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ABSTRACT
Objective. The aim of this study was to assess the impact
of the information provided by the new Sepsis Chip Flow system (SFC) and other fast microbiological techniques on the selection of the appropriate antimicrobial treatment by the clinical researchers of an antimicrobial stewardship team.
Methods. Two experienced clinical researchers performed
the theoretical exercise of independently selecting the treatment for patients diagnosed by bacteremia due to bacilli gram
negative (BGN). At first, the clinicians had only available the
clinical characteristics of 74 real patients. Sequentially, information regarding the Gram stain, MALDI-TOF, and SFC from
Vitro were provided. Initially, the researchers prescribed an antimicrobial therapy based on the clinical data, later these data
were complementing with information from microbiological
techniques, and the clinicians made their decisions again.
Results. The data provided by the Gram stain reduced the
number of patients prescribed with combined treatments (for
clinician 1, from 23 to 7, and for clinician 2, from 28 to 12),
but the use of carbapenems remained constant. In line with
this, the data obtained by the MALDI-TOF also decreased the
combined treatment, and the use of carbapenems remained
unchanged. By contrast, the data on antimicrobial resistance
provided by the SFC reduced the carbapenems treatment.
Conclusions. From the theoretical model the Gram stain
and the MALDI-TOF results achieved a reduction in the combined treatment. However, the new system tested (SFC), due to
the resistance mechanism data provided, not only reduced the
combined treatment, it also decreased the prescription of the
carbapenems.
Key words: Bloodstream infection, MALDI-TOF, Sepsis Chip Flow, gram
negative bacilli.
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Impacto de Sepsis Flow Chip, un método
microbiológico novedoso y rápido, en el
tratamiento de la bacteriemia causada por
bacilos gramnegativos
RESUMEN
Objetivo. Nuestro trabajo trata de aportar información
sobre el impacto del nuevo sistema Sepsis Chip Flow system
(SFC) y otras técnicas de diagnóstico microbiológico rápido en
la selección del tratamiento antibiótico apropiado por el equipo de infectólogos dentro de un grupo multidisciplinar PROA.
Método. Dos infectólogos con amplia experiencia clínica
llevan a cabo un ejercicio teórico de forma independiente seleccionando los tratamientos de los pacientes diagnosticados
de bacteriemia por bacilos gramnegativos. En primer lugar, los
infectólogos solo tienen acceso a los datos reales de 74 pacientes. Secuencialmente, se les aporta información de los resultados
de la tinción de Gram, MALDI-TOF y SFC (Vitro). Inicialmente, los
infectólogos prescriben un tratamiento antibiótico en base a los
datos clínicos y más tarde, van modificando los tratamientos en
base a la información microbiológica recibida.
Resultados. Los datos aportados por la tinción de Gram reducen el número de pacientes pautados con tratamientos combinados
(para el clínico 1, de 23 a 7, y en el clínico 2, de 28 a 12), pero el
uso de carbapenémicos permanece constante. En la misma línea, los
datos aportados por MALDI-TOF también disminuyen el número de
tratamientos antibióticos combinados aunque sigue sin modificarse
el número de tratamientos con carbapenémicos. Por contra, los datos de resistencia antibiótica aportados por SFC reducen el número
de tratamientos con carbapenémicos.
Conclusiones. A partir del modelo teórico, la tinción de
