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ABSTRACT Enterococci are ubiquitous opportunistic pathogens that have become
a major public health issue globally. The increasing prevalence of antimicrobial re-
sistance in hospital-adapted enterococci had been thought to originate from live-
stock. However, this association between livestock and hospital-adapted enterococci
is currently unclear. This study investigates the antimicrobial susceptibilities of enter-
ococci isolated from pig cecal samples and compares the genomic characteristics of
Enterococcus faecium from pigs to those of isolates from meat chickens and from
human sepsis cases. From 200 cecal samples, antimicrobial susceptibility testing was
performed for E. faecium (n=84), E. hirae (n = 36), and E. faecalis (n=17). Whole-ge-
nome sequencing was performed for all E. faecium isolates, and the sequences were
compared to those of previously studied isolates from meat chickens and human
sepsis cases through bioinformatics analysis. Resistance (non-wild type) to erythro-
mycin, gentamicin, tetracycline, ampicillin, daptomycin, virginiamycin, and quinupris-
tin-dalfopristin was identified. More importantly, except for a single isolate harboring
the vanC operon, no resistance was observed in the three species to vancomycin,
teicoplanin, and linezolid, which are critically important antimicrobials used to treat
enterococcal infections in humans. The E. faecium isolates from chickens were genet-
ically distinct from human and pig isolates, which were more closely related. Human
strains that were closely related to pig strains were not typical “hospital-adapted
strains” as previously identified. The results of this study show that enterococci from
Australian finisher pigs are not a source of resistance to critically important antimi-
crobials and that E. faecium from pigs is not part of the current human hospital-
adapted population.

IMPORTANCE Resistance to the critically important antimicrobials vancomycin, teico-
planin, and linezolid is not found in enterococci collected from Australian finisher
pigs. However, some antimicrobial resistance was observed. In particular, resistance
to quinupristin-dalfopristin, a combination of two streptogramin class antimicrobials,
was identified despite the absence of streptogramin use Australia-wide since 2005.
Other observed resistance among enterococci from pigs include chloramphenicol,
erythromycin, and tetracycline resistance. Genomic comparison of E. faecium from
Australian pigs to isolates collected from previous studies on chickens and humans
indicate that E. faecium from pigs are genetically more similar to those of humans
than those from chickens. Despite the increased genetic similarities, E. faecium
strains from pigs are phylogenetically distinct and did not belong to the dominant
sequence types found in hospital-adapted strains causing sepsis in humans.
Therefore, the results indicate that Australian finisher pigs are not a source of hospi-
tal-adapted E. faecium in Australia.
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Enterococci are ubiquitous bacteria commonly found as commensals of the mamma-
lian and avian gastrointestinal microbiota. However, some enterococci can behave

as opportunistic pathogens, causing invasive infections ranging from mild to life-
threatening. Within the genus, Enterococcus faecalis and E. faecium are the most fre-
quently reported human pathogens, with E. faecalis appearing more frequently as the
agent responsible for infection (1). As opportunistic pathogens, enterococcal infections
are generally health care-associated, with few reports of community-acquired infec-
tions (2). However, in the past 3 decades, an increase in prevalence of antimicrobial re-
sistance observed in health care-associated enterococci has adversely impacted treat-
ment outcomes (3). In particular, resistance to vancomycin, a critically important
glycopeptide antimicrobial used to treat a variety of severe Gram-positive infections,
has become a major public health issue globally (1).

Vancomycin resistance in enterococci is conferred by the expression of the van op-
eron, of which the vanA and vanB types are the most clinically relevant (4, 5). The sig-
nificance of the vanA and vanB operons in enterococci stems from their ability to be
horizontally transferred to other strains of enterococci and even to other species of
bacteria causing outbreaks to occur (6). Phenotypically, the vanA operon typically con-
fers high levels of resistance against vancomycin and teicoplanin, a glycopeptide anti-
microbial with a similar spectrum of activity, whereas the vanB operon typically confers
variable levels of resistance to vancomycin only (7). Despite causing a lower number of
infections, E. faecium is more often found to harbor resistance to antimicrobials, includ-
ing vancomycin, than E. faecalis (8).

