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Abstract

Background: Microbiological characteristics of sepsis and antimicrobial resistance are well studied, although in
State University of Campinas, no data has been published yet.

Methods: The main agents related to sepsis and antimicrobial resistance were analyzed. The blood culture records
requested from 4,793 hospitalized patients were analyzed. The samples were processed using the Bact/Alert®
system for agent identification and antimicrobial susceptibility.

Results: A total of 1,017 patients met the inclusion criteria for a sepsis diagnosis, with 2,309 samples tested

(2.27 samples/patient). There were 489 positive samples (21% positive) isolated from 337 patients (33.13%), but
more rigorous criteria excluding potential contaminants resulted in analysis being restricted to 266 patients

(315 agents). The prevalent microorganisms were coagulase negative Staphylococcus (CNS) (15.87%), Escherichia coli
(13.0%), Staphylococcus aureus (11.7%), Klebsiella pneumoniae (9.8%), Enterobacter sp (9.5%), Acinetobacter baumannii
(9.2%), Pseudomonas aeruginosa (5.7%) and Candida sp (5.1%). Examining antimicrobial resistance in the agents
revealed that 51% of the S. aureus isolates were methicillin-resistant S. aureus (MRSA) and 80% of the CNS isolates
were oxacillin-resistant. For A. baumannii, the ideal profile drugs were ampicillin sulbactam and piperacillin/tazobactam,
and for P. aeruginosa, they were piperacillin/tazobactam and ceftazidime. Enterobacteria showed on average 32.5% and
35.7% resistance to beta-lactams and ciprofloxacin, respectively. When all Gram-negative bacteria were considered, the
resistance to beta-lactams rose to 40.5%, and the resistance to ciprofloxacin rose to 42.3%.

Conclusions: Fighty percent of the agents identified in blood cultures from patients with sepsis belonged to a group

of eight different agents. For empirical treatment, carbapenems and vancomycin unfortunately still remain the best
therapeutic choice, except for A. baumannii and P. aeruginosa, for which piperacillin/tazobactan is the best option.
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Background

Sepsis is one of the most serious and urgent infectious
events in clinical practice, and its diagnosis is traditio-
nally based on blood culture, defined as the presence
(probable or documented) of infection together with
systemic manifestations of infection [1]. Efforts for the
early recognition of sepsis using biomarkers (IL6, high-
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sensitivity CRP, PCT) as a molecular method for detec-
tion as well as identifying etiologic agents and resistance
markers are important approaches for the diagnosis of
this syndrome [2-12]. A simple bacteremia, which may
originate from the digestive tract and progress to a state
of septic shock and multiple organ dysfunction, involves
important variables, such as the agent involved, quantity
and virulence, type of invasion (continued or intermit-
tent), available diagnostic resources, host response to
infection and the precocity and adequacy of clinical-
therapeutic interventions. These are some of the deter-
mining factors influencing clinical outcome [9]. Therefore,
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blood culture is a laboratory technique of great impor-
tance and is one of the most frequently ordered tests in
the clinical microbiology laboratory [10]. Similarly, micro-
scopic examination following Gram staining on positive
blood cultures can quickly guide the clinician in choosing
an empirical antimicrobial therapy [13]. Recently, other la-
boratory approaches involving molecular techniques have
been incorporated, but these procedures remain limited
and costly [9,10,13,14]. These molecular techniques may
have a significant impact by increasing the early diagnosis
and detection of etiologic mechanisms of resistance. Some
important factors in the detection of blood cultures in-
clude the number of samples, volume, collection site, use
of automated systems for monitoring and type of incuba-
tion atmosphere (anaerobic or not). Other factors may
interfere to give false positive or negative results, such as
the use of antibiotics and antisepsis failures, and labora-
tory limitations may delay diagnosis or give incorrect in-
formation [15-18].

