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Background: Infections occurring among outpatients
having recent contact with the health care system have
been termed health care–associated infections. The ob-
jective of this study was to analyze the impact of health
care–associated status on effectiveness of initial therapy
in hospitalized patients with bloodstream infections.

Methods: Prospective cohort study of adults with blood-
stream infections at 3 North Carolina hospitals. Blood-
stream infection was defined as health care–associated
if it occurred within the first 48 hours after hospitaliza-
tion and if patients had 1 of the following characteris-
tics: had received home health services, outpatient in-
travenous therapy, or outpatient renal dialysis in the 30
days prior to hospital admission; had been hospitalized
within 90 days prior to admission; or lived in a long-
term care facility.

Results: Of 466 bloodstream infections, 132 (28%) were
community-acquired, 178 (38%) were health care–

associated, and 156 (33%) were nosocomial. Multivari-
able logistic regression using community-acquired status
as a reference identified health care–associated status (odds
ratio, 3.1; 95% confidence interval, 1.6-6.1) and nosoco-
mial status (odds ratio, 4.3; 95% confidence interval, 2.2-
8.3) as independent predictors of ineffective initial antibi-
otic therapy. Among health care–associated characteristics,
hospitalization in the 90 days prior to admission was in-
dependently associated with ineffective initial therapy (odds
ratio, 2.4; 95% confidence interval, 1.4-4.2).

Conclusions: Among patients treated in the hospital for
bloodstream infection, health care–associated status was
an independent predictor of ineffective initial antibiotic
therapy. Hospitalization within 90 days prior to hospi-
tal admission was the component of health care–
associated status most strongly associated with ineffec-
tive initial therapy.
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B LOODSTREAM INFECTION IN

hospitalized patients is a
common and deadly prob-
lem. Between 0.5% and 1.3%
of patients develop a blood-

stream infection during hospitalization.1 In-
hospital mortality estimates among pa-
tients with bloodstream infection vary
between 30% and 40%.2-7 Early administra-
tion of effective antimicrobial therapy to pa-
tients with bloodstream infection has been
repeatedly shown to improve mortality in
patients with community-acquired and
nosocomial bloodstream infection.2,7-18

Ineffective empirical therapy, defined
as empirical therapy that is inactive (as de-
termined by in vitro testing) against the
infecting organism(s), is a common oc-
currence. Previous studies have reported
rates of between 15% and 40% for inef-
fective empirical therapy for blood-
stream infection.2-4,8,9,12,19,20 Risk factors for
delays in effective therapy for blood-
stream infection include recent prior an-

timicrobial therapy, nosocomial acquisi-
tion, presence of an intravascular catheter,
lack of infectious diseases consulta-
tion,15,21,22 and infection due to specific
types of pathogens, including gram-
negative bacilli, Candida species, entero-
cocci, and polymicrobial infections.13,15

Health care–associated status is a re-
cently described epidemiologic category
that is distinct from both community-
acquired and nosocomial status.23-25 Fried-
man et al24 have described the epidemiol-
ogy, microbiology, and outcomes of a
cohort of patients with health care–
associated bloodstream infections. We per-
formed additional analysis on data from
this cohort to describe the prescribed an-
timicrobial therapy and to evaluate risk fac-
tors for ineffective initial antimicrobial
therapy. We hypothesized that health care–
associated status would be an indepen-
dent risk factor for ineffective initial
therapy.
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METHODS

This prospective cohort study was undertaken simulta-
neously at 3 medical centers: Duke University Medical Center
(Durham, NC), Durham Regional Hospital (Durham), and Nash
General Hospital (Rocky Mount, NC).24 The study protocol was
approved by the institutional review boards at all 3 centers, and
the requirement for informed consent was waived.

PATIENTS

Patients were identified by daily review of microbiology labo-
ratory records from October 16, 2000, through February 28,
2001. Patients were included in the study if their blood cul-
tures were drawn either in the hospital or in the clinic or emer-
gency department immediately prior to admission and if the
culture results were positive for fungus or bacteria. Patients with
blood culture results positive for mycobacteria or viruses were
excluded. Patients younger than 17 years and patients dis-
charged from the emergency department without hospitaliza-
tion were excluded.24 Only the first episode of bloodstream in-
fection per patient was included.

