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Abstract Sepsis begins outside of the hospital for nearly
80% of patients and the emergency room (ER) represents
the first contact with the health care system. This study
evaluates a project to improve collection of blood cultures
(BCs) in patients with sepsis in the ER consisting of staff
education and completion of the appropriate BC pre-
analytical phase. A retrospective observational study per-
formed to analyse the data on BC collection in the ER
before and after a three-phase project. The first phase (1
January to 30 June 2015) before the intervention consisted
of evaluation of data on BCs routinely collected in the
ER. The second phase (1 July to 31 December 2015)
was the intervention phase in which educational courses
on sepsis recognition and on pre-analytical phase proce-
dures (including direct incubation) were provided to ER
staff. The third phase (1 January to 30 June 2016; after

the intervention) again consisted of evaluation. Before the
intervention, out of 24,738 admissions to the ER, 103
patients (0.4%) were identified as septic and had BCs
drawn (359 BC bottles); 19 out of 103 patients (18.4%)
had positive BCs. After the intervention, out of 24,702
admissions, 313 patients (1.3%) had BCs drawn (1,242
bottles); of these, 96 (30.7%) had positive BCs.
Comparing the first and third periods, an increase in the
percentage of patients with BCs collected (from 0.4% to
1.3% respectively, p < 0.0001) and an increase in the
percentages of patients with true-positive BCs (from
0.08% to 0.39% of all patients evaluated respectively,
p < 0.0001) were observed. The isolation of bacteria by
BCs increased 3.25-fold after project implementation.
These results can be principally ascribed to an improved
awareness of sepsis in the staff associated with improved
pre-analytical phase procedures in BC collection.
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Introduction

Sepsis begins outside of the hospital for nearly 80% of patients
and the emergency room (ER) represents the first contact with
the health care system for patients with sepsis [1]. A correct
triage assessment in the ER is required for prompt identifica-
tion and subsequent completion of the 3-h bundle of care to
reach the Surviving Sepsis Campaign objectives [2]. Blood
culture (BC) collection is a key part of the bundles, and is
fundamental in identifying the etiological bacteria and there-
fore administer to the patient an appropriate antibiotic treat-
ment [2]. BCs should be obtained before any antimicrobial
therapy and following appropriate pre-analytical procedures
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[3]. False-negative BCs are mainly due to antibiotic pretreat-
ment or pre-analytical phase-related issues (i.e. suboptimal
sample volume, an inadequate number of BC bottles cultured
and delays in time to incubation) [3].

The aim of this study is to evaluate a project to improve BC
collection in patients with sepsis in the ER consisting of staff
education and completion of appropriate BC pre-analytical
phase procedures.

Materials and methods

Study design and setting

This study describes a prospective intervention with a retro-
spective data collection and analysis, performed at
Fondazione IRCCS Policlinico San Matteo, Pavia as part of
a broader project developed in the ER, according to Surviving
Sepsis Campaign international guidelines, to improve compli-
ance with care bundles and standardise diagnostic and thera-
peutic intervention for early identification and fast treatment
of septic adult patients (http://www.survivingsepsis.org/
SiteCollectionDocuments/SSC_Bundle.pdf) [4]. The
objective of this study was to analyse the data on BC
collection in the ER (absolute number, percentage of
positive BCs, species of isolated bacteria, appropriateness of
collection) before and after project implementation.

The Fondazione IRCCS Policlinico San Matteo is a 900-
bed tertiary-care teaching hospital in Pavia, Lombardy
(Northern Italy). The onsite laboratory of microbiology re-
ceives BCs from all the wards, with a total of about 35,000
blood culture bottles processed each year. The microbiology
laboratory opens on weekdays from 8 am to 8 pm and on
week-ends or other holidays from 8 am to 4 pm.

The local project included three phases that were imple-
mented as follows:

& First phase (1 January to 30 June 2015): observation
phase (before the intervention). Evaluation of data on
BCs routinely collected in the ER and kept at room
temperature until incubation in BACTEC located in
the microbiology laboratory during opening times.
During this period there were no specific formal pro-
cedures for BC collection.

& Second phase (1 July to 31 December 2015): intervention
phase. Education courses were provided to ER staff (phy-
sicians and nurses) on sepsis recognition according to the
local sepsis algorithm and on pre-analytical phase proce-
dures (including direct incubation in the BACTEC FX).
ER nurses oversaw the incubating BCs.

& Third phase (1 January to 30 June 2016): evaluation of the
intervention (after the intervention). During this period,
BCs were incubated in the ER when the Microbiology

Laboratory was closed; otherwise, they were incubated
in the Microbiology Laboratory. The BC bottles incubated
in the instrument placed in the ER are moved to the one in
the microbiology laboratory daily. The BD EpiCenter™
software provides data management, including the transfer
of data relative to bacterial growths from the two different
BD BACTEC™ blood culture systems.

