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Background: Bloodstream infections occurring in persons resid-
ing in the community, regardless of whether those persons have
been receiving health care in an outpatient facility, have tradition-
ally been categorized as community-acquired infections.

Objective: To develop a new classification scheme for blood-
stream infections that distinguishes among community-acquired,
health care–associated, and nosocomial infections.

Design: Prospective observational study.

Setting: One academic medical center and two community hos-
pitals.

Patients: All adult patients admitted to the hospital with blood-
stream infection.

Measurements: Demographic characteristics, living arrange-
ments before hospitalization, comorbid medical conditions, factors
predisposing to bloodstream infection, date of hospitalization,
dates and number of positive blood cultures, results of microbio-
logical susceptibility testing, dates of hospital discharge or death,
and mortality rates at 3 to 6 months of follow-up.

Results: 504 patients with bloodstream infections were enrolled;
143 (28%) had community-acquired bloodstream infections, 186
(37%) had health care–associated bloodstream infections, and 175
(35%) had nosocomial bloodstream infections. Of the 186 pa-
tients with health care–associated bloodstream infection, 29 re-
sided in a nursing home, 64 were receiving home health care, 78

were receiving intravenous or intravascular therapy at home or in
a clinic, and 117 had been hospitalized in the 90 days before their
bloodstream infection. Cancer was more common in patients with
health care–associated or nosocomial bloodstream infection than
in patients with community-acquired bloodstream infection. Intra-
vascular devices were the most common source of health care–
associated and nosocomial infections, and Staphylococcus aureus
was the most frequent pathogen in these types of infections.
Methicillin-resistant S. aureus occurred with similar frequency in
the groups with health care–associated infection (52%) and
nosocomial infection (61%) but was uncommon in the group with
community-acquired bloodstream infection (14%) (P � 0.001).
Mortality rate at follow-up was greater in patients with health
care–associated infection (29% versus 16%; P � 0.019) or noso-
comial infection (37% versus 16%; P < 0.001) than in patients
with community-acquired infection.

Conclusions: Health care–associated bloodstream infections are
similar to nosocomial infections in terms of frequency of various
comorbid conditions, source of infection, pathogens and their
susceptibility patterns, and mortality rate at follow-up. A separate
category for health care–associated bloodstream infections is jus-
tified, and this new category will have obvious implications for
choices about empirical therapy and infection-control surveillance.
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Arecent review (1) found that nearly equal proportions
of bacteremias were community acquired (48%) and

nosocomial (52%). In the 1970s, by contrast, nearly two
thirds of 500 bacteremic episodes were nosocomial (2). At
present, patients with complicated conditions, such as can-
cer or renal failure, are routinely cared for in outpatient
settings, yet such patients are still categorized as having
“community-acquired infections” when they are admitted
to the hospital with bloodstream infection. The Centers for
Disease Control and Prevention (CDC) surveillance defi-
nitions include only nosocomial infection (3); infections
that are not nosocomial are considered to be community
acquired by default.

The term nosohusial has been proposed to describe in-
fections occurring in patients who are receiving care at
home (4). However, this term applies only to illnesses in
patients who receive care at home; it excludes patients in
nursing homes and rehabilitation centers, patients receiv-
ing dialysis, and patients receiving chemotherapy in physi-
cians’ offices. Although the authors of a recent study (5)
proposed creating a more inclusive category, health care–

associated infection, no consensus definition exists for this
group of infections.

We sought to devise a new classification scheme for
bloodstream infections that distinguishes among and com-
pares patients with community-acquired, health care–asso-
ciated, and nosocomial infections.

METHODS

This prospective cohort study was done at Duke Uni-
versity Medical Center (Durham, North Carolina),
Durham Regional Hospital (Durham, North Carolina),
and Nash General Hospital (Rocky Mount, North Caroli-
na). Approval of the study protocol was obtained from the
institutional review boards at each hospital, which waived
the requirement for obtaining informed consent.

Patient Selection
Daily microbiology laboratory reports were reviewed

and case-report forms were completed by either a physician
or an infection-control practitioner on consecutive adult
patients who were admitted to the hospital with blood-
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stream infections or developed bloodstream infections dur-
ing hospitalization. Patients younger than 17 years of age
and patients who visited the emergency department but
were not hospitalized were excluded.

