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Background. Military trainees are at increased risk for methicillin-resistant Staphylococcus aureus (MRSA) skin and soft tissue
infection (SSTI). Whole genome sequencing (WGS) can refine our understanding of MRSA transmission and microevolution in
congregate settings.

Methods. 'We conducted a prospective case-control study of SSTI among US Army infantry trainees at Fort Benning, Georgia,
from July 2012 to December 2014. We identified clusters of USA300 MRSA SSTI within select training classes and performed WGS
on clinical isolates. We then linked genomic, phylogenetic, epidemiologic, and clinical data in order to evaluate intra- and interclass
disease transmission. Furthermore, among cases of recurrent MRSA SSTI, we evaluated the intrahost relatedness of infecting strains.

Results. Nine training classes with =5 cases of USA300 MRSA SSTI were selected. Eighty USA300 MRSA clinical isolates from
74 trainees, 6 (8.1%) of whom had recurrent infection, were subjected to WGS. We identified 2719 single nucleotide variants (SN'Vs).
The overall median (range) SNV difference between isolates was 173 (1-339). Intraclass median SNV differences ranged from 23 to
245. Two phylogenetic clusters were suggestive of interclass MRSA transmission. One of these clusters stemmed from 2 classes that
were separated by a 13-month period but housed in the same barracks. Among trainees with recurrent MRSA SSTI, the intrahost

median SNV difference was 7.5 (1-48).
Conclusions.

Application of WGS revealed intra- and interclass transmission of MRSA among military trainees. An inter-

class cluster between 2 noncontemporaneous classes suggests a long-term reservoir for MRSA in this setting.
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Methicillin-resistant Staphylococcus aureus (MRSA) is a major
cause of skin and soft tissue infection (SSTI). Individuals in
congregate settings (eg, athletes, incarcerated persons, and mil-
itary personnel) are at increased risk for MRSA colonization
and disease. In these settings, a predominance of risk factors,
including crowding, infrequent hand washing/bathing, dam-
aged skin, and environmental contamination, favors S. aureus
transmission and leads to SSTT outbreaks [1-3].
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Among military personnel, SSTI rates are highest among
trainees. High rates of MRSA SSTI have been reported at Fort
Benning, Georgia, a large training base for the US Army [4-6].
Annually, approximately 35000 soldiers cycle through Fort
Benning for Infantry One station unit training (OSUT), which
lasts 14 weeks. During OSUT, trainees are grouped into com-
panies (ie, classes) of approximately 200 soldiers each, where
a strict daily/weekly regimen is followed, sleeping/living quar-
ters are subgrouped by platoon (approximately 50 soldiers
each), and interactions with others outside of the company are
infrequent.

Whole genome sequencing (WGS) as an epidemiologic tool
has been increasingly used to describe community-associated
MRSA transmission dynamics, as well as intrahost evolu-
tion [7-10]. Incorporating WGS in the study of military SSTI
clusters may refine our understanding of SSTI epidemiology
and lend guidance to future control and prevention measures
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in these and other congregate settings. Here, we describe the
genomic characteristics of MRSA isolates within and between
military training classes and within individuals with recurrent
infection in the OSUT population at Fort Benning.

METHODS

From July 2012 through December 2014, we conducted a pro-
spective SSTI case-control study among soldiers undergoing
OSUT at Fort Benning. The trainee population was all male,
aged between 17 and 42 years, ethnically diverse, and in gen-
erally good physical condition. Trainees seeking medical care
for any condition were referred to a single troop medical clinic
where study recruitment occurred.

All patients with SSTI and a sample of trainees without
SSTI (ie, controls) were recruited for participation. A case was
defined as a trainee who presented with cellulitis, abscess, folli-
culitis, impetigo, paronychia, infected blister, or pilonidal cyst.
An S. aureus SSTI case was defined as an SSTI with a positive
culture for S. aureus from the infection site. Recurrent SSTI
was defined as a subsequent SSTT at a different anatomic site
230 days after the first infection.

