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FORDECADES, INFECTIVEENDOCAR-
ditis (IE) caused by Staphylococ-
cus aureus has been viewed pri-
marilyasacommunity-acquired

disease, especially associatedwith injec-
tiondruguse.1-7 Incontrast,patientswith
nosocomial or intravascular catheter–
associatedSaureusbacteremiawerecon-
sidered tobeat lowrisk for IE.5,6,8-11 S au-
reus IE is relatively infrequent at any in-
dividual institution, andobservationsof

its characteristics were based primarily
upon relatively small samples,1,3,6,9,12-14

single-centerexperiences,5,6,8,9,13-16 orret-
rospectively identified patients.2,7,8,15,16

Patient characteristics, treatment prac-
tices,andoutcomesinthesesingle-center
studiesoftendifferedconsiderably.More-
over,becausenolarge,prospectivelycol-

See also pp 3022 and 3061.
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Context The global significance of infective endocarditis (IE) caused by Staphylo-
coccus aureus is unknown.

Objectives To document the international emergence of health care–associated S
aureus IE and methicillin-resistant S aureus (MRSA) IE and to evaluate regional varia-
tion in patients with S aureus IE.

Design, Setting, and Participants Prospective observational cohort study set in 39
medical centers in 16 countries. Participants were a population of 1779 patients with defi-
nite IE as defined by Duke criteria who were enrolled in the International Collaboration
on Endocarditis-Prospective Cohort Study from June 2000 to December 2003.

Main Outcome Measure In-hospital mortality.

Results S aureus was the most common pathogen among the 1779 cases of definite
IE in the International Collaboration on Endocarditis Prospective-Cohort Study (558 pa-
tients, 31.4%). Health care−associated infection was the most common form of S au-
reus IE (218 patients, 39.1%), accounting for 25.9% (Australia/New Zealand) to 54.2%
(Brazil) of cases. Most patients with health care−associated S aureus IE (131 patients, 60.1%)
acquired the infection outside of the hospital. MRSA IE was more common in the United
States (37.2%) and Brazil (37.5%) than in Europe/Middle East (23.7%) and Australia/
New Zealand (15.5%, P�.001). Persistent bacteremia was independently associated with
MRSA IE (odds ratio, 6.2; 95% confidence interval, 2.9-13.2). Patients in the United States
were most likely to be hemodialysis dependent, to have diabetes, to have a presumed
intravascular device source, to receive vancomycin, to be infected with MRSA, and to
have persistent bacteremia (P�.001 for all comparisons).

Conclusions S aureus is the leading cause of IE in many regions of the world. Char-
acteristics of patients with S aureus IE vary significantly by region. Further studies are
required to determine the causes of regional variation.
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lected,andgeographicallydiversecohort
of patients with IE existed before now,
the impact of regional variations on the
characteristics, treatment, and outcome
of S aureus IE was unknown.

Recent substantive changes in health
care delivery and in antimicrobial resis-
tance patterns have changed the epide-
miology of S aureus infections. Rates of
S aureus infection, particularly bacter-
emia associated with health care con-
tact, have increased among hospital-
ized patients17,18 and among those
receiving outpatient medical therapy.19

Rates of infections due to methicillin-
resistant S aureus (MRSA) in both hos-
pital18 and community settings20 have
also increased dramatically. Finally, the
number of patients with implanted medi-
cal devices (eg, prosthetic heart valves,
grafts, hemodialysis catheters, pace-
makers), a population at high risk for
S aureus bacteremia and endocarditis, has
also risen in the past 2 decades.21-23 How-
ever, the extent to which these findings
can be generalized is unknown.

The current investigation aimed (1)
to document the characteristics of IE
caused by S aureus, including IE asso-
ciated with health care contact and IE
due to MRSA, in different parts of the
world; and (2) to assess regional dif-
ferences and the effect of these differ-
ences on clinical outcomes among pa-
tients with S aureus IE.

METHODS
International Collaboration
on Endocarditis-Prospective
Cohort Study

Data from the International Collabora-
tiononEndocarditis (ICE)wereusedfor
this study. ICE began in June of 1999 af-
ter the fifth meeting of the International
SocietyofCardiovascular InfectiousDis-
eases in Amsterdam, the Netherlands.
ICE investigators initiated the ICE-
Prospective Cohort Study (ICE-PCS),24

which enrolled 1779 patients in 39 cen-
ters in 16 countries between June 15,
2000, and December 31, 2003.

Patients with definite IE were deter-
mined by Duke criteria. All patients
with IE from sites that met criteria for
participation were included in this

study. These site criteria included (1)
minimum enrollment of 12 cases per
year in a center with access to cardiac
surgery, (2) patient identification pro-
cedures in place to ensure consecutive
enrollment and to minimize ascertain-
ment bias,24,25 (3) high-quality data with
query resolution, and (4) institutional
review board (IRB)/ethics committee
approval or waiver based upon local
standards. Sites not meeting these cri-
teria were excluded from this analysis
(3 sites representing 23 patients). The
ICE-PCS database is maintained at the
Duke Clinical Research Institute, which
is the coordinating center for ICE stud-
ies with IRB approval. Informed con-
sent (oral or written) was obtained from
all patients according to local IRB/
ethics committee instructions.

Patient Selection

Patients were identified prospectively
using site-specific procedures to ensure
consecutiveenrollment.24,25 Physical ex-
amination findings and clinical demo-
graphic data were recorded at the time
of patient enrollment. Patients were en-
rolled in ICE-PCS if they met criteria for
possible or definite IE, based upon the
modified Duke criteria.26 Only patients
withdefinite IEwereadmitted(n=30ex-
cluded) in the current investigation. To
preservetheassumptionofindependence
of observations, only the first episode of
Saureus IErecordedforanindividualpa-
tient was included in the analysis.

