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METHODS 
Operational definition and collection of successful and sporadic (unsuccessful) isolates
Collaborators from each country, France, the Netherlands and the UK, were tasked to identify their country-specific epidemiological characteristics of success over time, which included incidence of infection and identification of dominant clones using local methodology. This approach relied on published and reference centre resources, as well as investigation of local available strain collections using local typing methods. Using this information, the most useful method of identifying successful and sporadic (unsuccessful) isolates within collections was identified and described, and the criteria for identifying individual examples for strain analysis proposed. Where common criteria across countries could be identified this was used. 
Whole genome sequencing and epidemiological clustering
Whole genome sequencing of isolates was generated at St. George’s University of London, UK (SGUL) using the Illumina MiSeq platform. UK isolates from 2003, 2006, 2008 and 2009 (n= 168) had been previously sequenced by Kime et al. [1]. DNA was extracted from the remaining isolates using the PurElute (Edge Biosystems) kit and 2.5ul of lysostaphin (Sigma Aldrich). Sequence reads were aligned to reference genomes (RefSeq NC_002952, NC_017763, NC_002745) using bwa mem 0.7.17-r1188 and sites called with bcftools mpileup (v1.9) [2]. Sites were filtered based on the following criteria: mapping quality (MQ) above 30, site quality score (QUAL) above 30, at least 4 reads covering each site with at least 2 reads mapping to each strand, at least 75% of reads supporting site (DP4) Sites which failed these criteria in any isolate were removed from the analysis. Phylogenetic reconstruction was performed using RAxML v8.2.3 with a GTR model of nucleotide substitution and a GAMMA model of rate heterogeneity, branch support values were determined using 1000 bootstrap replicates [3]. Genomes were also assembled using Shovill v1.0.9 and resistance genes identified using Abricate and the CARD database, virulence genes identified using the VFDB database [4,5]. 
Genome-based estimation of epidemic success
Assembled genomes were annotated using prokka [6] and the pangenome assessed using roary [7] using default parameters. Genes associated with success and resistance phenotypes were determined using pyseer [8]. First unitigs were counted with unitig-counter [9] and unitigs with significant associations with the phenotypes determined using a linear mixed model, correcting for population structure using a kinship matrix generated by an all isolate phylogenetic tree, generated as described above.
Antimicrobial susceptibility testing
EUCAST disk diffusion methodology [10] was used to test for sensitivity to 14 antibiotic disks (Oxoid, Basingstoke, UK): cefoxitin (30 µg), ampicillin (2 µg), chloramphenicol (10 µg), ciprofloxacin (5 µg), clindamycin (2 µg), erythromycin (15 µg), gentamicin (10 µg), tobramycin (10 µg), fusidic acid (10 µg), linezolid (10 µg), mupirocin (200 µg), rifampicin (5 µg), tetracycline (30 µg), and trimethoprim (5 µg). Ninety-five of the UK isolates were previously tested using BSAC criteria [1,27]. Following determination of antimicrobial susceptibility of the MRSA isolate collection, the distribution of phenotypic resistances and successful isolates in each country was compared using Chi-squared tests, p<0.05; if any expected values were < 5, Fisher’s exact test was used.
Time-scaled haplodensity (THD) analysis
Phyloepidemiology methods leverage genome sequences to derive epidemiological quantities including epidemic success. We used the time-scaled haplotypic density method to examine the factors predicting epidemic success of MRSA [11–13]. THD assigns relative indices of epidemic success, over a defined time period, to each isolate in the dataset, on the basis of the branching density and distribution of genetic distances separating it from other isolates. 
Genetic distances were defined as the pairwise number of SNPs between isolates, based on sequence alignment with respect to the NC017763 MRSA reference genome. THD was computed from the matrix of pairwise SNP distances, using an effective genome size of 3x106 bp and an evolutionary rate of 10-6 substitution per site per year as previously determined for S. aureus [21]. An epidemic period of 5 years was used as the THD timescale to restrict analysis to short-term success. Four isolates (MAC209, 226, 204, and 188) exhibited THD indices <1e-8 and were excluded. THD analyses were also restricted to isolates belonging to CCs with a sample size >10, namely CC1, 22, 30, 45, 5, 8, 80 and 398, to avoid including outliers in the models. N=368 isolates were included in the final THD analyses.
Detection of predictors of epidemic success
Potential predictors of success, such as antimicrobial drug resistance patterns, were identified using linear regression models with THD indices as the response variable. Adjustment for potential confounders was conducted, where indicated in text, by including confounders as model co-variates or as random effects, as appropriate. Associations of predictors with THD indices are reported as regression slope coefficients with 95% confidence intervals computed using likelihood profiling. All analyses used R software version 4.0.2 with additional packages thd (https://github.com/rasigadelab/thd) and lmerTest [14–16].
AMR resistance and antimicrobial usage
The sum of the incidence of all infection types caused by MRSA estimated in Cassini et al. was used to give an estimate of MRSA annual incidence per 100 000 population data across 29 European countries [17]. This is based on EARS-Net data adjusted for coverage and usage of diagnostics for the year 2015.  Antimicrobial consumption data was from ESAC-Net (ecdc.europa.eu) with a focus on the year 2015 and expressed at DDD per 1000 inhabitants per day. The data for some countries is split into community and hospital usage, and is sourced from national sales and reimbursement data. Data manipulation and exploration is presented in the Supplementary with supporting code (ref: https://github.com/gwenknight/mrsa_inf_abx for code analysis). Regression models were fitting using the “lm()” function in R [15].

RESULTS

Operational definition of epidemiologically successful and sporadic isolates
Details of isolate selection
Country-specific strategies were adopted with different inclusion criteria for storage and surveillance. Detailed information for each strategy is given below.
France. Representative isolates from France were selected from the collection of the French National Reference Centre for Staphylococcus (NRC), Lyon, France. This collection consists of methicillin-susceptible Staphylococcus aureus (MSSA) and MRSA isolates referred to the NRC by approximately 380 laboratories for microbiological expertise and does not include isolates from clinical studies or cohorts. From 2014 onwards, all isolates in the collection have been subjected to DNA array profiling using 332-loci Alere Staphytype (Alere Technologies GmbH, Jena, Germany) as described elsewhere [18]. Isolates are assigned to multilocus sequence types (STs) and clonal complexes (CCs), as well as specific lineages such as ST8 USA300 [19], by comparing whole-array hybridization profiles to previously MLST-typed reference strains in a dedicated database [20]. 
Isolates with a ST8 USA300 profile were readily classified as sporadic in France based on their limited local spread compared to other countries, in spite of repeated introductions [21]. Other isolates were classified as successful or sporadic and stratified across major CCs using the following rationale. Major CCs were defined as those with >20 MRSA isolates in the 2014-17 collection (which had a total of 5,457 isolates including 1,382 MRSA). Eight major CCs were found, namely CC8 (n = 216), CC5 (n = 200), CC80 (n = 171), CC30 (n =39), CC22 (n = 36), CC1 (n= 33), CC88 (n = 27) and CC59 (n = 25), totalling 747 isolates. 
The successful or sporadic classification of isolates was then based on their subtype cluster frequency within each major CC. This rationale for clustering was to ensure that the intra-cluster variability within a CC was constant. First, microarray data were subjected to hierarchical clustering using Ward’s method to produce one dendrogram per CC [22]. Clusters of isolate subtypes were found in each dendrogram using equal-height tree cutting, where the number of clusters was arbitrarily defined as one-fifth of the number of isolates in the CC, up to a maximum of 10 clusters. This method ensured consistent subtyping of isolates across CCs of varying size. Subtype clusters in each CC were sorted by size. The largest clusters totalling >25% of CC size were labelled as ‘successful’ while the smallest clusters totalling >25% of CC size were labelled as ‘sporadic’. Other subtype clusters were considered inconclusive and excluded. 
The above classification criteria resulted in 316 isolates classified as ‘successful’ (CC8 = 97, CC5 = 81, CC80 = 67, CC30 = 21, CC22 = 11, CC1 = 13, CC88 = 18 and CC59 = 8) and 152 isolates as ‘sporadic’ (CC8 = 40, CC5 = 37, CC80 = 42, CC30 = 9, CC22 = 8, CC1 = 4, CC88 = 6 and CC59 = 6). A final subset of 96 isolates were selected using balanced sampling across CCs, as well as between successful and sporadic isolates within each CC. 
Netherlands.  Type-Ned MRSA database - As surveillance and collection of MRSA isolates along with relevant epidemiological data is mandatory in the Netherlands, the Dutch National Institute for Public Health and the Environment (Rijksinstituut voor volksgezondheid en milieu [RIVM]) has been receiving and storing MRSA isolates collected through the national surveillance system. This system includes all Dutch Medical Microbiological Laboratories (MML) associated with general practitioners, regional and university hospitals, long term care facilities, and laboratories in Dutch territories overseas. One isolate per person per year is included. These include clinical isolates as well as colonisation isolates, irrespective of the reason for detection, either by contact search, increased risk factors (see below) or clinical samples. When both colonisation and clinical isolates are available, a clinical isolate is preferred, but in practice the first isolated MRSA from a person will be included. All data is collected in the Type-Ned MRSA database. This includes MML of submission, all relevant personal data and epidemiological data, such as gender, age and sample site. Patient privacy is guaranteed under the Dutch law. 
Following search and destroy (S&D), a policy implemented in the Netherlands since 1988, every patient at risk for MRSA colonisation is screened at hospital or nursing home admission and placed in pre-emptive isolation awaiting culture results. Subsequently, patients with MRSA positive culture are kept in strict isolation during their hospital stay and offered a treatment to eliminate colonisation, preferably and mostly after discharge and being recovered. Before treatment, household members are tested on carriage and thus transmission and offered an elimination treatment together and at the same moment with the index carrier when positive. Risks for MRSA colonisation were defined by the former Dutch Working party for Infection Prevention (WIP; 1981-2017) and include, among others, contact with an MRSA carrier, recent stay in a hospital abroad and contact with farmed pigs, veal calves or broilers [23]. The assumed origin of MRSA acquisition is classified by infection control practitioners, based on the WIP risk categories, and reported in the Type-Ned database. Occasionally, MRSA is isolated from patients not targeted by S&D, for example in a clinical sample (MRSA of unknown origin; MUO [24,25]. These findings result in contact tracing which aims to screen all exposed contacts to detect and prevent MRSA outbreaks. Sometimes, this results in identifying a MRSA isolate of different genetic origin than the original MRSA isolate for which the contact search was initiated. These isolates are defined as unexpected findings which start new contact tracings. When no transmission of these unexpected MRSA types is found and their prevalence in the Netherlands is low, we define these MRSA types as unsuccessful (sporadic), as these were carried by hospitalised patients without any contact precautions, and did not show transmission , where another MRSA type in that particular hospital setting had spread. These in particular identified isolates were included as unsuccessful isolates NL4 (see below). 

