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SUPPLEMENTARY METHODS 1

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 (Rasigade et al., 2018). Isolates are assigned to multilocus
sequence types (STs) and clonal complexes (CCs), as well as specific lineages such as ST8 USA300
(Diep et al., 2006), by comparing whole-array hybridization profiles to previously MLST-typed
reference strains in a dedicated database (Monecke et al., 2008).

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 (Glaser et
al., 2016). 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 (Ward, 1963). 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. Only 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 or increased risk factors (see below). 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 isolation during their hospital stay and offered a treatment to
eliminate colonisation, mostly after discharge. Before treatment, household members are
tested on transmission and offered an elimination treatment together 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
(Werkgroep Infectiepreventie (WIP), 2012). 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 (Lekkerkerk et al., 2012; Lekkerkerk et al.,
2017). 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 did not
show transmission in a hospital setting, where another MRSA type had spread.

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, MCO0030 and
MCO0O001 (Table 1). 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 for 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 1) 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

Table 1. 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 MCO0001. 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
MCO0001, 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 expert opinion, 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 (MCO0008) 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 (Leopold et al., 2014). 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 1. 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;
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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
(Knight et al., 2012). These St George’s NHS University Hospital Trust 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 (Kime et al., 2019) 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 (Figure 2), 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.
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Figure 2a. CC22 Phylogenetic tree

MACDS3

324
Tnacass

TR AT S

136
MAGIE3

[ e

———

—————wacam0

CARD

P
A

Country
UK
FR
NL
Success
B Successful
Sporadic
Resistance
I R
S
|
B :

-
== = == Wi
ez -

5
2 9 3 DrO3rZEsE33aT
[+] c @ T 2
g 5 © FR0PPHe”E
o < L
w =

|-



Figure 2b. CC30 phylogenetic tree
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