
Archives of Medical Research 36 (2005) 646–659

0188-
doi : 1
REVIEW ARTICLE

Bacteremias: A Leading Cause of Death
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Bloodstream infections (BSIs), recognized to be a major cause of morbidity and mortality
globally, are increasing in incidence. The reported rates of crude and attributable
mortality vary, possibly due to heterogeneity in patient populations and methodology. Few
studies, however, have focused on pathogen-specific attributable mortality. These studies
include S. aureus, coagulase-negative staphylococci and enterococcus. Other studies of
attributable mortality have been conducted in select populations such as nosocomial and
community-acquired cohorts, intensive care units, neutropenic patients, and HIV-positive
patients. Regrettably, despite advances in treatment and intensive care facilities, mortality
remains high. � 2005 IMSS. Published by Elsevier Inc.
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Introduction

Approximately 250,000 cases of BSI occur in the U.S. pe
annum(1,2). Although studies on BSIs are diverse and in-
clude both non-selective and specific patient population
several trends are apparent. These include an increas
incidence, a changing microbiology and a sustained, hig
mortality. On a national level, data from the National Cente
for Health Statistics for 2002 ranked septicemia as the 10
leading cause of death in the U.S.(3). A summary of studies
investigating the crude and attributable mortalities of BSIs i
different patient populations is found inTable 1.

University Hospital-Based Case Series of
Both Nosocomial and Community-Acquired
Bloodstream Infections

Data from hospital-based case series, including both nosoc
mial and community-acquired BSIs, suggest that the inc
dence of bacteremia is on the rise. Martin et al. recentl
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summarized the epidemiology of sepsis in the U.S., havin
analyzed a representative sample of all non-federal hospita
from 1979 through 2000. Data were obtained from hospita
discharge record ICD-9 codes and included both community
and hospital-acquired cases(4). In this 21-year analysis the
incidence of sepsis rose from 164,000 cases (82.7 p
100,000 population) to nearly 660,000 cases (240.4 p
100,000 population).

Case series from university hospitals in Europe suppo
the observation of an increasing BSI incidence. These seri
analyzed both nosocomial and community-acquired bacte
emias. A Norwegian review of BSIs from both 1974 to 1979
and 1988 to 1989 highlights the changing nature of th
etiology, clinical features and outcomes(5). A total of 1,447
BSIs were documented, of which 54% were nosocomial i
origin. The authors observed a doubling of the incidence o
BSIs between the two periods from 4.26 per 1000 admission
to 8.71 per 1,000 admissions.

In the Norwegian cohort analyzed by Haug et al., the
microbiology of BSIs shifted between the two study time
frames. Of note, the proportion of BSIs due toEnterobacteri-
aciaedecreased from 48% in the first period of analysis to
34% in the second period. Additionally, there was a concur
rent increase in coagulase-negative staphylococcal isolat
from 6.5 to 16.9% of isolates. Among gram-positive organ
isms, by the second time period, coagulase-negative staph
lococci surpassedS. aureus(16.9 vs. 12.5%). Given that 54%
evier Inc.
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butablemortality Comment

vailable Reviewof casesfrom a 21-year
period.Crudemortality decreased
in the last 5 years.Cases
wereboth communityand
hospitalacquired.

–1979:12.3% Caseswereboth communityand
hospitalacquired–1989:6.9%

vailable All caseswerecommunityacquired

vailable All caseswerecommunityacquired

vailable All caseswerecommunityacquired

vailable All caseswerecommunityacquired

vailable Approximately64% of caseswere
communityacquired.All ESBL
isolatesoccurredin elderly,
debilitatedpatients

Severityof illnessmatchingwas
not performed

vailable 63% of caseswere
communityacquired

Severityof illnessmatchingwas
not performed.

vailable All caseswerecommunityacquired
Differencesin ageandAPACHE score

werenotedbetweenthe two groups
unityonset:10% All casematchedfor severityof illness

comial:23% Logistic regressionmodel identified
nosocomialBSI asindependent
predictorof death

(Continued)
Table 1. Crudeandattributablemortality

Author Population Studydesign Crudemortality Attri

Martin et al. (4) Non-federal,acutecare Retrospectiveanalysisof 17.9–27.8% Not a
hospitalsin the U.S. BSI casescapturedby

ICD-P coding

Hauget al. (5) NorwegianUniversity Hospital Prospectiveanalysisof 1974–1979:27.6% 1974
BSI from 1974–1979and
1988–1989

1988–1989:18.8% 1988

Espositoet al. (13) Geriatricpopulationfrom Retrospectiveanalysis 26% Not a
a suburbanhospital of 100 cases
in the U.S.

Whitelaw et al. (12) Geriatricpopulatonfrom a Prospectiveanalysis 38% Not a
community-basedteaching of 121 cases
hospital,SouthAfrica

Lark etal. (7) Elderly veteransfrom Prospectiveanalysis 14% Not a
the VA Hospital of 334 patients

RaynerandWillcox (14) BSIs from a community-based Prospectiveanalysis 29.2% Not a
teachinghospital,SouthAfrica of 239 cases

Borer et al. (16) BSIs from a rural regionof Israel Retrospectiveanalysisof ESBL producer:83.3% Not a
187 Enterobacteriaceae
bacteremiaswith a focuson
ESBL-producingisolates

Non-ESBLproducer:14.4%

Elhananetal. Comparisonof BSIs between Prospectivesurveyof 1048 Communityhospital:22% Not a
teachingvs. non-teaching bacteremicepisodes
hospitals,UK

Teachinghospital:26.7%

Mylotte etal. Comparisonof BSIs between Retrospectiveanalysis Communityhospital:16.7% Not a
teachingvs. non-teaching of 248 BSIs
hospitals,UK

Teachinghospital:19.3%

Diekemaet al. Comparisonof community Prospectiveanalysis, Communityonset:14% Comm
onsetBSI vs. nosocomialBSI 929 consecutiveBSI episodes
in tertiary caremedical
centers,USA

Nosocomial:34% Noso



B
e

a
rm

a
n

a
n

d
W

e
n

ze
l/A

rch
ive

s
o

f
M

e
d

ica
l

R
e

se
a

rch
3

6
(2

0
0

5
)

6
4

6
–

6
5

9
648

ibutablemortality Comment

vailable

ifferencedetected Matchingperformedbasedon age,
er strict matching race,lengthof stay, admissiondate,

admittingdiagnosisandchronic,
co-morbidconditions

Matchingperformedby age,gender,
admittingdiagnosis,lengthof
stayandtotal numberof discharge
diagnoses

Matchingperformedby age,gender,
comorbidities,dateof
admission,andsurgical
procedure

% Matchingperformedby lengthof
stay, gender, age,andseverity
of illness

SI: 11.5% Matchingperformedby admission
diagnosis,hospitallocationand
severityof illness.

aryBSI: 28.6%
ndaryBSI: 54.8%
SI: 35.4%

Matchingperformedby time of
hospitalization,durationof
exposure,underlyingdisease,
age,genderandsurgical procedure

vailable Using Cox proportionalhazardsmodeling,
VRE BSI wasa significantpredictor
of death(HR 2.19)%

Matchingperformedby age,gender,
diagnosis,operativeprocedure
andadmissiondate.