Globally, the emergence and spread of vancomycin-resistant E. faecium (VREfm)
was first reported in the United States and in Europe (9–11). The distribution of VREfm
across the two regions has historically been attributed to two different causes. In
Europe, the use of avoparcin, a glycopeptide antimicrobial similar to vancomycin, as an
in-feed growth promoter was believed to have caused an increase in VREfm coloniza-
tion in livestock that was thought to have moved into humans in the 1990s (12, 13).
Although studies have observed some genetic similarities between enterococci of
human and livestock origin and evaluated the possibility of zoonotic transmission (14,
15), robust evidence of this occurring has been sparse. In the United States, where avo-
parcin has not been used in livestock, it is believed that the large quantity of vancomy-
cin used in the public health system resulted in the high prevalence of VREfm in hospi-
tals (16).

In Australia, a study of E. faecium isolates collected from 2015 to 2017 in the
Australian Group on Antimicrobial Resistance (AGAR) Australian Enterococcal Sepsis
Outcome Program (AESOP) reported that approximately 50% of E. faecium isolates
from bloodstream infections in hospitals were resistant to vancomycin (17). Based on
this report, equal proportions of VREfm in Australia harbor the vanA and vanB operons.
This is in contrast to reports from the United States, Europe, and Asia, where either the
vanA or the vanB type operon is dominant (18–20).

The livestock industry in Australia is a large and vital sector contributing signifi-
cantly to Australia’s economy and supplying food for domestic and export consump-
tion. The country’s unique geography, strict quarantine, and importation restrictions
protect the industry from many foreign pests and diseases. Moreover, livestock medici-
nal treatments, including antimicrobials, are strictly regulated by a federal government
agency. For example, avoparcin was voluntarily withdrawn from the market in 1999 fol-
lowing recognition that its use gave rise to vancomycin-resistant enterococci in ani-
mals in Europe (21). A recent study performed on enterococci from Australian meat
chickens found clinical resistance to a number of antimicrobials. The study, however,
did not identify any resistance to vancomycin (22), providing evidence of success in
antimicrobial stewardship measures. Moreover, E. faecium from meat chickens was
found to be genetically distinct from hospital-adapted strains.
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Pork is another frequently consumed product, and in Australia pork is second only
to chicken in per-capita consumption (23). Swine are commonly colonized by entero-
cocci and, due to the high consumption and potential public health impact, have been
scrutinized globally for the presence of antimicrobial-resistant strains. The present
study aimed to obtain a collection of enterococci from Australian finisher pigs across
all major pig-producing states to investigate the antimicrobial resistance. Due to the
clinical importance of E. faecium and VREfm, comprehensive genomic characterization
and comparative genomics analyses were analyses performed on E. faecium in order to
evaluate production and public health impact.

Based on antimicrobial stewardship practices and Australia’s strict biosecurity
procedures both at the international border and at the farm gate, we hypothesize
that E. faecium isolates from Australian pigs are genetically distinct from hospital-
adapted strains and remain susceptible to important antimicrobials used to treat
enterococcal infections in humans.

RESULTS

In total, 146 enterococci consisting of E. faecium (57.5%), E. hirae (24.7%), E. faecalis
(11.6%), E. durans (2.7%), E. gallinarum (1.4%), E. hermanniensis (0.7%), E. mundtii (0.7%),
and E. avium (0.7%) were identified. All quality control strains examined as part of the
antimicrobial susceptibility testing were within stipulated guideline ranges.

E. faecium. Antimicrobial susceptibility tests were performed on all E. faecium
isolates (n = 84) with the MIC distributions shown in Table 1. No resistance (non-
wild type) was observed for chloramphenicol, linezolid, or teicoplanin. One isolate
(EN060) was resistant to vancomycin. The majority of isolates were resistant to
erythromycin (90.5%), high-level gentamicin (100%), and tetracycline (91.7%), with
less resistance to ampicillin (34.5%), benzylpenicillin (14.3%), daptomycin (1.2%),
and virginiamycin (28.6%). In addition, 82.1% of the isolates were clinically resistant
to quinupristin-dalfopristin. All E. faecium isolates were resistant to at least two
antimicrobials and 94.1% had (non-wild type) multidrug-resistant (MDR) pheno-
types. The largest group of isolates (45.2%) with the same MDR profile were resist-
ant to four antimicrobial classes (aminoglycosides, macrolides, streptogramins, and
tetracyclines).