Strain selection
The period 2008-2017 was chosen to ensure overlap in time with the selection period of British and French isolates. During 2008-2017, ±32.000 MRSA isolates were collected through national surveillance. Aside from livestock-associated (LA) MRSA clade MC0398, the following MLVA -Complexes (MCs) were most prevalent: MC0005, MC0008, MC0022, MC0045, MC0030 and MC0001 (Table S1). As the latter six MC corresponded with frequently found MLST-CC in the UK and France, a subset of isolates belonging to these MC were selected for MACOTRA. To narrow our search and account for changes in prevalence over time, we chose to select isolates from sampling years 2008 and 2017 only. We aimed to select 12 isolates per all six MCs consisting of six isolates for each sampling year per MC. During selection, isolates originating from as many different MMLs as possible were chosen. If a further choice was possible, the earliest submitted isolates were preferred. Four independent selection methods (described below and depicted in Figure S6) were used to complete the collection Dutch isolates.

	
	Prevalence per sampling year
	

	MLVA-Complex
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	Total

	MC0398
	41
	42
	40
	40
	38
	34
	30
	28
	25
	25
	34

	MC0005
	15
	14
	15
	15
	15
	14
	18
	13
	16
	13
	15

	MC0008
	15
	16
	14
	14
	13
	16
	14
	12
	12
	12
	14

	MC0022
	5
	5
	8
	5
	6
	7
	8
	12
	9
	12
	8

	MC0045
	8
	6
	5
	8
	8
	8
	11
	10
	7
	6
	8

	MC0030
	3
	4
	4
	4
	5
	5
	4
	5
	6
	6
	5

	MC0001
	1
	2
	2
	1
	2
	2
	3
	4
	5
	5
	3

	Other MCs
	12
	12
	12
	12
	14
	12
	13
	16
	20
	20
	15


Supplementary Table S2. Relative prevalence (%) of included MC in the Netherlands per sampling year

Selection of successful isolates
Individual minimum spanning trees (MST) based on MLVA-types were made for MC0005, MC0008, MC0022, MC0030, MC0045 and MC0001. These MCs are representative of CC5, CC8, CC22, CC30, CC45 and CC1, respectively (expert opinion, Leo M. Schouls). Subsequently, the most prevalent MLVA types were chosen within each MC. From these MLVA types, approximately 8 isolates were selected at random and these were categorized as successful MRSA as they have been able to persist and spread throughout the study period. MC0001 was considered least successful of the six selected prevalent MCs, hence, only 4 isolates from the most prevalent MLVA types were included as successful isolates. This selection method was named NL1. As LA-MRSA, MC0398 is the most prevalent MC in the Netherlands, a separate MST of MC0398 was used to expand the set of the above successful isolates. Three isolates from each sampling year for the most prevalent MLVA types within MC0398 were selected. This selection method was defined as NL2. 

Selection of sporadic isolates
For selecting sporadic isolates, four isolates were selected from rare MLVA types within each MC specific MST used in method NL1. These isolates were categorized as sporadic MRSA. For MC0001, 8 isolates from rare MLVA types were included. The collection was expanded with another six isolates from globally dominant clones, which are not prevalent in the Netherlands. Based on epidemiological data, these isolates were categorized as unsuccessful in the Netherlands, as these clones were unable to cause outbreaks in a hospital setting despite repeated introduction (selection method NL3). The added isolates included a pair of ST239 (MC0008) isolates, a pair of USA300 (defined as PVL+ and spa type t008) isolates and a pair of MC0080 isolates, with one isolate from 2008 and another from 2017 for each pair.
The set of sporadic isolates was further expanded with six isolates originating from unexpected findings during contact tracing of MRSA outbreaks in Erasmus MC hospital between 2008 and 2017 (selection method NL4). As described above, these MRSA had the chance to spread in a hospital setting but did not show any transmission i.e. were unsuccessful. Furthermore, the MLVA types of these last 6 isolates were present less than 5 times in the Dutch Type-Ned MRSA database between 2008 and 2017. 

Additional outbreak isolates
Next-generation sequencing (NGS) of MRSA has been implemented at RIVM since 2017, enabling outbreak investigations based on whole genome MLST (wgMLST). For this approach, 2567 loci of the core and accessory genome were included, and importantly grouping based on wgMLST agreed between NGS groups and MLVA complexes [26]. The average allelic distance between NGS groups was 1673 alleles, ranging between 1169 and 1959 alleles. Genetic clusters representing possible outbreak clusters were defined as isolates within a NGS group separated by a maximum of 15 genes. In total, 20 isolates were included from five different genetic clusters (range 1- 12 alleles). From each selected genetic cluster, two isolates were defined as successful. For each genetic cluster two genetically closely related, but outside of the genetic cluster (range 43-288 alleles) were selected as sporadic counterparts. 

In total, 109 isolates were included in the Dutch part of the MACOTRA strain collection. 
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Figure S6. Selection procedure for Dutch isolates. (a) illustrates the selection procedure of successful and sporadic from the most prevalent MLVA-MC found in the Netherlands; includes LA-MRSA clade, MC0398; (b) describes the selection of sporadic isolates from less prevalent MLVA-MC identified in the Netherlands. NL1: based on selection of prevalent and rare MLVA types of 6 prevalent MLVA-MCs; NL2: selection of prevalent MLVA types of MC0398; NL3: selection based on global successful clones; NL4: selection based on unexpected findings in contact tracings. Unexpected findings implies MRSA of unknown origin, no transmission detected in contact tracing, prevalence <0.025% in MRSA Type-Ned database.
United Kingdom: For isolates selection, a collection of well characterised isolates from a single London hospital was utilized. These isolates were representative of the region, and were collected both before and after the reduction in incidence of MRSA infection in the UK in 2007 [27]. Since then the dominant clones of MRSA in the UK have remained fairly constant (28). These St George’s University Hospital Trust, London isolates were collected from 1999 – 2009 from a range of specimens sent to the diagnostic microbiology laboratory in a large acute teaching hospital servicing south-west London. In 1999 and 2003, the dominant clone was CC30, interrupted by the emergence and decline of the ST239 clone, and by 2006 were dominated by CC22. Most isolates were resistant to ciprofloxacin and erythromycin. Additionally, resistance to aminoglycoside, trimethoprim, fusidic acid and tetracycline were seen. All isolates had been subjected to WGS [1] and lineages were confirmed. The collection was supplemented with all stored blood culture MRSA isolates collected at St George’s between 2013-2016, where CC22 remained the dominant clone. 
For the total 173 isolates, all those belonging to CC1, CC5, CC8, CC45, ST239, CC51, CC59 (n=29, 16.8% of the collection) were classified as sporadic owing to their relatively rare occurrence. For CC22 and CC30 isolates, phylogenetic trees of the collections from all three countries were constructed (Figures S1 and S2 in Supplementary Figures file), and we defined 'successful' as those UK isolates that belonged to a cluster of two or more isolates on the tree with a SNP difference of <15 bp. The collection assigned 61 successful and 112 sporadic isolates, only 82 isolates were used in the final analysis.






MRSA resistance phenotype distribution by country and operational success

Supplementary Table S3

	Results from Chi2/Fisher's exact test in R
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	

	

	

	

	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	country
	R
	S
	Total
	perc
	Test
	X
	df
	p
	

	ciprofloxacin
	FR
	44
	52
	96
	0.46
	chi2
	94.76
	2
	< 2.2e-16
	

	
	NL
	44
	65
	109
	0.40
	
	
	
	
	

	
	UK
	157
	16
	173
	0.91
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	country
	R
	S
	Total
	perc
	Test
	X
	df
	p
	

	erythromycin
	FR
	27
	69
	96
	0.28
	chi2
	74.28
	2
	< 2.2e-16
	

	
	NL
	46
	63
	109
	0.42
	
	
	
	
	

	
	UK
	136
	37
	173
	0.79
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	country
	R
	S
	Total
	perc
	Test
	X
	df
	p
	

	fusidic acid
	FR
	27
	69
	96
	0.28
	chi2
	14.47
	2
	0.00072
	

	
	NL
	13
	96
	109
	0.12
	
	
	
	
	

	
	UK
	20
	153
	173
	0.12
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	country
	R
	S
	Total
	perc
	Test
	X
	df
	p
	

	gentamicin
	FR
	6
	90
	96
	0.06
	chi2
	16.7
	2
	0.000233
	

	
	NL
	12
	97
	109
	0.11
	
	
	
	
	

	
	UK
	41
	132
	173
	0.24
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	country
	R
	S
	Total
	perc
	Test
	X
	df
	p
	

	mupirocin
	FR
	0
	96
	96
	0.00
	chi2
	11.3
	2
	0.003516
	

	
	NL
	5
	104
	109
	0.05
	
	
	