DATA COLLECTION

Case report forms were completed by either a physician or an
infection control practitioner. Mortality data were obtained from
the patient’s medical record as well as from the Social Security
Death Index.26 Data pertaining to mortality were collected at
hospital discharge and 3 to 6 months after bloodstream infec-
tion. In some cases where data collection was incomplete, pa-
per charts were reviewed to augment collected data.

DEFINITIONS

A candidate episode of bloodstream infection was defined as
the first set of positive blood culture results during a period of
hospitalization or in a clinic or emergency department visit im-
mediately preceding hospitalization. Each candidate episode of
bloodstream infection was prospectively followed up and was
continuously assessed by 1 investigator in the manner previ-
ously described by Weinstein et al,19 using all available clini-
cal data to classify episodes as contaminant, true positive, or
of unknown clinical significance. Only candidate episodes of
bloodstream infection classified as true positive were analyzed
in this study.

Bloodstream infection was defined as nosocomial when it oc-
curred more than 48 hours after the beginning of a period of
hospitalization. If a patient was transferred from another hos-
pital, the duration of inpatient stay was calculated from the date
of admission to the first hospital.

Bloodstream infection was defined as a health care–
associated when it occurred at the time of hospital admission
or within 48 hours of admission and if the patient fulfilled any
of the following criteria:

1. Received intravenous therapy at home or in an outpa-
tient clinic in the previous 30 days; or

2. Received home health care such as wound care or spe-
cialized nursing care through a health care agency, family, or
friends in the previous 30 days; or

3. Received renal dialysis in a hospital or clinic in the pre-
vious 30 days; or

4. Had been hospitalized in an acute care hospital for 2 or
more days in the previous 90 days; or

5. Resided in a nursing home or long-term care facility for
2 or more days in the previous 90 days.

Bloodstream infection was defined as community-acquired
when it occurred within the first 48 hours of hospital admis-
sion for patients who did not fit the criteria for health care–
associated bloodstream infection.

Antibiotic therapy was defined as effective if the antimicro-
bial agent administered was active in vitro against the infect-
ing organism and if the drug was given at adequate doses and
by adequate route of administration. In the case of organisms
for which antimicrobial susceptibilities are not routinely per-
formed (eg, anaerobic organisms and Candida species), therapy
was considered effective if the antibiotic administered was a
recommended first-line or alternate agent for the infecting or-
ganism.27

Initial therapy was defined as antibiotics received on the first
day of therapy for bloodstream infection. Effective antibiotics
administered on or before the same calendar day as the first
blood culture were considered to have been started on day 0.
If effective antibiotics were not administered by day 5 of anti-
biotic therapy, then time to effective therapy was censored at
day 5, so as to dampen the impact of bloodstream infection epi-
sodes that were never effectively treated. Time to effective therapy
was censored at day 5 in 5 patients.

Other definitions used for this cohort, including comorbid
conditions, predisposing factors, and primary source of infec-
tion, have been published previously.24

STATISTICAL ANALYSIS

Statistical analysis was performed using SAS version 8.2 (SAS
Institute Inc, Cary, NC). Differences between continuous vari-
ables by group were tested using the Wilcoxon rank-sum test.
The �2 or Fisher exact test, as appropriate, were used to assess
associations among categorical variables. Associations be-
tween epidemiologic categories of infection and other vari-
ables were analyzed by using conditional fixed-effects logistic
regression to adjust for hospital site. Variables with a bivariate
significance level of 0.20 or less were included in the initial mul-
tivariable models. Variables to be included in the final model
were selected using a stepwise selection process. All predic-
tors were checked for confounding. If the addition of a con-
founding variable affected the �-coefficient for the effect mea-
sure of a selected variable by greater than 10%, it was left in
the model. Dummy variables were used to represent 2 of the 3
hospitals (the third hospital being the baseline) as well as 2 of
the 3 epidemiological categories of infection, thereby adjust-
ing for clustering of epidemiological factors and outcome by
hospital site.28 All tests were 2-tailed, with a P value of .05 or
less considered statistically significant.

RESULTS

Between October 16, 2000, and February 28, 2001, a total
of 466 patients with bloodstream infection met criteria for
inclusioninthestudy.Theflowofculturesandpatientscon-
sidered for inclusion in the study is shown in the Figure.
Of the 466 episodes of bloodstream infection, 132 (28%)
were community-acquired, 178 (38%) were health care–
associated, and 156 (33%) were nosocomial. Three hun-
dredseven(65.9%)bloodstreaminfectionsoccurredatDuke
UniversityMedicalCenter,104(22.3%)atDurhamRegional
Hospital, and 55 (11.8%) at Nash General Hospital.