Data Collection
We collected data on demographic characteristics,

medication use, blood cultures, comorbid medical condi-
tions, results of antimicrobial susceptibility testing, and
dates of admission and discharge or death. Mortality data
were retrieved from medical records and a Social Security
death registry Web site (6). The medical record was the
gold standard for assessing mortality, and we searched for
deaths by Social Security number only if the medical
record was not definitive. Follow-up continued for a max-
imum of 6 months after enrollment.

A bloodstream-infection episode was defined by the first
set of positive blood cultures in a series or by any new
positive blood culture set occurring more than 48 hours
after a previous positive result, unless it was clear to the
investigator that the new positive culture was part of the
previous episode (2). To distinguish between true blood-
stream infections and episodes of contamination, each pos-
itive blood culture was assessed critically by one investiga-
tor. All isolates were categorized as 1) true-positive, 2)
contaminated, or 3) of unknown clinical significance. The
determination was made after review of the patient’s clin-
ical history, physical findings, temperature at the time of
blood culture, leukocyte count, number of positive blood
cultures, results of cultures of specimens from other sites,
imaging results, histopathologic findings, clinical course,
and response to therapy (1).

Nosocomial bloodstream infection was defined by a pos-
itive blood culture obtained from patients who had been
hospitalized for 48 hours or longer (3). If a patient was
transferred from another hospital, the duration of inpatient
stay was calculated from the date of the first hospital ad-
mission.

Health care–associated bloodstream infection was defined
by a positive blood culture obtained from a patient at the
time of hospital admission or within 48 hours of admission
if the patient fulfilled any of the following criteria:

1. Received intravenous therapy at home; received
wound care or specialized nursing care through a health
care agency, family, or friends; or had self-administered
intravenous medical therapy in the 30 days before the
bloodstream infection. Patients whose only home therapy
was oxygen use were excluded.

2. Attended a hospital or hemodialysis clinic or re-
ceived intravenous chemotherapy in the 30 days before the
bloodstream infection.

3. Was hospitalized in an acute care hospital for 2 or
more days in the 90 days before the bloodstream infection.

4. Resided in a nursing home or long-term care facility.
Community-acquired bloodstream infection was defined

by a positive blood culture obtained at the time of hospital
admission or within the 48 hours after hospital admission
for patients who did not fit the criteria for a health care–
associated infection.

Information about comorbid medical conditions, such
as diabetes, chronic obstructive pulmonary disease, liver
disease, active cancer, transplantation, or HIV infection,
was obtained through medical record review. Active cancer
was defined as a solid tumor or hematologic malignancy
(except squamous-cell or basal-cell skin cancer) diagnosed
or treated in the past 5 years. Vascular disease was defined
by the clinical documentation of at least one of the follow-
ing: coronary artery disease, cerebrovascular disease, pe-
ripheral vascular disease, or aortic aneurysm. Renal failure
was defined as a serum creatinine concentration greater
than 177 �mol/L (�2.00 mg/dL).

Factors predisposing to infection, such as chemother-
apy, immunosuppressive therapy, and radiation therapy,
were considered to be present if they had been adminis-
tered within 30 days of the bloodstream infection. Neutro-
penia was defined as an absolute neutrophil count of less
than 500 cells/mm3 within 30 days before the bloodstream
infection. Immunosuppressive therapy included treatment
with steroids, cyclophosphamide, azathioprine, methotrex-
ate, mycophenolate mofetil, and calcineurin inhibitors.

Sources of bloodstream infection were designated as
culture confirmed (if the same organism was isolated from
another site) or suspected (if clinical findings of infection
were seen without microbiological proof). Primary blood-
stream infections including intravascular device–associated in-
fections were defined according to the National Nosocomial
Infections Surveillance System (3, 7). Secondary bloodstream
infection was declared to be present when an organism iso-

Context

Bloodstream infections are traditionally classified as
community-acquired or hospital-acquired (nosocomial).
Ideally, these classifications guide initial diagnostic and
management decisions. As out-of-hospital care grows
more complex, do we need finer classifications?