E. hirae. Antimicrobial susceptibility tests were performed on all E. hirae isolates
(n=36) with MIC distributions shown in Table 2. No clinical resistance was observed
for linezolid, teicoplanin, or vancomycin. The majority of isolates were resistant to
chloramphenicol (52.8%), erythromycin (83.3%), gentamicin (100%), and tetracycline
(83.3%). All isolates were resistant to at least two antimicrobials tested, with 97.2%
showing MDR phenotypes. The largest group of isolates (19.4%) with the same MDR
profile were resistant to six antimicrobial classes (aminoglycosides, lipopeptides, mac-
rolides, phenicols, streptogramins, and tetracyclines).

E. faecalis. Antimicrobial susceptibility of 17 E. faecalis isolates was determined with
MIC distributions shown in Table 3. No resistance was observed for benzylpenicillin, dapto-
mycin, linezolid, teicoplanin, vancomycin, or virginiamycin. The majority of isolates were re-
sistant to erythromycin (82.4%), gentamicin (100%), and tetracycline (82.4%). All isolates
were resistant to at least one antimicrobial tested, with 76.5% showing MDR phenotypes.
The largest group of isolates (47.1%) with the same MDR profile were resistant to three
antimicrobial classes (aminoglycosides, macrolides, and tetracyclines).

Genomic characteristics of E. faecium from pigs. Of the 84 E. faecium isolates
sequenced, 71 passed quality control and were included for analysis. Multilocus sequence
typing (MLST) of E. faecium from Australian pigs returned 24 known sequence types (STs)
from 44 isolates and 23 unknown STs from 27 isolates. The most frequent STs identified
were ST5 (12.7%), ST185 (7.0%), and ST133 (5.6%), with the majority of STs consisting of
only one isolate.

With regard to the putative antimicrobial resistance genes identified, one isolate,
EN060, demonstrating resistance to vancomycin harbored the vanC operon. The aac
(69)-li gene, conferring aminoglycoside resistance, and the msrC gene, conferring
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resistance to macrolides and streptogramin B, were identified in all isolates. The ermB
gene, conferring resistance to macrolides, lincosamides, and streptogramin B (MLSB),
was identified in 85.9% of isolates. No cfrC gene, conferring resistance to linezolid and
phenicol antimicrobials, was identified.

Comparative genomics of E. faecium from multiple hosts (pigs, poultry, and
human sepsis cases). Genomic analysis of 1,161 E. faecium isolates from pigs (n=71),
poultry (n=65), and human sepsis cases (n=1,025) collected in 2016, 2016, and 2015
to 2017, respectively, in Australia identified approximately 26,000 single nucleotide
polymorphisms (SNPs) among isolates after recombination removal. An SNP-based
maximum-likelihood phylogenetic tree showed several clusters of isolates (Fig. 1).
Most poultry isolates were genetically distinct, whereas pig and human isolates were
mostly intermixed. There was no human sepsis isolate on the same phylogenetic
branch since pigs harbored the van operon. Four STs (ST22, ST32, ST94, and ST116)
were shared among E. faecium isolates from pigs and humans.

Based on the presence or absence of 19,218 genes identified, principal components 1
and 2 showed E. faecium isolates from humans had the most genetic diversity, forming
three overlapping clusters (Fig. 2). The three clusters were observed to be made up of iso-
lates based on the absence or presence and the type of van operon identified (van nega-
tive, vanA positive, and vanB positive). The 95% density ellipses of vanA-positive and
vanB-positive isolates were mutually exclusive (Fig. 2), but each overlapped with the
van-negative ellipse located between them. Poultry and pig E. faecium isolates were ge-
netically similar, forming two clusters that shared similarities with van-negative isolates
from humans. The two poultry and pig clusters of isolates were located at the distal end
of the van-negative ellipse, farthest from the vanA-positive and vanB-positive ellipses. No
chicken or pig isolates were located within the vanA-positive and vanB-positive 95%
density ellipse.

TABLE 1MICs of E. faecium isolates (n=84)a

aThe shaded areas indicate the dilution ranges tested. Vertical bars indicate the resistance breakpoints. Values for MIC distributions and frequencies of resistance are
represented as percentages of isolates. Confidence intervals (CI) for non-wild-type and clinically resistant isolates are indicated in parentheses.
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DISCUSSION

In this study on enterococci from Australian pigs, resistance (non-wild type) was
observed against a number of antimicrobial classes, including aminoglycosides, macrolides,
streptogramins, and tetracycline. However, more importantly, aside from a single vancomy-
cin-resistant isolate, resistance to critical antimicrobials such as teicoplanin and linezolid
was not identified. The results from this study provide strong evidence that in Australia,
enterococci from pigs are not a reservoir for critically important antimicrobial resistance.

