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Background: Bloodstream infections (BSIs) are severe infections that can be community or 

hospital acquired. Effects of time to appropriate treatment and impact of antimicrobial manage-

ment team are discussed in terms of outcome of BSI. We sought to evaluate the impact of initial 

BSI management on short-term mortality.

Patients and methods: A prospective, multicenter survey was conducted in 121 French 

hospitals. Participants declaring BSI during a 1-month period were included consecutively. Data 

on patient comorbidities, illness severity, BSI management, and resistance profile of bacterial 

strains were collected. Predictors of 10-day mortality were identified by multivariate regression 

for overall BSI, health care-related and hospital-acquired BSI.

Results: We included 1,952 BSIs. More than a third of them were hospital acquired (39%). 

Multidrug resistance was identified in 10% of cases, mainly in health care-related BSI. Empirical 

therapy and targeted therapy were appropriate for 61% and 94% of cases, respectively. Increased 

10-day mortality was associated with severe sepsis, septic shock, increasing age, and any focus 

other than the urinary tract. Decreased mortality was associated with receiving at least one active 

antibiotic within the first 48 hours. Intervention of antimicrobial management team during the 

acute phase of BSI was associated with a decreased mortality at day 10 in the overall population 

and in health care-related BSI.

Conclusion: Optimizing BSI management by increasing rapidity of appropriate treatment ini-

tiation may decrease short-term mortality, even in countries with low rate of multidrug-resistant 

organisms. Early intervention of antimicrobial management team is crucial in terms of mortality.

Keywords: mortality, bloodstream infections, antimicrobial management team, community-

acquired infection, health care-related infection

Introduction
In Europe, the estimated annual number of bloodstream infection (BSI) episodes is 

circa 1.2 million per year.1 The annual number of deaths related to BSI is estimated 

to range from 157,750 to 2,763,181. Increased mortality is not only associated with 

nosocomial BSI, but also with community-acquired BSI under certain circumstances 

in intensive care unit patients as well as in the inpatient population as a whole.2–4

Furthermore, even if BSI management has been suggested as a performance indi-

cator for antimicrobial management programs in health care facilities (HCF), impact 

of initial management remains highly discussed. More precisely, the role of empirical 

therapy, time to first active treatment, and also the role of antimicrobial management 

team (AMT) to drive initial treatment remain highly discussed in terms of mortality.5–8 

However, this initial management is becoming even more complex with the increasing 
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bacterial resistance to antibiotics and remains a challenge that 

has been particularly demonstrated in specific populations.9,10 

On one hand, inappropriate initial antibiotic regimen has been 

related to poor outcome, especially for patients with severe 

sepsis or septic shock.11 On the other hand, inappropriate 

use of large-spectrum antibiotics leads to unnecessary anti-

biotic exposure and to a high risk of selecting drug-resistant 

microorganisms.

Therefore, we conducted a survey focused on the early 

management of BSI in French HCF. We sought to evaluate 

its impact on overall, hospital-acquired, and not hospital-

acquired BSI short-term mortality.

Patients and methods
Setting
This prospective, observational, multicenter cohort survey was 

conducted over a period of 1 month in each center between 

November 2014 and February 2015 among HCF from the 

“Surveillance de la Prescription des Antibiotiques” (Surveil-

lance of Prescribed Antibiotics) network.12 The study protocol 

was derived from a previous regional survey.13 The study 

was approved by the Tourcoing Hospital Ethics Committee, 

16/09/2011. As per the French law for an observational study, 

patient informed consent was not required (Art L-1121).

All consecutive patients with positive blood cultures 

during a 1-month period were included. Case ascertainment 

was done through the microbiology laboratory in associa-

tion with the clinician belonging to the AMT. AMT of each 

HCF audited the management of each episode of BSI. 

Coagulase-negative staphylococci and other common com-

mensal species were considered as probable contaminants and 

excluded from the analysis if the organism was isolated from 

a single set of blood cultures and the local AMT considered 

the result as a contamination. If patients declared multiple 

events of bacteremia during the study, only the first episode 

was included in the survey. Individuals dying the day blood 

culture was taken were excluded from the analysis, as well 

as those discharged early to home or transferred early to 

another medical center (before 72 hours), considering that 

before this time, antibiotic management could not be fully 

completed in the same hospital.