Contribution

This prospective study from three hospitals in North Caro-
lina shows that about one third of patients with blood-
stream infections have had recent contact with the health
care system (health care–associated infections) through
nursing homes, home health care programs, outpatient
intravenous therapy, or recent hospitalizations. Staphylo-
coccus aureus and intravascular devices were the most
common pathogen and source, respectively, for both
health care–associated and nosocomial infections.

Implications

Health care–associated infections often resemble nosoco-
mial infections, a fact to be considered in selecting empiri-
cal antibiotic therapy for these infections.

–The Editors
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lated from a blood culture was related to an infection at
another site, as defined by both CDC and other published
criteria (3, 8).

Microbiology
All isolates from patients were identified and speciated

by using standard microbiologic techniques (2). Antimi-
crobial susceptibility testing was done according to Na-
tional Committee for Clinical Laboratory standards (9).

Statistical Analysis
Statistical analysis was done by using SAS software,

version 8.2 (SAS Institute, Inc., Cary, North Carolina).
Distributions of baseline characteristics were analyzed by
using the Wilcoxon rank-sum test for continuous variables.
The chi-square test was used to assess associations among
categorical variables, with 3 � 2 tables broken down into
three 2 � 2 tables for pairwise comparisons. If any ex-
pected value for a cell in one of the 2 � 2 tables was less
than 5, the Fisher exact test was used and two-sided P
values were reported. Associations between epidemiologic
categories of infection and other variables were analyzed by
using conditional fixed-effects logistic regression. Dummy
variables (0/1) were used to represent two of the three
hospitals (the third hospital being the baseline) as well as
two of the three epidemiologic categories of infection,
thereby adjusting for clustering of epidemiologic factors
and outcomes by hospital site. This technique was vali-
dated by comparison with Mantel–Haenszel chi-square. A

P value less than 0.05 was considered statistically signifi-
cant.

Role of the Funding Source
The funding source had no role in the collection, anal-

ysis, or interpretation of the data or in the decision to
submit the manuscript for publication.

RESULTS

Between 16 October 2000 and 28 February 2001, a
total of 1175 positive blood cultures were detected at the
three study hospitals. Of these 1175 cultures, 476 were the
result of contamination, 655 represented true bloodstream
infections, and 44 were of unknown clinical significance.
Seven of the 1175 were excluded from analysis because the
patients were not admitted to the hospital.

Coagulase-negative staphylococci (66%), gram-posi-
tive rods (16%), and mixed skin flora (9%) constituted
most of the contaminants. Either coagulase-negative staph-
ylococci (64%) or yeast (11%) was present in three fourths
of cases classified as bloodstream infection of unknown
clinical significance.

Five hundred four patients had a total of 648 blood-
stream-infection episodes (mean episodes per patient, 1
[range, 1 to 4]). Only the first episode of bloodstream
infection was analyzed; subsequent episodes were excluded.

Of the 504 patients, 143 (28%) had community-

Table 1. Characteristics of 504 Patients with Bloodstream Infections from Three Hospitals*

Characteristic Patients from
DUMC (n � 330)

Patients from
DRH (n � 110)

Patients from
NGH (n � 64)

Total Patients
(n � 504)

P Values

DUMC
vs. DRH

DUMC
vs. NGH

DRH
vs. NGH

Mean age � SD (median), y 58 � 17 (59) 65 � 19 (71) 63 � 20 (67) 60 � 18 (61) �0.001 0.069 �0.2
Men, n (%) 182 (55) 57 (52) 30 (47) 269 (53) �0.2 �0.2 �0.2
Race, n (%)

White 194 (59) 67 (61) 18 (28) 279 (55) �0.2 �0.001 �0.001
Nonwhite 136 (41) 43 (39) 46 (72) 225 (45)

Living arrangements before
hospitalization, n (%)

Private residence 307 (93) 92 (84) 54 (84) 453 (90) 0.16 0.025 �0.2
Other 23 (7) 18 (16) 10 (16) 51 (10)