Demographic, class (ie, platoon, company, battalion, and simi-
lar groupings), and risk factor information was collected at enroll-
ment. Participants had S. aureus culture swabs taken at several
anatomic sites (eg, nasal, oropharynx, inguinal, perianal regions).
Clinical data were abstracted from electronic medical records
(Armed Forces Health Longitudinal Technology Application).

Cultures were processed by the Martin Army Community
Hospital clinical microbiology laboratory using standard proto-
cols. All S. aureus isolates underwent identification and suscep-
tibility testing using Microscan Walk-Away-96 (Dade Behring
Inc; Deerfield, Illinois), according to Clinical Laboratory
Standards Institute methods. Mupirocin (mupA) and chlorhex-
idine (qacA/B) resistance markers were assessed using polymer-
ase chain reaction (PCR) [11]. Plasmid-encoded mupA was later
confirmed by sequence analysis. Staphylococcus aureus isolates
were typed by pulsed-field gel electrophoresis (PFGE). Control
strains of known pulsed-field types (PFT) were obtained from
the Biodefense and Emerging Infections Research Resources
Repository [12]. PFGE findings were resolved and analyzed
using BioNumerics (Applied Math; Austin, Texas).

For the genomic analysis of MRSA clusters, we selected
classes with >5 cases of USA300 MRSA SSTI. Among 9 classes,
we identified 74 patients, 6 (8.1%) of whom had recurrent SSTI
during training.

DNA extraction was performed using the Wizard Kit
(Promega; Madison, Wisconsin) and libraries produced using
the Next-era XT DNA Library Preparation Kit (Illumina,
Inc.; San Diego, California) according to the manufacturer’s
instructions. Libraries were multiplexed and sequenced using
an Illumina MiSeq 600-cycle kit and 2 x 300 basepair read
lengths. Sequence read quality was analyzed with FastQC [13],

and low-quality bases were trimmed with Sickle [14]. In order
to determine the closest reference for single nucleotide variant
(SNV) analysis, sequence reads were assembled using SPAdes
[15], and the longest contig from each assembly was aligned
against the National Center for Biotechnology Information
(NCBI) nucleotide database using BLAST [16]. Staphylococcus
aureus USA300 strain TCHI1516 (NCBI accession number
CP000730) was selected as the reference.

SNV data were analyzed using the Bacterial and Archaeal
Genome Analyser [17], a wrapper for proven third-party bio-
informatics tools. Sequence reads were mapped to the reference
using bwa [18], and variant calls and filtering were performed
with GATK [19]. Genomics regions that contained insertions/
deletions (indels), potential chromosomal rearrangements, and
sequence repeats known to increase the likelihood of false-pos-
itive variant calls were excluded from the SNV set. A multiple
sequence alignment (MSA) was created from nucleotide sub-
stitutions, small deletions 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 [20] tree search with
the GTR substitution model. Sequence data were submitted to
NCBI under BioProject PRINA356758.

Statistical analyses were performed in SAS (SAS, version 9.3;
SAS Institute; Cary, North Carolina). The Uniformed Services
University Infectious Disease Institutional Review Board
(IDCRP-074) approved this study.

RESULTS

Study Population

We approached 2220 SST1 patients; of these, 212 (9.5%) declined
to participate. Of 2008 enrollees, 1140 (56.8%) had purulent
SSTI, from which 602 (52.8%) were positive for S. aureus.
MRSA comprised 49.6% (n = 299) of isolates. The overwhelm-
ing majority (91%; n = 271) of these were PFT USA300.

Temporal-Spatial Distribution of Cases

A schematic of the military training structure is shown in
Supplementary Figure 1. The 271 cases of USA300 MRSA SSTI
were distributed across 121 classes. Nine (7.4%) classes had =5
cases (Table 1). Among these classes, the first and last SSTT cases
spanned a 28-month period; the training periods of 6 classes (A,
C, E, G, H, and I) spanned a 12-month period (Supplementary
Figure 2). Four classes (D, E, F, and G) were from the same bat-
talion and housed in the same barracks. Classes A and I were
from the same battalion but housed in separate barracks.

