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Background. Although methicillin-resistant Staphylococcus aureus (MRSA) transmission has traditionally been viewed
separately in hospital and community settings, this distinction is increasingly blurred. We used whole-genome sequencing and
epidemiologic analyses to characterize the movement of MRSA across these interfaces in a rural-urban population.

Methods. Serial cross-sectional sampling of MRSA isolates occurred at a tertiary care hospital between 2010 and 2019.
Community-onset MRSA was prospectively isolated from patients presenting to the emergency department with acute skin and
soft tissue infections (SSTIs), while hospital-onset MRSA was sampled before (2010), during (2015-2017), and after (2019) this
community collection period. MRSA transmission was assessed using a joint application of epidemiological approaches and
phylodynamic analysis of whole-genome sequences.

Results.  After whole-genome sequencing on community and hospital MRSA isolates, phylogenetic analysis revealed 2 major
clades distinguished by clonal complex (CC) CC8/t008 and CC5/t002 spa types. Multiple independent introductions of MRSA
lineages from the community to the hospital were observed. Geographic clustering of community-onset MRSA was uniquely
present outside of the urban center. Subjects with rural residence or livestock exposure were more likely to have community-
onset MRSA SSTI compared with those with non-MRSA SSTL

Conclusions.
Although community-onset MRSA transmission appears sustained with limited influence from hospital strains, more
comprehensive surveillance is required to quantify this relationship. Nosocomial MRSA outbreak prevention strategies should
target unique aspects of the community in addition to the hospital, particularly hot spots, risk behaviors, and strain reservoirs.
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Methicillin-resistant Staphylococcus aureus (MRSA) infections
are the leading cause of antibiotic-resistant infections in hospi-
tals and are an important cause of outpatient and acute care vis-
its [1, 2]. Historically recognized as a predominantly health
care-associated pathogen (HA-MRSA), MRSA epidemiology
has evolved over the past several decades with the emergence

of community-associated strains (CA-MRSA), particularly
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due to the USA300 strain in the United States [3]. These
CA-MRSA strains are now frequently implicated in skin and
soft tissue infections (SSTIs) seen in outpatient and acute
care settings. While overall SSTI incidence may be stabilizing
or declining [4, 5], the shifting landscape of MRSA transmis-
sion continues to challenge public health interventions and
clinical management [6].

The traditional distinctions between HA-MRSA and CA-
MRSA are becoming increasingly blurred. CA-MRSA strains,
once confined to healthy individuals without recent health
care exposure, are now frequently implicated in health care-
associated infections [7]. International reports and case studies
have documented instances of community-derived MRSA
strains emerging as the cause of hospital epidemics and becom-
ing the dominant strains in nosocomial infections [7]. In con-
trast, livestock-associated MRSA (LA-MRSA) remains a
well-defined entity in international contexts where specific
clonal complexes are linked to agricultural exposure.
However, in the United States, LA-MRSA is less understood,
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though livestock exposure has been identified as a potential risk
factor for MRSA infection. These overlapping transmission
routes underscore the complexity of MRSA epidemiology and
highlight the need for more research in mixed rural and urban
settings, where traditional CA-MRSA risk factors, such as close
contact, may not fully explain transmission patterns.
Molecular S. aureus typing techniques have been used to
characterize evolution and transmission during local and na-
tional epidemics. Traditional methodologies, such as pulse-field
gel electrophoresis, lack the discriminatory power to detect re-
lated strains and subtypes of clonal bacteria. Advancements in
whole-genome sequencing (WGS) and single nucleotide poly-
morphism analysis permit establishment of a temporal network
of transmission across diverse settings and elucidation of trans-
mission events that would be otherwise undetected with tradi-
tional techniques [7]. More specifically, use of WGS
techniques to classify MRSA has improved our knowledge of
the genetic changes associated with different MRSA types, along
with information about resistance, virulence, and host adapta-
tion [8]. Further, integrating these genomic data with epidemi-
ological information offers a comprehensive approach to better
understand MRSA transmission pathways within and between
community and hospital settings. Previous studies in Chicago
successfully integrated genomic and epidemiological data, dem-
onstrating that community factors are primary drivers of
hospital-onset MRSA infections [9]. However, transmission
data of this type are more limited for nonurban communities.
In this longitudinal analysis, we combined epidemiological
and phylodynamic analyses using WGS to elucidate MRSA
transmission networks within and between community and
hospital settings in a mixed rural and urban population.
Further, we sought to identify the geographic, behavioral, envi-
ronmental, and social factors that influence community MRSA

transmission.