Gram y los resultados de MALDI-TOF lograron una reducción
en el tratamiento combinado. Sin embargo, el nuevo sistema
probado (SFC), debido a los datos de mecanismos de resistencia
proporcionados, no solo redujo el tratamiento combinado sino
que también disminuyó la prescripción de los carbapenémicos.
Palabras clave: Bacteremia, MALDI-TOF, Sepsis Chip Flow, bacilos gramnegativos.
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INTRODUCTION
Bloodstream infections (BSI), also called bacteremia, are
associated with high rates of morbidity and mortality. The microbiological identification of the causative pathogens is crucial for optimal management. Therefore, a faster identification
of the microorganisms causing the bacteremia could enable
the appropriate species-specific therapy to be started earlier,
thereby improving patient outcome and reducing the potential
development of resistance and possible side effects [1,2].
Today, the treatment of Gram-negative bacilli (GNB)-BSI
is particularly complicated due to the high rates of resistance
from multiple resistance mechanisms, opening up only limited
treatment options. Furthermore, due to the emergence of multi-drug resistant (MDR) GNB, early targeted treatment is key
for both avoiding of broad-spectrum antimicrobials and ensuring the correct treatment of the pathogen. On the other hand,
the cautious administration of the antimicrobials performed by
the antimicrobial stewardship team (AST) helps to prevent the
development of antimicrobial resistance over the long term [3].
Integrating the fast diagnostic laboratory techniques with
AST has been demonstrated to +improve patient outcome compared to the standard microbiology reporting [4]. In fact, it is
evident that the development of the MALDI-TOF provides timely
and accurate identification of the organism, and when combined with the AST it can shorten the length of the hospital stay
and the costs for the treatment of the GNB-BSI. However, the
MALDITOF does not provide information regarding resistance [5].
The Sepsis Flow Chip (SFC, Master Diagnostica) assay
is a recent developed and commercialized system based
on a multiplex PCR. SFC provide an automated molecular
diagnostic test for the identification of the genus, species
and genetic resistance determinants for a broad panel of the
commonest GNB organisms isolated from blood cultures.
It has an approximate turn-around time of 4 hours from
the positive blood cultures. The assay can detect at the
genus/species level 12 bacteria and 1 yeast (Streptococcus
pneumoniae, Streptococcus agalactiae, Streptococcus spp.,
Staphylococcus aureus, Staphylococcus spp., Enterococcus
spp., Listeria monocytogenes, Stenotrophomonas maltophilia,
Serratia marcescens, Escherichia coli, Klebsiella pneumoniae,
Morganella morganii, Proteus spp., Acinetobacter baumannii,
Pseudomonas aeruginosa, Neisseria meningitidis and
Candida albicans; also It detects the generic category
“Enterobacteriaceae”. SFC assay detects the most important
genetic resistance determinants involved in resistance to
methicillin and vancomycin in Gram-positive pathogens and
determinants related to beta-lactam resistance mechanisms
such as ESBLs and carbapenemase production in Gramnegative bacteria (mecA, vanA/B, blaCTX, blaSHV, blaSME,
blaKPC, blaNMC/IMI, blaGES, blaIMP, blaGIM, blaVIM,
blaSPM, blaSIM, blaNDM, blaOXA-23, blaOXA-24, blaOXA-48,
blaOXA-51 and blaOXA-58.)
This test has been recently demonstrated to have a
high sensitivity and specificity for organism and resistance