MLST analysis of the pig E. faecium isolates, which showed large variations in STs,
consisted of four STs associated with the human sepsis isolates. However, shared STs
only harbored vancomycin-susceptible isolates and were not typical of hospital-
adapted strains. Nevertheless, the sharing of similar STs between isolates from pigs
and those from human sepsis cases suggests the possibility of coevolution or bidirec-
tional transmission of E. faecium between the two hosts or the presence of another
source of infection to which humans and pigs were both exposed. Further molecular
investigation showed that this is likely the case. Principal-component analysis (PCA)
based on the total gene content showed that isolates from pigs and poultry had
genetic compositions highly similar to that of human vancomycin-susceptible E. fae-
cium. However, the SNP-derived maximum-likelihood phylogenetic tree based on the
core genes indicated isolates from pigs were similar to isolates from humans while iso-
lates from poultry were genetically more distinct from the other two host species. It is
possible that this observation is caused by the colonization of E. faecium strains that
have adapted to different host physiologies, with pig and human physiologies being
much more similar to each other than to that of avian species. However, this finding
requires further investigation.

In this study, antimicrobial resistance was determined using ECOFF breakpoints and
clinical resistance defined by Clinical and Laboratory Standards Institute (CLSI)

TABLE 2MICs of E. hirae isolates (n=36)a

aThe shaded areas indicate the dilution ranges tested. Vertical bars indicate the resistance breakpoints. Values for MIC distributions and frequencies of resistance are
represented as percentages of isolates. Confidence intervals for non-wild-type and clinically resistant isolates are indicated in parentheses.
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breakpoints. Antimicrobial resistance to tetracycline, erythromycin, and quinupristin-
dalfopristin was observed in a large proportion of enterococcus isolates. Tetracycline
and tylosin are occasionally used as in-feed or in-water medication to treat specific re-
spiratory or enteric diseases in pigs in Australia. Tylosin, a macrolide antimicrobial agent,
has been shown to coselect for erythromycin resistance through the ermB gene (24). In
the United States, the prevalence of tetracycline resistance in E. faecium from pigs ranged
from 58.97% in 2017 and .70% for E. faecalis from 2013 to 2017 (25). The prevalences of
erythromycin resistance were 17.95% in E. faecium and 59.15% in E. faecalis in 2017 (25).
Here, we observed a relatively high and similar prevalence (approximately 80 to 90%) of
tetracycline and erythromycin resistance for all three of the most common enterococcus
species isolated. In addition to E. faecalis, which is intrinsically resistant to quinupristin-dal-
fopristin, a large proportion of E. faecium and E. hirae isolates were also resistant to quinu-
pristin-dalfopristin. In Australia, quinupristin-dalfopristin is not registered for use in pigs,
and the use of virginiamycin, another streptogramin class antimicrobial, was withdrawn
from the market for pigs in 2005 (21). Molecular investigation demonstrated that the ma-
jority of isolates harbored themsrC and ermB genes, which confer resistance to macrolides
and streptogramin B. Although the combination of quinupristin-dalfopristin consists of a
streptogramin A and a streptogramin B compound, a study has previously shown that re-
sistance to the combination drug in E. faecium can also be conferred by the msrC and
ermB genes. This result suggests the coselection of quinupristin-dalfopristin-resistant enter-
ococci in pigs through use of tylosin (26).

Genes encoding aminoglycoside resistance were identified in all E. faecium sequences
from pigs, supporting the high prevalence of non-wild-type gentamicin susceptibility
observed. Although gentamicin is not registered in Australia for use in food animals,

TABLE 3MICs of E. faecalis isolates (n=17)a

aThe shaded areas indicate the dilution ranges tested. Vertical bars indicate the resistance breakpoints. Values for MIC distributions and frequencies of resistance are
represented as percentages of isolates. Confidence intervals for non-wild-type and clinically resistant isolates are indicated in parentheses.