METHODS

Study Design

Serial cross-sectional community and hospital MRSA sampling
was performed at a tertiary care hospital between 2010 and
2019 (Figure 1). For sampling the community-onset study

population, pediatric and adult patients presenting to the emer-
gency department at a large tertiary care teaching hospital (UF
Health Shands, Gainesville, FL, USA) with evidence of a skin or
soft tissue infection (SSTI) were prospectively enrolled between
August 2015 and January 2017. SSTI was defined as acute (<4
weeks), nonpostoperative infection such as abscess, cellulitis,
furuncle, carbuncle, folliculitis, and insect bites. Patients who
actively work in a health care setting or provide routine patient
care in outpatient or inpatient settings were excluded.
Information about potential subjects’ medical history, as well
as demographic and contact information, was used to confirm
subject eligibility. After voluntary written consent, a question-
naire was completed by participant interview to collect patient
demographics, medical history, social history, hygiene habits,
and exposure history. Medical records were reviewed to verify
and reconcile demographic information and social informa-
tion, as well as to elicit documentation of past medical history
and prior treatment for SSTI. At the completion of the inter-
view, a culture of the SSTI (ie, wound culture) and a culture
of the anterior portion of the nasal cavities were collected by
study personnel. MRSA was confirmed in accordance with
the Clinical & Laboratory Standards Institute guidelines.

For sampling in the hospital setting, specimens from
hospital-acquired MRSA-positive infections collected as part
of routine standard-of-care procedures were sampled concur-
rently with the community study population (2015-2017)
and 2 vyears after the community study period (2019).
Hospital-acquired infections were defined as infections that
were confirmed by positive cultures from specimens collected
at least 48 hours after admission and that were not present at
time of admission. Whole-genome sequencing data of hospital-
onset MRSA isolates collected in 2010 from the same tertiary
care center were also extracted for analysis [8].

Data Analysis

Associations between patient-specific demographic, social, and
medical determinants with microbiological results were de-
rived by 1-way analysis of variance for normal, continuous var-
iables and by the Fisher exact test (2-tailed) for categorical
variables. All associations were tested at an alpha level of .05

Community Onset

Hospital Onset _
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Figure 1.

Study timeline of community and hospital MRSA isolate sampling. Color-filled boxes with the corresponding year indicate the time periods when sampling

occurred for each location. Boxes are colored by location of sampling. Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.
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to determine statistical significance. Statistical analysis was
conducted using SAS 9.4 (SAS Institute, Cary, NC, USA).
Geographic analysis was implemented using self-reported
home residences collected at the time of community sampling.
Residences were geocoded and spatially joined to correspond-
ing census tracts using ArcMap 10.3 (ESRI, Redlands, CA,
USA). Rural or urban status was assigned to eligible partici-
pants by assigning categories derived from the USDA
Economic Research Service 2010 Rural-Urban Commuting
Area (RUCA) coding classification. “Urban” census tracts
were defined as RUCA codes 1.0-3.0, and “Rural” census tracts
were defined as RUCA codes 4.0-10.6 [10]. Heatmaps using
kernel density estimation, weighted using the overall emergen-
cy department utilization rates for subjects’ respective census
tracts, were created to assess the geographic distribution of
study participants and microbiological results in ArcMap.