Case Characteristics

We identified 74 trainees with USA300 MRSA SSTI, 6 (8.1%) of
whom had recurrent USA300 MRSA SSTI. The median (range)
number of cases per class was 8 (6-13) (Table 1). Cases pre-
sented for care after a median of 54 (10-93) days of training.
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Table 1. Characteristics of 9 Army Infantry Training Classes Included in Genomic Analysis of USA300 Methicillin-Resistant Staphylococcus aureus from

Clusters of Skin and Soft Tissue Infection

Training Period, Start—

Total Number of ~ Number (%) of

Number (%) of
Purulent SSTI

USA300 Methicillin-Resistant Staphylococcus aureus SSTI

Number (%) of

Median (range) Number of
Days from Training Start to

Number of Days
Between First
and Last Case in

Class Finish (month/year) Trainees® SSTI Cases® Cases® Cases® Presentation Class
A 2/13-5/13 222 28 (13) 16 (57) 13 (81) 36.5 (13-75) 62
B 7/14-10/14 230 31 (13) 21 (68) 11 (62) 60 (20-90) 70
C 11/12-2/13 227 19 (8) 14 (74) 11(79) 42.5 (28-93) 65
D 414-7/14 218 21 (10) 14 (67) 9 (64) 76.5 (17-87) 70
E 11/12-3/13 208 18 (9) 11 (61) 8(72) 19.5 (10-88) 78
F 5/12-8/12 231 11 (5) 8(73) 8 (100) 64 (10-91) 81
G 6/13-9/13 237 22 (9) 14 (64) 7 (50) 66 (45-75) 30
H 6/13-8/13 215 28 (13) 15 (54) 7 (47) 41 (10-54) 44
| 3/13-6/13 229 8 (3) 6 (75) 6 (100) 775 (14-91) 77

Abbreviation: SSTI, skin and soft tissue infection.
*Number at start of training period.

®Proportion of training class who developed a SSTI.
“Proportion with purulent SSTI among those with SSTI.

9Proportion with USA300 methicillin-resistant Staphylococcus aureus (MRSA) SSTI among those with purulent SSTI; 6 individuals with recurrent USA300 MRSA SSTI were in classes F

(n=2),An=1),Ch=1),D(n=1),andl(n=1).

Within classes, a median of 70 (30-81) days spanned the first
and last cases of USA300 MRSA SSTI. Case chronology by
class is shown in Supplementary Table 2.

Table 2. Demographic, Epidemiologic, and Clinical Characteristics of
Infantry Trainees With USA300 Methicillin-Resistant Staphylococcus
aureus Skin and Soft Tissue Infection

Characteristic Number (%), n = 74

Median (range) age, y 20 (17-29)
Race/Ethnicity
White, Non-Hispanic 52 (70.3)
Hispanic 16 (21.6)
Black, Non-Hispanic 4 (5.4)
Others, Non-Hispanic 2(2.7)
Median (range) number of days from training start to 54 (10-103)
presentation for first SSTI
Clinical Diagnosis
Abscess 47 (63.5)
Purulent cellulitis 40 (54.1)
Infected blister 6(8.1)
Folliculitis 5(6.8)
Site of Infection
Lower extremity 43 (58.1)
Upper extremity 23 (31.1)
Head 7 (9.5)
Thorax 4 (5.4)
Groin/Inguinal/Perianal 4 (5.4)
Self-Reported Risk Factors
Known or suspected SSTI in past year 5(7.2)
Prior medically attended SSTI at Fort Benning 2(2.9)
Antibiotic use in prior 6 months 10 (14.5)
Contact with a person with SSTI at Fort Benning 2(2.9)

Abbreviation: SSTI, skin and soft tissue infection.