	
	

	
	UK
	17
	156
	173
	0.10
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	country
	R
	S
	Total
	perc
	Test
	X
	df
	p
	

	tetracyclin
	FR
	17
	79
	96
	0.18
	chi2
	16.47
	2
	0.000265
	

	
	NL
	32
	77
	109
	0.29
	
	
	
	
	

	
	UK
	17
	155
	172
	0.10
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	country
	R
	S
	Total
	perc
	Test
	X
	df
	p
	

	tobramycin
	FR
	23
	73
	96
	0.24
	chi2
	9.66
	2
	0.007972
	

	
	NL
	18
	91
	109
	0.17
	
	
	
	
	

	
	UK
	57
	116
	173
	0.33
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	country
	R
	S
	Total
	perc
	Test
	X
	df
	p
	

	trimethoprim
	FR
	7
	89
	96
	0.07
	chi2
	17.44
	2
	0.000163
	

	
	NL
	15
	94
	109
	0.14
	
	
	
	
	

	
	UK
	46
	127
	173
	0.27
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	






Supplementary Table S4
	Results from Chi2/Fisher's exact test in R
	
	
	
	
	
	
	
	

	Overall
	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	success
	R
	S
	Total
	perc
	Test
	X
	df
	p
	
	

	tobramycin
	unsuccessful
	48
	173
	221
	0.22
	chi2
	4.3893
	1
	0.03616
	
	

	
	successful
	50
	107
	157
	0.32
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	France
	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	success
	R
	S
	Total
	perc
	Test
	p
	95CI_min
	95CI_max
	OR
	

	clindamycin
	unsuccessful
	10
	54
	64
	0.16
	fisher's
	0.03
	1.22
	Inf
	Inf
	

	
	successful
	0
	32
	32
	0.00
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	success
	R
	S
	Total
	perc
	Test
	X
	df
	p
	
	

	tetracycline
	unsuccessful
	16
	48
	64
	0.25
	chi2
	5.58
	1
	0.01812
	
	

	
	successful
	1
	31
	32
	0.03
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	success
	R
	S
	Total
	perc
	Test
	X
	df
	p
	
	

	tobramycin
	unsuccessful
	10
	54
	64
	0.16
	chi2
	6.01
	1
	0.01422
	
	

	
	successful
	13
	19
	32
	0.41
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	UK
	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	success
	R
	S
	Total
	perc
	Test
	X
	df
	p
	
	

	ciprofloxacin
	unsuccessful
	96
	16
	112
	0.86
	chi2
	7.98
	1
	0.004741
	
	

	
	successful
	61
	0
	61
	1.00
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	success
	R
	S
	Total
	perc
	Test
	X
	df
	p
	
	

	gentamicin
	unsuccessful
	17
	95
	112
	0.15
	chi2
	11.45
	1
	0.000714
	
	

	
	successful
	24
	37
	61
	0.39
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	success
	R
	S
	Total
	perc
	Test
	p
	95CI_min
	95CI_max
	OR
	

	rifampicin
	unsuccessful
	0
	112
	112
	0.00
	fisher's
	0.01
	0
	0.803
	0
	

	
	successful
	4
	57
	61
	0.07
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	success
	R
	S
	Total
	perc
	Test
	X
	df
	p
	
	

	tetracycline
	unsuccessful
	18
	94
	112
	0.16
	chi2
	9.29
	1
	0.002309
	
	

	
	successful
	0
	61
	61
	0.00
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	antibiotic
	success
	R
	S
	Total
	perc
	Test
	X
	df
	p
	
	

	tobramycin
	unsuccessful
	30
	82
	112
	0.27
	chi2
	4.7
	1
	0.03021
	
	

	
	successful
	27
	34
	61
	0.44
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	












Virulence factors association with success.

We used the Virulence Factor Database (VFDB) and Abricate to identify the presence or absence of known virulence genes in the whole genome sequences of the strain collection (Table 1).  The method has limitations and carriage of a variant gene can be mislabelled as missing.  It is also known that many of these genes vary according to lineage [30, 31].  Since we specifically chose isolates of particular lineages in our study, our study design may not support a conclusion that these lineage specific genes were associated with success.  In contrast, if genes are carried on mobile genetic elements (MGEs) that are known to move between isolates at high frequency, our study design is suitable for identifying associations with success.  MGEs in S. aureus encode virulence genes on plasmids, bacteriophage, S. aureus pathogenicity islands, and antimicrobial resistance genes on plasmids, transposons and SCCmec [32].

Using the operational definition of success, we found an association with toxic shock syndrome toxin gene (tst), which is known to be carried on an MGE S. aureus pathogenicity island.  However the incidence of tst was low in the collection, and therefore the evidence for a role in success is limited.

Using the THD definition of success, we found an association with lukF-PV but not lukS-PV.  These two components encode the full Panton Valentin leukocidin, and the genes are known to be carried on an MGE bacteriophage.  lukF-PV and lukS-PV are very closely homologous to other two-component leucokidin genes in S. aureus, and the Abricate method is not conclusive in differentiating between the leukocidin genes.  lukF-PV was predominantly found in lineages CC8 and CC80 and was more prevalent in France.  Overall, we did not conclude that presence of lukF-PV in this collection was associated with success, and further work to prove an association would be required.

All data is presented in Table 1.












MRSA infection incidence and Antibiotic Use 

Code 

All data and code to recreate the below analysis is provided as code within the Github repository: https://github.com/gwenknight/mrsa_inf_abx. All analysis was done in R using the “geom_smooth” smooth function within the tidyverse package to visual trend lines and the “ggpmisc” package for the statistical analysis. 

MRSA infection incidence 

We extracted the data from the country specific results in the appendix of Cassini et al (2018) for MRSA to determine the total infection incidence due to MRSA in 2015 (Figure S7). This was a sum across all the infection types estimated (models 61 – 65 in the original Cassini paper notation). There was substantial variation in the total incidence across the 30 European countries, with no estimates available for Iceland (Figure S7A, Figure S8). The proportion of infection incidence due to each infection type was relatively constant (linked to the estimating methods) (Figure S7B). We used the median total infection incidence for the main analysis. 
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Figure S7: (A) Median infection incidence due to MRSA in 2015 as estimated by Cassini et al. for five infection types (colours) and (B) the relative proportions across these infection types in alphabetical country order. The five infection types are: bloodstream infections (BSI), urinary tract infections (UTI), respiratory tract infections (RESP), surgical site infections (SSI), and other infections (OTH).
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Figure S8: Total incidence with 97.5-102.5% confidence ranges from Cassini et al 2018 per country


Antibiotic use

Data on antibiotic use was extracted from the ECDC database: https://www.ecdc.europa.eu/en/antimicrobial-consumption/surveillance-and-disease-data/database generated from ESAC-Net data submitted to TESSy. All groupings were extracted: such as high-level usage (e.g. antibacterial for systemic and the combination penicillins with beta-lactamase inhibitors), sub-groupings (e.g. 1st generation quinolones) and individual ATC code antibiotics (e.g. tetracyclines at J01A). 

Antibiotic use was split into usage in the community and hospital sector. Here we explore the association with (1) community, (2) hospital and (3) combined community and hospital use. 

Codes 

All antibiotics were referred to by their Anatomical Therapeutic Chemical (ATC) code from the World Health Organization where they exist (https://www.whocc.no/atc_ddd_index/?code=j01). These unique codes are assigned to all medicines according to the organ or system it works on and how it works. See Table S5 for a full list of the ATC codes, sub groupings and new additional codes assigned to these sub-groupings for this analysis. These additional codes were introduced to aid in simple visualisation of the data and represent classes given in the data - for example for the different quinolone generations and different durations of macrolide actions (Table S5). Summary antibiotics (in bold in Table S5) are classes of data which represent the sum of sub-groupings of use given in the data. 

All antibiotics used here were in the “J01” “Antibacterials for systemic use” classification which does not include antimycobacterials (J04). Within this each antibiotic is grouped J01 with the A-F, M, R and X by mode of action and chemistry. J01R contains two or more systemic antibacterials from different third levels, except combinations of sulphonamides and trimethoprim, which are classified at a separate 4th level, J01EE.




Table S5: Key to ATC code and antibiotic groupings with the hierarchy used in this work. *Additional sub codes are groupings from the data not defined explicitly within the ATC code grouping that were used in this analysis. Those antibiotics in bold represent summary classes of individual or sub-groups of antibiotics (e.g. beta-lactams, or quinolones). 
	ATC code
	Antibiotic 
	ATC code
	Antibiotic
	Sub code*
	

	J01A
	Tetracyclines
	
	
	
	

	J01B
	Amphenicols
	
	
	
	

	J01C
	Total beta-lactam
	/
	All beta-lactams
	J01C_D
	Sum of J01C and J01D, all beta-lactam

	J01C  
	Beta-lactam antibacterials, penicillins 
	J01CA
	Penicillins with extended spectrum
	
	

	
	
	J01CE
	Beta-lactamase sensitive penicillins
	
	

	
	
	J01CF
	Beta-lactamase resistant penicillins
	
	

	
	
	J01CG
	Beta-lactamase inhibitors
	
	

	
	
	J01CR
	Combinations of penicillins, incl. beta-lactamase inhibitors
	
	

	J01D 

	Other beta-lactam antibacterials
	J01DB 
	First-generation cephalosporins
	
	

	
	
	J01DC
	Second-generation cephalosporins
	
	

	
	
	J01DD
	Third-generation cephalosporins
	
	

	
	
	J01DE
	Fourth-generation cephalosporins
	
	

	
	
	J01DF
	Monobactams
	
	

	
	
	J01DH
	Carbapenems
	
	

	
	
	J01DI
	Other cephalosporins and penems
	
	