Whole-Genome Sequencing

Whole-genome sequencing was performed as previously men-
tioned [11], with slight modifications. Briefly, the S. aureus
strains were grown in Tryptic Soy Broth (BD, Franklin Lakes,
NJ, USA) at 37°C. Genomic DNA was extracted using the
DNeasy Blood & Tissue Kit (Qiagen, Germantown, MD,
USA), following the manufacturer’s protocol for gram-positive
bacteria. Sequencing libraries were constructed using the
Nextera XT sample preparation kit (Illumina, San Diego, CA,
USA) and loaded in the Illumina Miseq platform. Raw read
quality was assessed with FastQC, version 0.11.7 [12];
Mumina adapters and quality trimming were performed with
Trimmomatic, version 0.36 [13]. SPAdes, version 3.13.0 [14],
was used to produce whole-genome sequences; identification
of isolates as S. aureus was verified with prokka, version
1.14.6 [15]. Identification of multilocus sequence types
(MLSTs) was performed using MLST 2.0 [15], virulence genes
were detected using Abricate [16] with the Virulence Factor
Database [17], and SCCmec typing was performed using
SCCmec Finder 1.2 [18]. Pulsed-field gel electrophoresis
(PFGE) types of clonal complex (CC) 8 and CC5 isolates
were inferred based on SCCmec types and toxin profiles [1, 19].

Phylogenetic Analysis

To assess the transmission networks between hospital and com-
munity settings, the time-scaled Bayesian phylodynamic infer-
ence framework was implemented. Whole genomes were
aligned using progressiveMauve, version 2.3. [20], and alignment
was tested for evidence of recombination with Gubbins, version
2.4.1 [21]. Parsimony-informative SNPs were retained from
nonrecombinant segments, and phylogenetic signal was verified
by likelihood mapping [22] as implemented in IQTREE, version
2.0.6 [23]. IQTREE was also used to assess the best nucleotide
substitution model with ascertainment bias correction for vari-
able position [24], and subsequently to produce a maximum

likelihood tree with 1000 bootstrap replicates. Clock signal of
the alignment was assessed by calculating the correlation be-
tween root-to-tip genetic divergence and sampling dates using
TempEst (Supplementary Figure 1) [25]. Time-scaled trees
were estimated using the Bayesian phylodynamic inference
framework in BEAST, version 10. Multiple independent runs
were combined for a total of 500 and 750 million Markov chain
Monte Carlo generations for the 20 taxa tree and the 61 taxa tree,
respectively. The HKY nucleotide substitution model was used
with empirical base frequencies and gamma distributions of
site-specific rate heterogeneity [26]; the SNPs’ evolutionary
rate was set as 7.57 X 107> nucleotide substitutions per year
[8, 27]. Constant size and Bayesian Skyline Plot demographic pri-
ors were compared by stepping stone and path sampling, and the
latter was selected based on the model log marginal likelihood
[28]. The maximum clade credibility trees were edited using
ggtree [29-31]. To evaluate the presence of distinct genetic relat-
edness within identified significant risk factors due to potential
selective pressures, estimates of genetic compartmentalization,
including distance-based methods (nearest-neighbor statistic
and Wright’s measure of population subdivision [32]) and tree-
based methods (Slatkin-Madison statistic [33] and Simmonds as-
sociation index [34]), were obtained using HypHy [35].

RESULTS

For community-onset MRSA sampling, we prospectively en-
rolled 200 patients presenting to the emergency department
at a tertiary acute care hospital in North-Central Florida with
SSTI from August 2015 to January 2017, of whom 182 (91%)
were eligible for analysis. Of the 182 subjects, 85 (46.7%)
were female and 31 (17.0%) were pediatric patients (<18 years
of age). Eighty-three (45.6%) subjects had S. aureus isolated
from wound culture, of whom 30 were methicillin-susceptible
and 53 were methicillin-resistant. Forty (22.0%) subjects had S.
aureus isolated from nasal culture, of whom 15 were
methicillin-susceptible and 25 were methicillin-resistant. Of
the 78 MRSA-confirmed isolates, 41 (7 nasal and 34 SSTI) un-
derwent WGS processing. For hospital-onset MRSA sampling,
a convenience sample of 36 inpatient MRSA isolates was ob-
tained and sequenced, including 6 isolates from before commu-
nity sampling (2010), 17 concurrent with community sampling
(2015-2017), and 13 from after community sampling (2019).
Overall, WGS data were obtained for 77 MRSA isolates and 4
MSSA isolates (Supplementary Table 1).

