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THE MAGNITUDE OF INVASIVE

methicillin-resistant Staphylo-
coccus aureus (MRSA) infec-
tions as well as the emergence

of community-onset MRSA infections in
the United States has been well docu-
mented.1-4 Commonly due to the pulsed-
field type USA300 strain of MRSA, out-
breaks of skin and soft tissue infections
(SSTIs) have been observed in prison-
ers, athletes, and other risk groups.5,6 In
parallel with the emergence of commu-
nity-onset MRSA infections in the US ci-
vilian population, SSTIs have become a
significant public health issue for the US
military. During military training, ap-
proximately 4% to 6% of all individuals
may experience an SSTI.7,8 Further-
more, S aureus has been isolated from
91% of such cases, with MRSA account-
ing for 70% of S aureus isolates. MRSA
also has been shown to be a common
cause of S aureus bacteremia and other
infections in population-based studies
from the United States, particularly
health care–associated infections.9-11
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Context Rates of hospital-onset methicillin-resistant Staphylococcus aureus (MRSA)
infections are reported as decreasing, but recent rates of community-onset S aureus
infections are less known.

Objectives To characterize the overall and annual incidence rates of community-
onset and hospital-onset S aureus bacteremia and skin and soft tissue infections (SSTIs)
in a national health care system and to evaluate trends in the incidence rates of S aureus
bacteremia and SSTIs and the proportion due to MRSA.

Design, Setting, and Participants Observational study of all Department of De-
fense TRICARE beneficiaries from January 2005 through December 2010. Medical rec-
ord databases were used to identify and classify all annual first-positive S aureus blood
and wound or abscess cultures as methicillin-susceptible S aureus or MRSA, and as
community-onset or hospital-onset infections (isolates collected �3 days after hospi-
tal admission).

Main Outcome Measures Unadjusted incidence rates per 100 000 person-years
of observation, the proportion of infections that was due to MRSA, and annual trends
for 2005 through 2010 (examined using the Spearman rank correlation test or the Mantel-
Haenszel �2 test for linear trend).

Results During 56 million person-years (nonactive duty: 47 million person-years; active
duty: 9 million person-years), there were 2643 blood and 80 281 wound or abscess an-
nual first-positiveSaureuscultures.Annual incidenceratesvariedfrom3.6to6.0per100 000
person-years for S aureus bacteremia and 122.7 to 168.9 per 100 000 person-years for S
aureusSSTIs.Theannual incidencerates forcommunity-onsetMRSAbacteremiadecreased
from 1.7 per 100 000 person-years (95% CI, 1.5-2.0 per 100 000 person-years) in 2005
to1.2per100000person-years(95%CI,0.9-1.4per100000person-years) in2010(P=.005
for trend). The annual incidence rates for hospital-onset MRSA bacteremia also decreased
from 0.7 per 100 000 person-years (95% CI, 0.6-0.9 per 100 000 person-years) in 2005
to0.4per100000person-years(95%CI,0.3-0.5per100000person-years) in2010(P=.005
for trend). Concurrently, the proportion of community-onset SSTI due to MRSA peaked
at 62% in 2006 before decreasing annually to 52% in 2010 (P� .001 for trend).

Conclusion In the Department of Defense population consisting of men and women
of all ages from across the United States, the rates of both community-onset and hospital-
onset MRSA bacteremia decreased in parallel, while the proportion of community-
onset SSTIs due to MRSA has more recently declined.
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However, recent studies have shown en-
couraging decreases in the rates of health
care–associated and hospital-onset in-
vasive MRSA infections and MRSA cen-
tral line–associated infections.4,12

Most previously published studies on
community-onset MRSA infections and
SSTIs did not present data on methicillin-
susceptible S aureus (MSSA) SSTI, evalu-
ated 1 city or local region, or were not
able to simultaneously evaluate tempo-
ral changes in both the community and
hospital settings. The latter consider-
ation is important given that (1) data sug-
gest community-onset infections due to
the USA300 strain have become an in-
creasingly important reservoir for MRSA
disease overall,13 and (2) rates of health
care–associated MRSA infections may be
decreasing.4,12 Therefore, more recent
population-based data on the burden of
S aureus disease in the community are
needed. This study sought to character-
ize the concurrent epidemiology of S au-
reus (MRSA and MSSA) bacteremia and
SSTIs from 2005 through 2010 in the
community and hospital settings in a
large population composed of individu-
als of all ages from all regions of the
United States, using information from an
integrated health care network, the US
Military Health System.

METHODS
Study Population

The surveillance population included all
Department of Defense TRICARE ben-
eficiarieswhowereeligible to receivecare
at a military medical treatment facility
(MTF) from January 2005 through De-
cember 2010. TRICARE beneficiaries
were defined as active duty members, re-
tirees, medically eligible guard or reserv-
ists, and immediate family members of
active duty members, retirees, and medi-
cally eligible guard or reservists. The De-
partment of Defense TRICARE net-
work is composed of 266 MTFs of varied
sizes and services (predominantly pri-
mary care clinics and smaller, commu-
nity-type hospitals) throughout the
United States and limited locations over-
seas. Veterans Affairs institutions are not
included. Additional information on the
study population, TRICARE regions, and

MTFs is provided in the eMethods at
http://www.jama.com. This study in-
volving deidentified data was approved
and determined to be nonhuman sub-
jects research by the institutional re-
view board at the San Antonio Military
Medical Center.