The demographic and clinical characteristics of cases are pre-
sented in Table 2. The median age was 20 (17-29) years. Cases
were male and predominantly white (70.3%). The most frequent
diagnoses were abscess (63.5%) and purulent cellulitis (54.1%).
Most (58.1%) infections occurred on the lower extremities.
With respect to SSTT risk factors, 14.5% reported antibiotic use
in the past 6 months, 7.2% reported a known/suspected SSTT in
the past year, and 2.9% reported having a preceding medically
attended SSTI while at Fort Benning.

Antibiotic Resistance

The antibiotic resistance profile of isolates by class is presented
in Table 3. Six isolates from 2 classes were PCR positive for
mupA, the gene associated with high-level mupirocin resistance
[21]. Four were from class A and 2 were from class I, account-
ing for 30.7% and 33.3% of isolates in each class, respectively.
In class A, these isolates were from the fourth (patient 1557.
CO01) and eighth through tenth (patients 1617.C01, 1624.C01,
and 1641.C01) case of 13 total cases of USA300 MRSA SSTI in
the class. These 4 trainees, all with abscess, presented for care on
days 19, 45, 46, and 52 of training, respectively. With regards to
mupirocin use, 6 (2.7%) of 222 trainees in class A had been pre-
scribed mupirocin, including 3 cases with USA300 MRSA SSTI
(patients 1552.C01, 1581.C01, and 1617.C01), one of whom
(patient 1617.C01) had a mupA-positive isolate.

The 2 mupA-positive isolates from class I (patients 1768.C01
and 1772.C01) were from the fifth and sixth case, respectively,
of 6 total cases of USA300 MRSA SSTT in the class. These train-
ees presented for care on days 90 (abscess) and 91 (abscess/
cellulitis) of training, respectively. Two (0.8%) of 229 trainees
in class I had been prescribed mupirocin, 1 of whom (patient

Genomics of MRSA SSTI in Soldiers « CID 2017:65 (1 August) « 463



1592.C01) had USA300 MRSA SSTI due to a mupA-negative
isolate. Of note, classes A and I were from the same battalion
but were housed in separate barracks. The training start dates of
these 2 classes differed by 21 days.

One isolate, from patient 2880.C01 in class B, was PCR pos-
itive for gacA/B, the gene associated with decreased suscepti-
bility to chlorhexidine. This patient presented for treatment of
abscess/cellulitis on day 84 of training. He was the eighth of 11
cases of USA300 MRSA SSTI in the class, and his was the only
isolate that was PCR positive for the gacA/B gene.

Genomic Characteristics

The average (min-max) read depth was 264X (86X-888X).
Sequence data revealed the following sequence types (STs): 79
(99%) were ST-8 and 1 (1%; 2698.C01) did not match to any
isolates in the multilocus sequence typing database. A total of
2719 SNVs were identified. The overall median (range) SNV
difference between isolates was 173 (1-339).

Intra- and Interclass Relatedness of MRSA

The phylogenetic tree revealed 2 major clades (Figure 1).
Intraclass median SNV differences are presented in Table 4.
Isolates within each of 5 classes (A-E) were closely related (ie,
intraclass median <40), whereas isolates from the other classes
(F-I) were more diverse (ie, intraclass median >140), suggesting
that a mixed lineage of MRSA, presumably caused by multiple
introductions, was responsible for MRSA SSTI within these
classes.

The relatedness of mupA-positive isolates (ie, 1557.C01,
1617.C01, 1624.C01, and 1641.C01 from class A and 1768.C01
and 1772.C01 from class I) was noted. These 6 isolates were col-
lected within a 3-month period and had a maximum pairwise
SNV difference of 45. A common lineage was also demonstrated
in a cluster of cases from classes F and G. The maximum pair-
wise SNV difference among the 6 isolates (ie, patients 1132.C01,
1132.C02 and 1013.CO01 from class F and 1919.C01, 2038.C01,
and 2044.C01 from class G) in this cluster was 295. Of note,

these classes belonged to the same battalion and were housed
in the same barracks but were separated in time by 13 months.