Comorbid conditions, n (%)
Vascular disease 130 (39) 49 (45) 26 (41) 205 (41) �0.2 �0.2 �0.2
Renal failure 113 (34) 20 (18) 21 (33) 154 (31) 0.002 �0.2 0.028
Hemodialysis 46 (14) 5 (5) 10 (16) 61 (12) 0.008 �0.2 0.012
Diabetes mellitus 91 (28) 28 (25) 24 (38) 143 (28) �0.2 0.11 0.094
Cancer 104 (32) 22 (20) 8 (13) 134 (27) 0.021 0.002 �0.2
Chronic obstructive pulmonary

disease 47 (14) 23 (21) 13 (20) 83 (16) 0.098 �0.2 �0.2
Liver disease 32 (10) 1 (1) 6 (9) 39 (8) 0.002 �0.2 0.011
Transplantation 41 (12) 0 0 41 (8) �0.001 0.003 1.0
HIV infection 15 (5) 5 (5) 5 (8) 25 (5) 1.0 �0.2 �0.2

Factors predisposing to bloodstream
infection, n (%)

Immunosuppressive therapy 73 (22) 10 (9) 8 (13) 91 (18) 0.003 0.081 �0.2
Chemotherapy 51 (15) 7 (6) 2 (3) 60 (12) 0.015 0.008 �0.2
Neutropenia 26 (8) 4 (4) 1 (2) 31 (6) 0.13 0.067 �0.2
Radiation therapy 11 (3) 1 (1) 2 (3) 14 (3) 0.18 �0.2 �0.2

* DRH � Durham Regional Hospital; DUMC � Duke University Medical Center; and NGH � Nash General Hospital.
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acquired bloodstream infections, 186 (37%) had health
care–associated bloodstream infections, and 175 (35%)
had nosocomial bloodstream infections. Community-
acquired infections occurred more frequently at the two
community hospitals (71 of 174 patients [41%]) than at
the university teaching hospital (72 of 330 patients [22%])
(P � 0.001). Conversely, nosocomial infections occurred
more frequently at the university teaching hospital (142 of
330 patients [43%] than at the two community hospitals
(33 of 174 patients [19%]) (P � 0.001).

First episodes of bloodstream infection comprised 577
isolates from 504 patients; that is, 114 of 504 patients
(23%) had polymicrobial infections. Patients had a median
of 2 positive blood culture sets (interquartile range [IQR],
1 to 2; range, 1 to 15).

The mean age of the study patients was 60 years. Ap-
proximately two thirds of the study cohort was admitted to
Duke University Medical Center (Table 1). Twenty-nine
percent of patients (146 of 504) either were admitted to an
intensive care unit after onset of their bloodstream infec-
tion or developed a bloodstream infection while in, or
within 7 days of being in, an intensive care unit.

Health Care–Associated Bloodstream Infection
Twenty-nine of 186 patients with health care–associ-

ated bloodstream infections (16%) resided in a nursing
home, 64 (34%) received home health care, 78 (42%) re-
ceived home- or clinic-based intravenous therapy or dialy-
sis, and 117 (63%) had been hospitalized in the 90 days
before their bloodstream infection.

Comorbid Medical Conditions and Factors Predisposing
to Bloodstream Infection

The most frequent comorbid medical conditions were
vascular disease (41% of the 504 total patients), renal fail-
ure (31%), and diabetes mellitus (28%). Diabetes mellitus,

vascular disease, and chronic obstructive pulmonary disease
were equally common in the three groups of patients
(Table 2). Renal failure was more common in patients
with health care–associated infection; HIV infection was
more common in those with community-acquired infec-
tion. Cancer was more common in the groups with health
care–associated and nosocomial infections than in the
group with community-acquired infection (Table 2).

Source of Bloodstream Infection
A proven (n � 234) or suspected (n � 210) source of

bloodstream infection was identified in 444 of 504 study
patients (88%). Bloodstream infections were considered to
be primary in 208 patients (40%) and secondary in 296
patients (60%). An intravascular device was the most com-
mon source of bloodstream infection (148 of 444 patients
[33%]), and urinary tract infection was the second most
common source (114 of 444 patients [26%]).

Patients with health care–associated and nosocomial
bloodstream infections had similar frequencies of intravas-
cular-device–related and gastrointestinal tract–related bac-
teremias, and patients with community-acquired blood-
stream infection had more bloodstream infections that
were secondary to urinary tract infection (Table 3).