A: 23.7 % Matchingperformedby APACHE II
scoreanddiagnosisA: 1.3 %

By multivariateanalysis,CD4 �100
andAPACHE scorewerepredictors
of death

(Continued)
Table 1. Continued

Author Population Studydesign Crudemortality Attr

Wisplinghoff et al. 2004 Nationwide,multicenter 24,179casesanalyzed 27% Not a
surveillanceof nosocomial from a prospective
BSIs in U.S. Hospitals surveillance

DiGiovine etal. NosocomialBSIs in an Prospectiveanalysis Cases:35.3% No d
ICU population aftControls:30.9%

Pittet et al. NosocomialBSIs in a SICU, Pairwise-matched, 50% 35%
tertiary caremedical case-controlstudy
center, USA

Wey et al. NosocomialCandidemia 88 closelymatchedpairs 57% 47%
in a tertiary caremedical prospectivelyidentified.
center, USA

Rosenthaletal. Centralline associated 142 closelymatched 54.2% 24.6
BSIs in an ICU, Argentina pairsprospectively

identified
Bertrandetal. BSIs in a Frenchhospital. 96 matchedpairs in a case CR-BSI: 38.5% CR-B

control studyof patients
hospitalizedin 15 ICUs

PrimaryBSI: 50% Prim
SecondaryBSI: 61.9% Seco
All BSI: 52.1% All B

Edmondet al. VRE BSI in a tertiary Case-controlstudy 67% 37%
carecenter, USA

Pelzetal. Comparisonof VRE vs. Prospectivecohortstudy VRE: 75% Not a
VSE BSI VSE: 45%

Martin et al. NosocomialBSIs with Matchedhistoricalcohort 30.5% 16.9
coagulase-negative of 171 patients
staphylococci

Blot etal. Comparisonof BSIs between Retrospectivecohortanalysis MRSA: 53.2% MRS
MRSA andMSSA isolates,
Belgium

MSSA: 28.4 % MSS
Tumbarelloetal. Prospectivecase-controlstudy 43% 27%

NosocomialBSI in an HIV-
positivecohort,Italy
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of the BSIs were nosocomial, the shifting microbiology was
thought to be related to an increased use of intravascular
devices, endocarditis and wound infections(5).

The growing predominance of gram-positive organisms
has been noted also in a prospective analysis from Turkey
(6). The study reviewed 567 episodes of BSIs of which 73%
were hospital acquired and 27% were community acquired
(6). Differences were noted in the microbiology between the
hospital-acquired and the community-acquired cases. In
the nosocomial cases, the most commonly isolated organ-
isms were staphylococci (44%, of which 69% were meth-
icillin resistant, enterococci (15%) andE. coli (12.5%). The
community-acquired episodes were predominantlyBrucella
species (22%),E. coli (19%) andS. aureus(15%, of which
9% were methicillin resistant)(6).

Estimates of bloodstream infection mortality are varied
and depend on the population studied. In studies that include
both nosocomial and community acquired cases, the data
suggest that the absolute number of BSIs has increased
However, the overall mortality may be decreasing. In the
analysis by Martin et al., the investigators discovered an
increase in the absolute numbers of death over a 21-year
period (4). However, during the last 5 years of the study,
the in-hospital mortality rate fell from a baseline of 28%
in 1979 to 18%. The major predictor of mortality was organ
failure, with greater survival seen in patients with fewer
than three organ failures. Similarly, despite the increase in
incidence observed by Norwegian investigators, mortality
rates also decreased. Between 1974 and 1979, Haug et al
observed a crude and attributable mortality, respectively, of
28% and 12%. The following period of analysis between
1988 and 1989 revealed a crude and attributable mortality
of 19 and 7%, respectively. Five patients with advanced
age (�60 years of age) accounted for more than half of the
bloodstream infections. Additionally, the mortality in this
age group was greater than in patients�60 years of age, 31
vs. 14%. Clinical predictors of adverse outcome were septic
shock, intensive care treatment, malignant disease and pul-
monary source of infection(5).

Community-Acquired Bacteremias in the Elderly

The epidemiology, microbiology and outcomes of commu-
nity-acquired bacteremias in the elderly have been described.
Lark et al. prospectively evaluated all patients admitted to
the Veterans Affairs Medical Center over a 4-year period
(7). Bacteremia was classified as community acquired if the
positive cultures were drawn less than 48 h after admission
to the hospital. A total of 387 BSIs were evaluated. The
mean age at presentation was 62 years old. Comorbid condi-
tions were commonly seen, including diabetes mellitus
(22%), renal failure (21%), malignancy (21%), and COPD
(13%) (7).

A large proportion of the bacteremias (40%) occurred in
patients with indwelling urinary catheters. Additionally, 30%
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of bacteremias were directly related to either an in-dwellin
urinary or intravenous catheter. Microbiologically, 87% o
all bacteremia were monomicrobial. The most common o
ganisms identified wereS. aureus(18%), E. coli (15%) and
coagulase-negative staphylococci (12%). A study by Rayn
et al. further supports the predominance of gram-positi
organisms, specificallyS. pneumoniae, as principal patho-
gens of bacteremia in the elderly. In this series, gram-posit
organisms accounted for 51% of all isolates withS. pneu-
moniaeas the principal gram-positive pathogen.

Other studies support the predominance of gram-nega
organisms in the microbiology of bacteremias in the elder
Whitelaw et al. prospectively studied 121cases of bacterem
in elderly patients. Gram-negative organisms accounted
65% of all cases, gram-positive 39% and polymicrobial 7
of cases. The most commonly identified organisms we
E. coli (39%), S. pneumoniae(14%), S. aureus(12%) and
Klebsiellaspecies (8%). Similarly, Madden et al., in a revie
of 44 elderly patients with bacteremia, identifiedE. coli as
the principal pathogen(8). Further, McCue et al. observed
a preponderance ofE. coli in a cohort of elderly patients
with community-acquired BSI(9).