Recurrent USA300 MRSA SSTI

Among trainees with recurrent infection, the median interval
between episodes was 63.5 (49-73) days. Details on clinical
characteristics and antibiotic treatment are presented in Table 5.
A median of 7.5 (1-48) SNV differences was observed for each
pair. There was no correlation between pairwise SNV differ-
ences and number of days between episodes. Genomic charac-
teristics of pairwise SNV differences are listed in Supplementary
Table 1. Paired isolates from patient 1098 differed by 1 nucleo-
tide in the gene encoding the IS6 family transposase. Similar
variants of this gene were found in paired isolates from patients
1421 (3 SNVs) and 1592 (5 SNV5s).

DISCUSSION

Military trainees are at increased risk for acute respiratory
infection, gastrointestinal infection, and SSTT [3, 22, 23]. In our
study of MRSA SSTI clusters among US Army infantrymen, we
used whole genome sequencing to describe the relatedness of
clinical isolates and thereby elucidate patterns of disease trans-
mission in these close-quartered cohorts. As anticipated, the
majority of isolates within classes were highly related (ie, median
SNV differences <40), lending evidence for person-to-person
transmission. By contrast, some intraclass clusters were from a
mixed lineage, suggesting that multiple introductions of MRSA
had occurred. By examining the timing and location of these
classes, we deduced that interclass MRSA transmission may
have occurred and that successive cohorts of trainees may have
been exposed to a common source of MRSA, environmental or
otherwise, while at Fort Benning.

Crowding and recent contact with an individual with SSTI
are well-established risk factors for infection [3]. Crowding also
increases the likelihood of MRSA colonization; household con-
tacts of MRSA index patients readily acquire MRSA, and the
number of household members and frequency of interaction

Table 3. Prevalence of Antibiotic Resistance Among USA300 Methicillin-Resistant Staphylococcus aureus Clinical Isolates by Infantry Training Class

Class

A B C D E F G H |
Resistant to: n=13 n=1 n="1 n=9 n=8 n=38 n=7 n=7 n==6
Trimethoprim-sulfamethoxazole 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Linezolid 01(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0)
Erythromycin 1(7.7) 11 (100) 11 (100) 8 (88.8) 1(12.5) 6 (75) 4 (57) 7 (100) 4(66.7)
Levofloxacin/Ciprofloxacin 13 (100) 1(9) 0(0) 8(88.8) 6 (75) 2 (25) 4(57) 5(71.4) 3 (50)
Tetracycline 0(0) 0 (0) 0 (0) 0 (0) 6 (75) 0(0) 0(0) 0(0) 0 (0)
Clindamycin 0(0) 0 (0) 0(0) 0(0) 0 (0) 0(0) 1(14.3) 0 (0) 1(16.7)
Chlorhexidine 0 (0) 1(9) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0(0)
Mupirocin 4(30.7) 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0) 0 (0) 2(33.3)

A total of 79 (99%) of the isolates were ST-8, and 1 (1%; 2698.C01) did not match to any isolates in the multilocus sequence typing database. All were Panton-Valentine leukocidin positive

by polymerase chain reaction.
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Figure 1.

Dendrogram of USA300 methicillin-resistant Staphylococcus aureus (MRSA) isolates from clusters of skin and soft tissue infection in 9 military training classes

at Fort Benning, Georgia. The numbers denote the 2 major clades of MRSA identified in the sample, all but 1 of which were ST8.

are positively correlated with acquisition risk [24]. In military
training, up to 50 soldiers occupy a single (“open bay”) bar-
rack where sleeping/living, restroom, and laundry facilities are
shared. Genomic data simply confirm what past epidemiologic
studies, the majority of them household based, have indicated:
close contact and prolonged exposure to individuals with SSTI
favors the person-to-person transmission of MRSA.