Data Collection

A standard case report form was used
at all sites to collect data. The case re-
port form included 275 variables and
was developed by ICE according to
standard definitions.24 Domains in-
cluded specific data on demographics,
medical history, medications, clinical
procedures, presence of intravascular
devices, predisposing factors, clinical
examination, microbiology, serology,
nosocomial or community acquisi-
tion, antibiotic therapy, echocardiog-
raphy, surgery, complications, and out-
come. Data were collected during the
index hospitalization and were then en-
tered at the coordinating center or by

the site investigators using an Internet-
based data entry system. Queries were
developed on all critical variables and
were distributed to the sites for recon-
ciliation when necessary. Query re-
sponses were reviewed and entered.

Definitions

Chronic immunosuppressive therapy
wasdefinedas theadministrationof rec-
ognized immunosuppressiveagents (in-
cluding oral corticosteroids or other
agents such as those used in solid organ
transplantationor rheumatologicdisor-
ders) for more than 30 days at the time
of IE diagnosis.

A cardiac device was defined as a
permanent pacemaker, cardioverter-
defibrillator, and/or prosthetic cardiac
valve. Intravascular access devices were
defined as an arterial-venous fistula or
an indwelling vascular catheter. A
chronic indwelling central catheter was
defined as a tunneled, cuffed catheter, or
a subcutaneous port catheter. An intra-
vascular access device was presumed to
be a possible source of IE if it was pre-
sent at the onset of IE symptoms.

Vascular evidence of IE was defined
as conjunctival hemorrhages, vascular
embolic events, or Janeway lesions.27 Im-
munologic evidence of IE was defined
as the presence of Osler nodes or Roth
spots.27 Heart murmurs were defined as
present or absent according to the physi-
cal examination performed by the inves-
tigators at the time of initial evaluation.
A stroke was defined as an acute neuro-
logical deficit of vascular etiology last-
ing more than 24 hours.28 Systemic em-
bolization was defined as an embolic
event outside of the central nervous sys-
tem. Congestive heart failure was de-
fined according to the New York Heart
Association classification system.29 Per-
sistent bacteremia was identified using
Duke Endocarditis Service criteria.27

Healthcare–associatedIEwasdefined
as either nosocomial infection or non-
nosocomial health care–associated in-
fection. Nosocomial infection was
definedasIEdeveloping inapatienthos-
pitalized for more than 48 hours prior
to the onset of signs/symptoms consis-
tent with IE.
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Nonnosocomial health care–associ-
ated infection was defined as IE diag-
nosed within 48 hours of admission in
an outpatient with extensive health care
contact as reflected by any of the follow-
ing criteria: (1) received intravenous
therapy, wound care, or specialized nurs-
ing care at home within the 30 days prior
to the onset of S aureus–IE; (2) at-
tended a hospital or hemodialysis clinic
or received intravenous chemotherapy
within the 30 days before the onset of S
aureus IE; (3) was hospitalized in an
acute care hospital for 2 or more days in
the 90 days before the onset of S aureus
IE; or (4) resided in a nursing home or
long-term care facility.19

Community-acquired IE was de-
fined as IE diagnosed at the time of ad-
mission (or within 48 hours of admis-
sion) in a patient not fulfilling the
criteria for health care–associated in-
fection. Infections were considered to
be injection drug use (IDU)–associ-
ated if the patient actively used these
substances at the time of IE diagnosis
and was admitted from the commu-
nity without an alternate presumed
source. Vancomycin therapy was de-
fined as being present if it was identi-
fied by the investigator as the predomi-

nant antibiotic used in the treatment of
the infection.

Geographic Region
Geographic regions participating in ICE
included the following: United States (9
sites), South America (2 sites each from
Brazil, Argentina, and Chile), Australia/
New Zealand (7 sites), and Europe/
Middle East (17 sites). For multivari-
ate modeling, the European/Middle
Eastern region was further subdivided
a priori into Northern/Central Europe
(a total of 10 sites in France, United
Kingdom, Sweden, Germany, Croatia,
and the Netherlands) and Southern Eu-
rope/Middle East (a total of 7 sites in
Italy, Spain, Israel, and Lebanon). Be-
cause it contained the highest number
of participating centers, Northern/
Central Europe was used as the refer-
ent category for all multivariate analy-
ses in which the geographic region of the
infection was considered.

Statistical Analysis

Continuous variables were repre-
sented as medians with 25th and 75th
percentiles. Categorical variables were
represented as frequencies and percent-
ages of the specified group. Univariate
comparisons were made with the Wil-
coxon rank-sum test or the �2 test as ap-
propriate. A generalized estimating equa-
tion method was used to determine
factors that predict S aureus IE among
IE patients, in-hospital death among na-
tive valve S aureus IE patients, and MRSA
among native valve S aureus IE pa-
tients.30 Variables found to have a uni-
variate association with the outcome of
interest (P�.10) were considered for the
final model in a stepwise fashion. The
variables included in the final adjusted
regression models were selected based
on a combination of statistical signifi-
cance (P�.05) and clinical judgment.
The generalized estimating equation
method produces consistent param-
eter estimates that measure association
between in-hospital death and the base-
line covariates while accounting for the
correlation in outcomes of patients from
the same hospital. Final parameter es-
timates were converted to odds ratios

(ORs) with corresponding 95% Wald
confidence intervals (CIs). The fit of the
multivariable models to the data was as-
sessed by the concordance index, which
estimates the probability that a patient
who had the outcome of interest was as-
signed a greater probability of sustain-
ing the outcome of interest than was a
patient who did not sustain the out-
come of interest. For all tests, statisti-
cal significance was determined at the
.05 level. All statistical analyses were per-
formed using SAS software version 8.2
(SAS Institute, Cary, NC).