Local sepsis algorithm at triage

A triage nurse evaluates vital parameters and consciousness
according to MEWS [5], a score system to evaluate the occur-
rence of any risk factors for infections (i.e. age > 70, recent
surgery, neoplasia, steroid treatment, solid organ transplanta-
tion, HIV infection, chronic kidney disease, chronic hepatic
disease, diabetes, central venous catheter or urinary catheter,
prosthetic cardiac valve, bedridden, previous infection, long-
term care facility stay, recent hospitalisation and ongoing an-
tibiotic treatment) and the presence of at least one sign and/or
symptom of infections. A patient with MEWS ≥3 at triage plus
one of the risk factors and/or symptoms of infection is classified
as code red and is immediately subjected to physician evaluation.
The physician performs the physical examination to identify sep-
tic foci (with radiology evaluation if required), haemogas analy-
sis, biochemical markers (including C-reactive protein,
procalcitonin and complete blood count) and blood cultures.
Broad-spectrum antibiotic therapy is then prescribed.

Pre-analytical phase

Blood specimens were obtained at the bedside by nursing staff
from the ER. The skin was disinfected with 2% chlorhexidine.
The antecubital and median cubital fossa were the preferred
sampling sites using sterile gloves. An ABD vacutainer safety
lock blood collection set with pre-attached holder (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA) was
used. Each BC set consisted of two bottles (Bactec Plus
Aerobic and Bactec Plus Anaerobic). Collection of two or a
maximum of three sets of BCs was considered adequate. A
volume of at least 10 ml of blood was suggested from adult
patients for every single specimen (globally 40–60 ml of
blood required), and multiple sampling was suggested when-
ever possible [3, 6]. A BACTEC FX (Becton, Dickinson and
Company) automated blood culture instrument system, con-
taining 40 BC bottles, was placed in the ER and was connect-
ed to the same EpiCenter software already in use in the mi-
crobiology laboratory.

Microbiology

Positive BC bottles were subjected to Gram-staining and sub-
cultures were performed onto appropriate media: aerobic
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sheep blood agar plates, selective agar plates, and anaerobic
Schaedler agar and 5% sheep blood plates (bioMérieux SA,
Marcy-l’Etoile, France). They were incubated at 37 °C over-
night. The organisms were identified by matrix-assisted laser
desorption ionisation time-of-flight (MALDI-TOF) software
Maldi Biotyper 3.1 (Bruker Daltonics, Bremen, Germany).
The isolates were tested for antimicrobial susceptibility using
the Phoenix 100 (BD) automated system or the disk diffusion
method susceptibility test when appropriate, according to the
European Committee on Antimicrobial Susceptibility Testing
(EUCAST) clinical breakpoints (version 6.0) [7].

Positive blood cultures were defined according to
Weinstein [8]. Coagulase-negative staphylococci, aerobic
and anaerobic diphtheroids, Micrococcus spp., Bacillus spp.,
and viridans streptococci were considered contaminants if on-
ly one bottle was positive. The isolate was reported as a prob-
able contaminant and susceptibility testing was not performed.

Statistical methods

Categorical variables were described by as numbers and per-
centages, quantitative variables by median and interquartile
range. Chi-squared test or Fisher’s exact test as appropriate
were used in univariate analyses for categorical variables; t
test was used for continuous variables. Number and character-
istics of BCs performed in the ER during the first and third
periods were analysed. Analyses were performed using
STATA 14.0 (Stata Corporation, 2016, 4905 Lakeway Drive,
College Station, TX, USA). All the tests were two-sided at the
5% level.

Results

The before and after intervention periods were comparable for
the number of patients evaluated and the period over the year
(first 6 months of each year).

Before the intervention, out of 24,738 admissions to the
ER, 103 patients (0.4%) were identified as being septic and
had BCs drawn (359 BC bottles). Overall, 19 out of 103 pa-
tients (18.4%) had positive BCs with clinically relevant iso-
lates (21 bacteria isolated) and 11 out of 103 (10.7%) patients
had isolates considered to be contaminants and were excluded.
Polymicrobial infections were detected in 2 cases. Themedian
time to positivity for isolates from incubation was 11 h 33 min
(range: 1 h 44 min to 27 h 18 min). After the intervention, out
of 24,702 admissions to ER, 313 patients with MEWS ≥3
(1.3%) were identified and had BCs drawn (1,242 bottles).
Of these 96 (30.7%) had positive BCs with clinically relevant
isolates (109 bacteria isolated), and 18 (5.9%) were contami-
nants. Polymicrobial infections was detected in 13 cases. The
median time to positivity for isolates from incubation was 13 h
22 min (range: 2 h 33 min to 79 h 35 min).

