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ABSTRACT The global dissemination of methicillin-resistant Staphylococcus aureus
(MRSA) is associated with the emergence and establishment of clones in specific ge-
ographic areas. The Chilean-Cordobes clone (ChC) (ST5-SCCmecI) has been the pre-
dominant MRSA clone in Chile since its first description in 1998, despite the report
of other emerging MRSA clones in recent years. Here, we characterize the evolution-
ary history of MRSA from 2000 to 2016 in a Chilean tertiary health care center using
phylogenomic analyses. We sequenced 469 MRSA isolates collected between 2000
and 2016. We evaluated the temporal trends of the circulating clones and performed
a phylogenomic reconstruction to characterize the clonal dynamics. We found a sig-
nificant increase in the diversity and richness of sequence types (STs; Spearman
r = 0.8748, P , 0.0001) with a Shannon diversity index increasing from 0.221 in the
year 2000 to 1.33 in 2016, and an effective diversity (Hill number; q = 2) increasing
from 1.12 to 2.71. The temporal trend analysis revealed that in the period 2000 to
2003 most of the isolates (94.2%; n = 98) belonged to the ChC clone. However, since
then, the frequency of the ChC clone has decreased over time, accounting for 52%
of the collection in the 2013 to 2016 period. This decline was accompanied by the
rise of two emerging MRSA lineages, ST105-SCCmecII and ST72-SCCmecVI. In conclu-
sion, the ChC clone remains the most frequent MRSA lineage, but this lineage is
gradually being replaced by several emerging clones, the most important of which is
clone ST105-SCCmecII. To the best of our knowledge, this is the largest study of
MRSA clonal dynamics performed in South America.

IMPORTANCE Methicillin-resistant Staphylococcus aureus (MRSA) is a major public
health pathogen that disseminates through the emergence of successful dominant

Editor Adriana E. Rosato, Riverside University
Health System, Medical Center–University of
California

Copyright © 2023 Martínez et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to José M. Munita,
josemunita@udd.cl.

The authors declare no conflict of interest.

[This article was published on 20 June 2023 with an
error in affiliation p. The affiliation was corrected in
the current version, posted on 5 July 2023.]

Received 4 January 2023
Accepted 29 May 2023
Published 20 June 2023

July/August 2023 Volume 11 Issue 4 10.1128/spectrum.05351-22 1

RESEARCH ARTICLE

https://orcid.org/0000-0003-2949-7818
https://orcid.org/0000-0002-1722-0734
https://orcid.org/0000-0001-8075-0626
https://orcid.org/0000-0001-9054-9774
https://orcid.org/0000-0002-7870-1056
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1128/spectrum.05351-22
https://crossmark.crossref.org/dialog/?doi=10.1128/spectrum.05351-22&domain=pdf&date_stamp=2023-6-20


clones in specific geographic regions. Knowledge of the dissemination and molecular
epidemiology of MRSA in Latin America is scarce and is largely based on small stud-
ies or more limited typing techniques that lack the resolution to represent an accu-
rate description of the genomic landscape. We used whole-genome sequencing to
study 469 MRSA isolates collected between 2000 and 2016 in Chile providing the
largest and most detailed study of clonal dynamics of MRSA in South America to
date. We found a significant increase in the diversity of MRSA clones circulating over
the 17-year study period. Additionally, we describe the emergence of two novel
clones (ST105-SCCmecII and ST72-SCCmecVI), which have been gradually increasing
in frequency over time. Our results drastically improve our understanding of the dis-
semination and update our knowledge about MRSA in Latin America.