RESULTS
During the48-monthstudyperiod,1779
patients with definite IE from 16 coun-
tries were enrolled into ICE-PCS. S
aureus was the most commonly identi-
fied pathogen and was present in 558
patients (31.4%) (TABLE 1). By univari-
ate analysis, patients with IE due to S
aureus were more likely than patients
with IE due to other pathogens to be
female (P�.001), hemodialysis depen-
dent (P�.001), to have diabetes melli-
tus (P=.009), or to have other chronic
illnesses (P�. 001) (TABLE 2). Patients
with S aureus IE were also significantly
more likely to have health care–
associated IE (P�.001) than were
patients with non-S aureus IE. Cardiac
surgery was significantly less frequent
among patients with S aureus IE than
among patients with non–S aureus IE
(P�.001), and it was more likely to be
performedduetoembolization(P�.001)
orpersistent bacteremia (P�.001).Rela-
tive to patients with non–S aureus IE,
patients with S aureus IE also had higher
ratesof stroke(P�.001), systemicembo-
lization (P=.001), persistent bacter-
emia (P�.001), and death (P�.001).

Next, a multivariate model was fitted
using the entire cohort and the candi-
date variables listed in Table 2 to iden-
tify clinical features independently as-
sociated with S aureus IE (concordance
index, 0.78). Patient characteristics as-
sociated with S aureus IE by multivari-
ate modeling included IDU (OR, 9.3;
95% CI, 6.3-13.7), first clinical presen-
tation less than 1 month after first symp-
toms (OR, 5.1; 95% CI, 3.2-8.2), health

Table 1. Microbiologic Etiology in 1779
Patients With Definite Endocarditis

No. (%)

Staphylococcus
S aureus 558 (31.6)
Coagulase-negative

staphylococci
186 (10.5)

Streptococcus
Viridans group streptococci 319 (18.0)
Streptococcus bovis 114 (6.5)
Other streptococci 91 (5.1)
Enterococci 188 (10.6)

HACEK 30 (1.7)
Non-HACEK gram-negative bacteria 38 (2.1)
Fungi 32 (1.8)
Polymicrobial 23 (1.3)
Other* 56 (3.1)
Culture negative 144 (8.1)
Abbreviation: HACEK, Haemophilus species (except H in-

fluenzae), Actinobacillus actinomycetemcomitans, Car-
diobacterium hominis, Eikenella corrodens, and Kin-
gella species.

*Other organisms include: Corynebacterium species 10
(12.5%); Gemella species 7 (12.50%); Lactobacillus spe-
cies 4 (7.14%); Peptostreptococcus 3 (5.36%); Erysi-
pelothrix rhusiopathiae 2; Lactococcus species 2;
Actinomyces species 2; Bacillus species 2; Listeria
monocytogenes 1; Rhodococcus species 1; Nocardia
species 1; Mycobacterium fortuitum 1; and Micromo-
nas micros 1. For 2 patients, the microbiologic organ-
ism was not speciated.
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Table 2. Clinical Characteristics and Outcomes of 1779 Prospectively Identified Patients With Definite Endocarditis Due to Staphylococcus
aureus and Other Pathogens

Characteristics

No. (%)

P Value
Multivariate Model

Odds Ratio (95% CI)*
Non-S aureus

(n = 1221)
S aureus
(n = 558)

Male sex 868 (71.1) 341 (61.1) �.001
Age, median (25th-75th percentiles), y 59.3 (45.2-72.2) 56.6 (41.1-70.5) .007
Type of IE

Prosthetic valve 276 (22.6) 86 (15.4) �.001
Native valve 846 (69.3) 401 (71.9) .27
Other and unknown 99 (8.1) 71 (12.7) .002

First clinical presentation �1 mo from first symptom 828 (67.8) 517 (92.7) �.001 5.1 (3.2-8.2)
Hemodialysis dependent 73 (6.0) 79 (14.2) �.001
Diabetes mellitus 181 (14.8) 110 (19.7) .009 1.3 (1.1-1.8)
Other chronic disease 544 (44.6) 319 (57.2) �.001
History of congenital heart disease 164 (13.4) 42 (7.5) �.001
Dental procedures 127 (10.4) 18 (3.2) �.001
Other invasive procedures 200 (16.4) 133 (23.8) �.001
Presumed intravascular device source† 112 (9.1) 159 (28.4) �.001 1.7 (1.2-2.6)
Physical examination findings

Vascular/immunologic evidence of endocarditis‡ 259 (25.5) 162 (32.7) .003
New or worsening of old cardiac murmur 649 (53.2) 224 (40.1) �.001
Septic pulmonary infarcts 50 (4.1) 113 (20.3) �.001

Echocardiographic findings
Intracardiac vegetations 1027 (84.1) 492 (88.2) .05

Aortic 504 (49.1) 143 (29.1) �.001
Mitral 490 (47.7) 224 (45.5) .37
Tricuspid 77 (7.5) 128 (26.0) �.001
Pulmonic 11 (1.1) 4 (0.8) .63
Other 87 (8.5) 62 (12.6) .005

Paravalvular complications 310 (25.4) 113 (20.3) .02
Prosthetic paravalvular complications 113 (9.3) 29 (5.2) .004
New regurgitation 809 (66.3) 298 (53.4) �.001

Presumed place of acquisition
Health care–associated§ 211 (17.3) 218 (39.1) �.001 2.9 (2.1-3.8)
Community-acquired 938 (76.8) 326 (58.4) �.001

IDU-associated 50 (4.1) 117 (21.0) �.001 9.3 (6.3-13.7)
Non-IDU–associated 888 (72.7) 209 (37.5) �.001

Unknown 72 (5.9) 14 (2.5) .002
Cardiac surgery during this hospitalization 631 (51.7) 211 (37.8) �.001
Indication for surgery

Heart failure 280 (44.4) 79 (37.4) .08
Embolization 101 (16.0) 66 (31.3) �.001
Persistent bacteremia 39 (6.2) 37 (17.5) �.001
Myocardial abscess 140 (22.2) 46 (21.8) .90
Valvular regurgitation 444 (70.4) 126 (59.7) .004
Vegetation 285 (45.2) 111 (52.6) .06