	J01E  
	Sulphonamides and trimethoprim

	J01EA
	Trimethoprim and derivatives
	
	

	
	
	J01EB
	Short-acting sulphonamides
	
	

	
	
	J01EC
	Intermediate-active sulphonamides
	
	

	
	
	J01EE
	Combinations of sulphonamides and trimethoprim, incl. derivatives
	
	

	J01F

	Macrolides, Lincosamides, Streptogramins

	J01FA
	Macrolides
	J01FA_shrt
	Short-acting macrolides

	
	
	
	
	J01FA_intr
	Intermediate-acting macrolides

	
	
	
	
	J01FA_long
	Long-acting macrolides

	
	
	J01FF
	Lincosamides
	
	

	
	
	J01FG
	Streptogramins
	
	

	J01G
	Aminoglycoside 
	J01GB
	Other aminoglycosides
	
	

	J01M
	Quinolone
	J01MA
	Fluoroquinolones 
	J01M_scnd
	2nd generation quinolones

	
	
	
	
	J01M_thrd
	3rd generation quinolones

	
	
	J01MB
	Other quinolones
	J01M_frst
	1st generation quinolones

	J01X
	Other antibacterials
	J01XA
	Glycopeptide antibacterials
	
	

	
	
	J01XB
	Polymixins
	
	

	
	
	J01XC
	Steroid antibacterials
	
	

	
	
	J01XD
	Imidazole derivatives
	
	

	
	
	J01XE
	Nitrofuran derivatives
	
	

	
	
	J01XX
	Other antibacterials (e.g. Fosfomycin, linezolid)
	
	





Variation by country 

The variation by country for 2015 is shown in the Figure S9 (by code) & Figure S10 (by name) below where the highest-level groupings mentioned above have been removed (antibacterial for systemic and the combination penicillins with beta-lactamase inhibitors). The clear greater use of antibiotics in the community can be seen by comparing the x axis ranges for the community (left panels Figure S9 & S10) with those for the hospital (right panels Figure S9 & S10). 

Beta-lactam (ATC code J01C) antibiotics are the most commonly used (Figure S11 top), mostly driven by community use of combination penicillins with beta-lactamase inhibitors. For other beta-lactams (ATC code J01D), the most widely used antibiotic were 2nd generation cephalosporins (Figure S11 bottom). 

For quinolones, most used are from the fluoroquinolone (J01MA) subgroup (Figure S12, note near complete overlap between light blue dots for fluoroquinolones, pink dots and crosses for total quinolone use).   

The types of macrolides were categorized as short- (J01FA01, J01FA02), intermediate- (J01FA06, J01FA09, A02BD04) and long-acting (J01FA10), according to their mean plasma elimination half-life Adriaenssens et al (https://academic.oup.com/jac/article/66/suppl_6/vi71/680457). This means that short- is erythromycin and spiramycin, intermediate is roxithromycin, clarithromycin and “pantoprazole, amoxicillin and clarithromycin” with long acting being azithromycin. 
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Figure S9: Variation in antibiotic use (x axis) and type by ATC Code or sub code (colour) by country (row) and setting (panel column). Note the variation in x axis ranges. 
[image: ]
Figure S10: Variation in antibiotic use (x axis) and type by name (colour) by country (row) and setting (panel column). Note the variation in x axis ranges. 
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Figure S11: Variation in beta-lactam use (x axis) by country (row) and setting (panel column) for Beta-lactams (J01C) and Other Beta-lactams (J01D).

[image: ]
Figure S12: Variation in Quinolone use (x axis) by country (row) and setting (panel column). The crosses (and pink dot) indicate and emphasise total Quinolone use.


Incidence against antibiotic use 

Overall plots of the trends in antibiotic use in different settings (Community, Hospital and combined) against MRSA infection incidence are shown in the below plots (Figures S13 and S14). Note the variation and also the uncertainty in the linear association trend lines plotted. 

[image: ]
Figure S13: Total MRSA infection incidence (y axis) against antibiotic usage (x axis) for each antibiotic grouping (panel) across each setting (colour, red = community, blue = hospital, green = combined community and hospital) with linear trend lines.   

[image: ]
Figure S14: Relationship between antibiotic usage (x axis) and infection incidence (y axis) for different antibiotic groupings (rows) and settings in which the antibiotics were given (columns and colours). Trend line is a simple linear association. Note the varying x scales. The plus symbols indicate the 3 countries in the MACOTRA study. 


Exponential vs linear relationship 

Visually (Figure S13), the relationship between antibiotic use and total MRSA infection incidence appeared non-linear for some combinations (e.g. beta-lactam use in the community). We tested this by fitting linear (y~x) and exponential models (log(y)~x) to the data using the “lmList” function in the “nlme” R package [ref: Pinheiro J, Bates D, R Core Team (2022). nlme: Linear and Nonlinear Mixed Effects Models. R package version 3.1-160, https://CRAN.R-project.org/package=nlme.]. 

We then compared the R2 values of the model fits for those with a p-value for the model less than 0.05 i.e. we explored models where there was evidence that there was a significant trend in MRSA infection incidence with changing antibiotic use and asked if an exponential or linear model provided a better explanation of the variance (greater R2 value). We found that several antibiotics, examples shown in Figure S15, had a better fit for antibiotic usage and MRSA infection incidence using an exponential model (e.g. 2G_quinolones and beta-lactams). 

For simplicity and parsimony, only the linear model outputs are reported in the main paper analysis. 

[image: ]
Figure S15: Examples of model fits linking MRSA infection incidence (y axis) with antibiotic usage (x axis) that have non-zero trends and are linear (top, y~x) or exponential (middle/bottom, y~exp(x)). For the latter, a linear model is fit to the logarithmically transformed incidence data (middle row), with the y~exp(x) model output shown in the bottom row. The larger R^2 values are shown in red indicating a better fit.  
Beta-lactam usage and MRSA infection incidence

When we explored the correlation between beta-lactam usage and MRSA infection incidence, we found a range of significant correlations under a linear (Figure S16) and exponential model (Figure S18). However, the highly strong correlation between hospital beta-lactamase inhibitor use (J01CG) and MRSA infection incidence was tenuous due to its reliance on only two data points: only Portugal and Germany report using any of this J01CG category and only in the hospital. Similarly, the association between carbapenems (J01DH) and MRSA infection incidence is driven by the single datapoint from Portugal (compare below with Figures S16/18 and without Figures S17/19 Portuguese data respectively). 

Portugal has a significantly higher MRSA infection incidence (see Figure S7 & S8) and so we explored the usage / incidence correlations with and without the Portugal data.  When we removed Portugal from the data, similar trends were seen apart from those with J01CG and J01DH as mentioned above. The association with J01D (“other b-lactams”), which was only significant under an exponential model, also became significant under a linear model without Portuguese data. 

Summary 
For total beta-lactam use (the sum of J01C and J01D, coded here as “J01C_D”), there was a significant trend between community usage and MRSA infection incidence across all models (Figure S16-S19). 

For “beta-lactams” (J01C), with or without the data from Portugal, assuming a linear (Figure S16 & S17) or exponential relationship (Figure S18 & S19), there is a significant positive correlation between community use (J01C) and MRSA infection incidence. Exploring the sub-classes of beta-lactams suggests that this is 
· due to the positive correlation between all use of combination penicillins including beta-lactamase inhibitors (J01CR) such as ampicillin/amoxicillin/piperacillin and a beta-lactamase inhibitor (ref: https://www.whocc.no/atc_ddd_index/?code=J01CR&showdescription=no) under both models and with or without Portuguese data
· and despite the negative correlation between use in the community (linear) and use in the hospital (exponential) of beta-lactamase sensitive penicillins (J01CE) under both models and with or without Portuguese data. 

For “other beta-lactams” (J01D), a significant positive correlation between community use and MRSA infection incidence is seen under all analysis except for linear models with Portuguese data. Exploring the sub-classes of “other beta-lactams” suggests that this is driven by significant positive correlations between community use of 
· third-generation cephalosporins (J01DD) under both models and with or without Portuguese data
· fourth-generation cephalosporins (J01DE) under a linear model, without Portuguese data 
· second-generation cephalosporins (J01DC) under an exponential model with or without Portuguese data  
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Figure S16: Correlation between antibiotic usage (x axis) and MRSA infection incidence (y axis) for the beta-lactam antibiotic classes assuming a linear relationship. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (“All beta-lactams” (J01C_D), “beta-lactams” (J01C), “other beta-lactams” (J01D), see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.


[image: ]Figure S17: Correlation between antibiotic usage (x axis) and MRSA infection incidence (y axis) for the beta-lactam antibiotic classes assuming a linear relationship without the data from Portugal. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (“All beta-lactams” (J01C_D), “beta-lactams” (J01C), “other beta-lactams” (J01D), see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.

[image: ]Figure S18: Correlation between antibiotic usage (x axis) and MRSA infection incidence (y axis) for the beta-lactam antibiotic classes assuming an exponential relationship. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (“All beta-lactams” (J01C_D), “beta-lactams” (J01C), “other beta-lactams” (J01D), see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.



[image: ]Figure S19: Correlation between antibiotic usage (x axis) and MRSA infection incidence (y axis) for the beta-lactam antibiotic classes without the data from Portugal. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (“All beta-lactams” (J01C_D), “beta-lactams” (J01C), “other beta-lactams” (J01D), see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.


Other antibiotics and MRSA infection incidence 

We fitted (a) linear models (y~x) and (b) exponential models (log(y) ~ x) to total antibiotic usage (x) and MRSA infection (y) across all antibiotic groupings available for the up to 29 countries in the ESAC-Net data. 


