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Abstract

Purpose Individuals with methicillin-resistant Staphylococcus aureus (MRSA) skin and soft tissue infection (SSTI) can
be simultaneously colonized with MRSA on multiple body sites. Using whole genome sequencing (WGS), the intrahost
relatedness of MRSA colonization and infection isolates was investigated.

Methods In the context of a prospective case—control study of SSTI, we analyzed colonization and infection isolates from
US Army Infantry trainees with purulent infection due to MRSA. At the time of clinical presentation for SSTI, culture swabs
were obtained from the infection site, as well as from the patient’s nasal, oral, inguinal, and perianal regions. S. aureus
culture and susceptibility was performed by standard methods. DNA from MRSA isolates was extracted and libraries were
produced. Sequences were generated on an [llumina MiSeq, sequence reads were assembled, and single nucleotide variant
(SNV) data were analyzed.

Results Of 74 trainees with MRSA SSTI, 19 (25.7%) were colonized with MRSA. Ten (52.6%) were colonized on more than
one body site. Colonization frequency by anatomic site was as follows: inguinal region (33%), nasal region (30%), perianal
region (22%), and oral region (14%). A total of 36 MRSA colonization isolates were characterized. The intrahost median
number of SNVs between infection and colonization isolates was 17. Among trainees with recurrent MRSA SSTI, limited
intrahost diversity suggests that persistent colonization is a major contributor to recurrence risk.

Conclusions Among military trainees with MRSA SSTI, genomic characterization of infection and colonization isolates
revealed a high degree of strain relatedness. Single acquisition events may account for MRSA colonization and infection in
this population.

Keywords Methicillin-resistant Staphylococcus aureus (MRSA) - Skin and soft tissue infection - Colonization - Whole
genome sequencing - Genomics - Military

Introduction

Staphylococcus aureus causes invasive (e.g., bacteremia,
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of S. aureus, although the relationship between colonization
and subsequent infection events is much less clear for skin
and soft tissue infection (SSTI) [1-5] than it is for invasive
disease [6, 7]. There is variability in how colonization is
defined; the anterior nares, often considered the primary res-
ervoir of S. aureus, are sampled most frequently. However,
S. aureus colonization of non-nasal sites (e.g., oral, inguinal,
and perianal regions) is common and may also contribute to
infection risk [3, 8-10].

Establishing the connection between colonization and
disease in individuals with S. aureus and methicillin-resist-
ant S. aureus (MRSA) infection requires demonstration of
strain concordance [1, 3, 5, 11]. Two important limitations
of past studies were that only the nares were sampled in the
determination of colonization status and strains were char-
acterized by pulsed-field type [1, 5]. To date, only one study
has utilized highly discriminatory whole genome sequenc-
ing (WGS) methods to assess intrahost strain relatedness
among individuals with MRSA colonization and infection
[11]. Improved understanding of the association between S.
aureus/MRSA colonization and SSTI warrants: (1) inclu-
sion of non-nasal sites in the colonization sampling strategy,
and (2) utilization of WGS in the determination of strain
relatedness.

We previously conducted an epidemiologic investiga-
tion of MRSA SSTI among US Army Infantry trainees, a
population known to be at increased risk for MRSA colo-
nization and infection [12]. Specifically, we identified clus-
ters of MRSA SSTI in several military training classes and
characterized clinical isolates by WGS to deduce intraclass
patterns of MRSA transmission. As part of this same inves-
tigation, we swabbed each SSTI case on multiple body sites
to assess his MRSA colonization status at the time of clinical
presentation. Through the use of WGS, we are now able to
describe the genomic epidemiology of MRSA colonization
isolates and the intrahost relatedness of MRSA infection and
colonization isolates among US Army Infantry trainees with
MRSA SSTI.

Methods

In the context of a prospective case—control study of SSTI
[12], we analyzed colonization and infection isolates from
US Army Infantry trainees with purulent infection due to
MRSA. A case was defined as a trainee who presented to the
clinic or was admitted to the hospital with cellulitis, abscess,
folliculitis, impetigo, paronychia, infected blister, or pilo-
nidal cyst. A S. aureus SSTI case was defined as a SSTI
with a positive culture from the corresponding clinical site.
A recurrent episode was defined as a subsequent SSTT at a
different anatomical site > 30 days after the first episode.
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Information on SSTI risk factors and training class (i.e., pla-
toon, company, battalion, etc.) was collected at enrollment.