Complications/outcomes
Stroke 175 (14.3) 119 (21.3) �.001 1.6 (1.2-2.3)
Systemic embolization other than stroke 228 (18.7) 151 (27.1) �.001
Congestive heart failure 389 (31.9) 161 (28.9) .17
Intracardiac abscess 195 (16.0) 71 (12.7) .06
Persistent bacteremia 64 (5.2) 95 (17.0) �.001 2.3 (1.5-3.8)
In-hospital death 178 (14.6) 125 (22.4) �.001

Abbreviations: CI, confidence interval; IDU, injection drug use; IE, infective endocarditis.
*Concordance index, 0.78. The concordance index estimates the probability that a patient who had S aureus IE was assigned a greater probability of being infected by S aureus

than a patient who did not have an S aureus infection.
†Hemodialysis fistula or any intravascular catheter (peripheral catheter, temporary central catheter, chronic indwelling central catheter, short-term noncentral catheter) present at

the beginning of the IE episode.
‡Includes Osler nodes, Janeway lesions, Roth spots, conjunctival hemorrhage, or vascular embolic events.
§Includes nosocomial (117 patients [9.6%] with non-S aureus IE vs 131 patients [23.5%] with S aureus IE, P�.001) and nonnosocomial health care–associated (94 patients [7.7%]

with non-S aureus IE vs 87 patients [15.6%] with S aureus IE, P�.001).
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care–associated infection (OR, 2.9;
95% CI, 2.1-3.8), persistent bacteremia
(OR, 2.3; 95% CI, 1.5-3.8), presence of
a presumed intravascular device source
(OR, 1.7; 95% CI, 1.2-2.6), stroke (OR,
1.6; 95% CI, 1.2-2.3), and diabetes melli-
tus (OR, 1.3; 95% CI, 1.1-1.8).

Healthcare-Associated vs
Other Types of S aureus
Infective Endocarditis

S aureus IE occurred in 3 distinct clini-
cal settings in this investigation: health
care–associated infection (218 patients,
39.1%), community-acquired infection
in persons with no history of IDU (209
patients, 37.5%), and community-
acquired IDU-associated infection (117
patients, 21.0%) (Table 2). The pre-
sumed place of infection was missing in
14 patients (2.5%). Of the 218 patients
with health care–associated IE, 131
(60.1%) had nosocomial infection, and
87 (39.9%) had nonnosocomial health
care–associated infection. Patients with
health care–associated IE were more
likely to be from the United States
(46.3%) than were patients with com-
munity-acquired IDU-associated IE
(40.2%) or community-acquired non-
IDU–associated IE (21.1%) (P�.001);
they were also older (median age, 64.6
vs 36.2 vs 60.6 years, P�.001), more

likely to be infected with MRSA (49.1%
vs 10.3% vs 13.4%, P�.001), and more
likely to have mitral valve involvement
(55.8% vs 19.6% vs 49.2%, P�.001).
However, they were less likely to have a
new/worsening cardiac murmur (33.5%
vs 52.1% vs 41.2%, P= .004).

Patient outcomes differed according
to theclinical setting.Patientswithhealth
care–associated IE had higher rates of
in-hospital mortality (29.4%) than did
patients with community-acquired IDU-
associated IE (11.1%) or community-
acquirednon-IDU–associated IE(21.1%)
(P�.001). Patients with health care–
associated IE had higher rates of mor-
tality within each of the 4 geographic re-
gions represented in this study (FIGURE).
They also had higher rates of persis-
tent bacteremia (P�.001). Despite these
observations, patients with health care–
associated IE were less likely to un-
dergo surgical therapy (33.0%) than
were patients with community-
acquired IDU-associated IE (35.0%) or
community-acquired non-IDU–
associated IE (44.5%, P=.04) (TABLE 3).

Cardiac devices were present in 130
(23.3%) of the patients in the overall
cohort with S aureus IE (permanent
pacemakers in 36 patients, cardioverter-
defibrillators in 5 patients, prosthetic
cardiac valves in 64 patients, and more

than one device present in 25 pa-
tients). Patients with cardiac devices
had higher rates of cardiac surgery
(46.9% vs 35.6%, P = .02) and in-
hospital mortality (27.7% vs 20.0%,
P=.07) than did patients without car-
diac devices.

Methicillin-Susceptible S aureus vs
Methicillin-Resistant S aureus IE

A total of 153 patients (27.4%) with S au-
reus IE were known to be infected with
MRSA. We compared the characteris-
tics and outcome of these patients with
those of patients with methicillin-
susceptible S aureus (MSSA) IE. Pa-
tientswith IDUwereexcluded fromthese
analyses because the predominance of
MSSA and the low mortality in this popu-
lation would have confounded out-
come comparisons. Of the 424 patients
with definite S aureus IE and no history
of active IDU, 141 (33.3%) were in-
fected with MRSA (TABLE 4). Patients
with MRSA IE had more chronic comor-
bid conditions and were more likely to
have health care–associated infection
(75.9% vs 37.1%, P�.001). MRSA- and
MSSA-infected patients had similar rates
of cardiac surgery. Complications dif-
fered between the 2 groups: MSSA-
infected patients had higher rates of
systemic embolization (26.2% vs 17.7%,
P=.06), whereas MRSA-infected pa-
tients experienced higher rates of per-
sistent bacteremia (42.6% vs 8.8%,
P�.001). MRSA-infected patients tended
to have higher mortality rates than did
MSSA-infected patients, although this
difference was not statistically signifi-
cant (29.8% vs 23.3%, P=.14).

A multivariate model was then fit us-
ing the patient characteristics and vari-
ables presented in Table 4 to identify
clinical features independently associ-
ated with MRSA IE. Patient character-
istics associated with MRSA IE included
persistent bacteremia (OR, 6.2; 95% CI,
2.9-13.2), chronic immunosuppressive
therapy (OR, 4.1; 95% CI, 2.0-8.6),
healthcare–associatedinfection(OR,3.4;
95% CI, 2.1-5.5), a presumed intravas-
cular device source (OR, 2.1; 95% CI,
1.2-3.7), anddiabetesmellitus (OR,2.0;
95% CI, 1.1-3.7).

