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Abstract

Background: Appropriate use of antimicrobials is essential to improve outcomes in sepsis. The aim of this study was
to determine whether the use of a rapid molecular blood test—SeptiFast (SF) reduces the antibiotic consumption
through early de-escalation in patients with nosocomial sepsis compared with conventional blood cultures (BCs).

Methods: This was a prospective, randomized, superiority, controlled trial conducted at Sao Paulo Heart Institute in
the period October 2012–May 2016. Adult patients admitted to the hospital for at least 48 h with a diagnosis of
nosocomial sepsis underwent microorganism identification by both SF test and BCs. Patients randomized into the
intervention group received antibiotic therapy adjustment according to the results of SF. Patients randomized into the
control group received standard antibiotic adjustment according to the results of BCs. The primary endpoint was
antimicrobial consumption during the first 14 days after randomization.

Results: A total of 200 patients were included (100 in each group). The intention to treat analysis found no significant
differences in median antibiotic consumption. In the subgroup of patients with positive SF and blood cultures (19 and
25 respectively), we found a statistically significant reduction in the median antimicrobial consumption which was
1429 (1071–2000) days of therapy (DOT)/1000 patients-day in the intervention group and 1889 (1357–2563) DOT/1000
patients-day in the control group (p = 0.017), in the median time of antimicrobial de-escalation (8 versus 54 h—p< 0.001),
in the duration of antimicrobial therapy (p = 0.039) and in anti-gram-positive antimicrobial costs (p = 0.002).
Microorganism identification was possible in 24.5% of patients (45/184) by SF and 21.2% (39/184) by BC (p = 0.45).

Conclusion: This randomized clinical trial showed that the use of a rapid molecular-based pathogen identification test
does not reduce the median antibiotic consumption in nosocomial sepsis. However, in patients with positive
microbiological tests, the use of SeptiFast reduced antimicrobial consumption through early de-escalation compared to
conventional blood cultures. These results were driven by a reduction in the consumption of antimicrobials used for
Gram-positive bacteria.

Trial registration: The trial was registered at ClinicalTrials.gov (NCT 01450358) on 12th October 2011
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Background
Sepsis is a life-threatening condition characterized by a
dysregulation of the immune host response triggered by
infection, and represents the leading cause of death in
intensive care units [1–3]. Early administration of antibi-
otics for suspected infection and simultaneous antibiotic
stewardship remain an essential aspect of high-quality
sepsis management [4]. De-escalation of the initial em-
piric antimicrobial regimen based on culture data is a
critical aspect of appropriate antimicrobial use [5].
The current gold-standard for blood pathogen detec-

tion is blood culture (BC). However, this method has
several limitations, such as lack of rapidity and low sen-
sitivity in case of prior antibiotic exposure, and when
fastidious microorganisms are involved. These limita-
tions result in delayed appropriate antibiotic therapy,
prolonged use of broad-spectrum antimicrobial therapy,
and changes in the host microbiome, thus facilitating
the development of opportunistic infections and increas-
ing selective pressure for antibiotic-resistant pathogens
[6–8]. As appropriateness and timing of empirical anti-
microbial therapy is essential to improve outcomes in
sepsis, a faster pathogen detection would be desirable.
Several molecular techniques have already been success-
fully developed for direct detection of virus, bacteria,
and other pathogens. The LightCycler® SeptiFast Test
(SF) is a real-time PCR-based assay capable of rapidly
detecting a wide range of bacterial and mycotic patho-
gens. The assay uses dual fluorescence resonance energy
transfer probes targeting the species specific internal
transcribed spacer (ITS) regions [9].
We, therefore, conducted a randomized clinical study

to evaluate whether the use of a novel molecular strategy
(SeptiFast) for the diagnosis of sepsis directly from blood
could lead to earlier more appropriate and reduced anti-
biotic therapy in patients with nosocomial sepsis when
compared to the usual approach of diagnosis based on
automated conventional blood culture system.

Methods
Study design
The present study was designed as a prospective, random-
ized, superiority, controlled trial and was conducted in ac-
cordance with The Consolidated Standards of Reporting
Trials (CONSORT) Statement, approved by the local eth-
ics and research committee (number, 0617/2011) and reg-
istered at ClinicalTrials.gov (NCT01450358).

Patients and randomization
All adult patients (> 18 years old) admitted to the Sao
Paulo Heart Institute for at least 48 h and with a
diagnosis of sepsis according to the International Sepsis
Definitions Conference were assessed for eligibility [10].
Exclusion occurred with at least one of the following

criteria: cardiac surgery with cardiopulmonary bypass
(CPB) in the last 15 days, use of intravenous heparin
(due to the substantial inhibition of internal controls in
Gram-negative bacilli), palliative care, and participation
in other interventional studies [8, 10]. Written informed
consent was obtained from all patients by a member of
the local research team. After confirming the inclusion
and exclusion criteria, two sets of blood cultures
(aerobic and anaerobic) were collected by venipuncture
according to standardized procedures. A blood sample
for the LightCycler® SeptiFast PCR assay (SF, Roche
Diagnostics GmbH, Mannheim, Germany) was also ob-
tained prior to the initiation of antibiotic therapy and all
samples were sent to the microbiology laboratory. The
randomization was performed in the laboratory using a
1:1 computer-generated list created online by a web-
based program that ensured allocation concealment. The
nature of the intervention precluded the blinding of the
attending physicians. Outcome assessors were unaware
of the assigned diagnostic strategy.