Identification and antibiotic susceptibility tests (ASTs) of 

each microorganism were performed locally in compliance 

with the European Committee on Antimicrobial Susceptibil-

ity Testing 2014.14

Data included demographics, pathogens and their suscep-

tibility patterns, portal of entry, hospitalization department, 

antimicrobial regimens, time to first active antimicrobial 

after blood culture was taken, intervention of the AMT, 

and outcome. The beta-lactams allergy and chronic renal 

failure declared by patients were also recorded. Severity 

was assessed as the presence of severe sepsis or septic 

shock at BSI diagnosis. Secondary septic localizations were 

defined as endocarditis and/or the presence of abscess(es) 

not considered as the portal of entry. Data were collected 

on a standardized paper form and electronic data entry was 

performed locally.

Definitions
Unless specified, the term “blood stream infection” is used 

as generic for either bacteremia or fungemia. BSIs were clas-

sified as hospital acquired if the first positive blood culture 

was drawn >48 hours after admission to the hospital and 

community acquired if drawn ≤48 hours after admission. 

BSIs affecting individuals living in a long-term care facil-

ity, under a home hospitalization regimen, in patients with 

chronic hemodialysis, or in those reporting febrile neutro-

penia episode following chemotherapy were considered as 

“other health care-associated BSI”. We associated this last 

group to “hospital-acquired BSI” group to form the “health 

care-associated BSI” group.

Multidrug-resistant organisms (MDROs) include Entero-

bacteriaceae producing extended-spectrum beta-lactamases 

or carbapenemases, methicillin-resistant Staphylococcus 

aureus (MRSA), glycopeptide-resistant enterococci, beta-

lactam-resistant streptococci, and ceftazidime- or imipenem-

resistant non-fermenting bacteria.

Patients with at least one organ dysfunction according 

to Bone’s criteria were considered having severe sepsis if 

they did not require vasoactive drug, and with septic shock 

if vasoactive drugs were used.15 Patients without organ dys-

function were classified as nonsevere.

Empirical treatment was defined as a treatment initiated 

before gram stain result availability. Ongoing treatment 

after availability of AST results was considered as “targeted 

therapy”. Empirical and targeted antimicrobial treatment 

regimens were analyzed considering antibiotic susceptibility 

patterns and drug pharmacokinetics. Therapy was considered 

appropriate if patients had received at least one systemic 

drug to which (all) the organism(s) was (were) susceptible, 

with appropriate dosage, adequate route of administration, 

and tissue distribution.

Complications of BSI are secondary infection, abscess, 

and endocarditis.
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Analysis
Continuous variables are expressed as means or medians and 

ranges. Categorical variables are expressed as proportions. 

Statistical analyses were carried out to determine factors 

associated with all-cause 10-day mortality. First, univariable 

and multivariable logistic regression were performed for the 

whole population and for two subgroups defined as health 

care-related BSI and community-acquired BSI. Multivariable 

analysis was performed starting with all appropriate variables 

with a P<0.20 in the univariable analysis. Final multivariable 

models were selected using backward elimination of variables 

with P>0.05 and retaining the variables of clinical interest, 

such as appropriate antibiotic at day 1 or at any time, depend-

ing on the group analyzed. A sensitivity analysis including 

individuals who died at day 1 and who were discharged early 

was also performed. Statistical analyses were performed 

using R software version 3.3.3 (http://www.R-project.org).

Results
Settings and patients
During the 4-month study period, 121 hospitals (20 university 

hospitals, 62 public hospitals, 3 not-for-profit cancer centers, 

27 private HCF, and 9 rehabilitation/long-term care facilities) 

were involved. Median size of participating hospitals was 265 

(112–450) acute care beds. Median number of inclusions per 

hospital was 17 (8–30). Overall, data from 2,197 patients with 

BSI were collected. One (<0.1%) individual died on day 1 of 

BSI management, 147 (7%) were transferred or discharged 

to home early before 48 hours, and 97 (4%) were discharged 

between day 3 and day 10 and lost to follow-up. Most of 

these patients suffered from community-acquired BSI (64/97 

[66%]) and had baseline characteristic similar to individuals 

included in the survey. This resulted in 1,952 (89%) indi-

viduals with complete data (Figure 1). Patients were hos-

pitalized in the following departments: medicine (n=1,052, 

54%), surgery (n=259, 13%), intensive care (n=254, 13%), 

oncology-hematology (n=182, 9%), geriatrics (n=139, 8%), 

and gynecology/obstetrics/pediatrics (n=66, 3%).