POPULATION CHARACTERISTICS

Descriptive characteristics of this cohort are shown in
Table 1. All comparisons between epidemiological cat-
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egories were controlled for the effects of clustering by hos-
pital. The mean age of the study patients was 60.4±18.2
years, and patients with health care–associated blood-
stream infection were significantly younger than those
with community-acquired infection (59.0 years vs 63.4
years, P=.04). Fifty-three percent of patients were men,
and 56% were white. The most common comorbid con-
ditions were vascular disease (192 patients [41%]), re-
nal disease (144 [31%]), diabetes mellitus (135 [29%]),
and cancer (126 [27%]). The most common sources of
bloodstream infection were an intravascular device (138
patients [30%]), urinary tract infection (111 [24%]), and
pneumonia (80 [17%]).

Of 178 patients with health care–associated blood-
stream infection, 112 (63%) had been hospitalized in the
past 90 days, 73 (41%) had received outpatient intrave-
nous therapy or chemotherapy in the past 30 days, 60
(34%) had received home health services in the past 30
days, 57 (32%) had received hemodialysis in the past 30
days, and 36 (20%) were residents of long-term care fa-
cilities.

ANTIMICROBIAL THERAPY

The microbiological characteristics of these blood-
stream infections is shown in Table 2. The pathogens
most frequently found in community-acquired blood-
stream infection were Escherichia coli and Streptococcus
pneumoniae. Staphylococcus aureus was the pathogen most
frequently found among patients with nosocomial and
health care–associated bloodstream infection.

Enterococci resistant to ampicillin and/or vancomy-
cin were seen more frequently in patients with nosoco-
mial bloodstream infection (8/156 [5%]) than in those
with community-acquired bloodstream infection (0/
132) (P=.009). Enterobacteriaceae of intermediate sus-
ceptibility or resistant to ciprofloxacin and/or ampicillin/
sulbactam occurred at a similar rates in patients with
community-acquired bloodstream infection (8%), health
care–associated bloodstream infection (12%), and noso-
comial bloodstream infection (12%) (P�.40 for each pair-

wise comparison). Of 14 fungal bloodstream infections,
9 were due to Candida and 5 were due to Cryptococcus.

Nearly two thirds of patients (295/466 [63.3%]) re-
ceived a single antimicrobial agent as their initial em-
pirical therapy. More than a quarter of patients (127/
466 [27.3%]) received 2 antimicrobial agents, 8.4% (39/
466) received 3, and 1.1% (5/466) received 4 or more.
The most commonly prescribed antimicrobial agents were
vancomycin (37.6% of patients), quinolones (30.7%),
third-generation cephalosporins (20.8%), �-lactam/�-
lactamase inhibitor combinations (15.0%), and aminogly-
cosides (12.7%). All other classes of antimicrobials were
used in less than 4% of patients.

EFFECTIVENESS OF THERAPY

After controlling for hospital, the time from positive blood
culture result to start of initial empirical therapy was simi-
lar for community-acquired, health care–associated, and
nosocomial bloodstream infection (median for all groups,
�1 day; P=.46). Among patients who received ineffec-
tive initial therapy, patients with community-acquired,
health care–associated, and nosocomial bloodstream in-
fection had similar durations of ineffective therapy (me-
dian, 2.0 days for all 3 groups; P=.98).

Patients with nosocomial bloodstream infection re-
ceived ineffective initial therapy in 32.1% of episodes, com-
pared with 8.3% of episodes for those with community-
acquired bloodstream infection (odds ratio [OR], 5.1; 95%
confidence interval [CI], 2.5-10.4; P�.001). Patients with
health care–associated bloodstream infection received in-
effective initial therapy 25.3% of the time compared with
8.3% for those with community-acquired bloodstream in-
fection (OR, 3.2; 95% CI, 1.7-6.0; P�.001). There was no
statistical difference between the proportion of patients re-
ceiving ineffective initial therapy for nosocomial blood-
stream infection compared with those with health care–
associated bloodstream infection (P= .13). Bivariate
predictors of ineffective initial therapy, controlled for hos-
pital, are shown in Table 3.

