857319042789	0.0	11.26742869459353	13.050111873482	10.53359204909574	5.660377358490566	0.0	11.869668453609	13.26583081607565	10.10857319042789	0.0	77.35849056603759	37.73584905660378	81.13207547169796	5.660377358490566	100.0	73.5849056603774	58.49056603773584	83.01886792452831	0.0	FQ M1	2.779928056623048	0.0	0.0	0.0	0.0	0.0	2.779928056623048	2.779928056623048	1.428571428571416	1.42857142857143	0.0	0.0	0.0	0.0	0.0	1.42857142857143	1.42857142857143	2.779928056623049	1.42857142857143	0.0	0.0	0.0	0.0	0.0	1.42857142857143	1.42857142857143	98.5714285714284	FQ M3	12.75668055137148	9.17454025973245	9.17454025973245	0.0	9.17454025973245	12.07884352470257	9.573617985432815	9.573617985432815	12.75668055137148	12.75668055137148	9.17454025973244	9.17454025973244	0.0	9.17454025973244	12.07884352470256	9.573617985432815	9.573617985432815	12.75668055137148	49.15254237288135	15.25423728813559	15.25423728813559	0.0	15.25423728813559	33.89830508474575	16.94915254237288	16.94915254237288	49.15254237288135	