Figure. In-Hospital Mortality Rates Among Patients With Health Care–Associated
Staphylococcus aureus Endocarditis
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S aureus IE in US
and Non-US Patients
The characteristics of patients with S
aureus IE are presented by geographic
region in TABLE 5. Compared with
patients fromotherregions,patients from
the United States were more likely to be
hemodialysis dependent, to be diabetic,
tohaveahemodialysis fistulaorachronic
indwelling central catheter as a pre-
sumedsourceof infection, and to receive
vancomycintherapy(P�.001forallcom-

parisons). US patients were also more
likely to have nonnosocomial health
care–associated IE. Patients from the
UnitedStates (37.2%)andBrazil (37.5%)
were more likely to have MRSA IE than
were patients from Europe/Middle East
(23.7%) and Australia/New Zealand
(15.5%) (P�.001). Although in-
hospital mortality rates were similar
among regions, United States patients
were significantly more likely to develop
persistent bacteremia (25.6%, P�.001).

Determinants of outcome of patients
with S aureus IE were next evaluated us-
ing a multivariate model (TABLE 6). Pa-
tients were included in the model if they
had definite native valve S aureus IE and
no history of active IDU. Characteris-
tics independently associated with mor-
tality among patients with S aureus IE
included stroke (OR, 3.67; 95% CI, 1.94-
6.94), persistent bacteremia (OR, 3.06;
95% CI, 1.75-5.35), diagnosis in South-
ern Europe/Middle East (OR, 3.21; 95%

Table 3. Clinical Characteristics and Outcomes of 544 Patients With Staphylococcus aureus Endocarditis Acquired From 3 Sources*

Variable

Community-Acquired, No. (%)

Health Care–Associated
(n = 218) P Value

IDU-Associated
(n = 117)

Non-IDU–Associated
(n = 209)

Type of IE
Prosthetic valve 5 (4.3) 37 (17.7) 43 (19.7) �.001

Native valve 101 (86.3) 142 (67.9) 146 (67.0) �.001

Other and unknown 11 (9.4) 30 (14.4) 29 (13.3) .30

Male sex 75 (64.1) 137 (65.6) 122 (56.0) .10

Age, median (25th-75th percentiles), y 36.2 (27.5-45.2) 60.6 (45.8-74.1) 64.6 (50.5-74.5) �.001

Region
United States 47 (40.2) 44 (21.1) 101 (46.3) �.001

Brazil 0 11 (5.3) 13 (6.0) .02

Australia/New Zealand 26 (22.2) 59 (28.2) 30 (13.8) �.001

Europe/Middle East 44 (37.6) 95 (45.5) 74 (34.0) .06

Diabetes mellitus 6 (5.1) 41 (19.6) 58 (26.6) �.001

Immunosuppressive therapy 0 9 (4.3) 29 (13.3) �.001

Recent invasive procedures 6 (5.1) 20 (9.6) 103 (48.6) �.001

Physical examination findings
Vascular/immunologic evidence of endocarditis† 36 (30.8) 72 (34.4) 50 (22.9) .09

Hematuria 40 (34.2) 72 (34.4) 32 (14.7) �.001

New murmur or worsening of old murmur 61 (52.1) 86 (41.2) 73 (33.5) .004

Echocardiographic findings
Evidence of new regurgitation 73 (62.4) 117 (56.0) 97 (44.5) .002

Intracardiac vegetations 102 (87.2) 189 (90.4) 190 (87.2) .51

Aortic 20 (19.6) 71 (37.6) 47 (24.7) .001

Mitral 20 (19.6) 93 (49.2) 106 (55.8) �.001

Tricuspid 73 (71.6) 19 (10.1) 33 (17.4) �.001

Other‡ 6 (5.1) 26 (12.4) 34 (15.6) .02

Paravalvular complications 18 (15.4) 49 (23.4) 44 (20.2) .22

Infection with methicillin-resistant S aureus 12 (10.3) 28 (13.4) 107 (49.1) �.001

Vancomycin therapy 28 (23.9) 47 (22.5) 117 (53.7) �.001

Surgery this episode 41 (35.0) 93 (44.5) 72 (33.0) .041

Outcomes
Stroke 14 (12.0) 56 (26.8) 48 (22.0) .008

Systemic embolization other than stroke 47 (40.2) 65 (31.1) 38 (17.4) �.001

Congestive heart failure 27 (23.1) 68 (32.5) 61 (28.0) .23

Intracardiac abscess 11 (9.4) 32 (15.3) 27 (12.4) .30

Persistent bacteremia 8 (6.8) 23 (11.0) 62 (28.4) �.001

Death 13 (11.1) 44 (21.1) 64 (29.4) �.001
Abbreviations: IDU, injection drug use; IE, infective endocarditis.
*Fourteen patients with S aureus IE and an unknown place of acquisition were excluded from analysis.
†Includes Osler nodes, Janeway lesions, Roth spots, conjunctival hemorrhage, or vascular embolic events.
‡Includes vegetations involving pulmonic valves, chordae, myocardial wall, intracardiac catheter, or intracardiac device.
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CI, 1.17-10.56), and age in 10-year in-
tervals (OR, 1.49, 95% CI, 1.23-1.81).

COMMENT
Changes in health care delivery and in
antimicrobial resistance patterns have al-
tered the epidemiology of S aureus in-
fections. This investigation documents
several new and important aspects of S
aureus IE in the current era.

S aureus was the most common
cause of IE in the overall ICE-PCS
cohort, and IE due to S aureus exhib-
ited distinct characteristics as com-
pared with IE due to other pathogens.
The finding of S aureus as the leading

cause of IE differs from previous
reports12,15 and may be due in part to
increasing rates of staphylococcal bac-
teremia related to health care contact
in industrialized nations. For example,
rates of sepsis due to gram-positive
organisms increased by an average of
26.3% annually from 1979 to 2000,
making these bacteria the leading
cause of sepsis in the United States.17

In addition, S aureus was the second
most common pathogen isolated in 2
recent, large studies of bloodstream
infections in the United States18 and
Europe.31 Our findings emphasize that,
in addition to sepsis and bacteremia, S

aureus is now also the leading cause of
IE in many regions of the globe.