Lee et al. Applied and Environmental Microbiology

May 2021 Volume 87 Issue 10 e03037-20 aem.asm.org 6

https://aem.asm.org


another aminoglycoside, neomycin, is available in a number of products for oral and paren-
teral use in pigs. High-level aminoglycoside resistance is common in human E. faecium iso-
lates which have been categorized as intrinsically resistant by the CLSI (27).

The widespread use of beta-lactam antimicrobials such as ampicillin to treat entero-
coccus infections in humans has resulted in a high prevalence of ampicillin resistance
observed in E. faecium. In Australia, the 2018 AGAR AESOP reported that 89.4% of
E. faecium isolates responsible for causing sepsis in humans were not susceptible to
ampicillin (28). In the present study, we observed that 34.5% of E. faecium isolates from
pigs were not susceptible to ampicillin (ECOFF for ampicillin is similar to nonsusceptible
for CLSI), indicating a reduced proportion of isolates compared to those from the AESOP
collection.

A single vancomycin-resistant isolate harbored the vanC operon. Genetically, the
vanC operon is located on the chromosome and encodes a different ligase (D-Ala–D-
Ser) affecting the binding of vancomycin compared to the dominant vanA and vanB
operons (D-Ala–D-Ala) observed clinically (7). The vanC operon is typically transmitted
vertically from parent to daughter cells and confers lower levels of vancomycin resist-
ance than that conferred by the vanA or vanB operon. Although the vanC operon is
almost exclusively found in E. gallinarum, E. casseliflavus, and E. flavescens (8), as
observed in this study, the vanC operon can also occasionally be found in E. faecium.

Although low susceptibility for critical antimicrobials in enterococci was found in
pigs, a limitation of this study is the isolation of only a single representative enterococ-
cus isolate from each sample. This sampling strategy does not capture all the strains

FIG 1 Maximum-likelihood phylogenetic tree based on single nucleotide polymorphisms (branch lengths are not
to scale). The tree includes 1,162 E. faecium isolates from pigs (red branches, n= 71) and poultry (orange
branches, n= 65), as well as human sepsis isolates (teal branches, n= 1,025). Red squares indicate isolates with
the vanA operon, and blue squares indicate isolates with the vanB operon. Isolates from pigs and chickens are
contained within the black square. No van operon was identified in isolates within the black square.
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within each sample and, as such, there is a possibility that strains with low prevalence
are missed. In addition, we are unable to comment on the distribution of species and
strains within each of the animals sampled.

In conclusion, this study has provided significant insights into the characteristics of
three commonly identified enterococci from Australian finisher pigs. Except for a single
isolate harboring the vanC operon, no resistance was observed in all three species against
vancomycin, teicoplanin, and linezolid, which are critically important antimicrobials used
to treat enterococcal infections in humans. E. faecium in pigs did not harbor the vanA or
vanB operons, which are commonly found in the major hospital-adapted strains. As
hypothesized in a recent study by O’Dea et al., it appears that the genetic makeup of this
subset of enterococci found in chickens, humans, and now pigs does not favor the uptake
of vanA or vanB operon-containing genetic elements (22). Moreover, MLST, PCA, and SNP-
based phylogenetic analysis indicate some similarities within the populations of E. faecium
in pigs and humans. Overall, this study provides phenotypic and genotypic evidence that
E. faecium isolates from pigs are not a source and reservoir of hospital-adapted VREfm or
vancomycin resistance-conferring genetic elements in Australia.

MATERIALS ANDMETHODS
Sampling. Cecal samples were collected as part of a nationwide surveillance study on antimicrobial

resistance in enteric commensals and pathogens in Australian pigs. From January to June 2016, 200 sam-
ples from finisher pigs were collected from 31 farms across Australia. The sampling strategy was
designed to capture as many representatives as possible of the various production systems utilized in
the Australian pig industry. Sampling at abattoirs was performed according to the U.S. Department of
Agriculture Food Safety and Inspection Service directive by trained personnel (29). Sampling at eligible

FIG 2 PCA of the total gene content of E. faecium isolates from pigs (red, n= 71), poultry (orange, n= 65), and teal (human, n=1,025). Isolates harboring
the vanA operon (solid triangles) or the vanB operon (hollow squares), as well as van-negative isolates (solid circles), are drawn with a 95% density ellipse.
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abattoirs gave access to approximately 85% of pigs slaughtered in Australia. The interval between col-
lections of individual samples was established at each facility as a function of chain speed, daily through-
put and shift length to prevent sampling bias. Samples were collected from the cecum and placed in a
sterile pot. Once collected, specimens were stored at 2 to 4°C and transported to the primary laboratory
within 24 h of collection. All animal fecal samples were acquired postmortem at processing facilities;
therefore, no ethics approval was required.