identification [6]. However, the impact of SFC results on the
management of BGN-BSI has not been analyzed yet, due to
this system has been recent commercialized.
The purpose of this study was to evaluate the impact of
the identification and resistance data provided by SFC, as a
complement of MALDI-TOF information, on the antimicrobial
therapy prescribed by the AST. The evaluation was performed
on a theoretical model generated from clinical patient data, in
order to avoid the variability presents in the clinical routine.

MATERIAL AND METHODS
Study location and design. This single-center study
was conducted at the General University Hospital of Alicante
(Spain), a 780-bed tertiary hospital.
In this study, 74 consecutive patients were included in a
retrospective manner. All the patients were above the age of
18 years and experiencing the first episode of GNB bacteremia
(mono or polymicrobial BSI). This study was performed under
the written authorization of the CEIm (Ethic Committee of research with drugs) with implementation of the national legal
standards and the guidelines established in the Declaration of
Helsinki (2000). Data on the demographic characteristics, comorbid status (Charlston index), clinical signs and symptoms
of infections, severity of illness (Pitt score), immunosuppressive
therapy and microbiology results were collected from each patient. Also, the infection-related characteristics of the infection
source (according to the definitions published by CDC) were
included. Details of the syndromes and clinical characteristics
of the patients are available as supplementary data (S1).
The clinical data obtained were anonymized. Information
on the epidemiology of the infectious process and the prescribed antimicrobial therapy was removed before providing
the clinical data to the clinical researchers who conducted this
study.
Microbiological tests. Microbiological results provided
to clinical researchers were obtained as a part of the clinical
routine when the infectious process occurred, following these
protocols:
All the blood samples obtained were subjected to identical
processing methods using the BACTEC automated blood cultures system (BD diagnostics), and standard aerobic and anaerobic blood cultures media. The specimens were Gram-stained
when the blood culture bottle showed up as positive. They were
analyzed by the MALDI-TOF (Bruker, Germany) for routine identification, and then for a new identification process and detecting resistance mechanisms by SFC.
In addition, positive blood culture specimens were inoculated on the appropriate solid agar media and subsequently
identified using the conventional clinical microbiology procedures. The antimicrobial susceptibilities were performed with
the Microscan (Beckman). Antimicrobial susceptibilities were
determined according to the EUCAST guidelines.
Definitions. The BSI onset was defined as the collection
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time of the first blood sample which yielded the study isolate
(index blood culture). Treatment was considered active when
the infecting organism was susceptible in vitro to at least one
prescribed antimicrobial agent. Treatment was considered optimal when the antimicrobial exhibited in vitro activity and
targeted the isolated pathogen based on the patients` overall
clinical features, and when it was available, it was in line with
the current clinical guidelines.
Antimicrobial recommendations were classified as escalation, meaning a change from a narrow spectrum to a
broad-spectrum antimicrobial (with one or more antimicrobials), de-escalation or narrowing the coverage to target the
isolated organisms, or discontinuing therapy when the antimicrobial treatment was stopped.
Antimicrobial treatment recommendation. To
evaluate this technique in several clinical conditions, two
skilled clinicians were selected from two different hospitals.
One of them, from a tertiary hospital with complex patients
(severe immunosuppression, solid transplants, haematological
diseases, cancer and complex surgery) and a high incidence
of multidrug resistant pathogens; and the other one from
a second level hospital, without these characteristics. Both
therapies were in line with the clinical guidelines approved by
the infectious diseases commission of each hospital.
Theoretical antimicrobial therapy. In order to know the
usefulness of these techniques, particularly the SFC which is
recent developed and not evaluated in the clinical practice
yet, without the variability associated with clinical routines,
two clinical researchers specialized in infectious diseases (one
from the same hospital, and the other from another General
Hospital) prescribed the antimicrobial therapy according to the
information available at different levels:
- First, as an empirical therapy, based on the clinical characteristics.
- Second, using the previous data plus Gram-stain report.
- Third, using the previous data plus the information provided by MALDI-TOF.
- Fourth, using the previous data plus SFC data.
- Fifth, or definitive antimicrobial therapy with the full susceptibility test including the culture and the antibiogram.
Statistical analysis. The categorical variables were expressed as counts (percentage). To evaluate the differences between the empirical treatments and the prescribed treatments
after the different techniques the chi-square or Fisher’s exact
test were used. The contrasts were carried out using IBM SPSS
Statistics version 22.0 Software, and a p < 0.05 was necessary
to consider significative differences.

escens (2), Achromobacter (1), Citrobacter koseri (1), Bacteroides
thetaiotaomicron (1), Campylobacter jejuni (1), Acinetobacter
baumannii (1) and Pseudomonas aeruginosa (1). Resistance
to the third generation cephalosporins was present in 18/74
(24.3%) and to the carbapenems in 4/74 (5.4%).

RESULTS

These results indicated that the SFC was useful as a complemented the MALDI-TOF information. The SFC provided data
regarding the susceptibility to the third-generation cephalosporins in 84.6% of the cases of monomicrobial bacteremia,
and in 77.8% of the polymicrobial ones (Table 3a); and carbapenems resistance in 93.8% and 88.8% of the cases (Table 3b).