The current investigation defini-
tively establishes the global emer-
gence of health care contact as a criti-
cal risk factor for S aureus IE. In contrast
to older, smaller, and often retrospec-
tive reports, health care–associated in-
fection was the single most common
form of S aureus IE in this study. In-
deed, health care-associated infection
accounted for one quarter to one half
of S aureus IE cases reported in the rep-
resented geographic regions. In a sig-
nificant proportion of these patients,
an intravascular device was the pre-

Table 4. Clinical Characteristics and Outcomes of 424 Prospectively Identified Patients With Definite Endocarditis Due to
Methicillin-Susceptible and Methicillin-Resistant Staphylococcus aureus*

Variable†

No. (%)

P Value

Multivariate Model
Odds Ratio
(95% CI)‡

Methicillin-Susceptible
S aureus
(n = 283)

Methicillin-Resistant
S aureus
(n = 141)

Type of IE
Prosthetic valve 54 (19.1) 23 (16.3) .49
Native valve 189 (66.8) 100 (70.9) .39
Other and unknown 40 (14.1) 18 (12.8) .70

Male sex 184 (65.0) 74 (52.5) .01
Age, median (25th–75th), y 60.7 (47.0-73.9) 65.2 (53.4-74.2) .05
Region

United States 83 (29.3) 64 (45.4) .001
Brazil 14 (5.0) 9 (6.4) .54
Australia/New Zealand 72 (25.4) 17 (12.1) .001
Europe/Middle East 114 (40.3) 51 (36.2) .41

Hemodialysis dependence 39 (13.8) 32 (22.7) .02
Diabetes mellitus 51 (18.0) 48 (34.0) �.001 2.0 (1.1-3.7)
Chronic immunosuppressive therapy 10 (3.5) 25 (17.7) �.001 4.1 (2.0-8.6)
Cancer 24 (8.5) 21 (14.9) .04
Recent invasive procedures 69 (24.4) 53 (37.6) .002
Presumed intravascular device source§ 87 (30.7) 85 (60.3) �.001 2.1 (1.2-3.7)
Presumed place of acquisition

Health care–associated 105 (37.1) 107 (75.9) �.001 3.4 (2.1-5.5)
Nosocomial 62 (21.9) 65 (46.1) �.001
Nonnosocomial health care–associated 43 (15.2) 42 (29.8) �.001

Community-acquired 172 (60.8) 28 (19.9) �.001
Unknown 6 (2.1) 6 (4.3) .21

Outcome
Systemic embolization other than stroke 74 (26.2) 25 (17.7) .07
Surgery this episode 106 (37.5) 55 (39.0) .76
Persistent bacteremia 25 (8.8) 60 (42.6) �.001 6.2 (2.9-13.2)
In-hospital death 66 (23.3) 42 (29.8) .14

Abbreviations: IDU, injection drug use; IE, infective endocarditis.
*Patients were excluded from the analysis if they had community-acquired IDU-associated S aureus IE (n = 117) or if the antimicrobial susceptibility profiles of the infecting S aureus

isolate were not reported (n = 17).
†Other comparisons between methicillin-susceptible and methicillin-resistant S aureus included vascular/immunologic evidence of endocarditis (29.0% vs 27.7%, P = .78); new or

worsening of pre-existing cardiac murmur (38.9% vs 31.9%, P = .16); stroke (23.3% vs 23.4%, P = .94); congestive heart failure (30.7% vs 29.8%, P = .99); and intracardiac
abscess (14.5% vs 11.4%, P = .38).

‡Concordance index, 0.82. The concordance index estimated the probability that a patient who had methicillin-resistant S aureus IE was assigned a greater probability of being
infected by methicillin-resistant S aureus than a patient who did not have methicillin-resistant S aureus infection.

§Hemodialysis fistula or intravascular catheter.
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sumed source of bacteremia, confirm-
ing previous single-center observa-
tions.13,14,16,32-34 Prosthetic cardiac
devices (pacemakers, defibrillators, and
prosthetic cardiac valves) were pre-
sent in almost one quarter of the pa-
tients in this investigation. This find-
ing is consistent with a recent report
using Medicare claims data to demon-
strate increasing numbers of cardiac de-
vice infections over the previous de-
cade.21 S aureus IE was also associated
with immunosuppression in this and
prior reports.25 This association may be
due to either the health care for under-
lying diseases that are being treated with
immunosuppressive therapy or the im-

munosuppression itself. Taken to-
gether, these findings indicate an im-
portant shift in the epidemiology of S
aureus IE: it is increasingly a conse-
quence of medical progress.

Based upon the findings in this inves-
tigation, we suggest that health care–
associated IE is a distinct clinical sub-
type of S aureus IE, distinguished by a
relative infrequencyofclassicclinicalstig-
mata of IE, a predominance of mitral
valve involvement, and a high mortality
rate. The lower rates of surgery among
patients with health care-associated S
aureus IE may reflect a higher rate of
comorbid conditions or advanced age, a
lower rate of clinical recognition of IE,

or the higher rate of stroke among
patients with S aureus IE in this study.
These findings underscore the need to
reduce the number of health care–
associated infections through improved
compliance with infection control pro-
cedures, aswell as theneed fornewinter-
ventions and preventive strategies.