These findings are consistent with previous genomic studies
of MRSA in households [7, 10] and community-based hospitals
[8]. However, our population of close-quartered military training
cohorts is unique, owing to the “community” size, the uniformity

Table 4. Single Nucleotide Variants Between USA300 Methicillin-
Resistant Staphylococcus aureus Clinical lIsolates to Describe Strain
Relatedness Within 9 Infantry Training Classes

[}
[
%]
w

Median (range)

32 (8-152)
30 (7-239)
35 (6-163)
36 (17-196)
23 (5-196)
245 (5-277)
142 (13-176)
214.5 (1-264)
148 (5-167)

- I o Mmoo w >

Data represent the number of single nucleotide variants between strains within a given
training class.

of daily/weekly training activities experienced (and thus, SSTT risk
factors encountered), as well as the duration and intensity of MRSA
exposure. The incorporation of genomics into the epidemiologic
investigation of MRSA SSTT in this population has provided new
insight into the relatedness, potential sources, and persistence of
MRSA in this setting. These data will be highly informative for
SSTT prevention strategies for this high-risk population.

The demonstration of interclass phylogenetic clusters sug-
gests the existence of epidemiologic links that extend beyond
training classes themselves. While we did not evaluate the
various settings (eg, obstacle courses, recreational facilities)
where interclass interaction and MRSA transmission could
have occurred, there are at least 2 possibilities. First, coloni-
zation and/or infection among training-associated personnel
and others with whom the trainees have contact (eg, healthcare
personnel) may have served as a reservoir of MRSA. Second,
environmental reservoirs (eg, healthcare facilities, wrestling
mats, exercise equipment, and other common-touch surfaces
contaminated with MRSA) may also have played a role [25, 26].
Household studies have shown that S. aureus contamination of
common-touch surfaces is correlated with both SSTI risk and
recurrence [27, 28]. As such, environmental cleaning measures,
both during and in between training cycles, may need to be
used as a SSTT prevention strategy in this setting.

Among recurrent cases, pairwise SNV differences ranged
from 1 to 48. There was no correlation between pairwise
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Table 5. Clinical and Bacterial Genomic Characteristics of Recurrent USA300 Methicillin-Resistant Staphylococcus aureus Skin and Soft Tissue Infection

Among Infantry Trainees

First Infection

Second Infection Number of Single

Number of Days Nucleotide Variants

Patient ID  Class Diagnosis Body Location Treatment Diagnosis Body Location Treatment Between Episodes Between Isolates
1098 F Cellulitis Knee TMP/SMX Cellulitis Forearm 1&D 67 1
TMP/SMX
Amoxicillin
Clindamycin
1132 F Cellulitis Forearm TMP/SMX Abscess Forearm TMP/SMX 73 48
Mupirocin Bacitracin
1421 C Cellulitis Neck Doxycycline Abscess Buttock I&D 60 4
TMP/SMX
Clindamycin
1564 A Abscess, Abdomen, Leg 1&D Abscess Forearm TMP/SMX 49 9
Folliculitis TMP/SMX
Mupirocin
2593 D Abscess, Thigh I&D Abscess, Thigh I&D 59 25
Cellulitis TMP/SMX Cellulitis TMP/SMX
Mupirocin Cephalexin

Cases with a primary diagnosis of cellulitis also had an abscess.

Abbreviations: |&D, incision and drainage; TMP-SMX, trimethoprim-sulfamethoxazole.

differences and the interval between episodes. For some cases,
the isolates associated with recurrence were genetically distant
from the isolates that immediately preceded or proceeded them
in the chronology of cases. For 4 cases of recurrent SSTI, <10
SNVs separated the respective pairs, suggesting that the case
himself may have served as a source of reinfection (presuma-
bly through persistent colonization) [9]. Whether the observed
limited diversity of these isolate pairs from recurrent cases
reflects a limited intrahost bacterial population is not known.