Pathogens
The two pathogens most often responsible for com-

munity-acquired bloodstream infections were Escherichia
coli and Streptococcus pneumoniae. Staphylococcus aureus was
the most common pathogen in patients with health care–
associated and nosocomial bacteremia. The second and
third most common pathogens in patients with nosocomial
bloodstream infection were Staphylococcus epidermidis and
Enterococcus species. Candida species caused only 2 of 143

Table 2. Comorbid Medical Conditions in 504 Patients with Bloodstream Infections, by Epidemiologic Type of Infection*

Condition Patients with
Community-
Acquired BSI
(n � 143)

Patients with
Health Care–
Associated BSI
(n � 186)

Patients with
Nosocomial BSI
(n � 175)

P Values

Community-
Acquired BSI vs.
Health Care–
Associated BSI

Community-
Acquired BSI vs.
Nosocomial BSI

Health Care–
Associated BSI vs.
Nosocomial BSI

4OOOOOOOOOOOn (%)OOOOOOOOOOO3
Renal failure 32 (22) 73 (39) 49 (28) 0.019 �0.2 0.041
Diabetes 39 (27) 57 (31) 47 (27) �0.2 �0.2 �0.2
Vascular disease 50 (35) 80 (43) 75 (43) �0.2 0.19 �0.2
Cancer 18 (13) 55 (30) 61 (35) 0.003 0.001 �0.2
Chemotherapy 0 (0) 32 (17) 28 (16) �0.2 �0.2 �0.2
Neutropenia 0 (0) 13 (7) 18 (10) �0.2 �0.2 �0.2
Chronic obstructive

pulmonary
disease 25 (17) 27 (15) 31 (18) �0.2 �0.2 �0.2

Transplantation 7 (5) 17 (9) 17 (10) �0.2 �0.2 �0.2
Immunosuppressive

therapy 17 (12) 36 (19) 38 (22) 0.17 0.16 �0.2
HIV infection 13 (9) 6 (3) 6 (3) 0.032 0.060 �0.2
Liver disease 8 (6) 20 (11) 11 (6) �0.2 �0.2 0.096

* BSI � bloodstream infection.
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community-acquired bloodstream infections, but it caused
10 of 175 nosocomial bloodstream infections (P � 0.04).

Microbiological Susceptibility Data
Seventy-three of the 145 patients with bloodstream

infection due to S. aureus were infected with methicillin-
resistant S. aureus (MRSA). Only 3 patients with commu-
nity-acquired bloodstream infection were infected with
MRSA (2%); in contrast, 35 of 186 patients (19%) with
health care–associated bloodstream infection and 35 of 175
patients (20%) with nosocomial bloodstream infection had
MRSA bacteremia. Of the 35 patients with health care–
associated cases of MRSA bacteremia, 23 had been hospi-
talized in the previous 90 days, 15 had received home in-
travenous therapy or nursing care, 16 were receiving
dialysis or chemotherapy, and 8 resided in a nursing home.
All 3 patients with community-acquired MRSA infection
had been hospitalized in the previous 12 months (one had
been hospitalized 6 months before the bacteremia; one, 9
months before the bacteremia; and one, 12 months before
the bacteremia).

Enterococci manifesting resistance to ampicillin and
vancomycin were more common in patients with nosoco-
mial bloodstream infection than in patients with health
care–associated bloodstream infection. They were absent in
patients with community-acquired bloodstream infection.
Ampicillin–sulbactam and ciprofloxacin resistance oc-
curred with similar frequency in Enterobacteriaciae isolated
from patients with health care–associated and those with
nosocomial bloodstream infection and was infrequent in
the group with community-acquired infection.

Length of Stay and Mortality
The median duration of hospital stay for all study pa-

tients was 8.5 days (IQR, 5 to 20 days; range, 0 to 225
days). Patients with nosocomial bloodstream infection had
longer median durations of hospital stay (23 days [IQR,
13.5 to 45 days]) than did patients with health care–asso-
ciated bloodstream infection (7 days [IQR, 4 to 15 days])
or community-acquired bloodstream infection (6 days
[IQR, 4 to 8.5 days]).