KEYWORDS Staphylococcus aureus, clonality, genomics, methicillin resistance,
phylogenomic analysis

Infections caused by methicillin-resistant Staphylococcus aureus (MRSA) are a major
public health problem. The World Health Organization (WHO) has listed MRSA as a

high-priority pathogen for targeted research and development of new antimicrobials
(1). MRSA spread occurs largely through the successful dissemination of specific ge-
nomic lineages in certain geographic regions (2). Clonal replacement waves character-
ized by the emergence of new MRSA clones with presumably higher fitness have been
well documented (2, 3). However, knowledge about the factors that drive the clonal
replacement phenomenon, and the basis of increased fitness, in a specific geographi-
cal region is limited. Improving our understanding of this phenomenon is crucial to
design strategies to contain MRSA spread.

Surveillance of MRSA requires molecular characterization of circulating lineages to
identify outbreaks and sources of colonization, distinguish between community and
hospital strains, and inform infection control strategies (4–6). MRSA lineages have been
classically described using molecular typing methods such as pulsed-field gel electro-
phoresis (PFGE), multilocus sequence typing (MLST), and characterization of the type
of SCCmec cassette or spa gene (7–10). However, current whole-genome sequencing
(WGS)-based analyses provide higher granularity in the description of the evolution of
bacterial organisms, and increased resolution to differentiate specific genomic lineages
within strains classified as part of the same clonal group by classic typing methods
(11–14). Therefore, the use of WGS provides the means for better description and
understanding of the evolutionary history of human pathogens such as MRSA.

Detailed characterizations of endemic MRSA clones in low- and middle-income coun-
tries are scarce, with most of the data coming from developed regions (15–17). A prospec-
tive study including MRSA isolates recovered from the bloodstream of nine Latin American
countries between 2011 and 2013 reported that the major MRSA clones circulating in the
region belonged to the clonal complex (CC) 5, CC8, and CC30, with major differences
among countries (18). The same study found .90% of MRSA bacteremia isolates in Chile
and Peru belonged to the Chilean-Cordobes (ChC) clone, an ST5-SCCmecI lineage first
described in Chile and Argentina in 1998 (18, 19). This ChC clone rapidly spread through-
out Latin America in the early 2000s, displacing other dominant clones (20–22). However, it
was later almost entirely replaced in Ecuador, Colombia, and Venezuela by a community-
associated ST8-SCCmecIV lineage designated USA300 Latin American Variant (USA300-LV)
(20, 23–25). Interestingly, the available data, all based on classical typing techniques, sug-
gest this clonal replacement was not observed in Chile and Perú, where the ChC clone
remains dominant, despite the well-documented circulation of successful pandemic line-
ages such as USA300 and USA300-LV (6, 18). The factors underlying this differential behav-
ior of clonal MRSA spread within countries of the same geographical region remain largely
unknown.

In this study, we aimed to provide a detailed picture of the population dynamics of
MRSA clones in Chile using a collection of 469 MRSA isolates sequentially obtained
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between 2000 and 2016 in a tertiary health care center located in Santiago, Chile. We
report for the first time an ongoing gradual clonal replacement of the ST5-SCCmecI
ChC clone by emerging MRSA lineages that include ST105-SCCmecII and ST72-
SCCmecIV-VI. Our data constitute the largest and most detailed study of clonal dynam-
ics of MRSA carried out in South America to date.

RESULTS
The diversity of circulating MRSA lineages significantly increased over time. Of

a total of 469 MRSA isolates, 192 (41%) were recovered from the respiratory tract, 173
(36.9%) from the bloodstream or other sterile sites, 94 (20%) from the skin, and 10
(0.2%) from urine samples (Table 1). Our genomic analyses revealed a total of 15 differ-
ent sequence types (ST) among the 469 MRSA genomes, with 91% of the isolates
belonging to only three STs; ST5 (n = 329, 70.1%), ST105 (n = 70, 14.9%), and ST72
(n = 28, 6%) (Table 1). To evaluate the changes of STs over time, we performed a tem-
poral analysis grouping the genomes in 4 time periods: 2000 to 2003, 2004 to 2008,
2009 to 2012, and 2013 to 2016. While MRSA isolates collected during 2000–2003
belonged to only two different STs (ST5 and ST239), the genomes from the 2013 to
2016 period encompassed 13 different STs (S1). This analysis demonstrated a signifi-
cant increase in the diversity of STs over the years (Spearman r = 0.8748, P , 0.0001).
Indeed, the Shannon diversity for STs increased from 0.2 in the 2000–2003 period, to
1.4 in the 2013 to 2016 period (Fig. 1). To test the adequacy of sampling at each time
point, we did collectors curves by subsampling with replacement at each time interval
(Fig. 2). The resulting curves show plateaus indicating that our diversity indices have
converged based on the available data. Likewise, the effective diversity of STs, as meas-
ured by Hill numbers, also increased over the 4 time periods. Hill numbers provide an