Quinolones
There is a significant positive correlation between the quinolone (J01M) class of antibiotic use across the community and hospital with MRSA infection incidence (Figure S20, linear and Figure S21, exponential). This is driven by the use of fluoroquinolones (J01MA), specifically those in the second generation of quinolones (J01M_scnd) such as ciprofloxacin, enoxacin, lomefloxacin, norfloxacin and ofloxacin. Removing the data from Portugal did not affect these relationships under a linear model (Figure S22) but assuming an exponential model there is also a significant correlation between 1st generation quinolone use and MRSA infection incidence (Figure S23). 




[image: ]Figure S20: Correlation between quinolone antibiotic usage (x axis) and MRSA infection incidence (y axis) assuming a linear model. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (“All quinolones” (J01M), “fluoroquinolones” (J01MA), see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.
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Figure S21: Correlation between quinolone antibiotic usage (x axis) and MRSA infection incidence (y axis) assuming an exponential model. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (“All quinolones” (J01M), “fluoroquinolones” (J01MA), see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.
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Figure S22: Correlation between quinolone antibiotic usage (x axis) and MRSA infection incidence (y axis) without the data from Portugal assuming a linear model. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (“All quinolones” (J01M), “fluoroquinolones” (J01MA), see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.
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Figure S23: Correlation between quinolone antibiotic usage (x axis) and MRSA infection incidence (y axis) without the data from Portugal assuming an exponential model. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (“All quinolones” (J01M), “fluoroquinolones” (J01MA), see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.

Macrolides
There is a significant positive correlation between the macrolides, lincosamides and streptogramins (J01F) class of antibiotic use across the community and hospital with MRSA infection incidence (Figure S24 & S25, linear with and without out Portugal, and exponential Figure S26 & S27). This is driven by the use of macrolides (J01FA), particularly those with intermediate- (J01FA_intr) or long- (J01FA_long) acting action under a linear or exponential model respectively. 
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Figure S24: Correlation between macrolide antibiotic usage (x axis) and MRSA infection incidence (y axis) assuming a linear model. From left to right are “macrolides, lincosamides and streptogramins” (“J01F”) and “macrolides” (“J01FA") - the summary class totals. Following this are the constituent antibiotic groups, in different sub groupings. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.
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Figure S25: Correlation between macrolide antibiotic usage (x axis) and MRSA infection incidence (y axis) assuming a linear model without the data from Portugal. From left to right are “macrolides, lincosamides and streptogramins” (“J01F”) and “macrolides” (“J01FA") - the summary class totals. Following this are the constituent antibiotic groups, in different sub groupings. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.
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Figure S26: Correlation between macrolide antibiotic usage (x axis) and MRSA infection incidence (y axis) assuming an exponential model. From left to right are “macrolides, lincosamides and streptogramins” (“J01F”) and “macrolides” (“J01FA") - the summary class totals. Following this are the constituent antibiotic groups, in different sub groupings. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.
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Figure S27: Correlation between macrolide antibiotic usage (x axis) and MRSA infection incidence (y axis) assuming an exponential mode without the data from Portugal. From left to right are “macrolides, lincosamides and streptogramins” (“J01F”) and “macrolides” (“J01FA"). Following this are the constituent antibiotic groups, in different sub groupings. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.

Tetracycline

There was not a significant trend for the association with tetracycline antibiotics (Figure S28), but a suggestion of a negative correlation was seen. 
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Figure S28: Correlation between tetracycline antibiotic usage (x axis) and MRSA infection incidence (y axis) assuming a linear model. From left to right are “macrolides, lincosamides and streptogramins” (“J01F”) and “macrolides” (“J01FA") - the summary class totals. Following this are the constituent antibiotic groups, in different sub groupings. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.


Trimethoprim

A significant link between Intermediate-active sulphonamides and MRSA infection incidence (Figure S29) was driven by the data from Portugal – excluding this outlier  no significant trends in the usage of sulphonamides and trimethoprim was left (Figure S30).
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Figure S29: Correlation between trimethoprim antibiotic usage (x axis) and MRSA infection incidence (y axis) assuming a linear model. From left to right are “sulphonamides and trimethoprim” (“J01E”) and at the end “Combinations of sulphonamides and trimethoprim, incl. derivatives” (“J01EE") - the summary class totals. In the middle are the constituent antibiotic groups, in different sub groupings. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.
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Figure S30: Correlation between trimethoprim antibiotic usage (x axis) and MRSA infection incidence (y axis) without data from Portugal assuming a linear model. From left to right are “sulphonamides and trimethoprim” (“J01E”) and at the end “Combinations of sulphonamides and trimethoprim, incl. derivatives” (“J01EE") - the summary class totals. In the middle are the constituent antibiotic groups, in different sub groupings. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.


Aminoglycoside

A significant correlation between aminoglycoside use in the hospital and MRSA infection incidence under a linear model (Figure S31) is driven by high usage in Italy. Without the Portugal data point (where few aminoglycosides are used in the community) there is also a significant trend for combined community and hospital use and MRSA infection incidence. However, this is driven by high aminoglycoside use in Romania (community) and Italy (hospital): the significant trend is lost when data from these countries and Portugal are removed (Figure S32).   
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Figure S31: Correlation between aminoglycoside antibiotic usage (x axis) and MRSA infection incidence (y axis) assuming a linear model with country labels. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.
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Figure S32: Correlation between aminoglycoside antibiotic usage (x axis) and MRSA infection incidence (y axis) assuming a linear model without the data from Portugal, Romania and Italy. Significant trends are highlighted with a red R^2 and p-value (p<0.05). Shaded cells indicate summary classes of antibiotics – those that are sums of other columns (see Table S5). Shaded areas around the blue trend line are the 95% confidence level interval for predictions from the linear model.




Supplementary Table S6
A linear (y ~ x) and exponential (log(y) ~ x) model. * indicates a p-value for the value (the coefficient of the trend) less than 0.05, ** a p-value less than 0.01. 
	Setting
	Drug
	Model
	Intercept
	Value
	R2
	AIC
	p-value
	significant

	Community
	1G_cephalosporins
	linear
	24.5764
	-6.3564
	0.0103
	270.958
	0.6
	

	Hospital
	1G_cephalosporins
	linear
	26.4672
	-57.0897
	0.016
	219.646
	0.565
	

	Community & Hospital
	1G_cephalosporins
	linear
	25.0717
	-6.8316
	0.0136
	270.863
	0.547
	

	Community
	1G_cephalosporins
	exponential
	2.6954
	-0.3341
	0.0127
	94.0153
	0.561
	

	Hospital
	1G_cephalosporins
	exponential
	2.6614
	-2.5082
	0.0141
	78.7895
	0.589
	

	Community & Hospital
	1G_cephalosporins
	exponential
	2.7304
	-0.3916
	0.0199
	93.8043
	0.466
	

	Community
	1G_quinolones
	linear
	20.4862
	19.4484
	0.0355
	235.658
	0.367
	

	Hospital
	1G_quinolones
	linear
	28.4137
	-486.1238
	0.0188
	184.668
	0.576
	

	Community & Hospital
	1G_quinolones
	linear
	20.5778
	18.6562
	0.0334
	235.713
	0.382
	

	Community
	1G_quinolones
	exponential
	2.351
	1.6076
	0.1239
	77.3727
	0.0844
	

	Hospital
	1G_quinolones
	exponential
	2.5564
	7.4807
	0.0023
	66.151
	0.845
	

	Community & Hospital
	1G_quinolones
	exponential
	2.3522
	1.5677
	0.1203
	77.4759
	0.0894
	

	Community
	2G_cephalosporins
	linear
	19.396
	2.2863
	0.0269
	270.468
	0.395
	

	Hospital
	2G_cephalosporins
	linear
	29.9208
	-49.2948
	0.0841
	217.997
	0.179
	

	Community & Hospital
	2G_cephalosporins
	linear
	19.8428
	1.8795
	0.0188
	270.708
	0.478
	

	Community
	2G_cephalosporins
	exponential
	2.1845
	0.264
	0.1598
	89.3359
	0.0317
	*

	Hospital
	2G_cephalosporins
	exponential
	2.7128
	-1.513
	0.0363
	78.2674
	0.384
	

	Community & Hospital
	2G_cephalosporins
	exponential
	2.195
	0.2401
	0.1369
	90.1173
	0.0482
	*

	Community
	2G_quinolones
	linear
	-0.2738
	16.83
	0.3511
	250.698
	0.000893
	**

	Hospital
	2G_quinolones
	linear
	-2.3478
	131.3422
	0.2331
	205.637
	0.0228
	*

	Community & Hospital
	2G_quinolones
	linear
	-2.6497
	16.724
	0.3727
	249.751
	0.000561
	**

	Community
	2G_quinolones
	exponential
	1.3537
	0.8995
	0.443
	75.8815
	0.000111
	**

	Hospital
	2G_quinolones
	exponential
	1.2045
	6.6703
	0.2726
	69.9034
	0.0127
	*

	Community & Hospital
	2G_quinolones
	exponential
	1.2645
	0.8698
	0.4453
	75.7653
	0.000105
	**

	Community
	3G_cephalosporins
	linear
	13.8149
	27.349
	0.3512
	258.711
	0.000705
	**

	Hospital
	3G_cephalosporins
	linear
	21.9623
	2.5468
	1e-04
	220.014
	0.956
	

	Community & Hospital
	3G_cephalosporins
	linear
	12.3791
	23.4119
	0.2972
	261.033
	0.00223
	**

	Community
	3G_cephalosporins
	exponential
	2.1842
	1.2785
	0.3419
	82.2508
	0.000864
	**

	Hospital
	3G_cephalosporins
	exponential
	2.3766
	0.6912
	0.005
	79.0027
	0.75
	

	Community & Hospital
	3G_cephalosporins
	exponential
	2.1255
	1.0762
	0.2797
	84.8712
	0.00318
	**