The crude inpatient mortality rate for all patients with
bloodstream infection was 21% (108 of 504 patients). No

statistically significant difference was seen in inpatient
mortality rates among the three hospitals. However, signif-
icantly more in-hospital deaths were seen in the group with
nosocomial bloodstream infection (52 of 175 patients
[30%]) than in the groups with health care–associated
bloodstream infection (37 of 186 patients [20%]; P �
0.038) and community-acquired bloodstream infection
(19 of 143 patients [13%]; P � 0.002). Patients with
health care–associated and community-acquired infection
did not differ with respect to inpatient mortality rates (P �
0.15). A total of 33 patients died 3 to 6 months after
hospitalization (of the 504 study patients, a total of 141
died [28%]). The death rate was higher in the group with
health care–associated infection than in the group with
community-acquired infection (29% versus 16%; P �
0.019) and in the nosocomial group than in the commu-
nity-acquired group (37% versus 16%; P � 0.001). The
mortality rate at follow-up did not differ in the groups
with nosocomial and health care–associated infections
(P � 0.19).

DISCUSSION

Our definition of health care–associated bloodstream
infection was empirically derived after a critical review of
several studies published in the past decade. For example,
we extended the definition to include patients receiving
hemodialysis because they have high rates of bloodstream
infection and are often infected or colonized with resistant
bacteria as outpatients (10–12). Similarly, residence in a
nursing home or other long-term care facility places persons
at risk for colonization or infection with MRSA (13–15).

Bloodstream infections that occur in persons who re-
side in the community have been categorized as commu-
nity-acquired bacteremias even if the persons are receiving
out-of-hospital medical therapy (16, 17). For example, a
recent study (18) reported that 91% of 57 episodes of S.
aureus bacteremia in patients with HIV infection were
community acquired, even though 78% of these patients
had had an indwelling intravascular catheter when they
developed infection. In another study (17), more than one
fifth of community-acquired S. aureus bacteremias from

Table 3. Source of Bloodstream Infection, by Epidemiologic Type of Infection*

Source of BSI Patients with
Community-
Acquired BSI
(n � 125)

Patients with
Health Care–
Associated BSI
(n � 168)

Patients with
Nosocomial BSI
(n � 151)

P Values

Community-
Acquired BSI vs.
Health Care–
Associated BSI

Community-
Acquired BSI vs.
Nosocomial BSI

Health Care–
Associated BSI vs.
Nosocomial BSI

4OOOOOOOOOOn (%)OOOOOOOOOO3
Intravascular device 0 70 (42) 78 (52) NA NA �0.2
Urinary tract infection 58 (46) 29 (17) 27 (18) �0.001 �0.001 �0.2
Pneumonia 34 (27) 27 (16) 24 (16) 0.10 0.18 �0.2
Gastrointestinal tract infection 5 (4) 28 (17) 20 (13) 0.004 0.056 0.15

* BSI � bloodstream infection; NA � not available.
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1990 to 1993 were related to intravascular devices; no cases
from 1980 to 1983 were related to these devices. Home-
based intravenous therapy has an overall incidence of bac-
teremia of 2% to 4.2% with an estimated risk for blood-
stream infection of 2 per 1000 catheter-days (4, 16, 19, 20).

Morin and Hadler (5) recently proposed a definition
for a new category, health care–associated bloodstream in-
fections due to S. aureus. They categorized community-
acquired S. aureus bloodstream infections into three
groups: “health care–associated,” “with underlying medical
condition,” and “with no underlying medical condition.”
The category of “health care–associated bloodstream infec-
tion” included outpatients with indwelling vascular de-
vices, patients receiving dialysis, and patients who had been
hospitalized within the past 12 months. In contrast to us,
Morin and Hadler categorized bloodstream infections as
nosocomial if patients resided in a nursing home or long-
term care facility. Sixty-two percent of patients with com-
munity-acquired bacteremia had health care–associated
bacteremia, 71% had been hospitalized in the previous 12
months, 32% were receiving hemodialysis, and 49% had
an indwelling device.