Data on mortality vary, and current evidence suggests t
the overall mortality of bacteremia in elderly remains hig
Studies from the early 1980s established a crude morta
rate of 22–37%(10–12). In a retrospective analysis of 100
geriatric patients with community acquired bacteremia a
mitted to a suburban hospital in the U.S., both a differe
microbiology and a higher crude mortality were document
(13). All cases occurred in patients�65 years of age. Com-
munity-acquired bacteremia was defined as a positive blo
culture within 72 h of admission. A total of 100 cases we
detected of which 62% were women. The crude mortal
in this analysis was 26%(13).

The high mortality of BSIs in elderly patients is supporte
by data from the early 1990s. In a 2-year South Africa
study, 121 consecutive episodes of community-acquired b
teremia were analyzed in a large, community based teach
hospital (12). All patients were between ages 65 and 8
Community-acquired bacteremia was defined as a posit
blood culture within 48 h of admission. The crude mortalit
was 38%. Fifty one percent of all bacteremias occurr
in women. A poor prognosis was associated with alter
mental status on presentation, hypotension and inappropr
or delayed initial treatment.

More recently, Lark et al. prospectively evaluated ou
comes of community-acquired bacteremia in a populati
of elderly veterans. Of the 334 patients described in th
analysis, 45 deaths were reported for an overall in-hosp
mortality rate of 14%. Logistic regression modeling ident
fied several independent predictors of mortality: shock, ren
failure, pneumonia, intra-abdominal infection or multipl
sources of infection. Thus, for community-acquired bacte
emia in a cohort of American veterans, a crude mortality
r

e
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l

14% was documented. These infections were monomicro
ial, commonly associated comorbid conditions and urina
and intravenous catheters.

Current data therefore support the concepts that comm
nity-acquired bacteremia in the elderly is associated wi
high crude mortality ranging from 14–38%. Factors assoc
ated with a poor outcome include altered mental status
presentation, shock, multiorgan failure and inappropria
choice of antibiotic. The most commonly identified gram
positive organisms areS. aureus, S. pneumoniaeand coagu-
lase-negative staphylococci. Common portals of entry a
the genitourinary tract, respiratory tract (pneumonia) an
indwelling vascular catheters. Early diagnosis and appr
priate treatment are likely critical to reduce mortality.

Community-Acquired Bacteremia: Experiences in
Rural Settings, Comparisons between Teaching and
Non-Teaching Hospitals and Comparisons between
Community-Acquired and Nosocomial Cases

Rural environments throughout the world are not immun
to the pressures of a changing healthcare system. W
the widespread use of empiric anti-infectives in the outp
tient setting and the increased frequency of long-term, i
dwelling invasive devices such as urinary catheters, select
pressure for multi-drug resistant organisms has been int
duced. Depending on their use, the local area antibiogra
vary considerably. Additionally, evidence suggests that com
munity acquired isolates are now increasingly resistant
antimicrobials and may be associated with greater morbid
and mortality.

In an early study of community-acquired bacteremia
Rayner and Willcox prospectively surveyed 239 cases
community-acquired bacteremia from the late 1980s(14).
All cases presented to a large, community-based teach
hospital in South Africa. Fifty-one percent of isolates wer
gram-positive organisms, of whichS. pneumoniaeand
S. aureuspredominated. All pneumococcal strains wer
susceptible to penicillin, while 22% ofS. aureusisolates
were methicillin resistant. Of the gram-negative isolates, th
most common wereE. coli andKlebsiellaspecies. Isolates
of E. coli andKlebsiellaspecies had a high rate of resistanc
to ampicillin, respectively, 60 and 95%. The overall mortality
was 29%.

A case series from Jordan conducted in various rur
health centers over an 18-month period revealed a mix
microbiology (15). Of the 215 patients evaluated for fever
and presumed bacteremia, 126 blood cultures (59%) we
positive. The most frequently recovered organisms we
S. aureus, Brucella melitensisandStreptococcus pneumon-
iae. Widespread resistance to antimicrobials was reporte
including multi-drug resistance in 44.4% of the isolates. Th
most commonly reported resistant organisms wereS. aureus
(62.5%), S. pneumoniae(57.1%) andE. coli (80%). The
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most frequent sources of bacteremia were the urinary tr
(15.9%), respiratory (14.3%), gastrointestinal (12.7%) an
soft tissue infection (7.9%). The source of bacteremia w
not identified in 13.5%(15). No mortality from bacteremia
was reported in this cohort.

The emergence of community-acquired bacteremia w
extended spectrum beta-lactamase (ESBL) producing org
isms is of concern. A retrospective analysis of BSIs in
rural Israeli region analyzed 187Enterobacteriaceaebacter-
emias, of which 64% were community acquired(16). Of the
community-acquired cases, six were of the ESBL produci
variety. Of these isolates, four wereK. pneumoniae, one
was Enterobacterspecies and one wasE. coli. All ESBL
cases occurred in the elderly, half of whom were debilitate
most had indwelling urinary catheters and all had re
ceived prior antibiotics. When compared to the cases witho
ESBL producing organisms, 50% were admitted to the IC
vs. 8% in the non-ESBL comparators. Furthermore, ESB
BSI were associated with a significantly higher complicatio
rate (67 vs. 18%) and a higher mortality rate (83 an
14%) (16).

Differences may exist in the incidence, microbiology an
outcome of community-acquired bacteremia between tea
ing and non-teaching hospitals. Elhanan et al. prospectiv
surveyed 1,048 episodes of bacteremia over an 18-mo
period in a 45-bed community hospital and a 900 bed tertia
care urban university hospital in the UK. The incidence o
bacteremia in the teaching hospital was significantly grea
than in the community hospital (2.64 vs. 2.18 per 100
hospitalization days,p �0.004). In both institutions, the
most commonly reported gram-positive organisms we
S. aureus, S. epidermidisandS. pneumoniae. AlthoughE. coli
were the most commonly reported gram-negative isolat
a greater frequency of bacteremia byPseudomonas, Entero-
bacter and Acinetobacter specieswas observed. Although
the majority of bacteremias occurred in the medicine war
of both hospitals, differences in mortality were observe
The crude mortality was 22% in the community hospita
and 27% in the academic institution. However, the popul
tions were not matched for severity of illness.