Multivariable analysis was performed to determine in-
dependent predictors of ineffective initial therapy. A mul-
tivariable model was constructed (Table 4) that con-
sidered all demographic characteristics, comorbid
conditions, primary sites of infection, and pathogens for
inclusion. Health care–associated status was a signifi-
cant independent predictor of ineffective initial therapy
(odds ratio, 2.4; 95% CI, 1.2-4.8), as was nosocomial sta-
tus (odds ratio, 3.1; 95% CI, 1.5-6.5), using community-
acquired status as the reference category. Methicillin-
resistant S aureus (OR, 1.7; 95% CI, 1.0-2.8) and
Enterococcus (OR, 2.3; 95% CI, 1.3-4.1) were associated
with an increased likelihood of receiving inappropriate
initial therapy, and infection due to E coli was associ-
ated with a decreased risk for ineffective therapy (OR,
0.3; 95% CI, 0.1-0.9). This model was controlled for the
confounding effects of other pathogens (S pneumoniae and
methicillin-susceptible S aureus), the presence of neu-
tropenia at the time of bloodstream infection, and the pres-
ence of an intravenous device. When health care–
associated status was replaced in the model by its 5
individual defining features (dialysis, nursing home resi-

1175 Blood Cultures Positive
for Infection

655 Cultures With True-Positive Results∗

648 Cultures Representing 504 Episodes
of Bloodstream Infection

466 Episodes Included in Study

520 Excluded
476 Positive Only for Contaminants∗

44 Unknown Significance∗

38 Episodes Excluded
30 Incomplete Antibiotic Data
8 Culture Positive for Mycobacteria

7 Excluded (Patient Not Admitted
to Hospital)

Figure. Flowchart of bloodstream infection episodes considered for inclusion
in study. Asterisk indicates as defined by Weinstein et al.19
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dence, receipt of home health care, receipt of home in-
travenous therapy, and hospitalization in the past 90 days),
hospitalization in the 90 days preceding bloodstream in-
fection (OR, 2.4; 95% confidence interval, 1.4-4.2) was
identified as the only component of health care–
associated status that predicted ineffective initial therapy.

MORTALITY OUTCOMES

The inpatient mortality rate for all patients included in
the study was 21% (100/466 patients) (Table 1). There

was no significant difference in inpatient mortality rates
among the 3 study hospitals. The rate of inpatient mor-
tality was similar in patients receiving effective empiri-
cal therapy (20.3%) compared with those receiving in-
effective empirical therapy (25.5%) (P=.25).

COMMENT

Risk factors for health care–associated infection are be-
coming increasingly prevalent as medical care is deliv-

Table 1. Clinical Characteristics of Patients With Bloodstream Infections, by Epidemiological Category

Characteristic

Study Patients, No. (%) P Value

Total
Population

Community-
Acquired

Health Care–
Acquired Nosocomial

Community-Acquired
vs Health

Care–Acquired

Community-
Acquired

vs Nosocomial

Health Care–
Acquired vs
Nosocomial

Patients 466 (100) 132 (28.3) 178 (38.2) 156 (33.5)
Demographic

characteristics
Age, mean ± SD, y 60.4 ± 18.2 63.4 ± 17.9 59.0 ± 18.1 59.4 ± 18.5 .04 .72 .83
Men 248 (53.2) 70 (53.0) 90 (50.6) 88 (56.4) .67 .57 .29
White race 262 (56.2) 67 (50.8) 93 (52.3) 102 (65.4) .25 .05 .07
Intensive care unit 140 (30.0) 28 (21.2) 40 (22.5) 72 (46.2) .79 �.001 �.001

Comorbid conditions
Vascular disease 192 (41.2) 48 (36.4) 77 (43.2) 67 (43.0) .22 .26 .95
Renal disease 144 (31.3) 31 (23.9) 70 (39.8) 43 (27.9) .003 .44 .02
Diabetes mellitus 135 (28.9) 37 (28.0) 55 (30.9) 43 (27.6) .58 .93 .50
Cancer 126 (27.0) 17 (12.9) 53 (29.8) 56 (35.9) �.001 �.001 .23
Chronic obstructive

pulmonary disease
76 (16.3) 24 (18.2) 25 (14.0) 27 (17.3) .32 .84 .41

Source of bacteremia
Intravascular device

infection
138 (29.6) 0 66 (37.1) 72 (46.2) �.001 �.001 .09

Urinary tract infection 111 (23.8) 56 (42.4) 29 (16.3) 26 (16.7) �.001 �.001 .93
Pneumonia 80 (17.2) 33 (25.0) 27 (15.2) 20 (12.8) .03 .008 .54