The median age was 73 years (interquartile range: 60–83). 

Also, 68%, 22%, and 10% of the patients were considered 

as nonsevere, with severe sepsis, and with septic shock, 

respectively. The median time of follow-up was 19 days 

(interquartile range: 14–30). Secondary septic localizations 

were reported in 392 patients (20%), including 63 endo-

carditis cases (3%). Details on patient characteristics are 

presented in Table 1.

Within the 10-day follow-up, 197 (10%) patients died.

Bloodstream infection
Of 1,952 BSIs, 763 were considered hospital acquired (39%), 

313 were other health care-associated BSIs (16%), and 876 

were community-acquired BSIs (45%). The most frequent 

portal of entry was the urinary tract (n=522/1,952, 27%) 

for all BSIs and in community-acquired BSI (n=235/867, 

33%). Intravenous catheter was the most common portal 

of entry in health care-related BSI (n=366/1,085, 34%), as 

shown in Table 1. MDROs were associated with BSI in 10% 

of cases (n=173/1,779) and were more frequent in health 

care-associated infection compared to community-acquired 

infection (13% vs 6%, P<0.001). Among 2,077 isolated 

strains, Escherichia coli (n=580, 28%) and S. aureus (n=358, 

17%) were the most frequent microorganisms (Table 2). A 

total of 202 (9.7%) bacterial isolates were MDROs, includ-

ing 122 (59%) extended-spectrum beta-lactamases and 67 

MRSA (33%). These resistant strains were mostly found in 

health care-related BSI (12% [144/1,175] vs 6% [58/902] in 

health care-related vs community-acquired BSI, respectively; 

P<0.001; Table 2). Polymicrobial BSI was observed in 110 

(6%) cases.

Management of BSI
Overall, 1,814 (93%) patients received at least one active 

drug when considering the AST pattern. Empirical therapy 

was considered appropriate in 1,191 (61%) cases. Adequate 

therapy was started within the first 24 hours for 883 individu-

als (45%) and within the first 48 hours for 1,610 (82%) indi-

viduals, respectively (Figure 1). Appropriate treatment starting 

within the first 48 hours was more frequent for “community-

acquired” than for “health care-related” BSI (89% vs 77%, 

respectively; P<0.001). Targeted therapy was also more likely 

to be adequate for “community-acquired” than for “health 

care-related” BSI (96% vs 92%; P<0.001). In the subset 

(n=1,764) of cases with data available for hourly timing of 

blood culture and antibiotic administration, the mean delay 

from the time when blood samples were taken to prescrip-

tion of an active drug was 24.4±36 hours (median 12 hours).

Empirical combination therapy was used in 43% of cases. 

It was more frequent in the case of patients with severe sepsis/

septic shock than in other cases (57% vs 37%; P<0.001).

The three most frequently used drugs for empirical 

therapy were ceftriaxone (n=821, 16.3%), amoxicillin/

clavulanic acid (n=462, 9.2%), and gentamicin (n=436, 

8.7%). For targeted therapy, the drugs used were ceftriaxone 

(n=457, 11.9%), amoxicillin/clavulanic acid (n=311, 8.1%), 

and ofloxacin (n=307, 8%).
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Figure 1 Flowchart of antimicrobial therapy regimens and outcome.