Mylotte et al. compared community-acquired BSIs a
teaching vs. non-teaching facilities with a focus on 30-da
mortality. This retrospective analysis compared 174 episod
at a teaching hospital to 74 episodes at a non-teaching inst
tion. Variables of interest included age, severity of illnes
(APACHE score), bacteriology and comorbid illnesses. A
though the patients were older at the non-teaching hos
tal, the APACHE scores were lower for this cohort.S. aureus
bacteremia occurred more frequently in the teaching hosp
cohort whileE. coli was more commonly seen in the non
teaching hospital group. There was no significant differen
detected in 30-day mortality between the teaching and no
teaching cohorts (19 and 17%).

Data comparing the mortality of community-acquire
bacteremia vs. nosocomial bacteremia are sparse. The res
t
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from a Turkish case series suggest that differences in mor
ity may exist between nosocomial and community-acquir
BSIs. Outcomes were both crude and attributable mortal
with attributable mortality defined as death occurring durin
the phase of active infection or antibiotic treatment. Th
investigators failed to match rigorously for confounders
the determination of attributable mortality. The overall mo
tality rate was 25.4%, whereas the attributable mortality ra
for bloodstream infection was 16.6% in hospital-acquire
episodes and 13.9% in community-acquired episodes(6).
Predictors of mortality included co-morbid illnesses, severi
of disease, indwelling urinary catheters, tracheal intubati
and prior antibiotic use(6).

In a more recent study by Diekema et al., nosocom
BSIs were associated with excess mortality(17). In this
prospective analysis, 929 consecutive BSI episodes fr
two tertiary care medical centers were studied for differenc
in outcome between community onset vs. nosocom
BSIs. Patient comparisons were adjusted for severity
illness. Crude mortality was 14% for community onset BS
and 34% for nosocomial BSI. Attributable mortality, respe
tively, was 10 and 23%. Using multivariate logistic regre
sion analysis with in-hospital mortality as the outcom
measure, nosocomial BSI was independently associated w
death (OR 2.6).

Nosocomial Bacteremias: Incidence and Microbiology

On a national level, nosocomial bacteremias are the 1
leading cause of death in the U.S.(18). Additionally, the
age-adjusted death rate has increased by 78% over the
20 years(19). Although the exact incidence of nosocomia
bloodstream infections is unknown, it is believed that a
proximately 250,000 cases occur annually in the U.S.(1,2).
Within the hospital setting, the incidence of nosocomi
BSIs appears heterogeneous. Recent publications sug
that the incidence of nosocomial bacteremia ranges fro
1% in intensive care unit populations to as high as 36%
bone marrow transplant recipients(20,21). In a recent study
analyzing nosocomial BSIs caused by antibiotic resista
gram-negative bacteria in critically ill patients, the incidenc
of bacteremia was 11 cases per 1,000 ICU admissions(22).
Finally, data from a 12 year retrospective review of nosoc
mial BSIs in a 900 bed, tertiary care hospital, document
a linear increase of crude infection rates from 6.7 to 188
per 1000 discharges(23). Thus, reports on the incidence o
nosocomial bloodstream infection vary significantly, ver
likely reflecting differences in individual risk based on inst
tution, co-morbid illnesses, length of stay, and hospit
location.

The microbiology of nosocomial BSIs is similarly di-
verse. From the SCOPE database, at the end of a 7-y
period, the majority of all BSIs were monomicrobial(2).
Anaerobic bacteria accounted for only 1% of all BSIs. Th
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most common isolates were coagulase-negative staphy
cocci (31%), S. aureus (20%), enterococci (9%) and
Candida species (9%). Enteric gram-negative pathogen
figured lower on the ranks of organisms and include
E. coli (2.8%), Klebsiella species (2.4%), Pseudomonas
aeruginosa (2.1%) andEnterobacterspecies (1.9%)(2).
Other studies confirm the emergence of gram-positive path
gens, specifically coagulase-negative staphylococci, andS.
aureusand enterococci as the dominant organisms in nosoc
mial BSIs (4,19,20,24–26). This rise in the frequency of
coagulase-negative staphylococci BSI isolates has occurr
concurrently with the increased use of invasive intravascu
lar catheters.

The distribution of nosocomial BSI organisms varies by
clinical service. From the SCOPE database, the top rank
pathogens on general surgery, neurosurgery, internal me
cine and hematology were coagulase-negative staphyl
cocci, S. aureusand enterococci(2). On the obstetrics
services,E. coli and streptococci were prominent.Candida
species were preferentially seen in hematology and oncolo
patients(2). Infections withCandidaspecies, enterococci
and viridans group streptococci were more common i
neutropenic patients. Bloodstream infections caused b
coagulase-negative staphylococci,Pseudomonasspecies,
Enterobacterspecies,Serratia species andAcinetobacter
species were seen in the intensive care unit population(2).

An increase in antibiotic-resistant nosocomial BSI patho
gens has been observed. Given the predominance of gra
positive organisms as bloodstream pathogens, the growi
proportion of isolates exhibiting antimicrobial resistance is
of concern. The proportion ofS. aureusisolates resistant
to methicillin ranges from 12.9–57%(2,26,27). From the
SCOPE database, an increase in the rate of methicillin res
tance was observed from 22% in 1995 to 57% in 200
(2). Data from European centers confirms a similar increas
of methicillin resistance albeit at a lower rate(27). In both
the SCOPE and SENTRY databases, the proportion
coagulase-negative staphylococci resistant to methicilli
was 75%. The proportion of enterococcal bloodstream iso
lates resistant to vancomycin was 2% ofE. faecalisand
60% of E. faecium(2). Over a three-year time frame, the
proportion of bloodstream isolates of enterococcal specie
reported as resistant to vancomycin in the SENTRY databa
was 14%. The management of BSIs will continue to chal
lenge physicians as reports of pathogen resistance increa

Nosocomial Bacteremias: Attributable and
Crude Mortality

Few studies have focused on the total impact of nosocomi
BSIs, including attributable mortality, cost and length of
stay. Data on attributable mortality are limited as the term
attributable mortality is used to determine the mortality rat
directly attributable to a specific risk factor(28). This type of
-
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d
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e.

l

analysis requires robust matching so that the mortality in
tightly matched controls can be subtracted from the overall
mortality in infected cases(28). For attributable mortality
related to nosocomial bloodstream infections, the controls
are typically matched to cases based on age, gender, servic
comorbidities, procedures, and length of stay in the control
at least as long as the interval between admissions and infec
tions is the case(28).

Mortality studies vary in both measures of outcomes and
populations. In a nationwide case series, a crude mortality
rate as high as 27% has been reported(2). However, only a
modest number of matched case-control studies, or multi
variable analyses have been performed to estimate the attrib
utable mortality of nosocomial bloodstream infections. Data
from early studies estimate the attributable mortality of noso-
comial BSI from 21–31%. When the 95% confidence interval
is applied, this estimate varies between 6 and 48%(28–32).