There are few data on the annual incidence of blood-
stream infections in the world, but sepsis is a leading
cause of death in hospitalized patients. In the U.S., ap-
proximately 750,000 cases of bloodstream infections
occur each year, resulting in 215,000 deaths [9,14]. In
Brazil, the current data show an incidence density of
sepsis from 57.9 per 1,000 patient-days, and the mortal-
ity rate of patients with systemic inflammatory response
syndrome (SIRS), sepsis, severe sepsis and septic shock
was 24.2%, 33.9%, 46.9% and 52.2%, respectively [19].
Brazilian and international studies generally emphasize
the clinical, epidemiological and diagnostic resources,
with limited analyses of both the agents involved and
the antimicrobial resistance of the agents; such analyses
usually involve non-sequential samples [19-24]. In this
context, our objective was to analyze the main agents re-
lated to sepsis and the antimicrobial resistance profile of
those agents in a public university hospital.

Methods

Blood culture records that were requested from hospita-
lized patients in the Intensive Care Units (ICUs), Out-
patient Emergency Unit (OEU) and the wards of the
University Hospital during the course of one year were
analyzed retrospectively. The blood culture samples were
processed by the Microbiology Laboratory using the Bact/
Alert® (bioMérieux, USA) automated detection equip-
ment. Samples detected by the equipment were imme-
diately subcultured on blood agar, chocolate agar and
MacConkey agar plates for bacterial and fungal isolation,
and the bacterioscopy microscopic examination results
were reported immediately as preliminary results to the
doctor. The isolated colonies, 12 to 24 hours incubation
after incubation, were identified and evaluated for anti-
microbial susceptibility using Vitek® II (bioMérieux, USA)
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or by the disk diffusion test according to the standards of
the Clinical and Laboratory Standards Institute (CLSI),
which are updated annually.

The blood culture data were compared with informa-
tion obtained from the original processing worksheets
from the Laboratory of Microbiology and the Bact/Alert®
(bioMérieux, USA) database. Exact Fisher Test was used
to compare positive sample among medical specialties.
These data were analyzed using the SPSS (Statistical
Package for Social Sciences) v.21.0 (IBM Corp. Released
2012. IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY, USA). StatCalc — Epilnfo 7 (Atlanta, GA,
USA) calculated the power of sample. For the 4,793 en-
rolled, the positive sepsis diagnosis for 1,017 (21.21%)
has a confidence interval of 99.99%.

The inclusion criterion was a diagnosis of sepsis, ex-
cluding all other diagnoses such as bacteremia, fever and
repeated samples for the same patient within one month,
except in cases of agent change. In our casuistic was not
possible to characterize the septic shock and severe sep-
sis. In our study, the sepsis diagnosis was defined as the
presence (probable or documented) of infection together
with systemic manifestations of infection [1]. Cases with
potential contamination, when isolated from a single
sample, were excluded from the analysis. We considered
the following potential contaminating agents: Bacillus sp,
Bacillus cereus, Corynebacterium sp, Micrococcus sp, Pro-
pionibacterium sp, Streptococcus viridans and coagulase-
negative Staphylococcus (CNS). Regardless of the number
of positive samples for the same patient, only one strain
per patient was considered for the analysis of the anti-
microbial profile.

The study was authorized by the Ethical Committee
from State University of Campinas without the inclusion
of an informed consent.

Results

A total of 16,046 blood culture samples were collected
from 4,793 patients and processed by the Laboratory of
Microbiology. A total of 1,017 patients met the inclusion
criteria for the diagnosis of sepsis and included 2,309
samples (and an average of 2.27 samples collected per pa-
tient); 489 of these samples were positive (21% positive).

The medical specialties with the highest number of
patients diagnosed with sepsis were OEU with 440 pa-
tients (43.26%), adult ICU with 134 patients (13.18%)
and Neonatology with 104 patients (10.23%).