Treatment
All patients were managed according to the Surviving
Sepsis Campaign guidelines [4]. In the intervention
group, blood samples were immediately processed for
both SF and BC. Results of the SF were available within
6 to 12 h, and antimicrobial therapy de-escalation was
immediately performed accordingly, if indicated.
In the control group, blood samples were also collected

for both SF and BC, but the SF sample was frozen and
stored for analysis at the end of the study. Antimicrobial
therapy was managed according only to the blood culture
results as soon as available. Additional file 5: Figure S1 de-
scribes the details of the study design.
The institutional protocol for the empirical antimicro-

bial therapy initiated in all patients is illustrated in
Additional file 6: Figure S2 and was managed exclusively
by physicians.
An antimicrobial stewardship programme was provided

by the infectious diseases team (four physicians and phar-
macists) and was unchanged during the study period. At
the Heart Institute, broad-spectrum antibiotics are re-
stricted and released by the hospital pharmacy only after
receiving authorization from the physicians of the infec-
tious disease team. The microbiology laboratory results
were reported once a day for 7 days a week.

Microbiological procedures
The SF was designed to detect the microbial DNA of 25
microorganisms in whole blood samples (Additional file 1:
Table S1). The test was performed in a molecular labora-
tory according to the manufacturer’s instructions. Fur-
ther details on the microbiological procedures are
available in the Additional file 8 [11].

Rodrigues et al. Journal of Intensive Care            (2019) 7:37 Page 2 of 9

http://clinicaltrials.gov


Data collection, definitions, and antimicrobial
intervention
The following variables were recorded for each patient: age,
gender, Acute Physiology and Chronic Health Evaluation-
II (APACHE II) score [12], pre-existing conditions, heart
failure classification, causes of hospital admission, infec-
tion site according to Centers for Disease Control [13],
Sequential Organ Failure Assessment (SOFA) score [14],
prior antimicrobial exposure, multidrug-resistant agent
colonization, and sepsis classification [4].
Organ dysfunction was evaluated by delta SOFA, which

consisted in the SOFA value on the first day of sepsis minus
the SOFA value on the fourth day of sepsis [14]. The length
of hospital stay was measured from the randomization date
until death or hospital discharge. The time lapse between
blood sample collection and reported results was analyzed.
In this trial, empirical therapy was defined as the anti-

biotic administration before pathogen identification from
SF or BC (Additional file 6: Figure S2). Antimicrobial ther-
apy was considered appropriate when at least one effective
drug was included in the therapeutic regimen according to
the identified microorganism together with susceptibility
results. When only SF was used to identify the microorgan-
ism, antimicrobial therapy was considered appropriate
when it contemplated the resistant bacteria coverage. Ther-
apy de-escalation was defined as switching to a narrower-
spectrum agent or decreasing the number of antibiotics to
a single agent when possible [15]. Re-escalation was de-
fined as the restart of a broad-spectrum agent or as an in-
crease in the number of antibiotics due a clinical
worsening after de-escalation of the antibiotic therapy.

Outcomes
The primary outcome was the antimicrobial consump-
tion during the first 14 days after randomization,
expressed as days of therapy (DOT) per 1000 patients
day (PD) (DOT/1000 PD). DOT per 1000 patients day
was calculated as the sum of the days on therapy for all
systemic antibiotics, normalized per 1000 patients day
[16]. A subgroup analysis was performed for the primary
outcome including only the cases with positive micro-
organism identification (by SF and BC in the interven-
tion group and by BC in the control group) since only
these patients received the study intervention.
Secondary outcomes were the timing of antimicrobial

de-escalation, the length of hospital stay, and mortality at
10 and 28 days. Furthermore, we evaluated the costs of
the antimicrobial drugs. We also calculated the diagnostic
accuracy of the tools, described as sensitivity, specificity,
positive predictive value, and negative predictive value.