TABLE 1 Distribution of clonal complex, ST, and SCCmec by anatomical origin

Molecular typing Respiratory tract (n = 192) Skin (n = 94) Blood (n = 91) Other sterile sites (n = 82) Urine (n = 10) Total (n = 469)
Clonal complex - n (%)
CC5 173 (90.1) 77 (81.9) 85 (93.4) 61 (74.4) 8 (80.0) 404 (86.1)
CC72 8 (4.2) 9 (9.6) 3 (3.3) 7 (8.5) 1 (10.0) 28 (6.0)
CC8 5 (2.6) 7 (7.4) 3 (3.3) 10 (12.2) 1 (10.0) 26 (5.5)
CC30 1 (0.5) 1 (1.1) 4 (4.9) 6 (1.3)
CC22 3 (1.6) 3 (0.6)
CC97 2 (1.0) 2 (0.4)

ST - n (%)
5 138 (71.9) 60 (63.8) 75 (82.4) 50 (61.0) 6 (60.0) 329 (70.1)
105 32 (16.7) 15 (16.0) 10 (11.0) 11 (13.4) 2 (20.0) 70 (14.9)
72 8 (4.2) 9 (9.6) 3 (3.3) 7 (8.5) 1 (10.0) 28 (6.0)
239 3 (1.6) 3 (3.3) 5 (6.1) 11 (2.3)
8 2 (1.0) 6 (6.4) 4 (4.9) 1 (10.0) 13 (2.8)
30 1 (0.5) 1 (1.1) 4 (4.9) 6 (1.3)
22 3 (1.6) 3 (0.6)
97 2 (1.0) 2 (0.4)
225 1 (0.5) 1 (0.2)
840 1 (0.5) 1 (0.2)
1176 1 (0.5) 1 (0.2)
1649 1 (1.1) 1 (0.2)
1750 1 (1.1) 1 (0.2)
2802 1 (1.2) 1 (0.2)
7000 1 (1.1) 1 (0.2)

SCCmec - n (%)
I 136 (70.8) 59 (62.8) 75 (82.4) 48 (58.5) 6 (60.0) 324 (69.1)
II 34 (17.7) 15 (16.0) 10 (11.0) 11 (13.4) 2 (20.0) 72 (15.4)
III 3 (1.6) 3 (3.3) 5 (6.1) 11 (2.3)
IV 14 (7.3) 13 (13.8) 1 (1.1) 14 (17.1) 1 (10.0) 43 (9.2)
VI 5 (2.6) 7 (7.4) 2 (2.2) 4 (4.9) 1 (10.0) 19 (4.1)
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intuitive measure of diversity expressed as the number of distinct types that would be
representative if all types were evenly distributed (26). Interestingly, as shown in Fig.
S1, the increase in ST was observed in all anatomical sites, except for the bloodstream,
where we only found four STs (ST5, ST105, ST72, and ST239) throughout the 17-year
study period (Fig. S1).