At the time of clinical presentation for SSTI, partici-
pants were also swabbed at several anatomical sites (nasal,
oropharyngeal, inguinal, and perianal regions) to assess S.
aureus colonization status. For individuals with recurrent
SSTI, colonization swabs were collected from the first epi-
sode only.

Cultures were processed according to standard protocols.
All S. aureus isolates underwent identification and suscep-
tibility testing using Microscan® Walk-Away-96 (Dade
Behring Inc.; Deerfield, Illinois), according to Clinical Lab-
oratory Standards Institute (CLSI) methods. S. aureus iso-
lates underwent typing with pulsed-field gel electrophoresis
(PFGE). Control strains of known pulsed-field types (PFT)
were obtained from the Biodefense and Emerging Infections
Research Resources Repository [13]. PFGE findings were
resolved and analyzed using BioNumerics (Applied Math;
Austin, TX).

Genomic characterization of colonization isolates was
restricted to MRSA only. To describe the genomic epide-
miology of MRSA colonization among high-risk military
trainees with SSTI, we selected MRSA colonization isolates
from those individuals whose MRSA SSTI isolates were
previously characterized by WGS [12].

DNA extraction was performed using the Wizard Kit
(Promega; Madison, WI) and libraries produced using the
Nextera XT DNA Library Preparation Kit (Illumina, Inc.;
San Diego, CA) according to the manufacturer’s instruc-
tions. Libraries were multiplexed and sequenced using an
[llumina MiSeq 600-cycle kit and 2 x 300-bp read lengths.
Sequence read quality was analyzed with FastQC (ver-
sion 0.11.5) [14] and low-quality bases were trimmed with
sickle (version 1.3.3) [15]. In order to determine the clos-
est reference for single nucleotide variant (SNV) analysis,
sequence reads were assembled using SPAdes (version
3.11.0) [16] and the longest contig from each assembly was
aligned against the NCBI nt database (accessed on Novem-
ber 30, 2017) using BLAST [17]. S. aureus USA300 strain
TCH1516 (NCBI accession no. CP000730) was determined
to be the closest reference genome based on the percentage
of total pairwise identity.

SNV data were analyzed by the Bacterial and Archaeal
Genome Analyser (BAGA; version 0.2.1) [18], a wrapper for
proven third party bioinformatics tools. Sequence reads were
mapped to the reference using bwa (version 0.7.17-r1188)
[19], and variant calls and filtering were performed with
GATK (version 3.6.0) [20]. Genomics regions containing
insertions/deletions (indels), potential chromosomal rear-
rangements and sequence repeats, known to increase the
likelihood of false-positive variant calls, were excluded
from the SNV set. A multiple sequence alignment (MSA)
was created from nucleotide substitutions, small deletions
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called by GATK and putative large deletions detected in
the bwa sequence alignments where no reads mapped. A
maximum-likelihood tree was constructed from the nucleic
acid MSA using PhyML (version 3.3.20170530) [21] tree
search with the GTR substitution model, 100 bootstrap rep-
licates, and the BEST tree topology search operation option.
Sequence data were submitted to NCBI under BioProject
PRINA356758.

For this paper, isolate numbers are Subject ID numbers
from the primary manuscript describing the genomic epide-
miology of MRSA SSTI isolates [12], followed by a letter
denoting the anatomic site from which the MRSA coloniza-
tion isolate was obtained (N: nasal; O: oral: I: inguinal; P:
perianal region).

Statistical analysis was performed in SAS (SAS Version
9.3; SAS Institute; Cary, NC).

Each of the trainees provided written informed consent to
participate in the study. This study was approved by the Uni-
formed Services University Infectious Disease Institutional
Review Board (IDCRP-074).

Results
Study population and case characteristics

Among the 74 individuals whose MRSA SSTI isolates were
previously characterized [12], 19 (25.7%) were colonized
with MRSA. The demographic and clinical characteristics
of the 19 cases are presented in Table 1. The median (range)
age was 21 (17-29) years. All were male. Sixty-three per-
cent were White. The most frequent clinical diagnoses were
purulent cellulitis (73.7%) and abscess (57.9), the major-
ity (63.2%) of which occurred on the lower extremities.
SSTI cases generally occurred after 67 weeks of training
(median [range] number of days after the start of training,
45 [10-84]).