Statistical analysis
To detect a decrease in the days of therapy/1000 pa-
tients from 1000 in the control group to 650 in the

intervention group with a standard deviation in both
groups of 840 [17, 18], using a two-sided t test, we esti-
mated that a sample of 182 patients was needed to
achieve an 80% power at an alpha of 0.05. Considering
the probability of subject attrition, we added 10% to the
sample size, yielding a final required number of 200
patients. We report intention to treat analyses for the
clinical outcomes. We also compared follow-up mea-
sures and clinical outcomes in patients with positive tests
according to the randomized study group assignment.
Continuous variables were compared using Student’s t test
or the Mann–Whitney U test where appropriate, and
categorical variables were compared using Pearson’s chi-
square test, Fisher’s exact test where appropriate. Survival
analyses were performed with a likelihood ratio test.
The results are expressed as means and standard devi-

ation (SD) or medians with interquartile range. We calcu-
lated unadjusted Kaplan–Meier survival curves showing
28-day probability of the primary outcome for each group
with the curves compared using the log-rank test.
A two-sided p < 0.05 was considered significant. The

statistical analysis was performed using SPSS version
18.0 (SPSS Inc., Chicago, IL, USA).

Results
Study population
From October 2012 to May 2016, we assessed for
eligibility 499 consecutive patients and 200 fulfilled the
inclusion criteria, with 100 patients being randomly
assigned to the intervention group and 100 to the
control group. Reasons for exclusion are shown in
Additional file 7: Figure S3. Baseline patient characteris-
tics (Additional file 2: Table S2), clinical and laboratory
characteristics, as well as in empirical antimicrobial ther-
apy (Table 1) were well balanced between groups.

Primary outcome
In the intention to treat analysis, considering 200 patients,
the median of all antimicrobial consumption, in the inter-
vention group was 1621 (interquartile range 1196–2388)
DOT/1000 PD compared to 2000 (1440–2433) DOT/
1000 PD in the control group (p = 0.067). When analyzing
antibiotic consumption according to Gram-negative or
Gram-positive coverage, there were also no differences be-
tween groups (Table 2). When analyzing patients with
positive test, the intervention group used significantly less
antimicrobial with gram negative and positive spectrum
(Additional file 4: S4 Table).
Patients with microorganism identification during the

study were 44 (19 in the intervention group by SF and
25 in the control group by BC). The median of anti-
microbial consumption in these patients was 1429
(interquartile range 1071–2000) DOT/1000 PD in the
intervention group compared to 1889(1357–2563) DOT/
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1000 PD in the control group (p = 0.01) (Table 2). When
analyzing antibiotic consumption according to Gram-
negative or Gram-positive coverage, only the agents

against Gram-positive bacteria had a significant reduced
consumption in the intervention group [71 (71–1000) vs
786 (354–1000), p = 0.013], while for Gram-negative
agents, there was no difference between groups [1071
(786–1429) vs 1286 (536–1857), p = 0.4].

Secondary outcomes
The sensitivity of SF compared to BC was 72% (95% CI
55–84%), the specificity was 87% (95% CI 80–92%), the
positive predictive value was 62% (95% CI 47–76%), and
the negative predictive value was 91% (95% CI 85–95%).
Details on the microbiological results of all included
patients are described in Table 3. In Additional file 3:
Table S3, we reported the identified microorganisms by
SF and BC in both allocation groups.
Considering only the 44 patients with identified micro-

organisms (19 positive SF in the intervention group and
25 positive BC in the control group), the appropriate
empirical antimicrobial therapy and de-escalation were
not different between groups, but the time to antimicro-
bial therapy adjustment (8 h [7–14] vs. 54 h [38–75],
p < 0.001) and the mean duration of antimicrobial ther-
apy (12 ± 5 vs. 15 ± 4, p = 0.039) were lower in the SF
group compared to the BC group (Table 4).
Microorganism identification was possible in 24.5% (45/

184) by SF and 21.2% (39/184) by BC (p = 0.452). Consid-
ering patients with positive tests, antimicrobial costs for
Gram-positive bacteria were significantly lower in the
intervention group (SF) when compared to control group
(BC) [68 $ (34–514) vs. 497 $ (300–552), p = 0.002].
In the ITT analysis of 200 patients and in patients with

positive tests, there were no differences between SF and BC
groups in length of hospital stay and delta SOFA (Table 5).
The 28-day Kaplan–Meier estimated survival curves

were similar between all patients in the SF group (n = 100)
and BC group (n = 100) (Fig. 1) and between SF-positive
group (n = 19) and BC-positive group (n = 25) (Fig. 2).

Discussion
This randomized clinical trial showed that the use of a
rapid molecular-based pathogen identification test (SF)
does not reduce the median antibiotic consumption in
nosocomial sepsis. However, when we analyzed only pa-
tients with positive microbiological tests, the use of
SeptiFast reduced antimicrobial consumption through early
de-escalation in patients with nosocomial sepsis compared
to conventional blood cultures. These results were driven
by a reduction in the consumption of antimicrobials used
for Gram-positive bacteria coverage, as consequence of an
earlier detection of Gram-negative bacteria by SF.
Blood cultures are the gold-standard test for the detec-

tion of microorganisms in sepsis management and pro-
vide susceptibility testing for appropriate antimicrobial
therapy. However, blood cultures have some limitations,

Table 1 Clinical and laboratory characteristics and empirical
antimicrobial therapy of the patients

Variable Intervention group
(n = 100)

Control group
(n = 100)