	Community
	3G_quinolones
	linear
	20.6221
	19.6945
	0.0309
	261.93
	0.371
	

	Hospital
	3G_quinolones
	linear
	29.8545
	-437.53
	0.0791
	209.663
	0.205
	

	Community & Hospital
	3G_quinolones
	linear
	20.8326
	16.8422
	0.0243
	262.118
	0.428
	

	Community
	3G_quinolones
	exponential
	2.3809
	1.638
	0.0943
	89.4937
	0.112
	

	Hospital
	3G_quinolones
	exponential
	2.5558
	-4.4102
	0.0036
	76.826
	0.79
	

	Community & Hospital
	3G_quinolones
	exponential
	2.3841
	1.4867
	0.0837
	89.8183
	0.135
	

	Community
	4G_cephalosporin
	linear
	20.7955
	6088.74
	0.0717
	269.103
	0.16
	

	Hospital
	4G_cephalosporin
	linear
	22.8253
	-134.5673
	6e-04
	220.003
	0.91
	

	Community & Hospital
	4G_cephalosporin
	linear
	22.9253
	81.6074
	3e-04
	271.251
	0.931
	

	Community
	4G_cephalosporin
	exponential
	2.5031
	303.5589
	0.0793
	91.9889
	0.139
	

	Hospital
	4G_cephalosporin
	exponential
	2.3121
	47.0492
	0.0347
	78.3049
	0.395
	

	Community & Hospital
	4G_cephalosporin
	exponential
	2.5184
	32.1941
	0.0195
	93.8146
	0.47
	

	Community
	aminoglycosides
	linear
	22.3542
	22.0067
	0.0042
	271.137
	0.738
	

	Hospital
	aminoglycosides
	linear
	5.2042
	256.6558
	0.2434
	213.603
	0.0168
	*

	Community & Hospital
	aminoglycosides
	linear
	15.8647
	80.6701
	0.0796
	268.854
	0.138
	

	Community
	aminoglycosides
	exponential
	2.5223
	2.6408
	0.027
	93.5915
	0.394
	

	Hospital
	aminoglycosides
	exponential
	1.7149
	11.4606
	0.2221
	73.341
	0.0232
	*

	Community & Hospital
	aminoglycosides
	exponential
	2.2633
	3.9553
	0.0852
	91.8026
	0.124
	

	Community
	amphenicols
	linear
	20.7725
	527.2924
	0.0851
	268.681
	0.125
	

	Hospital
	amphenicols
	linear
	21.1605
	7339.5001
	0.0048
	219.906
	0.753
	

	Community & Hospital
	amphenicols
	linear
	21.1009
	509.6842
	0.0802
	244.319
	0.161
	

	Community
	amphenicols
	exponential
	2.5236
	21.5626
	0.0634
	92.4876
	0.188
	

	Hospital
	amphenicols
	exponential
	2.3242
	967.5341
	0.0383
	78.2192
	0.371
	

	Community & Hospital
	amphenicols
	exponential
	2.4738
	22.4534
	0.0695
	86.0062
	0.193
	

	Community
	antibacterials_for_systemic
	linear
	-8.9844
	1.7826
	0.1699
	265.859
	0.0263
	*

	Hospital
	antibacterials_for_systemic
	linear
	8.0037
	8.2151
	0.0177
	219.608
	0.546
	

	Community & Hospital
	antibacterials_for_systemic
	linear
	-10.671
	1.7423
	0.1657
	266.005
	0.0284
	*

	Community
	antibacterials_for_systemic
	exponential
	0.374
	0.1246
	0.3697
	81.0017
	0.000467
	**

	Hospital
	antibacterials_for_systemic
	exponential
	1.4161
	0.6096
	0.0445
	78.0703
	0.334
	

	Community & Hospital
	antibacterials_for_systemic
	exponential
	0.3307
	0.1179
	0.3382
	82.4167
	0.000938
	**

	Community
	b-lactam
	linear
	-3.3503
	3.5998
	0.1756
	265.659
	0.0236
	*

	Hospital
	b-lactam
	linear
	17.4409
	8.0904
	0.0055
	219.891
	0.737
	

	Community & Hospital
	b-lactam
	linear
	-3.4871
	3.4005
	0.1651
	266.028
	0.0287
	*

	Community
	b-lactam
	exponential
	1.0332
	0.2156
	0.2805
	84.8384
	0.00313
	**

	Hospital
	b-lactam
	exponential
	2.2432
	0.3912
	0.0059
	78.9817
	0.728
	

	Community & Hospital
	b-lactam
	exponential
	1.076
	0.1971
	0.2471
	86.1546
	0.00608
	**

	Community
	blactamase_inhibitors
	linear
	23.4154
	-218845
	0.0026
	271.183
	0.792
	

	Hospital
	blactamase_inhibitors
	linear
	18.7255
	39635
	0.4476
	206.367
	0.000482
	**

	Community & Hospital
	blactamase_inhibitors
	linear
	20.3365
	38836
	0.4027
	256.315
	0.000218
	**

	Community
	blactamase_inhibitors
	exponential
	2.6152
	6970
	0.0012
	94.3517
	0.86
	

	Hospital
	blactamase_inhibitors
	exponential
	2.3828
	1067
	0.1486
	75.4169
	0.0693
	

	Community & Hospital
	blactamase_inhibitors
	exponential
	2.5498
	989
	0.1165
	90.7944
	0.07
	

	Community & Hospital
	blactamase_resistant_pencillins
	linear
	27.6148
	-7.0592
	0.0817
	531.574
	0.0296
	*

	Community
	blactamase_resistant_pencillins
	linear
	25.0276
	-5.3054
	0.017
	270.762
	0.5
	

	Hospital
	blactamase_resistant_pencillins
	linear
	28.3878
	-66.7308
	0.0692
	218.368
	0.225
	

	Community & Hospital
	blactamase_resistant_pencillins
	exponential
	2.9155
	-0.4675
	0.1596
	172.685
	0.00189
	**

	Community
	blactamase_resistant_pencillins
	exponential
	2.7715
	-0.4302
	0.0498
	92.9042
	0.245
	

	Hospital
	blactamase_resistant_pencillins
	exponential
	2.8902
	-4.5257
	0.1457
	75.4959
	0.0723
	

	Community
	blactamase_sensitive_penicillins
	linear
	29.8214
	-8.3772
	0.1487
	266.59
	0.0388
	*

	Hospital
	blactamase_sensitive_penicillins
	linear
	29.7027
	-130.4878
	0.1413
	216.512
	0.0771
	

	Community
	blactamase_sensitive_penicillins
	exponential
	3.0358
	-0.5221
	0.2573
	85.7585
	0.00497
	**

	Hospital
	blactamase_sensitive_penicillins
	exponential
	2.9975
	-9.1713
	0.3196
	70.2616
	0.00494
	**

	Community
	carbapenems
	linear
	21.4904
	187.2892
	0.0344
	270.245
	0.336
	

	Hospital
	carbapenems
	linear
	-3.6525
	556.2122
	0.2395
	213.719
	0.0178
	*

	Community & Hospital
	carbapenems
	linear
	8.7533
	303.141
	0.1575
	258.288
	0.0365
	*

	Community
	carbapenems
	exponential
	2.5056
	12.8817
	0.0725
	92.2048
	0.158
	

	Hospital
	carbapenems
	exponential
	1.2818
	25.6411
	0.233
	73.0169
	0.0197
	*

	Community & Hospital
	carbapenems
	exponential
	1.9727
	13.2566
	0.1349
	88.1128
	0.0545
	

	Community
	Combination penicillins (incl. blactamase inhibitors)

	linear
	-3.3717
	7.7343
	0.5467
	248.317
	4.61e-06
	

	Hospital
	
	linear
	-4.8744
	78.9248
	0.2975
	211.896
	0.00711
	**

	Community & Hospital
	
	linear
	-4.6492
	7.507
	0.5535
	247.878
	3.74e-06
	

	Community
	
	exponential
	1.1865
	0.4181
	0.7117
	58.3158
	9.07e-09
	

	Hospital
	
	exponential
	0.7279
	5.0814
	0.5644
	60.0053
	3.61e-05
	

	Community & Hospital
	
	exponential
	1.1215
	0.4048
	0.7167
	57.8103
	7.15e-09
	

	Community
	fluoroquinolones

	linear
	0.7049
	12.9014
	0.3308
	259.61
	0.0011
	**

	Hospital
	
	linear
	-1.1292
	112.1036
	0.185
	215.311
	0.0405
	*

	Community & Hospital
	
	linear
	-1.6296
	13.0034
	0.3492
	258.802
	0.000737
	**

	Community
	
	exponential
	1.3591
	0.7249
	0.4653
	76.2319
	4.6e-05
	

	Hospital
	
	exponential
	1.1966
	6.1307
	0.2533
	72.3994
	0.0144
	*

	Community & Hospital
	
	exponential
	1.2556
	0.7162
	0.4718
	75.8739
	3.87e-05
	

	Community
	glycopeptides
	linear
	21.2007
	365.4059
	0.0379
	270.139
	0.312
	

	Hospital
	glycopeptides
	linear
	2.3261
	550.6752
	0.2281
	214.062
	0.0212
	*

	Community & Hospital
	glycopeptides
	linear
	11.3525
	345.7477
	0.1537
	266.419
	0.0354
	*

	Community
	glycopeptides
	exponential
	2.4889
	24.539
	0.0761
	92.0894
	0.147
	

	Hospital
	glycopeptides
	exponential
	1.3867
	30.083
	0.3115
	70.5307
	0.00564
	**

	Community & Hospital
	glycopeptides
	exponential
	2.0731
	16.0478
	0.1475
	89.7573
	0.0397
	*

	Community
	imadazole
	linear
	23.0841
	5.1742
	1e-04
	271.255
	0.952
	

	Hospital
	imadazole
	linear
	34.1617
	-194.4192
	0.0704
	218.339
	0.221
	

	Community & Hospital
	imadazole
	linear
	26.9909
	-52.617
	0.0206
	262.504
	0.466
	