The average number of samples collected per patient
ranged from 1.8 to 2.94. The specialties with the highest
number of samples collected per patient were Neonatology
and the adult ICU, with approximately three samples per
patient. The specialties with the lowest average sample per
patient were Pediatrics and OEU, with approximately 1.9
samples per patient.
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The percentage of positivity was higher in the coro-
nary unit with 50% positive samples, followed by the
adult ICU with 30.93%. The lowest percentage of posi-
tive samples occurred in Internal Medicine and OEU
(Table 1).

The 489 positive samples were isolated from 337 of
1,017 patients diagnosed with sepsis (33.13%), which left
680 patients with negative samples (66.87%). To analyze
the cases with the most evidence of sepsis, we excluded
71 patients who had only one positive sample for poten-
tial contaminants, leaving 266/1,017 patients (26.15%)
with potential pathogens. Of these 266 patients, 315 dif-
ferent agents were isolated in 418 positive samples (1.57
positive samples per patient). A total of 219 patients
(82.33%) had only a single agent, 45 patients (16.91%)
had two different agents and two patients (0.75%) had
three different agents (Tables 2 and 3).

In the Pediatric areas (Neonatology, Pediatric ward and
Pediatric ICU), 64 patients with positive samples were de-
tected, but 50% of these patients were positive in only a sin-
gle sample, which contained a potential Gram positive
contaminant. Of the remaining 32 patients with positive
samples, 19 had Gram positive isolates (Staphylococcus
aureus - nine patients, CNS - eight patients (more than
one positive sample of the same species) and Enterococcus -
two patients), eight had Gram negative isolates (Entero-
bacter spp - four patients, Enterobacter spp + Klebsiella
pneumoniae - one patient, Pseudomonas aeruginosa - one
patient, Escherichia coli - one patient and Haemophilus
influenzae - one patient), one patient had S. aureus and
Enterobacter spp, three patients had Candida albicans
and one patient had C. albicans and Proteus mirabilis.

The percentage of antimicrobial resistance in bacteria
isolated from 221 patients diagnosed with sepsis is
shown in Table 4.
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Discussion

Among the patients diagnosed with sepsis, 2/3 were
from the OEU plus ICU adults and Neonatology, which
are the most critical areas of the hospital. The difference
in the average of two blood culture samples per patient
in OEU and three blood culture samples in the adult
ICU and Neonatology can be explained by the estab-
lished standard of using two samples per event per pa-
tient in acute cases and three samples per event per
patient for patients using a catheter and more seriously
ill patients.

The percentage of positive samples was higher in the
coronary unit (50%), probably because the sepsis diagno-
sis is less frequent, doctors are more confident about the
diagnosis and the blood cultures are used more judi-
ciously. The adult ICU had the next highest percentage
of positive samples (31%). The lowest percentages oc-
curred in Internal Medicine and OEU, with the latter be-
ing the area that accounted for the largest number of
samples collected and had a less systematized attendance
with overcrowding and overloaded conditions of service.
In general, the positivity rate of blood cultures can vary
greatly depending on the type and complexity of the in-
stitution and are, on average, 10 to 15%. Obviously, our
rate exceeding 20% can be explained by the selection of
cases with a diagnosis of sepsis, which generally does
not exceed 50%, even in cases of septic shock [10].

Some microorganisms are more often associated with
contamination (<5% chance of true bacteremia), inclu-
ding Corynebacterium spp., Micrococcus spp., Bacillus
spp. and Propionibacterium acnes, especially when iso-
lated in only one of two or more samples and when the
sample becomes positive over 72 hours of incubation
[12,15,17]. The S. viridans, Enterococcus spp. and CNS
organisms account, on average, for 38%, 78% and 15% of

Table 1 Distribution by specialties, number of patients, samples collected, positive samples, average per patient and
percentage of positive blood cultures of 2,309 samples collected from 1,017 patients diagnosed with sepsis