Data Collection

WithintheDepartmentofDefensehealth
care system, all microbiology labora-
tory data are recorded electronically into
each MTF’s Composite Health Care Sys-
tem.Thesepassivesurveillancedatahave
beenstoredintheCompositeHealthCare
Systemin thehealth level7 formatby the
Department of Defense beginning on
January1,2005,andusedforanalysisand
public health surveillance purposes by
the EpiData Center Department, Navy
and Marine Corps Public Health Cen-
ter. All microbiologically positive blood
(including coagulase-negative staphylo-
cocci) and wound or abscess cultures
from January 1, 2005, through Decem-
ber31,2010,were identified fromhealth
level7microbiologydata.Cultureresults
without microbiological growth are not
captured in health level 7 data. Clinical
data from each infection, including
patient outcomes, were not available.

From all positive S aureus blood and
wound or abscess cultures, only unique
S aureus isolates, defined as the first iso-
late per patient per calendar year for
each specimen source (blood, wound,
or abscess), were included for further
analysis. The number of individuals in
the beneficiary population and demo-
graphic characteristics were obtained
from the Military Health System Mart
database. Data regarding self-reported
race or ethnicity were not available for
analysis.

Definitions

S aureus isolates were categorized into 1
of 2 groups according to susceptibility
results for oxacillin, cefoxitin, cefazo-
lin, and imipenem: (1) MRSA: isolates re-
sistant to at least 1 of the listed antibi-
otics, or (2) MSSA: isolates sensitive to
all of theabove listed antibiotics that were
tested.14 Community-onset infections
were defined as (1) isolates collected in

ambulatory clinics or emergency depart-
ments, or (2) inpatient isolates col-
lected within the first 3 calendar days of
hospital admission. Hospital-onset in-
fections were defined as inpatient iso-
lates collected more than 3 calendar days
after admission similar to previous stud-
ies.4,15 The classification of infections as
health care–associated community on-
set4 was not used because information on
health care exposures other than hospi-
tal admission was not available.

Statistical Analyses

Characteristics of the study popula-
tion and S aureus cultures were sum-
marized with descriptive statistics. Pro-
portions were compared with �2 tests.
Unadjusted incidence rates were used
to describe the burden of S aureus bac-
teremia and SSTIs in the Department
of Defense TRICARE beneficiary popu-
lation per 100 000 person-years of ob-
servation overall and by year. The mid-
year beneficiary population identified
in a given calendar year was used as an
estimate of the person-years for that pe-
riod. Ninety-five percent confidence in-
tervals for the unadjusted incidence
rates were calculated using a normal ap-
proximation.16 We also calculated over-
all and annual incidence rates standard-
ized to US population data for 2000 and
adjusted for age and sex using the di-
rect method, but because standardiza-
tion and adjustment had little effect on
these rates, we are primarily reporting
the unadjusted rates.

To determine the relationship be-
tween infection rates and calendar year,
as well as the direction and strength of
the association, the Spearman rank cor-
relation test and coefficient (rs) were
used. The Mantel-Haenszel �2 test for
linear trend was used to examine trends
in the proportion of infections due to
S aureus or MRSA over the 6-year study
period. Active duty service members en-
counter unique exposures affecting S
aureus infection risk. Therefore, sub-
analyses were performed for active duty
and nonactive duty beneficiaries. In all
analyses, P values were 2-sided with val-
ues of less than .05 considered statis-
tically significant. No adjustment was
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made for multiple comparisons. All sta-
tistical analyses were performed using
SAS version 9.2 (SAS Institute Inc).

RESULTS
Demographic characteristics of the
overall study population remained simi-
lar from 2005 through 2010 (TABLE 1).
Nonactive duty individuals were dis-
tributed among age and sex catego-
ries, while active duty beneficiaries were
predominantly 18 to 44 years of age and
male (eTable 1 and eTable 2 at http:
//www.jama.com). From 2005 through
2010, there were a total of 62 326 posi-
tive blood cultures and 181 317 posi-
tive wound or abscess cultures in the
Department of Defense Military Health
System (TABLE 2). S aureus was iso-
lated from 12% of all blood cultures and
62% of all wound or abscess cultures.
The percentage of all blood and wound
or abscess cultures due to S aureus and
MRSA significantly decreased from
2005 through 2010 (P� .001 for trend).
During this same time, more than 9.2
million people were eligible to receive
care within the Department of De-
fense health care system each year, pro-
viding more than 56 million person-
years of observation (nonactive duty:
47 million person-years; active duty: 9
million person-years). In the first year

of observation (2005), 52% of individu-
als in the study population were men
and 84% were nonactive duty.

There were 2643 blood and 80 281
wound or abscess annual first-positive S
aureus cultures included for further
analyses (TABLE 3). Community-onset
infections accounted for 2094 (79%)
cases of S aureus bacteremia and 79 801
(99%) cases of S aureus SSTIs. MRSA rep-
resented 42% of all annual first-positive
S aureus blood isolates, and 58% of all
annual first-positive S aureus wound or
abscess isolates.

Rates of Infection by Year and
Demographic Characteristics

From 2005 through 2010, the overall un-
adjusted rates of S aureus were 4.7 per
100 000 person-years (95% CI, 4.5-4.9
per 100 000 person-years) for bacter-
emia and 142.8 per 100 000 person-
years (95% CI, 141.8-143.8 per 100 000
person-years) for SSTIs. Unadjusted rates
for S aureus bacteremia ranged from 3.6
to 6.0 per 100 000 person-years, whereas
the unadjusted rates for S aureus SSTIs
ranged from 122.7 to 168.9 per 100 000
person-years. After standardizing and ad-
justing for age and sex, the rate of S au-
reus bacteremia was 4.3 (95% CI, 4.1-
4.4) and the rate of SSTI was 144.5 (95%
CI, 143.5-145.5).