Presumed infection site

Primary bloodstream infection 38 (40.4%) 43 (47.8%)

Non-ventilator associated
pneumonia

20 (21.3%) 18 (20.0%)

Ventilator-associated pneumonia 15 (16.0%) 13 (14.4%)

Skin and soft tissue 6 (6.4%) 2 (2.2%)

Urinary tract infection 6 (6.4%) 3 (3.3%)

Intra-abdominal infection 1 (1.1%) 5 (5.6%)

Endocarditis 2 (2.1%) 2 (2.2%)

Surgical site infection 0 (0%) 2 (2.2%)

Pleural empyema 2 (2.1%) 0 (0%)

Other sites 2 (2.1%) 1 (1.1%)

Unknown focus 2 (2.1%) 1 (1.1%)

Severe sepsis or septic shock 83 (88.3%) 81 (90.0%)

Renal replacement therapy
during sepsis

37 (37.0%) 36 (36.0%)

SOFA score, median (IQR) 7 (4–10) 8 (5–10)

C-reactive protein (mg/dL),
median (IQR)

154 (106–237) 168 (104–248)

Admission lactate (mmol/L),
median (IQR)

2 (1.55–2.66) 2.2 (1.55–3)

Antimicrobial exposure on time
of blood collection, n (%)

58 (58.0%) 51 (51.0%)

Previous multidrug resistance
colonization, n (%)

28 (28.0%) 32 (32.0%)

Empirical antimicrobial therapy

Glycopeptides 1 (1.1%) 0 (0%)

Fluoroquinolones or
3rd-generation cephalosporins

6 (6.4%) 4 (4.4%)

Piperacillin-tazobactan or
cefepime or aminoglycosides

24 (25.5%) 25 (27.8%)

Meropenem or polymyxin
or tigecycline

63 (67.0%) 61 (67.8%)

Empirical MRSA coverage
(glycopeptides, linezolid,
and daptomycin)

93 (94.9%) 95 (95%)

Empirical Meropenem 65 (65%) 68 (68.7%)

Antimicrobial regimen

Monotherapy 6 (6.2%) 5 (5%)

2 antibiotics 70 (72.2%) 71 (71.0%)

3 antibiotics 16 (16.5%) 20 (20.0%)

≥ 4 antibiotics 5 (5.2%) 4 (4.0%)

SOFA Sequential Organ Failure Assessment, LOS length of stay, MRSA
methicillin-resistant Staphylococcus aureus, IQR interquartile range
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such as delay in results availability and low sensitivity
(especially in patients using antibiotics), which might be as-
sociated with longer exposure to unnecessary antimicrobial
therapy. Recent studies showed that BC positivity depends
on multiple factors and that in nosocomial sepsis it is

uncommon to found positive BC in more than 50% of
cases [19].
In the last decade, new laboratory techniques for early

detection and identification of microorganisms based on
molecular assays were developed, and many of these
techniques are commercially available [20]. The early de-
tection of causative microorganisms in septic patients is
the main target for appropriated antimicrobial therapy.
This approach can be used to rapidly adjust empirical
antimicrobial therapy and avoid the overuse of broad-
spectrum drugs.
In the present study, the detection rates of microor-

ganisms were similar in the SF and BC groups, thus
confirming data from previous studies [21–24]. The SF
group compared to the BC group showed a faster
modification of empirical antimicrobial therapy, avoiding
unnecessary antibiotic use and consequently reducing
antibiotic consumption. Although antibiotic adjustment
was performed faster using the SF test, the percentage of
antibiotic de-escalation was not different between groups
because the sensitivity of both methods were low and
similar (SF and BC) and because the de-escalation was
also based on other criteria as clinical improvement.
We showed that the use of a rapid molecular-based

blood test might reduce antimicrobial consumption
through early therapy de-escalation, compared to the
BC-positive group, in patients with nosocomial sepsis.
Within the group of patients with identified microorgan-
ism, the consumption of antibiotics with Gram-positive
bacteria coverage was in fact significantly lower in the
SF group compared to the BC group due to the rapid
identification of Gram-negative bacteria in the blood by
SF, leading to the early suspension of unnecessary
antimicrobials coverage. Our main outcome was the
antimicrobial consumption during the first 14 days after
randomization, expressed as DOT/1000 PD. Prior
studies [7, 11, 18] reported DOTS values which were
usually lower than our findings because they analyzed
hospital cohorts of patients with the majority of patients
not receive antibiotics. In our trial, we included only
patients with sepsis and therefore under antibiotic

Table 2 Antimicrobial consumption in DOT/1000 PD during the study

Antimicrobial consumption: All patients Positive test

Intervention group Control group P value Intervention group Control group P value

DOT/1000 PD, median, (IQR) (n = 100) (n = 100) (n = 19) (n = 25)

- All antimicrobial 1621 (1196–2388) 2000 (1440–2433) 0.067* 1429 (1071–2000) 1889 (1357–2563) 0.017*