The number of patients admitted to the ER in the two pe-
riods was statistically comparable and their age and gender
were also not significantly different (age 67 years [49–81]
and 70 [52–81], before and after the intervention respectively,
p = 0.3; 59.2% and 61% were male respectively, p = 0.7).

Comparing the periods before and after the intervention,
the data show that awareness of sepsis was positively im-
proved, as demonstrated by the increase in the percentage of
patients with BCs collected (from 0.4% to 1.3% of all patients
evaluated in the ER in the two periods respectively,
p < 0.0001) and by the increase in percentages of patients with
true-positive BCs (from 0.08% to 0.39% of all patients eval-
uated in the ER in the two periods respectively, p < 0.0001;
Table 1).

Moreover, the pre-analytical phase was improved, as a de-
crease in the contaminated BC bottles was observed, from 15
out of 359 (4.2%) before the intervention to 21 out of 1,242
(1.7%) after the intervention (p = 0.01), and an increase was
observed in patients with an adequate number of BC bottles
collected, from 72 out of 103 (69.9%) to 275 out of 313
(87.9%) (p < 0.0001); in particular, solitary BC decreased
from 30 out of 103 (29.1%) to 27 out of 313 (8.6%)
(p < 0.001).

Data on the species isolated are reported in Table 2. In
particular, before the intervention, 13 out of 21 (61.9%)
Enterobacteriaceae (4 out of 13, 30.7% extended beta
lactamase-producing bacteria [ESBL]); 2 out of 21 (9.5%)
Staphylococcus aureus (1 out of 2 MRSA), were isolated.

After the intervention, 64 out of 109 (58.7%)
Enterobacteriaceae (20 out of 64, 31.25% ESBL; 1 out of
64, 1.5% carbapenemase-producing), 12 out of 109 (11%)
Staphylococcus aureus (2 out of 12, 16.6% MRSA), 8 out of
109 (7.3%) Streptococcus pneumoniae, 1 out of 109 (0.9%)
Listeria monocytogenes, and 1 out of 109 (0.9%) Neisseria
meningitidis, were isolated.

A significant number of bacteria species normally consid-
ered as fastidious bacteria, such as Streptococcus pneumoniae,
Neisseria meningitidis, Streptococcus spp and bacteria that
usually have slow growth curves as Pseudomonas aeruginosa
grew on directly incubated bottles after the intervention,
whereas they were not detected before the intervention.

Globally, throughout the whole of 2016, the number of
isolates (217) and the range of bacteria were confirmed as
shown in Table 2. These data further endorse the effectiveness
of the project for sepsis recognition and management of the
pre-analytical phase.

Discussion

The effect of an intervention to improve sepsis manage-
ment in the ER, focused on education and proper BC
collection and incubation, was retrospectively investigated
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in this study. The isolation of bacteria by BCs increased
3.25-fold after project implementation, consisting of staff
education on sepsis recognition also using a score system
(MEWS) and on adequate pre-analytical phase procedures
in BC collection. These positive results were also consis-
tent later in time, as the data collected throughout the
whole of 2016 confirm this positive trend. An accurate

collection of BCs is important as these samples represent
the gold standard for identifying the pathogen(s) respon-
sible for sepsis and allows for the implementation of an
appropriate antimicrobial therapy for patients with sepsis
[9]. Appropriate antibiotic treatment is in fact an indepen-
dent factor predicting a positive outcome for patients with
sepsis [10].

Table 2 Microorganisms
isolated in blood cultures First semester

2015
First semester
2016

Second semester
2016

Overall
2016

Total bacteria isolated 21 109 108 217

Gram-negative

EnterobacteriaceaeWT 8 38 49 87

Enterobacteriaceae ESBL 4 20 6 26

Enterobacteriaceae KPC 1 1

Pseudomonas aeruginosa 2 2 4

Acinetobacter baumannii 1 1

Salmonella spp 1 4 5

Shigella flexneri 1

Neisseria meningitidis 1 1

Haemophilus influenzae 1 1

Gram-positive

Staphylococcus aureus 1 10 7 17

Staphylococcus aureus MR 1 2 4 6

Coagulase-negative Staphylococcus 1 4 4

Coagulase negative StaphylococcusMR 1 5 6 11

Streptococcus agalactiae 3 3 6

Streptococcus spp 2 8 6 14

Streptococcus pneumoniae 6 4 10

Enterococcus spp 6 7 13

Lactobacillus spp 1 1

Listeria monocytogenes 1 1

Bacillus spp 2 2

Other microorganisms

Anaerobic bacteria 2 3 3

Candida spp 3 3

Table 1 Data on blood cultures
collected in different time periods First

semester
2015

First
semester
2016

p valuec Second
semester
2016

Overall
2016

Patients with BC collected (%)a 103 (0.4) 313 (1.3) <0.0001 380 (1.5) 693 (1.4)