With respect to SSTI risk factors, 23.5% reported anti-
biotic use in the past 6 months, 17.6% reported a known/
suspected SSTI in the past year, and 5.9% reported having
a preceding medically attended SSTI while at Fort Ben-
ning. There were no differences in demographic, clinical,
nor risk factor characteristics when comparing those with
versus those without MRSA-positive colonization swabs
(data not shown).

Characteristics of S. aureus colonization

For all participants, infection and colonization swabs were
collected during the same visit. Of 296 colonization swabs,
36 (12.1%) were MRSA-positive and 97 (33%) were methi-
cillin-susceptible S. aureus (MSSA) positive. The most
frequently MRSA colonized site was the inguinal region

Table 1 Demographic and clinical characteristics of US Army Infan-
try Trainees with MRSA skin and soft tissue infection included in
genomic analysis of infection and colonization isolates

Subject characteristics Number (%)
Median (range) age, years 21 (17-29)
Race/ethnicity
White, non-Hispanic 12 (63.2)
Hispanic 6 (31.6)
Black, non-Hispanic 1(5.3)
Median (range) no. of days from training start to 45 (10-84)
presentation for SSTI
Clinical diagnosis
Cellulitis 14 (73.7)
Abscess 11 (57.9)
Folliculitis 2 (10.5)
Infected blister 1(5.3)
Site of infection
Lower extremity 12 (63.2)
Upper extremity 6 (31.6)
Head 1(5.3)
Thorax 1(5.3)
Groin/inguinal/perineal 2(10.5)
SSTI risk factors
Known or suspected SSTI infection in past year 3(17.6)
Prior medically attended SSTI at Fort Benning 1(5.9)
Self-reported antibiotic use in prior 6 months 4(23.5)

MRSA methicillin-resistant S. aureus, SSTI skin and soft tissue infec-
tion

Table 2 Distribution of MRSA colonization status by anatomic site
and number of sites colonized among US Army Infantry Trainees
with MRSA skin and soft tissue infection

Number (%) of MRSA-positive cultures, n=36

Inguinal 12 (33.3)
Nasal 10 (27.8)
Perianal 9 (25)
Oral 5(13.9)
Number (%) of anatomic sites colonized with MRSA, n=19

One 9474)
Two 5(26.3)
Three 3(15.8)
Four 2 (10.5)

(33.3%; 12/36), followed by the nasal region (27.8%; 10/36),
perianal region (25%; 9/36), and oral region (13.9%; 5/36)
(Table 2). Ten (52.6%) individuals were colonized with
MRSA at more than one anatomic site. Five (50%) were
colonized at two sites, three (30%) were colonized at three
sites, and two (20%) were colonized at all four sites.
Among those individuals colonized with MRSA, the
overall prevalence of MSSA co-colonization was 26%.
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Seven MSSA colonization isolates from five individuals
were obtained. By anatomic site, the proportion of MSSA-
positive isolates was as follows: 43% (oral), 29% (perianal),
14% (nasal), and 14% (inguinal).

Distribution of SSTI cases by training class

The 19 cases stemmed from seven different training classes,
each composed of ~200 soldiers who were segregated from
other soldiers from other classes for the duration of the
14-week training period. Five cases each were from classes
A (3025) and B (4043); two cases each were from classes
C (3006), D (4030), G (3104) and H (2042); one case was
from class F (3049).

Recurrent SSTI
Two of the subjects (1098 and 1564) had recurrent MRSA

SSTI. Subject 1098 first presented with purulent cellu-
litis (knee) and then with purulent cellulitis (forearm)

USA300_TCH1516

67 days later [12]. Two of four swabs (nasal and peri-
anal), collected at the time of the first SSTI, were positive
for MRSA. Subject 1564 first presented with abscess and
folliculitis (abdomen and leg) and then abscess (forearm)
49 days later [12]. Two of four swabs (nasal and inguinal),
also collected at the time of the first SSTI, were positive
for MRSA.