Ineffective initial therapy 106 (22.8) 11 (8.3) 45 (25.3) 50 (32.1) .001 �.001 .17
Outcomes

In-hospital mortality 100 (21.5) 18 (13.6) 35 (19.7) 47 (30.1) .16 �.001 .03
3- to 6-mo mortality 132 (28.3) 22 (16.7) 51 (28.7) 59 (37.8) .01 �.001 .08

Table 2. Microbiological Characteristics of Bloodstream Infections, by Epidemiological Category

Characteristic

Study Patients, No. (%) P Value

Total
Population

Community–
Acquired

Health Care–
Acquired Nosocomial

Community-Acquired vs
Health Care–

Acquired

Community-
Acquired

vs Nosocomial

Health Care–
Acquired vs
Nosocomial

Patients 466 (100) 132 (28.3) 178 (38.2) 156 (33.5)
Bacterial

Gram-positive 258 (55.4) 66 (50.0) 100 (56.2) 92 (59.0) .28 .13 .61
Methicillin-resistant

Staphylococcus aureus
61 (13.1) 2 (1.5) 32 (18.0) 27 (17.3) �.001 �.001 .87

Coagulase-negative
Staphylococci

45 (9.7) 4 (3.0) 10 (5.6) 31 (19.9) .28 �.001 �.001

Streptococcus pneumoniae 35 (7.5) 26 (19.7) 9 (5.1) 0 �.001 �.001 .004
Enterococcus 32 (6.9) 8 (6.1) 12 (6.7) 12 (7.7) .81 .59 .74

Gram-negative 159 (34.1) 57 (43.2) 59 (33.2) 43 (27.6) .07 .006 .27
Escherichia coli 66 (14.2) 35 (26.5) 18 (10.1) 13 (8.3) .001 �.001 .58
Pseudomonas 21 (4.5) 2 (1.5) 12 (6.7) 7 (4.5) .03 .15 .37

Yeast 14 (3.0) 4 (3.0) 4 (2.3) 6 (3.9) .67 .70 .39
Polymicrobial 35 (7.5) 5 (3.8) 15 (8.4) 15 (9.6) .10 .05 .70
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ered more frequently in nonhospital settings. In this
prospectively assembled cohort of 466 consecutive blood-
stream infections at 3 hospitals, more patients had health
care–associated bloodstream infection than either noso-
comial or community-acquired bloodstream infection. We
examined the relationship between ineffective initial
therapy and health care–associated status in this cohort.
To our knowledge, no previously published study has ex-
amined this relationship.

In this study, patients with health care–associated
bloodstream infection were 3 times more likely than pa-
tients with community-acquired bloodstream infection
to receive ineffective initial antibiotic therapy. Based on
the known differences between the group with health
care–associated bloodstream infection and that with com-
munity-acquired bloodstream infection this finding is not
completely unexpected, but the magnitude of the differ-
ence between the groups with health care–associated and
community-acquired infection and the similarity be-
tween rates of ineffective empirical therapy for patients
with health care–associated and nosocomial infection
is notable. In multivariable analysis, health care–
associated status was an independent risk factor for re-
ceipt of ineffective initial antimicrobial therapy. This find-
ing highlights the importance of recognition of health
care–associated infections as an entity independent of

community-acquired infections and should serve as a
warning to clinicians that this growing segment of the
patient population is at risk for suboptimal treatment and
poor outcomes.

Patients who acquire health care–associated infec-
tions are a heterogeneous population of patients with dif-
ferent types of health care contact. Of the 5 defined sub-
sets of health care–associated status, only hospitalization
within the past 90 days was an independent predictor of
ineffective empirical therapy for bloodstream infection.
We speculate that colonization with resistant microor-
ganisms during the preceding hospital stay predisposed
this group to subsequent infection with resistant organ-
isms and that clinicians did not recognize prior hospi-
talization as a risk factor for ongoing colonization with
resistant organisms. This information suggests that re-
cent hospitalization is an underrecognized risk factor for
ineffective initial therapy and adverse outcomes.