Among community (n=45) and hospital-onset (n=36)
MRSA isolates selected for whole-genome sequencing, genetic
marker typing revealed 2 clonal complexes, CC5 (n=20) and
CC8 (n=61). All CCS8 isolates were ST8, and n =159 (98.3%)
were confirmed to be USA300 based on genetic marker inference.
One CC8/ST8 isolate (KCJ3K737) was determined to be SCCmec
IV, spa type t064, PVL-negative, and sea- and seb-positive,
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Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.

indicating USA500/Iberian classification. Among CC5 isolates, 5
(25%) and 15 (75%) were determined to be USA800 and USA100
classifications, respectively. Full genetic marker typing for WGS
isolates is compiled in Supplementary Table 1.

There were 15 unique spa types identified, where 59.3% (n = 48)
were t008 and 18.5% (n=15) were t002. Community-onset
MRSA isolates had a significantly greater prevalence of t008
spa types compared with hospital MRSA isolates (77.8% vs
36.1%; P <.001). Conversely, hospital-onset MRSA isolates had
a significantly greater prevalence of t002 spa types compared
with community MRSA isolates (0% vs 41.2%; P < .001). The prev-
alence of spa type across hospital time periods was not significantly
different for t008 or t002. Figure 2 summarizes the frequencies and
distributions of spa types across sampling settings.

To assess the transmission dynamics between community
and hospital MRSA isolates, a time-scaled Bayesian phylody-
namic framework was implemented. After testing for phyloge-
netic signal, a final phylogenetic analysis was performed
independently on 2 distinct phylogenetic clades (Figure 3).
Clades were distinguished by clonal complex, spa types, and
sampling sources. The larger clade (n = 61) (Figure 3A) consist-
ed of only CC8 and predominantly t008 spa types (n = 48, 84%),
as well as isolates with spa types t024, t064, t068, t118, t1188,
t211, 12558, t622, t723. The smaller clade (n = 20) (Figure 3B)
consisted of only CC5 and predominantly t002 (n =15, 75%)
and isolates with spa types t088, t105, t214, t575. Median esti-
mates of the time to most recent ancestor (TMRCA) were
2004 (95% HPD: 1992-2009) and 1992 (95% HPD: 1948-

2008) for CC8 and CC5 clades, respectively. The estimated
genome-wide (2.8 Mb) substitution rate was 3.0 X 107° (95%
HPD: 1.4x107°-4.5X107°) for CC8 clade and 3.0x107°
(95% HPD: 9.4X1077-5.1x107°). A maximum likelihood
tree revealed similar intermixing of spa types (Supplementary
Figure 2).

Among hospital MRSA isolates, 18 were included in the CC8/
larger clade and 18 were included in the CC5/smaller clade. Two
community MRSA isolates were included in the smaller clade.
The CC8-dominant clade phylogeny identifies multiple inde-
pendent introductions of MRSA lineages from the community
to the hospital setting, while the CC5-dominant clade phylogeny
reveals the opposite. Hospital MRSA isolates from 2019
(KCJ3K391) and 2016 (KCJ3K756) were identified in the
same lineage as isolates from the 2010 sampling period (indicat-
ed by notation “[A]” in Figure 3A). The 2 community isolates
with spa types t002, MSP138, and MSP222 were the only com-
munity MRSA isolates with ancestral origins to the hospital
strains (indicated by notation “[B]” in Figure 3B).