Bacterial isolation. Isolation of enterococci was performed with 10 g of cecal contents mixed in
7ml of 0.1% buffered peptone water (Thermo Fisher Scientific, Australia) followed by inoculation of
Slanetz & Bartley agar plates (Thermo Fisher Scientific) that were then incubated at 42°C for 48 h. Three
well-isolated colonies were subcultured onto sheep blood agar (Thermo Fisher Scientific) and incubated
at 37°C for 24 h. Matrix-assisted laser desorption ionization–time of flight mass spectrometry (Bruker
Microflex) was performed for species identification. One enterococcus isolate per sample was selected
for the study. Antimicrobial susceptibility testing was performed by broth microdilution using Veterinary
Reference Card panels (Sensititre; Trek Diagnostics, East Grinstead, UK) in the CMV3AGPF format for
Enterococcus spp. according to the manufacturer’s protocols. Quality control was performed using E. fae-
calis ATCC 29212 and Staphylococcus aureus ATCC 29213. The MIC results were accepted only if ATCC
strains passed quality control (QC) ranges recommended by CLSI guidelines. No QC values were avail-
able for lincomycin, streptomycin, and virginiamycin (27). MICs were interpreted using CLSI breakpoints
into susceptible (S), intermediate (I), or resistant (R) categories and, when available, the EUCAST ECOFF
breakpoints into wild-type and non-wild-type categories (27, 30). In this study, isolates classified as
“non-wild type” based on ECOFF breakpoints are referred to as “resistant,” and isolates classified as “re-
sistant” based on CLSI breakpoints are explicitly referred to as “clinically resistant.” Isolates that were re-
sistant to three or more antimicrobial classes were classified as MDR.

Whole-genome sequencing. Whole-genome sequencing was performed on all E. faecium isolates
as previously described (31). Genomic data used for comparison was obtained from the AESOP from
2015 to 2017 (17) and Australian meat chickens sequenced previously in 2016 (22). All sequence data
obtained from this study were deposited in the NCBI Sequence Read Archive under BioProject ID
PRJNA639902. Sequencing of DNA libraries was performed on the Illumina NextSeq platform using a
300-cycle mid-output v2 reagent kit. Output sequences were analyzed using SPAdes v3.14.1 for assem-
bly (32), mlst (33) for MLST identification in association with the pubMLST database (https://pubmlst
.org/efaecium, accessed 23 November 2020), kraken2 v2.1.1 for species identification (34), and prokka
v1.14.6 for gene annotation (35). Assembled sequences with ,40� average depth were excluded from
further analysis. Resistance and virulence genes were identified using ABRicate v1.0.1 (36) with the
ResFinder (accessed 23 November 2020) (37) and VFDB (23 November 2020) (38) databases, respectively.
The identified resistance and virulence genes are considered present at.95% coverage and identity.

Comparative study. Genomic data were compared to those from E. faecium sequenced as part of
the AESOP from 2015 to 2017 (17) and Australian meat chickens sequenced previously in 2016 (22) (see Table
S1 in the supplemental material). Phylogenetic trees were constructed using SNPs identified within the core ge-
nome with Snippy v4.1.0 (https://github.com/tseemann/snippy), followed by recombination removal with
ClonalframeML v1.11 (39). Maximum-likelihood phylogenetic trees were constructed in RAxML v0.9.0 (40) using
the generalized time-reversible model set at 1,000 bootstraps and visualized in iTOL (https://itol.embl.de/) (41).

Statistical analysis. Exact confidence intervals for proportions were derived by the Clopper-Pearson
method in Stata v14.2 (StataCorp LLC, College Station, TX). PCA of binomial variables was performed in R for
determination of associations by total gene content (Fig. 2). The 95% density ellipses were calculated (within
R) from the specified correlation matrix (i.e., the first two components) and plotted using GGPlot2 (42).

Data availability. Sequence data were deposited in the NCBI Sequence Read Archive under
BioProject accession number PRJNA639902.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.5 MB.
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