Recent studies of nosocomial BSI attributable mortality
have been performed in heterogeneous patient population
A study of intensive care unit patients with nosocomial
BSIs focused on crude and attributable mortality(33). All
cases were matched to a non-infected control by age, race
length of stay, admission date, admitting diagnosis and
chronic, co-morbid conditions. There was no difference in
crude mortality between cases (35.3%) and controls (30.9%)
After matching, the investigators again were unable to detec
a difference in attributable mortality(33). A prospective
cohort study from Canada similarly addressed attributable
mortality of nosocomial BSIs in intensive care unit patients
(34). After controlling for severity of illness, age and post-
surgical status via multivariate logistic regression modeling,
ICU-acquired nosocomial BSI was not a significant predictor
of mortality (34).

However, data from other investigations suggest that
nosocomial BSIs are of significant attributable mortality.
One series estimated the attributable mortality of hospital-
acquired BSIs in a critically ill surgical cohort(23). This
historical cohort study matched cases of hospital-acquired
bacteremia occurring in a surgical intensive care unit by
age, gender, admitting diagnosis, length of stay and tota
number of discharge diagnoses. The crude mortality rate
from cases and controls were, respectively, 50 and 15%
(23). The estimated attributable mortality was therefore
35% (95% confidence interval 25–45%).

Between 1977 and 1984, cases of hospital-acquired cand
demia were analyzed in a major, tertiary care medical cente
(35). Eighty-eight cases of hospital-acquired candidemia
were closely matched by age, gender, comorbidities, date
of admission, and surgical procedure. The crude mortality of
nosocomial candidemia in this case series was 57% and th
reported attributable mortality was 48%. The corresponding
risk ratio for mortality in this series was 2.94 with a 95%
confidence interval of 1.95–4.43(35). Rosenthal et al. stud-
ied nosocomial BSIs in critically ill patients from a medical-
surgical intensive care unit. Data on nosocomial infections
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al
were prospectively obtained, and the comparison was ma
between cases and non-cases in the intensive care units
matching based on length of stay. A catheter-related B
rate of 44.61 per 1000 device days was reported with
attributable mortality of 25%(36). An excess length of stay
of 5 days was reported in the analysis. In another seri
the attributable mortality and excess length of central lin
associated bloodstream infection was investigated w
more rigorous matching(37). Cases and controls were
matched for length of stay, gender, age, and severity
illness. In addition to an increased length of stay of 11
days, patients with catheter-related BSIs had an attributa
mortality of 24.6%(37).

In a French study of nosocomial bacteremia, 2,20
patients hospitalized in intensive care units were analyz
for primary nosocomial bacteremias, catheter-related ba
teremias and secondary nosocomial BSIs(38). For the pur-
pose of this analysis, bacteremias were defined as cath
related, primary and secondary. In contrast to seconda
bacteremias, primary bacteremias were without an ident
able source. Using a nested case-control study with logis
regression modeling, 111 episodes of nosocomial BSIs w
identified. Bacteremias occurred in 5% of all patients wit
an ICU stay of�48 h duration(38). Of these, primary,
catheter-related BSI and secondary BSI accounted for
26 and 45% of all episodes. Values for attributable mortali
varied based on the type of the nosocomial bloodstrea
infection. For all bacteremias, the attributable mortality wa
35%. For catheter related, primary and secondary bact
emias the attributable mortality was, respectively, 12, 2
and 55%. These data suggest that within an intensive c
setting, the excess mortality of nosocomial BSIs varies bas
on underlying pathophysiology of the bacteremia.

Other studies of attributable mortality are pathogen sp
cific. Several studies have focused exclusively on the attr
utable mortality of nosocomial BSIs due to enerococci. Ear
studies of crude mortality showed that bacteremias due
vancomycin resistant enterococcus (VRE) were associa
with a mortality of 17–100%(39–44). These studies failed to
rigorously match for comorbid conditions. In a historica
cohort study focusing on the attributable mortality of VRE
bacteremia, all case patients were closely matched to cont
by time of hospitalization, duration of exposure, underlyin
disease, age, gender and surgical procedure(45). A statisti-
cally significant difference in mortality was observed amon
cases (67%) and matched controls (37%). The mortal
attributable to VRE bacteremia was 37%, and the risk ra
for death was 2.3. In this analysis, the VRE bacteremia w
associated with a high attributable mortality and a risk o
death twice that of controls(45).

Similarly, the clinical outcome of VRE bacteremia ha
been studied in a surgical-trauma population. To assess
degree of morbidity and mortality attributable to VRE,
matched case control was conducted comparing cases
de
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VRE to vancomycin-susceptible enterococcal (VSE) bacte
emia(46). Patients were matched by a scoring system tha
factored age, APACHE II score, admitting service, hospita
location and length of stay. VRE bacteremia was a statist
cally significant independent predictor of crude mortality
(OR 4.0) and of infection-related mortality (OR 5.2)(46).

Other analyses of enterococcal bacteremia have not doc
mented so high an attributable mortality. Data from a Spanis
cohort reported an attributable mortality of 6%(47). The
study design was a prospective matched case control
which all controls were matched by gender, age and hospit
ward. The majority of isolates wereE. faecalis, and only
two cases of VRE were identified. The lower attributable
mortality observed in this series may have been due t
inadequate matching and to the predominance of VS
isolates.

Bacteremias with vancomycin-resistant enterococc
(VRE) may have a greater attributable mortality than bacte
emias with VSE. A recent analysis of the mortality of VRE
vs. VSE infections prospectively studied in the intensive
care unit examined 129 patients admitted to the surgical an
medical intensive care units over a 3-month period(48). The
authors considered multiple infection sites in the analysis an
included specimens from blood, urine, wound and abscesse
Only 34 cases of VRE or VSE were identified, the mos
common being BSI (9 VRE and 12 VSE). For patients with
VRE, the overall mortality was 75% compared to 45% in
the VSE cohort(48). Using a Cox-proportional hazards
model, VRE was associated with an increased relative haza
of in-hospital mortality (HR 2.18), while VSE was not a
significant predictor of death(48).

Coagulase-negative staphylococci are major pathogens
nosocomial BSIs and their attributable mortality has bee
studied. In a matched-historical cohort of 171 patients with
hospital-acquired coagulase-negative staphylococci the mo
tality rate of cases was 31% compared to 17% in contro
(4). The attributable mortality was 14% and the risk ratio
for death was 2%. All cases were matched to a contro
patient by age, gender, diagnosis, operative procedure a
admission date.