	Community
	imadazole
	exponential
	2.6385
	-0.7898
	0.0014
	94.3452
	0.847
	

	Hospital
	imadazole
	exponential
	2.6392
	-2.6142
	0.0058
	78.9825
	0.729
	

	Community & Hospital
	imadazole
	exponential
	2.7881
	-2.5531
	0.0218
	91.5541
	0.454
	

	Community
	intermediate_acting_macrolides
	linear
	14.5524
	5.5021
	0.0754
	260.611
	0.157
	

	Hospital
	intermediate_acting_macrolides
	linear
	14.4439
	124.4167
	0.0688
	209.907
	0.238
	

	Community & Hospital
	intermediate_acting_macrolides
	linear
	14.4014
	5.4189
	0.0765
	260.578
	0.154
	

	Community
	intermediate_acting_macrolides
	exponential
	1.9172
	0.4327
	0.2061
	85.8047
	0.0152
	*

	Hospital
	intermediate_acting_macrolides
	exponential
	1.9544
	7.8371
	0.1238
	73.9978
	0.108
	

	Community & Hospital
	intermediate_acting_macrolides
	exponential
	1.9159
	0.42
	0.2031
	85.9107
	0.0161
	*

	Community
	intermediate_acting_sulfonamides
	linear
	21.4431
	793.5728
	0.0292
	270.4
	0.376
	

	Hospital
	intermediate_acting_sulfonamides
	linear
	16.0065
	4390.6944
	0.3164
	211.269
	0.00521
	**

	Community & Hospital
	intermediate_acting_sulfonamides
	linear
	16.4118
	1862.0783
	0.1952
	240.601
	0.0238
	*

	Community
	intermediate_acting_sulfonamides
	exponential
	2.5047
	53.5029
	0.0591
	92.6197
	0.204
	

	Hospital
	intermediate_acting_sulfonamides
	exponential
	2.2655
	148.8064
	0.1663
	74.9331
	0.0534
	

	Community & Hospital
	intermediate_acting_sulfonamides
	exponential
	2.2565
	86.248
	0.1892
	81.8613
	0.0264
	*

	Community
	lincosamides
	linear
	31.5079
	-29.5793
	0.0812
	268.804
	0.134
	

	Hospital
	lincosamides
	linear
	17.345
	137.2126
	0.0173
	219.616
	0.55
	

	Community & Hospital
	lincosamides
	linear
	31.9335
	-28.205
	0.0753
	268.99
	0.15
	

	Community
	lincosamides
	exponential
	2.6778
	-0.1968
	0.0016
	94.3395
	0.837
	

	Hospital
	lincosamides
	exponential
	2.1492
	9.0867
	0.0347
	78.3048
	0.395
	

	Community & Hospital
	lincosamides
	exponential
	2.6808
	-0.1882
	0.0015
	94.3426
	0.842
	

	Community
	long_acting_macrolides
	linear
	5.7342
	17.5947
	0.1637
	257.803
	0.0327
	*

	Hospital
	long_acting_macrolides
	linear
	7.6025
	542.5709
	0.2615
	204.809
	0.015
	*

	Community & Hospital
	long_acting_macrolides
	linear
	5.2174
	17.7048
	0.1722
	257.517
	0.0281
	*

	Community
	long_acting_macrolides
	exponential
	1.4197
	1.1911
	0.3314
	80.9972
	0.00135
	**

	Hospital
	long_acting_macrolides
	exponential
	1.8591
	22.2525
	0.1994
	72.0134
	0.0372
	*

	Community & Hospital
	long_acting_macrolides
	exponential
	1.415
	1.1694
	0.3318
	80.9774
	0.00134
	**

	Community
	macrolides
	linear
	6.3199
	6.0172
	0.1335
	267.102
	0.0513
	

	Hospital
	macrolides
	linear
	6.8903
	138.7363
	0.127
	216.892
	0.095
	

	Community & Hospital
	macrolides
	linear
	5.9436
	5.9651
	0.1366
	266.999
	0.0484
	*

	Community
	macrolides
	exponential
	1.366
	0.4482
	0.33
	82.7727
	0.00112
	**

	Hospital
	macrolides
	exponential
	1.58
	8.0825
	0.1973
	74.0609
	0.0337
	*

	Community & Hospital
	macrolides
	exponential
	1.3585
	0.4372
	0.3269
	82.9054
	0.00119
	**

	Community
	Macrolides, lincosamides, streptogramins

	linear
	6.4453
	5.3713
	0.1123
	267.806
	0.0756
	

	Hospital
	
	linear
	2.1966
	134.8265
	0.1498
	216.285
	0.0681
	

	Community & Hospital
	
	linear
	5.8133
	5.3714
	0.1169
	267.653
	0.0694
	

	Community
	
	exponential
	1.2553
	0.4386
	0.3334
	82.6267
	0.00104
	**

	Hospital
	
	exponential
	1.2967
	7.9207
	0.2366
	72.9086
	0.0186
	*

	Community & Hospital
	
	exponential
	1.2349
	0.4289
	0.3321
	82.6792
	0.00107
	**

	Community
	monobactams
	linear
	25.1981
	-4315
	0.0302
	270.371
	0.368
	

	Hospital
	monobactams
	linear
	20.0678
	2037
	0.0207
	219.536
	0.512
	

	Community & Hospital
	monobactams
	linear
	20.992
	575
	0.0023
	244.793
	0.815
	

	Community
	monobactams
	exponential
	2.7634
	-302
	0.0662
	92.4005
	0.178
	

	Hospital
	monobactams
	exponential
	2.2702
	188
	0.0807
	77.1814
	0.189
	

	Community & Hospital
	monobactams
	exponential
	2.446
	54
	0.0093
	85.6092
	0.639
	

	Community
	nitrofuran
	linear
	24.1002
	-1.3024
	0.002
	271.201
	0.817
	

	Hospital
	nitrofuran
	linear
	24.4753
	-85.836
	0.009
	219.81
	0.667
	

	Community & Hospital
	nitrofuran
	linear
	24.1698
	-1.3623
	0.0023
	271.192
	0.804
	

	Community
	nitrofuran
	exponential
	2.6312
	-0.0124
	1e-04
	94.3836
	0.963
	

	Hospital
	nitrofuran
	exponential
	2.477
	0.134
	0
	79.1166
	0.989
	

	Community & Hospital
	nitrofuran
	exponential
	2.6343
	-0.0165
	2e-04
	94.3816
	0.95
	

	Community
	other_aminoglycosides
	linear
	22.3818
	22.125
	0.0035
	271.157
	0.76
	

	Hospital
	other_aminoglycosides
	linear
	5.3003
	256.8886
	0.2437
	213.594
	0.0167
	*

	Community & Hospital
	other_aminoglycosides
	linear
	15.4587
	86.8572
	0.0827
	268.755
	0.13
	

	Community
	other_aminoglycosides
	exponential
	2.5181
	2.8597
	0.0261
	93.6194
	0.403
	

	Hospital
	other_aminoglycosides
	exponential
	1.7254
	11.3772
	0.2187
	73.4394
	0.0244
	*

	Community & Hospital
	other_aminoglycosides
	exponential
	2.2518
	4.1649
	0.0847
	91.8186
	0.126
	

	Community
	other_blactams
	linear
	14.6398
	3.8313
	0.0888
	268.563
	0.116
	

	Hospital
	other_blactams
	linear
	31.6961
	-21.8766
	0.0325
	219.258
	0.411
	

	Community & Hospital
	other_blactams
	linear
	14.5059
	3.3786
	0.0718
	269.097
	0.16
	

	Community
	other_blactams
	exponential
	1.9268
	0.3118
	0.2619
	85.5812
	0.00455
	**

	Hospital
	other_blactams
	exponential
	2.6461
	-0.3879
	0.0047
	79.0091
	0.757
	

	Community & Hospital
	other_blactams
	exponential
	1.8981
	0.2819
	0.2227
	87.0804
	0.00975
	**

	Community
	Other cephalosporins and penems

	linear
	22.9315
	10516
	0.0015
	271.214
	0.84
	

	Hospital
	
	linear
	22.9866
	-10048
	0.0052
	219.898
	0.745
	

	Community & Hospital
	
	linear
	22.5995
	-4898
	0.0015
	253.373
	0.85
	

	Community
	
	exponential
	2.5772
	1846
	0.0212
	93.7654
	0.451
	

	Hospital
	
	exponential
	2.4938
	-212
	0.0011
	79.0926
	0.883
	

	Community & Hospital
	
	exponential
	2.5414
	197
	0.0011
	88.592
	0.872
	

	Community
	other_quinolones
	linear
	24.6454
	-344
	0.0191
	270.701
	0.475
	

	Hospital
	other_quinolones
	linear
	23.9007
	-13257
	0.0336
	219.23
	0.402
	

	Community & Hospital
	other_quinolones
	linear
	24.7287
	-447
	0.0323
	270.306
	0.351
	

	Community
	other_quinolones
	exponential
	2.6706
	-11
	0.0093
	94.1154
	0.619
	

	Hospital
	other_quinolones
	exponential
	2.5364
	-477
	0.02
	78.6528
	0.52
	

	Community & Hospital
	other_quinolones
	exponential
	2.6887
	-19
	0.0266
	93.6028
	0.398
	

	Community
	penicillins_with_extended_spectrum
	linear
	23.8042
	-0.2205
	2e-04
	271.253
	0.939
	

	Hospital
	penicillins_with_extended_spectrum
	linear
	29.8229
	-65.2031
	0.0639
	218.498
	0.244
	

	Community & Hospital
	penicillins_with_extended_spectrum
	linear
	24.4461
	-0.4363
	9e-04
	271.233
	0.877
	