- Antimicrobial for Gram-negative
bacteria coveragea

1000 (768–1466) 1071 (786–1665) 0.248* 1071 (786–1429) 1286 (536–1857) 0.427*

- Antimicrobial for Gram-positive
coverageb

786 (554–1000) 866 (641–1000) 0.259* 71 (71–1000) 786 (354–1000) 0.013*

*Mann–Whitney test
IQR interquartile range
aPiperacillin-tazobactam, fluoroquinolones, cephalosporins, aminoglycosides, tigecycline, trimethoprim-sulfamethoxazole, meropenem, polymyxin B/E
bGlycopeptides, linezolid, daptomycin, andoxacillin

Table 3 Microbiological results of all included patients

Microorganism Microorganisms detected

SF only BC only SF + BC Total

Included in SF detection list

Gram-negative

Enterobacter cloacae/aerogenes 5 – 4 9

Escherichia coli 2 – 1 3

Klebsiella pneumoniae/oxytoca 4 5 7 16

Serratia marcescens 1 – 1 2

Acinetobacter baumanii – 2 1 3

Pseudomonas aeruginosa 3 – 2 5

Stenotrophomonas maltophilia 1 – 2 3

Gram-positive

Staphylococcus aureus 5 1 9 15

Coagulase negative staphylococcia – 3 1 4

Streptococcus spp.b 1 – – 1

Enterococcus faecalis – 1 – 1

Fungi

Candida albicans – 1 – 1

Aspergillus fumigatus 1 – – 1

Not included in SF detection list

Morganella morganii – 1 – 1

Burkholderia cepacea – 1 – 1

Rothia spp. – 1 – 1

Number of microorganisms 23 16 28 67

Number of patients 17 11 28 56
aA group of Staphylococcus species (S. epidermidis, S. haemolyticus, S. hominis,
S. pasteuri, S. warneri, S. cohnii, S. lugdunensis, S. capitis, S. caprae,
S. saprophyticus, and S. xylosus including S. epidermidis, S. haemolyticus,
S. hominis, S. pasteuri, S. warneri, S. cohnii, S. lugdunensis, S. capitis, S. caprae,
S. saprophyticus, and S. xylosus)
bA group of streptococci, including S. pyogenes, S. agalactiae, S. mitis
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treatment. This finding explains the high value of DOTS
in our study and in the manuscript of Rmawi et al.
which was also performed in the intensive care unit with
antibiotics prescribed to all patients [25].
The consumption of antimicrobial for Gram-negative

bacteria was not different between groups, which is
likely due to the use of a combined antimicrobial regi-
men and the absence of antimicrobial-resistance tests,
avoiding an early adjustment in these patients. More re-
cently, other multiplex PCR-based tests have become
commercially available, including tests that detect
resistance genes, especially in Gram-negative bacteria,
such as the carbapenemase genes blaOXA-48, blaVIM,
blaIMP, blaNDM, and blaKPC. These tests could limit the
need to cover resistant bacteria when susceptibility tests
are not available [26, 27]. The overall high number of
days of therapy might be explained by the inclusion in
our study of patients with nosocomial sepsis in a tertiary
centre with high incidence of multidrug resistance bac-
teria colonization rates.
Our study showed that mortality rates and other clin-

ically relevant outcomes were similar between the SF
group and BC group at 10 and 28 days, suggesting that
early antimicrobial de-escalating does not affect mortal-
ity and likely represents a safe strategy in septic patients,
avoiding unnecessary exposure to antimicrobials, adverse
events and development of further antibiotic resistances.

A previous meta-analysis, including 23 studies evaluat-
ing the efficacy and safety of antimicrobial de-escalation
in septic patients, showed similar neutral results in
mortality rates [14]. A recent review published by the
Cochrane Library, including 221 studies (58 randomized
clinical trials), demonstrates that interventions in anti-
biotic prescription can reduce and improve antimicrobial
use and likely does not increase mortality, showing to be
a safe strategy in the stewardship programme [28].
This trial was not designed to detect an impact in multi-

drug-resistance emergence, but early adjustment of anti-
microbial therapy is a documented important strategy for
resistance prevention as part of a global-appropriate anti-
microbial management [29].
Our study has some limitations. It was performed in a

single referral cardiology center, with a limited sample
size and this may compromise the generalizability of the
present findings. Moreover, the number of patients with
positive microorganism identification was lower than the
expected, with an actual reduction achieved in the pri-
mary outcome inferior to the 35% planned to calculate
the sample size. Both these issues may explain the non-
significant findings of our trial.
Furthermore, this rapid molecular test represents an

assay with some technical difficulties limiting its use in
clinical practice; however, well-trained staff can easily
manage the analysis.