Studies ofS. aureusbacteremia have focused on attribut-
able mortality and have compared outcomes between cas
with methicillin-sensitive (MSSA) and methicillin-resistant
(MRSA) isolates. Owing to an increased incidence o
MRSA, recent investigations have focused on the compar
son of BSIs with methicillin-sensitive and methicillin-resis-
tant isolates. Data from Belgium suggest that nosocomia
MRSA bacteremia is associated with both a higher crud
and attributable mortality(49). In a retrospective cohort
analysis with matching based on APACHE II (Acute Physiol-
ogy and Chronic Health Evaluation) score and diagnosis
38 cases of MSSA bacteremia were compared with 4
cases of MRSA bacteremia in critically ill patients(49). In
addition to an excess LOS and a greater frequency of ren
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failure, patients with MRSA bacteremia had a greater 3
day mortality (53.2 vs. 18.4%). In addition, patients wit
MRSA bacteremia had a higher in-hospital mortality (63
vs. 23.7%) along with a higher attributable mortality (23.
vs. 1.3%)(49).

Investigators in Canada have also compared the morta
between MRSA and MSSA bacteremia after controlling f
age, gender and diagnosis(50). Attributable mortality was
higher in the MRSA group (36 vs. 20%), but this faile
to achieve statistical significance. A recent British stud
prospectively compared MRSA and MSSA nosocomial i
fections, including bacteremia. Over a 5-year period,
cases of nosocomial BSIs were prospectively analyzed w
data collected for age, gender, service, disseminated in
tion, adequacy of treatment and outcome(51). The final
analysis compared 433 cases of MSSA bacteremia to 3
cases of MSSA bacteremia. Although no statistically si
nificant differences in mortality were observed between t
MRSA and MSSA cohorts, a strong statistical trend w
seen with MRSA bacteremia. The attributable mortality
MRSA bacteremia was 11.8 vs. 5.1% in MSSA. These da
suggest that the attributable mortality of MRSA bacte
emia exceeds that of bacteremia with MSSA.

The attributable mortality ofS. aureusbacteremia may
be greater in elderly populations. In a prospective coh
study of 385 patients withS. aureusbacteremia, 145 patients
ages 66 and older were compared to 240 patients ages
60 years(52). After adjusting for confounding variables
a greater odds of death was seen in the older cohort (
2.30; 95% CI, 1.13–4.69). In a subset comparison of MRS
bacteremia between the young and old population, a grea
odds of death was seen in the elderly (OR 2.59; 95% C
1.23–5.43)(52).

Nosocomial Bacteremias: Socioeconomic Impact

Nosocomial BSIs are an important public health concern a
have a significant direct socioeconomic impact. Estimates
cost and length of stay for nosocomial BSIs vary. Estimat
on the attributable length of stay for nosocomial bacte
emias range from 7 to 30 days(35,53,54). The costs of
nosocomial bloodstream infections primarily reflect charg
incurred due to excess length of stay and additional tre
ments. Estimates on excess costs per survivor vary fr
$5,000 to $40,000(23,33,36).

An alternate measure of socioeconomic burden is years
potential life lost. This model of analysis has been appli
to both nosocomial infections and to nosocomial BSIs. Ana
yses of years of potential life lost are based on several cr
cal assumptions. If the mean age of death is 60 years
the life expectancy is 70 years age, then the years of poten
life lost will be a function of both the nosocomial infection
rate and the attributable mortality rate. Assuming a 5% to
nosocomial infection rate, an attributable mortality rate
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20% with 35,000 resultant deaths, the years of potentia
life lost in the U.S. would be 350,000 annually(54). If
the nosocomial infection rate is decreased to 2.5% with a
attributable mortality rate of 10%, the years of potential life
decreases to 87,500 annually(54). Applying this analysis
in a fashion that the mortality rate and the nosocomial infec
tion rate increase, a linear increase in the years of potential li
lost would be expected. Conceivably, with a nosocomia
infection rate of 10% and an attributable mortality rate o
30%, the annual years of potential life lost in the U.S. ma
be as high as 1,050,000(54).

Bloodstream Infections in the HIV Population

The Report on the Global HIV/AIDS Epidemic, UNAIDS,
2002 estimates that 40 million people worldwide are infecte
with HIV/AIDS. Patients with HIV/AIDS commonly present
with community-acquired infections caused by bacteria, my
cobacteria, parasites and fungi. The epidemiology of bacte
emias in HIV-infected patients has been studied. Th
incidence of BSIs in HIV patients varies widely and is likely
a reflection of heterogeneous populations studied. Investig
tions of BSIs in patients with AIDS originally focused on the
microbiology of bacteremias with the goal of developing
guidelines for empiric antibiotic therapy. Additionally, much
of these data came from HIV-infected intravenous (IV) drug
abusers. In one retrospective analysis of blood cultures fro
200 AIDS patients performed in the early to mid-1980s
75% of patients were IV drug users(55). A total of 1,120
sets of blood cultures were sent and 3.8% were positiv
Of these, the most common isolates wereSalmonella
species, coagulase-negative staphylococci,Cryptococcus neo-
formansand S. aureus. When these data were compared to
2,013 positive blood cultures from non-AIDS patients, non
IV drug abusers, several statistically significant difference
were observed. In contrast to AIDS patients, non-AIDS
cases exhibited a higher rate of bacteremia withS. pneumon-
iae, Candidaspecies and enteric gram-negative rods (exclu
sive of Salmonellaspecies)(55).

In a 1980s analysis of 34 bacteremic episodes from 1
patients with HIV/AIDS, 25 episodes were community ac-
quired whereas nine were nosocomial(56). Of the 25 com-
munity-acquired episodes, 19 were seen in IV drug abuser
The most common pathogens wereS. aureusandS. pneu-
moniae,preferentially seen in the patients with a history of
IV drug abuse. The remaining nine cases were nosocom
and included one each episode ofS. aureus, S. epidermidis,
Fusobacterium, E. aerogenes, M. morgagniiand two cases
each ofK. pneumoniaeandP. aeruginosa.Thus, studies fo-
cusing on HIV/AIDS patients with concurrent IV drug abuse
revealed a microbiologic pattern favoring gram-positive
organisms such as coagulase-negative staphylococ
S. aureus, enteric gram negatives such asSalmonellaspecies
and opportunistic fungi such asCryptococcus neoformans.
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A more recent study from Taiwan focused on the inc
dence of bacteremia and fungemia in non-IV drug abu
patients with advanced HIV infection and highlights th
importance of enteric gram-negative and fungal pathogen
this population. This prospective, 42-month study analyz
all HIV-infected patients with fever admitted to a universit
hospital(57). Of 210 patients, 41 (19.5%) had a total of 5
episodes of bacteremia or fungemia. All but one patient h
AIDS, and the mean CD4� count was 29/µL. Of the bacte-
rial isolates, non-typhoidalSalmonella was the most
common (80%).S. aureuswas diagnosed in three episode
whereasS. pneumoniaewas seen in one.C. neoformans
was the most common type of fungemia seen in 1
episodes.