Medical Patients Samples collected  Positive samples  Positive average % of p-value*  OR (95% Cl)
specialty N % N % N % per patient positivity

OEU - UER 440 4326 862 3733 139 2843 1.96 16.13 <0.001 0.603 (0.481 - 0.753)
Internal medicine 113 1111 296 12.82 35 7.16 262 11.82 <0.001 0.461 (0.309 - 0.669)
Neonatology 104 1023 306 13.25 82 16.77 2.94 26.8 0.0139 1435 (1.075 - 1.903)
ICU adult 134 1318 362 1568 112 22.90 270 3093 <0.001 1.865 (1.439 - 2.409)
ICU pediatric 34 334 73 3.16 16 3.27 2.15 2192 0.969 1.046 (0.555 - 1.868)
Trauma surgery 31 305 67 290 18 3.68 2.16 26.87 0315 1.381 (0.745 - 2.44)
Coronary unit 27 265 58 251 29 593 215 50.00 <0.001 3.89 (2.219 - 6.821)
Pediatric ward 16 157 29 1.26 5 1.02 1.81 17.24 0.801 0.773 (0.261 - 1.937)
Other 118 1160 256 11.09 53 10.84 2.13 20.35 0917 0.968 (0.689 - 1.343)
Total 1,017 1000 2309 100.0 489 100.0 227 2118

N = number of patients. *Statistical analysis performed by Exact Fisher Test. Positive association is shown in bold.
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Table 2 Distribution of the main pathogens detected in true bacteremia [12], although these values may vary
blood cultures from 266 patients diagnosed with sepsis according to different authors and study populations
Agent Number of patients Percentage  [14-18]. Moreover, some microorganisms have a high
Coaqulase negative Staphylococcus 50 15.87% positive predictive value for true bacteremia (>90%),
Escherichia coli 1 13.02% even when they are isolated in only one sample. These

organisms include S. aureus, E. coli, Klebsiella spp and

Staphylococcus aureus 37 11.75% . . . L

other enterobacteria, Neisseria meningitidis, Streptococ-
Klebsiella pneumoniae 31 9.84% , .

cus pneumoniae, P. aeruginosa, Streptococcus pyogenes,
Enterobacter sp 30 952% Streptococcus agalactiae, Listeria monocytogenes, Neis-
Acinetobacter baumannii 29 921% seria gonorrhoeae, H. influenzae, Brucella spp, Candida
Pseudomonas aeruginosa 18 571% spp and Cryptococcus spp [12].
Candida sp 16 5.08% We discarded 7% of patients from our analysis who

were considered to have blood cultures with potential
Enterococcus sp 14 4.44% i L K

contaminants by the criteria described above. However,
Proteus-Providencia-Morganella 12 3.81%

this left 16% of the total cases with a CNS isolation,

Serratia marcescens 8 254% which still was the most frequently isolated agent in this
Streptococcus pneumoniae 8 2.54% series. This number of contaminants can be considered
Streptococcus viridans 4 1.27% reasonable considering that over 40% of all samples
Stenotrophomonas maltophilia 3 095% taken were from OEU, where the collection conditions
Streptococcus bovis 3 0.95% are less ,faV(?rab,le [18]. .
The distribution by agents refers to a general hospital,
Other pathogens* 11 3.52% . . fpe .
including critical, immunosuppressed and transplant pa-
Total 315 100.00% tients. Other factors can vary the distribution of agents,
*1 (0.32%) patient for the follow bacteria: Aeromonas caviae, Burkhloderia such as a higher number of cases of surgical infections

cepacia, Citrobacter freundii, Corynebacterium sp, Cryptococcus neoformans, ( ical h ital ) . ired infecti
Fusarium sp, Haemophilus influenza, Listeria monocytogenes, Pseudomonas surgica ospitals)  or Communlw_acquwe infections

putida, Salmonella sp, Streptococcus pyogenes. (pneumonia, meningitis and infections of skin and soft
tissue), whereas the high number of infections by CNS
may be associated with the use of catheters, especially
those of long duration. The increasing isolation of non-
fermenting bacteria (P. aeruginosa and Acinetobacter