Gradual replacement of the ChC ST5 MRSA clone and emergence of ST105 and
ST72 lineages over the years. To further characterize the clonal dynamics of MRSA,
we used the combination of ST and SCCmec types and evaluated their frequency over
the four aforementioned time periods. Our temporal trend analysis revealed most iso-
lates obtained during the first period (2000 to 2003) belonged to the ChC ST5-SCCmecI
lineage (n = 98, 94.2%), and the few remaining corresponded to ST239-SCCmecIII
(n = 6, 5.8%) (Fig. 3). Interestingly, a gradual reduction in the frequency of the ChC
clone over time was observed, dropping from the initial 94.2% to only 52% in the 2013
to 2016 period (Fig. 3). In parallel, an increase of two emerging MRSA lineages was
observed: ST105 and ST72, neither of which were circulating in the first period of ob-
servation (Fig. 3 and S1). All ST105 genomes carried a SCCmecII type (ST105-SCCmecII).
The frequency of ST105-SCCmecII gradually increased over time from 0% in 2000 to
2003% to 6% in 2004 to 2008, 19.3% in 2009 to 2012, and 23.4% in the 2013 to 2016
period (Fig. 3 and S1). In the case of ST72, two types of SCCmec were observed (ST72-
SCCmecIV and ST72-SCCmecVI). Similar to ST105, a gradual increase was observed in
ST72 frequency, from no detection at all in 2000 to 2003 to 2.0%, 6.8%, and 10.4% in
the 2004 to 2008, 2009 to 2012, and 2013 to 2016 periods, respectively (Fig. 3 and S1).

We then evaluated the temporal trends of clonal frequency by anatomical site. While
the frequency of the ChC ST5-SCCmecI clone decreased in all sites, this reduction was par-
ticularly marked in samples collected from the skin and bloodstream, with frequencies
decreasing from 100% (n = 19) and 93.5% (n = 43) in the 2000 to 2003 period to 39.4%
(n = 13) in the skin and 37.5% (n = 3) in the bloodstream during the 2013 to 2016 period
(Fig. S1). On the other hand, while the frequency of ST105-SCCmecII clone increased pro-
portionally across all anatomical sites, the ST72SCCmecIV/VI lineages presented a higher
frequency in isolates from the skin (21.2%) and bloodstream (25%), and lower frequency in
respiratory samples (4.3%) during the 2013 to 2016 period (Fig. S1).

Genomic characterization of the emerging ST105 and ST72 MRSA clones. We
performed a core-genome-based phylogenomic reconstruction to understand the ge-
nomic relationships among MRSA lineages. Additionally, to further analyze relevant
characteristics within MRSA lineages circulating over this 17-year period, we also
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searched for antimicrobial resistance genes, virulence factors, and heavy metal resist-
ance genes. Our phylogenomic reconstruction revealed six well-defined clades (Fig. 4).
Clade-1 was only composed of six ST30-SCCmecIVc genomes (CC30). Clade-2 consisted
of three ST22-SCCmecIVc genomes and clade-3 included only two ST97-SCCmecIVa
genomes. Clade-4 grouped 26 CC8 genomes: 11 ST239-SCCmecIII; 11 ST8-SCCmecIVc;
two ST8-SCCmecIVa; one ST2802-SCCmecIVc and one ST1750-SCCmecIVa. All 28
genomes from clade-5 belonged to the ST72 lineage, of which 19 carried SCCmecVI
and 9 SCCmecIVc. Finally, clade-6 grouped most of the isolates (n = 403), all of which
belonged to CC5. Of those, 325 were ST5-SCCmecI (ChC clone); 70 were ST105-
SCCmecII; two ST5-SCCmecIVc and the remaining 6 corresponded to one of each of the
following: ST5-SCCmecIVa, ST5-SCCmecII, ST225-SCCmecII, ST840-SCCmecIVc, ST1176-
SCCmecIVa, and ST7000-SCCmecIVc.