Community-Onset S aureus Bacter-
emia and SSTIs. Unadjusted rates sig-
nificantly decreased for both commu-
nity-onset MRSA and MSSA bacteremia
from 2005 through 2010 from 1.7 per
100 000 person-years (95% CI, 1.5-
2.0 per 100 000 person-years) to 1.2 per
100 000 person-years (95% CI, 0.9-
1.4 per 100 000 person-years) for com-
munity-onset MRSA (rs=0.94; P=.005
for trend), and from 2.9 per 100 000
person-years (95% CI, 2.5-3.2 per
100 000 person-years) to 1.7 per
100 000 person-years (95% CI, 1.5-
2.0 per 100 000 person-years) for com-
munity-onset MSSA (rs=0.94; P=.005
for trend; Table 3). During this same pe-
riod, no significant overall trend was ob-
served in the rate of community-onset
MRSA (rs=0.26; P=.62) or MSSA SSTIs
(rs=0.71; P= .11). In subanalyses of
community-onset S aureus bacteremia
and SSTIs in nonactive duty individu-
als, results were similar showing that
the annual unadjusted rates of com-
munity-onset MRSA (P � .001) and
community-onset MSSA bacteremia
(P=.005) decreased significantly from
2005 through 2010, and no signifi-
cant overall trends in the rates of com-
munity-onset MRSA (P=.62) or com-
munity-onset MSSA SSTIs (P=.54) were
observed (TABLE 4). Overall and an-

Table 1. Demographic Characteristics of US Department of Defense TRICARE Beneficiaries, 2005-2010

No. (%) of TRICARE Beneficiaries

2005
(n = 9 248 940)

2006
(n = 9 190 266)

2007
(n = 9 197 758)

2008
(n = 9 347 645)

2009
(n = 9 556 878)

2010
(n = 9 671 583)

Age group, y
�4 562 036 (6) 553 488 (6) 555 212 (6) 575 296 (6) 605 262 (6) 627 361 (6)

5-14 1 119 813 (12) 1 084 982 (12) 1 063 531 (12) 1 072 423 (11) 1 089 241 (11) 1 105 595 (11)

15-17 375 126 (4) 372 695 (4) 367 557 (4) 364 605 (4) 361 384 (4) 353 952 (4)

18-24 1 288 748 (14) 1 268 952 (14) 1 256 815 (14) 1 275 961 (14) 1 319 629 (14) 1 309 038 (14)

25-34 1 042 661 (11) 1 021 883 (11) 1 022 565 (11) 1 068 851 (11) 1 133 622 (12) 1 188 647 (12)

35-44 995 872 (11) 965 788 (11) 937 035 (10) 924 509 (10) 914 633 (10) 901 023 (9)

45-64 2 099 529 (23) 2 122 704 (23) 2 159 737 (23) 2 185 768 (23) 2 218 365 (23) 2 239 139 (23)

�65 1 763 308 (19) 1 798 428 (20) 1 834 952 (20) 1 879 864 (20) 1 914 483 (20) 1 946 585 (20)

Unknown 1848 (�1) 1348 (�1) 354 (�1) 368 (�1) 259 (�1) 243 (�1)

Sex
Male 4 789 279 (52) 4 744 209 (52) 4 735 114 (51) 4 811 121 (51) 4 919 814 (51) 4 960 586 (51)

Female 4 454 294 (48) 4 442 050 (48) 4 459 707 (48) 4 534 107 (49) 4 635 198 (49) 4 710 683 (49)

Unknown 5367 (�1) 4007 (�1) 2937 (�1) 2417 (�1) 1866 (�1) 314 (�1)

Beneficiary status
Active duty 1 457 371 (16) 1 446 959 (16) 1 437 587 (16) 1 457 520 (16) 1 492 753 (16) 1 506 721 (16)

Nonactive duty 7 791 569 (84) 7 743 307 (84) 7 760 171 (84) 7 890 125 (84) 8 064 125 (84) 8 164 862 (84)
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nual rates of S aureus bacteremia and
SSTIs for active duty individuals are
provided in eTable 3.

In the entire study population,
rates of community-onset S aureus
bacteremia varied by demographic
characteristics (TABLE 5). The rate of
community-onset MRSA bacteremia
was highest for those aged 65 years or
older (3.1 per 100 000 person-years
[95% CI , 2 .8 -3 .5 pe r 100 000

person-years]), whereas the rates of
community-onset MSSA bacteremia
were highest in those aged 4 years or
younger (4.5 per 100 000 person-years
[95% CI, 3.8-5.2 per 100 000 person-
years]) and aged 65 years or older (3.4
per 100 000 person-years [95% CI,
3.1-3.8 per 100 000 person-years]).

The rates of community-onset bac-
teremia also were higher in men (MRSA:
1.8 per 100 000 person-years [95% CI,

1.7-2.0 per 100 000 person-years];
MSSA: 2.7 per 100 000 person-years
[95% CI, 2.5-2.9 per 100 000 person-
years]) than in women (MRSA: 1.1 per
100 000 person-years [95% CI, 0.9-
1.2 per 100 000 person-years]; MSSA:
1.9 per 100 000 person-years [95% CI,
1.7-2.0 per 100 000 person-years]).
Rates of bacteremia appeared similar
among the 3 TRICARE regions in the
continental United States.