2,197 patients with
bloodstream infection

Early transfer or early
discharge,

n=260

Adequate treatment within
 48 hours,

n=1,610 (82%)

Inadequate treatment before
48 hours,

n=342 (18%)

Death at day 1, n=1

 Patients evaluable n=1,952

Day 10 survivor,
n=1,467 (91%)

Day 10 survivor,
n=342 (84%)

Death before day 10,
n=143 (9%)

Death before day 10,
n=54 (16%)

Ten-day mortality
In multivariable analysis (Table 3), severe sepsis, septic 

shock, allergy to beta-lactam, age over 72 years, a portal of 

entry other than the urinary tract, and initiation of efficient 

treatment over the first 48 hours remained independently 

associated with 10-day mortality. Factors associated with 

lower mortality were chronic renal failure, intervention by 

an AMT, and BSI due to E. coli, another Enterobacteriaceae, 

or another gram-positive coccus compared to S. aureus. The 

sensitivity analysis including patients with early discharge or 

who died on day 1 did not change these results significantly 

(data not shown).

Ten-day mortality: subgroup analysis
In patients with health care-associated BSI, intervention of 

the AMT, an E. coli, another Enterobacteriaceae or another 

gram-positive coccus BSI compared to S. aureus and 

chronic renal failure BSI were independently associated with 

decreased mortality. Severe sepsis, septic shock, a digestive 

tract infection, an unknown portal of entry, pneumoniae, age 

over 72 years, and treatment initiation after 48 hours were 

independently associated with mortality (Table 3). In case of 

patients with not community-acquired BSI, time to efficient 

treatment was also positively associated with mortality when 

started after 48 hours (Table 3).

Discussion
This work was an opportunity to look at the management 

of both community-acquired and health care-related BSI 

in the same time lapse, using the same methodology. This 

makes us able to define the impact on mortality of BSI initial 

management for overall BSI and for the two subgroups. This 

study was also the opportunity to estimate MDRO prevalence 

associated with BSI, which remains low in France.
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First, we found that the involvement of antibiotics 

management team in BSI management was associated with 

decreased mortality, especially in hospital-acquired infection. 

Interestingly, this variable remained significant independently 

Table 2 Bacterial species and MDR from 1,952 bloodstream infections in 121 French hospitals in 2014–2015

Microorganisms Overall BSI Health care-related infection Community-acquired BSI

Not MDR MDR Not MDR MDR Not MDR MDR

Staphylococcus aureus 291 (15.4%) 67 (33.2%) 188 (18.2%) 55 (38.2%) 103 (12.3%) 12 (20.7%)
CNS 201 (11.1%) 0 (0%) 184 (17.8%) 0 (0%) 17 (2.0%) 0 (0%)
Streptococcus sp. 134 (7.1%) 3 (1.5%) 38 (3.7%) 1 (0.7%) 96 (11.1%) 2 (3.4%)
Streptococcus pneumoniae 72 (4.0%) 1 (0.5%) 10 (1.0%) 0 (0.0%) 62 (7.4%) 1 (1.7%)
Enterococcus sp. 134 (7.1%) 0 (0.0%) 99 (9.6%) 0 (0.0%) 35 (4.2%) 0 (0.0%)
Escherichia coli 516 (27.3%) 64 (31.8%) 172 (16.7%) 33 (22.9%) 344 (40.8%) 31 (53.4%)
Other Enterobacteriaceae 259 (13.7%) 58 (28.7%) 169 (16.4%) 49 (34.0%) 90 (10.6%) 9 (15.5%)
Pseudomonas aeruginosa 72 (3.8%) 3 (1.5%) 62 (6.0%) 3 (2.1%) 10 (1.2%) 0 (0.0%)
Other non-fermenting 18 (1.0%) 0 (0.0%) 15 (1.6%) 0 (0.0%) 3 (0.3%) 0 (0.0%)
Salmonella sp. 14 (0.8%) 0 (0.0%) 4 (0.4%) 0 (0.0%) 10 (1.19%) 0 (0.0%)
Anaerobes 68 (3.6%) 1 (0.5%) 42 (4.1%) 0 (0.0%) 26 (3.1%) 1 (1.7%)
Candida sp. 37 (1.9%) 0 (0.0%) 30 (3.3%) 0 (0.0%) 7 (0.8%) 0 (0.0%)
Other 59 (3.1%) 5 (2.5%) 18 (1.7%) 3 (2.1%) 41 (4.9%) 2 (3.4%)
Total 1,875 (100%) 202 (100%) 1,031 (100%) 144 (100%) 844 (100%) 58 (100%)

Abbreviations: BSI, bloodstream infection; CNS, Coagulase-negative staphulococci; MDR, multidrug resistance.