All genomes harbored mecA and .99% carried antimicrobial resistance genes, viru-
lence factors, and heavy metal resistance genes detailed in Table S1. Interestingly, de-
spite belonging to the same clonal complex (CC5), the emerging ST105-SCCmecII line-
age exhibited important differences compared to the ST5-SCCmecI ChC clone (Fig. 4).
The genomes of ST105-SCCmecII lacked the aminoglycoside resistance genes AAC(69)-
Ie-APH(2”)-Ia, and ant(6)-Ia, and the erythromycin and quinolone resistance gene sat-4,
all of which were frequently harbored by isolates of the ChC clone (97.8%; 86.5%; and
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87.1%, respectively) (Fig. 4). In contrast, the ST105-SCCmecII lineage frequently carried
the aminoglycoside resistance gene ant(4)-Ia (75.7%), the bleomycin resistance gene
bleO (75.7%); and the virulence factors sdrD (97.1%), related to immune evasion, the
enterotoxin sed (90%), and fnbB (80%), which encodes a fibrinogen binding protein
associated with biofilm formation. Notably, all of these genetic traits were absent in
the ST5-SCCmecI ChC clone (Fig. 4). In addition, while a large proportion of the ChC
clone presented the heavy metal resistance clusters arsBCR (81.8%), cadAC (81.5%), and
merABTR (79.4%), these genetic traits were absent in genomes of the ST105-SCCmecII
lineage. Both ST5-SCCmecI and ST105-SCCmecII frequently carried the cadDX cadmium
resistance genes (91.4% and 81.5%, respectively) (Fig. 4).

Similarly, the emerging ST72 lineage lacked several of the antimicrobial resistance
genes present in the ChC clone but displayed a high frequency of virulence factors such as
fnbA (93%), fnbB (100%), clfA (89%), coa (89%), and map (82%) (Fig. 4). Interestingly, the
main difference between the ST72-SCCmecIV and ST72-SCCmecVI was the presence of the
heavy metal resistance genes copB, mco, and czrC in all the ST72-SCCmecVI isolates, none
of which were observed in ST72-SCCmecIV (Fig. 4).

DISCUSSION

In this study, we performed WGS on a collection of 469 invasive MRSA isolates
obtained in a tertiary health care center from Santiago, Chile, over a 17-year period
(2000 to 2016) with the aim of providing a detailed picture of the clonal dynamics of
MRSA. Our data suggest that there was a significant increase in the diversity of circulat-
ing MRSA clones over the years. In addition, we report an ongoing gradual clonal
replacement of the ST5-SCCmecI ChC clone by two emerging MRSA lineages that
include ST105-SCCmecII and ST72-SCCmecIV-VI.

Our first relevant observation was an important increase in the diversity of STs of
MRSA circulating during the study period. Indeed, while only two STs were found dur-
ing 2000 to 2003, this number increased to 13 during the subsequent periods of obser-
vation. Our findings differ from the classical description of clonal MRSA replacement
events, where the number of circulating clones is limited, and dominant lineages are
replaced by new, better-adapted clones (2). However, a recent multicenter study per-
formed in China over a 6-year period (2014 to 2020) reported an increase in the diver-
sity of circulating MRSA lineages over time (27). A key common aspect between this
study and our current report is the use of WGS-based analyses, which likely results in
better resolution to differentiate closely related isolates that could otherwise be classi-
fied as the same clone by classical typing techniques.