To understand the factors leading community MRSA transmis-
sion, patient-level demographic, social, behavioral, and geographic
characteristics among the community-onset study participants
were assessed and displayed in Table 1. Demographic characteris-
tics, including age, sex, racial group, and ethnicity, were not associ-
ated with nasal or SSTI microbiology results. Subjects with a positive
MRSA nasal culture were 3.30 (95% CI, 1.37-7.95) times more likely
report current smoking history and 2.65 (95% CI, 1.12-6.24) times
more likely to report current alcohol history than those with
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Figure 3. Bayesian maximum clade credibility tree of MRSA isolates. A, CC8/large clade. B, CC5/small clade. The MCC tree was inferred from whole-genome MRSA
isolates scaled in time and colored by location of sampling (location). Circles in the internal node indicate posterior probability support of >0.9. Tree tips indicate the sampling
source of isolates. The tree-associated heatmap indicates the spa type and US strain of isolates, as shown in the legend. Black bars next to the tips indicate isolates obtained
from the same participant. *Methicillin-susceptible isolates. Abbreviations: MCC, maximum clade credibility; MRSA, methicillin-resistant Staphylococcus aureus.

negative MRSA nasal culture (Supplementary Table 2). Subjects
with a positive MRSA SSTT culture were 2.95 (95% CI, 1.29-6.73)
times more likely to report having been exposed to livestock animals
than those with a negative MRSA SSTI culture. There were no asso-
ciations observed between MSSA SSTI culture results and social or
medical patient-level determinants (Supplementary Table 3). Those
residing in rural census tracts had 3.45 (95% CI, 1.36-8.77) greater
odds of having a positive MRSA nasal culture and 2.37 (95% CI,
1.07-5.24) greater odds of having a positive MRSA SSTI culture
compared with those living in an urban census tract. Heatmaps il-
lustrating the spatial distribution of all community SSTI subjects,

those with a positive MRSA SSTI culture, and those with a positive
MSSA SSTI culture are presented in Figure 4.

Colonization of the nasal cavity with MRSA and MSSA was sig-
nificantly associated with concurrent isolation of MRSA (P < .001)
and MSSA (P =.021) from SSTI, respectively. Classification per-
formance metrics of using nasal colonization status to predict
SSTI-causative organisms are displayed in Supplementary
Table 4. Phylogenetic analysis supported instances of intra-host
transmission where MRSA strains isolated from the nasal cavity
and from infections sites, collected at the same time, were most
closely related and shared the same lineage (Figure 3A).
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Genetic compartmentalization was evaluated to assess wheth-
er isolates from subjects with identified risk factors (ie, rurality
and livestock exposure) evolved independently. No compart-
mentalization was observed using distance-based or tree-based
methods for either risk factor (Supplementary Table 5).

DISCUSSION

In this longitudinal community assessment, we examined the
dynamics of MRSA transmission within and between hospital
and community settings and highlighted epidemiological

factors contributing to community MRSA transmission. By le-
veraging WGS data from MRSA isolates obtained from com-
munity and hospital settings over a 10-year period, we
identified several independent reintroductions of MRSA line-
ages into the hospitals that were derived from ancestral com-
munity MRSA strains, as well as individual lineages
persisting in hospital settings. Further, transmission of MRSA
from the hospital to the community setting was limited, partic-
ularly among USA300/t008 spa type, although more compre-
hensive surveillance is required to quantify the relative
contribution of hospital and community strains.
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Table 1. Demographics and Social and Medical Demographics Among Community SSTIs by MRSA Culture