This investigation also conclusively
establishes MRSA as a significant cause
of IE internationally, accounting for al-
most 40% of the IE caused by S aureus
in certain regions. Not surprisingly, pa-
tients with MRSA IE were signifi-
cantly more likely to have preexisting
chronic conditions and health care–
associated IE by both univariate and

Table 5. Clinical Characteristics, Treatment, and Outcome of 558 Patients With Definite Staphylococcus aureus Endocarditis by Geographic
Region

Characteristics*

No. (%)

P Value
United States

(n = 199)
Brazil

(n = 24)
Australia/New Zealand

(n = 116)
Europe/Middle East

(n = 219)

Male sex 117 (58.8) 18 (75.0) 63 (54.3) 143 (65.3) .09
Hemodialysis dependent 57 (28.6) 1 (4.2) 5 (4.3) 16 (7.3) �.001
Diabetes mellitus 64 (32.2) 3 (12.5) 14 (12.1) 29 (13.2) �.001
Other chronic illness 154 (77.4) 7 (29.2) 49 (42.2) 109 (49.8) �.001
Injection drug use 51 (25.6) 0 28 (24.1) 46 (21.0) .04
Presumed intravascular device source

Hemodialysis fistula 33 (16.6) 1 (4.2) 3 (2.6) 11 (5.0) �.001
Short-term noncentral catheter 20 (10.1) 6 (25.0) 11 (9.5) 41 (18.7) .01
Chronic indwelling central catheter 42 (21.1) 0 4 (3.5) 11 (5.0) �.001
Short-term indwelling central catheter 14 (7.0) 7 (29.2) 8 (6.9) 19 (8.7) .003

Findings on clinical evaluation
New or worsening of old cardiac murmur 68 (34.2) 6 (25.0) 44 (37.9) 106 (48.4) .009
Pulmonary edema 72 (36.2) 4 (16.7) 16 (13.8) 37 (16.9) �.001

Infection with methicillin-resistant S aureus 74 (37.2) 9 (37.5) 18 (15.5) 52 (23.7) �.001
Presumed place of acquisition

Health care–associated 101 (50.8) 13 (54.17) 30 (25.86) 74 (33.79) �.001
Nosocomial 36 (18.1) 12 (50.0) 25 (21.6) 58 (26.5) .003
Nonnosocomial health care–associated 65 (32.7) 1 (4.2) 5 (4.3) 16 (7.3) �.001

Community-acquired 91 (45.7) 11 (45.8) 85 (73.3) 139 (63.5) �.001
Injection drug use (IDU)–associated 47 (23.6) 0 26 (22.4) 44 (20.1) .06
Non-IDU–associated 44 (22.1) 11 (45.8) 59 (50.9) 95 (43.4) �.001

Unknown 7 (3.5) 0 1 (0.9) 6 (2.7) .43
Treatment details

Vancomycin therapy 109 (54.8) 11 (45.8) 28 (24.1) 51 (23.3) �.001
Surgery this episode 60 (30.2) 7 (29.2) 53 (45.7) 91 (41.6) .02

Complications/outcomes
Stroke 41 (20.6) 4 (16.7) 29 (25.0) 45 (20.6) .72
Systemic embolization other than stroke 51 (25.6) 5 (20.8) 28 (24.1) 67 (30.6) .34
Heart failure 63 (31.7) 9 (37.5) 30 (25.9) 59 (26.9) .53
Intracardiac abscess 26 (13.1) 5 (20.8) 13 (11.2) 27 (12.3) .66
Persistent bacteremia 51 (25.6) 1 (4.2) 11 (9.5) 32 (14.6) �.001
Death 44 (22.1) 4 (16.7) 25 (21.6) 52 (23.7) .86

Abbreviations: IDU, injection drug use.
*Other comparisons between S aureus IE in the United States, Brazil, Australia/New Zealand, and Europe/Middle East included type of endocarditis (P = .422 between groups),

median age in years (P = .680 between groups), vascular/immunologic evidence of endocarditis (P = .374 between groups), and presence of intracardiac vegetations (P = .844
between groups).
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multivariate modeling. One distinct
characteristic of MRSA IE suggested in
the current investigation was persis-
tent bacteremia. This finding is consis-
tent with previous reports35,36 and may
be due in part to the use of vancomy-
cin, an agent associated with delayed
bactericidal activity against S au-
reus.35-37 Despite a higher rate of per-
sistent bacteremia, the difference in
mortality between MRSA- and MSSA-
infected subjects did not achieve sta-
tistical significance. This observation
may be due in part to the overall high
mortality of S aureus IE (regardless of
the antimicrobial resistance profile of
the infecting pathogen) or due simply
to an insufficient sample size.

It is important to note that approxi-
mately 20% of patients with MRSA IE
developed their infection in the ab-
sence of identifiable health care con-
tact. Community-acquired MRSA cases
differ demographically from health
care–associated MRSA cases; MRSA
isolates from community-acquired in-
fections commonly possess distinct
exotoxin gene profiles (eg, Panton-
Valentine leukocidin genes) com-
pared with health care–associated iso-
lates.20 The findings of the current

investigation, coupled with the increas-
ing number of reports of community-
acquired MRSA infection, suggest that
these strains may be an emerging cause
of IE in many regions of the world.

One clinical profile seen almost ex-
clusively in US patients was the devel-
opment of IE among non-hospitalized
subjects with extensive health care con-
tact, often in the context of long-term in-
travascular access. Almost one third of
US patients developed nonnosocomial
health care–associated IE, and in ap-
proximately 20%, the presumed source
was a chronic indwelling central cath-
eter. This finding may reflect the recent
increasing trend in the United States to-
ward outpatient medical therapy, such
as long-term antibiotics, parenteral nu-
trition, and hemodialysis. United States
patients with S aureus IE were also sig-
nificantly more likely to be infected with
MRSA and to develop persistent bacter-
emia. The higher rates of persistent bac-
teremia in US patients may be due in part
to the fact that they were more likely to
receive vancomycin.

While the ICE-PCS represents the
largest and most geographically diverse
collection of prospectively identified pa-
tients with S aureus IE ever assembled,

this investigation has limitations. This is
an observational study of patients with
definite IE from centers that have self-
selected to participate in the ICE-PCS.
Therefore, a population sample was not
obtained from any specific region, lim-
iting any epidemiologic inferences. Simi-
larly, as only a select group of centers
within each geographic region partici-
pated in the current investigation, re-
gional characterization is based solely on
data fromthesecenters. Inaddition, these
hospitals are typically referral centers that
have cardiac surgical programs. There-
fore, the results of this study may not
generalize to other patient populations
with S aureus IE or to patients receiving
care at other types of medical centers.