The genomic epidemiology of recurrent MRSA SSTI has
been described in 2 other studies [9, 29]. In a communi-
ty-based study, isolate pairs differed by a median of 8 (0-37)
SNVs [9]. While most pairs indicated a correlation between
SNV differences and duration between episodes, 2 pairs sepa-
rated by 6 months differed by 0-2 SNVs. The second evaluation
stemmed from a hospital/clinic-based study of recurrent SSTI
(3-6 episodes per patient) in a small, diverse patient population
[29]. Genomic characterization revealed a spectrum of diver-
sity, ranging from minimal variation (eg, 6 SNVs among 4 iso-
lates collected over 424 days) to acquisition of an entirely new
strain (ie, strain replacement).

In our study, SNVs from recurrent USA300 MRSA isolates
resided in the IS6 family transposase gene. Although the func-
tion of IS6 transposases specifically have not been described in
the literature, these DNA-binding proteins may be critical to the
movement of mobile genetic elements in bacterial species [30,
31]. Specific changes to the core genome have important impli-
cations for the virulence and persistence of MRSA [10, 32-34].
Whether mutations in transposases are important to S. aureus
pathogenicity remains unknown. Further studies of MRSA col-

onization, infection, and recurrence are needed to advance our

current understanding and to dissect the underlying mecha-
nisms of pathogenesis.

We identified a phylogenetic cluster of mupA-positive iso-
lates that spanned contemporaneous classes. The origin of
these mupA-positive isolates is unclear. Medical record data
revealed several prescriptions for mupirocin; the reasons
for these prescriptions are not known. Also, it is not known
whether nonstudy participants were prescribed mupirocin.
Similarly, the origin of the gacA/B-positive isolate is unclear.
Chlorhexidine-based antiseptics (eg, Hibiclens) may still be
used on an infrequent basis among military trainees, although
a group-randomized trial in this population showed that chlor-
hexidine was ineffective in preventing SSTIs [6].

This genomic study among military trainees broadens our
understanding of MRSA transmission dynamics, specifically
in non-healthcare settings (eg, prisons, athletic facilities, child-
care centers) where the risk of acquisition and infection is also
high [7, 8]. Households play an important role in endemicity of
MRSA [9], and many household risk factors for MRSA SSTI (eg,
recent exposure to an individual with MRSA, sharing of towels,
contamination of common touch surfaces) are likely present,
if not amplified, in military barracks. Military trainees endure
intense and prolonged exposure to S. aureus, as evidenced by a
high prevalence of colonization [35]. MRSA colonization is very
likely a critical component in the intra- and interclass trans-
mission chain among military trainees, and USA300 MRSA is
highly transmissible when compared to other types [36].

This study has several strengths. First, this was a prospective
study among military trainees who, for a 14-week period, had
very limited interaction with others outside of their respective
classes, even less so with the population surrounding the base.
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Second, all trainees followed the same schedule and thus likely
experienced the same risk factors for S. aureus colonization and
infection. Third, the overall study spanned a 2-year period and
encompassed the entire training cycle for the classes we evalu-
ated. Fourth, cases accessed a single troop medical clinic and
90% of those who presented for care were enrolled. Thus, the
participants are highly representative of the SSTI cases among
military trainees at Fort Benning.

There are limitations. First, cases were recruited at the time of
clinical presentation for SSTI, meaning we were unable to iden-
tify MRSA acquisition and colonization events that preceded
infection. Second, the classification of MRSA cases relied on the
selection of a single, purified colony from a cultured 1 specimen,
whereas the actual within-host bacterial diversity is likely much
greater than what is observed [37]. Third, we were unable to
distinguish between isolates that were introduced via incom-
ing trainees vs those that were already in circulation at Fort
Benning.

Whole genome sequencing is a valuable epidemiologic tool
for studying MRSA in the military training setting, where the
continuous cycling of closed cohorts through well-defined,
highly structured environments permits comprehensive eval-
uations of disease transmission. This tool has great potential
for the identification and characterization of individual clonal
variants of MRSA in this and other congregate settings, includ-
ing athletic facilities and prisons. Further genomic characteri-
zation will improve our understanding of MRSA in the military
training environment, from pathogenesis to transmission to
environmental persistence, and will yield insight for future pre-
vention strategies.
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