Table 2. Positive Blood and Wound Abscess Cultures in TRICARE Beneficiaries
Positive Blood Cultures Positive Wound or Abscess Cultures

Total

No. (%)

Total

No. (%)

Staphylococcus
aureus MRSA

Staphylococcus
aureus MRSA

Overall 62 326 7463 (12.0) 2818 (4.5) 181 317 111 814 (61.7) 62 781 (34.6)

2005 12 213 1531 (12.5) 564 (4.6) 27 406 16 773 (61.2) 10 030 (36.6)

2006 11 342 1379 (12.2) 528 (4.7) 30 222 19 028 (63.0) 11 504 (38.0)

2007 10 024 1249 (12.5) 507 (5.1) 28 553 17 822 (62.4) 10 490 (36.7)

2008 10 309 1232 (12.0) 500 (4.9) 33 778 21 184 (62.7) 12 300 (36.4)

2009 9335 1083 (11.6) 410 (4.4) 30 523 18 430 (60.4) 10 300 (33.7)

2010 9103 989 (10.9) 309 (3.4) 30 835 18 577 (60.2) 8157 (26.5)

P valuea �.001 �.001 �.001 �.001

Abbreviation: MRSA, methicillin-resistant S aureus.
aCalculated using the Mantel-Haenszel �2 test for linear trend from 2005 through 2010.

Table 3. Staphylococcus aureus Infections by Setting, Culture Type, and Methicillin Resistance for Overall Study Population

Person-
Years

MRSA MSSA

Bacteremia SSTIs Bacteremia SSTIs

No. Rate (95% CI)a No. Rate (95% CI)a No. Rate (95% CI)a No. Rate (95% CI)a

Community Onset
Overall 56 213 070 813 1.5 (1.3 to 1.5) 46 527 82.7 (82.0 to 83.5) 1281 2.3 (2.1 to 2.4) 33 274 59.2 (58.5 to 59.8)

2005 9 248 940 160 1.7 (1.5 to 2.0) 7102 76.8 (75.0 to 78.6) 265 2.9 (2.5 to 3.2) 4693 50.7 (49.3 to 52.2)

2006 9 190 266 140 1.5 (1.3 to 1.8) 8408 91.5 (89.5 to 93.4) 244 2.7 (2.3 to 3.0) 5261 57.2 (55.7 to 58.8)

2007 9 197 758 151 1.6 (1.4 to 1.9) 7789 84.7 (82.8 to 86.6) 193 2.1 (1.8 to 2.4) 5192 56.4 (54.9 to 58.0)

2008 9 347 645 134 1.4 (1.2 to 1.7) 9215 98.6 (96.6 to 100.6) 218 2.3 (2.0 to 2.6) 6507 69.6 (67.9 to 71.3)

2009 9 556 878 116 1.2 (1.0 to 1.4) 7820 81.8 (79.0 to 82.6) 195 2.0 (1.8 to 2.3) 6006 62.8 (61.3 to 64.4)

2010 9 671 583 112 1.2 (0.9 to 1.4) 6193 64.0 (62.4 to 65.6) 166 1.7 (1.5 to 2.0) 5615 58.1 (56.5 to 59.6)

rs (95% CI) −0.94 (−1.0 to −0.74) −0.26 (−1.0 to 0.75) −0.94 (−1.0 to −0.75) 0.71 (0.3 to 1.0)

P valueb .005 .62 .005 .11

Hospital Onset
Overall 56 213 070 299 0.5 (0.5 to 0.6) 254 0.5 (0.4 to 0.5) 250 0.4 (0.4 to 0.5) 226 0.4 (0.4 to 0.5)

2005 9 248 940 68 0.7 (0.6 to 0.9) 62 0.7 (0.5 to 0.8) 61 0.7 (0.5 to 0.8) 40 0.4 (0.3 to 0.6)

2006 9 190 266 64 0.7 (0.5 to 0.9) 37 0.4 (0.3 to 0.5) 61 0.7 (0.5 to 0.8) 45 0.5 (0.4 to 0.6)

2007 9 197 758 48 0.5 (0.4 to 0.7) 49 0.5 (0.4 to 0.7) 33 0.4 (0.2 to 0.4) 54 0.6 (0.4 to 0.7)

2008 9 347 645 48 0.5 (0.4 to 0.7) 35 0.4 (0.3 to 0.5) 30 0.3 (0.2 to 0.4) 26 0.3 (0.2 to 0.4)

2009 9 556 878 31 0.3 (0.2 to 0.4) 36 0.4 (0.3 to 0.5) 37 0.4 (0.3 to 0.5) 37 0.4 (0.3 to 0.5)

2010 9 671 583 40 0.4 (0.3 to 0.5) 35 0.4 (0.2 to 0.5) 28 0.3 (0.2 to 0.4) 24 0.2 (0.1 to 0.3)

rs (95% CI) −0.94 (−1.0 to −0.74) −0.89 (−1.0 to −0.69) −0.81 (−1.0 to −0.41) −0.71 (−1.0 to −0.28)

P valueb .005 .02 .05 .11

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible S aureus; rs, Spearman rank correlation coefficient; SSTIs, skin and soft tissue
infections.

aPer 100 000 person-years.
bCalculated using the Spearman rank correlation test for trend from 2005 through 2010.
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For community-onset S aureus SSTIs,
rates of both community-onset MRSA
(261.2 per 100 000 person-years [95%

CI, 257.6-264.8 per 100 000 person-
years]) and community-onset MSSA
(142.4 per 100 000 person-years [95%