The analysis was performed on 74 patients with BSI, caused
by Escherichia coli (38), Klebsiella pneumoniae (9), polymicrobial (8), Klebsiella oxytoca (4), Enterobacter cloacae (3), Proteus
mirabilis (2), Stenotrophomonas maltophilia (2), Serratia marc-

The empirical treatments decided by the researchers,
based on the analysis of the patient’s data only showed significative differences in the choice of the carbapenems (22
versus 37, p =0.012).
The information provided by the Gram stain was helpful in
preventing combined treatments, since the prescription of this
type of treatment was significative reduced by the clinician 1
(p = 0.001) and clinician 2 (p = 0.003), but it was not helpful in
reducing the use of carbapenems. This also occurred after applying the MALDI-TOF data, because the combined treatments
were significative decreased (p < 0.0001 in both cases), but the
prescription for carbapenems remained unchanged (Table 1).
However, the information generated by the SFC, providing
data on the antimicrobial susceptibility of the microorganism,
produced a decrease in the use of carbapenems (17 and 32
cases, respectively). This reduction was significative in the case
of clinician 2 (p < 0.0001) (Table 1).
The agreement concordance between the treatments proposed by the clinical researchers showed significative differences
in the use of carbapenems when the treatment was prescribed
based on empirical data (p = 0.012), gram data (p = 0.001), and
MALDI-TOFF data (p = 0.005). Only, the carbapenems prescription did not show differences after knowing SFC data.
Moreover, the antimicrobial therapies prescribed based
on the fast-molecular techniques (MALDITOF plus SFC) were in
line with the treatment selected using the culture and antibiogram data, without show significative differences.
On analyzing whether the treatments based on the empirical data were correct, it became evident that in 16.2% of the
cases (researcher 1) and in 10.9 % of the cases (researcher 2)
the prescription therapy was inappropriate, because the treatment involved drugs to which the causal agent was resistant.
These percentages of inappropriate treatment dropped to
13.8% (clinician 1) and 8.1 % (clinician 2) using data from the
Gram stain, and to 10.8 % (researcher 1) and 4.1 % (researcher 2) using the information from the MALDI-TOF. The highest
percentage of correct prescription treatment was achieved by
using the SFC data (plus previous data), and showed significative differences when compared to treatment proposed using
empirical data (p = 0.001 for clinician1, and p = 0.016 for clinician 2); with this information only a 1.4% of the antimicrobial
therapies selected by the two clinical researchers were inappropriate (Table 2).
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Table 1	Antimicrobial prescription and treatment changes proposed by the
clinicians. The treatments of both clinicians were statistically compared.
Clinical situation
Empirical treatment
Treatment after Gram

Treatment after MALDI TOF

Clinician 1

Clinician 2

Carbapenem: 22 (29.7 %)

Carbapenem: 37 (50 %)

Combined treatment: 23 (31.1 %)

Combined treatment: 28 (37.8 %)

Carbapenem: 22 (29.7 %)

Carbapenem: 43 (58.1 %)

Combined treatment: 7 (9.4 %)a

Combined treatment: 12 (16.2 %)a

Treatment change

Treatment change

Escalation: 1 (1.3 %)

Escalation: 0 (0 %)

De-escalation: 19 (25.7 %)

De-escalation: 22 (29.7 %)

Antibiotic change: 2 (2.7 %)

Antibiotic change: 7 (9.5 %)

Carbapenem de-escalated: 0 (0 %)

Carbapenem de-escalated: 0 (0 %)

Carbapenem scheduled: 0 (0 %)

Carbapenem scheduled: 6 (8.1 %)

Carbapenem: 25 (33.8 %)

Carbapenem: 42 (56.7 %)
b

Treatment after SFC

Combined treatment: 3 (4.1 %)

Combined treatment: 5 (6.7 %)b

Treatment change

Treatment change

Escalation: 0 (0 %)

Escalation: 1 (1.3 %)

De-escalation: 3 (4.1 %)

De-escalation: 7 (9.5 %)

Antibiotic change: 13 (17.6 %)

Antibiotic change: 26 (35.1 %)

Carbapenem de-escalated: (1.3 %)

Carbapenem de-escalated: 4 (5.4 %)

Carbapenem scheduled: 7 (9.4 %)

Carbapenem scheduled: 3 (4.1 %)

Carbapenem: 14 (18.9%)

Carbapenem: 12 (16.2 %)b
a

Combined treatment: 9 (12.1 %)

Treatment after cultures

a

Combined treatment: 3 (4.1 %)b

Treatment change

Treatment change

Escalation: 5 (6.7 %)