Patients with positive BCs (%)a 19 (0.08) 96 (0.39) <0.0001 95 (0.38) 191 (0.38)

Total BC bottles collected 359 1,242 1,526 2,768

True-positive BC bottles (%) 48 (13.4) 307 (24.7) <0.0001 304 (19.9) 611 (22)

Contaminated BC bottles (%) 15 (4.2) 21 (1.7) 0.009 24 (1.6) 45 (1.6)

Solitary BC setb 30 (29.1) 27 (8.6) <0.0001 18 (4.7) 45 (6.5)

a Percentage relative to all admissions in ER
b Each BC set consisted of two bottles (one for aerobic and one for anaerobic)
c Comparison between first semester 2015 and first semester 2016
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It is currently accepted that the rate of positive blood cul-
tures is about 10–15% [3]. Using a computerised decision-
support system to predict which patient will have a positive
blood culture, the percentage of positive BCs varies between
<3% in low-risk patients to 30% in high-risk patients with
severe sepsis [11]. In our experience, roughly 30% of all
BCs performed in ER turned out to be true-positive, a value
in the higher range of positive BCs reported in the literature
[12].

The strength of the results obtained from the described
project can be principally ascribed to an improved awareness
of sepsis in the staff associated with improved pre-analytical
phase procedures. In the literature, different experiences are
reported. An educational program consisting of training phy-
sicians and nursing staff from the emergency department,
wards, and ICU in the definition, recognition and treatment
of severe sepsis and septic shock improved compliance with
the sepsis resuscitation bundles and improved the in-hospital
sepsis-associated mortality, although only 50–60% of patients
had BCs withdrawn before antibiotic treatment [13]. An inter-
vention focused on rapid identification of patients by the triage
nurse has shown a reduced time to antibiotics, but did not
affect the percentage of positive blood cultures over time
[14]. Other projects have been implemented on rapid BC in-
cubation and have clearly shown benefits in terms of turn-
around times of BC [9, 15].

In the present study, the trainingwas focused both on sepsis
recognition and on improving the pre-analytical phase to re-
duce the false-negative and false-positive results [3], in asso-
ciation with the rapid incubation of BCs. Major challenges in
BC testing are low rates of true positivity due to antibiotic
pretreatment before blood withdrawal, suboptimal sample
volume, an inadequate number of BC bottles cultured and
delays in time to incubation. It has been estimated that 0.3%
to 15.3% of bottles containing bacteria or fungi are flagged as
being negative by BC systems [3]. As sepsis begins outside
the hospital in a large number of patients, collection of BC in
the ER when critically ill patients are evaluated reduces the
risk of false-negatives due to previous antimicrobial exposure
and has been shown to reduce antibiotic overuse and costs in
hospitalised patients [1]. A pre-analytical time before incuba-
tion longer than 2 h is an independent factor for false-negative
results of BCs [16], as automated systems may fail to detect
positive bottles entering the incubation system if microorgan-
isms have already reached the stationary phase, or in the case
of fastidious bacteria [16]. In our hospital, pre-incubation time
for BCs in the ER before the implementation of the present
project could vary between 1 and 18 h, in relation to labora-
tory opening and closing times. This situation is common in
most laboratories across Europe [17]. Using incubators out-
side microbiology laboratories could be a relatively inexpen-
sive intervention (less expensive than increasing opening
times of the laboratories) that can be integrated into the

existing procedures with relatively contained costs [15]. In
our experience, the training on the correct procedures of the
pre-analytical phase was also effective in reducing the number
of contaminated BC bottles, which declined to less than 2%.
The consequences of BC contamination and false-positive
results are not insignificant, as they may lead to longer hospi-
tal stays, useless antimicrobial prescriptions and additional
hospital costs [3].

Limitations of the present study include its observational
retrospective nature and it being a single-centre study. It is
therefore puzzling to ascribe the improvement to the interven-
tion, although as two 6-month periods 1 year apart were com-
pared, and the intervention phase was performed in the mean-
time, it seems reasonable to attribute the results to the inter-
vention itself. A greater awareness by the staff of sepsis
resulting from other forms of education (i.e. courses, confer-
ences outside the hospital) could also have been responsible,
in part, for the positive results. Another limitation of the pres-
ent study is the absence of clinical data, such as data on the
length of hospital stay and/or hospital-associated mortality
that could have been helpful to better evaluate the effect of
this intervention, as documented elsewhere [14]. The strength
of these outcomes is the maintenance of the results in the
months that followed.

Conclusion

As a single-centre study, these results may not be
generalisable to all hospitals, a correct pre-analytical phase
being fundamental to increasing the number of true-positives
and reducing the rate of false-negatives. It is suggested that
each hospital might apply the interventions to its own ongoing
structure and organisation (mainly the positioning of a BC
incubator in a place easily accessible to personnel during
nights and holidays, and staff education).
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