CI, 139.8-145.1 per 100 000 person-
years]) were highest in those aged 18 to
24 years (Table 5). As with bacteremia,

Table 4. Staphylococcus aureus Infections by Setting, Culture Type, and Methicillin Resistance for Nonactive Duty Study Subpopulation

Person-Years

MRSA MSSA

Bacteremia SSTIs Bacteremia SSTIs

No. Rate (95% CI)a No. Rate (95% CI)a No. Rate (95% CI)a No. Rate (95% CI)a

Community Onset
Overall 47 414 159 664 1.4 (1.3 to 1.5) 21 779 46.0 (45.3 to 46.6) 1123 2.4 (2.2 to 2.5) 18 656 39.4 (38.8 to 39.9)

2005 7 791 569 127 1.6 (1.3 to 1.9) 3049 39.1 (37.7 to 40.5) 240 3.1 (2.7 to 3.5) 2611 33.5 (32.2 to 34.8)
2006 7 743 307 112 1.4 (1.2 to 1.7) 3748 48.5 (47.0 to 50.0) 211 2.7 (2.4 to 3.1) 3023 39.1 (37.6 to 40.4)
2007 7 760 171 115 1.5 (1.2 to 1.8) 3729 48.1 (46.5 to 49.6) 170 2.2 (1.9 to 2.5) 2977 38.4 (37.0 to 39.7)
2008 7 890 125 114 1.4 (1.2 to 1.7) 4430 56.1 (54.5 to 57.8) 193 2.4 (2.1 to 2.8) 3636 46.1 (44.6 to 47.6)
2009 8 064 125 103 1.3 (1.0 to 1.5) 3838 47.6 (46.1 to 49.1) 166 2.1 (1.7 to 2.4) 3317 41.1 (39.7 to 42.5)
2010 8 164 862 93 1.1 (0.9 to 1.4) 2985 36.6 (35.2 to 37.9) 143 1.8 (1.5 to 2.0) 3092 37.9 (36.5 to 39.2)

rs (95% CI) −0.99 (−1.0 to −0.9) −0.26 (−1.0 to 0.7) −0.94 (−1.0 to −0.7) 0.31 (−0.6 to 1.0)

P valueb �.001 .62 .005 .54

Hospital Onset
Overall 47 414 159 255 0.5 (0.5 to 0.6) 187 0.4 (0.3 to 0.5) 214 0.5 (0.4 to 0.5) 169 0.4 (0.3 to 0.4)

2005 7 791 569 63 0.8 (0.6 to 1.0) 45 0.6 (0.4 to 0.8) 51 0.7 (0.5 to 0.8) 32 0.4 (0.3 to 0.6)
2006 7 743 307 50 0.6 (0.5 to 0.8) 26 0.3 (0.2 to 0.5) 52 0.7 (0.5 to 0.9) 33 0.4 (0.3 to 0.6)
2007 7 760 171 37 0.5 (0.3 to 0.6) 37 0.5 (0.3 to 0.6) 27 0.4 (0.2 to 0.5) 38 0.5 (0.3 to 0.7)
2008 7 890 125 41 0.5 (0.4 to 0.7) 22 0.3 (0.2 to 0.4) 24 0.3 (0.2 to 0.4) 18 0.2 (0.1 to 0.3)
2009 8 064 125 28 0.4 (0.2 to 0.5) 31 0.4 (0.3 to 0.5) 35 0.4 (0.3 to 0.6) 27 0.3 (0.2 to 0.5)
2010 8 164 862 36 0.4 (0.3 to 0.6) 26 0.3 (0.2 to 0.4) 25 0.3 (0.2 to 0.4) 21 0.3 (0.2 to 0.4)

rs (95% CI) −0.89 (−1.0 to −0.7) −0.60 (−1.0 to 0) −0.66 (−1.0 to −0.3) −0.60 (−0.8 to −0.4)

P valueb .02 .20 .16 .21

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible S aureus; rs, Spearman rank correlation coefficient; SSTIs, skin and soft tissue
infections.

aPer 100 000 person-years.
bCalculated using the Spearman rank correlation test for trend from 2005 through 2010.

Table 5. Community-Onset Staphylococcus aureus Infections for Overall Study Population

Person-Yearsa

Unadjusted Rate (95% CI)b

MRSA MSSA

Bacteremia SSTIs Bacteremia SSTIs

Age group, y
�4 3 478 658 1.0 (0.7-1.3) 112.2 (108.7-115.8) 4.5 (3.8-5.2) 87.2 (84.1-90.3)
5-14 6 535 589 0.2 (0.1-0.4) 40.8 (39.3-42.3) 1.3 (1.1-1.6) 48.2 (46.5-49.9)
15-17 2 195 319 0.2 (0-0.4) 70.4 (66.9-73.9) 0.7 (0.4-1.1) 57.0 (53.8-60.1)
18-24 7 719 143 1.6 (1.3-1.9) 261.2 (257.6-264.8) 1.4 (1.2-1.7) 142.4 (139.8-145.1)
25-34 6 478 229 0.9 (0.7-1.2) 143.0 (140.1-145.9) 1.4 (1.1-1.7) 99.0 (96.6-101.4)
35-44 5 638 860 0.6 (0.4-0.8) 70.0 (67.9-72.2) 1.4 (1.1-1.7) 59.9 (57.9-61.9)
45-64 13 025 242 1.5 (1.2-1.7) 30.0 (29.0-30.9) 2.8 (2.5-3.1) 29.4 (28.4-30.3)
�65 11 137 620 3.1 (2.8-3.5) 10.2 (9.6-10.8) 3.4 (3.1-3.8) 11.0 (10.4-11.7)