Table 3 Results of multivariate analysis of items associated with 10-day mortality for all BSIs, hospital-acquired BSI, and not hospital-
acquired BSI

Variables All BSIs Health care-related BSI Community-acquired BSI

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Sex 1.43 (1.02–1.99) 0.03 1.64 (0.98–2.79) 0.06
Age (reference: <60 years)
60≤age<72 1.27 (0.75–2.17) 0.38 1.07 (0.56–2.04) 0.84 2.24 (0.85–6.4) 0.11

72≤age<82 2.1 (1.25–3.57) 0.005 1.9 (1–3.61) 0.04 3.16 (1.25–8.8) 0.02

≥82 2.56 (1.56–4.29) <0.001 2.27 (1.19–4.32) 0.01 4.57 (1.94–12.24) 0.001
Chronic renal failure 0.61 (0.43–0.85) 0.003 0.61 (0.39–0.96) 0.03 0.55 (0.32–0.93) 0.03
Allergy to beta-lactam 4.69 (1.35–29.72) 0.04 7.12 (0.92–55.21) 0.06
Focus (reference: urinary tract)
Vascular catheter 1.97 (1.02–3.82) 0.04 1.91 (0.84–4.34) 0.12 –
Pneumonia 3.32 (1.71–6.5) <0.001 4.83 (1.93–12.09) <0.001 2.75 (1.15–6.55) 0.02
Digestive tract 2.25 (1.28–3.99) 0.005 3.57 (1.56–8.15) 0.002 1.71 (0.79–3.75) 0.18
Other 2.11 (1.1–4.1) 0.03 1.51 (0.57–4) 0.41 3.29 (1.58–7.08) 0.002
Unknown 2.53 (1.29–4.95) 0.006 3.31 (1.31–8.33) 0.01 2.14 (0.83–5.34) 0.11
Severity (reference: nonsevere)
Severe sepsis 4.31 (2.94–6.35) <0.001 4.15 (2.48–6.96) <0.001 5.47 (3.02–10.14) <0.001
Septic shock 9.45 (6.07–14.77) <0.001 8.34 (4.67–14.91) <0.001 11.22 (5.57–22.93) <0.001
Microorganism (reference: Staphylococcus aureus)
CNS 0.45 (0.21–0.94) 0.04 0.37 (0.17–0.84) 0.026
Escherichia coli 0.45 (0.24–0.83) 0.01 0.33 (0.15–0.76) 0.01
Other Enterobacteriaceae 0.54 (0.29–0.98) 0.04 0.36 (0.17–0.76) 0.008
Other gram-positive cocci 0.45 (0.25–0.8) 0.007 0.19 (0.07–0.5) <0.001
Polymicrobial bacteremia 0.85 (0.4–1.73) 0.65 0.58 (0.23–1.43) 0.24
Other microorganisms 0.76 (0.42–1.38) 0.37 0.55 (0.27–1.13) 0.10
Time to treatment (reference: <24 hours)
Between 24 and 48 hours 0.79 (0.53–1.17) 0.23 0.95 (0.56–1.6) 0.84 0.57 (0.29–1.08) 0.09
>48 hours 1.91 (1.24–2.92) 0.003 1.87 (1.08–3.26) 0.03 2.38 (1.17–4.77) 0.02
Intervention of AMT 0.58 (0.41–0.82) 0.002 0.42 (0.26–0.66) <0.001

Abbreviations: AMT, antimicrobial management team; BSI, bloodstream infection; CNS, coagulase-negative staphylococci; OR, odds ratio.

of the antibiotic regimen appropriateness. This might be 

explained by the fact that the role of the AMT is also to 

manage dosage, side effect, drug interaction, and follow-up. 