Molecular and genomic characteristics

All but one of the colonization isolates was pulsed-field
type (PFT) USA300 (2758.0 was PFT USA100). MRSA
sequence data revealed the following sequence types (ST):
35 (97.2%) of the isolates were ST-8 and 1 (2.8%), isolate
2758.0, was ST-5. Among the USA300 MRSA colonization
isolates, a total of 1411 SNVs were identified. The overall
median (range) SNV difference between the USA300 MRSA
isolates (n=35) was 123 (83-545). The phylogenetic tree of
colonization isolates is presented in Fig. 1.

1462.1

1462.0
0
52.N
o 1462.N
1466.N

Fig. 1 Distance scaled maximum-likelihood (PhyML) phylogenetic
tree inferred from nucleotide sequences of 35 MRSA USA300 colo-
nization isolates from 19 Military Trainees with MRSA SSTI. Iso-
late numbers are Subject ID numbers from the primary manuscript
describing the genomic epidemiology of MRSA SSTI isolates [12],
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85 substitutions

followed by a letter denoting the anatomic site from which the MRSA
colonization isolate was obtained (N nasal, O oral, / inguinal, P peria-
nal region). Bootstrap proportion values are indicated on the branches
of the tree. A phylogenetic tree with MRSA USA300 colonization
and infection isolates combined is presented in Supplemental Fig. 1
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Intrahost relatedness of MRSA infection
and colonization isolates

Excluding the one colonization isolate that was clearly
divergent from the others (i.e., 2758.0), a low diversity of
isolates was observed (Fig. 2). The overall median (range)
intrahost SNV difference between infection and colonization
isolates was 16.5 (1-19,396). There were no associations
between particular anatomic sites and the median number of
SNV differences between colonization and infection isolates
(Fig. 3). The phylogenetic tree of colonization isolates with
the accompanying infection isolates, described previously
[12], is presented in Supplemental Fig. 1.

Intrahost relatedness of MRSA colonization isolates

Among the ten individuals who were colonized with MRSA
USA300 at more than one anatomic site, the median (range)
intrahost SNV difference between colonization isolates was
18 (2—-67). There were no associations between number of
anatomic sites colonized and median number of SNV differ-
ences observed, either among colonization pairs, or infec-
tion—colonization pairs (Table 3).

Recurrent MRSA SSTI

Among the two trainees with recurrent MRSA SSTI, infec-
tion and colonization isolates were highly related (Table 4).
For subject 1098, the median (range) number of SNVs

Fig.2 Frequency distribution of
the number of intrahost single
nucleotide variant differences ]
among MRSA USA300 colo-
nization isolates obtained from
US Army Infantry Trainees
with MRSA skin and soft tissue
infection

Frequency
]

between isolates obtained from the first SSTI episode, the
second SSTI episode, and the two colonization isolates (1
nasal, 1 perianal) was 1.5 (0-3). Notably, for this subject,
there were only two SN'Vs between his nasal MRSA isolate
and the MRSA isolate associated with the second SSTI epi-
sode, identified 67 days after the first. Moreover, the peri-
anal isolate and the isolate associated with the second SSTI
episode were identical. For subject 1564, the median (range)
number of SNVs between isolates obtained from the first
SSTI episode, the second SSTI episode, and the two coloni-
zation isolates (1 nasal, 1 inguinal) was 21 (19-28). There
were ~20 SNVs each between his nasal and inguinal MRSA
isolates and the MRSA isolate associated with the second
SSTI episode, identified 49 days after the first. Both subjects
were prescribed co-trimoxazole at the time of the first infec-
tion for the treatment of SSTI.

Intraclass relatedness of MRSA colonization isolates

We stratified the analysis of colonization isolates by mili-
tary training class in order to assess the relatedness of
MRSA strains obtained from a congregate setting (i.e.,
strain circulation). Five cases each were from classes A
(Subject IDs 1557, 1564, 1607, 1638, and 1641; 9 colo-
nization isolates) and B (Subject IDs 2666, 2715, 2757,
2758, and 2813; 14 colonization isolates). Among trainees
in class A who were positive for MRSA colonization, the
first and last cases of MRSA SSTI in this class were sepa-
rated by 41 days. The intraclass median (range) number

Frequency Distribution of Intrahost SNV Differences

] []

0 100

200 300 400
Intrahost SNV Differences
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Fig.3 Violin plot displaying
the number of intrahost single
nucleotide variants between
MRSA colonization and infec-
tion isolates by anatomic site 400
among US Army Infantry Train-
ees with purulent skin and soft
tissue infection due to MRSA