	Community
	penicillins_with_extended_spectrum
	exponential
	2.3353
	0.1029
	0.0215
	93.755
	0.448
	

	Hospital
	penicillins_with_extended_spectrum
	exponential
	2.9763
	-4.3244
	0.1287
	75.9482
	0.0928
	

	Community & Hospital
	penicillins_with_extended_spectrum
	exponential
	2.3887
	0.0811
	0.0139
	93.979
	0.542
	

	Community
	polymyxins
	linear
	22.3673
	111.0913
	0.0017
	271.211
	0.834
	

	Hospital
	polymyxins
	linear
	13.7861
	1472.2414
	0.2335
	213.902
	0.0195
	*

	Community & Hospital
	polymyxins
	linear
	16.2489
	563.8457
	0.0866
	260.552
	0.129
	

	Community
	polymyxins
	exponential
	2.509
	15.3429
	0.014
	93.976
	0.54
	

	Hospital
	polymyxins
	exponential
	2.1018
	65.1184
	0.209
	73.7231
	0.0283
	*

	Community & Hospital
	polymyxins
	exponential
	2.2548
	28.3262
	0.0978
	89.2874
	0.105
	

	Community
	Quinolones
	linear
	0.7002
	12.8736
	0.3293
	259.678
	0.00114
	**

	Hospital
	Quinolones
	linear
	-1.0879
	111.8367
	0.1844
	215.33
	0.0409
	*

	Community & Hospital
	Quinolones
	linear
	-1.6471
	12.9821
	0.348
	258.857
	0.000758
	**

	Community
	Quinolones
	exponential
	1.357
	0.7244
	0.4644
	76.2807
	4.7e-05
	

	Hospital
	Quinolones
	exponential
	1.1979
	6.1205
	0.2527
	72.4163
	0.0145
	*

	Community & Hospital
	Quinolones
	exponential
	1.2528
	0.7159
	0.4714
	75.8997
	3.91e-05
	

	Community
	short_acting_macrolides
	linear
	25.2293
	-12.5716
	0.0045
	262.682
	0.735
	

	Hospital
	short_acting_macrolides
	linear
	21.279
	308.0989
	0.0059
	202.372
	0.741
	

	Community & Hospital
	short_acting_macrolides
	linear
	25.1594
	-11.4514
	0.0039
	262.697
	0.752
	

	Community
	short_acting_macrolides
	exponential
	2.7752
	-1.1333
	0.016
	91.8145
	0.521
	

	Hospital
	short_acting_macrolides
	exponential
	2.5939
	-4.5876
	6e-04
	73.1068
	0.915
	

	Community & Hospital
	short_acting_macrolides
	exponential
	2.7798
	-1.1145
	0.0164
	91.8046
	0.516
	

	Community
	short_acting_sulphonamides
	linear
	23.9109
	-113.7814
	0.0242
	270.547
	0.42
	

	Hospital
	short_acting_sulphonamides
	linear
	23.8327
	-6223.925
	0.0368
	219.155
	0.381
	

	Community & Hospital
	short_acting_sulphonamides
	linear
	23.7892
	-112.196
	0.0257
	227.954
	0.454
	

	Community
	short_acting_sulphonamides
	exponential
	2.6755
	-8.3659
	0.0584
	92.641
	0.207
	

	Hospital
	short_acting_sulphonamides
	exponential
	2.5548
	-311.4905
	0.0422
	78.1262
	0.347
	

	Community & Hospital
	short_acting_sulphonamides
	exponential
	2.587
	-7.7292
	0.0546
	80.7685
	0.272
	

	Community
	steroid_antibacterials
	linear
	19.918
	529.0515
	0.0935
	268.411
	0.107
	

	Hospital
	steroid_antibacterials
	linear
	19.3439
	3450.5306
	0.0471
	218.909
	0.32
	

	Community & Hospital
	steroid_antibacterials
	linear
	18.981
	550.8718
	0.1053
	243.366
	0.106
	

	Community
	steroid_antibacterials
	exponential
	2.496
	20.4546
	0.0623
	92.5208
	0.192
	

	Hospital
	steroid_antibacterials
	exponential
	2.3712
	125.4087
	0.0284
	78.4531
	0.442
	

	Community & Hospital
	steroid_antibacterials
	exponential
	2.3967
	22.7176
	0.081
	85.106
	0.159
	

	Community
	streptogramins
	linear
	22.2982
	27.5099
	0.0404
	270.062
	0.296
	

	Hospital
	streptogramins
	linear
	21.1657
	759.3244
	0.0466
	218.918
	0.322
	

	Community & Hospital
	streptogramins
	linear
	21.172
	27.6461
	0.0469
	218.911
	0.321
	

	Community
	streptogramins
	exponential
	2.5778
	1.3803
	0.0453
	93.0403
	0.267
	

	Hospital
	streptogramins
	exponential
	2.4164
	41.1737
	0.0628
	77.6258
	0.249
	

	Community & Hospital
	streptogramins
	exponential
	2.4169
	1.4943
	0.0628
	77.6259
	0.249
	

	Community
	sulfonamides_and_trimethoprim
	linear
	24.9509
	-4.3774
	0.0018
	271.206
	0.826
	

	Hospital
	sulfonamides_and_trimethoprim
	linear
	23.9953
	-28.5511
	0.0076
	219.841
	0.692
	

	Community & Hospital
	sulfonamides_and_trimethoprim
	linear
	27.003
	-8.5049
	0.0062
	271.078
	0.684
	

	Community
	sulfonamides_and_trimethoprim
	exponential
	2.4971
	0.3114
	0.0041
	94.2668
	0.741
	

	Hospital
	sulfonamides_and_trimethoprim
	exponential
	2.6561
	-3.04
	0.0396
	78.1884
	0.363
	

	Community & Hospital
	sulfonamides_and_trimethoprim
	exponential
	2.668
	-0.1016
	4e-04
	94.3744
	0.918
	

	Community
	sulphonamides_and_trimethoprim
	linear
	37.4369
	-25.1028
	0.1027
	268.117
	0.0901
	

	Hospital
	sulphonamides_and_trimethoprim
	linear
	24.8996
	-37.1962
	0.014
	219.693
	0.591
	

	Community & Hospital
	sulphonamides_and_trimethoprim
	linear
	37.3596
	-22.7798
	0.1033
	268.098
	0.0891
	

	Community
	sulphonamides_and_trimethoprim
	exponential
	3.169
	-0.963
	0.0673
	92.3653
	0.174
	

	Hospital
	sulphonamides_and_trimethoprim
	exponential
	2.7091
	-3.3303
	0.0513
	77.9061
	0.299
	

	Community & Hospital
	sulphonamides_and_trimethoprim
	exponential
	3.2552
	-1.0171
	0.0917
	91.5961
	0.11
	

	Community
	tetracyclines
	linear
	35.5991
	-6.3597
	0.0828
	268.754
	0.13
	

	Hospital
	tetracyclines
	linear
	27.7905
	-81.8174
	0.041
	219.055
	0.354
	

	Community & Hospital
	tetracyclines
	linear
	35.7201
	-6.2548
	0.0848
	268.689
	0.125
	

	Community
	tetracyclines
	exponential
	3.2038
	-0.2979
	0.0809
	91.9393
	0.135
	

	Hospital
	tetracyclines
	exponential
	2.8281
	-5.2257
	0.0765
	77.2867
	0.201
	

	Community & Hospital
	tetracyclines
	exponential
	3.2256
	-0.301
	0.0875
	91.7294
	0.119
	

	Community
	trimethoprim_and_derivatives
	linear
	26.4597
	-20.8922
	0.0743
	269.022
	0.153
	

	Hospital
	trimethoprim_and_derivatives
	linear
	24.5778
	-240.3826
	0.0421
	219.027
	0.347
	

	Community & Hospital
	trimethoprim_and_derivatives
	linear
	25.9779
	-19.0488
	0.069
	260.803
	0.177
	

	Community
	trimethoprim_and_derivatives
	exponential
	2.7834
	-1.0278
	0.08
	91.9664
	0.137
	

	Hospital
	trimethoprim_and_derivatives
	exponential
	2.5717
	-9.8416
	0.0323
	78.3612
	0.412
	

	Community & Hospital
	trimethoprim_and_derivatives
	exponential
	2.745
	-0.9213
	0.0731
	89.4462
	0.164
	





The models in the above table can be compared by the R2 or the Akaike Information Criterion (AIC) value. However, as the latter is useful for predictions rather than model fit, we chose to use the R2 values to determine which model fit was “best”. 

For linear model fits, there is a significant trend for 3G cephalosporins, beta-lactamase inhibitors and intermediate acting sulphonamides in the Community & Community and hospital, Community and hospital & hospital, and hospital respectively (figure S33). An exponential link is seen for more antibiotics (Figure S34): 2nd generation cephalosporins, antibacterial for systemic, beta-lactams, beta-lactamase-resistant penicillins, beta-lactamase sensitive penicillins, glycopeptides, long-acting macrolides, macrolides, macrolides-lincosamides-streptogramins together and other beta lactams in a combination of different settings. The majority of significant interactions are driven by community use of antibiotics. 

[image: ]
Figure S33: Linear model fits with significant associations between use and MRSA incidence in different settings (top: community, middle: combined, bottom: hospital)
[image: ]

Figure S34: Linear model fits with significant associations between antibiotic use and log(base 10) MRSA incidence in different settings (top: community, middle: combined, bottom: hospital).
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Macrolides, Lincosamides and Streptogramins, all data, linear model
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Macrolides, Lincosamides and Streptogramins, without Portugal data, linear model
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Macrolides, Lincosamides and Streptogramins, all data, exponential model
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Macrolides, Lincosamides and Streptogramins, without Portugal data, exponential model
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