It is well-known that AMT interventions increase the rate of 
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appropriate treatment, decrease the use of broad-spectrum 

antibiotics, and reduce the costs of antimicrobial treatment 

without increasing death.1,5,16–18 While the overall positive 

impact of AMT on mortality is only supported by low level of 

scientific evidence, it has, nevertheless, been well described 

for specific drug regimen or infection.8 Our prospective study 

supports that AMT intervention as a bedside consultation, 

as is largely done by AMT in France, seems to be efficient 

on mortality.8,19

Second, we confirmed that time to appropriate treatment 

is a key factor of mortality, independently of severity, portal 

of entry, and microorganisms, whatever the infection was, 

acquired in community or health care related. The impact of 

delayed effective antimicrobial therapy on mortality remains 

a key concern in BSI with a large number of studies varying 

in terms of methodology, patient recruitment, and microor-

ganism involved.7,19–26 In any case, in critically ill patients, 

treatment needs to be started within the first 2 hours of clini-

cal management.26–28 In our study, patients received an active 

drug quite early (median time 12 hours), either as empirical 

therapy or with a rapid adjustment following the first report 

of a positive blood culture and gram stain by the microbiology 

laboratory. Our results associated with literature cited above 

argue for improving appropriate empirical treatment and 

for rapid diagnostic procedures when clinical symptoms of 

infection occur, especially in case of hospital-acquired infec-

tion. This underlines the need for not only regular updates 

of empirical treatment strategies, which need to be adjusted 

to the local microbiological environment, but also rapid 

microbial identification as it has already been suggested.29,30

Third, we confirmed a low prevalence of multidrug resis-

tance concentrated in hospital-acquired BSI. The proportion 

of resistant E. coli and MRSA is similar to the result of the 

most recent European study and of a recent English survey on 

third-generation cephalosporin resistance.31,32 Interestingly, 

even with this low prevalence of MDRO, only two-thirds of 

empirical treatments were active against the isolated patho-

gens, mostly in community-acquired BSI as demonstrated 

in a previous study on gram-negative BSI.6 This not only 

highlights the need for an efficient antimicrobial resistance 

surveillance system, but also suggests conducting studies to 

understand this high rate of inappropriate initial management.

Fourth, the protective effect of chronic renal failure is 

surprising. Our data suggest this could be associated to drug 

overexposure with the use of non-adjusted dosages. This 

might suggest higher dosages could be more effective at the 

acute phase of the infection. In severe sepsis or septic shock 

patients, the increased volume of distribution leads many 

intensive care teams to use high dosages. This might also be 

useful for patients with less-severe clinical presentation with 

factors associated with higher BSI mortality.

Finally, our study suffers from limitations. First, we did 

not have detailed information on patients’ comorbidities 

and characteristics at BSI diagnosis. However, we believe 

the available data on sex, age, BSI origin, sepsis severity, 

and chronic renal failure provide sufficient information to 

evaluate patient severity. Our model did not take into account 

time-dependent variables such as length of stay within the 

hospital before BSI happened, and we did not consider time 

to treatment as a time-dependent variable. This was decided 

to be consistent with previous literature and because of the 

design of the survey which aimed at investigating short-term 

mortality.6 Furthermore, correct antibiotic regimen was 

started before 48 hours for >80% of patients, suggesting 

that few biases could be introduced due to events happening 

between blood culture and appropriate treatment. Last, this 

study was designed to evaluate 10-day mortality, which can 

be considered as death during the acute phase of BSI. We 

considered that long-term mortality needs more informa-

tion than patient characteristics at the time of the onset and 

time-dependent variable needs to be introduced in the model. 

However, we also compared patients with in-hospital death 

before day 28 to patients discharged at any time or still alive 

at day 28. This analysis needed to be conducted with care, but 

gave similar results except that hospital acquisition became a 

risk factor of death and effect of antibiotics stewardship team 

was nonsignificant for the overall population.

BSIs need to have appropriate treatment started at least 

within the first 48 hours. AMT intervention has an impact 

on short-term mortality. Further investigation needs to be 

conducted to optimize probabilistic treatment and evaluate 

early AMT involvement in BSI management with a view to 

prevent early death and provide appropriate initial coverage 

without using an unnecessary wide spectrum of antibiotics.
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