No. (%) of Subjects With Wound Culture Result

Characteristic MRSA (n=53) Non-MRSA (n=129) P Value
Age
Mean age + SD, y 36.4+21.0 37.8+20.3 .676
Pediatric (age <18y) 10(18.9) 21 (16.3) .669
Sex
Male 31 (58.5) 66 (51.2) 415
Female 22 (41.5) 63 (48.8)
Race
Black 10 (18.9) 31 (24.0) .630
White 39 (73.6) 83 (64.3)
Other 4(7.5) 15 (11.7)
Ethnicity
Hispanic 6(11.8) 14 (11.0) .920
Non-Hispanic 47 (88.2) 115 (89.0)
Social history
Current alcohol consumption 21 (39.6) 44 (34.11) .500
Current smoking history 24 (45.3) 47 (36.4) .316
Illicit drug use (<30 d) 2(3.8) 5(4.1) .884
Currently attending school 6(11.3) 23 (18.0) B3
Currently employed 23 (43.4) 44 (34.7) 311
Recently incarcerated (<6 mo) 5 (9.6) 8 (6.4) .668
Recent piercings or tattoos (<6 mo) 5(9.4) 11 (8.6) 1999
Current member of any gym 3(5.7) 12 (9.4) .569
Current member of any team sports 2(3.8) 6 (4.7) 1999
Medical history
Have health insurance 22 (41.5) 37 (28.7) .195
Recent surgery (<30 d) 3(5.6) 5(3.9) .693
Have a primary care physician 23 (43.4) 50 (38.8) .619
Previously treated for an SSTI (<12 mo) 21 (39.6) 60 (46.5) 417
Family/household history of SSTI 9(17.0) 25 (19.4) .931
Recent antibiotics use (<6 mo) 31 (58.5) 77 (60.2) .849
Animal exposure
Exposure to animals (domestic or livestock) 36 (67.9) 87 (68.0) .999
Exposure to livestock (specifically) 14 (26.4) 14 (10.9) .010
Exposure to domestic (specifically) 35 (66.0) 83 (64.3) .866
Population density (census tract)
<100 per sg. mile 30 (56.6) 48 (37.2) .021
>100 per sg. mile 23 (43.4) 81 (62.8)
Rural-urban status (census tract)
Rural census tract 14 (26.4) 17 (13.1) .049
Urban census tract 39 (73.6) 112 (86.9)

Bold type indicates P < .05.

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; SSTI, skin and soft tissue infection.

In the last 2 decades, the initial “location-based” distinction

between HA-MRSA and CA-MRSA has become more and
more blurred as infections due to CA-MRSA lineage strains
have become more common in the health care setting [36].
Historically, these CA-MRSA infections have distinct
genetic differences from HA-MRSA: They tend to be resistant
to fewer non-f-lactam antibiotics and to carry a smaller version
of the genetic region responsible for methicillin resistance
(ie, SCCmec), often producing Panton-Valentine leukocidin
and causing infections in healthy persons [3]. This pattern

aligns with our observation of limited introductions of
hospital-onset MRSA strains into community settings. In
fact, nearly all community-onset MRSA isolates in our study
were USA300, the majority of which were PVL-positive.
However, our detection of multiple USA300 introductions
into the hospital suggests sustained intrahospital transmission
and genetic mixing. Similar findings have been reported in oth-
er studies, which suggests that the historical categorizations of
MRSA as strictly “hospital-" or “community-associated” can be
oversimplified [8, 9]. Notably, we also identified a
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Figure 4.  Kernel density heatmaps illustrating the spatial distribution of community S. aureus isolates by methicillin sensitivity. A, All community samples. B, MRSA com-
munity isolates. C, MSSA community isolates. The heatmap was defined to the study site catchment area in North-Central Florida. Abbreviation: MRSA, methicillin-resistant

Staphylococcus aureus.

community-onset USA500/Iberian strain through genetic
marker inference. Although historically distinguished from
USA300, some USA500/Iberian strains can be closely related
phylogenetically [19]. Further, an outbreak of the USA500/
Iberian strain in Georgia from 2012 to 2015 [37], a region geo-
graphically close to our North-Central Florida study site, high-
lights the potential for wider circulation of this lineage.

With the health care setting not being a significant source of
community transmission, the origins of non-hospital-acquired
MRSA strains are unclear, especially in rural environments.
Our data illustrate that the geographic distribution of commu-
nity MRSA infections is nonuniform, where there is a higher
probability of MRSA infection and colonization in the more ru-
ral areas and those with livestock exposure. Further, the lack of
compartmentalization of genetic lineages between rural status
or livestock exposure supports nonindependent evolutionary
histories in isolates among those with these characteristics.
While we did not observe the MRSA isolates typically associat-
ed with LA-MRSA (ie, CC398/ST398), there is greater diversity
in strain types in North America, including CC8/ST8 and CC5/
ST5 being found in North American livestock [38]. Previous
studies conducted outside of the United States have demon-
strated the genetic similarity of community MRSA isolates
and MRSA sampled in livestock settings [39]. It has been sug-
gested that 1 possible mechanism for this genetic homology is
that there is bidirectional dissemination between livestock and
community where those who are in close contact with livestock
are at increased risk of MRSA colonization [40]. While non-US
studies have demonstrated that livestock-associated MRSA
transmission in the health care setting is low risk [41], the