Table 4 Antimicrobial management in patients during the study in patients with positive tests

Variable Intervention group Control group p value

Positive SF Positive BC

N = 19 N = 25

Appropriate empirical antimicrobial therapy 13 (76.5%) 18 (75.0%) 1.000**

Antimicrobial de-escalation after SF or BC results, n (%) 17 (89.5%) 21 (84.0%) 0.700**

Antimicrobial re-escalation ≤ 7 days by clinical worsening, n (%) 2 (10.5%) 7 (28.0%) 0.300**

Time to antimicrobial therapy adjustment (h), median (IQR) 8 (7–14) 54 (38–75) < 0.001*

Duration of antimicrobial therapy (days), mean (SD) 12 ± 5 15 ± 4 0.039***

*Mann–Whitney test, **Fisher’s exact test, ***T test

Table 5 Clinical outcomes

Variable All patients Positive test

Intervention group Control group p value Intervention group Control group p value

(n = 100) (n = 100) (n = 19) (n = 25)

Post-infection LOS (days), median (IQR) 19 (9–38) 16 (9–31) 0.355** 20 (10–40) 17 (9–31) 0.317**

Delta SOFA 2 (0–3) 2 (0–3) 0.882** 2 (0–3) 2 (0–3) 0.266**

Mortality

10 days 22 (22%) 28 (28%) 0.327* 4 (21.1%) 4 (16.0%) 0.710*

28 days 40 (40%) 47 (47%) 0.318* 7 (36.8%) 11 (44.0%) 0.632*

Hospital 55 (55%) 61 (61%) 0.390* 8 (42.1%) 16 (64.0%) 0.149*

IQR interquartile range, LOS length of stay
* Pearson Chi-Square; ** Mann–Whitney
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To our knowledge, this randomized clinical trial is
the first to evaluate antimicrobial consumption using
a rapid molecular test for sepsis diagnosis. Our data
suggests that a rapid molecular test is a useful tool in
the management of nosocomial sepsis patients to pro-
mote early appropriate antibiotic therapy and reduce
the consumption of antimicrobials. The use of these
new diagnostic assays might be useful to improve the
outcome in septic patients and minimize unnecessary
and inappropriate antimicrobial therapy, reducing the

time of empirical antimicrobial use and improving
healthcare quality.

Conclusions
This randomized clinical trial showed that the use of a
rapid molecular-based pathogen identification test
(SeptiFast) does not reduce the median antibiotic con-
sumption in nosocomial sepsis. However, in patients
with positive microbiological tests, the use of SeptiFast
reduced antimicrobial consumption through early de-

Fig. 1 28-day Kaplan–Meier estimated survival curve in patients who underwent SF or BC tests

Fig. 2 28-day Kaplan–Meier estimated survival curves in patients with positive tests (SF or BC)
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escalation compared to conventional blood cultures.
These results were driven by a reduction in the consump-
tion of antimicrobial used for Gram-positive bacteria
coverage. Further studies to investigate the role of mo-
lecular-based tests in improving clinical outcome are re-
quested, as well as high sensitivity molecular based tests,
in order to apply antimicrobial stewardship in sepsis.

Additional files

Additional file 1: Table S1. Microorganisms detected by the LightCycler®
SeptiFast assay. Abbreviations: CoNS: coagulase-negative
Staphylococcusspecies (S. epidermidis, S. haemolyticus, S. hominis, S. pasteuri, S.
warneri, S. cohnii,
S. lugdunensis, S. capitis, S. caprae, S. saprophyticus, and S. xylosus.
#Streptococcusspecies: S. pyogenes, S. agalactiae, S. anginosus, S. bovis,
S. constellatus, S. cristatus, S. gordonii, S. intermedius, S. milleri, S. mitis,
S. mutans, S. oralis, S. parasanguinis, S. salivarius, S. sanguinis, S. thermophilus,
S. vestibularis, and Viridans streptococci). (DOCX 16 kb)

Additional file 2: Table S2. Baseline patient characteristics.
Abbreviations: NYHA: “New York Heart Association”; LVEF: left ventricular
ejection fraction; APACHE II: “Acute Physiologic Assessment and Chronic
Health Evaluation II”; ICU = intensive care unit. (DOCX 17 kb)

Additional file 3: Table S3. Microorganisms detected by SF and BC in
the Intervention group and Control group. #Not included in SF detection
list. ##A group of Staphylococcus species (S. epidermidis, S. haemolyticus, S.
hominis, S. pasteuri, S. warneri, S. cohnii, S. lugdunensis, S. capitis, S. caprae,
S. saprophyticus, and S. xylosus including S. epidermidis, S. haemolyticus, S.
hominis, S. pasteuri, S. warneri, S. cohnii, S. lugdunensis, S. capitis, S. caprae,
S. saprophyticus, and S. xylosus). (DOCX 16 kb)

Additional file 4: Table S4. Antimicrobial consumption in DOT/1000
patients-day according to the prescribed antimicrobial during the study.
Abbreviations: DOT/1000PD: days of therapy/1000 patients-day; IQR:
interquartile range; #: Other G neg antimicrobial: piperacillin-tazobactam,
fluoroquinolones, cephalosporins, aminoglycosides, trimethoprim-
sulfamethoxazol (DOCX 15 kb)

Additional file 5: Figure S1. Design of the study. (TIFF 778 kb)

Additional file 6: Figure S2. Protocol for the empirical antimicrobial
therapy. (TIFF 627 kb)

Additional file 7: Figure S3. Flow chart. (TIFF 338 kb)

Additional file 8: Microbiological procedures. (DOCX 19 kb)

Abbreviations
BC: Blood cultures; DOT: Days of therapy; PD: Patient day; SD: Standard
deviation; SF: SeptiFast

Acknowledgments
Not applicable.