300

200

100

Number of Single Nucleotide Variants

Inguinal

Anatomic
Site

Inguinal
Nasal
Oral

Perianal

Nasal Oral
Anatomic Site

Perianal

Table3 Median (range) number of single nucleotide variants
between colonization pairs and infection—colonization pairs by the
number of anatomic sites colonized among US Army Infantry Train-
ees with purulent skin and soft tissue infection due to MRSA

No. of anatomic sites ~ Median (range) number of SNVs between:

colonized — - -
Colonization pairs Infection and

colonization
pairs

One, n=9 N/A 25 (6-435)

Two, n=5 14 (2-29) 12 (1-28)

Three, n=3 28 (6-67) 16 (2-60)

Four, n=2 19 (3-19,396) 11.5 (1-19,386)

SNV single nucleotide variants, N/A not applicable

of SNVs between MRSA colonization isolates obtained
from class A was 66.5 (7-186). Among trainees in class
B who were positive for MRSA colonization, the first and
last cases of MRSA SSTI in this class were separated by
40 days. The intraclass median (range) number of SNVs
between MRSA colonization isolates obtained from class
B was 17 (2-19,466). Although the case numbers per class
were relatively small, the relatively low diversity of MRSA
colonization isolates in each suggests that person-to-per-
son transmission plays an important role in the persistence
of MRSA in military training settings. Small sample size
precluded similar analyses of MRSA colonization isolates
from the other five training classes.
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Discussion

In the current study, we evaluated the epidemiology of
MRSA colonization among military trainees with MRSA
SSTI, finding that 25% were colonized at the time of clini-
cal presentation and that, among those colonized, ~50%
were colonized at more than one anatomic site. Other stud-
ies of community-associated MRSA infection have reported
MRSA colonization prevalence estimates of 34—64% at the
time of clinical presentation [3, 5, 9, 22-24], with 6-64% of
colonized subjects being MRSA-positive at more than one
site [3, 22, 24]. Of the four anatomic sites that were sampled
(nasal, oral, inguinal, and perianal regions), the frequency
of MRSA colonization was highest not in the nares (28%),
but rather, in the groin (33%). Several other studies have
demonstrated that non-nasal sites are important reservoirs
for MRSA [3, 8, 9, 22, 25].

It is interesting to note that all but one of the MRSA col-
onization isolates were pulsed-field type (PFT) USA300,
whereas a greater diversity of PFTs among MRSA coloniza-
tion isolates was expected. This observation may be an arti-
fact of the study design, in which we restricted our selection
and subsequent genomic characterization of MRSA coloni-
zation isolates to those individuals who had purulent SSTI
due to MRSA, all of which were due to the USA 300 strain.

Previously, we used whole genome sequencing (WGS)
in the investigation of clusters of MRSA SSTI, in order to
describe the intra- and interclass relatedness of strains asso-
ciated with infection [12]. Herein, we used WGS to examine
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Table4 Numbers of single-nucleotide variants between infection
and colonization isolates by anatomic site for two US Army Infantry
Trainees with recurrent purulent skin and soft tissue infection due to
MRSA

Subject 1098 Clinical isolate

First infection  Second infection,

67 days later
Clinical isolate: first infection -
Colonization isolate’: nasal 3 2
Colonization isolate®: perianal 1 0

Subject 1564 Clinical isolate

First infection ~ Second infection,

49 days later
Clinical isolate: first infection - 9
Colonization isolate’: nasal 28 21
Colonization isolate®: inguinal 15 22

$Colonization swabs were collected only at the time of the first infec-
tion

the intrahost relatedness of strains among trainees who were
both infected with and colonized with MRSA. Whether a
trainee was colonized at one or multiple anatomic sites, a
high degree of intrahost strain relatedness was observed.
With the exception of one individual who was colonized
with at least two highly divergent strains of MRSA, the
maximum intrahost SNV difference was low (median: 18
SNV5s). In the comparison of intrahost pairwise differences,
there were no indications that colonization isolates from any
particular body site were more closely related than others to
the isolate associated with infection.