Table 3 Associations of bacteria isolated from 47 patients diagnosed with sepsis

Bacteria S. marcescens  S. aureus  A. baumannii SCN  E. faecalis  P. mirabilis E. cloacae E. coli E. aerogenes Total
E.coli 1 - - - - - - - - 1
E. cloacae - 2 3 1 - - - - - 6
K. pneumonia - 1 1 1 3 1 1 1 1 10
A. baumannii - - - 3 - - - _ 2 5
S. aureus - - - 2 - 1 _ _ 1 4
E. faecalis - - 1* 4 - - - _ _ 5
P. aeruginosa - - - 3 iR - - - ] 5
C. albicans - - - 1 - 1 - - - 2
C. tropicalis - - 1 ] - - - - - 2
Proteus spp - - - 2 - - - - R 2
S. pneumoniae - - 1 - - - - . - 1
B. cepacia - - 1 - - - _ _ _ 1
Salmonella sp - - - 1 - - - R - 1
A. caviae - - - - - _ _ 1 _ 1
P. putida - - - - R R 1 _ B 1
Total 1 3 8 19 4 3 2 2 5 47

*Associated with S. maltophilia.
**Associated with E. aerogenes.
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Table 4 Percentage of antimicrobial resistance in bacteria isolated from 221 patients diagnosed with sepsis

Bacteria N AMI CPM CAZ PPT CIp IPM MER OXA ASB VAN ESBL+
E. coli 41 0 12 12 12 32 0 0 - 46 - 12

K. pneumoniae 31 3 70 70 70 56 0 0 - 77 - 71

E. cloacae 19 21 21 21 21 29 5 5 - 100 - -

E. aerogenes Il 82 77 77 77 66 0 0 - 100 - -
Other enterobacteria 21 5 5 5 5 5 0 0 - 43 - -

S. aureus 37 - - - - - - - 51 - 0 -

S coag neg 40 - - - - - - - 80 - 0 -

E. faecalis 12 - - - - - - - - 0 -

E. faecium 2 - - - - - - - - - 50 -

A. baumannii 29 52 80 80 30 77 69 65 - 23 -

P. aeruginosa 18 28 29 17 12 35 17 17 - - -

N = number of patients, AMI = amikacin, CPM = cefepime, CAZ = ceftazidime, PPT = piperacillin-tazobactam, CIP = ciprofloxacin, IPM = imipenem, MER = meropenem,
OXA = oxacillin, ASB = ampicillin-sulbactam, VAN = vancomycin, ESBL = extended spectrum beta-lactamase.

baumannii in approximately 15% of the total isolates)
shows the presence of opportunistic agents associated
with nosocomial infection and invasive procedures. In
addition, opportunistic fungi of the genus Candida
accounted for 5% of sepsis cases; 60% (9/15) were C.
albicans, and 40% (6/15) were Candida tropicalis, which
indicates the importance of these species in hospital iso-
lates. The pediatric sampling is small and involves dif-
ferent sectors, but it shows a predominance of Gram
positive bacterial infections that probably come from the
community, whereas adult samples predominantly contain
Gram negative bacteria, indicating a probably greater role
of hospital infections.