Escalation: 1 (1.3 %)

De-escalation: 0 (0 %)

De-escalation: 3 (4.1 %)

Antibiotic change: 26 (35.1 %)

Antibiotic change: 40 (54.1 %)

Carbapenem de-escalated: 17 (22.9 %)

Carbapenem de-escalated: 32 (43.2 %)

Carbapenem scheduled: 3 (4.1 %)

Carbapenem scheduled: 2 (2.7 %)

Carbapenem: 14 (18.9 %)

Carbapenem: 13 (17.6 %)

Combined treatment: 8 (10.8 %)

Combined treatment: 3 (4.1 %)

Treatment change

Treatment change

Escalation: 0 (0 %)

Escalation: 2 (2.7 %)

De- escalation: 1 (1.3 %)

De- Escalation: 0 (0 %)

Antibiotic change: 5 (6.7 %)

Antibiotic change: 3 (4.1 %)

Carbapenem de-escalated: 1 (1.3 %)

Carbapenem de-escalated: 0 (0 %)

Carbapenem scheduled: 1 (1.3 %)

Carbapenem scheduled: 1 (1.3 %)

indicates p < 0.05; b indicates p < 0.0001. SFC: Sepsis Chip Flow system

DISCUSSION
In a large majority of the cases the bacteremia treatment
must begin empirically because the microbiological techniques at
present are not fast enough. However, the increase in the MDR
microorganisms often results in inappropriate treatment and the

prescription of broad-spectrum drugs or even combinations of
several antibiotics [7,8]. In the case of incorrect treatments, it is
very important to adjust the treatment as soon as possible, in light
of the microbiological results, because the data from several studies support that the precocity of an accurate antibiotic treatment
is crucial for a good clinical outcome [9–12].
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Table 2	Correct treatments (active and optimum) were scheduled after receiving
the results from the different diagnostic tests, taking the reference as the
culture data and antimicrobial susceptibility of the microorganism.

a

Empirical treatment

Gram

MALDI-TOF

SFC

Clinician 1

62/74 (83.8 %)

64/74 (86.5 %)

66/74 (89.2 %)

73/74 (98.6 %)a

Clinician 2

66/74 (89.1 %)

68/74 (91.9 %)

71/74 (95.9 %)

73/74 (98.6 %)a

indicates p < 0.05. SFC: Sepsis Chip Flow system

Table 3a	Evaluation of the SFC in bacteremia caused by a single microorganism.

Identification a

Resistance detection to cephalosporins 3rd (ESBL)

Resistance detection to carbapenems (carbapenemases)

Escherichia coli (n= 38)

Right

(38/38) 100%

(38/38) 100%

Klebsiella pneumoniae (n= 9)

Right

(9/9) 100%

(9/9) 100%

Klebsiella oxytoca (n=4)

Partial)

(4/4) 100%

(4/4) 100%

Proteus mirabilis (n=2)

Partial

(2/2) 100%

(2/2) 100%

Enterobacter cloacae (n=2)

Partial

(0/2) 0%

(2/2) 100%

Stenotrophomonas maltophilia (n=2)

Right

(0/2) 0%

(0/2) 0%

Serratia marcescens (n=2)

Partial

(1/2) 50%

(2/2) 100%

No identification

(0/1) 0%

(1/1) 100%

Partial

(1/1) 100%

(1/1) 100%

Bacteroides thetaiotamicon (n=1)

No identification

(0/1) 0%

(1/1) 100%

Campylobacter jejuni (n=1)

Microorganism

Achromobacter xyloxosidans (n=1)
Citrobacter koseri (n=1)

No identification

(0/1) 0%

(1/1) 100%

Acinetobacter baumannii (n=1)

Right

(0/1) 0%

(1/1) 100%

Pseudomonas aeruginosa (n=1)

Right

(0/1) 0%

(1/1) 100%

Right: 51 (78.5%)

Sensibility ESBL: 100%

Sensibility: 64/65 (98.5%)

Partial: 13 (20%)

Global data: 55/65 (84.6%)

TOTAL (n=65)