Funding
Fundação de Amparo a Pesquisa do Estado de São Paulo.

Availability of data and materials
All relevant data are within the manuscript and its Supporting Information
files. The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Authors’ contributions
All authors contributed to conception and design and/or data acquisition
and/or data analysis and interpretation. All authors contributed in the
manuscript drafting and/or manuscript revision. All listed authors approved
the final version of the manuscript and agree with and are responsible for
the data presented.

Ethics approval and consent to participate
Ethical approval from the Ethical and Research Committee from San Paolo
Heart Institute was provided before study initiation. Written informed
consent was obtained from all patients.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Infectious Diseases Control, Heart Institute, University of Sao Paulo, São
Paulo, Brazil. 2Molecular Biology Division – University of Sao Paulo, São Paulo,
Brazil. 3Department of Anesthesia and Intensive Care, IRCCS San Raffaele
Scientific Institute, Milan, Italy. 4Vita-Salute San Raffaele University of Milan,
Milan, Italy. 5Microbiology Division, University of Sao Paulo, São Paulo, Brazil.
6Department of Intensive Care at the Erasme University, Universite Libre de
Bruxelles, Bruxelles, Belgium. 7Intensive Care Unit, Instituto do Cancer,
University of Sao Paulo, São Paulo, Brazil.

Received: 1 May 2019 Accepted: 8 July 2019

References
1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,

Bauer M, Bellomo R, Bernard GR, Chiche JD, Coopersmith CM, et al. The third
international consensus definitions for sepsis and septic shock (Sepsis-3). JAMA.
2016;315(8):801–10.

2. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR.
Epidemiology of severe sepsis in the United States: analysis of incidence,
outcome, and associated costs of care. Crit Care Med. 2001;29(7):1303–10.

3. Hall MJ, Williams SN, DeFrances CJ, Golosinskiy A. Inpatient care for
septicemia or sepsis: a challenge for patients and hospitals. NCHS Data Brief.
2011;62:1–8.

4. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, Sevransky JE,
Sprung CL, Douglas IS, Jaeschke R, et al. Surviving Sepsis campaign: international
guidelines for management of severe sepsis and septic shock, 2012. Intensive
Care Med. 2013;39(2):165–228.

5. Doron S, Davidson LE. Antimicrobial stewardship. Mayo Clin Proc.
2011;86(11):1113–23.

6. Scerbo MH, Kaplan HB, Dua A, Litwin DB, Ambrose CG, Moore LJ, Murray CC,
Wade CE, Holcomb JB. Beyond blood culture and gram stain analysis: a review
of molecular techniques for the early detection of bacteremia in surgical
patients. Surg Infect. 2016;17(3):294–302.

7. Havey TC, Fowler RA, Pinto R, Elligsen M, Daneman N. Duration of antibiotic
therapy for critically ill patients with bloodstream infections: a retrospective
cohort study. Can J Infect Dis Med Microbiol. 2013;24(3):129–37.

8. Molina JM, Cordoba J, Ramirez P, Gobernado M. Automatic detection of
bacterial and fungal infections in blood. Enferm Infecc Microbiol Clin.
2008;26(Suppl 9):75–80.

9. Greco R, Barbanti MC, Mancini N, Crucitti L, Oltolini C, Forcina A, Lorentino F,
Vago L, Messina C, Clerici D, et al. Adjuvant role of SeptiFast to improve the
diagnosis of sepsis in a large cohort of hematological patients. Bone Marrow
Transplant. 2018;53(4):410–6.

10. Larmann J, Theilmeier G. Inflammatory response to cardiac surgery:
cardiopulmonary bypass versus non-cardiopulmonary bypass surgery.
Best Pract Res Clin Anaesthesiol. 2004;18(3):425–38.

11. Lehmann LE, Hunfeld KP, Emrich T, Haberhausen G, Wissing H, Hoeft A,
Stuber F. A multiplex real-time PCR assay for rapid detection and
differentiation of 25 bacterial and fungal pathogens from whole blood
samples. Med Microbiol Immunol. 2008;197(3):313–24.

12. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of
disease classification system. Crit Care Med. 1985;13(10):818–29.

13. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC definitions for
nosocomial infections, 1988. Am J Infect Control. 1988;16(3):128–40.