Similar findings have been reported in other populations
at increased risk for MRSA colonization and infection. Fra-
zee et al. [23] reported 100% concordance of MRSA isolates
obtained from nares and wounds of patients presenting with
SSTI to an urban emergency department. Popovich et al.
[26] conducted a MRSA colonization study in a Chicago
public hospital, sampling participants at four anatomic sites
and characterizing MRSA isolates by WGS. Intrahost diver-
sity of MRSA was low, as indicated by median pairwise
differences of 2-3 SNVs and a maximum intrahost SNV dif-
ference of 41. Several other studies conducted in hospitals or
long-term care facilities yielded similar results: MRSA can
be isolated from multiple anatomic sites, and the intrahost
diversity of colonization strains is low [27-30].

Our genomic characterization of MRSA infection and
colonization isolates among the two trainees with recurrent
SSTI provides additional insight on the pathogenesis of
recurrence. Despite antibiotic treatment and resolution of the
initial infections, these individuals remained at risk for SSTI
and suffered recurrent infections < 2 months later. The high
degree of relatedness between the colonization strains and

the strains associated with subsequent infections (0 SNV for
one subject and <28 SNVs for the other) strongly supports
that a pre-existing reservoir of MRSA (i.e., nasal, inguinal,
or perianal colonization) seeded the subject’s second infec-
tion. Similar findings of strain persistence were reported in
a longitudinal study of recurrent MRSA SSTI; among two
patients evaluated for 225 and 750 days, a maximum of 5
and 11 SNVs, respectively, differentiated the strains associ-
ated with recurrent SSTI [11].

It is well recognized that training cycles are associated
with an increased risk of MRSA acquisition, transmis-
sion and SSTI outbreaks for military recruits [4, 12, 31].
Crowded living conditions and recent contact with an indi-
vidual with SSTI are well-established risk factors for infec-
tion [31]. Crowding also increases the likelihood of MRSA
colonization: two-thirds of household contacts of MRSA
index patients acquire MRSA, and the number of household
members and the frequency of interaction are positively cor-
related with risk of acquisition [32].

In an Infantry training setting, up to 50 soldiers may
occupy a single (“open bay”) barrack where, for 14 weeks,
the sleeping/living, restroom and laundry facilities are
shared. Factors such as crowding, inadequate personal
hygiene, and infrequent laundering of clothing, towels, etc.,
likely contribute to the ongoing transmission of MRSA
in the trainee population. Ultimately, in high-risk settings
such as the military training environment, where frequent,
prolonged exposures to MRSA are commonplace, multiple
personal and environmental hygiene-based strategies (e.g.,
administration of intranasal mupirocin, use of chlorhexidine-
based body wash, routine disinfection of high-touch com-
mon surfaces, etc.) may be needed in order to reduce the
burden of MRSA colonization and, in turn, reduce the risk
of MRSA SSTIs.

There are limitations to this study. First, the cases were
enrolled and colonization swabs collected at the time of
clinical presentation for SSTI. As a result, we were not able
to discern whether colonization episodes preceded infection
events or vice versa. Second, determination of a trainee’s
MRSA colonization status was based on the selection of
a single, purified colony from the laboratory culture of a
colonization swab. It is possible that some individuals who
were colonized with MRSA were inaccurately classified as
not colonized, either because of a low density of coloniza-
tion at a given body site or because of an insufficient sam-
pling of colonies from the cultured specimen. Third, our
genomic characterization of these isolates was limited to
the core genome; we did not attempt to isolate and charac-
terize extrachromosomal genetic elements (e.g., plasmids)
that encode toxins, other virulence factors, and mechanisms
of antibiotic resistance for MRSA. Ultimately, elucidating
the association between colonization and infection in the
study of MRSA SSTI pathogenesis will require longitudinal,
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observational studies of acquisition, colonization, and sub-
sequent infection, paired with the use of WGS in order to
accurately characterize the strains involved in the transition
from an asymptomatic carrier state to a clinically apparent
infection.

WGS has emerged as an invaluable tool for the study of
MRSA SSTI epidemiology, whether it be for the charac-
terization of MRSA transmission dynamics in congregate
populations at high-risk for infection, or to determine the
intrahost relatedness of strains among patients both colo-
nized and infected with MRSA. As the role of S. aureus
colonization in the pathogenesis of SSTI continues to be
examined, the identification of important human and non-
human reservoirs for incident and recurrent infection may
provide insight into new opportunities for host decoloniza-
tion and environmental disinfection. Ultimately, these strat-
egies may be a critical component for the prevention and
control of SSTI in high-risk settings.
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