Sex
Male 28 851 430 1.8 (1.7-2.0) 108.1 (106.9-109.3) 2.7 (2.5-2.9) 74.4 (73.4-75.4)
Female 27 134 948 1.1 (0.9-1.2) 56.5 (55.6-57.4) 1.9 (1.7-2.0) 43.5 (42.7-44.27)

Beneficiary status
Active duty 8 818 911 1.7 (1.4-2.0) 280.6 (277.1-284.1) 1.8 (1.5-2.1) 165.8 (163.1-168.4)
Nonactive duty 47 394 159 1.4 (1.3-1.5) 46.0 (45.3-46.6) 2.4 (2.2-2.5) 39.4 (38.9-39.9)

TRICARE region
Overseas 2 675 863 2.2 (1.6-2.8) 89.4 (85.8-92.9) 3.6 (2.9-4.4) 84.1 (80.6-87.5)
North United States 18 133 805 1.4 (1.3-1.6) 65.2 (64.1-66.4) 2.2 (2.0-2.5) 48.8 (47.8-49.8)
South United States 17 657 705 1.4 (1.3-1.6) 106.9 (105.4-108.4) 1.9 (1.7-2.1) 62.5 (61.4-63.7)
West United States 16 360 020 1.4 (1.2-1.6) 61.2 (60.0-62.4) 2.5 (2.3-2.8) 53.6 (52.5-54.7)
Alaska 515 143 0.8 (0-1.5) 72.2 (64.9-79.6) 2.9 (1.4-4.4) 69.1 (61.9-76.3)

Abbreviations: MRSA, methicillin-resistant S aureus; MSSA, methicillin-susceptible S aureus; SSTIs, skin and soft tissue infections.
aDue to missing data, not all variables will sum to 56 213 070 total person-years of observation.
bPer 100 000 person-years.
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men had higher rates of community-
onset MRSA and community-onset
MSSA SSTIs than women. However, un-
like bacteremia, active duty members
had higher rates of community-onset
MRSA SSTIs (280.6 per 100 000 person-
years [95% CI, 277.1-284.1 per 100 000
person-years]) and community-onset
MSSA SSTIs (165.8 per 100 000 person-
years [95% CI, 163.1-168.4 per 100 000
person-years]) than nonactive duty in-
dividuals (community-onset MRSA
SSTIs: 46.0 per 100 000 person-years
[95% CI, 45.3-46.6 per 100 000 person-
years]; community-onset MSSA SSTIs:
39.4 per 100 000 person-years [95% CI,
38.9-39.9 per 100 000 person-years]).
Within the continental United States, the
highest rates of community-onset MRSA
SSTIs (106.9 per 100 000 person-years
[95% CI, 105.4-108.4 per 100 000
person-years]) and community-onset
MSSA SSTIs (62.5 per 100 000 person-
years [95% CI, 61.4-63.7 per 100 000
person-years]) were seen in the
TRICARE region in the South United
States. Unadjusted rates of community-
onset bacteremia and SSTIs by demo-
graphic characteristics for the nonac-
tive duty and active duty subgroups are
provided in eTable 4 and eTable 5 at http:
//www.jama.com.

Hospital-Onset S aureus Bacter-
emia and SSTIs. For hospital-onset
S aureus infections, a significant overall
trend in the annual rate of infections was
seen for hospital-onset MRSA bacter-
emia (rs=0.94; P=.005 for trend; Table 3)
and hospital-onset MRSA SSTIs (rs=0.89;
P=.02 for trend). In subanalyses of non-
active duty individuals, only hospital-
onset MRSA bacteremia decreased sig-
nificantly from 2005 through 2010
(rs=0.89; P=.02 for trend; Table 4). The
highest rates of hospital-onset S aureus
infections were seen in those aged 4 years
or younger and 65 years or older (eTable
6). Rates of hospital-onset MRSA and
MSSA bacteremia were also higher in
men than in women.

Percentage of S aureus Bacteremia
and SSTIs That Were MRSA

Fifty-eight percent of community-
onset S aureus SSTIs were due to MRSA,

significantly higher than for either com-
munity-onset bacteremia (39%;
P� .001) or hospital-onset SSTIs (53%;
P=.02; FIGURE 1). Fifty-four percent of
cases of hospital-onset bacteremia were
due to MRSA (P� .001 vs community-
onset bacteremia). The proportion of
community-onset S aureus SSTIs due to
MRSA was 60% in 2005, increased to
62% in 2006, and then decreased each
year to a low of 52% in 2010 (P� .001
for trend from 2005-2010; FIGURE 2).
Significant trends were not observed for
community-onset bacteremia, hospital-
onset bacteremia, or hospital-onset
SSTIs (Figure 2). In subanalyses of ac-
tive duty and nonactive duty individu-
als, the percentage of community-
onset infections due to MRSA was
higher in active duty members than
nonactive duty beneficiaries (eFigure
1 and eFigure 2), but in both groups
the proportion of community-onset
SSTIs caused by MRSA decreased sig-
nificantly from 2005 through 2010
(FIGURE 3).