Regarding the antimicrobial resistance results, we find that
51% of S. aureus are MRSA/ORSA (Methicillin-resistant
Staphylococcus aureus/oxacillin-resistant Staphylococcus
aureus), and we find an 80% methicillin/oxacillin resis-
tance rate for CNS, which suggests it is worthwhile intro-
ducing an alternative drug (vancomycin) until the results
of the antibiogram are available. The empirical therapy for
S. aureus should consider the prevalence of MRSA strains
in septic patients, which must be known on each unit or
ward. The potentially most useful drugs for the treatment
of major Gram negatives were carbapenems, with the ex-
ception of A. baumannii, which has better profile drugs
such as ampicillin sulbactam and piperacillin/tazobactam.
Enterobacteria showed, on average, 32.5% resistance to
beta-lactams, and when all Gram negatives were consid-
ered, this resistance rose to 40.5%. The findings were simi-
lar for ciprofloxacin, with 35.7% of Enterobacteriaceae and
42.3% of all Gram negatives being resistant. Therefore,
both third- and fourth-generation cefalosporins and quin-
olones are not recommended as the drug of choice for
empiric therapy. The rare profiles of resistance were a
vancomycin-resistant enterococci strain that, although en-
demic in our country, rarely causes sepsis and one case of

Enterobacter cloacae that is resistant to carbapenems. This
carbapenem-resistant E. cloacoe isolate was Hodge test
negative and PCR negative for Kpc, which suggests that
it does not produce a carbapenase. The mechanism of
resistance is probably through the production of an
AMPc-inducible beta-lactamase and the reduction of
porin channels [25].

The recent literature contains little data on bacterial re-
sistance in Brazilian hospitals or even in American or
European hospitals, with most publications linked to phar-
maceutical industry studies for the purpose of compa-
rative drug performance research; these studies include
other limitations, such as restrictions on etiologic agents,
the healthcare of centers involved, non-sequential samples
[19-24]. It is worth noting the difficulty of the empirical
use of antimicrobials, considering the high percentage of
strains of MRSA (51%) and about 40% of Gram-negative
resistance to beta-lactam and quinolones drugs, require-
ment for the rapid transmission of information from
microbiology laboratories such as the results of the Gram
stain, the antibiogram, determining the minimum inhibi-
tory concentration for rapid tests such as the Etest’, the
testing for resistance mechanisms such as AMPc, ESBL,
metallo-beta-lactamase, Kpc, VRE, MRSA, and fast and
confident automation resources for blood cultures and
bacterial identification are all critical for patient care, espe-
cially for cases of sepsis. The availability of experienced
and attentive microbiologists to analyze and make deci-
sions about unusual patterns of antimicrobial suscepti-
bility results and analysis of unreliable automation results
is essential, with special attention given to non-fermenting
bacteria. This study was restricted to the microbiology
ordering sheets analysis, the medical records were not
examined and the patients were not clinically assessed.
Therefore, it is not possible to properly classify their gra-
vity, risk factors, therapeutic choices and outcomes. There
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were also limitations in the diagnosis of sepsis, but there
are no markers at present for the accurate and early detec-
tion of sepsis, which is diagnosed based on clinical signs
and laboratory data that are inadequately specific [9].
Cases of bacteremia may have been included, but the sam-
ple is representative of a continuous series of cases within
one year of microbiological data follow-up at a tertiary
general hospital. The accuracy of our routine diagnosis
based on bioMérieux VITEK II and current literature [26]
can be considered appropriate and in accordance with
international standards, although more sophisticated tech-
niques, such as mass spectrometry and amplification of
nucleic acids, have recently been introduced; however, the
impact of these new tests has yet to be assessed.

Conclusions

Eighty percent of the agents identified in blood cultures
from patients with sepsis belonged to a group of eight dif-
ferent agents. For empirical treatment, carbapenems and
vancomycin unfortunately still remain the best therapeutic
choice, except for A. baumannii and P. aeruginosa, for
which piperacillin/tazobactan is the best option.

Abbreviations

CLSI: Clinical and Laboratory Standards Institute; CNS: Coagulase negative
Staphylococcus; CRP: C-reactive protein; ESBL: Extended-spectrum (3 lactamase;
ICUS: Intensive care units; IL6: Interleukin 6; MRSA: Methicillin-resistant
Staphylococcus aureus; OEU: Outpatient Emergency Unit; ORSA: Oxacillin-
resistant Staphylococcus aureus; PCT: Procalcitonin; SIRS: Systemic inflammatory
response syndrome; SPSS: Statistical package for social sciences; US: United
States; USA: United States of American; VRE: Vancomycin-resistant enterococcus.