Central venous catheters impact both the incidence a
outcome of nosocomial BSI in HIV-positive patients. Th
incidence of catheter-related BSI among HIV-positive p
tients varies from 1.3 to 12 per 1,000 catheter days(58–64).
The likelihood of infection is a function of catheter type an
degree of immunosuppression. The most common type
central venous catheter is of the non-tunneled variety. T
catheter type is implicated in 90% of all catheter-relate
bacteremias(58,65). In a study by Skiest et al., 142 HIV
patients with non-tunneled central venous catheters show
18.3% of the catheters were infected. The rate of infecti
was 2.8 per 1,000 device days. In different analyses, hig
rates of infection were found(66). Two Italian surveys sug-
gest a rate of catheter-related BSI of 8–12 per 1,000 dev
days(58,60,67). Data on BSIs with tunneled central venou
catheters in HIV-positive patients are consistent with r
ports in the non-HIV-positive population. In a survey o
tunneled-cuffed catheter-associated infections in HIV-po
tive hemodialysis patients, the reported BSI rate was 2.
per 1,000 tunneled central venous catheters and was com
rable to the rate of 2.5 per 1,000 tunneled central veno
catheters observed in the HIV-negative controls. These d
suggest that the incidence of catheter-related bloodstre
infection in HIV-positive patients is in part a function o
catheter type.

The microbiology of catheter-related BSIs in HIV-posi
tive patients consists predominantly of gram-positive orga
isms. Multiple studies support the prominence ofS. aureus
and coagulase-negative staphylococci as pathogens in ca
ter-related BSIs in HIV-positive patients(61,64,66). Hospi-
tal-acquired gram-negative rods such asAcinetobacter
species,Pseudomonasspecies andStenotrophomonasspe-
cies have also been implicated in the pathogenesis of ca
eter-related BSIs in the HIV-positive population(68). Unlike
fungemic episodes reported in case series of commun
acquired BSIs, yeasts (not molds) are the principal path
gens. Data from non-HIV patient cohorts have shown
increase in the secular trend of BSIs withCandidaspecies
over the decades(2,69). This too has been observed in co
horts of HIV-positive patients(58).
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The mortality associated with bacteremia in HIV disease
is varied and depends largely upon the population studied.
In one retrospective analysis over a 16-month period, 44
cases of community-acquired bacteremias were identified in
HIV-positive patients, 70 with the diagnosis of AIDS. All
cases had positive blood cultures within 24 h of admission.
The most commonly identified sources of bacteremia were
pneumonia, indwelling central venous catheters, and celluli-
tis. Fourteen patients had no identifiable source. In this series,
only 4 of the 44 patients died during the course of hospitaliza-
tion resulting in a crude mortality of 9%(70).

In contrast, nosocomial BSI in HIV-positive patients are
associated with a much higher mortality. Additionally, mor-
tality is associated with both low CD4 counts and severity
of illness. In a series from Italy, a 3-year prospective matched
case-control study method was employed to study the risk
factors, prognostic indicators, impact on length of stay,
and crude and attributable mortality of bacteremia in HIV-
infected patients(63). Eighty four cases were matched with
168 controls for age, gender, CD4� lymphocyte count, diag-
nosis upon admission, hospital location and length of stay
preceding the BSI. After logistic regression analysis, the
independent predictors of bacteremia were severity of illness
by APACHE II score and the presence of a central venous
catheter. The crude mortality was 43% with an attributable
mortality of 27% (95% CI, 13–48). By multivariate analysis,
the investigators identified CD4� count �100/mm3 and
APACHE II score�15 as independent predictors of mortal-
ity. The risk ratio for death in this analysis was 3.91 (95%
CI, 2.06–7.44)(63).

A large, retrospective analysis of nosocomial BSIs in
HIV patients further supports the high crude and attributable
mortality elsewhere reported. In Taiwan, the medical records
of all HIV-positive patients with nosocomial BSIs were
reviewed(71). Fifty seven episodes of nosocomial BSI were
identified, and data were collected on CD4� count, HIV
classification by CDC criteria, white blood cell count, serum
albumin, severity of systemic inflammatory response, pres-
ence of CVCs, active opportunistic infection, organ failure
and outcome. Logistic regression modeling was employed
to determine predictors of mortality. The incidence of noso-
comial BSI in HIV-infected patients was 2.3 per 1,000 patient
days of hospitalization. Of all nosocomial BSI, 77% were
classified as primary. The crude and attributable mortality
were 39 and 26%, respectively. Multivariate analysis via
logistic regression modeling revealed shock and hypoalbum-
inemia as independent predictors of mortality.

Bacteremia in Neutropenic Patients

Infection in the immunocompromised, neutropenic host con-
tinues to be a major clinical dilemma. Data from multiple
studies suggest that the attack rate for nosocomial bacteremia
in neutropenic patients ranges from 11 to 39%(72–75).
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The microbiology of neutropenic BSIs is summarized in
comprehensive review of bacteremia spanning two decad
Elting et al. summarized data on bacteremia from 10 cons
utive randomized clinical trials of antibiotic therapy in fe
brile, neutropenic cancer patients(76). In total, 909
bacteremia episodes were reviewed. Gram-positive org
isms caused 46% of bacteremias, gram-negative organi
caused 42% of bacteremias, and 12% of episodes were
lymicrobial (76). Additionally, data from this series sugges
that the distribution of bacteria has changed over time as
initial predominance of gram-negative organisms shifted
gram positive(76). The most common gram-positive organ
isms identified were coagulase-negativeStaphylococcus
(17%), α-hemolytic Streptococcus(13%), andS. aureus
(8%). The most common gram-negative pathogens identifi
wereEscherichia coli(12%), Pseudomonasspecies (10%)
andKlebsiellaspecies (9%). Data from a prospective coho
study of nosocomial BSIs in adult neutropenic patients fu
ther support this microbiologic picture. In this series o
bacteremic episodes, the microbiology of the BSIs consis
of coagulase-negativeStaphylococcus(16.7%), Viridans
streptococci(16.7%),E. coli (16.7%),P. aeruginosa(7.1%)
andS. aureus(6%)(72). These data are consistent with othe
studies finding coagulase-negative staphylococci,E. coli,
viridans groupstreptococci, P. aeruginosaandS. aureusas
major pathogens in neutropenic BSIs(77–79).