FIG 3 Temporal trends of MRSA clones. Stacked bar plot showing the frequency (% of isolates) of the different
clones identified in each of the periods.
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Our data confirm the ST5-SCCmecI ChC clone continues to be the predominant MRSA
lineage in the country. However, our findings also suggest the ChC clone is gradually being
replaced by two emerging MRSA lineages, ST105 and ST72. The ST105-SCCmecII lineage is
closely related to the ChC clone as they both belong to the same clonal complex (CC5).
Interestingly, a recent study described the emergence of an ST105-SCCmecII lineage (desig-
nated as the RdJ clone) between 2014 and 2017 in Rio de Janeiro, Brazil, showing a strong
association with bloodstream infections and a higher rate of immune evasion (28). In line
with these findings, our analysis, stratifying by the source of isolation, demonstrated that
the ST105-SCCmecII lineage was first detected in bloodstream samples (Fig. S1). Also, our
data suggest the magnitude of the clonal replacement of the ChC clone differs among ana-
tomical sites, with higher prevalence in respiratory samples as opposed to blood or skin
(Fig. S1). The factors underlying these differences are not fully understood and require fur-
ther studies. It is also worth mentioning that Arias et al. also described the ST105-SCCmecII
lineage in Chile and Brazil, in 2013 (18). However, genomic analyses revealed important dif-
ferences between isolates belonging to this lineage recovered in these two countries. In

FIG 4 Phylogenomic reconstruction of the 469 isolates of MRSA. Phylogenomic reconstruction rooted to the midpoint of genomic distances. The most
important clades are represented by colors within the reconstruction. The colored bands indicate the genetic lineage (ST and SCCmec). Dots show the
presence of antimicrobial resistance genes. Red triangles indicate the presence of virulence factors. Yellow triangles indicate the presence of heavy metal
resistance genes.
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particular, ST105-SCCmecII isolates from Brazil harbored the aminoglycoside resistance
gene APH(39)-III, and the macrolide resistance genes msrA and mphC, none of which were
found in Chilean isolates (18). Similarly, genomes of ST105-SCCmecII from our collection
lacked APH(39)-III, msrA, mphC, and chp, suggesting that the emerging clone observed
herein belongs to the same lineage previously described by Arias and colleagues (18).
Altogether, our observations suggest that despite being part of the same lineage, ST105-
SCCmecII isolates emerging in Chile and Brazil exhibit potentially important genomic differ-
ences. The study of the implications of these disparities is part of our ongoing research
efforts.

The other emerging lineages observed in our results belong to ST72 and include
the ST72-SCCmecIV and ST72-SCCmecVI. The former is a genetic lineage previously
described in community-associated infections in South Korea (29–31). In contrast, to
the best of our knowledge, this is the first description of ST72-SCCmecVI. Our phyloge-
nomic analysis suggested these two clones are closely related, as observed in Fig. 3.
Interestingly, previous studies have included ST72-SCCmecIV as part of the CC8 lineage
(32–34). However, our phylogenomic analysis revealed that ST72 forms a strongly dis-
tinct clade from other CC8 genomes. Indeed, the branch length distances between
ST72 (SCCmecIV and SCCmecVI) and the CC8 genomes were higher than between the
genomes of the CC96 and the CC8, suggesting that the ST72 clone should be included
in a new and independent clonal complex. More studies are needed to perform a
deeper characterization of the new emerging clone ST72-SCCmecVI described herein.

Our study has limitations. First, our isolate collection was limited to one health care
center, thus preventing us from extrapolating our results about the dynamics of MRSA
clonal replacement to a country-wide or regional level. However, we expect our data
to shed light on the molecular epidemiology of MRSA in Latin America and help future
studies to compare the situation in other countries in the region. Second, we did not
obtain access to the clinical metadata, hampering our ability to explore possible associ-
ations between specific MRSA lineages with clinical presentations and patient out-
comes. Finally, although all MRSA isolates were obtained from hospitalized patients,
our data did not allow us to accurately discriminate between hospital and community-
acquired infections, which would have allowed us to better understand the role differ-
ent MRSA lineages are playing in these clinical presentations. A more complete study
including isolates from different geographic areas over a broad time frame with their
associated clinical metadata will be helpful to obtain a better picture of the genomic
landscape of the MRSA clonal dynamics in Latin America and its clinical implications.