In results similar to those of Morin and Hadler, we
found that 68 of 88 patients who had non-nosocomial
bloodstream infections caused by S. aureus had health care–
associated infections. Sixty-two percent of these 68 patients
had been hospitalized in the previous 3 months, 32% were
receiving hemodialysis, and 44% had received outpatient
intravenous therapy before their bloodstream infection.
However, unlike Morin and Hadler, who reported that
only 16% of patients with health care–associated S. aureus
bloodstream infection were infected with MRSA, we found
that 51% of our patients with health care–associated
bloodstream infections due to S. aureus had MRSA infec-
tion. This difference in rates of MRSA may reflect differ-
ences in the prevalence of MRSA and case-mix between the
hospitals in the two studies.

We chose previous hospitalization within 3 months as
the criterion by which to categorize patients as having
health care–associated bloodstream infection, whereas
Morin and Hadler used hospitalization in the preceding 12
months. Had we used Morin and Hadler’s criterion, 30
additional patients would have been classified as having
had health care–associated bloodstream infections. The 3
patients who were defined as having community-acquired
MRSA infection and the 4 patients with resistant gram-
negative pathogens would also have been classified as hav-
ing had health care–associated bloodstream infection.
However, all of the remaining 23 patients with community-
acquired infection who had been hospitalized within the
past year had had bloodstream infections caused by anti-
biotic-susceptible organisms; 6 were infected with E. coli,
and 4 were infected with S. pneumoniae.

Of 186 patients in our study with health care–associ-
ated bloodstream infection, 117 (63%) had been hospital-
ized in the preceding 3 months. Previous hospitalization is

a known risk factor for colonization with MRSA, vanco-
mycin-resistant enterococci, and fluoroquinolone-resistant
gram-negative organisms in patients residing both in the
community and in long-term care facilities (14, 21, 22),
and asymptomatic colonization with both MRSA and
vancomycin-resistant enterococci may persist for months
to years (23–25).

Patients with health care–associated bloodstream in-
fections in our cohort closely resemble those with nosoco-
mial infections in the following ways: 1) frequency of can-
cer and HIV infection, 2) source of infection, 3) frequency
of S. aureus and MRSA as pathogens, and 4) mortality rates
at follow-up. Notable differences between the two groups
were seen in frequency of renal failure, duration of hospital
stay, and inpatient mortality rate.

Nosocomial bloodstream infections are often caused
by S. epidermidis, are associated with the use of intravascu-
lar catheters, and result in both increased length of stay and
increased crude mortality rates (26, 27). In our study, S.
epidermidis caused 44 of 175 nosocomial bloodstream in-
fections (25%); intravascular catheters were the source of
infection in 78 of 175 patients (45%). Length of stay and
in-hospital mortality rate were greater in the group with
nosocomial bloodstream infection than in other groups.

This study has limitations. Our results may have been
biased by local patterns of health care and antimicrobial
resistance that are different from those in other areas of the
world. Given the large populations served by the three
study hospitals, their overlap with areas served by other
hospitals, and the many agencies providing community-
based health care in the region, we could estimate neither a
suitable denominator nor the actual incidence of blood-
stream infection by each individual category.

Finally, our definition of health care–associated blood-
stream infection may have been excessively broad in some
aspects, yet imprecise in other ways. For example, the
3-month cut-off for recent hospitalization could have been
expanded to 12 months in light of the long-lived persis-
tence of colonization with resistant bacteria (23–25). In
addition, our category of health care–associated infections
includes a heterogeneous group of persons, and not all
subsets of this group are identical in their risks for and
predictors of infection.

Our results suggest that empirical antibiotic therapy
for patients with known or suspected health care–associ-
ated and nosocomial bloodstream infections should be sim-
ilar. In contrast, patients with community-acquired blood-
stream infection are often infected with antibiotic-sensitive
organisms, and their prescribed therapy should reflect this
pattern.

For the reasons cited above, a category for health care–
associated bloodstream infection is needed. Future studies
should validate this category for infections other than
bloodstream infections and examine subsets of patients
with health care–associated infections. The CDC and in-
dividual hospital infection-control surveillance programs
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should redefine infections to accommodate a new category
of health care–associated infections. Collecting surveillance
data on health care–associated and nosocomial infections
would help clinicians choose empirical antibiotic therapy
and would have obvious implications for professionals in-
volved in the care of sick patients in community settings.
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