No identification: 3 (4.6%)
SFC: Sepsis Chip Flow system; ESBL: extended-spectrum beta-lactamase
a
Right: Identification was made correctly: species and gender; Partial: Only the presence of an enterobacteria was identified. The genus and species were unknown; No
identification: The identification of the microorganism was not achieved

Regarding the clinical usefulness of the different techniques assessed in this study, it is highlighted that, as had been
repeatedly reported, their data are very helpful when a multidisciplinary group with the capability of using them to modify
the empirical treatments early (in hours) is involved. The data provided by the cultures are usually available late (24-48
hours) [13-16].
In this study, the efficacy of several techniques were analyzed in a combined manner. Some techniques provided information regarding only the etiology of the infection, while
others also reported the antimicrobial susceptibility of the
microorganism involved. The results revealed that their data
were complementary: Gram stain and MALDI-TOF significantly
decreased the combined treatments, while the SFC facilitated a
reduction in the use of carbapenems.

These data also confirmed the accuracy of the SFC in
identifying the BGN and resistance markers in BSI. Moreover, the combination of MALDI-TOF information and the data
provided by this novelty system, SFC, provides a potential reduction in the times to prescribe both effective and optimal
antibiotic therapies in the treatment of BGN-BSI. This new
system identifies the commonest BGN pathogens related to
BSI, and confirms the data provided by the MALDI-TOF in the
inconclusive cases, for example polymicrobial infections. Additionally, SFC provides complementary information on the
main mechanisms of resistance to the beta-lactams of these
microorganism. It is limited, as it cannot detect resistance to
the 3rd generation cephalosporins due to cAMP overproduction and resistance to the carbapenems by mechanisms other
than the production of the carbapenemases. SFC could even
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Table 3b	Evaluation of SFC in bacteremia caused by more than one microorganism.

Identificationa

Resistance detection to cephalosporins 3rd

Resistance detection to carbapenems

Partial: E. faecalis no identified to species
level

Right

Right

Partial: P. putida no identified

Fail: Resistance of BGN no identified

Fail: Resistance of S.maltophilia no
identified

Escherichia coli
Klebsiella pneumoniae

Right

Fail: AMPc no detected

Right

Escherichia coli
Enterococcus faecalis

Partial: E. faecalis no identified to species
level

Right

Right

Acinetobacter baumannii,
Enterococcus faecalis

Partial: E. faecalis no identified to species
level.

Right

Right

Escherichia coli, Enterobacter asburiae

Partial: E. asburiae no identified to
species level.

Right

Right

Enterobacter ludwigii, Escherichia coli,
Enterococcus faecalis

Partial: E. ludwigii and E. faecalis no
identified to species level.

Right

Right

Escherichia coli, Klebsiella pneumoniae,
Morganella morganii, Streptococcus
gallolyticus

Partial: M. morganii no identified to
species level.

Right

Right

Right

Right

Right

Right: 2/9 (22.2 %)
Partial 7/9 (77.8 %)

Right 7/9 (77.8%)
Partial 1/9 (11.1 %)

Right 8/9 (88.8 %)

Microorganism
Klebsiella pneumoniae
Streptococcus gallolyticus
Escherichia coli
Klebsiella oxytoca
Enterococcus faecalis
Staphylococcus epidermidis
Pseudomonas putida
Stenotrophomonas maltophilia

Coagulase-negative Staphylococcus
Klebsiella pneumoniae
Total

SFC: Sepsis Chip Flow system; ESBL: extended-spectrum beta-lactamase
a
Right: Identification was made correctly: species and gender; Partial: Only the presence of an enterobacteria was identified. The genus and species were unknown; No
identification: The identification of the microorganism was not achieved

more helpful, in hospitals without the MALDITOF technique,
as SFC is a fast method (around 4 hours) to identify the main
microorganisms isolated in blood cultures and some of their
resistance mechanisms, while the conventional culture and
phenotypic study of resistance usually delays 24-48 hours
the diagnostic [17].
Therefore, the present study shows the great clinical usefulness of implementing the new SFC system as complement
of the fast microbiological techniques established, while confirming that the multidisciplinary groups responsible for the
clinical management of these serious and complex pathologies
are essential in today’s world [18].
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