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

Authors’ contributions

All authors have made substantial contributions to conception and design,
acquisition of data or analysis and interpretation of data, have been involved
in drafting the manuscript or revising it critically for important intellectual
content, have given final approval of the version to be published and have
agreed to be held accountable for all aspects of the work in ensuring that
any questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Acknowledgements

The authors thank the Hospital de Clinicas and Faculty of Medical Sciences
for contributing the tests for bacterial determination and for analysis of the
data registry.

Financial support
FAEPEX: Fundo de apoio ao ensino, a pesquisa e a extensdo. Prof Elsa M.
Mamizuka FCF USP for PCR tests for Kpc.

Author details

"Methodist University of Piracicaba, Piracicaba, SP, Brazil. 2Clinical
Microbiology Laboratory, Clinical Hospital, State University of Campinas,
Campinas, SP, Brazil. *Department of Medical Genetics and Department of
Pediatrics, Faculty of Medical Sciences — State University of Campinas,
Campinas, SP, Brazil. “Department of Clinical Pathology, Faculty of Medical
Sciences, State University of Campinas, Tessélia Vieira de Camargo 126,
"Zeferino Vaz', Barao Geraldo, Campinas, Sdo Paulo CEP 13083-887, Brazil.

Received: 6 December 2013 Accepted: 3 February 2015
Published online: 14 February 2015

Page 6 of 7

References

1. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al.
Surviving sepsis campaign: international guidelines for management of severe
sepsis and septic shock: 2012. Crit Care Med. 2013;41 Suppl 2:580-637.

2. Angus DC, Wax RS. Epidemiology of sepsis: an update. Crit Care Med.
2001;29 Suppl 7:5109-16.

3. Bearmen GML, Wenzel RP. Bacteremias: a leading cause of death. Arch Med
Res. 2005,36:646-59.

4. Opal SM, LaRosa SP. Year in review 2008: critical care - sepsis. Crit Care.
2009;13 Suppl 5:224.

5. Dark PM, Dean P, Warhurst G. Review bench-to-bedside review: the
promise of rapid infection diagnosis during sepsis using polymerase chain
reaction-based pathogen detection. Crit Care. 2009;13 Suppl 4:217.

6.  Dierkes C, Ehrenstein B, Siebig S, Linde HJ, Reischl U, Salzberger B. Clinical
impact of a commercially available multiplex PCR system for rapid detection
of pathogens in patients with presumed sepsis. BMC Infect Dis. 2009;9:126.

7. Shapiro NI, Schuetz P, Yano K, Sorasaki M, Parikh SM, Jones AE, et al. The
association of endothelial cell signaling, severity of illness, and organ
dysfunction in sepsis. Crit Care. 2010;14:R182.

8. Pierrakos C, Vincent JL. Sepsis biomarkers: a review. Crit Care. 2010;14:R15.

9. Reinhart K, Bauer M, Riedemann NC, Hartog CS. New approaches to sepsis:
molecular diagnostics and biomarkers. Clinical Microbiol Rev. 2012;25(4):609-34.

10.  Murray PR, Masur H. Current approaches to the diagnosis of bacterial and
fungal bloodstream infections in the intensive care unit. Crit Care Med.
2012;40 Suppl 12:3277-82.

11. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al. The
pediatric subgroup surviving sepsis campaign: international guidelines for
management of severe sepsis and septic shock, 2012. Intensive Care Med.
2013;39 Suppl 2:165-228.

12. Weinstein MP, Towns ML, Quartey SM, Mirrett S, Reimer LG, Parmigiani G,
et al. The clinical significance of positive blood cultures in the 1990's; a
prospective. Comprehensive evaluation of the microbiology, epidemiology
and fungemia in adults. Clin Infect Dis. 1997;24:584-602.