There are several limitations to this study. All 3 hos-
pitals are within an 80-mile radius, and geographic varia-
tion in practice patterns and antimicrobial resistance may
limit generalizability to other regions. There is no con-
sensus definition of health care–associated status. We have
used the same definition used in a previous publica-
tion,24 which we believe is reasonable based on available
literature. Our study variables did not include 2 factors
that were shown by other investigators to be associated
with receipt of ineffective initial therapy: antibiotic treat-
ment in the previous month13 and clinical involvement
of an infectious diseases specialist in the care of the pa-
tient.15 It is possible that inclusion of either of these vari-
ables in our model could have altered our results. Fi-
nally, in order to analyze a large number of variables that
may impact the effectiveness of empirical antimicrobial
therapy, we performed multiple statistical comparisons.
Using a P value significance cutoff of .05, 1 of every 20
comparisons will be statistically significant by chance,
and it is therefore possible that false conclusions were
reached. For this reason, this and other similar studies

Table 4. Multivariable Logistic Regression for Predictors of
Ineffective Initial Therapy*

Variable OR (95% CI) P Value

Microbiology
Methicillin-resistant

Staphylococcus aureus
1.7 (1.0-2.8) .04

Enterococcus 2.3 (1.3-4.1) .004
Escherichia coli 0.3 (0.1-0.9) .03

Epidemiological category
Community-acquired 1.0
Health care–acquired† 2.4 (1.2-4.8) .02
Nosocomial 3.1 (1.5-6.5) .002

Abbreviations: CI, confidence interval; OR, odds ratio.
*Confounders of variables in the model: neutropenia, presence of an

intravenous device, methicillin-sensitive Staphylococcus aureus.
†Analysis of subsets of health care–acquired bloodstream infection in

place of the health care–acquired epidemiological category resulted in the
following hazard ratios: hospitalization for �2 d in the past 90 d, 1.8 (95%
CI, 1.0-3.2; P = .04); home intravenous therapy, 1.8 (95% CI, 0.9-3.6;
P = .11); home health care, 1.3 (95% CI, 0.7-2.6; P = .42); nursing home
residence, 1.0 (95% CI, 0.5-2.2; P = .97); and hemodialysis, 0.6 (95% CI,
0.3-1.3; P = .18).

Table 3. Bivariate Predictors of Ineffective Initial Therapy*

Variable OR (95% CI)
P

Value

Demographic characteristics
Age (per decade) 1.00 .86
Men 1.02 (0.73-1.44) .89
White race 1.32 (0.94-1.87) .11

Intensive care unit 1.33 (0.93-1.91) .12
Comorbid conditions

Vascular disease 1.14 (0.81-1.59) .45
Renal disease 1.25 (0.84-1.87) .26
Diabetes mellitus 1.05 (0.73-1.51) .80
Cancer 0.93 (0.63-1.38) .71
Chronic obstructive pulmonary disease 1.12 (0.72-1.74) .61

Source of bacteremia
Intravascular device infection 1.65 (1.18-2.31) .004
Urinary tract infection 0.79 (0.50-1.23) .28
Pneumonia 0.73 (0.44-1.20) .20

Microbiology
Bacterial

Methicillin-resistant
Staphylococcus aureus

2.21 (1.55-3.15) �.001

Coagulase-negative Staphylococci 1.07 (0.62-1.85) .80
Streptococcus pneumoniae 0.46 (0.18-1.20) .08
Enterococcus 2.42 (1.64-3.57) �.001
Escherichia coli 0.17 (0.06-0.54) �.001
Pseudomonas 1.05 (0.48-2.30) .91

Yeast 1.59 (0.76-3.30) .25
Polymicrobial 1.31 (0.83-2.07) .27

Epidemiological category
Health care–acquired vs

community-acquired
3.17 (1.67-5.99) �.001

Health care–acquired vs nosocomial 0.76 (0.54-1.08) .13
Nosocomial vs community-acquired 5.08 (2.48-10.42) �.001

Abbreviations: CI, confidence interval; OR, odds ratio.
*Controlled for hospital.
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performing multiple comparisons should be viewed as
exploratory and not absolutely conclusive.

Proper empirical antibiotic therapy for serious infec-
tions can be life saving. Empirical choices are based on
the most likely and virulent possible pathogens for a given
infection. In order make the best possible empirical an-
tibiotic choices, clinicians must be aware of changes in
health care delivery and associated antimicrobial resis-
tance. Our data can be used by clinicians to more effec-
tively prescribe antibiotics for patients with suspected
bloodstream infection and may lead to improved clini-
cal outcomes in these patients.
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