A comprehensive analysis of nosocomial BSIs in the U.
reported increased drug resistance, particularly in gram-po
tive organisms. The proportion ofS. aureusisolates with
methicillin resistance increased from 22% in 1995 to 57
in 2001(2). The emergence of drug-resistant BSI pathoge
applies to the neutropenic population as well. A Pakista
study of microbiologic spectrum and susceptibility of blood
stream isolates from febrile neutropenic patients suppo
this trend. Eighty three organisms were isolated from
patients, with 43% gram-positive cocci and 57% gram-neg
tive rods. Forty percent of theS. aureusand 55% of the
coagulase-negativeStaphylococcuswere resistant to methi-
cillin yet sensitive to vancomycin. These authors conclud
that the spectrum of bacterial isolates was shifting to towa
resistant, gram-positive organisms(80).

Several studies have focused on crude and attributa
mortality of BSIs in neutropenic patients. The estimate
attributable mortality of BSI in cancer patients is betwee
7.5 and 30%(74,75). These studies failed to match patien
on multiple factors and did not employ a case-contr
analysis. A more accurate estimate is available. One rec
study of bacteremia in neutropenic patients focused on att
utable mortality and employed a prospective cohort a
matched case-control analysis of 81 matched pairs. Match
was based on admission to the hematology–oncology u
length of stay, gender, age, type and stage of malignan
radiation therapy, and duration of neutropenia. The cru
mortality rates of cases and control were 16 and 4%, resp
tively (72). The attributable mortality was 12%(72).
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Bacteremia in Patients with Solid Organ
and Bone Marrow Transplant

Infections in solid organ and bone marrow transplant recip
ents remain problematic. Data on incidence vary by bo
type of bone marrow and solid organ transplantation. Neutr
penia is an additional risk factor for bacteremia in transpla
populations. The incidence of bacteremia in bone marro
transplant patients is as high as 360 BSIs per 1,000 neu
penic episodes(21). Another series defined the incidence o
infectious complications within 30 days in a cohort of 21
autologous bone marrow transplant recipients(81). In this
series, the incidence of bacteremia was 7.8%.

In solid organ transplant populations, the rate of bacte
emia differs by transplantation type. One study reviewe
277 consecutive admissions of solid organ transplant p
tients. The rates of BSIs in solid organ transplants were 28
for liver, 10% for heart or heart–lung, and 5% for kidne
transplants(82). For the total cohort, the rate of bacteremi
was 10%. Another prospective study of solid organ tran
plants documented a bloodstream infection rate of 24%
liver transplants, 11% in heart transplants, and 6% in kidn
transplants(83).

The microbial spectrum of bacteremias in bone marro
and solid organ transplants varies. As in other populations
shift favoring the predominance of gram-positive pathoge
has been documented. In one large series of patients w
both hematological malignancies and solid neoplasms, gra
positive organisms accounted for 62% of all bacteremias
1995 and 76% of bacteremias in 2000(72). Other investiga-
tors have reported proportions of gram-positive infection
between 70 and 81%(84,85). Of these gram-positive patho-
gens, the most commonly reported were coagulase-nega
staphylococci,Viridans streptococci, S. aureus, andEntero-
coccusspecies(21,72,73,81,84,86,87). The most commonly
reported gram-negative pathogens, in various orders of ra
wereE. coli, Enterobacterspecies,Klebsiellaspecies, and
Pseudomonasspecies(21,72,73,81,84,86,87). Like inci-
dence, the mortality of bacteremia in the solid organ tran
plantation population varies based on transplant type.
one prospective analysis of 125 bacteremic episodes in rec
ents of heart, kidney or liver transplants, the 14-day mortali
following bacteremia was, respectively, 33, 11 and 24%(83).
In a different analysis of 53 liver transplant recipients,
lower incidence of bacteremia (21%) was observed(88).
Likewise, the reported mortality was lower. Five deaths (9%
were reported in this series with only two from septicem
(88). Another analysis of 101 consecutive liver trans
plantations reported an overall mortality of 26% (26/101
Of these, 23 were due to infection (89%) and 5 were d
to bacteremia(88).

Data on the crude mortality of bacteremia in bone marro
transplant recipients vary widely. In one analysis of BS
in 519 bone marrow transplant recipients, mortality varie
largely by pathogen. Although gram-positive pathogen
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were the predominant isolates, not a single death was
corded in patients withS. aureus, enterococci, orStreptococ-
cus species. A high mortality in bacteremia was observ
with B. fragilis (50%),P. aeruginosa(40%) andEnterobac-
ter/Citrobacter/Serratiaspecies (25%). The mortality of nos
ocomial bacteremia in hematologic and solid neoplasms
affected by neutropenia. In a large prospective study of 2,3
patients with underlying malignancy, mortality was com
pared between neutropenic and non-neutropenic patie
(72). The overall mortality rate was 32% and ranged fro
16% in patients with bacteremia due to viridans group stre
tococci to 45% withCandida fungemia(72). When the analy-
sis was stratified by neutropenia, the crude mortality w
36% for neutropenic patients and 31% for non-neutrope
patients.

Conclusions

Bacteremias are significant causes of morbidity and mort
ity worldwide. Studies suggest that the incidence of BSIs
on the rise. Whereas gram-negative organisms were m
common in the 1970s, gram-positive organisms are n
the predominant pathogens and include coagulase-nega
staphylococci,S. aureusand enterococci. This has bee
observed in diverse patient populations including bo
community-acquired and nosocomial cases. Of the gra
negative isolates, the enterobacteriaceae are the m
common.E. coli is prominent among elderly patients with
community-acquired BSIs. Furthermore, increases in antim
crobial resistance have been reported forS. aureusand enter-
ococci. In the outpatient setting, resistant isolates have b
observed with increased frequency and include organis
such asS. pneumoniae, S. aureusand ESBL-producing
gram-negative rods.

The results of studies focusing on crude and attributab
mortality are varied, in part related to the heterogeneo
populations observed. It should be understood that obtain
reliable data on attributable mortality is challenging du
to rigorous matching requirements. Few studies have focu
on pathogen-specific attributable mortality. They includ
studies onS. aureus, coagulase-negative staphylococci an
enterococci. Other studies of attributable mortality have be
conducted in select populations including patients
intensive care units, neutropenic patients, and HIV-positi
patients. Despite advances in medical care, BSIs remai
leading cause of death worldwide.
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