In summary, we have characterized an atypical clonal replacement phenomenon, dem-
onstrating the usefulness of WGS in the study of pathogens of a major public health prob-
lem such as MRSA. Although this study includes isolates only from a single health care cen-
ter, it is the most robust and detailed study of the genomic epidemiology of MRSA
conducted in the country to date. Additionally, this study highlights a cryptic clonal
replacement phenomenon in which the ChC clone is gradually being replaced by several
genetic lineages, a phenomenon that differs from that classically described for MRSA. The
results obtained here will allow a better understanding of the clonal replacement phenom-
enon and update knowledge about MRSA clones. The work provided here provides a
strong rationale for expanded studies at the national level with integrated clinical and ge-
nomic data to evaluate the policies and strategies for managing MRSA infections and
reduce the impact of this pathogen on morbidity and mortality in the region.

MATERIALS ANDMETHODS
Collection of MRSA strains. We included a total of 469 MRSA isolates collected between 2000 and

2016 in the Hospital Clínico UC-Christus in Santiago, Chile. All isolates were identified as S. aureus using
MALDI-TOF (Bruker). Methicillin resistance was confirmed with a cefoxitin disk diffusion assay, following
the recommendations of the Clinical and Laboratory Standards Institute (CLSI) (35). The mecA gene was
detected by PCR assays as previously described (36).

Whole-genome sequencing and genomic characterization. Genomic DNA of all 469 isolates was
purified with the DNeasy blood and tissue kit (Qiagen) from fresh cultures treated with lysostaphin for 30 min
at 37°C. DNA concentration was determined by Qubit dsDNA HS assay on a Qubit 2.0 fluorometer (Thermo
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Fisher Scientific). Genomic libraries were prepared with the NexteraXT DNA Sample Preparation Kit (Illumina)
and WGS was performed using Illumina MiSeq and HiSeq instruments, generating paired reads of 150 or 300
nucleotides. The quality of the raw reads was determined by FASTQC v0.11.9 and MultiQC v1.10.1 (https://
www.bioinformatics.babraham.ac.uk/projects/fastqc/) (37). Raw reads were trimmed with Trimmomatic v0.39;
those reads exhibiting a Phred quality score , 30 were excluded (38). Finally, the genomes were de novo
assembled with SPAdes v3.13.0 and the quality of the assemblies was evaluated with QUAST v5.0.2 (39, 40). In
silico characterization of the ST and SCCmec types was performed using MLST v2.19.0 (https://github.com/
tseemann/mlst) and staphopia-sccmec, respectively (41, 42). In addition, the presence of antimicrobial resist-
ance genes, virulence factors, and genetic traits associated with resistance to heavy metals was assessed with
ABRicate v1.0.1 (https://github.com/tseemann/abricate).

Phylogenomic analyses. Genomes were annotated with Prokka v1.14.5 and a multiple alignment
with a core-genome definition of 99% was performed with Roary v3.13.0 (43, 44). RAxML 8.2.12 was
used to construct a maximum likelihood (ML) phylogenomic tree using a GTR Substitution Model with a
bootstrap of 100 to then generate a recombination-free ML tree with ClonalFrameML v1.12 (45, 46). The
phylogenomic trees were visualized with the Tree Of Life (iTOL) v6 interactive tool (47).

Ecological diversity indices and statistical analysis. Diversity indices were calculated using a custom
script available on GitHub (https://github.com/ahmedmagds/rarefaction-curves) (48). Collectors (rarefaction)
curves were based on MLST genotype, using resampling with replacement (100 iterations) for each subsam-
pling with increasing intervals of 10 for each of 4 time periods according to their year of isolation to obtain a
similar number of genomes in each period: 2000 to 2003, 2004 to 2008, 2009 to 2012, and 2013 to 2016. The
normal distribution of the data was evaluated with the D'Agostino & Pearson normality test. The correlation
between ST diversity and isolation year was determined by the Spearman ranked test.

Data availability. The genomes used in this study will be publicly available in the US National
Center for Biotechnology Information in the Genome Sequence Archive under the accession number
PRJNA949606 after publication.
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