Rodrigues et al. Journal of Intensive Care            (2019) 7:37 Page 8 of 9

https://doi.org/10.1186/s40560-019-0391-3
https://doi.org/10.1186/s40560-019-0391-3
https://doi.org/10.1186/s40560-019-0391-3
https://doi.org/10.1186/s40560-019-0391-3
https://doi.org/10.1186/s40560-019-0391-3
https://doi.org/10.1186/s40560-019-0391-3
https://doi.org/10.1186/s40560-019-0391-3
https://doi.org/10.1186/s40560-019-0391-3


14. Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related Organ Failure
Assessment) score to describe organ dysfunction/failure. On behalf of the
Working Group on Sepsis-Related Problems of the European Society of
Intensive Care Medicine. Intensive Care Med. 1996;22:707–10

15. Ohji G, Doi A, Yamamoto S, Iwata K. Is de-escalation of antimicrobials
effective? A systematic review and meta-analysis. Int J Infect Dis.
2016;49:71–9.

16. Polk RE, Fox C, Mahoney A, Letcavage J, MacDougall C. Measurement of
adult antibacterial drug use in 130 US hospitals: comparison of defined
daily dose and days of therapy. Clin Infect Dis. 2007;44(5):664–70.

17. Geissler A, Gerbeaux P, Granier I, Blanc P, Facon K, Durand-Gasselin J.
Rational use of antibiotics in the intensive care unit: impact on microbial
resistance and costs. Intensive Care Med. 2003;29(1):49–54.

18. Kaki R, Elligsen M, Walker S, Simor A, Palmay L, Daneman N. Impact of
antimicrobial stewardship in critical care: a systematic review. J Antimicrob
Chemother. 2011;66(6):1223–30.

19. Previsdomini M, Gini M, Cerutti B, Dolina M, Perren A. Predictors of positive
blood cultures in critically ill patients: a retrospective evaluation. Croat Med
J. 2012;53(1):30–9.

20. Skvarc M, Stubljar D, Rogina P, Kaasch AJ. Non-culture-based methods to
diagnose bloodstream infection: does it work? Eur J Microbiol Immunol
(Bp). 2013;3(2):97–104.

21. Dark P, Blackwood B, Gates S, McAuley D, Perkins GD, McMullan R, Wilson C,
Graham D, Timms K, Warhurst G. Accuracy of LightCycler((R)) SeptiFast for
the detection and identification of pathogens in the blood of patients with
suspected sepsis: a systematic review and meta-analysis. Intensive Care
Med. 2015;41(1):21–33.

22. Pasqualini L, Mencacci A, Leli C, Montagna P, Cardaccia A, Cenci E,
Montecarlo I, Pirro M, di Filippo F, Cistaro E, et al. Diagnostic performance of
a multiple real-time PCR assay in patients with suspected sepsis hospitalized
in an internal medicine ward. J Clin Microbiol. 2012;50(4):1285–8.

23. Yanagihara K, Kitagawa Y, Tomonaga M, Tsukasaki K, Kohno S, Seki M,
Sugimoto H, Shimazu T, Tasaki O, Matsushima A, et al. Evaluation of pathogen
detection from clinical samples by real-time polymerase chain reaction using a
sepsis pathogen DNA detection kit. Crit Care. 2010;14(4):R159.

24. Bacconi A, Richmond GS, Baroldi MA, Laffler TG, Blyn LB, Carolan HE, Frinder MR,
Toleno DM, Metzgar D, Gutierrez JR, et al. Improved sensitivity for molecular
detection of bacterial and Candida infections in blood. J Clin Microbiol.
2014;52(9):3164–74.

25. Rimawi RH, Mazer MA, Siraj DS, Gooch M, Cook PP. Impact of regular
collaboration between infectious diseases and critical care practitioners
on antimicrobial utilization and patient outcome. Crit Care Med.
2013;41(9):2099–107.

26. Hill JT, Tran KD, Barton KL, Labreche MJ, Sharp SE. Evaluation of the
nanosphere Verigene BC-GN assay for direct identification of gram-negative
bacilli and antibiotic resistance markers from positive blood cultures and
potential impact for more-rapid antibiotic interventions. J Clin Microbiol.
2014;52(10):3805–7.

27. Liesenfeld O, Lehman L, Hunfeld KP, Kost G. Molecular diagnosis of sepsis:
new aspects and recent developments. Eur J Microbiol Immunol (Bp).
2014;4(1):1–25.

28. Davey P, Marwick CA, Scott CL, Charani E, McNeil K, Brown E, Gould IM,
Ramsay CR, Michie S. Interventions to improve antibiotic prescribing
practices for hospital inpatients. Cochrane Database Syst Rev.
2017;2:CD003543.

29. World Health Organization. Global action plan on antimicrobial resistance.
Geneva: WHO; 2015.

Rodrigues et al. Journal of Intensive Care            (2019) 7:37 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Study design
	Patients and randomization
	Treatment
	Microbiological procedures
	Data collection, definitions, and antimicrobial intervention
	Outcomes
	Statistical analysis

	Results
	Study population
	Primary outcome
	Secondary outcomes

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