epidemiologic experience in the United States has been less
clear [42]. With the blurring of traditional epidemiological def-
initions of MRSA in hospital and community settings, zoonotic
reservoirs, and transmission of MRSA into health care settings
by means of community spread should be considered as an
emerging threat to controlling nosocomial antimicrobial resis-
tance outbreaks.

Our study confirms important known patterns of MRSA
transmission. Nasal colonization with MRSA has been known
to be a risk factor for invasive MRSA infection for several de-
cades, and intervention strategies, such as decolonization treat-
ments and active screening surveillance, have been designed to
target and reduce MRSA transmission [43]. Despite the wide-
spread use of surveillance, the pragmatic evidence for clinical
effectiveness and cost-effectiveness is debated [44]. In a recent
meta-analysis, MRSA colonization had high specificity but low
to moderate sensitivity in predicting MRSA as the causative
pathogen for the respective SSTI [45]. In our study, we ob-
served the same trend in the classification performance of nasal
colonization to predict SSTI-causative MRSA where we esti-
mated a specificity of 97.7% and sensitivity of 41.5%. While
less established [46], this same trend was observed for MSSA
colonization in predicting MSSA SSTI and supports the poten-
tial utility of MSSA screening. Our whole-genome sequencing
approach further establishes the genetic linkage between strains
isolated from the nasal cavity and SSTIs from the same patients
and the presence of intrahost transmission; however, the direc-
tionality of this pattern cannot be determined with our analysis.

There are several limitations to this study. First, the study re-
lies on data from a single site, which may provide insufficient
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sampling to explore generalizable transmission patterns be-
tween community and hospital settings. Second, hospital sam-
pling was acquired on convenience, which limited the ability to
identify factors that could influence MRSA transmission dur-
ing outbreaks in the nosocomial setting. However, the primary
aim of the study was to assess patterns between the community
and hospital rather than intrahospital transmission networks.
Third, hospital MRSA sampling was acquired from a diverse
source of infection (eg, blood, SSTI) while community sam-
pling included only SSTI, although no association was observed
between sampling source and genetic lineage. Fourth, not all
MRSA community isolates that were sampled underwent
whole-genome sequencing; however, evaluation of the mecha-
nism of missingness using patient characteristics and missing
sequences supports that these data are “missing at random”
and unlikely to influence our main conclusions of the phylog-
eny (Supplementary Table 6). Additionally, the estimated
TMRCA is consistent with those previously reported for the
USA300 [47] and CC5 [48] clades, as well as the estimated
genome-wide substitution rates [27]. Fifth, while our study sug-
gests geographic differences in MRSA-related SSTIs, it was not
designed to directly compare relative rural-urban MRSA prev-
alence, and the observed rural associations may reflect dispro-
portionate rates of non-MRSA SSTIs in urban areas, while the
nasal swabs are historically the standard and most well-studied
method for identifying MRSA colonization [45, 49]; we recog-
nize that our analysis cannot be extended to other anatomic
sites of colonization.

In conclusion, in this longitudinal community assessment,
we observed that MRSA transmission in hospital settings was
largely introduced from MRSA species with ancestral origins
in community settings. Although community-onset MRSA
transmission appears sustained with limited influence from
hospital strains, more comprehensive surveillance is required
to quantify this relationship. Nosocomial MRSA outbreak pre-
vention strategies should target unique aspects of the commu-
nity rather than focusing solely on the hospital. Particular
attention would be needed in the identification of community
hot spots, the role of strain differences, risk behaviors, and pos-
sible strain reservoirs in the community.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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