COMMENT
There are several notable findings from
this study examining the epidemiol-
ogy of S aureus bacteremia and SSTIs.
Similar to recent reports by the Cen-
ters for Disease Control and Preven-
tion,4,12 the rates of hospital-onset MRSA
bacteremia significantly decreased. We
found that rates of both community-
onset and hospital-onset MRSA bacter-
emia decreased in parallel. This may be
due to an overall decline in health care–
associated MRSA bacteremia rather than
a decline in true community-associ-
ated MRSA bacteremia because we were
unable to subclassify community-
onset infections as health care–
associated community onset. The an-
nual rates of community-onset MSSA
bacteremia also decreased signifi-
cantly. However, the proportions of
both community-onset and hospital-
onset S aureus bacteremia due to MRSA
did not change significantly, suggest-
ing balanced decreases in the rates of
both MRSA and MSSA bacteremia.

For community-onset MRSA SSTIs,
no significant overall trend in annual

rates was observed, but the propor-
tion of community-onset SSTIs due to
MRSA declined significantly. While this
may represent the replacement of MRSA
with MSSA as a cause of community-
onset SSTIs, rates of community-
onset MSSA SSTIs did not signifi-
cantly increase during the study.
However, the annual rate reductions ob-
served for community-onset MRSA
SSTIs after 2008 appeared qualita-
tively greater than that for community-
onset MSSA SSTIs, thereby explaining
the increasing percentage of MSSA.

One recent study limited to patients
with human immunodeficiency virus in
Atlanta, Georgia,17 and 2 preliminary in-
vestigations (1 from Chicago, Illi-
nois,18 and 1 from Atlanta19) have also
reported that rates of community-
onset MRSA SSTIs may have peaked in
2007 or 2008. Therefore, our results for
community-onset and hospital-onset S
aureus bacteremia and SSTIs in a large
geographically diverse population are
consistent with the reported changes in
hospital-onset MRSA infections from
other national investigations,4 provide
new data regarding trends in MSSA bac-

Figure 1. Staphylococcus aureus Bacteremia
and Skin and Soft Tissue Infections (SSTIs)
for Overall Population, 2005-2010
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teremia, and are, to our knowledge, the
first of a national scope to demonstrate
that regional trends in community-
onset MRSA SSTIs18,19 may reflect wide-
spread alterations in the epidemiology
of community-onset S aureus SSTIs
across the United States.

Several epidemiological investiga-
tions reporting rates of S aureus bac-
teremia and SSTIs prior to 2005 de-
scribed marked increases in the burden
of S aureus infections, particularly those
due to MRSA. Regional population-
based studies of S aureus bacteremia re-

ported stable incidence of S aureus bac-
teremia overall, but an increasing
proportion of cases due to MRSA.9,20

Similarly, Hersh et al21 reported an in-
crease in coded SSTI encounters from
32.1 to 48.1 per 1000 population from
1997 to 2005 coincident with the emer-

Figure 2. Staphylococcus aureus Bacteremia and Skin and Soft Tissue Infections by Onset Setting, 2005-2010
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Figure 3. Community-Onset Methicillin-Resistant Staphylococcus aureus (MRSA) Skin and Soft Tissue Infection (SSTI) Isolates, 2005-2010
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gence of community-associated MRSA.
Crum et al3 reported an increase in
MRSA infections from military facili-
ties in San Diego, California, between
1990 and 2004, with the greatest in-
crease in rates occurring between 2002
and 2004. In an investigation describ-
ing community-associated MRSA epi-
demiology from 2001 through 2002, the
annual incidence was 26 per 100 000
person-years, of which 77% of infec-
tions were SSTIs.2 This incidence rate
is lower than the 46 per 100 000 person-
years observed in the current study for
SSTIs in nonactive duty beneficiaries,
but this may be due to the inability to
separate health care–associated com-
munity-onset infections from commu-
nity-associated infections in the cur-
rent study, as well as different study
populations and periods of observa-
tion.

The current study also found that the
highest rates of community-onset S au-
reus bacteremia occurred in those at ex-
tremes of age (the very young and the
elderly), whereas community-onset S
aureus SSTI rates were greatest in adults
aged 18 through 24 years, men, those
serving on active duty, and living in the
southern United States. While these ob-
servations are in agreement with prior
studies,9,10,13,20,22 additional analyses are
needed to determine if these charac-
teristics are independent risk factors.
The geographic distribution of com-
munity-onset SSTI rates may reflect
both the influence of climate on SSTIs
and the primary locations of military
training, where rates of SSTIs are known
to be high.23

Previous studies have also used dif-
ferent methods to estimate the na-
tional trends in health care–associ-
ated S aureus infections, using the
International Classification of Diseases,
Ninth Revision (ICD-9) codes, to esti-
mate the proportion of infections due
to MRSA because there is no MRSA-
specific ICD-9 code.22,24 The current
study used documented culture re-
sults to assess the trends in hospital-
onset S aureus bacteremia and SSTIs.
While the observed decrease in the an-
nual rates of hospital-onset MRSA bac-

teremia from the current study is con-
sistent with trends reported by Kallen
et al4 and Burton et al,12 the rates in the
Department of Defense population were
approximately one-tenth of the rates re-
ported by Kallen et al4 (eg, for 2008, 0.5
per 100 000 person-years vs 6.2 per
100 000 person-years, respectively).
Unlike the network of large centers
from nonrural counties used in the Cen-
ters for Disease Control and Preven-
tion report by Kallen et al,4 the Depart-
ment of Defense health care population
is seen at MTFs of varied sizes in ur-
ban, semiurban, and rural settings. Ad-
ditionally, individuals within the
TRICARE population seen at MTFs
have lower rates of comorbid medical
conditions, which are associated with
increased S aureus bacteremia risk com-
pared with those seen at an urban ter-
tiary care center, including chronic kid-
ney disease requiring hemodialysis and
intravenous drug use.4,20