CONCLUSION
S aureus is now the most common cause
of IE in many areas of the developed
world. Patients with IE due to S aureus
exhibit distinct characteristics com-
pared with patients with IE due to other
pathogens. Health care–associated IE is
emerging as the most common form of
S aureus IE and has distinct features com-
pared with more familiar forms of S au-
reus IE, such as community-acquired
IDU-associated infection. MRSA is now

Table 6. Multivariate Model of In-Hospital Mortality Among 300 Patients With Definite Staphylococcus aureus Infective Endocarditis*

Variables Considered for the Multivariate Model
of In-Hospital Death

Unadjusted OR
(95% Wald CL) P Value

Adjusted OR
(95% Wald CL)† P Value

Age in 10-year intervals 1.40 (1.16-1.69) �.001 1.49 (1.23-1.81) �.001
Male sex 2.23 (1.17-4.26) .02
Geographic location

United States vs Northern/Central Europe 1.68 (0.75-4.28) .33 1.90 (0.57-6.37) .30
Brazil vs Northern/Central Europe 0.58 (0.13-2.51) .46 0.79 (0.20-3.21) .75
Australia/New Zealand vs Northern/Central Europe 2.07 (0.68-6.25) .20 2.26 (0.62-8.26) .22
Southern Europe/Middle East vs Northern/Central Europe 2.39 (0.86-6.65) .10 3.21 (1.17-10.56) .02

Medical history
Persistent bacteremia 2.88 (1.89-4.47) �.001 3.06 (1.75-5.35) �.001
Stroke 2.69 (1.43-5.07) .002 3.67 (1.94-6.94) �.001
History of diabetes 1.76 (0.96-3.23) .07
History of other chronic illness 1.76 (1.16-2.69) .008
Elevated erythrocyte sedimentation rate 0.62 (0.43-0.91) .01
Pulmonary edema 2.10 (1.13-3.89) .02
Paravalvular complications 1.73 (0.96-3.11) .07
Surgery this episode 0.53 (0.31-0.92) .02
Congestive heart failure 2.19 (1.20-4.00) .01
Intracardiac abscess 2.87 (1.57-5.23) �.001

Abbreviations: CL, confidence limit; IDU, injection drug use; OR, odds ratio.
*Patients with nonnative valve IE (n = 141), IDU-associated infection (n = 101), or both (n = 16) were excluded from the current analysis to minimize patient heterogeneity.
†Variables with adjusted odds ratios reported were included in the final multivariate model. Concordance index, 0.75. The concordance index estimated the probability that a patient

who died of S aureus IE was assigned a greater probability of dying of S aureus IE than a patient who did not die of S aureus IE.
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encountered internationally as a rela-
tively common cause of IE and is asso-
ciated with persistent bacteremia. Fu-
ture investigations are required to
identify better treatment and preven-
tion strategies for this serious and com-
mon consequence of medical progress.
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to test elimination of alcohol craving and its potential con-
sequences.
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In Reply: Dr Ameisen notes that the number of heavy drink-
ing days did not progressively decrease in our trial, sug-
gesting that longer treatment would be of no additional ben-
efit. We believe that maintenance of a reduction in heavy
drinking is itself of benefit to patients. What might consti-
tute additional benefit is a complex matter and may in-
clude progressive reduction of heavy drinking, establish-
ment of abstinence, or improved quality of life. In our trial,
participants who had 7 days or more of lead-in abstinence
dramatically reduced their heavy drinking with naltrex-
one. Furthermore, a secondary analysis of individuals with
at least 4 days of abstinence prior to starting medication
showed that the naltrexone 380-mg dosage significantly in-
creased the likelihood of abstinence compared with pla-
cebo,1 which does represent additional benefit. Further stud-
ies are needed to examine treatment outcomes over longer
periods and across different subgroups of alcoholics.

Ameisen suggests that naltrexone does not eliminate crav-
ing for alcohol and that this may contribute to the lack of a
progressive decline in heavy drinking days. However, crav-
ing is an elusive concept and has not been consistently shown
to be a good predictor of relapse.2 In addition, several clini-
cal studies have reported that naltrexone does reduce crav-
ing.3,4 Clinical trials are increasingly focusing on outcomes
such as heavy-drinking events rather than craving because
these outcomes directly predict the negative consequences
of alcoholism.

Baclofen is a promising medication5 and offers another
potential pharmacological approach to treatment of alco-
holism. We agree that it should be studied further.
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CORRECTIONS

Incorrect Wording: In the Caring for the Critically Ill Patient entitled “Effect of Ex-
ogenous Surfactant (Calfactant) in Pediatric Acute Lung Injury: A Randomized Con-
trolled Trial” published in the January 26, 2005, issue of JAMA (2005;293:470-
476), the word “less” incorrectly was used instead of “more.” On page 474, the
first sentence in the “Comment” section should be “Infants, children, and ado-
lescents with ALI who received calfactant in this multicenter study had decreased
mortality, more rapid improvement in oxygenation index, and were more likely to
respond to conventional mechanical ventilation.”

Incorrect Wording: In the Original Contribution entitled “Staphylococcus aureus
Endocarditis: A Consequence of Medical Progress” published in the June 22/29,
2005, issue of JAMA (2005;293:3012-3021), the word “outside” incorrectly was
used instead of “inside.” On page 3012, the third sentence of the “Results” sec-
tion of the abstract should have read “Most patients with health care–associated
S aureus IE (131 patients, 60.1%) acquired the infection inside of the hospital.”

LETTERS

900 JAMA, August 24/31, 2005—Vol 294, No. 8 (Reprinted) ©2005 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023