13.  Barenfanger J, Graham DR, Kolluri L, Sangwan G, Lawhorn J, Drake CA, et al.
Decreased mortality associated with prompt gram staining of blood
cultures. Am J Clin Pathol. 2008;130 Suppl 6:870-6.

14.  Mancini N, Carletti S, Ghidoli N, Cichero P, Burioni R, Clementi M. The era of
molecular and other non-culture-based methods in diagnosis of sepsis. Clin
Microbiol Rev. 2010;23 Suppl 1:235-51.

15. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Edmond M.
Nosocomial bloodstream infections in US hospitals: analysis of 24,179 cases
from a prospective nationwide surveillance study. Clin Infect Dis.
2004;39:309-17.

16. Cockerill 3rd FR, Wilson JW, Vetter EA, Goodman KM, Torgerson CA,
Harmsen WS, et al. Optimal test parameters for blood cultures. Clin Infect
Dis. 2004;38:1724-30.

17. Baron EJ, Weinstein Dunne Jr WM, Yagupsky P, Welch DF, Wilson DM.
Cumitech 1C. In: Baron EJ, editor. Blood cultures IV. Washington D.C: ASM
Press; 2005.

18. Hall KK, Lyman JA. Updated review of blood culture contamination. Clin
Microbiol Rev. 2006;19 Suppl 4:788-802.

19. Silva E, Pedro MA, Sogayar AC, Mohovic T, Silva CL, Janiszewski M, et al.
Brazilian sepsis epidemiological study (BASES study). Crit Care.

2004;8 Suppl 4:R251-60.

20. Diekema DJ, Pfaller MA, Jones RN, Doern GV, Winokur PL, Gales AC, et al.
Survey of bloodstream infections due to gram-negatives bacilli: frequency
of occurrence and antimicrobial susceptibility of isolates collected in the
United States, Canada and Latin America for the Sentry Antimicrobial
Surveillance program. Clin Infect Dis. 1999,29 Suppl 3:595-607.

21. Biedenbach DJ, Moet GJ, Jones RN. Occurrence and antimicrobial resistance
pattern comparison among bloodstream infection isolates from the SENTRY
Antimicrobial Surveillance Program. (1977-2002). Diagn Microbiol Infect Dis.
2004;50:59-69.

22. Weinstein MP. Blood culture contamination: persisting problems and partial
progress. J Clin Microbiol. 2003;41 Suppl 6:2275-8.

23. Marra AR, Wey SB, Castelo A, Gales AC, Cal RG, Filho JR, et al. Nosocomial
bloodstream infections caused by Klebsiella pneumoniae: impact of
extended-spectrum B lactamase (ESBL) production on clinical outcome in a
hospital with high ESBL prevalence. BMC Infect Dis. 2006;6 Suppl 24:1-8.

24.  Tumbarello M, Spanu T, Sanguinetti M, Citton R, Montuori E, Leone F, et al.
Bloodstream infections caused by extended-spectrum-f3-lactamase-producing



Vendemiato et al. BMC Infectious Diseases (2015) 15:58 Page 7 of 7

Klebsiella pneumoniae: risk factors, molecular epidemiology, and clinical
outcome. Antimicrob Agents Chemother. 2006;50 Suppl 2:498-504.

25. Clinical Laboratory Standards Institute. Performance standards for
antimicrobial susceptibility testing; twentieth informational supplement;
update M100-S20-U. Wayne (PA): CLSI; 2010.

26. Versalovic J, Carroll KC, Funke G, Jorgensen JH, Landry ML, Warnock DW.
Manual of clinical microbiology. 10th ed. Washington DC: ASM press; 2011.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( =
www.biomedcentral.com/submit BiolVled Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Financial support
	Author details
	References