Most TRICARE beneficiaries also re-
ceive open access to care at US MTFs
and a reliable income either while on
active duty or following retirement.
Such factors may mitigate socioeco-
nomic differences that have been asso-
ciated with increased risk of MRSA in-
fections.13 Findings from other studies
have suggested health outcomes within
the Department of Defense health care
system may be different than other set-
tings.25,26 In addition, the overall age of
the current study population may also
have reduced rates of S aureus bacter-
emia because rates of S aureus bacter-
emia are substantially higher with in-
creasing age.9,20

In addition to the large size and broad
geographic distribution represented by
the study population, a unique strength
of the current study was the ability to
evaluate the epidemiology of hospital-
onset and community-onset S aureus
bacteremia and SSTIs simultaneously.
The lines between the hospital and
community settings have become less
distinct in recent years. Whether the
changes in S aureus epidemiology over-
all were driven by changes within either
the hospital or community settings, or
both, remains uncertain. Improved in-

fection-control practices may be affect-
ing rates of both hospital-onset and
health care–acquired community-
onset MRSA bacteremia.4,27

Subsequently, one possibility is that
reducing hospital-onset and health
care–associated community-onset in-
fections may have an effect on other
community-onset S aureus infections.
Conversely, studies have shown com-
munity-onset MRSA infections, par-
ticularly SSTIs, may provide a substan-
tial reservoir of disease, and USA300
strains from the community have be-
come causes of nosocomial infec-
tions.10,13 Regardless of the etiology, the
concurrent decreases in the rates of hos-
pital-onset and community-onset MRSA
bacteremia, coupled with the reduced
prevalence of MRSA as a cause of com-
munity-onset S aureus SSTIs, are in-
triguing observations that require fur-
ther investigation.

Historically large changes in S au-
reus epidemiology and the strains re-
sponsible for disease have occurred.28

For example, phage type 80/81 MRSA
strains almost completely disappeared
in the 1960s without explanation after
causing widespread disease in the
1950s.28 Recent investigations have re-
ported longitudinal changes in the
strains responsible for nosocomial or in-
vasive MRSA infections,29-31 but simi-
lar data for SSTIs or infections due to
MSSA since 2008 are lacking.

There are limitations to this obser-
vational study. First, data prior to Janu-
ary 1, 2005, were not available for analy-
sis to evaluate trends in S aureus
bacteremia or SSTIs since the emer-
gence of community-acquired MRSA.
Second, clinical information allowing
classification of SSTIs as surgical site in-
fections, cutaneous abscesses, or cel-
lulitis was not available. Wound or ab-
scess culture results were also not
categorized by tissue site, although skin
and skin structure–related infections are
the most common manifestation of
community-onset MRSA disease.13

Third, data regarding self-reported race
and ethnicity, and clinical outcomes, in-
cluding mortality, also were not avail-
able. Fourth, due to constraints of the
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available data, it was not possible to per-
form modeling of the rates at the per-
son level, adjusting for covariables or
sensitivity analyses. Fifth, some
TRICARE beneficiaries (predomi-
nantly retirees and their dependents)
may obtain care at nonmilitary facili-
ties. Subsequently, the rates of S au-
reus bacteremia and SSTIs we ob-
served likely underestimate the true
burden of disease within this patient
population. However, while changing
access to care and referral patterns
would bias infection rates, systematic
TRICARE referral and access to care
policies did not change during the
course of this study.32 Similarly, a re-
duction in the number of overall cul-
tures obtained may have affected the ob-
served rates of S aureus bacteremia and
SSTIs. However, the decreasing pro-
portions of all cultures positive for S au-
reus, including MRSA, provide further
support that the trends observed for the
rates of S aureus bacteremia and SSTIs
reflect true decreases in the burden of
S aureus disease, particularly MRSA. Ad-
ditionally, the relatively stable size of
the study population and the large num-
ber of isolates should minimize the
effect of differences in local practice pat-
terns regarding culturing on the con-
clusions of the current study.

The study population also has some
unique characteristics. Active duty mili-
tary members are young, healthy, have
open access to care, and have in-
creased risk of SSTIs due to military
training and other job-related expo-
sures. Active duty members had sub-
stantially higher rates of SSTIs, and a
higher proportion of both bacteremia
and SSTIs due to MRSA than nonac-
tive duty individuals. However, non-
active duty beneficiaries comprised
approximately 85% of the study popu-
lation, and subanalyses revealed that
even though the annual rates of bac-
teremia and SSTIs were different for ac-
tive duty compared with nonactive duty
beneficiaries, the significant trends for
bacteremia and SSTIs observed for both
these subpopulations were in agree-
ment. While the overall rates of dis-
ease were likely influenced by the char-

acteristics of the Department of Defense
population, the observed trends were
consistent with investigations in other
US populations.4,12

In conclusion, within the US Mili-
tary Health System, which provides care
to both nonactive duty and active duty
beneficiaries, the burden of S aureus bac-
teremia and SSTIs remains substantial,
highlighting the importance of having
successful prevention and treatment
strategies. The rates of community-
onset MRSA and MSSA bacteremia and
hospital-onset MRSA bacteremia de-
creased from 2005 through 2010, as the
proportion of community-onset SSTIs
due to MRSA decreased. These obser-
vations, taken together with results from
others showing decreases in the rates of
health care–associated infections from
MRSA,4 suggest that broad shifts in the
epidemiology of S aureus infections may
be occurring. Additional studies are
needed to assess whether these trends
will continue, which prevention meth-
ods are most effective, and to what de-
gree other factors may be contributing.
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